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ANNUAL CHANGE IN AFST(I) PRESIDENTSHIP 

DR. P. NARASIMHAM 
THE AFST(I) PRESIDENT FOR 1 9 9 4 - 9 5

H e l m s  o f  A F S T ( I )  i n  t h e  S t r o n g  H a n d s  o f  a  D y n a m i c ,  
H u m a n e  a n d  C o m m i t t e d  F o o d  T e c h n o l o g i s t  f r o m  C F T R I

Dr. P. Narasimham, Scientist, Fruit and Vegetable Technology Department, Central Food Technological 
Research Institute, Mysore-570 013, India, has taken over charge as President of the Association of Food 
Scientists and Technologists (India) on September 3, 1994, at a grand function organised during ICFoST  
'94, in the Indian Agricultural Research Institute, New Delhi, India.

Soon after his induction, Dr. Narasimham stressed the need for bringing about effective solutions 
to challenging problems faced by R&D Institutions and Food Industries, particularly in the changing scenario 
in the country and the world-over, as a focal-point of activities during 1994-95. Dr. Narasimham thanked 
AFST(I) members for the trust bestowed upon him, and sought their active and harmonious cooperation 
for achieving this goal.

As a member of earlier and present Central Executive Committee of AFST(I), and also as Editor 
of the Journal of Food Science and Technology, I am honoured to introduce Dr. Narasimham.

Dr. Pattisam Narasimham, born on October 19, 1936 at Visakhapatnam in Andhra Pradesh, had 
his B.Sc. (Hons.) and M.Sc. Degrees from Andhra University, Waltair, in 1956 and 1957, respectively. 
After working in a First Grade College, at Vizianagaram (1957-58) and at Central Tobacco Research 
Institute, Rajahmundry (1958-61), Dr. Narasimham joined CFTRI, Mysore, in July 1961. Since then, he 
has smoothly climbed on the ladder of success not only in R&D achievements, but also in attaining higher 
positions.



Dr. Narasimham has, on deputation from October 1968 to July 1972, worked on nutritional and 
hormonal interactions in potato and Capsicum  in relation to chip making quality and apical dominance, 
respectively, under Belgian Government Scholarship, and was awarded D.Sc. degree in May 1972 by the 
University of Brussels, Belgium, with distinction.

Major R&D achievements of Dr. Narasimham include : (1) successful completion of 12 R&D projects 
on different fruits and vegetables, (2) development of evaporative cooling storage systems, (3) vapour 
heat treatment method for sprout suppression in potatoes, (4) controlled low temperature vacuum 
dehydration method for diced vegetables, and (5) efficient process for incorporation of flavour into fried 
fruit/vegetable chips.

Dr. Narasimham has published over 90 research papers in National/lnternational journals and also 
three chapters in the books published by reputed publishers. Dr. Narasimham has guided 9 Ph.D. and 
6 M.Sc. students in the faculties of Applied Botany, Food Science, and Food Technology of University 
of Mysore, and also served as an external examiner for Ph.D. of a number of Universities.

Dr. Narasimham has been the recipient of YEZDI AWARD (1984) and K.U. PATEL AWARD (1988), 
instituted by the All India Food Preservers' Association, New Delhi, for his quality work in the area of 
fruit and vegetable processing.

Dr. Narasimham has travelled widely across the globe. Fte was invited by the International Potato 
Centre, Lima, Peru, to participate in the Asian Potato Association II and III Conferences and also chaired 
the session on Post-harvest Technology of Potato at Bandung, Indonesia. On invitation from FAO/WHO, 
he has participated in the CODEX ALIMENTARIUS V Session on Quality Standards for Fresh Tropical 
Fruits and Vegetables, held in Mexico during September 5-9, 1994.

Besides being a Life Member of AFST(I), Dr. Narasimham has served AFST(I) as Honorary Secretary 
during 1981-82. AHARA-82, the First International Conference was held and publication of Indian Food 
Industry was initiated during this tenure. He was also Vice-President, Headquarters, during the year 1992- 
93, when another International Conference, IFCON-93, was conducted.

Dr. Narasimham is actively associated with the Journal of Food Science and Technology since 1981. 
He was the Editorial Board Member of the Journal from 1981 to 1988 and again from 1992 onwards. 
He is one of the best referees for the papers on Fruits and Vegetables submitted to the journal and 
is endowed with the ability to correctly assess the paper for its worth for publication in a very unbiased 
fashion.

Dr. Narasimham is also very thorough in editing the manuscripts. He has been a constant supporter 
to me in improving the journal to its present stature, thereby earning my respect and admiration. I am 
confident that he will take AFST(I) to still greater heights.

Dr. Narasimham is a good sportsman and has represented CFTRI in Shanti Swarup Bhatnagar 
Tournaments for basket ball and contract bridge. He also enjoys playing badminton and table tennis.

Dr. Narasimham is known to be forthright and outspoken in his clean and clear dealings. A rare 
combination of being dynamic and also humane is exemplified in him, along with a total commitment 
to the cause. He has always been the champion for any right cause for creating a congenial and improved 
working atmosphere in CFTRI/CSIR.

Dr. Narasimham's efforts are totally supported by his charming better-half, Mrs. Rajyalakshmi, who 
is a talented renowned artist known worldwide for fine and graphic arts. Dr. Narasimham says that all 
his achievements are due to the inspiration and support from Mrs. Rajyalakshmi.

On behalf of AFST(I), the readers of the Journal, and also on my own behalf, it is my privilege 
to welcome and felicitate Dr. Narasimham and the new Central Executive Committee members (as specified 
on back cover). I wish all the success to this talented and dedicated team in fostering further all-round 
growth of AFST(I) and its activities.

B.K. LONSANE
Editor

Journal of Food Science 
and Technology
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Methods for the Determination of Bioavailability o f Trace
Metals : A Critical Evaluation

B.S. NARASEVGA RAO
1 1 /4 ,  M -Block, K akatiyanagar, H absiguda, H yd erab ad -500  0 0 7 , India.

Trace elements are essential for a wide range of body functions and diet Is the main source of trace elements 
to meet human's daily requirements. Since most of the trace elements belong to transition group of elements, they 
possess characteristic chemical properties like low solubility in the alkaline pH of the duodenum, which limit their 
absorption from the gut. Thus, their bioavailability from foods, which is affected by a number of dietary factors, is 
an important consideration in trace element nutrition. The bioavailability of trace elements can be determined in  v iv o  
b y  extrinsic tagging of food with a radio isotope of the element, using an animal model or an in  v itro  model. These 
methods have been developed and extensively used to determine the bioavailability of food iron. Although some of 
these methods have been extended to a limited extent to zinc, these have yet to be applied to other trace elements.
The methods available for the determination of bioavailability of trace elements, their basis, reliability and sensitivity 
are critically reviewed. The need for developing appropriate in  v itro  methods for other trace elements, including both 
essential and toxic elements has been stressed.
Keywords : Iron, Trace metals, Bioavailability, I n  v itro  methods. I n  v iv o  methods, Accuracy, Limitations.

Trace e lem en ts  are m icro -n u tr ien ts, w h ich  are  
essen tia l for a w ide range o f  b od y fu n ctio n s in  
higher an im als (Underwood 1977). H itherto, fourteen  
trace e lem en ts in clud in g  iron  h ave b een  identified  
a s essen tia l to h u m a n s an d  oth er h igher an im als  
(Underwood 1977) (Table 1). O f th ese , n in e  trace  
elem en ts (Fe, Cr, Co, C u, I, Mn, Mo, Zn, Se) h ave  
b een  know n to  be e ssen tia l for som e tim e and th e  
essen tia lities  o f th e  oth er five trace e lem en ts (Ni, 
Si, Sn, V, F) have b een  recen tly  esta b lish ed  (WHO 
1973). So far a s , trace e lem en t d eficien cy in  m a n  
is  concerned , d efic ien cies of on ly  sev en  trace  
elem ents, viz., Fe, I, Zn, Co, C u, Cr, S e, h ave b een  
encountered  am on g p op u la tion  gro u p s (WHO 1973).

The m ain  so u rces  o f th ese  e lem en ts for h u m a n s  
are the food s th ey  co n su m e , a s  a  part o f their  daily  
diet. Several o f  th e se  trace e lem en ts, a lthough  
essen tia l at low con cen tration s, m ay  b ecom e toxic  
(Table 2) at h igher levels o f  in take (Anke and  
G roppel 1987). B e s id e s  th e se  e s se n tia l trace  
elem ents, diet m ay  a lso  con ta in  toxic e lem en ts like

TABLE 1. TRACE ELEMENTS IN HEALTH AND DISEASE
Essential trace elements Toxic elements

Transition metals Other metals
Vanadium - V Tin* Sn Fluorine + F
Chromium - Cr Silicon* Si Selenium+ Se
Manganese+ - Mn Non-metals Aluminium - Al
Iron - Fe Fluorine* - F Cadmium Cd
Cobalt - Co Selenium - Se Mercury Hg
Nickel - Ni Iodine I Lead Pb
Copper - Cu
Zinc - Zn
•Recently established as essential, + Excess intake toxic.

Hg, Pb, Cd, A1 (Table 2), d u e  to  en vironm ental 
con tam in ation  (Prasad 1976).

H u m an  req u irem en ts o f  so m e o f th e se  trace  
e lem en ts  h ave b een  e sta b lish ed  (WHO 1973). S in ce  
h u m a n s derive th ese  trace e lem en ts  entirely through  
the h ab itu a l d iet, th eir  b ioavailab ility , b e s id e s  th e  
co n ten ts , co n stitu te  a n  im portant con sid era tion  in  
m eetin g  n u trition al n e e d s  o f th e  trace e lem en ts  
(WHO 1973). T h is is  p articu larly  so  in  th e  ca se  of  
m etallic  trace e lem en ts.

B ioavailab ility  o f  trace m eta ls  d ep en d s  m ain ly  
u p on  th e  n atu re of th e  d iet from  w h ich  th e se  are 
derived an d  a lso  on  th e  age, s e x  an d  th e  nu trition al 
s t a t u s  o f  th e  in d iv id u a l (U n d erw o od  1 9 7 9 ). 
B ioavailab ility  is  a lso  a n  im p ortan t d eterm in an t of 
toxicity  o f h eavy  m eta ls , p resen t a s  co n ta m in a n ts  
in  food s (Prasad 1976).

B ioavailability, or ab sorp tion , o f trace m eta ls  
in  h u m a n s  ca n  b e  estim ated  e ith er  d irectly  or by  
em ploying a n  an im al, or a n  in v i t r o  m od el (Fox et 
al. 1991). M easu rem ent o f ab so rp tio n  o f trace  
m eta ls  from  food in  h u m a n s  is  q u ite ted io u s  and  
exp en sive. S om ew h at sim ilar  co n sid era tio n s a lso  
hold  good for th e  u se  o f a n  an im al m od el. I n  v i tr o  
m eth o d s, o n  th e  oth er h an d , are q u ite rapid and  
le s s  expensive. A  well designed  and properly validated

TABLE 2. CLASSIFICATION OF TRACE ELEMENTS 
Characteristics Trace elements
Biologically essential but I, Zn, Cr, Co, V, Mo, Si
not toxic
Essential at low cone, but F, Se, Mn
toxic at higher cone.
Toxic elements Hg. Pb, Cd, Al

MVK‘
3 5 3
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m ethod ca n  have reliable predictive va lue.

I n  v i t r o  m eth o d s available for th e  d eterm ination  
of bioavailability o f trace m eta ls  in  food s an d  d iets, 
their reliability and predictive potentia l are d iscu ssed  
critically in  th e  p resen t review. A s a prelude to  a 
critical d iscu ss io n  of th e  in v i t r o  m eth o d s for 
a sse ss in g  the bioavailab ility  of trace m eta ls , their  
ch em istiy , in  so  a s  far a s  it re la tes to  the physio logy  
and b iochem istry  of their  ab sorption  an d  th e  
factors in flu en cin g  th em , are a lso  briefly reviewed.
Chemistry o f trace m etals

E xcept for n on -m eta l trace e lem en ts like I, Se, 
F and m eta ls  like S n  an d  Si, m o st o f  th e  e ssen tia l 
trace m eta ls , viz., V, Cr, Ni, Mn, Fe, Co, Cu, Zn  
and Mo, b elon g  to th e  tran sition  m eta l group of 
the periodic table. T hey p o s se s s  characteristic  
chem ical properties w h ich  d istin g u ish  th em  from  
other e lem en ts (Moeller 1952; P au lin g 1953). T h ese  
properties have con sid erab le  b earing  o n  their  
in testina l absorption , transport in  th e b lood, and  
m etabolic a s  w ell a s  b ioch em ical fu n ctio n s in  the  
body. Som e o f the relevant ch em ica l properties of 
th ese  trace m eta ls  are :

1. In th ese  e lem en ts, th e  (n-1) d orbitals are 
preferentially filled, 'ns' arrangem ent rem ain ing  
c o n sta n t or n ear ly  c o n s ta n t. T h is  e lec tro n ic  
arrangem ent in  the a tom s o f th e se  e lem en ts is  
resp on sib le for m an y  of th e  ch em ica l properties, 
w hich d istin gu ish  th em  from  other m eta ls.

2. T hey have several va len c ies, w h ich  perm it 
them  to form several typ es o f com p o u n d s, and  
different typ es of coord in ation  com p ou n d s.

3 . Several o f the e lem en ts of th is  group ex ist  
in  two electronic s ta te s , n am ely , oxidized and  
reduced form, w h ich  help  th em  to take part in  
biological redox reactions.

4. The sa lts  of th ese  trace m eta ls  are u n stab le  
In so lu tio n s o f pH 7 .0  an d  get precip itated  a s  
hydroxides. T h is property h a s  a restrain ing influence  
on their absorption  from  th e  sm all in testin e , w here  
the pH is  7 .0 . They, therefore, sh ow  lim ited  
absorption, a s com pared  to  alkali m eta ls  or n on -  
m etals.

5. T h ey  form  in so lu b le  c a r b o n a te s  an d  
p h osp h ates, w h ich  rem ain  in so lu b le  in  th e  alkaline  
pH of th e  sm all in testin e .

6. T hey are all cap ab le  of form ing coordinating  
com p ou n d s. T his en ab les th em  to  form  m etal 
com p lexes w ith  p rotein s, n u c le ic  ac id s and other  
biological com p o u n d s. T hey form  com p lexes w ith  
m ore th a n  on e an ion . U nlike sim ple sa lts , th e se

com p lexes are so lu b le  in  th e  a lk alin e pH o f th e  gut 
and th is  h e lp s  their u p ta k e an d  tran sp ort a cro ss  
th e  m u co sa l m em brane. The tran sp ort o f  th ese  
m eta ls  is  facilitated  by their protein  com p lexes. The  
activation  of several en zy m es in  th e  b od y  d ep en d s  
u p on  their form ing co m p lex es  w ith  th e se  m eta ls .

7. T he am photeric m eta ls  like V, Cr, Mn, S n  
an d  Mo, ca n  form  com p lex  a n io n s, w h ich  ca n  form  
sa lts  w ith  cation s.
Bioavailability/absorption of trace m etals

The e ssen tia l trace m eta ls  are required  b y  th e  
b ody only in  very sm all a m o u n ts  (WHO 1973) and  
th e  q uantity  of th ese  trace m e ta ls  ab sorb ed  from  
d iets  in  th e  gu t is  a lso  corresp on ding ly  qu ite sm all. 
The lim ited ab sorption  of th e se  e lem en ts  from  th e  
gu t m ay b e related  to th e  lim ited  cap a city  o f th e  
body to excrete them . F urther, th e se  e lem en ts, 
b ein g  poorly so lu b le  in  w ater, are h ard ly  e lim in ated  
through  urine. The m a in  so u r c e s  o f  excretion  of 
th ese  e lem en ts, therefore, are th rou gh  b ile  (entero  
hep atic circulation) an d  d esq u a m ation  o f c e lls  
con ta in in g  th ese  e lem en ts from  th e  g u t or from  th e  
b ody su rface (skin) (Forth and R u m m el 1975). Low  
ab sorption  of th ese  trace m eta ls  p erh ap s serv es  a s  
a protective m ech a n ism  a g a in st a n y  tox ic ity  d u e  
to  th eir  excessive  accu m u la tio n  in  th e  body. A  
sim ilar con sid era tion  a lso  ap p lies  to th e  ab sorp tion  
of toxic m eta ls  p resen t in  food s a s  co n ta m in a n ts . 
The b io ava ilab ility /ab so rp tio n  o f th e se  trace m eta ls  
is  greatly in flu en ced  b y  a n u m b er  o f d ietary factors, 
som e o f w hich prom ote and others inhibit absorption. 
Age, s e x  an d  the n u trition al s ta tu s  o f th e  in d iv id u al 
w ith  resp ect to the trace m etal, a lso  in flu en ce  th eir  
absorption . The m ech a n ism  of in testin a l ab sorp tion  
of th ese  m eta ls  is  com p licated , an d  differs w idely  
from th a t of th e n on -m eta l an d  other e lem en ts  like  
alkali m eta ls.
Physiology of absorption o f trace m etals

P hysio logy o f ab sorption  o f so m e  o f th e  trace  
m eta ls  like iron h a s  b een  ex ten sive ly  stu d ied  (Forth  
and R um m el 1973). T he p h ysio log ica l p ro c e ss  of 
th e  ab sorption  o f o th er  trace m eta ls , b e c a u se  of 
sim ilarity in  th eir  ch em ica l p rop erties, m a y  follow  
th a t o f  iron. The ph ysio logy  o f  in testin a l ab sorp tion  
of iron, a s  it is  u n d erstood  tod ay (N arasinga Rao
1981), is  briefly a s  follow s :

There are three m ain  p h a se s  of iron a b so r p tio n :
(i) th e  in tra lu m inal p h a se , w h ere th e  food is  
d igested  b y  th e  gastric  and p an crea tic  en zy m es and  
th e  iron is  re leased  in  a so lu b le  fo r m ; (ii) th e  
m u co sa l p h a se  in  w h ich  iron  is  ta k en  up  b y  the
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m u cosa l cell an d  transported  a cro ss  to th e  serosa l 
side, or retained  in  th e  m u co sa l cell a s  a  protein  
complex; and (iii) th e corporal p h a se  in  w h ich  th e  
iron is  tak en  up b y  th e transport protein  in  p lasm a  
(transferrin) o n  th e  serosa l s id e  of the m u co sa l cell 
and carried to th e  liver. A  sch em atic  diagram  of 
the p rocess of trace m eta l ab sorption , a s  currently  
understood  in  the c a se  o f iron, is  given  in  Fig. 1.
Intraluminal phase o f iron absorption

The m o st im portant step  in  th e  in tralum inal 
p h ase of iro n /tra ce  m eta l ab sorption  is  its  release  
from food and m ain ta in in g  it in  a so lu b le  form  at 
the alkaline pH (7.0) ex istin g  in  th e  d u od en u m . 
During the p a ssa g e  o f food through gastro -in testin a l 
(GI) tract, iron is  first re leased  from  food and  
insoluble iron sa lts  are converted  in to  a so lu b le  and  
ionized form b y th e  gastric  ju ice , w h ich  h a s  a pH  
of around 1.5. M ost o f th e  food iron (as 50%) is  
released in  a so lu b le  form  in  th e  stom ach . However, 
during the p a ssa g e  o f food from  sto m ach  to 
deodenum , the pH in crea ses  from  1.5 to 7 .0 , d u e  
to duodenal secretion s. A s a resu lt, m ost of th e  
ferric iron  g e t s  p r e c ip ita te d  a s  h y d r o x id e s , 
p h osp h ates and carb on ates, u n le s s  prevented  by  
the p resen ce o f th e  su itab le  ch ela tin g  ag en ts  
p resent in  the food (Charley et al. 1963). R educed  
form of iron, i.e ., ferrous iron, how ever, is  not so  
readily precip itated  an d  a sign ifican t proportion of  
w hich will still be in  a so lu b le  form  at pH 7 .0  
(Charley et al. 1963). T h is is  th e  reaso n  w h y ferrous  
sa lts  are b etter absorbed  th a n  ferric sa lts  (Moore 
et al. 1944). It is  th e  iron  w h ich  is  p resen t in  a

so lu b le  form  in  th e  d u od en u m , an d  th e  u p per part 
of je ju n u m , w h ich  is  availab le for ab sorp tion  (Forth 
an d  R um m el 19 73 , 1975).

Certain com p ou n d s, like ascorb ic acid , reducing  
su ga rs, am ino acid s, d icarboxylic a c id s  an d  hydroxy  
acid s a s  w ell a s  other ch e la tin g  a g en ts , like EDTA, 
p o lyp h osp h ates, e tc ., w h en  ad d ed  extran eou sly , 
ca n  keep  th e  iron in  a so lu b le  form  b y  preventing  
its  p recip itation  at th e  n eu tra l or a lk aline pH 
ex istin g  in  th e  d u od en u m  (Brozovic 1975; Forth  
and R um m el 1975).

In con trast, oth er ag en ts , like p h o sp h a tes, 
p h ytates (in the p resen ce  o f Ca an d  Mg ions) and  
ta n n in s , p recip itate iron a t th e  n eu tra l pH. Phytate, 
in  fact, form s, so lu b le  com p lex  w ith  iron at pH 7 .0  
b u t th e  p h ytate-iron  com p lex  g e ts  p recip itated  in  
the p resen ce of Ca and Mg io n s (Subbarao and  
N arasinga Rao 1983). V egetab le food s con ta in  
sign ifican t a m o u n ts  o f p h y ta tes  and ta n n in s , w hich  
are n ot norm ally p resen t in  an im al food s (Cook et 
al. 1972). Iron from  an im al food s is  b etter  absorbed  
th a n  from  vegetab le food s (Cook et al. 1972). 
P roteins in  m eat a lso  en h a n ce  iron absorption  
(Jacobs and G reenm an 1969). It is  th e  b a lan ce  of 
prom oters and in h ib itors o f  ab sorp tion  a s  w ell a s  
their relative affinity for iron, w h ich  d eterm ine the  
proportion of dietary iron th a t w ill b e  in  a so lu b le  
form  in  th e d u od en u m  and co n seq u en tly  available  
for absorption .

The n ex t step  in  th e  in testin a l ab sorption  of  
iro n /tra ce  m etal, w h ich  is  p resen t in  a so lu b le  form  
in  th e  d u od en u m , is  its  u p ta k e b y  th e  b ru sh  border

KEY : M TRACE METAL ; C C H ELA TO R ; R -RECEPTO R -SP - STORAGE PROTEIN ; - T TRANSPORT PROTEIN ;

Fig. 1. Schematic representation of the intestinal absorption of trace metals as typified by iron. M : Trace metal ; C : Chelator; 
R : Receptor; SP : Storage protein; T : Transport protein.
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receptor an d  its  transport a cro ss  th e  m u co sa l cell 
(Greenberger et al, 1969). T he am o u n t o f iron  
transferred from  th e  gu t lu m en  d ep en d s upon; (a) 
the ab u n d an ce of receptors on  th e  b ru sh  borders, 
and (b) the b ind ing cap a city  o f iron to  th e  receptor, 
v i s  a - v i s  the b in d in g  cap acity  o f iron to  th e  ch ela te , 
w hich k eep s iron in  so lu b le  form. The receptor  
p opulation  in crea ses  in  iron deficiency, th e  in crease  
being m ore in  the d ista l th a n  in  th e  proxim ate part 
(Linder and M unro 1977). T he efficiency w ith  w hich  
b ru sh  border receptors tak e u p  iron from  different 
ch ela tors h a s  b een  stu d ied  in  rats (N arasinga Rao  
and Subbarao 1992). T he receptor o n  th e  b ru sh  
border com p etes for iron w ith  ligand an d  gut 
lum en , and th e  am ou n t o f iron ta k en  u p  d ep en d s  
up on  the relative affinity o f iron for th e  ligand  and  
the receptor (Table 3). The iron so  tak en  up  b y  
the receptors is  tran sp orted  a cro ss th e  m u co sa , 
and delivered to  p la sm a  transferrin  o n  th e  serosa l 
side (Forth and R um m el, 1975). The iron, not 
transferred, is  stored  in  th e  m u co sa l cell a s  ferritin.

The area o f grea test controversy con cern in g  
iron absorption  is  the m ech a n ism  o f transport of 
iron across th e m u co sa l ce ll (Linder and M unro
1977). H em e iron and lip id -so lu b le  iron com p lex  
can  enter th e m u co sa l cell d irectly (Hallberg and  
Solvell 1967).

The m ech a n ism  o f in testin a l ab sorption  of 
other trace e lem en ts is  n ot a s  w ell u n derstood  a s  
that of iron. A bsorption o f several tran sition  elem en ts  
p resen t in  food h a s  b een  reported to  b e  low, like  
that o f iron. B eca u se  o f th e  sim ilarity o f  ch em ica l
TABLE 3. Km, Vmax AND V/K RATIO AT MINIMUM LIGAND/ 

IRON RATIOS INDICATING RELATIVE AFFINITY OF 
IRON TO BRUSH BORDER RECEPTORS OF RAT
INTESTINE AND TO DIFFERENT LIGANDS

Ligand Km Vmax V/K L/I
Ascorbic acid 16.7 100.0 5.98 2
Tripolyphosphate (TPP) 41.7 51.3 1.23 1
DOPA 74.1 90.9 1.23 3
Phytate 95.0 74.0 0.78 4
Nicotinic acid 

hydroxymate 142.9 100.0 0.70 2
Caffeic acid 38.5 18.5 0.48 1
Trimetaphosphate

(TMP) 100.0 45.5 0.48 1
Sodium hexa meta

phosphate (SHMP) 40.0 26.7 0.417 2
Tetra sodium 

pyrophosphate (TSPP) 32.8 4.76 0.145 1
EDTA 17.2 1250.0 0.07 3
Phosphate glass 66.7 4.35 0.07
Citrate 109.0 6.7 0.06 3

properties, several o f th e  trace m eta ls , like Zn, Cu, 
Mn, Ni etc ., o f  th e  tran sition  ser ie s  c a n  b e  exp ected  
to  b eh ave like iron w ith  resp ect to  th e ir  so lu b ility  
in  th e  gu t at pH 7 .0 , an d  th e ir  u p ta k e  and  
transport by th e  gu t m u co sa . H ow ever, n on -m eta l 
trace e lem en ts  an d  trace m eta ls  like ch rom iu m  
w h ich  are p resen t in  food in  a com p lex  form  are  
absorbed  m ore efficiently (Mertz an d  R oginsk i
1971).

The k n ow n  b eh aviou r o f a trace m e ta ls  in  th e  
g u t provides a  b a s is  for d evelop m en t o f a n  i n  v i t r o  
m eth od  for estim atin g  th eir  b ioavailab ility .
Methods for the determ ination of bioavailability  
of trace m etals

The bioavailab ility  o f  d ietary trace m eta ls  is  the  
m o st lim iting step  in  their  u tiliza tion  in  th e  b od y  
and h en ce  an  im portant con sid era tion  in  m eetin g  
th e ir  d ietary req u irem en ts  b y  m a n . A ccu ra te  
estim ation  of ab sorption  o f  th e se  trace e lem en ts, 
therefore, a s su m e s  great n u tr ition a l s ig n ifican ce. 
N u m erou s reliable m eth o d s h ave b e e n  developed  
over th e yea rs to  m ea su re  th e  b ioava ilab ility  of 
trace m eta ls  (O'Dell 1984). S u ch  k n ow led ge is  
essen tia l for (i) esta b lish in g  th e  d ie ta iy  in tak e of 
t r a c e  e le m e n t s  to  m e e t  t h e  p h y s io lo g ic a l  
r e q u ir e m e n ts ;  (ii) m o n ito r in g  th e  e f fe c t  o f  
t e c h n o lo g ic a l  p r o c e s s in g  o f  f o o d s  o n  t h e  
bioavailability o f trace elem ents; and (iii) form ulating  
d iets  w ith  m axim al b ioavailab ility  o f trace e lem en ts  
b y  reducing in h ib itors and in crea sin g  e n h a n cers  of 
their absorption .

T h ere  are  m a in ly  th r e e  a p p r o a c h e s  for  
determ ining th e  b ioavailab ility  or ab so rp tio n  of  
trace elem ents: (i) m easu rem en t o f in  v i v o  ab sorption  
directly in  h u m a n  su b jec ts  b y  em p loyin g e ith er  a 
ch em ica l b a lan ce  or a rad io iso top ic techn iqu e; (ii) 
u s e  o f a n  a n im a l m o d e  for p r e d ic t in g  th e  
bioavailability; and (iii) u se  o f an  i n  v i t r o  m ethod  
w ith  a reliable predictive capability .

The available m eth o d s for d eterm in in g  th e  
bioavailab ility  o f  trace m eta ls , th e ir  accu racy , 
reliability and sen sitiv ity  are critica lly  d isc u sse d  
below  :
In v i v o  m ethod for the determ ination of trace 
elem ent absorption in hum ans

C h e m i c a l  b a l a n c e  m e t h o d  : The c la ss ica l
ch em ica l b a lan ce m eth od  in  h u m a n  v o lu n teers  h a s  
b een  u sed  in  th e  p a st to  d eterm in e th e  ab sorp tion  
of iron and oth er trace m eta ls  from  h a b itu a l d ie ts  
(H u ssain  an d  P atw ardhan  1969; N agesw ara Rao  
and N arasinga Rao 1980). The ch em ica l b a la n ce
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TABLE 4. BIOAVAILABILITY (%) 
V IV O  EXTRINSIC TAG

OF IRON BY THE IN  V IT R O  METHOD 
METHOD

AND ITS CORRECTION WITH VALUES OBTAINED BY .

Iron
content

Stomach (pH 1.35) Small intestine (pH 7.5) I n  v itro  
extrinsic tag

Calculated 
from predicDiet (mg) Soluble Ionizable Soluble Ionizable (X) method (Y) tion equiv.

Rice lunch 8.2 35.4 25.6 26.8 5.9 3.6 3.3
Wheat 10.5 33.1 26.3 24.0 4.3 2.7 2.5
Rice lunch 6.0 48.0 25.3 21.3 6.7 3.8 3.6
Wheat breakfast 7.3 34.3 30.3 15.0 4.4 2.1 2.6
Ragi diet 9.2 48.9 29.3 11.3 2.1 1.6 1.5
Sorghum diet 
Correlation between

11.0
X Y - 0.94

46.4 38.2 10.1 2.1 1.7 1.7

Prediction equation : Between % ionizable at pH 7.5 (X) and in  v iv o  percent absorption (Y)-Y = 0.4827 + 0.470X

m ethod, even  w h en  carefu lly  con d u cted , y ie ld s  
rather high v a lu es  for % absorption  o f trace m eta ls  
(Fe, Mn, Zn etc.,), w h ich  is  norm ally attributed  to 
cum ulative errors (Brozovic 1975). T h is is  d u e to 
the fact th a t a larger proportion o f th e  in gested  
dietary trace m eta l is  excreted  in  fa eces  and only  
a sm all proportion is  absorbed . A bsorption  is  th en  
com puted a s  th e  difference b etw een  dietary in ta k es  
an d  a la rg e  fa e c a l e x c r e t io n  t e n d s  to  b e  
overestim ated. Further, ch em ica l b a lan ce  m ethod , 
w hich is  carried out over a sh ort period o f 3 -4  days, 
d oes not take into acco u n t th e lo s s  o f  trace m eta l 
over a longer period o f tim e, viz., 10 -1 2  days, 
through d esq u am ation  o f in testin a l c e lls  con ta in in g  
the m eta ls derived from  food. A lso, w h en  the  
absorbed trace m eta l is  excreted  in to  gu t through  
bile, and su b seq u en tly  lo st throu gh  faeces, the  
chem ical b a lan ce m eth od  d oes not acco u n t for the  
en d ogenou s m eta l lo st in  the faecal excretion; 
hence, it m ay, u n d erestim ate  th e  absorption , a s  
h a s been  d em on strated  in  th e  c a se  o f Ca absorption  
in  rats (Shenolikar an d  N arasinga Rao 1968).

R a d i o i s o t o p i c  e x t r i n s i c  t a g g i n g  t e c h n i q u e  : 
Realizing th e  above lim ita tion s o f th e  ch em ica l 
b a la n c e  m e th o d s , r a d io iso to p ic  m e th o d  w a s  
introduced, w hereby the a ctu a l quan tity  o f th e  trace  
m etal absorbed and retained in  the body is  m easured  
by a w hole body cou n ter  (Cook et al. 1972). T h is  
m ethod ideally requires th e  trace m eta l, presen t in  
food, to be b iosyn th etica lly  labelled  w ith  a su itab le  
gam m a ray em itting iso to p e o f th e m etal. All foods  
in  a m eal will have to  b e  labelled  to th e  sam e  
specific activity to obtain  a correct estim ate  of  
absorption from  the w hole m eal. T h is in d eed  is  a 
form idable task . Therefore, a n  alternative sim ple  
m eth o d  v iz ., e x tr in s ic  ta g g in g  m e th o d  w a s  
introduced. T his is  n ow  su c cessfu lly  em ployed  to 
m easure iron ab sorption  from  d iets (Cook et al.
1972). The extrin sic  tagging tech n iq u e h a s  b een

clearly va lidated  em ploying a food (b iosyn th etically  
labelled) w ith  on e o f th e  iso to p es  o f  iron (Fe55), to  
w h ich  an oth er radio iso top e o f  iron (Fe59) is  added  
a s  a n  extrin sic  tag  (Cook et al. 1972; B jom - 
R a sm u ssa n  et al. 1973). T he extrin sic  tagging  
m ethod , for exam ple, in  th e  ca se  o f iron, involves  
sp ik in g  a m eal w ith  tracer q u an tity  o f F e59 labelled  
sa lt (Fe59Cl3) in  a so lu tio n , an d  feed in g  th e  m eal 
to  vo lu n teers, o n  a n  em p ty  sto m a ch , after an  
overnight fast. The su b jec ts  are cou n ted  in  a w hole  
b ody counter, im m ed iately  after th e m eal, an d  a lso  
12 -1 4  d ays later.

The body retention  o f iron ca n  a lso  b e estim ated  
by m easu rin g  the total radioactivity in  th e  circu lating  
blood , s in ce  m ost (>90%) o f th e  ab sorbed  iron is  
incorporated into red b lood  ce lls . The b od y retention  
of radio-iron during th e  final co u n tin g , a s  a  % 
in itia l d ose , provides a fairly accu rate  estim ate  of 
p ercen t o f  ab sorption  from  th e  te s t  m eal. A  large 
am ou nt o f reliable data  on  iron absorption , from  
h a b itu a l  d ie t s  o f  d iffe r e n t  c o u n t r ie s ,  h a v e  
accu m u la ted  over th e  p a st tw o d ecad es. In India  
also , iron absorption  from  h ab itu a l d iets , b a sed  on  
different cerea ls  an d  m ille ts, h a s  b een  determ ined  
u sin g  th e extrin sic  tag  m eth o d  (N arasinga Rao et 
al. 1983) and the d ata  are g iven  in  Table 4 . It ca n  
be se e n  th a t iron ab sorp tion  from  h ab itu a l m ea ls  
in  India varies from  1-5%, d ep en d in g  u p o n  th e  
predom inant cerea l in  th e  d iet. T h ese  are in  
con trast to 7-24%  (m ean  10%) ab sorp tion  reported  
earlier u s in g  th e  ch em ica l b a la n ce  m eth o d  (H u ssa in  
and P atw ardhan 1959). A  s im u lta n e o u s  com p arison  
(Narasinga Rao et al. 1983) o f dietary iron absorption  
v a lu es , by th e  extrin sic  tagg in g  tech n iq u e , w ith  
th o se  obtained  by th e  ch em ica l b a la n ce  m ethod , 
in  the sam e v o lu n teers  gave three t im e s  h igher  
v a lu es  for iron ab sorp tion  b y  th e  ch em ica l balance  
m ethod  th a n  th o se  ob ta in ed  b y  th e  extrinsic  
tagging tech n iq u e (Table 5).
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TABLE 5. A COMPARISON OF IRON ABSORPTION FROM 
WHOLE DAY’S DIET DETERMINED BY EXTRINSIC 
TAG AND CHEMICAL BALANCE METHOD AND IN  
V IT R O  BIOAVAILABILITY

Iron intake In  v iv o  absorption % In  vitro
Diet mg/day bioavaila-

Extrinsic Chemical bility
tag balance

Rice based 
diet with milk 30.0 3.64±0.14 9.25+1.94 3.13
Mixed cereal- 
based diet 
with milk 42.0 3.45+0.27 8.69+2.83 3.68
Rice-wheat- 
meat diet 33.5 2.66+0.39 5.97+0.12 2.53
Rice-wheat- 
fish diet 28.8 2.70+0.47 5.78+0.88 2.67

A lthough th e extrin sic  tag  tech n iq u e is  w ell 
validated and w idely u sed  to  m easu re  food iron  
absorption, it is  y e t to  be applied  system atica lly  
to other trace m eta ls , a lth ou gh  som e lim ited  effort 
h a s b een  m ade to apply th e extrin sic  tag  tech n iq u e  
to m easu re Zn absorption  from  food (Puar M runalini 
Devi 1983). S u itab le sta b le  iso to p es  a lso  ca n  be  
u sed  in  p lace of rad io iso top es to s tu d y  trace m etal 

» absorption, u sin g  th e  extrin sic  tagging tech n iq u e  
and th is  w ould  avoid rad iation  hazard to th e  
su b jects. U se  o f stab le  iso to p es  in  the stu d y  of iron  
(Kaltwasser et al. 1991) and of zin c (Fox et al. 1991) 
h a s  b een  reported. B u t th e  u se  o f sta b le  iso to p es  
in  th e bioavailability stu d y  w ou ld  b e m ore com p lex  
and expensive th a n  th e u se  of rad ioiso topes.

The in  v iv o  m eth o d s (for iron absorption) 
involving the extrinsic radio isotope tagging technique  
in  h u m an  su b jects provide the m ost reliable estim ate  
of true absorption. S u ch  data  w ou ld  be m ost  
valuable for e sta b lish in g  th e  d ietary in take of trace  
m etals (iron) for m eetin g  their daily req u irem en ts  
in  m an. T h ese i n  v iv o  iso top ic  m eth o d s are very  
expensive, tim e-con sum ing and require sophisticated  
equipm ent for their m easu rem en t like w hole body  
co u n ter , liq u id  sc in t il la t io n  c o u n te r  for th e  
rad ioactive iso to p e s , a n d  iso to p e  ratio  m a s s  
spectrom eter for the sta b le  iso to p es. However, for 
routine m onitoring of b ioavailab ility  o f food s during  
processin g , or during form u lation s o f different d iets  
or feeds, and  in  food en r ich m en t/fo rtifica tion  
program m es, sim pler, rapid an d  le s s  expensive  
m eth od s are needed . For th is  p u rpose, m eth o d s  
b ased  on  a n  an im al m od el u s in g  ch ick s  or rats and  
in  v i tr o  m eth o d s h ave b een  developed.

A n i m a l  m o d e l  f o r  s t u d y i n g  t r a c e  m e t a l  
b io a v a i l a b i l i t y  : S m all an im als like ra ts  an d  ch ick s  
h ave b een  e x te n s iv e ly  u se d  to  ev a lu a te  th e

bioavailab ility  o f  iron from  food s an d  feed s  (Fritz 
et al. 1970; Pla et al. 1973; Fritz an d  Pla 1972; 
Fox et al. 1981) an d  for m on itorin g  c h a n g e s  in  
bioavailability , if any, during p ro cess in g  o f food s. 
S evera l cr iter ia  -  lik e  g ro w th , r e g e n e r a tio n  o f  
h aem oglob in  in  dep leted  an im als, b od y  reten tio n  of 
trace m eta l after feed in g th e  te s t  fo o d - h ave b een  
u se d  in  a s se s s in g  th e  b ioavailab ility  o f a  g iven  food  
in  th e  an im al m odel. T he d isad van tage  o f u s in g  an  
anim al m odel for estim atin g  th e  b ioava ilab ility  of 
food iron is  th a t th e  r e su lts  ob ta in ed  in  a n im a ls , 
in clud in g  rats, ch ick s , dogs, g u in ea  p ig s  do not 
correlate to h u m a n s. T h ese  a n im a ls  u n lik e  m an , 
do n ot d iscrim in ate b etw een  ferrou s an d  ferric iron  
(Fritz et al. 1970; N arasinga  R ao et al. 1977); and  
h en ce  th e b ioavailab ility  data  ob ta in ed  ca n n o t b e  
directly applied  to m an . A com parative stu d y  of  
dietary iron absorption in  rats, gu in ea  p igs, m on k eys  
an d  h u m a n  su b jec ts , u s in g  an  ex tr in sic  tag  
tech n iq u e, revealed th a t m on k ey s b eh ave like m a n  
in  iron ab sorption  and therefore, m on k ey s c a n  be  
u se d  a s a su itab le  m od el for eva lu atin g  iron  
bioavailab ility  from  h u m a n  d iets  (N arasinga Rao et 
al. 1977). E ven th o u gh  th e  u s e  o f exp erim en ta l 
an im als to estim ate  th e  b ioava ilab ility  of trace  
m eta ls  like iron, is  m ore con ven ien t th a n  con d u ctin g  
th e  s tu d ie s  d irectly in  m an , th e se  are still tim e  
co n su m in g  an d  exp en sive. A lth ough  th e  r e su lts  
obtained  in  an im als ca n n o t b e  applied  d irectly  to 
m an , th ey  w ou ld  be qu ite u se fu l to  m on itor  
alteration s in  th e  trace e lem en t (iron) b ioava ilab ility  
during p rocessin g  o f food s an d  for form u latin g  
anim al feed s w ith m axim al b ioavailab ility . There is, 
how ever, a n eed  for a sim p ler an d  m ore rapid  
m eth od  for estim atin g  th e  b ioavailab ility  o f iron and  
other trace m eta ls  in  food s a s  w ell a s  in  d iets , and  
to  a s s e s s  ch a n g es  therein . I n  v i t r o  m e th o d s  for 
estim atin g  the exten t o f b ioavailab ility  o f iron and  
other trace m eta ls  in  foods, can , how ever, m eet th e  
above requirem ent to a great ex ten t. T h is  n eed  h a s  
b een  m et by th e  recen t d evelop m en t of a fairly  
reliable in vitro m eth od  for iron  a n d  zinc.

In vitro m e t h o d  f o r  d e t e r m i n i n g  b i o a v a i la b i l i t y  
o f  i r o n  a n d  o t h e r  t r a c e  m e t a l s  : T here h ave b een  
con tin u ed  efforts to develop in  v i t r o  m eth o d s for 
estim atin g  th e  b ioavailab ility  o f iron an d  oth er trace  
m eta ls  like zinc. Efforts to d evelop  i n  v i t r o  m eth o d s, 
m ostly  for iron an d  to  a le s s e r  exten t z in c, h ave  
b een  quite su c c e ss fu l, and  th e se  m eth o d s w ill b e  
d iscu ssed . The sam e princip le ca n  be ap p lied  to  
d evelop  i n  v i t r o  m e th o d s  for m e a su r in g  th e  
bioavailab ility  o f  oth er trace m eta ls .
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Fig.2. A scheme for the in  v itro  determination of bioavailable 

iron from foods and diet
For routine screen in g  of food s an d  d iets  for 

the bioavailability of trace m eta ls , i n  v i t r o  m eth o d s  
are id ea lly  su ite d , s in c e  th e y  are re la tive ly  
inexpensive an d  fast.

An in  v i t r o  m eth od , b ased  on  the extraction  
of foods w ith a so lu tio n  o f a-dipyridyl for m easu rin g  
available by iron in  food, w a s  first proposed  b y  
S h ack leton  and M cC ance (1936) and th is  w a s  
designated  a s  ion izable iron. Later, pepsin-H C l 
solub le iron from  foods w a s  p roposed  a s  a m ethod  
for estim atin g th e  availab le iron (Jacobs and  
G reenm an 1969). None of th ese  m eth o d s w a s quite  
satisfactory, a s  the va lu es  ob tained  did not correlate  
with v a lu es  obtained  b y  th e in  v i t r o  m eth od s. The

TABLE 6. THE EFFECT OF ABSORPTION PROMOTERS AND 
INHIBITORS ON IN  V IT R O  AVAILABLE (IONIZABLE) 
IRON IN FOODS

Iron source Absorption promoters Percent in  vitro
or inhibitor added available iron

Promoters
Red gram d h a l Nil 23.4
(C a ja n u s  cq/crn)

Ascorbic acid 1:5 
molar ratio

37.8
Rice Nil 5.2
(O ry za  sa tiva ) Meat extract (25 ml) 12.7

Inhibitors
Brown sugar None 19.2

" Phytic acid 24 mg/lOOg 4.9
" Tannin 100 mg/lOOg 9.0

reaso n  for th is  is  th a t th e  m eth o d s  did n o t s im u la te  
th e  a c tu a l p ro cess , th e  food w a s  su b jected  to, 
during its  p a ssa g e  th rou gh  th e g a stro in testin a l 
tract. N arasinga Rao an d  Prabhavati (1978) proposed  
a n  entirely  n ew  approach  for th e  i n  v i t r o  estim ation  
of b ioavailab ility  o f iron in  food s. T he p rop osed  in  
v i t r o  m eth od  m im ick ed  th e  co n d itio n s  to  w h ich  the  
food is  su b jected  in  th e  gu t, n am ely  th e  p ep sin  - 
HC1 d igestion  of th e food in  th e  sto m a ch  at pH
1.5 follow ed b y  a p an crea tic  d ig estio n  at pH 7 .0  
in  th e d u od en u m . Iron extractab le w ith  a-a-d ipyridyl 
from  th e  p an creatic  d igest w a s  ta k en  to  rep resen t 
th e  b ioavailab le iron a s  sh o w n  sch em a tica lly  in  Fig.
2. The effects o f factors (tannin , p h y ta le , p hosphate), 
w h ich  are k n ow n  to in h ib it, an d  th o se  th a t prom ote  
(ascorbic acid , cyste in , fructose) ab sorp tion , w h en  
te sted  in  th e  i n  v i t r o  sy stem , w ere fou n d  to m im ick  
exactly  their  an tic ip a ted  effects (Table 6). The final 
proof o f  th e  reliability o f th e  p rop osed  in  v i tr o  
m eth od  w a s  th e correlation  o f th e v a lu es  for percent 
in  v i t r o  b io ava ilab ility  w ith  th e  p ercen t iron  
ab sorption  v a lu es  ob ta ined  b y  th e in  v iv o  m ethod . 
The iron b ioavailab ility  from  different d ie ts  obtained  
b y the in  v i t r o  m eth od  correlated  h igh ly  (r=0.9) w ith  
th o se  ob tained  by the extrin sic  tag  m eth o d  of iron 
ab sorption  from  th ese  d ie ts  in  m en  vo lu n teers  
(Table 4.) If b ioavailab le iron, relative to th a t of 
ferrous su lp h a te  w a s con sid ered  b y  b oth  th e in  v i tr o  
and the in  v i v o  m eth o d s, th e  correlation  w a s  found  
to b e still h igher (r=0.9995).

T h ese ob servation s provide en ou g h  con fid en ce  
in  the proposed  m ethod  a s  to  its  reliability and  
predictive va lu e. In th is  s tu d y , so lu b le  iron and  
ion izable iron w ere estim ated  b oth  in  th e  p ep sin - 
HCl d igest at pH 1.5 a s  w ell a s  in  th e  p an creatic  
d igest at pH 7 .0 . A s se e n  from  data  in  Table 4, 
the correlation w as poor in  all th e se  c a se s , except 
in  the ca se  of ion izab le iron o f th e  p an crea tic  d igest. 
A lthough  a con sid erab le  proportion  o f d ietary iron  
is  re leased  in  a so lu b le  form  in  the gu t, on ly  a 
fraction  o f th is, w h ich  c a n  be ta k en  u p  b y  the gut 
receptor, rep resen ts  th e  ab sorb ab le  iron (Linder 
and M unro 1977). E xtraction  o f th e p an creatic  
d igest w ith  a-a-d ipyridyl so m ew h a t m im ics th is  
transfer.

The sen sitiv ity  o f  the i n  v i t r o  m eth od  can  
p erh ap s be further im proved b y  sp ik in g  the food  
in itia lly  w ith  a tracer d o se  o f 59FeCl3, an d  finally  
extracting th e iron from  th e  p an creatic  d igest, at 
pH 7 .0 , w ith  a-a-d ipyridyl in  an  organ ic p h ase  
(amyl a lcoh ol or ethyl acetate) an d  m ea su r in g  both  
the colou r and the rad ioactiv ity  in  the organic 
p h ase .
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A nother in  v i t r o  m od el for predicting th e  
available iron h a s  b een  p roposed  b y  M on sen  et al
(1978). T h is is  b a sed  on  th e  availab le d ata  on  
in  v i tr o  ab sorption  o f iron from  food s m easu red  by  
the extrinsic tag tech n iq u e, and th e  know n effects  
of inh ib itors an d  prom oters p resen t in  food on  iron  
absorption. T his m eth od  h a s  a lim ited  practical 
value, a s  it is  im p ossib le  to  take in to  a cco u n t all 
the inh ib itors and prom oters p resen t in  all the food  
com p on en ts in  a fixed m eal.

In vitro m e t h o d  f o r  m e a s u r i n g  b io a v a i la b i l i t y  o f  
o th e r  t r a c e  m e t a l s  : There is  a  n eed  to  extend  th e  
princip les o f th e i n  v i t r o  m ethod  developed  for iron  
to esta b lish  m eth o d s to  estim ate  th e bioavailab ility  
of other trace m eta ls  in  foods. The p rocessin g  s tep s  
w ould be the sam e, b u t th e  com p lexin g agen t u sed  
and the colour developed in  the final step  (pancreatic  
digest at pH 7.0) w ou ld  b e different for different 
trace elem en ts.

An in  v i t r o  m eth od  h a s , in  fact, b een  developed  
for food zinc, em ploying a protocol sim ilar to that  
u sed  for iron. Zinc, in  the su itab le  fraction  of th e  
pancreatic d igest, w a s  m easu red  by a n  atom ic  
absorption  sp ectrop hotom eter, or after in itially  
sp ik ing w ith  radioactive zin c (Zn65), an d  m easu rin g  
the radioactivity in  th e  su p ern a ta n t, follow ing  
pancreatic d igestion  at pH 7 .0  (Puar M runalin i D evi
1983). The va lid ity o f th is  in  v i t r o  m eth od  w a s  
estab lish ed  by com paring the i n  v i t r o  v a lu es  w ith  
the v a lu es  o f  in  v iv o  ab sorption  m easu red  in  
m on k eys, u s in g  an  extrin sic  tagging techn iqu e. An  
in v i tr o  m ethod  to estim ate  the bioavailab ility  of  
Zn in foods, b ased  o n  th e  u p tak e o f so lu b le  zinc  
by rat in testin a l m u co sa  (Reinhold et al. 1974), or 
uptake by in testin a l strip , or everted gu t sa c  h a s  
been  proposed  earlier (Becker and H oekstra 1971).
T o x ic  m e ta ls  a n d  th e ir  b io a v a ila b ility

N e e d  f o r  a n  in  vitro m e t h o d  : There h a s  b een  
m uch con cern  ab out th e  h azard s o f con tam in ation  
of foods and drinking w ater by toxic e lem en ts like 
Pb, Al, Cd, Cu etc ., d u e to en vironm ental pollution . 
Only the co n ten ts  o f th ese  e lem en ts  in  food s and  
w ater are m easu red  to a s s e s s  their h azard s (Anke 
and Groppel 1987). It is  kn ow n  th a t th ese  toxic  
m etals are poorly absorbed , dep en ding  u p on  th e  
chem ical form o f the toxic m eta l and th e  dietary  
fa c to r s . In  a s s e s s in g  th e  h a z a r d  o f  s u c h  
con tam in ation  o f th e foodchain  by th ese  toxic  
elem en ts, both  the co n ten ts  and their b ioavailability, 
i.e ., ab sorption  from  th e  gu t in to  th e  body, are

im portant. O n o cca sio n s, th e  m eta l co n ta m in a tio n  
of ex tran eo u s origin m a y  be in  th e  form  o f in so lu b le  
m etal or its  oxide, an d  th is  m a y  b e hard ly  
a b so r b e d . It h a s  b e e n  r e p o r te d  t h a t  ir o n  
con tam in ation , due to d u st  an d  so il, a s  en cou n tered  
in  m an y  food s, is  hard ly  availab le a s  m ea su red  by  
the in  v i t r o  m ethod  (Prabhavati an d  N arasinga  Rao
1981). Therefore, there is  a n eed  to  develop reliab le  
in  v i t r o  m eth o d s to estim a te  th e  b ioavailab ility  of 
toxic e lem en ts in  food s to a s s e s s  th e ir  real h aza rd s  
in  term s of their in creased  b od y b u rd en . I n  v i t r o  
m ethod , w h o se  reliability h a s  b een  e sta b lish ed  b y  
com paring w ith  i n  v i v o  ab sorption  in  an im al m od el 
like m on k ey, w ou ld  b e va lu ab le  in  screen in g  food s  
con tam in ated  w ith  toxic m eta ls , an d  in  a s s e s s in g  
th e ir  h a za rd s  to  p o p u la tio n  c o n su m in g  su c h  
con tam in ated  foods.

P r a c t ic a l  u t i l i t y  o f  in  vitro m e t h o d s  f o r  e s t i m a t i n g  
t h e  b io a v a i la b i l i t y  o f  t r a c e  m e t a l s :  E stab lish in g  
reliab le  i n  v i t r o  m e th o d s  for e s t im a t in g  th e  
bioavailab ility  o f  trace m eta ls  in  food s h a s  severa l 
ad van tages and w ill h ave w ide a p p lica tio n s in  
n u tr it io n , food  t e c h n o lo g y /s c ie n c e  a n d  food  
toxicology. T he in  v i t r o  m eth od , w h ich  h a s  b een  
properly va lidated  aga in st a n  i n  v iv o  m eth od , sh ou ld  
b e rapid, reliable, le s s  exp en sive , cap a b le  o f b ein g  
routinely  em ployed  in  an y  sta n d a rd  laboratory. 
Som e of th e im portant ap p lica tion s o f i n  v i tr o  
m eth o d s are a s  follow s :
1. S c r e e n in g  p r o c e d u r e  to  e s t im a t e  th e  
bioavailab ility  of e ssen tia l trace m eta ls  in  a  w ide  
range of food s an d  d iets.
2 . Id e n t if ic a t io n  o f  fo o d s , d ie t s  a n d  food  
com b in a tion s w ith  good b ioava ilab ility  of e sse n tia l  
trace e lem en ts, a s  w ell a s  for u s in g  th e  in form ation  
for p lan n in g  d iets, and  for giving d ietary advice.
3 . F orm ulation  of different typ es o f d iets , w ith  a 
view to m axim izing the bioavailability o f th e  essen tia l 
trace e lem en ts.
4 . M onitoring th e  effects o f  food p ro cess in g  at th e  
h om e an d  in d u stry  levels, w ith  e m p h a s is  on  th e  
bioavailab ility  o f trace e lem en ts , in  ad d ition  to  
t e s t in g  o f  th e  e ffe c t  o f  food  a d d it iv e s  o n  
bioavailability.
5. S election  of a n  appropriate so u rce  of a n y  g iven  
trace elem en t, w hich  w ould  b e u se fu l for d evelop in g  
a fortification program m e.
6. A sse ssm e n t o f the exten t o f h a za rd s o f toxic  
m eta ls  con tam in atin g  the food ch ain , b y  a s s e s s in g  
their p oten tia l absorbability , b e s id e s  e stim a tin g  
their actu a l co n ten ts  in  foods.
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by Atoxigenic Strains of A s p e rg illu s  f la v u s

H . K .  C H O U R A S I A * 1 A N D  R . K .  S I N H A
M y c o t o x i n  R e s e a r c h  L a b o r a t o r y

U n i v e r s i t y  D e p a r t m e n t  o f  B o t a n y ,  B h a g a l p u r  U n i v e r s i t y ,  B h a g a l p u r - 8 1 2  0 0 7 ,  I n d i a .

In  g re e n h o u s e  e x p e r im e n ts ,  s im u l ta n e o u s  in o c u la t io n  o f  r o o t re g io n s  o f  1 to  2 -w e ek  o ld  p e a n u t  p la n t s  w i th  to x ig en ic  
a n d  a to x ig en ic  s t r a in s  o f  Aspergillus Jlavus r e s u l te d  in  low er lev els  o f  a f la to x in  B , in  th e  p e a n u t  k e rn e ls  a t  m a tu r i ty ,  
th a n  th o s e  in  p la n ts  in o c u la te d  w ith  th e  to x ig en ic  s t r a in s  a lo n e . O f th e  s e v e n  a to x ig e n ic  s t r a in s  te s te d ,  s ix  s t r a in s  
sh o w e d  re d u c tio n  In  a f la to x in  p ro d u c tio n  to  v a ry in g  e x te n ts .  P re -In o c u la tio n  o f  a to x ig e n ic  s t r a in s  (1 d a y  e a r l ie r  r e s u l te d  
in  g re a te r  in h ib it io n  o f  a f la to x in  p ro d u c tio n . H ow ever, to x in  level w a s  n o t  m u c h  re d u c e d , w h e n  th e  a to x ig e n ic  s t r a in  
w a s  in t ro d u c e d  1 d a y  a f te r  th e  to x ig en ic  s t r a in .  In o c u la t io n  o f  a n  a to x ig e n ic  s t r a in  a t  5 -fo ld  h ig h e r  s p o r e  c o n c e n tra t io n ,  
w ith in  12 h  o f  to x ig en ic  s t r a in  in o c u la tio n , led  to  a  s ig n if ic a n t re d u c tio n  in  a f la to x in  B ,. T h e  r e s u l t s  s u g g e s t  t h e  p o te n tia l  
o f  a to x ig en ic  s t r a in s  o f  A. Jlavus. in  b io lo g ica l c o n tro l, a g a in s t  p re -h a rv e s t  a f la to x in  c o n ta m in a t io n  o f  d e v e lo p in g  p e a n u ts ,  
s u b je c t  to  p ra c tic a b il i ty  o f  th e  a p p ro a c h .
K e y w o rd s  : A fla to x in  B ,, Aspergillus Jlavus, P e a n u t ,  B io logical c o n tro l, A to x igen ic  a n d  to x ig en ic  s t r a in s .

A f l a t o x i n s ,  t h e  t o x i c  m e t a b o l i t e s  o f  A s p e r g il lu s  
J la v u s  L i n k  a n d  A . p a r a s i t i c u s  S p e a r e ,  p o s e  s e r i o u s  
h e a l t h  h a z a r d s  a s  p o t e n t  c a r c i n o g e n s  t o  h u m a n s  
a n d  d o m e s t i c  a n i m a l s ,  b e c a u s e  o f  t h e i r  f r e q u e n t  
o c c u r r e n c e  i n  a g r i c u l t u r a l  c o m m o d i t i e s  i n c l u d i n g  
c e r e a l s  a n d  s p i c e s  ( R e h a n a  e t  a l .  1 9 7 9 ;  M i s r a  1 9 8 7 ;  
J o n e s  1 9 7 7 ;  M i x o n  1 9 8 0 ;  K i l m a n  1 9 8 9 ;  M a y u r a  e t  
a l .  1 9 8 5 ) .  P r o d u c t i o n  o f  a f l a t o x i n  i s  s t r a i n - s p e c i f i c  
a s  w e l l  a s  h o s t - s p e c i f i c  ( J o f f e  1 9 6 9 ;  C o t t y  1 9 8 9 a ) .  
P e a n u t  (A ra ch is  h g p o g a e a  L .)  i s  u n i q u e  a m o n g  t h e  
c r o p  p l a n t s ,  a s  t h e  f l o w e r s  a r e  f e r t i l i z e d  a b o v e  t h e  
g r o u n d ,  b u t  t h e  g y n o p h o r e  ( p e g )  i s  e x t e n d e d ,  
u l t i m a t e l y  p u s h i n g  t h e  d e v e l o p i n g  e m b r y o  i n t o  t h e  
s o i l .  T h e  s o i l  i m m e d i a t e l y  s u r r o u n d i n g  t h e  p o d ,  i . e .  
t h e  g e o c a r p o s p h e r e ,  h a r b o u r s  a  w i d e  s p e c t r u m  o f  
m i c r o i l o r a ,  i n c l u d i n g  A s p e r g il lu s  J la v u s ,  w h i c h  e x e r t  
t h e i r  e f f e c t s  o n  t h e  k e e p i n g  q u a l i t y  o f  t h e  p o d  
( G a r r e n  1 9 6 6 ;  K l o e p p e r  a n d  B o w e n  1 9 9 1 ) .

A f l a t o x i n  c o n t a m i n a t i o n  o f  p e a n u t  d u r i n g  p o s t 
h a r v e s t  m a n i p u l a t i o n s  i s  v e r y  c o m m o n  t h r o u g h o u t  
t h e  w o r l d  ( G a r r e n  e t  a l .  1 9 6 9 ;  S u b r a h m a n y a m  a n d  
R a o  1 9 7 4 ;  M e h a n  a n d  M c D o n a l d  1 9 8 3 ;  
K s h e m k a l y a n i  a n d  P a t e l  1 9 8 8 ) .  S t r a t e g i e s  t o  c o m b a t  
t h e  i n f e s t a t i o n  t h r o u g h  c h e m i c a l  a g e n t s  h a v e  b e e n  
i n  v o g u e  i n  d i f f e r e n t  c o u n t r i e s  ( M i x o n  e t  a l .  1 9 8 4 ;  
B o w e n  a n d  B a c k m a n  1 9 8 9 ) ,  b u t  t h e i r  e f f e c t i v e n e s s  
i s  s t i l l  q u e s t i o n a b l e  ( D i e n e r  e t  a l .  1 9 8 2 ) .  I n  r e c e n t  
p a s t ,  i n t r o d u c t i o n  o f  l i v i n g  o r g a n i s m s  w i t h  t h e  
p a t h o g e n i c  c o u n t e r p a r t  f o r  e f f e c t i v e  i n h i b i t i o n /  
e l i m i n a t i o n  o f  t h e  l a t t e r  f r o m  t h e  e c o l o g i c a l  n i c h e
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( b i o l o g i c a l  c o n t r o l )  h a s  b e e n  s u c c e s s f u l l y  e x p l o i t e d  
f o r  t h e  c o n t r o l  o f  p l a n t  d i s e a s e s  ( S c h n e i d e r  1 9 8 4 ;  
L i n d o w  1 9 8 7 ;  Y e h  e t  a l .  1 9 8 8 ) .  A f l a t o x i n  p r o d u c t i o n  
w a s  f o u n d  t o  b e  i n h i b i t e d  b y  A . n ig er ,  w h e n  t h e  
f u n g u s  w a s  c o - i n o c u l a t e d  a l o n g  w i t h  A . J la v u s ,  o n t o  
a u t o c l a v e d  c o m  ( W i c k l o w  e t  a l .  1 9 8 0 )  o r  a u t o c l a v e d  
p e a n u t s  ( A s h w o r t h  e t  a l .  1 9 6 5 ) .  H o w e v e r ,  t h e r e  h a s  
b e e n  s c a n t y  i n f o r m a t i o n  o n  t h e  p o t e n t i a l  b i o - a g e n t s  
a g a i n s t  p r e - h a r v e s t  c o n t a m i n a t i o n  o f  a f l a t o x i g e n i c  
f u n g i  o n  p e a n u t s  ( D o m e r  e t  a l .  1 9 9 0 ) .

T h e  o b j e c t i v e  o f  t h e  p r e s e n t  s t u d y  w a s  t o  
e v a l u a t e  t h e  p o t e n t i a l i t y  o f  s o m e  a t o x i g e n i c  s t r a i n s  
o f  A . J la v u s  f o r  i n h i b i t i o n / e l i m i n a t i o n  o f  a f l a t o x i n  
B j  i n  p e a n u t  p l a n t s ,  u n d e r  g r e e n h o u s e  
e x p e r i m e n t a t i o n .

M a t e r i a l s  a n d  M e t h o d s
F u n g a l s tr a in s  a n d  g r o w th  c o n d it io n s  : S t r a i n s  

o f  A . J l a v u s  w e r e  o b t a i n e d  f r o m  p e a n u t  
g e o c a r p o s p h e r e ,  t a k e n  f r o m  p e a n u t  r e s e a r c h  p l o t s  
a t  t h e  W i r e g r a s s  s u b - s t a t i o n  o f  t h e  A l a b a m a  
A g r i c u l t u r a l  E x p e r i m e n t  S t a t i o n ,  A u b u r n  U n i v e r s i t y ,  
U S A ,  a n d  t h e i r  t o x i g e n i c  p o t e n t i a l s  w e r e  t e s t e d .  
S t r a i n s  A U  1 5  a n d  A U  2 1  p r o d u c e d  g o o d  a m o u n t s  
o f  a f l a t o x i n  B , ,  b o t h  i n  c u l t u r e  a n d  i n  d e v e l o p i n g  
p e a n u t  p o d  ( 2 2 ,  1 5 ,  3 0  a n d  5 2  p g / g ,  r e s p e c t i v e l y ) ,  
w h i l e  s t r a i n s  A U  1 2 ,  1 6 ,  1 9 ,  3 2 ,  5 5 ,  6 9  a n d  7 2  
w e r e  a t o x i g e n i c  ( d e t e c t a b l e  l e v e l  o f  a f l a t o x i n  B , ,  b e i n g  
1 0  p g / g ) .  C u l t u r e s  w e r e  m a i n t a i n e d  o n  p o t a t o -  
d e x t r o s e - a g a r  ( D i f c o  L a b o r a t o r i e s ,  D e t r o i t ,  M i c h i g a n )  
a n d  s t o r e d  a t  4 ° C .  C o n i d i a  w e r e  c o l l e c t e d  b y  
f l u s h i n g  5 - d a y  o l d  c u l t u r e s  i n  a  s t e r i l e  0 . 0 1 %  
s o l u t i o n  o f  T r i t o n  X - 1 0 0 .  S u s p e n s i o n s  w e r e  a d j u s t e d
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t o  3 x 1 0 s  s p o r e s / m l ,  a s  e n u m e r a t e d  b y  a  
h e m a c y t o m e t e r  ( P e t r o f f  H a u s s e r  c o u n t i n g  c h a m b e r .  
T h e  A m e r i c a n  O p t i c a l  C o ,  W a s h i n g t o n  D C . )  a n d  0 . 5  
m l  w a s  u s e d  f o r  i n o c u l a t i o n .

In o cu la tion  o f  p e a n u t  : S o u n d  m a t u r e  p e a n u t  
k e r n e l s  w e r e  s u r f a c e - d i s i n f e s t e d  b y  a g i t a t i n g  i n  
2 0 %  h o u s e h o l d  b l e a c h  ( C l o r o x ;  a c t i v e  i n g r e d i e n t  
5 . 2 5 %  N a O C l ,  C l o r o x  C o . ,  O a k l a n d ,  C a l i f o r n i a )  a t  
1 5 0  r p m ,  o n  a n  o r b i t a l  s h a k e r ,  f o r  1 h ,  f o l l o w e d  
b y  f o u r  t o  l i v e  r i n s e s  i n  s t e r i l e  w a t e r ,  a n d  d r y i n g  
a t  2 5 ° C  f o r  1 h  i n  o p e n  p e t r i  d i s h e s  i n  a  l a m i n a r  
f l o w  h o o d .  S u r f a c e - d i s i n f e s t e d  k e r n e l s  w e r e  
g e r m i n a t e d  i n  a  g r e e n h o u s e  i n  3 -1  p o t s  c o n t a i n i n g  
p r o m i x  ( P r e m i e r  P e a t ,  R i v i e r e  d u L o u p ,  Q u e b e c ,  
C a n a d a ) .  P r o m i x  w a s  m o i s t e n e d  a n d  a u t o c l a v e d  
t w i c e  b e f o r e  u s e .  A t  7  d a y s  a f t e r  e m e r g e n c e  o f  p l a n t  
f r o m  p r o m i x  ( a t  t w o  l e a v e s  s t a g e ) ,  r o o t  r e g i o n  o f  
e a c h  p l a n t  w a s  i n o c u l a t e d  w i t h  a n  a d j u s t a b l e  
p i p e t t e  ( G i l s o n  C o ,  I n c . ,  W o r t h i n g t o n ,  O h i o ) ,  h a v i n g  
a  d i s p o s a b l e  t i p ,  c a r r y i n g  2 0  p i  s p o r e  s u s p e n s i o n  
o f  e i t h e r  t o x i g e n i c  o r  a t o x i g e n i c  A . J la v u s  s t r a i n s .

T h e  c o - i n o c u l a t i o n  e x p e r i m e n t  w a s  p e r f o r m e d  
b y  i n o c u l a t i n g  r o o t  r e g i o n  e i t h e r  w i t h  2 0  p i  s p o r e  
s u s p e n s i o n  o f  a  s i n g l e  s t r a i n ,  o r  w i t h  2 0  p i  s p o r e  
s u s p e n s i o n  o f  t h e  t o x i g e n i c  s t r a i n ,  f o l l o w e d  b y  t h e  
s a m e  a m o u n t  o f  t h e  a t o x i g e n i c  s t r a i n .  T o  e v a l u a t e  
t h e  e f f e c t  o f  p r i o r  c o l o n i z a t i o n  o f  f u n g u s  o n  t h e  t o x i c  
p o t e n t i a l i t y  o f  t h e  s t r a i n ,  r a d i c l e s  i n o c u l a t e d  w i t h  
o n e  s t r a i n  w e r e  s u b s e q u e n t l y  ( a f t e r  2 4  h )  i n o c u l a t e d  
w i t h  2 0  p i  c o n i d i a l  s u s p e n s i o n  o f  t h e  s e c o n d  s t r a i n .  
T o  t e s t  t h e  a b i l i t y  o f  a n  a t o x i g e n i c  s t r a i n  t o  
i n f l u e n c e  p o d  c o n t a m i n a t i o n  b y  a  t o x i g e n i c  s t r a i n ,  
r o o t  r e g i o n s  w e r e  i n o c u l a t e d  w i t h  4  p i  c o n i d i a l  
s u s p e n s i o n  o f  a  t o x i g e n i c  s t r a i n ,  a s  t h i s  w a s  t h e  
c r i t i c a l  c o n c e n t r a t i o n  f o r  t h e  t o x i n  p r o d u c t i o n  i n  
p e a n u t  p o d s ,  b e l o w  w h i c h  n o  t o x i c i t y  w a s  o b s e r v e d  
( u n p u b l i s h e d  d a t a ) ,  a n d  t h e n  r e - i n o c u l a t e d  a t  t h e  
s a m e  s i t e  w i t h  2 0  p i  s p o r e  s u s p e n s i o n  o f  a n  
a t o x i g e n i c  s t r a i n  a f t e r  1 ,  2 ,  4 ,  8  o r  1 2  h .

I n  a l l  t h e  t e s t s ,  p e a n u t  p o d s  w e r e  h a r v e s t e d  
a t  m a t u r i t y  ( 1 4  w e e k s  a f t e r  i n o c u l a t i o n )  a n d  d r i e d  
a t  6 0 ° C  f o r  4 8  h .  D r i e d  k e r n e l s  w e r e  k e p t  a t  r o o m  
t e m p e r a t u r e  i n  s e a l e d  p l a s t i c  b a g s .  A l l  t h e  
e x p e r i m e n t s  w e r e  p e r f o r m e d  t w i c e ,  w i t h  s i x  r e p l i c a t e s  
f o r  e a c h  t r e a t m e n t  i n  e a c h  e x p e r i m e n t .

A jla to x in  a n a ly s i s  : T h e  l e v e l s  o f  a f l a t o x i n  B t 
i n  p e a n u t  k e r n e l s  w e r e  d e t e r m i n e d  b y  r e v e r s e d  
p h a s e  h i g h  p r e s s u r e  l i q u i d  c h r o m a t o g r a p h y  ( W a t e r s  
A s s o c i a t e s ,  I n c ,  M i l f o r d ,  M a s s a c h u s e t t s )  b y  t h e  
m e t h o d  o f  S t u b b l e f i e l d  a n d  S h o t w e l l  ( 1 9 7 7 ) .  T h e  
m o b i l e  p h a s e  c o n s i s t e d  o f  H P L C  g r a d e  a c e t o n i t r i l e  : 
t e t r a h y d r o f u r a n  : w a t e r  ( 1 0 : 6 : 8 4 ,  v / v / v ) ,  a d j u s t e d  
t o  p H  3 . 9  w i t h  a c e t i c  a c i d .  T h e  f l o w  r a t e  w a s  2

m l / m i n .  D e t e c t i o n  w a s  b y  f l u o r e s c e n c e  i n  a  m o d e l  
4 7 0  f l u o r e s c e n c e  d e t e c t o r  ( e x c i t a t i o n  a t  3 6 0  n m  a n d  
e m i s s i o n  a t  4 1 8  n m ) .  Q u a n t i f i c a t i o n  o f  p e a k  a r e a  
w a s  d o n e  u s i n g  B a s e l i n e  s o f t w a r e  ( M i l l e n n i u m  
2 0 1 0 ,  M i l l i p o r e  C o r p o r a t i o n ,  M a s s a c h u s e t t s ) .  
S t a n d a r d s  o f  a f l a t o x i n  B p  B 2, G t a n d  G 2 ( S i g m a  
C h e m i c a l  C o ,  S t .  L o u i s ,  M i s s o u r i )  w e r e  r u n  t h r o u g h  
t h e  c o m p l e t e  d e r i v a t i z a t i o n  p r o c e d u r e s .  T y p i c a l  
r e t e n t i o n  t i m e s  i n  t h i s  l i q u i d  c h r o m a t o g r a p h  s y s t e m  
w e r e  3 . 5 ,  4 . 5 ,  7 . 0  a n d  1 0 . 5  m i n ,  r e s p e c t i v e l y .

S ta t is t ic a l  a n a l y s i s  : C o m p u t a t i o n  o f  d a t a  w a s  
p e r f o r m e d  u s i n g  s t a t i s t i c a l  a n a l y s i s  s y s t e m  ( S A S  
I n s t i t u t e  I n c ,  C a r y ,  N o r t h  C a r o l i n a ) .  A l l  m u l t i p l e  
c o m p a r i s o n s  w e r e  s u b j e c t e d  t o  a n a l y s i s  o f  v a r i a n c e .  
T o x i n  v a l u e s  w e r e  l o g  t r a n s f o r m e d  ( l o g  X + l ) ,  w h e n  
n e c e s s a r y  t o  h o m o g e n i z e  v a r i a n c e s  a m o n g  
t r e a t m e n t s .  T r e a t m e n t  r e p l i c a t e s  f r o m  t w o  
e x p e r i m e n t s  w e r e  r a n k e d ,  a n d  t h e  r a n k s  w e r e  
s u b j e c t e d  t o  s p l i t - p l o t  a n a l y s i s  ( M i l l i k e n  a n d  J o h n s o n
1 9 8 4 ) .  I n  t e s t s  c o m p a r i n g  a t o x i g e n i c  s t r a i n s ,  t h e  
t e s t  w a s  c o n s i d e r e d  a s  m a i n  p l o t ,  w h i l e  t h e  s t r a i n  
a s  s u b - p l o t .  I n  t e s t s  e v a l u a t i n g  t h e  e f f e c t  o f  
c h a l l e n g e  w i t h  a n  a t o x i g e n i c  s t r a i n ,  a f t e r  b r i e f  
i n f e c t i o n  b y  a  t o x i g e n i c  s t r a i n ,  t h e  t e s t  w a s  t h e  
m a i n  p l o t  a n d  t h e  t r e a t m e n t  ( n o  c h a l l e n g e  o r  
c h a l l e n g e  a f t e r  1 ,  2 ,  4 ,  8 ,  o r  1 2  h )  w a s  t h e  s u b 
p l o t .  S i g n i f i c a n t  d i f f e r e n c e s  a m o n g  m e a n  v a l u e s  o f  
t h e  t r e a t m e n t  w e r e  d e t e r m i n e d  w i t h  t h e  L S D  t e s t  
f o r  s p l i t - p l o t  a n a l y s e s .

R e s u l t s  a n d  D i s c u s s i o n
O u t  o f  t h e  s e v e n  a t o x i g e n i c  s t r a i n s  t e s t e d ,  s i x  

s t r a i n s  r e d u c e d  t h e  p r o d u c t i o n  o f  a f l a t o x i n  
s i g n i f i c a n t l y  i n  p e a n u t s ,  w h e n  i n o c u l a t e d  w i t h  
s t r a i n  A U  2 1  ( T a b l e  1 ) . I n o c u l a t i o n  o f  r o o t  r e g i o n s

TABLE 1. E F F E C T  O F  VARIOUS ATOX IGENIC STRAINS O F  
ASPERGILLUS FLAVUS O N  A F L A T O X IN  
CONTAMINATION O F  PEA N U T K E R N E L S BY A 
TOXIG EN IC STRAIN*

A to x igen ic  s t r a in  A fla to x in  B , c o n te n t ,  p g /g b
N o ne 4 8 .2 0  x
AU 6 9  3 2 .5 0  xy
AU 7 2  2 5 .1 5  y
AU 19 2 0 .8 5  yz
AU 5 5  1 1 .3 0  yz
AU 16 7 .1 6  yz
AU 12 3 .4 7  y z
AU 3 2  0 .8 8  z

•D ev e lo p in g  p e a n u t  p la n ts  w e re  in o c u la te d  f i r s t  w i th  to x ig en ic  
s t r a in  AU 21 a n d  3 0  m in  la te r  w ith  a n  a to x ig e n ic  s t r a in .  bV a lu e s  
a r e  a v e ra g e s  o f  s ix  r e p lic a te s  m a d e  d u r in g  tw o  te s t s .  V a lu es  
follow ed b y  th e  s a m e  le t te r  a r e  n o t  s ig n if ic a n tly  d iffe re n t b y  th e  
LSD te s t  fo r  s p li t-p lo t  a n a ly s e s .  A n a ly se s  w e re  p e rfo rm ed  o n  
r a n k s  a s s ig n e d  to  v a lu e s  w ith in  t e s t s  b e fo re  a n a ly s is .
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o f  d e v e l o p i n g  p e a n u t  p l a n t s  w i t h  s t r a i n  A U  3 2 ,  
h o w e v e r ,  e x h i b i t e d  n o  a f l a t o x i n  p r o d u c t i o n  o r  
n e g l i g i b l e  ( < 5 0  p g / g )  a m o u n t  o f  a f l a t o x i n  B ,  i n  p e a n u t  
k e r n e l s  ( d a t a  n o t  p r e s e n t e d ) .  W h e n  p e a n u t  p l a n t s  
w e r e  i n o c u l a t e d  w i t h  t o x i g e n i c  s t r a i n  A U  2 1  a n d  
t h e n  r e - i n o c u l a t e d  i n  t h e  s a m e  s i t e  a t  i n t e r v a l s  o f  
1 , 2 ,  4 ,  8  a n d  1 2  h  w i t h  5 - f o l d  m o r e  c o n i d i a  o f  
a t o x i g e n i c  s t r a i n  A U  3 2 ,  a  s i g n i f i c a n t  ( P = 0 . 0 5 )  
r e d u c t i o n  i n  a f l a t o x i n  w a s  n o t i c e d .

A p p r e c i a b l e  l e v e l s  o f  a f l a t o x i n  B ,  w e r e  p r o d u c e d  
i n  p e a n u t  k e r n e l s  i n o c u l a t e d  w i t h  s t r a i n  A U  1 5  o r  
s t r a i n  A U  2 1  ( T a b l e  2 ) .  H o w e v e r ,  c o - i n o c u l a t i o n  o f  
p l a n t s  w i t h  c o n i d i a  o f  t o x i g e n i c  a n d  a t o x i g e n i c  
s t r a i n s  i n  e q u a l  p r o p o r t i o n s  s h o w e d  a  m a r k e d  
r e d u c t i o n  i n  a f l a t o x i n  B ,  p r o d u c t i o n .  T h e  r e d u c t i o n  
i n  t o x i n  a s  a  r e s u l t  o f  c o - i n o c u l a t i o n  w i t h  A U  1 5  
w a s  g r e a t e r ,  t h a n  t h a t  w i t h  s t r a i n  A U  2 1  ( T a b l e  2 ) .  
T h e  p r o d u c t i o n  o f  a f l a t o x i n  w a s  c o m p l e t e l y  p r e v e n t e d  
b y  i n t r o d u c i n g  s t r a i n  A U  3 2  i n t o  t h e  r o o t  r e g i o n s ,  
2 4  h  b e f o r e  i n o c u l a t i o n ,  w i t h  a n  e q u a l  q u a n t i t y  o f  
c o n i d i a  o f  s t r a i n  A U  1 5  o r  s t r a i n  A U  2 1  ( T a b l e  2 ) .  
T h e  r o o t  r e g i o n s  w e r e  i n o c u l a t e d  w i t h  a  t o x i g e n i c  
s t r a i n ,  1 d a y  b e f o r e  i n o c u l a t i o n ,  w i t h  s t r a i n  A U  3 2 .  
H o w e v e r ,  t h i s  h a d  n o  m a r k e d  e f f e c t  o n  t h e  i n h i b i t i o n  
o f  t o x i n  q u a n t i t y  i n  p e a n u t  k e r n e l s .

A s p e r g il lu s  J la v u s  v a r i e s  w i d e l y  i n  a f l a t o x i n -  
p r o d u c t i o n  a b i l i t y ,  w h i c h  i s  a p p a r e n t l y  u n r e l a t e d  
t o  t h e  c a p a b i l i t y  o f  t h e  s t r a i n s  t o  i n f e c t  a n d  c o l o n i z e  
t h e  h o s t  t i s s u e  ( C o t t y  1 9 8 9 b ) .  T h e  p o t e n t i a l i t y  o f  
a t o x i g e n i c  s t r a i n s  t o  o u t c o m p e t e  t h e  t o x i g e n i c  
s t r a i n s  i n  g r e e n h o u s e  e x p e r i m e n t s  w i t h  c o t t o n  a n d  
m a i z e  h a v e  b e e n  r e p o r t e d  ( B r o w n  e t  a l .  1 9 9 0 ) .  
A t o x i g e n i c  s t r a i n s  o f  A . J la v u s  a r e  e n d e m i c  t o  p e a n u t  
f i e l d s  a n d  a r e  s u i t a b l y  a d a p t e d  t o  t h e  h o t  a n d  d r y  
c o n d i t i o n s ,  t h a t  a r e  e q u a l l y  n e e d e d  f o r  c o l o n i z a t i o n  
o f  p e a n u t  g e o c a r p o s p h e r e  b y  t o x i g e n i c  s t r a i n s .  T h e  
g e o c a r p o s p h e r e  s o i l  i s  c o n s i d e r e d  t o  b e  t h e  m a j o r

TABLE 2 . AFLATOXIN C O N T E N T  O F  PE A N U T  K E R N E L S 
INOCULATED W ITH TOXIG EN IC AND ATOXIGENIC 
ASPERGILLUS FLAVUS STRAINS INDIVIDUALLY O R  
IN COM BINATION

A fla to x in  B , c o n te n t  o f  k e rn e ls , ng/g*
S tra in Toxi-

gen i-
city

In o c u 
la te d
a lo n e

C o in o c u 
la te d  w ith  
s t r a in  
AU 3 2

In o c u la 
te d  2 4  h  
a f te r  
s t r a in  
AU 3 2

In o c u la 
ted  2 4  h  
b e fo re  
s t r a in  
AU 3 2

AU 15 + 1 6 .0  c 0  d 0 .0  d 18 .2  c
AU 21 + 5 9 .5  a 7  b 0 .8  d 6 5 .0  a
AU 3 2 - 0  d - . .

' 'D e tec tio n  lim it = 1 0  n g /g .  V a lu e s  a r e  m e a n s  o f  s ix  re p lic a te s . 
M e a n s  follow ed b y  th e  s a m e  le t te r  d o  n o t  d iffe r s ig n ifican tly  
(P = 0 .0 5 ) b y  F is h e r 's  le a s t  s ig n if ic a n t d iffe ren c e  te s t .  D a ta  w e re  
lo g - tra n s fo rm e d  b e fo re  a n a ly s is .

s o u r c e  o f  A . J la v u s  i n f e c t i o n  o f  p e a n u t  b e f o r e  h a r v e s t ,  
f r o m  w h i c h  A . J la v u s  e n t e r s  i n t o  t h e  d e v e l o p i n g  
p e a n u t  f r u i t ,  a f t e r  p e n e t r a t i o n  o f  t h e  s t e m ,  f l o w e r  
( o v a r y ,  s t y l e  a n d  s t i g m a ) ,  p e g ,  p o d  w a l l  a n d  t e s t a e  
( D i e n e r  1 9 8 9 ) .  A t o x i g e n i c  s t r a i n s ,  o n c e  a p p l i e d  i n  
s u f f i c i e n t  q u a n t i t i e s ,  h a v e  t h e  p o t e n t i a l  t o  p r o l i f e r a t e  
o n  t h e  p e a n u t  c a r p o s p h e r e ,  a n d  t h i s  c a n  b e  
e x p l o i t e d  f o r  b i o c o n t r o l  s t r a t e g y  o f  a f l a t o x i n  
c o n t a m i n a t i o n .  G r e e n h o u s e  e x p e r i m e n t s  i n  t h e  
p r e s e n t  s t u d y  s u b s t a n t i a t e  s u c h  a  p o s s i b l e  u s e  o f  
a t o x i g e n i c  s t r a i n s  f o r  b i o c o n t r o l  p r o g r a m m e s .

T h e  a t o x i g e n i c  s t r a i n  r e d u c e d  a f l a t o x i n  
c o n t a m i n a t i o n  b y  9 0  t o  1 0 0 % ,  w h e n  r o o t  r e g i o n s  
o f  p e a n u t  p l a n t s  w e r e  c o - i n o c u l a t e d  w i t h  t o x i g e n i c  
(A U  1 5  a n d  A U  2 1 )  a n d  a t o x i g e n i c  s t r a i n s .  
I n o c u l a t i o n  o f  p e a n u t  p l a n t s  w i t h  t h e s e  t o x i g e n i c  
s t r a i n s ,  2 4  h  a f t e r  t h e  i n o c u l a t i o n  o f  a t o x i g e n i c  
s t r a i n ,  p r o d u c e d  r e m a r k a b l e  r e d u c t i o n  ( 9 0  t o  1 0 0 % )  
i n  a f l a t o x i n  p r o d u c t i o n .  D o m e r  e t  a l  ( 1 9 9 0 )  h a v e  
a l s o  r e c o r d e d  s i m i l a r  r e s u l t s ,  w h i l e  w o r k i n g  w i t h  
a  b i o c o m p e t i t i v e  a g e n t  a s  a n  e f f e c t i v e  m a n a g e m e n t  
s t r a t e g y  f o r  p r e - h a r v e s t  a f l a t o x i n  c o n t a m i n a t i o n .  
T h e  s t r a t e g y  i n v o l v e d  t h e  i n c o r p o r a t i o n  o f  a n  
a t o x i g e n i c  s t r a i n  o f  A . J la v u s  i n t o  t h e  p e a n u t  s o i l  
o f  a n  e n v i r o n m e n t a l  c o n t r o l  p l o t  f a c i l i t y .  T h e  
b i o c o m p e t i t i v e  a g e n t  m a i n t a i n e d  a  d o m i n a n c e  o v e r  
t h e  t o x i g e n i c  s t r a i n s  o f  A . J la v u s  f o r  t h e  t h r e e  y e a r  
p e r i o d ,  w i t h  n o  f u r t h e r  a d d i t i o n  o f  f u n g a l  p r o p a g u l e s  
a f t e r  t h e  f i r s t  y e a r .  T h i s  t r e a t m e n t  a l s o  r e s u l t e d  i n  
a  s i g n i f i c a n t  r e d u c t i o n  i n  a f l a t o x i n  i n  p e a n u t s ,  a s  
c o m p a r e d  t o  n o n - t r e a t e d  c o n t r o l s .

T h e  m e c h a n i s m  o f  r e d u c t i o n  o f  a f l a t o x i n  
p r o d u c t i o n  b y  a t o x i g e n i c  s t r a i n  i s ,  h o w e v e r ,  n o t  y e t  
f u l l y  k n o w n .  R e c e n t l y ,  C o t t y  e t  a l  ( 1 9 9 0 )  h a v e  
a t t r i b u t e d  s u c h  a  p h e n o m e n o n  i n  c o t t o n s e e d  t o  t h e  
m u t a t i o n a l  b e h a v i o u r  o f  t h e  s t r a i n ,  s h o w i n g  i n a b i l i t y  
t o  r e d u c e  n i t r a t e .  A l t e r n a t i v e l y ,  t h e  r e d u c t i o n  i n  
a f l a t o x i n  m i g h t  b e  d u e  t o  t h e  n u t r i t i o n a l  c o m p e t i t i o n ,  
a l t e r i n g  t h e  l e v e l s  o f  o x y g e n  o r  c a r b o n  d i o x i d e  
b e t w e e n  t h e  a t o x i g e n i c  a n d  t o x i g e n i c  s t r a i n s ,  t h e r e b y  
e x h i b i t i n g  p r o n o u n c e d  c h a n g e s  i n  g r o w t h ,  
s p o r u l a t i o n  a n d  t o x i n  p r o d u c t i o n  i n  t o x i g e n i c  A . 

J la v u s  ( L a n d e r s  e t  a l .  1 9 6 7 ) .  T h e  i n h i b i t i o n  o f  
a f l a t o x i n  s y n t h e s i s  i n  t h e  t o x i g e n i c  s t r a i n  b y  
a t o x i g e n i c  s t r a i n s  o f  A . J la v u s  h a s  a l s o  b e e n  r e p o r t e d  
b y  D r e w  a n d  D e m a i n  ( 1 9 7 7 ) .  T h e y  f o u n d  t h a t  
p r o t e i n s  a r e  d e g r a d e d  t o  a m i n o  a c i d s  b y  t h e  
c o m p e t i n g  f u n g a l  p r o t e a s e s .  S o m e  o f  t h e s e  a m i n o  
a c i d s  s e r v e  a s  n i t r o g e n  s o u r c e s ,  w h i l e  o t h e r s  s e r v e  
a s  a  s o u r c e  o f  c a r b o n ,  i f  o t h e r  c a r b o n  s o u r c e s  a r e  
l i m i t e d .  W h e n  a m i n o  a c i d s  a r e  u s e d  a s  c a r b o n  
s o u r c e s ,  l a r g e  a m o u n t s  o f  a m m o n i a  m a y  b e  l i b e r a t e d ,  
i n h i b i t i n g  t h e  a f l a t o x i n  p r o d u c t i o n  ( G o l d b l a t t  a n d
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D o U e a r  1 9 7 7 ) .  E a r l i e r ,  C i e g l e r  e t  a l  ( 1 9 6 6 )  a n d  
M a s i m a n g o  e t  a l  ( 1 9 7 8 )  h a v e  a t t r i b u t e d  t h i s  e f f e c t  
t o  t h e  d e g r a d a t i o n ,  d e t o x i f i c a t i o n  o r  a b s o r p t i o n /  
a d s o r p t i o n  o f  t o x i n  b y  a t o x i g e n i c  s t r a i n s  o f  A .J la v u s .  
M y c e l i a  o f  a t o x i g e n i c  s t r a i n s  c a n  d e g r a d e  t h e  t o x i n  
e l a b o r a t e d  b y  t h e  t o x i g e n i c  s t r a i n s  o f  A . J la v u s ,  
p o s s i b l y  v i a  f u n g a l  p e r o x i d a s e  ( D o y l e  e t  a l .  1 9 8 2 ) .

T h e  o c c a s i o n a l  p r o d u c t i o n  o f  l o w  l e v e l s  o f  
a f l a t o x i n s  i n  p e a n u t  k e r n e l s ,  w h e n  i n o c u l a t e d  w i t h  
a t o x i g e n i c  A U  3 2  s t r a i n s ,  m a y  h a v e  b e e n  c a u s e d  
b y  c h a n c e  c o n t a m i n a t i o n  o f  t o x i g e n i c  s t r a i n  i n t o  
t h e  r o o t  r e g i o n s ,  b e f o r e  o r  d u r i n g  i n o c u l a t i o n .  S u c h  
i n t r o d u c t i o n  i s  p o s s i b l e ,  a s  A . J la v u s  s p o r u l a t e s  
p r o f u s e l y  o n  t h e  i n o c u l a t e d  s i t e ,  a n d  s e v e r a l  
e x p e r i m e n t s  p e r f o r m e d  s i m u l t a n e o u s l y  i n  t h e  s a m e  
g r e e n h o u s e  m i g h t  h a v e  l e d  t o  c o n t a m i n a t i o n  b y  t h e  
t o x i g e n i c  s t r a i n .  H o w e v e r ,  t h i s  c a n n o t  r u l e  o u t  t h e  
p o s s i b i l i t y  o f  u n s t a b l e  n a t u r e  o f  s o m e  a t o x i g e n i c  
s t r a i n s  t h a t  c a n  p r o d u c e  s o m e  a m o u n t s  o f  t o x i n  
u n d e r  c e r t a i n  c o n d i t i o n s .  S e v e r a l  w o r k e r s  ( D i e n e r  
a n d  D a v i s  1 9 8 6 ;  B i l g r a m i  e t  a l .  1 9 8 8 )  h a v e  
h i g h l i g h t e d  t h e  i n c o n s i s t e n t  b e h a v i o u r  o f  t o x i g e n i c  
s t r a i n s  u n d e r  v a r y i n g  c u l t u r a l  c o n d i t i o n s .  S t r a i n  
s t a b i l i t y  s h o u l d ,  t h e r e f o r e ,  b e  a n  i m p o r t a n t  c r i t e r i o n  
i n  t h e  s e l e c t i o n  o f  b i o c o n t r o l  s t r a i n s .  E f f o r t s  s h o u l d  
b e  m a d e  t o  d e v e l o p  g e n e t i c a l l y  a n d  p h y s i o l o g i c a l l y  
s t a b l e  a t o x i g e n i c  s t r a i n s  f o r  b i o c o n t r o l l i n g  t h e  
a i l a t o x i n  p r o d u c t i o n  i n  a g r i c u l t u r a l  c r o p s .  D e t a i l e d  
i n v e s t i g a t i o n s  a r e  d e s i r a b l e  t o  b r i n g  t h e  a d v a n t a g e s  
o f  t h i s  g r e e n h o u s e  e x p e r i m e n t  t o  a  f i e l d  l e v e l  a n d  
t o  e v a l u a t e  t h e  p r a c t i c a b i l i t y  o f  t h e  a p p r o a c h .
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Studies on Dehydration of the Seeds o f Green Field Bean
tD olichos la b la b  Var. lign o su s)

K . S .  J A Y A R A M A N * ,  D . K .  D A S  G U P T A  A N D  N .  B A B U  R A O
D e f e n c e  F o o d  R e s e a r c h  L a b o r a t o r y ,  M y s o r e - 5 7 0  O i l ,  I n d i a .

S e e d s  o f  f re s h  g re e n  field  b e a n  (Dolichos lablab v a r . lignosus) w e re  d e h y d ra te d  u n d e r  s u n l ig h t .  In  s o la r  c a b in e t ,  
h o t  a i r  c a b in e t  a n d  b y  h ig h  te m p e r a tu r e  s h o r t  tim e  (HTST) p n e u m a tic  d ry in g  a s  w ell a s  d e e p -fa t-fry in g . T h e  p r o d u c ts  
w e re  e v a lu a te d  fo r d ry in g  a n d  r e h y d ra t io n  c h a ra c te r is t ic s ,  o th e r  q u a li ty  a n d  c h e m ic a l  p a ra m e te r s  b e s id e s  s h e lf -s ta b ili ty . 
S u n -d ry in g  r e s u l te d  In  a  s ig n if ic a n tly  g re a te r  lo s s  o f  c h lo ro p h y ll  (7 0 -7 5 %  a s  c o m p a re d  to  1 5 -2 0 %  In  o th e r  m o d es) 
a n d  In  h ig h e r  b ro w n in g  a s  w e ll a s  lip id  o x id a tio n , b e s id e s  p o o r  r e h y d ra t io n  c h a r a c te r i s t ic s  d u e  to  s h r in k a g e .  H TST 
d ry in g  a n d  fry in g  im p a r te d  p o ro s ity  a n d  im p ro v ed  d ry in g  a s  w ell a s  re h y d ra tio n , a l th o u g h  w ith  in c re a s e d  b u tte rf ly in g (se e d  
sp littin g ) o f  th e  s e e d s . P r e t r e a tm e n t  w ith  s u g a r  re d u c e d  b u tte r f ly in g  a n d  s e e d  c o a t  s e p a ra t io n .  T h e  d r ie d  s e e d s  w e re  
s h e lf -s ta b le  a t  ro o m  te m p e r a tu r e  a n d  37°C  fo r m o re  t h a n  6  m o n th s  in  flex ib le  la m in a te  p o u c h e s .
K e y w o rd s  : G re e n  field b e a n  s e e d s , S o la r  d ry in g . H o t a i r  d ry in g , H ig h  te m p e r a tu r e - s h o r t  t im e  d ry in g , D e ep -fa t-fry in g , 

R e h y d ra tio n , Q u a li ty  c h a ra c te r is t ic s ,  S u g a r  p r e t r e a tm e n t ,  Shelf-life .

F r e s h ,  g r e e n ,  f i e l d  b e a n  s e e d s  [D o lich o s la b la b  
V a r .  lig n o su s) ,  c o m m o n l y  r e f e r r e d  t o  a s  a v a r e  a n d  
m och ai, a r e  p o p u l a r  I n  t h e  s t a t e s  o f  K a r n a t a k a  a n d  
T a m i l  N a d u ,  w h e r e  t h e s e  a r e  c o n s u m e d  a s  
v e g e t a b l e s ,  a n d  r e l i s h e d  f o r  t h e i r  c u l i n a r y  p r o p e r t i e s  
a n d  f l a v o u r .  T h e  g r e e n  b e a n  h a s  a  s h o r t  s e a s o n  
w i t h  l i m i t e d  s h e l f - l i f e .  N o  a t t e m p t  h a s  b e e n  m a d e  
s o  f a r  t o  p r e s e r v e  t h e  t e n d e r  f r e s h  s e e d s  t o  e x t e n d  
t h e i r  a v a i l a b i l i t y  d u r i n g  o f f - s e a s o n s ,  a n d  e n s u r e  
c o n v e n i e n c e  o f  u s e ,  a l t h o u g h  s o m e  s t u d i e s  h a v e  
b e e n  d o n e  o n  p e a s  ( G a n g o p a d h y a y  a n d  C h o u d h a r i  
1 9 7 9 ;  K a n a w a d e  a n d  N a r a i n  1 9 9 3 ) .  T r a d i t i o n a l l y ,  
s u n - d i y i n g  h a s  b e e n  u s e d  f o r  d r y i n g  m o s t  o f  t h e  
m a t u r e  l e g u m e  s e e d s  ( S a l u n k h e  e t  a l .  1 9 8 5 ) .  
H o w e v e r ,  a p p l i c a t i o n  o f  m e c h a n i c a l  d e h y d r a t i o n  
m e t h o d s  i s  n e c e s s a r y  f o r  b e t t e r  r e t e n t i o n  o f  t h e  
q u a l i t y  a t t r i b u t e s  o f  f r e s h  g r e e n  s e e d s  o f  l e g u m e s  
i n t e n d e d  f o r  u s e  a s  v e g e t a b l e ,  s i n c e  d r y i n g  b y  
p r o l o n g e d  d i r e c t  e x p o s u r e  t o  s o l a r  r a d i a t i o n  l e a d s  
t o  a d v e r s e  c h a n g e s  i n  c o l o u r ,  t e x t u r e  a n d  f l a v o u r ,  
t h e r e b y  r e s u l t i n g  i n  a  p r o d u c t  w i t h  p o o r  q u a l i t y  
a n d  s h e l f - s t a b i l i t y  ( B o l i n  a n d  S a l u n k h e  1 9 8 2 ;  
S h a r m a  e t  a l .  1 9 8 7 ) .

T h e  p r e s e n t  p a p e r  r e p o r t s  t h e  r e s u l t s  o f  
s t u d i e s ,  c o n d u c t e d  o n  t h e  d e h y d r a t i o n  
c h a r a c t e r i s t i c s  o f  f r e s h  g r e e n  f i e l d  b e a n  s e e d s  b y  
d i f f e r e n t  m e t h o d s ,  a n d  t h e  c o m p a r a t i v e  e v a l u a t i o n  
o f  t h e  d r i e d  p r o d u c t s  f o r  r e h y d r a t i o n ,  o r g a n o l e p t i c  
q u a l i t i e s  a n d  s h e l f - s t a b i l i t y .  I t  a l s o  i n c l u d e s  
e x p e r i m e n t s  o n  d e e p - f a t - f r y i n g  t o  o b t a i n  a  r e a d y -  
t o - e a t  s n a c k  a n d  o n  t h e  e f f e c t  o f  p r e t r e a t m e n t  w i t h  
c a n e  s u g a r  o n  t h e  r e h y d r a t i o n  c h a r a c t e r i s t i c s .

M a t e r i a l s  a n d  M e t h o d s
R a w  m a te r ia ls  a n d  p r e tr e a tm e n ts  : P o d s  o f  f r e s h .

* Corresponding Author

g r e e n ,  f i e l d  b e a n ,  p r o c u r e d  f r o m  t h e  l o c a l  m a r k e t ,  
w e r e  w a s h e d  t h o r o u g h l y  i n  r u n n i n g  t a p  w a t e r  a n d  
d e - p o d d e d  m a n u a l l y .  T h e  s e e d s  w e r e  s o a k e d  i n  2 %  
( w / v )  s o d i u m  c a r b o n a t e  s o l u t i o n  ( p H  1 1 . 6 )  f o r  3 0  
m i n ,  d r a i n e d ,  w a s h e d  f r e e  o f  c a r b o n a t e  a n d  t h e n  
b l a n c h e d  i n  b o i l i n g  w a t e r  c o n t a i n i n g  0 . 1 %  
m a g n e s i u m  o x i d e ,  0 . 1 %  s o d i u m  b i c a r b o n a t e  a n d  
0 . 3 %  p o t a s s i u m  m e t a b i s u l p h i t e  ( p H  7 . 1 )  f o r  5  m i n .  
I n  e x p e r i m e n t s  i n v o l v i n g  p r e t r e a t m e n t  w i t h  s u g a r ,  
t h e  b l a n c h e d  b e a n s  w e r e  s o a k e d  i n  t w i c e  t h e  
q u a n t i t y  o f  2 0 %  r e f i n e d  c a n e  s u g a r  s o l u t i o n ,  f o r  
1 h  a t  r o o m  t e m p e r a t u r e  ( 2 5 - 3 0 ° C ,  5 5 - 6 5 %  R H )  
p r i o r  t o  d r y i n g .

D ry in g  : T h e  b l a n c h e d  s e e d s  w e r e  d r i e d  b y  
d i f f e r e n t  p r o c e s s e s .  T h e  m a t e r i a l  w a s  s p r e a d  o n  
a l u m i n i u m  t r a y s  ( t r a y  l o a d i n g  3  k g / m 2; 0 . 8  m  x  
0 . 4  m  t r a y  s i z e )  a n d  d r i e d  b y  d i r e c t  e x p o s u r e  t o  
s u n l i g h t  i n  t h e  o p e n  t o  a  f i n a l  m o i s t u r e  c o n t e n t  
o f  7 % .  T h e  m a t e r i a l  w a s  s p r e a d  o n  w i r e - m e s h  t r a y s  
( s i z e  0 . 8  m  x  0 . 4  m )  w i t h  a  t r a y  l o a d i n g  o f  3  k g /  
m 2 a n d  d r i e d  t o  a  f i n a l  m o i s t u r e  c o n t e n t  o f  a b o u t  
5 %  a t  4 0 - 6 0 ° C  i n  a  s o l a r  c a b i n e t ,  w i t h  a n  i n d i r e c t  
h e a t i n g  m o d e  u s i n g  t h r e e  f l a t p l a t e  c o l l e c t o r s ,  a s  p e r  
d e s i g n  d e s c r i b e d  e a r l i e r  b y  J a y a r a m a n  e t  a l  ( 1 9 9 2 ) .  
T h e  m a t e r i a l  s p r e a d  o n  a l u m i n i u m  t r a y s  ( 0 . 8  m  x  
0 . 4  m  s i z e ) ,  w i t h  a  t r a y  l o a d i n g  o f  4 . 5  k g / m 2, w a s  
d r i e d  t o  5 %  m o i s t u r e  c o n t e n t  i n  a n  e l e c t r i c a l l y  
h e a t e d  c a b i n e t  d r i e r  ( K i l b u m ,  C a l c u t t a ) ,  w i t h  a  
c a p a c i t y  o f  1 2  t r a y s  a t  6 0 - 7 0 ° C  a n d  a i r  v e l o c i t y  
o f  7 5  m / m i n .  T h e  s e e d s  w e r e  s u b j e c t e d  t o  a n  i n i t i a l  
h i g h  t e m p e r a t u r e - s h o r t  t i m e  ( H T S T )  d r y i n g  i n  a  
s p e c i a l l y  d e s i g n e d  p n e u m a t i c  d r i e r ,  a s  d e s c r i b e d  b y  
J a y a r a m a n  e t  a l  ( 1 9 8 0 ) ,  a t  1 6 0 ° C  f o r  6  m i n  t o  
r e d u c e  t h e  m o i s t u r e  c o n t e n t  t o  4 0 % .  T h i s  w a s  
f o l l o w e d  b y  f i n i s h  d r y i n g  i n  a  f l u i d i z e d  b e d  d r i e r  
( C h e m  P h a r m ,  N e w  Y o r k ;  c a p a c i t y  2  k g ;  a i r  f l o w
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r a t e  4 5 0  m / m i n )  a t  6 0 ° C  t o  a  f i n a l  m o i s t u r e  o f  
5 % .  T h e  m a t e r i a l  w a s  a l s o  f r i e d  f o r  7  m i n  i n  e i g h t  
t i m e s  t h e  w e i g h t  o f  h y d r o g e n a t e d  v e g e t a b l e  o i l  a t  
a  p u t - i n  t e m p e r a t u r e  o f  1 7 5 ° C  a n d  f r y i n g  
t e m p e r a t u r e  o f  1 2 0 ° C  t o  a  f i n a l  m o i s t u r e  c o n t e n t  
o f  5 % .

S a m p l e s  w e r e  d r a w n  p e r i o d i c a l l y  d u r i n g  d r y i n g  
a n d  t h e  m o i s t u r e  c o n t e n t  w a s  d e t e r m i n e d  b y  
p o w d e r i n g  a n d  d r y i n g  i n  a n  a i r  o v e n  a t  1 0 5 ° C  t o  
a  c o n s t a n t  w e i g h t  ( R a n g a n n a  1 9 8 6 ) .  D e h y d r a t i o n  
r a t i o  w a s  d e t e r m i n e d  b y  d i v i d i n g  t h e  w e i g h t  o f  
b l a n c h e d  m a t e r i a l  b y  t h e  w e i g h t  o f  d r i e d  m a t e r i a l  
( V a n  A r s d e l  a n d  C o p l e y  1 9 6 4 ) .  B u l k  d e n s i t y  w a s  
d e t e r m i n e d  b y  m e a s u r i n g  t h e  v o l u m e  o f  5 0  g  d r i e d  
s e e d s  i n  a  2 5 0  m l  m e a s u r i n g  c y l i n d e r  a n d  e x p r e s s e d  
a s  g / m l .  E x t e n t  o f  s e e d  s p l i t t i n g  ( b u t t e r f l y i n g )  
d u r i n g  d r y i n g  w a s  c a l c u l a t e d  b y  d i v i d i n g  t h e  
n u m b e r  o f  s p l i t  s e e d s  b y  t h e  t o t a l  n u m b e r  o f  s e e d s  
a n d  m u l t i p l y i n g  b y  1 0 0 .

R e h y d r a t io n  s tu d i e s  : C o o k i n g  t i m e  w a s  
d e t e r m i n e d  b y  t h e  t i m e  t a k e n  f o r  t h e  p r o d u c t  t o  
b e c o m e  s o f t  i n  t h e  c o r e ,  a s  d e t e r m i n e d  b y  p r e s s i n g  
b e t w e e n  t h u m b  a n d  f o r e f i n g e r ,  w h e n  5  g  m a t e r i a l  
w a s  b o i l e d  i n  1 0 0  m l  w a t e r .  R e h y d r a t i o n  r a t i o  a n d  
c o e f f i c i e n t  w e r e  d e t e r m i n e d  b y  a d d i n g  5  g  m a t e r i a l  
t o  1 0 0  m l  b o i l i n g  w a t e r ,  b r i n g i n g  t o  b o i l ,  s i m m e r i n g  
f o r  1 0  m i n ,  f i l t e r i n g  o v e r  a  B u c h n e r  f u n n e l  a n d  
w e i g h i n g  i m m e d i a t e l y .  R e h y d r a t i o n  r a t i o  w a s  
c a l c u l a t e d  a s  t h e  r a t i o  o f  t h e  w e i g h t  o f  m a t e r i a l  
a f t e r  a n d  b e f o r e  c o o k i n g .  R e h y d r a t i o n  c o e f f i c i e n t  
w a s  o b t a i n e d  f r o m  t h e  f o r m u l a :  w e i g h t  o f  r e h y d r a t e d  
s a m p l e  x  ( 1 0 0 - m o i s t u r e  c o n t e n t  i n  s a m p l e  b e f o r e  
d r y i n g )  +  ( w e i g h t  o f  d r i e d  s a m p l e  -  w e i g h t  o f  
m o i s t u r e  i n  d r i e d  s a m p l e )  x  1 0 0  ( R a n g a n n a  1 9 8 6 ) .

S to ra g e  s t u d i e s : S h e l f - s t a b i l i t y  o f  t h e  d e h y d r a t e d  
s e e d s  w a s  e v a l u a t e d  b y  p a c k i n g  i n  p a p e r  ( 4 0  g s m )  
-  a l u m i n i u m  f o i l  ( 0 . 0 2  m m )  -  p o l y e t h y l e n e  ( 3 7 . 5  
m i c r o n )  l a m i n a t e  p o u c h e s  a n d  s t o r i n g  a t  t h r e e  
t e m p e r a t u r e s ,  v i z . ,  0 ° C  ( c o n t r o l ) ,  r o o m  t e m p e r a t u r e  
( 1 9 - 3 5 ° C )  a n d  3 7 ° C .  S a m p l e s  w e r e  d r a w n  p e r i o d i c a l l y  
a n d  a n a l y z e d  f o r  n o n - e n z y m a t i c  b r o w n i n g  ( N E B ) ,  
s u l p h u r  d i o x i d e  c o n t e n t  a n d  t h i o b a r b i t u r i c  a c i d  
(T B A ) v a l u e .

A n a ly tic a l  m e th o d s  : P r o x i m a t e  a n a l y s i s  a n d  
t o t a l  c h l o r o p h y l l  w e r e  d e t e r m i n e d  b y  A O A C  m e t h o d s  
( 1 9 8 4 ) .  S u l p h u r  d i o x i d e  w a s  d e t e r m i n e d  b y  i o d i m e t r i c  
m e t h o d  ( P e a r s o n  1 9 7 3 ) ,  a n d  t h e  T B A  v a l u e  b y  t h e  
m e t h o d  o f  T a r l a d g i s  e t  a l  ( 1 9 6 0 ) .  N E B  w a s  
d e t e r m i n e d  ( H e n d e l  e t  a l .  1 9 5 0 )  b y  m e a s u r i n g  t h e  
o p t i c a l  d e n s i t y  a t  4 2 0  n m  i n  S p e c t r o n i c  2 0  ( B a u s c h  
a n d  L o m b ,  U S A )  o f  a  5 %  ( w / v )  a q u e o u s  e x t r a c t  
o b t a i n e d  b y  s o a k i n g  t h e  p o w d e r e d  m a t e r i a l  f o r  1 h

a t  r o o m  t e m p e r a t u r e ,  w i t h  o c c a s i o n a l  s t i r r i n g  a n d  
a f t e r  f i l t e r i n g  t h r o u g h  W h a t m a n  N o .  4 1  f i l t e r  p a p e r .

R e s u l t s  a n d  D i s c u s s i o n
D r y in g  c h a r a c t e r i s t i c s  : D a t a  o n  d r y i n g  

c h a r a c t e r i s t i c s  b y  d i f f e r e n t  d r y i n g  m e t h o d s  a r e  
g i v e n  i n  T a b l e  1 . S u n  o r  s o l a r  c a b i n e t - d r y i n g  t o o k
1 1 - 1 2  h ,  s p r e a d  o v e r  a  p e r i o d  o f  t w o  d a y s ,  w h i l e  
t h e  t i m e  c o u l d  b e  r e d u c e d  t o  6 . 5  h  i n  h o t  a i r  
c a b i n e t  d r y i n g  a n d  2  h  i n  H T S T  p n e u m a t i c  d r y i n g  
c o m b i n e d  w i t h  f l u i d i z e d  b e d  d r y i n g .  T h e  s l o w e r  r a t e  
o f  m o i s t u r e  l o s s  i n  s o l a r  c a b i n e t  d r y i n g  o n  t h e  f i r s t  
d a y  w a s  a p p a r e n t l y  d u e  t o  l o w  t e m p e r a t u r e  c a u s e d  
b y  e v a p o r a t i v e  c o o l i n g  b e c a u s e  o f  i n i t i a l  l o a d  o f  w e t  
m a t e r i a l  a n d  t o  l o w  a i r  f l o w  r a t e ,  w h i l e  o n  t h e  
s e c o n d  d a y  t h e  t r e n d  w a s  r e v e r s e d  d u e  t o  h i g h e r  
t e m p e r a t u r e  a t t a i n e d  i n s i d e  t h e  c a b i n e t  ( F ig .  1 ) . T h e  
f a s t e s t  r a t e  o f  d r y i n g  i n  H T S T  d r y i n g  w a s  d u e  t o  
t h e  h i g h  t e m p e r a t u r e  a n d  a i r  f l o w  r a t e  u s e d .  
S i m i l a r l y ,  f r y i n g  c o u l d  b e  c o m p l e t e d  i n  7  m i n  d u e  
t o  f l a s h i n g  o f  m o i s t u r e  b y  i n t i m a t e  c o n t a c t  o f  
i n d i v i d u a l  s e e d s  w i t h  h o t  o i l .  T h e r e  w a s  n o  s i g n i f i c a n t  
d i f f e r e n c e  i n  d e h y d r a t i o n  r a t i o  a m o n g  t h e  s e e d s  
d r i e d  b y  v a r i o u s  m e t h o d s ,  w h i c h  s h o w e d  v a l u e s  o f

TABLE 1. DRYING, REHYDRATION AND O T H E R  QUALITY 
CHAR AC TERISTICS O F  G R E E N  FIE LD  B EA N  D R IED  
BY D IF F E R E N T  M E T H O D S

P a ra m e te r S u n - S o la r H o t H TST- D eep -
d rie d c a b in e t-

d r ie d
a ir -
d r ie d

d r ie d fa t-
fried

D e h y d ra tio n 2 .5 2 .9 2 .8 2 .8 2 .1
ra tio ± 0 .1 2 ± 0 .1 1 ± 0 .1 ± 0 .1 0 ± 0 .1

B u lk  d e n s ity , 0 .9 6 0 .8 1 0 .8 3 0 .4 7 0 .4 2
g /m l ± 0 .0 2 ± 0 .0 2 ± 0 .0 1 ± 0 .0 2 ± 0 .0 1

C o o k in g  tim e , 15 14 12 8 5
m in ± 1 .0 ± 0 .8 ± 0 .5 ± 0 .5 ± 0 .4

R e h y d ra tio n 2 .0 2 .4 2 .3 2 .8 2 .3
ra tio ± 0 .0 5 ± 0 .0 5 ± 0 .0 6 ± 0 .0 6 ± 0 .0 7

R e h y d ra tio n 0 .6 9 0 .8 0 0 .7 6 0 .9 1 0 .7 8
co effic ien t ± 0 .0 2 ± 0 .0 3 ± 0 .0 2 ± 0 .0 3 ± 0 .0 2

S O ,, p p m 3 5 0 8 5 0 9 6 0 9 8 0 3 0 0
± 1 0 ± 1 5 ± 1 2 ± 1 2 ± 1 0

B ro w n in g , 0 .2 5 0 .0 9 0 .0 9 0 .0 9 0 .1 4
E 5%  4 2 0  n m ± 0 .0 2 ± 0 .0 1 ± 0 .0 1 ± 0 .0 1 ± 0 .0 2

C h lo ro p h y ll,* 4 .9 15 .9 1 5 .5 1 5 .0 1 4 .6
m g /lO O g , ± 0 .3 ± 0 .9 ± 0 .6 ± 0 .5 ± 0 .4

M FB (26.8) (86.9) (84.7) (82 .0) (80.0)
TBA, m g  m a - 0 .5 1 0 .0 5 0 .0 5 0 .0 5 0 .0 6
lo n a ld e h y d e /  
k g  m a te r ia l

± 0 .0 6 ± 0 .0 0 5 ± 0 .0 0 4 ± 0 .0 0 4 ± 0 .0 0 5

A p p e a ra n c e S h r u n k , S h r u n k , S h r u n k , S lig h tly S lig h tly
lig h t lig h t lig h t p u ffed p u ffe d
b ro w n g re e n g re e n lig h t l ig h t

g re e n  g re e n
* F ig u re s  in  p a r e n th e s e s  r e p r e s e n t  %  r e te n t io n  o f  c h lo ro p h y ll  
a s  c o m p a re d  to  ra w  (1 8 .3  m g /1 0 0  g, M FB). V a lu e s  re p o r te d  
a r e  a v e ra g e  o f  th r e e  d e te rm in a t io n s .
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T I M E , h

Fig. 1 D ry in g  c u rv e s  for g re e n  field b e a n . A—A : S u n -d ry in g , 
0 — 0  .'S o lar c a b in e t  d ry in g , O- - -O : H o t a i r - c a b in e t  d ry in g , 
X— X  : I iT S T  p n e u m a tic  d ry in g

2 . 5  t o  2 . 9 ,  e x c e p t  i n  f r y i n g ,  w h i c h  g a v e  a  v a l u e  
o f  2 . 1 ,  a p p a r e n t l y  d u e  t o  f a t  a b s o r p t i o n .

B u l k  d e n s i t y  w a s  h i g h e s t  ( 0 . 9 6  g / m l )  i n  c a s e  
o f  s u n - d r y i n g ,  t h e r e b y  i n d i c a t i n g  c o n s i d e r a b l e  
s h r i n k a g e ,  a s  c o m p a r e d  t o  t h a t  i n  s o l a r  c a b i n e t  a n d  
h o t  a i r - d r y i n g .  I t  w a s  l o w e s t  f o r  f r i e d  ( 0 . 4 2 )  a n d  
H T S T  d r i e d  ( 0 . 4 7 )  s e e d s ,  t h e r e b y  s h o w i n g  s i g n i f i c a n t  
e x p a n s i o n  ( p u f f i n g )  o f  t h e  t i s s u e  a n d  t h e  c o n s e q u e n t  
i n c r e a s e d  b u l k ,  a s  c o m p a r e d  t o  o t h e r  d r y i n g  
m e t h o d s .  T h i s  w a s  f u r t h e r  c o n f i r m e d  b y  v i s u a l  
o b s e r v a t i o n ,  w h i c h  s h o w e d  s l i g h t l y  p u f f e d  
a p p e a r a n c e  i n  H T S T - d r i e d  a n d  f r i e d  s e e d s .  T h e  
s e e d s  h a d  a  s h r u n k  a p p e a r a n c e  i n  c a s e  o f  o t h e r  
d r y i n g  m e t h o d s .  A l s o ,  t h e  s u n - d r i e d  s e e d s  w e r e  
l i g h t  b r o w n  i n  c o l o u r ,  t h e r e b y  i n d i c a t i n g  a  s i g n i f i c a n t  
l o s s  o f  c h l o r o p h y l l ,  a s  c o m p a r e d  t o  t h e  a p p e a l i n g  
l i g h t  g r e e n  c o l o u r  e x h i b i t e d  b y  t h e  s e e d s  d r i e d  b y  
o t h e r  m e t h o d s .

R e h y d r a tio n  c h a r a c te r is t ic s  : T h e  s u n - d r i e d  a n d  
s o l a r  c a b i n e t - d r i e d  b e a n s  g o t  c o o k e d  i n  1 4 - 1 5  m i n ,  
w h i l e  h o t  a i r - d r i e d  s e e d s  r e q u i r e d  1 2  m i n .  T h i s  i s  
a p p a r e n t l y  d u e  t o  h i g h e r  s h r i n k a g e  i n  t h e  f o r m e r ,  
d u e  t o  p r o l o n g e d  d r y i n g  ( T a b l e  1 ). I n  c o n t r a s t ,  
H T S T -  d r i e d  a n d  d e e p - f a t - f r i e d  b e a n s  r e c o n s t i t u t e d  
i n  8  a n d  5  m i n ,  r e s p e c t i v e l y ,  d u e  t o  h i g h e r  p o r o s i t y  
b r o u g h t  a b o u t  b y  t h e  f l a s h i n g  o f  m o i s t u r e  d u r i n g  
t h e  H T S T  d i y i n g / f r y i n g  p r o c e s s .

S u n - d r i e d  b e a n s  e x h i b i t e d  l o w e r  r e h y d r a t i o n  
r a t i o  a n d  c o e f f i c i e n t ,  a s  c o m p a r e d  t o  o t h e r  d r y i n g  
m e t h o d s .  T h e  H T S T -  d r i e d  s e e d s  s h o w e d  h i g h e s t  
v a l u e s ,  t h e r e b y  i n d i c a t i n g  t i s s u e  s h r i n k a g e  d u e  t o

s l o w  d r y i n g ,  w h i c h  a c t e d  a s  a n  i m p e d i m e n t  t o  
c o m p l e t e  r e h y d r a t i o n  i n  s u n - d r y i n g .  T h i s  p r o b l e m  
w a s  o v e r c o m e  t o  a  s i g n i f i c a n t  e x t e n t  i n  H T S T  
m e t h o d ,  d u e  t o  t h e  e x p a n s i o n  o f  t h e  t i s s u e .  
A l t h o u g h  t h e  f r i e d  b e a n s  r e s e m b l e d  t h o s e  o b t a i n e d  
b y  H T S T  m e t h o d  i n  r e h y d r a t i o n  q u a l i t y ,  t h e  s l i g h t l y  
l o w e r  v a l u e s  r e c o r d e d  i n  t h e  f o r m e r  w e r e  a p p a r e n t l y  
d u e  t o  l e a c h i n g  o f  f a t  d u r i n g  c o o k i n g .  T h e r e  w a s ,  
h o w e v e r ,  a  c o n s i d e r a b l e  i n c r e a s e  i n  b u t t e r f l y i n g  
( s e e d  s p l i t t i n g )  a n d  e x t e r n a l  s e e d  c o a t  s e p a r a t i o n  
i n  b o t h  H T S T - d r i e d  a n d  f r i e d  s e e d s .  T h e  h o t  a i r  
c a b i n e t - d r i e d  s e e d s  s h o w e d  a b o u t  2 8 %  b u t t e r f l y i n g ,  
w h i c h  i n c r e a s e d  t o  4 0 - 4 2 %  i n  H T S T -  d r i e d  a s  w e l l  
a s  f r i e d  s e e d s .

P r e t r e a t m e n t  w i t h  s u g a r ,  p r i o r  t o  h o t  a i r  
d r y i n g ,  w a s  f o u n d  t o  s i g n i f i c a n t l y  r e d u c e  b u t t e r f l y i n g  
a n d  s e e d  c o a t  s e p a r a t i o n  t o  a  n e g l i g i b l e  l e v e l ,  
b e s i d e s  i m p r o v i n g  t h e  f l a v o u r  a n d  r e h y d r a t i o n  
c h a r a c t e r i s t i c s .  R o c k l a n d  a n d  M e t z l e r  ( 1 9 6 7 )  h a v e  
m a d e  s i m i l a r  o b s e r v a t i o n s  i n  c a s e  o f  l i m a  b e a n s .

Q u a li ty  a t t r ib u te s  : I n  s p i t e  o f  t h e  s a m e  l e v e l  
o f  i n c o r p o r a t i o n  o f  s u l p h u r  d i o x i d e  ( 1 2 5 0  p p m )  i n  
t h e  i n i t i a l  b l a n c h e d  g r e e n  b e a n s ,  t h e r e  w a s  a  
s i g n i f i c a n t  l o s s  o f  s u l p h u r  d i o x i d e  i n  s u n - d r i e d  
b e a n s  ( T a b l e  1 ) , w i t h  c o n c o m i t a n t  d e v e l o p m e n t  o f  
b r o w n i n g  i n  t h e  d r i e d  p r o d u c t .  I n  c o n t r a s t ,  t h e  
s a m p l e s  d r i e d  i n  s o l a r  c a b i n e t ,  u n d e r  h o t  a i r  a n d  
b y  H T S T  m e t h o d ,  s h o w e d  n o  s i g n s  o f  b r o w n i n g  a n d  
s i g n i f i c a n t l y  h i g h e r  l e v e l s  o f  s u l p h u r  d i o x i d e  
r e t e n t i o n .  T h i s  i s  f u r t h e r  c o n f i r m e d  b y  t h e  h i g h e r  
N E B  v a l u e s  i n  t h e  s u n - d r i e d  s e e d s  ( T a b l e  1 ) . A  
s i m i l a r  d e c r e a s e  i n  s u l p h u r  d i o x i d e  l e v e l  w a s  a l s o  
r e c o r d e d  i n  f r i e d  b e a n s ,  a p p a r e n t l y  d u e  t o  e x p o s u r e  
t o  h o t  o i l .  H o w e v e r ,  t h e  p r o d u c t  s h o w e d  n o  v i s i b l e  
b r o w n i n g .

R e t e n t i o n  o f  c h l o r o p h y l l  w a s  b e t w e e n  8 2  a n d  
8 7 %  i n  s o l a r  c a b i n e t ,  h o t  a i r - c a b i n e t  o r  H T S T  d r i e d  
p r o d u c t s ,  a n d  c o n s e q u e n t l y ,  t h e s e  s a m p l e s  e x h i b i t e d  
t h e  a p p e a l i n g  l i g h t  g r e e n  c o l o u r  o f  t h e  f r e s h  s e e d s .  
I n  c o n t r a s t ,  s u n - d r i e d  s e e d s  s h o w e d  o n l y  2 7 %  
r e t e n t i o n ,  w i t h  n o  v i s i b l e  g r e e n  c o l o u r .  S i g n i f i c a n t  
l o s s  o f  c h l o r o p h y l l  w a s  a l s o  o b s e r v e d  i n  e a r l i e r  
s t u d i e s  o n  s u n - d r i e d  g r e e n  p e a s  ( J a y a r a m a n  e t  a l .
1 9 9 1 )  a n d  v e g e t a b l e s  l i k e  f r e n c h  b e a n s ,  o k r a  a n d  
b i t t e r  g o u r d  ( J a y a r a m a n  e t  a l .  1 9 9 2 ) .  T h e  f r i e d  b e a n  
a l s o  r e t a i n e d  t h e  g r e e n  c o l o u r  w i t h  m e r e l y  2 0 %  l o s s  
i n  c h l o r o p h y l l .

T h e r e  w a s  a  1 0 - f o l d  i n c r e a s e  i n  t h e  T B A  v a l u e  
i n  t h e  s u n - d r i e d  b e a n s  a s  c o m p a r e d  t o  t h a t  i n  t h e  
s e e d s  d r i e d  b y  o t h e r  m e t h o d s .  T h e  p r o d u c t  a l s o  
s h o w e d  a  d i s t i n c t  r a n c i d  o d o u r ,  w h i c h  w a s  a b s e n t  
i n  t h e  s a m p l e s  f r o m  o t h e r  d r y i n g  m e t h o d s .  T h e s e
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TABLE 2. PROXIM ATE C O M POSITION O F  RAW AND H O T AIR 
D R IED  G R E E N  FIELD BEAN

Principle Raw Hot air-dried
Moisture, % 62.9  ± 2.4 5.2 ± 0.4
Ether extract, % 0.3  ± 0 .05 0 .5  ± 0 .05
Protein (N x 6.25), % 10.5 ± 0 .5 29 .0  ± 1.2
Carbohydrate, (by 

difference), % 24 .P ‘± 3.1 59.3  ± 1.9
Total ash, % 1.4 ± 0 .13 3 .7  ± 0 .1 6
Crude fibre, % 0.9  ± 0 .05 2.3  ± 0 .06
Calorific value, 

K Cal/100 g 141 ± 15.0 3 57 .7  ± 12.7
V a lu e s  re p o r te d  a r e  a v e ra g e  o f th r e e  d e te rm in a tio n s .

f i n d i n g s  c o n f i r m  c u r  e a r l i e r  r e p o r t s  t h a t  d i r e c t  
e x p o s u r e  t o  s u n  b r i n g s  a b o u t  a c c e l e r a t e d  l i p i d  
o x i d a t i o n  i n  s e v e r a l  v e g e t a b l e s ,  a s  e v i d e n c e d  b y  
h i g h e r  T B A  v a l u e s  ( J a y a r a m a n  e t  a l .  1 9 9 1 ,  1 9 9 2 ) .

T a b l e  2  g i v e s  t h e  p r o x i m a t e  c o m p o s i t i o n  o f  t h e  
h o t  a i r - d r i e d  g r e e n  b e a n s ,  a s  c o m p a r e d  t o  t h a t  o f  
t h e  f r e s h  b e a n s .  T h e  d e h y d r a t e d  g r e e n  b e a n s  h a d  
h i g h  p r o t e i n  a n d  c a r b o h y d r a t e  c o n t e n t s ,  w i t h  
n e g l i g i b l e  f a t ,  a n d  t h u s  c o u l d  s e r v e  a s  a  g o o d  
s o u r c e  o f  p r o t e i n .  T h e  d e e p - f a t - f r i e d  b e a n  c o n t a i n i n g  
2 2 . 4 %  f a t  w a s  s u i t a b l e  f o r  d i r e c t  e a t i n g  a s  a  f r i e d  
s n a c k ,  o r  f o r  i n c o r p o r a t i o n  i n  q u i c k  c o o k i n g  
t r a d i t i o n a l  v e g e t a b l e  c u r x y  m i x e s .

TABLE 3. BROW NING, TBA VALUE AND S 0 2 RETENTION 
D IFFE R EN T  T EM PER A TU R ES

S to r a g e  b e h a v io u r  : S t o r a g e  o v e r  a  p e r i o d  o f  
6  m o n t h s  i n  p a p e r - a l u m i n i u m  f o i l - p o l y e t h y l e n e  
l a m i n a t e  p o u c h e s  a t  d i f f e r e n t  t e m p e r a t u r e s  i n d i c a t e d  
t h a t  t h e  s o l a r  c a b i n e t ,  h o t  a i r  c a b i n e t  a n d  H T S T -  
d r i e d  b e a n s  s h o w e d  i n s i g n i f i c a n t  c h a n g e s  i n  
b r o w n i n g ,  T B A  v a l u e  a n d  s u l p h u r  d i o x i d e  l e v e l  
( T a b l e  3 ) .
A c k n o w l e d g e m e n t

T h e  a u t h o r s  a r e  t h a n k f u l  t o  D r .  ( M r s . )  R u g m i n i  
S a n k a r a n ,  D i r e c t o r ,  f o r  k e e n  i n t e r e s t  a n d  p e r m i s s i o n  
t o  p u b l i s h  t h e  p a p e r .

R e f e r e n c e s
AOAC (1984) O fficial M e th o d s  o f A n a ly s is , 1 4 th  ed . A sso c ia tio n  

o f  O fficial A n a ly tica l C h e m is ts ,  W a sh in g to n , DC 
B olin  HR, S a lu n k h e  DK (1982 ) F o o d  d e h y d ra t io n  b y  s o la r  

en erg y . CRC C rit  R ev F o o d  S c i N u tr  16 : 3 2 7 -3 5 4  
G a n g o p a d h y a y  H, C h a u d h a r i  D R  (1979) C o m p a ra tiv e  s tu d ie s  o n  

d e h y d ra t io n  o f p e a s  in  flu id ized  b e d  a n d  c o n v e n tio n a l  t r a y  
d r ie r . J  F ood S c i T e c h n o l 1 6 :2 0 6 -2 0 7  

H c n d e l C E , B ailey  G F , T a y lo r  DH (1950) M e a s u re m e n t  o f  n o n -  
e n z y m a tic  b ro w n in g  o f  d e h y d ra te d  v e g e ta b le s  d u r in g  s to ra g e . 
F ood T e c h n o l 4 :3 4 4 -3 4 7

J a y a r a m a n  KS, D a s  G u p ta  DK, B a b u  R ao  N (1991 ) Q u a lity  
c h a r a c te r is t ic s  o f  so m e  v e g e ta b le s  d r ie d  b y  d i r e c t  a n d  
in d ire c t  s u n  d ry in g . In d ia n  F o o d  P a c k e r  45(1): 1 6 -2 3  

J a y a r a m a n  KS, D a s  G u p ta  DK, B a b u  R ao  N (1992 ) S o la r  d ry in g  
o f v e g e ta b le s -Q u a lity  im p ro v e m e n t u s in g  c a b in e t  w ith  m u ltip le  
f la t p la te  c o lle c to rs  a n d  p re t r e a tm e n ts .  In :M u ju m d a r  A S (cd) 
D ry in g  o f  S o lid s . I n te rn a t io n a l  S c ie n c e  P u b l is h e r ,  N ew  Y ork, 
p p  4 0 5 -4 3 2

DURING STO R A G E IN P F P  ATIN DEHYDRATED G R E E N  FIELD  BEAN

S am p le S to ra g e
p e rio d , m o n th s

B ro w n in g , 
E s%  4 2 0  n m

TBA v a lu e , 
m g  m a lo n /k g

s o 2
c o n te n t ,  p p m

0°C R oom  te m p 37°C 0°C R oom  te m p 37°C 0°C R oom  te m p 37°C
S o la r In itia l 0 .0 9 0 .0 9 0 .0 9 0 .0 5 0 .0 5 0 .0 5 8 5 0 8 5 0 8 5 0
ca b in e t- ± 0 .0 0 4 ± 0 .0 0 4 ± 0 .0 0 4 ± 0 .0 0 3 ± 0 .0 0 3 ± 0 .0 0 3 ± 1 5 ± 1 5 ± 1 5
dried 3 0 .1 0 0 .1 1 0 .1 0 0 .1 1 0 .1 1 0.1  1 7 0 0 6 2 4 5 4 6

± 0 .0 0 5 ± 0 .0 0 5 ± 0 .0 0 4 ± 0 .0 0 5 ± 0 .0 0 6 ± 0 .01 ± 1 0 ± 1 0 ± 12
6 0 .1 0 0 .11 0 .1 4 0 .1 7 0 .1 7 0 .1 9 6 2 0 5 8 0 5 0 0

± 0 .0 0 4 ± 0 .0 0 5 ± 0 .0 0 8 ±0.01 ± 0 .01 ± 0 .0 2 ±8 ± 1 0 ±6
H ot a i r In itia l 0 .0 9 0 .0 9 0 .0 9 0 .0 5 0 .0 5 0 .0 5 9 6 0 9 6 0 9 6 0
c a b in e t- ± 0 .0 0 5 ± 0 .0 0 5 ± 0 .0 0 5 ± 0 .0 0 4 ± 0 .0 0 4 ± 0 .0 0 4 ± 2 0 ± 2 0 ± 2 0
d ried 3 0 .1 0 0 .1 1 0 .1 2 0 .1 1 0 .1 1 0 .1  1 7 8 0 7 0 0 7 0 0

± 0 .0 0 6 ± 0 .0 0 6 ± 0 .0 0 8 ± 0 .0 1 ± 0 .01 ± 0 .0 0 8 ± 12 ± 1 5 ± 13
6 0 .1 0 0 .1 3 0 .1 3 0 .1 7 0 .1 9 0 .1 9 7 0 0 6 2 0 6 2 0

± 0 .0 0 6 ± 0 .0 0 8 ± 0 .01 ± 0 .0 2 ± 0 .0 2 ± 0 .0 2 5 ± 1 2 ± 1 2 ± 1 4
HTST- In itia l 0 .0 9 0 .0 9 0 .0 9 0 .0 5 0 .0 5 0 .0 5 9 8 0 9 8 0 9 8 0
d rie d ± 0 .0 0 5 ± 0 .0 0 5 ± 0 .0 0 5 ± 0 .0 0 5 ± 0 .0 0 5 ± 0 .0 0 5 ± 1 8 ± 1 8 ± 1 8

3 0 .1 0 0 .1 0 0 .1 3 0 .1 1 0 .1 1 0 .1 6 7 0 0 7 0 0 7 0 0
± 0 .0 0 6 ± 0 .0 0 5 ± 0 .0 0 8 ± 0 .01 ± 0 .0 1 5 ± 0 .01 ± 1 5 ± 1 6 ± 1 6

6 0 .1 0 0 .1 0 0 .1 6 0 .2 1 0 .2 1 0 .2 1 6 4 0 6 4 0 6 4 0
± 0 .0 0 5 ± 0 .0 0 6 ± 0 .01 ± 0 .0 2 ± 0 .0 3 ± 0 .0 2 6 ± 1 6 ± 1 8 ± 1 5

V a lu e s  re p o r te d  a re a v e ra g e o f  th re e d e te rm in a tio n s .
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S E L A  B H A T T A C H A R Y A * 1*, S .  B A L 1, R . K .  M U K H E R J E E 1 A N D  S U V E N D U  B H A T T A C H A R Y A 2*
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I n d i a n  I n s t i t u t e  o f  T e c h n o l o g y ,  K h a r a g p u r  -  7 2 1  3 0 2 ,  I n d i a

S u ita b ili ty  o f  in c o rp o ra tin g  ta m a r in d  k e rn e l  p o w d e r  (TKP) in  b re a d , b is c u i t  a n d  je lly  w a s  e v a lu a te d . B re a d s  sh o w e d  
a  d e c re a s e  in  spec ific  v o lu m e  a n d  s p r in g in e s s  w ith  in c re a s e  in  TKP level, in  c o n t r a s t  to  in c re a s e d  b r e a d  h a r d n e s s .  
H ow ever, th e  co  ie s iv e n e s s  re m a in e d  u n a ffe c te d . In c o rp o ra tio n  o f  TKP a ls o  a ffec te d  th e  h a r d n e s s ,  c r i s p n e s s  a n d  th ic k n e s s  
o f  b is c u i ts  c o n s id e ra b ly , th o u g h  th e  t a s te  a n d  f la v o u r  w e re  o n ly  s lig h tly  a ffec ted . B o th  b r e a d  a n d  b is c u i t s ,  w i th  u p  
to  15%  TKP in  f lo u r  m ix , w e re  a c c e p ta b le  to  th e  ta s te  p a n e l. TKP je lly  h a d  a  g ra d e  b e tw e e n  8 0  a n d  8 5 , w h ile  th e  
gel s t r e n g th  re m a in e d  u n a ffe c te d  b y  a d d e d  c itr ic  ac id . C o m p a ris o n  o f  s e n s o ry  s c o re s  sh o w e d  n o n -s ig n if ic a n t  d iffe re n c e  
b e tw e e n  TKP a n d  p e c tin  je ll ie s . T h u s ,  th e  lo w -c o s t TKP c o u ld  b e  a  good s u b s t i tu te  for c o s tly  p e c t in  fo r  m a k in g  je lly .
K ey w o rd s : T a m a r in d  k e rn e l  p o w d er, In c o rp o ra tio n  in  b re a d , b is c u i t  a n d  je lly , E ffec t o n  rh eo lo g y  a n d  s e n s o ry  

c h a ra c te r is t ic s ,  T e x tu ra l  p ro p e rtie s , G el s t re n g th .

T a m a r i n d  (T a m a r in d u s  in d ica ) ,  a  c o m m o n  t r e e  
l e g u m e ,  i s  g r o w n  e x t e n s i v e l y  i n  I n d i a  m a i n l y  f o r  
i t s  s o u r  f r u i t  p u l p ,  b u t  p a r t l y  f o r  i t s  s e e d  a s  w e l l .  
T h e  l a t t e r ,  a b o u t  3 4 %  b y  w e i g h t  o f  t h e  f r u i t ,  h a s  
m a n y  u s e s  ( R a o  a n d  S r i v a s t a v a  1 9 7 4 ) .  O n e  m a j o r  
u s e  i s  i n  t h e  t e x t i l e  a n d  j u t e  i n d u s t r i e s  i n  t h e  f o r m  
o f  t a m a r i n d  k e r n e l  p o w d e r  (T K P ) a s  a  s i z i n g  
m a t e r i a l ;  i t  i s  a l s o  u s e d  i n  m i c r o b i a l  p r o d u c t i o n  o f  
l i p i d s  ( J a m b h u l k a r  a n d  S h a n k h a p a l  1 9 9 2 ;  L e w i s  
a n d  N e e l a k a n t a n  1 9 6 4 ) .  I n  a d d i t i o n ,  i t  f i n d s  u s e  
i n  c o s m e t i c s ,  p h a r m a c e u t i c a l s  ( F o r e s t  R e s e a r c h  
I n s t i t u t e ,  D e h r a  D i m ,  I n d i a  1 9 5 5 )  a n d  f e e d  i n d u s t r i e s  
( R e d d y  e t  a l .  1 9 8 6 ; .  A t t e m p t s  h a v e  a l s o  b e e n  m a d e ,  
t o  p r o d u c e  p r o t e i n  c o n c e n t r a t e s  o r  m e a l s  ( R a o  a n d  
S u b r a m a n i a n  1 9 8 4 a ;  M a r a n g o n i  e t  a l .  1 9 8 8 )  o r  t o  
u s e  T K P  a s  a  s u b s t i t u t e  f o r  p e c t i n  i n  t h e  p r e p a r a t i o n  
o f  j e l l y  ( B h a t t a c h a r y a  e t  a l .  1 9 8 3 ) .  B e s i d e s ,  t h e  
p r e s e n c e  o f  p r o t e i n a s e  i n h i b i t o r s  i n  T K P  h a s  a l s o  
b e e n  d o c u m e n t e d  ( V i s h n u  B h a t  a n d  P a t t a b h i r a m a n
1 9 8 5 ) .  J a m b u l k a r  a n d  S h a n k h a p a l  ( 1 9 9 2 )  r e p o r t e d  
t h a t  m i c r o b i a l  p r o d u c t i o n  o f  l i p i d  i s  p o s s i b l e  u s i n g  
T K P .  H o w e v e r ,  t h e  f u l l  p o t e n t i a l  o f  t h e  s e e d  k e r n e l  
o r  k e r n e l  p o w d e r  f o r  e d i b l e  u s e s  h a s  n o t  b e e n  
i n v e s t i g a t e d  s y s t e m a t i c a l l y .

T h e  c h e m i c a l  c o m p o s i t i o n  o f  T K P ,  a n d  i t s  
f u n c t i o n a l  a s  w e l l  a s  n u t r i t i o n a l  p r o p e r t i e s ,  
( B h a t t a c h a r y a  1 9 9 3 )  s u g g e s t  i t s  p o t e n t i a l  f o r  u s e  
a s  a  f o o d  o r  f e e d  i n g r e d i e n t .  T h e  r h e o l o g i c a l  
b e h a v i o u r  o f  T K P  s u s p e n s i o n s  h a s  b e e n  r e p o r t e d  
e a r l i e r  ( B h a t t a c h a r y a  e t  a l .  1 9 9 1 ) .  T h e  p r e s e n t  
p a p e r  d e s c r i b e s  t h e  r e s u l t s  o f  a  s t u d y  o n  t h e  
s u b j e c t i v e  a n d  o b j e c t i v e  e v a l u a t i o n  o f  a  f e w  p r o d u c t s  
( b r e a d ,  b i s c u i t  a n d  j e l l y ) ,  p r e p a r e d  w i t h  T K P  a s  a n
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i n g r e d i e n t .

M a t e r i a l s  a n d  M e t h o d s
O n e  h u n d r e d  k g  o f  t a m a r i n d  (T a m a r in d u s  indica) 

s e e d s  w e r e  p r o c u r e d  f r o m  t h e  l o c a l  m a r k e t .  T h e s e  
w e r e  c l e a n e d ,  w a s h e d  f r e e  f r o m  t h e  p u l p ,  d r i e d  i n  
s h e d  ( 1 2 - 1 4 %  m o i s t u r e )  f o r  a b o u t  a  w e e k ,  w i t h  
o c c a s i o n a l  s t i r r i n g  a n d  t u r n i n g  t o  p r e v e n t  m o u l d  
i n f e s t a t i o n ,  a n d  s t o r e d  i n  a i r  t i g h t  m e t a l  c o n t a i n e r s  
u n t i l  u s e .  T a m a r i n d  k e r n e l  p o w d e r  (T K P )  w a s  
p r e p a r e d  a f t e r  r o a s t i n g ,  d e h u l l i n g  a n d  g r i n d i n g  o f  
t h e  s e e d ,  a c c o r d i n g  t o  p r o c e d u r e s  d e s c r i b e d  e a r l i e r  
( B h a t t a c h a r y a  e t  a l .  1 9 9 1 ) .  T h e  T K P  h a d  t h e  
f o l l o w i n g  c o m p o s i t i o n  (% ) : m o i s t u r e  6 . 1 ,  p r o t e i n s  
( N x 6 .2 5 )  1 8 . 4 ,  f a t  7 . 7 ,  a s h  2 . 8 ,  c r u d e  f i b r e  2 . 6  a n d  
c a r b o h y d r a t e s  ( b y  d i f f e r e n c e )  6 2 . 4 .

B r e a d  : B r e a d s  w e r e  p r e p a r e d  f r o m  w h e a t  f l o u r  
a s  w e l l  a s  f r o m  w h e a t  f l o u r  +  T K P  b l e n d s  ( 5 ,  1 0 ,  
1 5  a n d  2 0 %  l e v e l s ) ,  a c c o r d i n g  t o  C a m p o s  a n d  E l -  
D a s h  ( 1 9 7 8 ) .  L o a v e s ,  f r o m  1 0 0  g  d o u g h  p i e c e s ,  w e r e  
b a k e d  f o r  2 0  m i n  a t  2 0 0 ° C .  T w o  b a k i n g  t e s t s  w e r e  
p e r f o r m e d .  T h e  b a k e d  l o a v e s  w e r e  a l l o w e d  t o  c o o l  
t o  r o o m  t e m p e r a t u r e  ( 3 0 ± 1 ° C )  a n d  s e a l e d  i n  
p o l y e t h y l e n e  p a c k e t s .  L o a f  v o l u m e  w a s  m e a s u r e d  
b y  t h e  m e t h o d  o f  m u s t a r d  s e e d  d i s p l a c e m e n t  
( D 'A p p l o n i a  a n d  Y o u n g s  1 9 7 8 ) .  S e n s o r y  e v a l u a t i o n  
a n d  t e x t u r a l  m e a s u r e m e n t s  w e r e  c a r r i e d  o u t  w i t h i n  
3  a n d  5  h  o f  b r e a d  m a k i n g ,  r e s p e c t i v e l y .

T e x tu ra l p r o p e r t ie s  o f  b r e a d  : C o n t r o l  a n d  T K P  
i n c o r p o r a t e d  s a m p l e s  ( 2 5  m m  x  2 5  m m  x  2 5  m m ) ,  
f r e e  f r o m  c r u s t s  a n d  h a r d  e d g e s ,  w e r e  e v a l u a t e d  
f o r  t e x t u r a l  p a r a m e t e r s  ( B o u r n e  1 9 8 2 ) ,  l i k e  h a r d n e s s ,  
s p r i n g i n e s s ,  e l a s t i c i t y  a n d  c o h e s i v e n e s s ,  b y  u s i n g  
a n  I n s t r o n  u n i v e r s a l  t e s t i n g  m a c h i n e  ( M o d e l  T M -  
M ,  I n s t r o n  C o r p n . ,  C a n t o n ,  U S A )  a t  r o o m  
t e m p e r a t u r e  ( 3 0  ±  1 ° C ) .  T e x t u r a l  p a r a m e t e r s  w e r e
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m e a s u r e d  f o r  t w o  s u c c e s s i v e  b i t e s  w i t h  5 0 %  
c o m p r e s s i o n  a n d  r e p o r t e d  a s  m e a n s  o f  e i g h t  s a m p l e s  
a l o n g  w i t h  t h e  r a n g e  o f  s t a n d a r d  d e v i a t i o n s .  T h e  
I n s t r o n  m a c h i n e  w a s  o p e r a t e d  u n d e r  t h e  f o l l o w i n g  
c o n d i t i o n s  : f u l l  l o a d  s c a l e  5  k g ,  c a l i b r a t i o n  l o a d  
1 k g ,  c h a r t  s p e e d  2 0  c m / m i n ,  a n d  d o w n w a r d  a n d  
u p w a r d  c r o s s - h e a d  s p e e d s  1 0  a n d  2 0  c m / m i n ,  
r e s p e c t i v e l y .

B i s c u i t : B i s c u i t s  ( s a l t y  t y p e s ) ,  l i k e  b r e a d ,  w e r e  
a l s o  p r e p a r e d  f r o m  w h e a t  a s  w e l l  a s  f r o m  w h e a t  
f l o u r  p l u s  T K P  b l e n d s  ( 1 5 ,  2 5  a n d  3 5 %  l e v e l s ) ,  
a c c o r d i n g  t o  S u l t a n  ( 1 9 7 6 )  w i t h  t w o  b a k i n g  t e s t s .

TKP j e l l y  : S a m p l e s  o f  1 6  g  r o a s t e d  T K P  w e r e  
t h o r o u g h l y  m i x e d  i n d i v i d u a l l y  w i t h  1 0 0  m l  w a t e r ,  
f o l l o w e d  b y  a d d i t i o n  o f  6 8 0  g  s u g a r  a n d  a n o t h e r  
9 0 0  m l  w a t e r ,  b e f o r e  m i x i n g  a g a i n .  T h e  m i x t u r e  w a s  
t r a n s f e r r e d  t o  a  s t a i n l e s s  s t e e l  b e a k e r  ( 2  1), b o i l e d  
f o r  4 5  m i n ,  b e f o r e  a d d i n g  5  g  c i t r i c  a c i d .  F o l l o w i n g  
f i l t r a t i o n  t h r o u g h  a  m u s l i n  c l o t h ,  t h e  s u s p e n s i o n  
w a s  a l l o w e d  t o  s e t  i n  a  b o t t l e  a f t e r  a d d i t i o n  o f  a  
t r a c e  o f  p e r m i t t e d  c o l o u r  ( s u n s e t  y e l l o w )  a n d  f l a v o u r  
( p i n e a p p l e ) .  I f  a n d  w h e n  r e q u i r e d ,  s o d i u m  b e n z o a t e  
( 1 4 0  p p m )  w a s  a d d e d  p r i o r  t o  s e t t i n g  a s  a  
p r e s e r v a t i v e  (A O A C  1 9 8 0 ) .  F o r  c o m p a r i s o n ,  a  
s t a n d a r d  p e c t i n  j e l l y  w a s  p r e p a r e d  u n d e r  i d e n t i c a l  
c o n d i t i o n s ,  s u b s t i t u t i n g  T K P  b y  8  g  ( 8 5  g r a d e )  
p e c t i n  ( S I S C O  R e s e a r c h  L a b o r a t o r i e s ,  B o m b a y ) .  
B o t h  j e l l i e s  w e r e  m a d e  i n  t r i p l i c a t e s .

G el s tr e n g th  : G e l  s t r e n g t h  w a s  m e a s u r e d  b y  
t h e  k n i f e - r a i s i n g  m e t h o d ,  s i m i l a r  t o  t h a t  s u g g e s t e d  
b y  R a n g a n n a  ( 1 9 7 7 ) .  F i f t y  m l  g e l  s u s p e n s i o n ,  p r i o r  
t o  s e t t i n g ,  w a s  p o u r e d  i n t o  a  j e l l y  g l a s s  c o n t a i n i n g  
a  k n i f e  a n d  a l l o w e d  t o  c o o l  a t  2 5 ° C  f o r  2 4  h .  T h e  
r e l a t i v e  g e l  s t r e n g t h  w a s  t h e n  c o m p a r e d  w i t h  
s t a n d a r d  p e c t i n  j e l l i e s  o f  2 0 0 ,  1 5 0 ,  1 0 0  a n d  5 0  
g r a d e s .  G e l  s t r e n g t h  w a s  r e p o r t e d  a s  t h e  t i m e  
r e q u i r e d  t o  r a i s e  t h e  k n i f e  f r o m  t h e  b o t t o m  o f  t h e  
5 0  m l  j e l l y  o f  3  c m  t h i c k n e s s  b y  a  w e i g h t  o f  5 0  
g  ( a p p l i e d  b y  a  l e v e r  s y s t e m ) .  T h e  r e p o r t e d  v a l u e s  
a r e  m e a n s  o f  s i x  o b s e r v a t i o n s .

J e lly  g r a d e  : J e l l y  g r a d e  w a s  d e t e r m i n e d  
( R a n g a n n a  1 9 7 7 )  b y  t a k i n g  1 g  T K P  w i t h  v a r y i n g  
( 8 0 - 1 0 0  g) l e v e l s  o f  s u g a r  a n d  p r e p a r i n g  j e l l i e s ,  a s  
d e s c r i b e d  e a r l i e r .  T h e s e  w e r e  t h e n  c o m p a r e d  w i t h  
s t a n d a r d  1 0 0  g r a d e  p e c t i n  j e l l y  ( S I S C O  R e s e a r c h  
L a b o r a t o r y ,  B o m b a y ) ,  b a s e d  o n  p h y s i c a l  o b s e r v a t i o n ,  
b y  p r e s s i n g  w i t h  a  f i n g e r  a n d  b y  s c o o p i n g  w i t h  a  
s p o o n .  T r i p l i c a t e  o b s e r v a t i o n s  w e r e  m a d e .

G el s e t t in g  r a te  : I n  o r d e r  t o  d e t e r m i n e  t h e  g e l  
s e t t i n g  t i m e  ( R a n g a n n a  1 9 7 7 ) ,  a b o u t  5 0  m l  g e l  
s u s p e n s i o n ,  p r i o r  t o  s e t t i n g ,  w a s  p o u r e d  i n t o  a  1 0 0  
m l  b e a k e r  a t  r o o m  t e m p e r a t u r e  ( 2 8 - 3 0 ° C )  a n d  t h e

t i m e  r e q u i r e d  f o r  c o m p l e t e  s e t t i n g  o f  t h e  j e l l y  w a s  
n o t e d ,  u s i n g  a  s t o p  w a t c h .  C o m p l e t e  s e t t i n g  w a s  
j u d g e d  b y  i n v e r t i n g  t h e  b e a k e r ,  b y  p r e s s i n g  w i t h  
a  f i n g e r  a n d  b y  s c o o p i n g  w i t h  a  s p o o n ,  a s  d e s c r i b e d  
e a r l i e r .  T r i p l i c a t e  o b s e r v a t i o n s  w e r e  m a d e .

S e n s o r y  e v a lu a t io n  : S e n s o r y  e v a l u a t i o n  o f  
b r e a d ,  b i s c u i t  a n d  j e l l y  s a m p l e s  w a s  c a r r i e d  o u t  
o n  a  9 - p o i n t  H e d o n i c  s c a l e  ( R a n g a n n a  1 9 7 7 )  (9 :  
l i k e  e x t r e m e l y ;  1 : d i s l i k e  e x t r e m e l y ) ,  w h e r e  a  s c o r e  
o f  5  p o i n t s  w a s  t h e  l i m i t  o f  a c c e p t a n c e .  T h e  
p a n e l i s t s  w e r e  a s k e d  t o  s c o r e  a p p e a r a n c e ,  t e x t u r e ,  
t a s t e ,  f l a v o u r ,  a n d  o v e r a l l  a c c e p t a b i l i t y  o f  c o d e d  
s a m p l e s .  T h e  t a s t e  p a n e l s  c o n s i s t e d  o f  1 0 ,  1 0  a n d  
2 0  j u d g e s  f o r  b r e a d ,  b i s c u i t  a n d  j e l l y ,  r e s p e c t i v e l y .  
T h e y  w e r e  a l s o  a s k e d  t o  c o m m e n t  s p e c i f i c a l l y  o n  
t h e  t e x t u r e  o f  b r e a d ,  c r i s p n e s s  o f  b i s c u i t s  a n d  o n  
t h e  b o d y  o f  t h e  j e l l y .

C o m p u ta tio n  a n d  s ta t is t ic a l  e v a lu a t io n : D u n c a n ' s  
M u l t i p l e  R a n g e  t e s t  ( D M R T )  a n d  ’t ’ t e s t  ( L i t t l e  a n d  
H i l l  1 9 7 8 )  w e r e  a p p l i e d  t o  a n a l y z e  t h e  d i f f e r e n c e s  
i n  t h e  e x p e r i m e n t a l  o b s e r v a t i o n s .

R e s u l t s  a n d  D i s c u s s i o n
T K P  b re a d :  R e s u l t s  o n  p h y s i c a l ,  t e x t u r a l  a n d  

s e n s o r y  c h a r a c t e r i s t i c s  o f  t h e  b r e a d  s a m p l e s  a r e  
p r e s e n t e d  i n  T a b l e  1 . T h e  s p e c i f i c  l o a f  v o l u m e  
d e c r e a s e d  w i t h  i n c r e a s e  i n  t h e  l e v e l  o f  T K P  i n  t h e

TABLE 1. PHYSICAL, TEXTURAL AND SE N SO R Y  CHARACTERI
ST IC S O F  T K P-FO R T IFIE D  BREAD

Level o f  TK P fo r tific a tio n , %
0 5 10 15 2 0 SE M  ±

S p ecific  v o lu m e, 
c m 3/ g 4.1 3 .4 3.1 2 .5 2 .4

M o is tu re  
c o n te n t ,  %  

T e x tu r a l  
p a r a m e te r s

3 9 .2 3 9 .2 4 0 .3 4 1 .0 4 1 .8 -

H a rd n e s s ,  (kg) 0 .61* 1.4  l b 3 .4 3 b 3 .8 7 b 5 .5 5 c 0 .1 9
S p r in g in e s s ,

m m 8.43* 6 .7 8 b 7 .2 8 b 6 .7 0 b 6 .6 0 b 0 .2 3
C o h e s iv e n e ss ,

d im e n s io n le s s 0 .228* 0 .2 3 4 b 0 .2 3 8 * 0 .233* 0 .2 8 4 “‘ 0 .0 2 5
S e n s o r y  c h a 

r a c t e r i s t i c s
A p p e a ra n c e 7.60* 7.33* 7 .38* 6 .6 1 b 4 .8 3 ° 0 .1 8
T e x tu re 8.22* 8.17* 7 .2 8 b 5 .6  l c 4 .2 2 d 0 .2 8
T a s te 8 .39* 8.39* 8.33* 8.22* 8 .06* 0 .1 9
F la v o u r 8 .44* 6 .4 4 b 6 .7 8 b 6 .2 2 b 5 .0 6 c 0 .3 8

O v era ll a c c e p 
ta b ili ty 8 .56* 8.44* 7 .5 6 b 6 .0 0 ° 4 .0 0 d 0 .2 5

V a lu e s  in  h o r iz o n ta l ro w s w ith  d if fe re n t s u p e r s c r ip ts  d iffer 
s ig n if ic a n tly  (p < 0 .0 5 ) a c c o rd in g  to  D u n c a n 's  M u ltip le  R an g e  
T e s t. SD  v a lu e s  ra n g e d  fro m  + 0 .0 3  to  ± 1 .48  fo r s e n s o ry  
c h a ra c te r is t ic s  a n d  fro m  ± 0 .0 5 1  to  ±  1 .08  for te x tu ra l  p a ra m e te rs ,  
w h ile  d f  (SEM) a r e  4 0  a n d  4 5 , resp ec tiv e ly .
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f l o u r  m i x .  T h e  b r e a d s  b e c a m e  s l i g h t l y  m o r e  s q u a t  
a n d  c o m p a c t ,  w h i l e  t h e  g r a i n  b e c a m e  m o r e  d e n s e ,  
a n d  t h e  r e s i l i e n c e  t o  f i n g e r  p r e s s u r e  d e c r e a s e d .  T h e  
c o r r e l a t i o n  w a s  h i g h l y  s i g n i f i c a n t  ( r  =  - 0 . 9 8 3 ,  
p < 0 . 0 1 ) .  T K P  h a d  h i g h e r  p r o t e i n  c o n t e n t  t h a n  
w h e a t  f l o u r ,  a n d  t h e r e f o r e ,  o n e  w o u l d  p e r h a p s  
e x p e c t  T K P  b r e a d  t o  g i v e  a  h i g h e r  l o a f  v o l u m e .  
H o w e v e r ,  i t  i s  n o t  t h e  t o t a l  q u a n t i t y  o f  p r o t e i n  i n  
t h e  f l o u r  m i x ,  b u t  t h e  r e l a t i v e  p r o p o r t i o n  o f  g l u t e n  
a n d  i t s  a p p r o p r i a t e  d e v e l o p m e n t ,  t h a t  p e r m i t  
e x p a n s i o n  o f  t h e  d o u g h  d u r i n g  f e r m e n t a t i o n  a n d  
e a r l y  s t a g e s  o f  b a k i n g  ( S h a k u n t a l a  a n d  
S a d a k s h a r a s w a m y  1 9 8 7 ) .  T h e  i n c r e a s i n g  l e v e l s  o f  
T K P ,  w h i l e  i n c r e a s i n g  t h e  t o t a l  p r o t e i n s ,  a l s o  
p r o p o r t i o n a t e l y  r e d u c e d  t h e  w h e a t  g l u t e n  i n  t h e  
m i x ,  t h e r e b y  p o s s i b l y  r e d u c i n g  t h e  l o a f  v o l u m e .

A m o n g  t h e  s e n s o r y  a t t r i b u t e s ,  t h e  s c o r e  f o r  
a p p e a r a n c e  d e c r e a s e d  s i g n i f i c a n t l y  ( p < 0 . 0 5 )  w i t h  
T K P  l e v e l  a b o v e  1 0 %  a n d  t h e  b r e a d  b e c a m e  
u n a c c e p t a b l e  a t  2 0 %  T K P  l e v e l .  B r e a d  t e x t u r e  d i d  
n o t  c h a n g e  s i g n i f i c a n t l y  u p t o  1 0 %  r e p l a c e m e n t ,  b u t  
d e t e r i o r a t e d  r a p i d l y  a b o v e  1 0 %  T K P .  T h e  b r e a d  
b e c a m e  t o o  d e n s e  a n d  c o m p a c t  i n  c a s e  o f  2 0 %  T K P  
a n d  w a s  r e j e c t e d  b y  t h e  j u d g e s .  T h e  t a s t e  s c o r e  
o r  m o u t h f e e l  r e m a i n e d  u n a f f e c t e d  d u e  t o  T K P  
f o r t i f i c a t i o n ,  a l t h o u g h  f l a v o u r  w a s  a d v e r s e l y  a f f e c t e d  
e v e n  a t  5 %  T K P  l e v e l .  A d d i t i o n  o f  T K P  n e g a t i v e l y  
i n f l u e n c e d  t h e  o v e r a l l  a c c e p t a b i l i t y  o f  t h e  b r e a d s ,  
b u t  t h e  j u d g e s  a c c e n t e d  b r e a d s  u p t o  a  l e v e l  o f  1 5 %  
T K P .  I n s t a n c e s  o f  a n  u n c e r t a i n  o d o u r  a d v e r s e l y  
a f f e c t i n g  t h e  f l a v o u r  o f  f o o d s  a r e  n o t  r a r e .  A  p e r s o n  
n o t  u s e d  t o  a  f o o d  i t e m  m a y  s h o w  a n  a d v e r s e  
r e s p o n s e  a t  t h e  f i r s t  b i t e  d u e  t o  a n  a p p a r e n t l y  
u n c e r t a i n  f l a v o u r ,  b u t  m a y  d e v e l o p  a n  a c q u i r e d  
t a s t e  a t  t h e  s e c o n d  a n d  s u b s e q u e n t  b i t e s ,  a n d  e n d  
u p  l i k i n g  t h e  i t e m .  A  c a s e  i n  p o i n t ,  f o r  i n s t a n c e ,  
i s  b i t t e r  g o u r d ,  a  v e g e t a b l e  l i k e d  b y  m a n y  i n  I n d i a .

T a b l e  1 a l s o  p r e s e n t s  r e s u l t s  o f  t h e  o b j e c t i v e  
a n a l y s i s  o f  t h e  t e x t u r a l  p a r a m e t e r s  o f  t h e  b r e a d s .  
H a r d n e s s ,  m e a s u r e d  a s  t h e  p e a k  r e s i s t a n c e  o f f e r e d  
b y  t h e  b r e a d  s a m p l e s  d u r i n g  c o m p r e s s i o n ,  c h a n g e d  
s i g n i f i c a n t l y  f r o m  t h e  c o n t r o l  b r e a d  e v e n  a t  5 %  l e v e l  
o f  T K P  f o r t i f i c a t i o n ,  a n d  t h e  b r e a d s  b e c a m e  t o u g h .  
S p r i n g i n e s s  o r  e l a s t i c i t y ,  a  m e a s u r e  o f  t h e  q u i c k n e s s  
o f  r e c o v e i y  w h e n  t h e  c o m p r e s s i v e  f o r c e  i s  r e m o v e d ,  
d e c r e a s e d  w i t h  i n c r e a s e  i n  t h e  l e v e l  o f  T K P  
f o r t i f i c a t i o n .  C o h e s i v e n e s s ,  a  m e a s u r e  o f  t h e  f o r c e  
r e q u i r e d  t o  t e a r  a p a r t  a  b r e a d  s a m p l e ,  d i d  n o t  
c h a n g e  s i g n i f i c a n t l y  f r o m  t h a t  o f  t h e  c o n t r o l  s a m p l e ,  
a l t h o u g h  i t  t e n d e d  t o  i n c r e a s e  s l i g h t l y ,  w h e n  t h e  
b l e n d i n g  l e v e l  r e a c h e d  2 0 % .

C o r r e l a t i o n  s t u d i e s  ( r e s u l t s  n o t  p r e s e n t e d )

TABLE 2. PHYSICAL AND S E N S O R Y  C H A R A C T E R IST IC S O F  
T K P-FO R T IFIE D  B ISC U IT S

Level o f  TK P fo r tif ic a tio n , %
0  5  10 15 2 0  SE M

P h y s ic a l  p a ra 
m e te r s

T h ic k n e s s 5 .08* 5 .14* 5 .10* 4 .6 7 b 4 .2 8 c 0 .0 6
S p re a d  ra tio 9 .96* 9 .71* 9 .83* 10.87^ 1 1 .89c 0 .1 4
S p re a d  fa c to r 100.0* 97.5* 98 .7* 1 0 9 .2 b 117 .7° 1 .4 4

S e n s o r y  c h a r a c 
t e r i s t i c s

A p p e a ra n c e 8.42* 8.17* 8 .17* 7 .4 2 b 6 .6 7 c 0 .2 0
T a s te 8 .50* 8 .58* 8 .42* 8.17* 8.00* 0 .1 0
C ris p n e s s 8 .58* 8 .25* 7 .0 8 b 6 .1 7 c 4 .7 5 d 0 .2 2
O v era ll
a c c e p ta b ili ty 8 .67* 8.50* 7 .0 0 b 5 .3 3 c 4 .5 0 d 0 .2 4

V a lu e s  in  h o r iz o n ta l  ro w s w ith  d if fe re n t s u p e r s c r ip t s  d iffe r  
s ig n if ic a n tly  (p < 0 .0 5 ) a c c o rd in g  to  D u n c a n 's  M u ltip le  R a n g e  
T e s t. SD  v a lu e s  ± 0 .0 6  to  ±  1.9, d f  (SEM =55)

r e v e a l e d  t h a t  t h e  o v e r a l l  a c c e p t a b i l i t y  o f  t h e  b r e a d  
h a d  h i g h  c o r r e l a t i o n  w i t h  a p p e a r a n c e ,  t e x t u r e  a n d  
t a s t e ,  b u t  n o n - s i g n i f i c a n t  r e l a t i o n s h i p  w i t h  f l a v o u r .

T K P  b is c u it  : R e s u l t s  o n  p h y s i c a l  a n d  s e n s o r y  
c h a r a c t e r i s t i c s  o f  T K P - f o r t i f i e d  b i s c u i t s  ( T a b l e  2 )  
s h o w e d  t h a t  t h e  a p p e a r a n c e  o f  T K P - f o r t i f i e d  b i s c u i t s  
w a s  a d v e r s e l y  a f f e c t e d  ( p  <  0 . 0 5 ) .  B e y o n d  a  b l e n d i n g  
l e v e l  o f  1 5 %  T K P ,  t h e  b i s c u i t s  t u r n e d  g o l d e n  b r o w n  
t o  d u l l  b r o w n .  T h e  t a s t e  o f  t h e  b i s c u i t s  d i d  n o t  
d i f f e r  s i g n i f i c a n t l y  ( p  <  0 . 0 5 ) ,  e x c e p t  a t  3 5 %  T K P  
l e v e l ,  w h e r e  a  s l i g h t  b e a n y  f l a v o u r  r e d u c e d  t h e  
s c o r e .  T h e r e  w a s  a  p r o g r e s s i v e  r e d u c t i o n  i n  t h e  
c r i s p n e s s  o f  b i s c u i t s  w i t h  i n c r e a s i n g  T K P  l e v e l .  
B i s c u i t s  w i t h  3 5 %  T K P  b e c a m e  h a r d  a n d  l a c k e d  
t h e  c h a r a c t e r i s t i c  c r i s p n e s s ,  t h e r e b y  r e d u c i n g  t h e  
s e n s o r y  s c o r e  t o  b e l o w  a c c e p t a n c e  l e v e l  (< 5 ) .  S i m i l a r  
r e s u l t s  w e r e  a l s o  o b s e r v e d  f o r  o v e r a l l  a c c e p t a b i l i t y ,  
t h e r e b y  i n d i c a t i n g  a  c l o s e  c o r r e l a t i o n  b e t w e e n  t h e  
t w o  s e n s o r y  t r a i t s .  R e s u l t s  o f  t h e  c o m p r e s s i o n  t e s t s  
o n  p r e p a r e d  b i s c u i t s  a l s o  s h o w e d  f e w e r  c r a c k i n g  
p o i n t s  a n d  i n c r e a s e d  h a r d n e s s  a t  3 5 %  T K P  l e v e l ,  
a s  c o m p a r e d  t o  t h e  c o n t r o l  ( F i g  1 ).

A m o n g  t h e  p h y s i c a l  c h a r a c t e r i s t i c s ,  t h i c k n e s s  
o f  t h e  b i s c u i t s  w a s  s i g n i f i c a n t l y  a f f e c t e d  ( p  <  0 . 0 5 )  
a b o v e  1 5 %  T K P  f o r t i f i c a t i o n .  I t  d e c r e a s e d  w i t h  
i n c r e a s i n g  l e v e l  o f  f o r t i f i c a t i o n .  H e n c e ,  e x p a n s i o n  
w a s  r e d u c e d  d u r i n g  b a k i n g ,  b u t  s p r e a d i n g  i n c r e a s e d  
d u r i n g  s h a p i n g ,  a s  i n d i c a t e d  b y  a  s i g n i f i c a n t  
( p  < 0 . 0 5 )  i n c r e a s e  i n  s p r e a d  r a t i o  a n d  s p r e a d  f a c t o r  
f o r  t h e  s a m p l e  c o n t a i n i n g  m o r e  t h a n  1 5 %  T K P .  
C o r r e l a t i o n  s t u d i e s  s h o w e d  c r i s p n e s s  t o  b e  h i g h l y  
c o r r e l a t e d  w i t h  t h i c k n e s s ,  s p r e a d  r a t i o  a n d  s p r e a d  
f a c t o r ,  t h e  l a t t e r  t w o  b e i n g  n e g a t i v e l y  r e l a t e d  t o  
e a c h  o t h e r .



Fig. 1. P a tte rn  o f  fo rc e -d e fo rm a tio n  c u rv e s  o f  b is c u i ts  d u r in g  
c o m p re s s io n  in  In s t ro n  (n o t to scale)

A m o n g  t h e  s e n s o r y  a t t r i b u t e s ,  o v e r a l l  
a c c e p t a b i l i t y  h a d  s i g n i f i c a n t  r e l a t i o n s h i p  ( p < 0 . 0 1 )  
w i t h  o t h e r  s e n s o r y  c h a r a c t e r i s t i c s ,  i n c l u d i n g  
c r i s p n e s s .  T h u s ,  j u d g e s  l i k e d  t h e  b i s c u i t s  u p t o  1 5 %  
T K P  i n c o r p o r a t i o n ,  w h i l e  t h e  b i s c u i t s  w e r e  d i s l i k e d  
b e y o n d  t h i s  l e v e l .  B a s e d  o n  t h e  s e n s o r y  o v e r a l l  
a c c e p t a b i l i t y ,  b i s c u i t s  u p t o  1 5 %  T K P  l e v e l ,  t h e r e f o r e ,  
c o u l d  b e  c o n s i d e r e d  a c c e p t a b l e .

TKP j e l l y  : T K P  w a s  a l s o  u s e d  a s  a  s u b s t i t u t e  
f o r  p e c t i n  i n  s y n t h e t i c  j e l l y .  T h e  p r e p a r e d  j e l l y  w a s  
f o u n d  t o  h a v e  a  g r a d e  b e t w e e n  8 0  a n d  8 5 .  T h e  
o r g a n o l e p t i c  s c o r e s  o f  b o t h  p e c t i n  a n d  T K P  j e l l i e s  
a r e  s h o w n  i n  T a b l e  3 .  N o  s i g n i f i c a n t  o r g a n o l e p t i c  
d i f f e r e n c e  ( p < 0 . 0 5 )  w a s  n o t e d  i n  t h e i r  o v e r a l l  
a c c e p t a b i l i t y .  T h e  d a t a  s u g g e s t  t h a t  T K P  c a n  b e  
u s e d  a s  a  s u b s t i t u t e  f o r  p e c t i n  i n  t h e  p r e p a r a t i o n  
o f  j e l l y .

T h e  e f f e c t  o f  a d d i t i o n  o f  c i t r i c  a c i d  o n  g e l  
s t r e n g t h  i s  s h o w n  i n  F i g  2 .  C i t r i c  a c i d  h a d  a  
n e g l i g i b l e  e f f e c t  o n  g e l  s t r e n g t h  o f  T K P  j e l l y ,  w h i l e  
i t s  e f f e c t  o n  p e c t i n  j e l l y  i n c r e a s e d  s h a r p l y  u p t o  
0 . 2 %  o f  a d d e d  c i t r i c  a c i d  a n d  o n l y  s l i g h t l y  t h e r e a f t e r .  
I t  m a y  a l s o  b e  n o t e d  t h a t ,  f o r  t h e  a m o u n t s  o f  c i t r i c  
a c i d  a d d e d  ( 0 - 1 . 0 % ) ,  t h e  m a x i m u m  g e l  s t r e n g t h  o f  
p e c t i n  j e l l y  w a s  o n l y  s l i g h t l y  h i g h e r  t h a n  t h a t  o f

TABLE 3. SEN SO RY  C H A R A C TER ISTIC S O F  PEC TIN AND TKP 
JE L L IE S  BY O R GA NO LEPTIC  T E S T S

A ttr ib u te P e c tin  je lly T K P je lly R e m a rk s
A p p e a ra n c e 8 .7 5 8 .4 8 No s ig n if ic a n t 

d iffe re n c e s
T e x tu re 8 .5 3 8 .3 3 n o te d
T a s te 8 .4 5 8 .6 8
F lav o u r 8 .6 5 8 .1 8
O v erall a c c e p ta b il i ty  8 .7 3 8 .3 5
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F ig .2  E ffect o f  c itr ic  a c id  o n  gel s t r e n g th  o f TKP (0— 0) a n d  
p e c tin  ( a—a ) je ll ie s

T K P  j e l l y ,  t h e r e b y  i n d i c a t i n g  a  r e l a t i v e l y  s o f t e r  
c o n s i s t e n c y  o f  t h e  l a t t e r .

O v e r a l l ,  T K P ,  w i t h  i t s  g o o d  g e l l i n g  p r o p e r t y ,  
h i g h  p r o t e i n  c o n t e n t  ( 1 8 . 4 % )  a n d  l o w  c o s t  ( a b o u t  
R s .  5  p e r  k g ) ,  c o u l d  b e  a  g o o d  s u b s t i t u t e  f o r  p e c t i n  
i n  t h e  p r e p a r a t i o n  o f  j e l l y .

R e f e r e n c e s
AOAC (1980) O fficial M e th o d s  o f  A n a ly s is , 1 3 th  ed . A sso c ia tio n  

o f  O fficial A n a ly tic a l C h e m is ts ,  W a sh in g to n , DC
B h a t ta c h a r y a  S ila  (1990) A s tu d y  o n  th e  p ro c e s s in g  a n d  

u ti l iz a t io n  o f  t a m a r in d  (Tamarindus indica) k e rn e l  fo r food 
u s e s .  P h .D . T h e s is , In d ia n  I n s t i tu te  o f  T e ch n o lo g y , K h a ra g p u r

B h a t ta c h a r y a  S , G a n g o p h y a y  H, C h a u d h u r y  D R  (1983) T a m a r in d  
k e rn e l  p o w d e r  a s  p e c t in  s u b s t i t u t e  in  food in d u s tr ie s .  
P ro c e e d in g s  o f N a tio n a l C o n fe re n c e  o n  F r u i t s  a n d  V e g e ta b le s  
P ro c e ss in g  In d u s try ,  A s s o c ia tio n  o f  F o o d  S c ie n t is ts  a n d  
T e c h n o lo g is ts  (In d ia), C a lc u t ta ,  p p  6 1 -6 4  

B h a t ta c h a r y a  S ila , B a l S , M u k h e r je e  RK, B h a t ta c h a r y a  S u v e n d u  
(1991) R h eo lo g ica l b e h a v io u r  o f  t a m a r in d  (Tamarindus indica) 
k e rn e l  p o w d e r  s u s p e n s io n .  J  F o o d  E n g  1 3 :1 5 1 -1 5 8

B o u rn e  MC (1982 ) F o o d  T e x tu re  a n d  V is c o s ity -C o n c e p t a n d  
M e a s u re m e n t,  A c ad e m ic  P re s s ,  N ew  Y ork 

C a m p o s  J E ,  E l-D a s h  AA (1978) E ffec t o f  a d d i t io n  o f  fu ll fa t  sw e e t 
lu p in e  f lo u r  o n  rh e o lo g ic a l p r o p e r t ie s  o f  d o u g h  a n d  b a k in g  
q u a li ty  o f  b re a d .  C e re a l C h e m  5 5 :6 1 9 -6 2 7  

D 'A p p lo n ia  BL, Y o u n g s  VL (1978 ) E ffe c t o f  b r a n  a n d  h ig h  p ro te in  
c o n c e n t r a te  fro m  o a ts  o n  d o u g h  p ro p e r t ie s  a n d  b re a d  q u a lity . 
C e re a l C h e m  5 5 :7 3 6 -7 4 3

F o re s t  R e s e a rc h  In s t i tu te ,  D e h ra  D u n , I n d ia  (1 9 5 5 ) T a m a r in d  
h a s  m a n y  u s e s .  I n d ia n  F a rm in g  5 (8 ) :2 1 -2 2 , 2 4  

J a m b h u l k a r  V, S h a n k h a p a l  KV (1992 ) E ffe c t o f  m in e ra ls  o n  lip id  
p ro d u c t io n  b y  Rhizopus nigricans a n d  Penicillium nigricans 
o n  ta m a r in d  k e rn e l  p o w d e r . J  F o o d  S c i T e c h n o l 2 9 :3 3 3 -3 3 5

L ew is YS, N e e la k a n ta n  S  (1 9 6 4 ) T h e  c h e m is try ,  b io c h e m is try  
a n d  te c h n o lo g y  o f  ta m a r in d .  J  S c i I n d u s  R es  2 3 :2 0 4 -2 0 6



376
Little TM, Hill M J (1978 ' A g ric u ltu ra l E x p e r im e n ta t io n  : D esig n  

a n d  A n a ly s is . J o h n  W iley a n d  S o n s , N ew  Y ork 
M aran g o n l A, Alii I, K e rm a s h a  S  (1988) C o m p o s itio n  a n d  

p ro p e rtie s  o f  s e e d s  o f  th e  tr e e  le g u m e  Tamarindus Indica. 
J  F ood S ci 5 3 :1 4 5 2 -1 4 5 5

R a n g a n n a  S  (1977) M a n u a l o f  A n a ly s is  o f  F r u i t  a n d  V e g e ta b le  
P ro d u c ts . T a ta  M cG raw  H ill P u b lis h in g  C o ., N ew  D elh i 

R ao KI I, S u b ra m a n ia n  N (1984) N itro g en  so lu b ility  a n d  fu n c tio n a l 
p ro p e rtie s  o f  ta m a r in d  s e e d  k e rn e l  p ro te in s .  P ro c e e d in g s  o f 
N a tio n a l S y m p o s iu m  o n  P ro te in  F o o d s  a n d  F e e d s , M a d ra s , 
In d ia , p p  6 7 -8 4

R ao PS, S r iv a s ta v a  HC (1974) T a m a r in d . In: W h is tle r  RL (ed) 
I n d u s t r i a l  G u m s .  A c a d e m ic  P r e s s  I n c . ,  N ew  Y o rk , 
p p  3 7 0 -4 1 1

R ed d y  DV, P ra s a d  DA, R ed d y  B S, C h a r y u lu  EK  (1986 ) E ffec t 
o f  re p la c in g  m a ize  w ith  t a m a r in d  s e e d  o r  r ic e  p o l is h  o n  th e  
p e rfo rm a n c e  c h a r a c te r i s t ic s  a n d  n u t r i e n t s  u t i l iz a t io n  b y  desi 
pigs. In d ia n  J  A n im al S ci 1 0 :1 0 8 -1 1 2

S h a k u n ta la  MN, S a d a k s h a r a s w a m y  M (19 8 7 ) F o o d s  : F a c ts  a n d  
P rin c ip le s , W iley E a s te r n  L td ., D e lh i

S u l ta n  W J (1976) P ra c tic a l  B a k in g , 3 rd  ed . T h e  AVI P u b l is h in g  
Co. In c ., W e s tp o r t C o n n

V is h n u  B h a t A, P a t ta b h i r a m a n  TN (1985) A c tio n  o f  p r o te in a s e  
in h ib i to r s  in  s ix  u n d e r  u tiliz e d  s e e d s  o n  h u m a n  a n d  b o v in e  
p a n c re a t ic  p ro te in a s e . J  F o o d  S c i T e c h n o l 2 2 :2 7 7 -2 8 1

R e c e iv e d  2 5  S e p te m b e r  1 9 9 1 ; r e v i s e d  2 9  D e c e m b e r  1 9 9 3 ; a c c e p te d  3 1  D e c e m b e r  1 9 9 3



J .  F o o d  S c i .  T e c h n o l ,  1 9 9 4 ,  V o L  3 1 ,  N o .  5 ,  3 7 7 - 3 7 9

A cceptability and Nutritive Value o f Puffed S o ya  as a
Sn ack  Food

S .  K A N C H A N A  A N D  S .  N E E L A K A N T A N *
D e p a r t m e n t  o f  F o o d  S c i e n c e  a n d  N u t r i t i o n ,

A g r i c u l t u r a l  C o l l e g e  a n d  R e s e a r c h  I n s t i t u t e ,  M a d u r a i - 6 2 5  1 0 4 ,  I n d i a .

S e v e n  v a r ie t ie s  o f  s o y b e a n s  w e re  e v a lu a te d  for th e ir  p o te n tia l  in  m a k in g  p u ffed  s o y a  s n a c k .  S o a k in g  o f  s o y b e a n  
for 2  a n d  3 h  in  a  s o lu tio n  c o n ta in in g  5%  s a l t  p lu s  3%  s o d iu m  b ic a rb o n a te  w a s  fo u n d  to  c o m p le te ly  e l im in a te  f la tu s  
c o m p o u n d s  in  'C O  1' a n d  'L ocal' v a r ie tie s ,  re sp ec tiv e ly . T h e  fo rm u la te d  p u ffed  s o y a  s n a c k  p ro v id e d  4 0 %  p ro te in s ,  19 .0%  
fa t a n d  4 2 0  K cal e n e r g y / 1 0 0  g  p ro d u c t .  T h e  p u ff in g  p ro c e s s  re d u c e d  b e a n y  f la v o u r  a n d  b i t t e r  ta s te ,  in  a d d i t io n  to 
th e  e lim in a tio n  o f  f la tu s  c o m p o u n d s . T h e  c r is p  a n d  ta s ty  p u ffed  so y a  w a s  fo u n d  to b e  w ell a c c e p te d . D a ta  rev e a led  
th a t  p u ffed  s o y a  c a n  b e  in t ro d u c e d  a s  a  p ro te in - r ic h  s n a c k  food , a n d  a s  a  s u b s t i t u t e  fo r  o th e r  c o s tly  n u t s .
K e y w o rd s  : S o y b e a n  v a r ie tie s ,  P u ffed  so y a  s n a c k ,  F la tu s  c o m p o u n d s , P u llin g  c h a r a c te r i s t ic s ,  O rg a n o le p tic  p ro p e rt ie s ,  

N u tritiv e  v a lu e .

P r o t e i n - c a l o r i e  m a l n u t r i t i o n  ( P C M )  a m o n g s t  
c h i l d r e n  i s  p r e v a l e n t  i n  s o m e  p a r t s  o f  t h e  c o u n t r y  
( S u b r a m a n i a n  1 9 8 3 ) .  M a n y  e f f o r t s  h a v e  b e e n  
u n d e r t a k e n  t o  a m e l i o r a t e  t h i s  s o c i o - e c o n o m i c  
p r o b l e m .  O n e  o f  t h e s e  i s  t h e  f o r m u l a t i o n  o f  h i g h  
p r o t e i n  f o o d s  ( A i y a r  1 9 8 4 ) .  S o y b e a n  i s  b e c o m i n g  
i n c r e a s i n g l y  p o p u l a r  i n  m a n y  S t a t e s  i n c l u d i n g  
T a m i l  N a d u .  S o y b e a n  c o n t a i n s  h i g h  a m o u n t s  o f  f a t  
a n d  p r o t e i n s ,  a l t h o u g h  t h e r e  a r e  s o m e  d i f f e r e n c e s  
i n  v a r i e t i e s  ( S o o d  e t  a l .  1 9 7 7 ,  S u b r a m a n i a n  1 9 8 3 ) .  
P o p u l a r i z i n g  s o y b e a n  i n  t h e  d i e t  w i l l  h e l p  i n  
c o m b a t i n g  p r o t e i n - c a l o r i e  m a l n u t r i t i o n  i n  c h i l d r e n  
t o  a  c e r t a i n  e x t e n t .

C h i l d r e n  n e e d  e x t r a  f o o d  f o r  t h e i r  g r o w t h  a n d  
m e t a b o l i s m .  T h e r e f o r e ,  s n a c k s  f o r  t h e  c h i l d r e n  
s h o u l d  b e  n o u r i s h i n g  a n d  c o n t r i b u t e  a  f a i r  s h a r e  
o f  n e e d e d  n u t r i e n t s .  T h e r e  a r e  a n  a l m o s t  u n l i m i t e d  
n u m b e r  o f  w h o l e s o m e  s n a c k s  t h a t  c a n  b e  e a s i l y  
p r e p a r e d  a n d  s t o r e d  ( A i y a r  1 9 8 4 ;  D a s  1 9 9 2 ) .  P u f f e d  
c e r e a l s  a n d  l e g u m e s ,  m i x e d  w i t h  r o a s t e d  o i l s e e d s  
a n d  d e s i c c a t e d  c o c o n u t  ( s a l t e d  a n d  s p i c e d ) ,  a r e  a  
f e w  p o p u l a r  s n a c k  f o o d s .  A m o n g  t h e  n u t s ,  c a s h e w  
a n d  g r o u n d n u t  a r e  c o m m o n l y  u s e d ,  b u t  a r e  c o s t l y .  
H e n c e ,  a  n e e d  e x i s t s  t o  f i n d  o u t  c h e a p e r  s u b s t i t u t e s .  
S o y b e a n ,  w h i c h  i s  a v a i l a b l e  a t  a  l o w  p r i c e  a n d  i n  
p l e n t y ,  w o u l d  b e  a  p o t e n t i a l  s u b s t i t u t e  ( S u b b a  R a o  
a n d  P r a s a n n a p p a  1 9 8 9 ) .  A l t h o u g h  s o y b e a n  h a s  
s o m e  u n d e s i r a b l e  c o n s t i t u e n t s  l i k e  t r y p s i n  i n h i b i t o r s  
( B i a n c h i  e t  a l .  1 9 8 3 ) ,  t h e  i n f o r m a t i o n  a v a i l a b l e  o n  
p r o c e s s i n g  o f  s o y b e a n  f o r  f o o d  u s e  c o u l d  b e  

j u d i c i o u s l y  a d o p t e d  t o  g e t  r i d  o f  t h e s e  f a c t o r s  a n d  
t o  h a v e  d e l i c i o u s  p u f f e d  s o y b e a n .  T h i s  w i l l  p r o v i d e  
a m p l e  s c o p e  f o r  t h e  d i r e c t  u t i l i z a t i o n  o f  s o y b e a n  
a s  a  n u t r i t i o u s  s n a c k  f o o d .  T h e  r e s u l t s  o n  t h e
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m a n u a l l y  b y  r u b b i n g .  T h e  s p l i t  d h a l  w a s  w i n n o w e d  
t o  o b t a i n  p u f f e d  s o y  d h a l  T h e  o r g a n o l e p t i c  e v a l u a t i o n  
w a s  c a r r i e d  o u t  b y  a  p a n e l  o f  t e n  u n t r a i n e d  j u d g e s  
f o r  c o l o u r ,  f l a v o u r ,  t e x t u r e ,  t a s t e  a n d  o v e r a l l  
a c c e p t a b i l i t y  o n  a  H e d o n i c  s c a l e  r a t i n g ,  u s i n g  4 . 0  
a s  t h e  m a x i m u m  s c o r e .

377
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TABLE 1. MEAN ORGA NO LEPTIC S C O R E S  O F  T H E  P U F F E D  SOYBEAN A F T E R  D IF F E R E N T  SO AKING P E R IO D S
S o a k in g  p e rio d , m in

Q u a lity
a t t r ib u te s

3 0 4 5 6 0 7 5 120 180 S E D C D 3 0 4 5 6 0 7 5 120 180 S E D C D

CO T v a rie ty 'L ocal' v a r ie ty
C o lo u r 2 .5 2 .6 3 .5 3 .5 3 .6 3 .8 .0 3 6 .080* 3 .0 3 .0 3 .0 3 .6 3 .6 3 .7 .0 2 0 .044*
F lav o u r 3 .0 3 .6 4 .0 4 .0 4 .0 4 .0 .0 3 6 .080* 3 .7 3 .7 3 .7 4 .0 4 .0 4 .0 .0 1 4 .032*
T e x tu re 3 .0 3 .6 3 .0 3 .5 4 .0 4 .0 .0 3 8 .084* 3 .7 3 .7 3 .7 3 .7 3 .9 4 .0 .0 1 8 .040*
T a s te
O v erall

2 .0 2 .3 3 .2 3 .5 3 .9 3 .4 .0 6 9 .152* 3 .2 3 .2 3 .2 3 .6 3 .9 3 .5 .0 3 1 .069*

a c c e p ta b ili ty  2 .5  
* S ig n ific a n t a t

2 .8
5%  level.

3 .2 3 .5 3 .9 3 .5 .041 .091* 3 .2 3 .2 3 .2 3 .6 3 .9 3 .5 .0 1 3 .030*

P h y s ic o -c h e m ic a l a n a ly s i s  : M o i s t u r e  a n d  a s h  
w e r e  d e t e r m i n e d  a c c o r d i n g  t o  s t a n d a r d  A O A C  
( 1 9 8 4 )  m e t h o d s .  P r o t e i n  w a s  d e t e r m i n e d  b y  t h e  
m i c r o - K j e l d h a l  m e t h o d  u s i n g  t h e  f a c t o r  6 . 2 5  ( P e a r s o n
1 9 7 6 ) .  F a t  w a s  d e t e r m i n e d  a s  p e r  H a r t  a n d  F i s c h e r  
( 1 9 7 1 ) .  T h e  p h y s i c a l  p a r a m e t e r s  l i k e  w e i g h t ,  v o l u m e  
a n d  b u l k  d e n s i t y  w e r e  e s t i m a t e d  i n  t h e  r a w  a n d  
p u f f e d  s o y a  s a m p l e s  a s  p e r  S u b b a  R a o  a n d  
P r a s a n n a p p a  ( 1 9 8 9 ) .

T h e  m e t h o d  d e s c r i b e d  b y  E l  F a k i  e t  a l  ( 1 9 8 4 )  
w a s  f o l l o w e d  f o r  t h e  e s t i m a t i o n  o f  f l a t u s  c o m p o u n d s  
b y  in  v itro  g a s  p r o d u c t i o n  e x p e r i m e n t .  S a m p l e s  
w e r e  f e r m e n t e d  a n a e r o b i c a l l y  b y  C lo s tr id iu m  
p e r jr ig e n s  a n d  t h e  q u a n t i t y  o f  g a s  p r o d u c e d  w a s  
m e a s u r e d  d i r e c t l y  i n  a i r - t i g h t  s y r i n g e s .  O n e  h u n d r e d  
m l  o f  t h e  s t e r i l i z e d  a n d  c o o l e d  C l o s t r i d i a l  m e d i u m  
b r o t h  ( S u b b a  R a o  1 9 7 7 )  w a s  t a k e n  i n  2 5 0  m l  
c o n i c a l  f l a s k s .  T h e  s o y b e a n  s a m p l e s ,  a f t e r  v a r i o u s  
t r e a t m e n t s ,  w e r e  a d d e d  a s e p t i c a l l y  a t  1 %  l e v e l  t o  
t h i s  b r o t h .  O n e  m l  c f  t h e  a c t i v e l y  g r o w i n g  Cl. 
p e r jr in g e n s  i n o c u l u m  w a s  t r a n s f e r r e d  i n t o  t h e  b r o t h  
t h r o u g h  a  s t e r i l e  p i p e t t e .  T h e  f l a s k s  w e r e  i n c u b a t e d  
a t  r o o m  t e m p e r a t u r e  f o r  2 4  h  u n d e r  s t a t i c  c o n d i t i o n .  
F o u r  m l  o f  t h e  i n c u b a t e d  b r o t h  w a s  d r a w n  i n t o  
s y r i n g e s ,  w h i c h  w e r e  f i x e d  w i t h  a  h y p o d e r m i c  
n e e d l e .  T h e  n e e d l e s  w e r e  p l u n g e d  i n t o  s t e r i l e  
r u b b e r  s t o p p e r s  t o  p r o v i d e  a i r  t i g h t n e s s .  A l l  t h e  
s y r i n g e s ,  w e r e  i n c u b a t e d  a t  r o o m  t e m p e r a t u r e  ( 3 0 -  
4 0 ° C ) .  A f t e r  4 8  h  o f  i n c u b a t i o n ,  t h e  g a s  p r o d u c e d  
w a s  d i r e c t l y  r e a d  o f f  f r o m  t h e  c a l i b r a t i o n s  o n  t h e  
s y r i n g e .  T h e  r e s u l t s  w e r e  e x p r e s s e d  a s  m l  o f  g a s  
p r o d u c e d  p e r  4  m l  b r o t h .

R e s u l t s  a n d  D i s c u s s i o n
T h e  m e a n  s c o r e s  o f  t h e  o r g a n o l e p t i c  p r o p e r t i e s  

o f  p u f f e d  s o y b e a n  a r e  g i v e n  i n  T a b l e  1 . I t  w a s  
o b s e r v e d  t h a t  s o a k i n g  f o r  2  h  i n  5 %  s a l t  p l u s  3 %  
s o d i u m  b i c a r b o n a t e  s o l u t i o n ,  p r i o r  t o  p u f f i n g ,  w a s  
o p t i m u m  f o r  t h e  p u f f i n g  o f  s o y b e a n .  S t a t i s t i c a l  
a n a l y s i s  o f  t h e  d a t a  r e v e a l e d  s i g n i f i c a n t  d i f f e r e n c e s  
i n  t h e  o r g a n o l e p t i c  p r o p e r t i e s  o f  t h e  v a r i e t i e s .

T h e  e f f e c t  o f  s o a k i n g  o n  t h e  f l a t u s  c o m p o u n d s  
r e v e a l e d  t h a t  s o a k i n g  p e r i o d s  o f  3  a n d  2  h  w e r e  
n e c e s s a r y  f o r  t h e  'L o c a l '  a n d  'C O  1 ' v a r i e t i e s  t o  
c o m p l e t e l y  e l i m i n a t e  t h e  f l a t u s  c o m p o u n d s .  S o a k i n g  
t h e  d r y  b e a n s  f o r  1 4  h  i n  w a t e r  r e s u l t e d  i n  
a p p r e c i a b l e  l o s s e s  o f  s u c r o s e ,  r a f f i n o s e  a n d  s t a c h y o s e  
a s  a  r e s u l t  o f  d i f f u s i o n .  K u  e t  a l  ( 1 9 7 6 )  r e p o r t e d  
t h a t  t h e  a d d i t i o n  o f  0 . 5 %  s o d i u m  b i c a r b o n a t e  
d u r i n g  c o o k i n g  o f  t h e  b e a n s  a c c e l e r a t e d  t h e  r e m o v a l  
o f  o l i g o s a c c h a r i d e s .  B i a n c h i  e t  a l  ( 1 9 8 3 )  o b s e r v e d  
t h a t  s o a k i n g  a n d  s u b s e q u e n t  c o o k i n g  f o r  1 h .  i n  
w a t e r  d e c r e a s e d  t h e  s o y b e a n  o l i g o s a c c h a r i d e  
c o n t e n t s  b y  8 5 % .

U n d e r  t h e s e  o p t i m i z e d  c o n d i t i o n s  o f  s o a k i n g  
i n  5 %  s a l t  p l u s  3 %  s o d i u m  b i c a r b o n a t e  s o l u t i o n  
f o r  2  h ,  a l l  t h e  v a r i e t i e s  w e r e  p u f f e d  a n d  
o r g a n o l e p t i c a l l y  e v a l u a t e d .  T h e  r e s u l t s  a r e  g i v e n  i n  
T a b l e  2 .  T h e  v a r i e t i e s ,  'L o c a l ' ,  'C O  1 ',  'K h s b  2 '  'U G M  
3 0 '  o b t a i n e d  m a x i m u m  s c o r e s ,  f o l l o w e d  b y  'M A C S  
1 2 4 ' ,  'H a r d e e '  a n d  'U G M  3 4 ’. T h e  d i f f e r e n c e s  i n  t h e  
o r g a n o l e p t i c  p r o p e r t i e s  b e t w e e n  v a r i e t i e s  w e r e  h i g h l y  
s i g n i f i c a n t  s t a t i s t i c a l l y .  T h e  p u f f i n g  q u a l i t y  o f  t h e  
s o y b e a n  w a s  d e t e r m i n e d  b a s e d  o n  t h e  b u l k  d e n s i t y .  
T h e  i n i t i a l  v o l u m e  o f  t h e  r a w  s o y b e a n  r a n g e d

TABLE 2. MEAN ORGA NO LEPTIC S C O R E S  O F  D IFFE R E N T  
VARIETIES O F  P U F F E D  SOYBEAN

V a rie ty
Q u a li ty  a t t r ib u t e s

C o lo u r F la v o u r T e x tu re T a s te O v era ll
a c c e p ta b il i ty

'K h sb  w' 3 .5 3 .6 3 .6 3 .6 3 .6
'UGM  3 0 ' 3 .5 3 .6 3 .6 3 .5 3 .6
'UGM  34 ' 2 .6 3 .6 3 .4 2 .5 2 .9
'M ACS 124 ' 3 .6 3 .6 3 .6 . 3 .3 3 .3
'H a rd e e ' 2 .9 3 .6 3 .4 3 .3 3 .4
'Local' 3 .7 3 .8 3 .9 3 .8 3 .8
'C O  1’ 3 .6 3 .8 3 .8 3 .7 3 .7
S E D 0 .1 7 0 .1 0 0 .1 2 0 .1 2 0 .1 4
CD 0 .6 4 * 0 .3 7 * 0 .4 5 * 0 .4 5 * 0 .5 2 *
S o a k in g  o f  so y b e a n w a s  d o n e  fo r 120 m in  in  5% s a l t  p lu s  3%
s o d iu m  b ic a rb o n a te  s o lu tio n .
* - S ig n ific a n t a t  5%  level
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TABLE 3. C H E M IC A L  C O M P O S IT IO N  
SNACK (g% )

O F  P U F F E D SOYA

V arie ty M o is tu re P ro te in F a t A sh
’K h sb  2' 1 .35 4 3 .8 19 .3 5 .8
'UGM 3 0 ’ 1 .35 4 2 .0 1 8 .2 5 .9
'UGM 3 4 ’ 1 .08 4 0 .2 1 9 .0 6 .2
'MACS 124 ' 1 .60 4 0 .2 18 .9 6 .8
'H ard ee ' 1 .65 4 2 .0 1 9 .7 6 .8
'Local' 1 .23 3 8 .5 19 .9 6 .1
C O  1' 1 .36 4 0 .2 19 .3 6 .1
SED 0 .0 3 0 .3 0 0 .1 9 0 .1 9
CD 0 .1 2 ” 1 .1 3 ” 0 .7 1 ” 0 .7 1 ”
S o a k in g  o f  s o y b e a n  w a s  d o n e  fo r 120  m in  In  5%  s a l t  p lu s  3%  
so d iu m  b ic a rb o n a te  s o lu tio n .
** S ig n ific an t a t  1% level

b e t w e e n  7 4  a n d  7 5  m l  p e r  5 0  g  a n d  t h e  b u l k  
d e n s i t y  b e f o r e  p u f f i n g  r a n g e d  b e t w e e n  0 . 6 3  a n d  
0 . 6 8  g / m l .  T h e  v o l u m e  i n c r e a s e  a f t e r  p u f f i n g  
r a n g e d  b e t w e e n  1 1 6  a n d  1 2 3  m l  p e r  5 0  g  a n d  t h e  
b u l k  d e n s i t y  r a n g e d  b e t w e e n  0 . 3 8  a n d  0 . 4 4  g / m l .  
T h i s  i n d i c a t e s  g o o d  p u f f i n g  o f  a l l  t h e  v a r i e t i e s  
t e s t e d .

T h e  d a t a  o n  t h e  c h e m i c a l  c o n s t i t u e n t s  o f  
p u f f e d  s o y b e a n  a r e  g i v e n  i n  T a b l e  3 .  S t a t i s t i c a l  
a n a l y s i s  o f  t h e  d a t a  r e v e a l e d  a  h i g h l y  s i g n i f i c a n t  
d i f f e r e n c e  b e t w e e n  t h e  v a r i e t i e s  a n a l y z e d  f o r  t h e i r  
c h e m i c a l  c o n s t i t u e n t s .  T h e  p r o t e i n  c o n t e n t  r a n g e d  
b e t w e e n  3 8 . 5 0  a n d  4 3 . 7 5 % ,  w h i l e  t h e  f a t  c o n t e n t  
v a r i e d  f r o m  1 8 . 1 6  t o  1 9 . 8 5  % .

I t  w a s  f o u n d  t h a t  t h e  g a s  p r o d u c t i o n  w a s  
s i g n i f i c a n t l y  r e d u c e d  b y  s o a k i n g  a n d  p u f f i n g  
t r e a t m e n t s ,  i n  c a s e  o f  a l l  t h e  v a r i e t i e s  o f  s o y b e a n  
t e s t e d  ( T a b l e  4 ) .  T h e  o l i g o s a c c h a r i d e s ,  b e i n g  s o l u b l e  
i n  w a t e r ,  a r e  l e a c h e d  o u t  i n  t h e  s o a k  w a t e r  a n d  
h e n c e  g e t  e l i m i n a t e d .  S o a k i n g  h a s  b e e n  t r a d i t i o n a l l y  
p r a c t i s e d  i n  I n d i a  f o r  m a n y  f o o d g r a i n s ;  e . g . ,  b e f o r e  
g r i n d i n g  i n  t h e  p r e p a r a t i o n  o f  id li  ( f e r m e n t e d  a n d  
s t e a m e d  r i c e  f o o d ) ,  d o s a  ( f e r m e n t e d  a n d  f r i e d  r i c e  
f o o d )  a n d  s u n d a l  ( s o a k e d  a n d  s t e a m e d  p u l s e  f o o d ) .  
( S u s h e e l a m m a  a n d  R a o  1 9 7 4 ) .  S a l u n k h e  ( 1 9 8 2 )  h a s  
a l s o  r e p o r t e d  t h a t  g e r m i n a t i o n ,  s o a k i n g ,  c o o k i n g  
a n d  a u t o c l a v i n g  c o n s i d e r a b l y  r e d u c e d  t h e  a m o u n t s  
o f  o l i g o s a c c h a r i d e s  i n  t h e  b e a n s .

A c k n o w l e d g e m e n t s
T h e  a u t h o r s  a r e  t h a n k f u l  t o  M / s  S a k t h i  S o y a s  

L t d . ,  C o i m b a t o r e  a n d  t h e  D i r e c t o r ,  S c h o o l  o f  
G e n e t i c s ,  T a m i l  N a d u  A g r i c u l t u r a l  U n i v e r s i t y ,  
C o i m b a t o r e ,  f o r  p r o v i d i n g  t h e  s o y b e a n  s a m p l e s .  T h e  
a u t h o r s  w i s h  t o  t h a n k  D r .  G .  S r i d h a r a n ,  P r o f e s s o r ,  
D e p a r t m e n t  o f  M i c r o b i o l o g y ,  C h r i s t i a n  M e d i c a l  
C o l l e g e  H o s p i t a l ,  V e l l o r e ,  f o r  p r o v i d i n g  a  p u r e

TABLE 4 . FLA TU S C O M P O U N D S  IN RAW  AND P U F F E D  
SOYBEAN

F la tu s  c o m p o u n d s ,
V a rie ty  v o lu m e  o f  g a s  p r o d u c e d /4  m l b r o th

B efo re  p u ff in g A fte r  p u ff in g
K h sb  2 ' 7 .1 0 .3
'U G M  3 0 ’ 8 .3 0 .1
UGM  3 4 ’ 7 .3 0 .5
M ACS 124 ' 7 .5 0 .6
'H a rd e e ' 7 .1 0 .5
'L ocal' 7 .0 1 .0
'C O  1’ 7 .3 0 .6
S E D 0 .1 5 0 .0 9
C D 0 .5 7 ” 0 .3 3 ”
S o a k in g  o f  s o y b e a n  w a s  d o n e  fo r 1 2 0  m in  In  5%  s a l t  p lu s  3%  
s o d iu m  b ic a rb o n a te  s o lu tio n . ”  S ig n if ic a n t  a t  1% level

c u l t u r e  o f  C L  p e r fr in g e n s .  S .  K a n c h a n a  t h a n k s  T a m i l  
N a d u  A g r i c u l t u r a l  U n i v e r s i t y  f o r  a  S e n i o r  R e s e a r c h  
F e l l o w s h i p .

R e f e r e n c e s
A ly ar AS (1984) S c o p e  fo r p ro m o tio n  o f  so y  p r o d u c ts  in  In d ia . 

In d ia n  F oo d  In d u s t r y  3 :3 -7
AOAC (1984) O ffic ia l M e th o d s  o f  A n a ly s is , 1 4 th  e d . A sso c ia tio n  

o f  O fficial A n a ly tic a l C h e m is ts ,  W a s h in g to n , DC 
B ia n c h l MIP, S ilv a  H C , C a m p o s  M AP (1983 ) E ffec t o f  s ev e ra l 

t r e a tm e n ts  o n  th e  o lig o s a c c h a r id e  c o n te n t  o f  a  B ra z ilia n  
s o y b e a n  v a rie ty  Glycine max (L) M errit. J  A gric  F o o d  C h e m  
3 1 :1 3 6 3 -1 3 6 4

D a s  HK (1992) C ris p  a n d  s p ic y  s o y b e a n  s n a c k .  J  F oo d  S cl 
T e c h n o l 2 9 :3 8 7 -3 8 9

E l F ak i MA, B h a v a n is h a n k a r  TN, V e n k a ta ra m a n  LV, T h a r a n a th a n  
RN, D e s ik a c h a r  H S R  (1984) P re s e n c e  o f  a n  in h ib i to r  fa c to r  
to  g a s  p ro d u c tio n  b y  Clostridium perfringens in  h u s k s  o f  
c h ie k  p e a , c o w p e a  a n d  h o rs e g ra m . J  F o o d  S c i T e c h n o l 
2 1 :2 5 9 -2 6 1

K u S , W ei MP, S te in b e rg  AI, H y m ow itz  T  (19 7 6 ) E x tr a c tio n  o f  
o lig o sa c c h a r id e s  d u r in g  c o o k in g  o f  w h o le  s o y b e a n . J  F oo d  
S c i T e c h n o l 4 :3 6 1 -3 6 4

H a r t  AM, F is c h e r  H J  (1971 ) M o d e m  F o o d  A n a ly s is , S p r in g e r  
V erlag , H e id e lb e rg

P e a rs o n  D (1976) T h e  C h e m ic a l A n a ly s is  o f  F o o d s . C h u rc h ill  
L iv in g s to n , E d in b u rg h

S a lu n k h e  DK (1982) L e g u m e s  In  h u m a n  n u t r i t io n  - C u r re n t  
s t a t u s  a n d  f u tu re  r e s e a r c h  n e e d s .  C u r r  S c i 5 :3 8 7 -3 9 4  

S o o d  DR, W agle D S, N a ln a w a te e  H S , G u p ta  VP (1977 ) V a rie ta l 
d iffe re n c e s  in  th e  c h e m ic a l  c o m p o s it io n  o f  s o y b e a n . J  F ood 
S c i T e c h n o l 1 4 :1 7 7 -1 7 8

S u b b a  R ao, P r a s a n n a p p a  G  (1989) S tu d ie s  o n  th e  p h y s ic o 
c h e m ic a l p a ra m e te r s  o f  e x p a n d e d  s o y b e a n . J  F oo d  S ci 
T e c h n o l 2 0 :2 5 2 -2 5 4

S u b b a  R ao  N S (1977) S o il M ic ro o rg a n ism s  a n d  P la n t  G ro w th .
O x fo rd  a n d  IBH P u b lis h in g  C o ., N ew  D e lh i 

S u b ra m a n ia n  N (1983 ) P ro c e ss e d  food  fo r  b e t t e r  n u t r i t io n  a t  
lo w er o p e ra t io n a l  c o s t. In : N e e la k a n ta n  S  (ed.) P ro c e e d in g s  
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R . E .  L O T H A  A N D  D . S .  K H U R D I Y A *
D i v i s i o n  o f  F r u i t s  a n d  H o r t i c u l t u r a l  T e c h n o l o g y ,

I n d i a n  A g r i c u l t u r a l  R e s e a r c h  I n s t i t u t e ,  N e w  D e l h i - 1 1 0  0 1 2 ,  I n d i a .

As th e  q u a li ty  o f  k in n o w  m a n d a r in  p ro d u c ts  is  a ffec ted  b y  th e  m e th o d s  o f  ju ic e  e x tra c t io n , five d if fe re n t m e th o d s  
o f  ju ic e  e x tra c tio n , viz., h y d ra u lic  p re s s in g  (HP), h a n d  re a m in g  (HR), u s in g  sc re w  ty p e  ju ic e  e x t r a c to r  (SE), c r u s h in g  
w ith o u t p ee l (CWP), a n d  c r u s h in g  w ith  p ee l (CP) w e re  e v a lu a te d . T h e  ju ic e  y ie ld  w a s  in  th e  r a n g e  o f  3 6 .3 6  to  4 8 .4 0 % . 
T h e  p o m a c e  p o s s e s s e d  v a r ia b le  a m o u n ts  o f  p e c tin , a n d  th e  p e e l c o n ta in e d  p e c tin  a n d  e s s e n t ia l  oil. T h e  C P  m e th o d  
y ie ld ed  th e  h ig h e s t  a m o u n t  o f  ju ic e  a n d  h a d  th e  h ig h e s t  v a lu e s  for to ta l s o lu b le  so lid s , a s c o rb ic  a c id , p e c tin ,  c lo u d in e s s ,  
v isco s ity  a n d  p u  p c o n te n t ,  b u t  h a d  th e  lo w est ac id ity . A s tro n g  p o s itiv e  r e la t io n s h ip  e x is te d  b e tw e e n  th e  p u lp  c o n te n t  
a n d  c lo u d in e s s  c f  th e  ju ic e s .  T h e  s u g a r s  w e re  n o t  m u c h  in f lu e n c e d  b y  th e  m e th o d s  o f  e x tra c t io n . A tr e m e n d o u s  e ffec t 
w a s , how ever, n o tic e d  o n  th e  c a ro te n o id  a n d  H u n te r  c o lo u r  v a lu e s  o f  th e  ju ic e s .  T h e  ju ic e  o b ta in e d  fro m  C P  m e th o d  
w a s  n o t  a c c e p ta b le  d u e  to i ts  in te n s e  b i t te rn e s s ,  w h ile  th e  ju ic e s  o b ta in e d  b y  h y d ra u lic  p re s s in g  a n d  h a n d  r e a m in g
w ere  n o t b i t te r .
K e y w o rd s  : K in n o w  m a n d a r in ,  J u ic e  e x tra c t io n  m e th

P o m ace , J u i c e  a n d  p eel c o m p o s itio n .

K i n n o w  m a n d a r i n  c u l t i v a t i o n  h a s  a s s u m e d  
g r e a t e r  i m p o r t a n c e  a n d  p o p u l a r i t y  a m o n g  N o r t h  
I n d i a n  c i t r u s  g r o w e r s ,  a n d  a  l a r g e  a c r e a g e  i s  b e i n g  
b r o u g h t  u n d e r  i t s  c u l t i v a t i o n  p a r t i c u l a r l y  i n  P u n j a b ,  
H a r y a n a ,  R a j a s t h a n  a n d  H i m a c h a l  P r a d e s h  
( C h u n d a w a t  e t  a l .  1 9 7 8 ;  M a n n  1 9 7 8 ) .  A v a i l a b i l i t y  
o f  l a r g e  q u a n t i t i e s  o f  f r u i t  m i g h t ,  o v e r  a  s h o r t  
h a r v e s t i n g  p e r i o d ,  p o s e  p r o b l e m s  f o r  e f f i c i e n t  
m a r k e t i n g  a n d  u t i l i z a t i o n ,  o w i n g  t o  t h e  p e r i s h a b l e  
n a t u r e  o f  t h e  f r u i t .  S o m e  s t u d i e s  h a v e  a l s o  b e e n  
d o n e  o n  t h e  e f f e c t  o f  h a r v e s t i n g  p e r i o d s  o n  s h e l f -  
l i f e  a n d  q u a l i t y  o f  k i n n o w  f r u i t s  ( N a g a r  1 9 9 3 ) .

E v e n  t h o u g h  a  f e w  m e t h o d s  h a v e  b e e n  i n  u s e  
f o r  t h e  e x t r a c t i o n  o f  c i t r u s  j u i c e s ,  o n l y  s c r e w  t y p e  
j u i c e  e x t r a c t o r  i s  u s e d  t o  e x t r a c t  t h e  j u i c e  f r o m  
k i n n o w  m a n d a r i n  ( P r u t h i  1 9 7 8 ;  R a m t e k e  a n d  
E i p e s o n  1 9 9 0 )  . R e p o r t s  h a v e  a l s o  a p p e a r e d  o n  t h e  
t h e r m a l  p r o c e s s i n g  o f  k i n n o w  j u i c e  a n d  i t s  s h e l f -  
l i f e  ( R a n o t e  e t  a l .  1 9 9 3 ;  N a t h  a n d  R a n g a n n a  1 9 7 7 ) .  
N o  d e t a i l e d  i n v e s t i g a t i o n  h a s  b e e n  c o n d u c t e d  o n  
t h e  e f f e c t s  o f  d i f f e r e n t  e x t r a c t i o n  m e t h o d s  o n  t h e  
p h y s i c o - c h e m i c a l  c o m p o s i t i o n  o f  j u i c e ,  p o m a c e  a n d  
p e e l .  H e n c e ,  t h e  p r e s e n t  i n v e s t i g a t i o n  w a s  c a r r i e d  
o u t  a n d  t h e  d a t a  a r e  r e p o r t e d  i n  t h e  p r e s e n t  p a p e r .

M a t e r i a l s  a n d  M e t h o d s
J u ic e  e x tra c tio n  : F r e s h  k i n n o w  m a n d a r i n  f r u i t s  

w e r e  p r o c u r e d  f r o m  t h e  l o c a l  m a r k e t .  A f t e r  s o r t i n g  
a n d  t h o r o u g h  w a s h i n g  w i t h  w a t e r ,  t h e  f r u i t s  w e r e  
s u b j e c t e d  t o  f iv e  d i f f e r e n t  m e t h o d s  o f  j u i c e  e x t r a c t i o n .
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o f  j u i c e ,  p o m a c e ,  p e e l  a n d  p r e p a r a t o r y  l o s s  w e r e  
e x p r e s s e d  a s  %  o f  t h e  o r i g i n a l  f r u i t  w e i g h t .  T h e  t o t a l  
s o l u b l e  s o l i d s  ( T S S )  o f  t h e  s a m p l e s  w e r e  r e c o r d e d  
u s i n g  a  r e f r a c t o m e t e r  ( M a r k  I I ,  A b b e ,  L e i c a  I n c ,  
B u f f a l o ,  N e w  Y o r k )  a t  2 0 ° C .  T h e  p H  w a s  m e a s u r e d  
a t  2 0 ° C .  A s c o r b i c  a c i d  w a s  d e t e r m i n e d  b y  2 , 6 -  
d i c h l o r o p h e n o l  i n d o p h e n o l  v i s u a l  t i t r a t i o n  m e t h o d
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( F r e e d  1 9 6 6 ) .  S u g a r s  w e r e  e s t i m a t e d  b y  t h e  m e t h o d  
o f  L a n e  a n d  E y n o n  ( 1 9 2 3 ) .  T h e  a c i d i t y ,  c a r o t e n o i d s  
a n d  p e c t i n  ( a s  c a l c i u m  p e c t a t e )  w e r e  d e t e r m i n e d  
b y  t h e  m e t h o d s  d e s c r i b e d  b y  R a n g a n n a  ( 1 9 8 6 ) .  
V i s c o s i t y  w a s  m e a s u r e d  a t  2 5 ° C  i n  v i s c o m e t e r  
( D i g i t a l ,  B r o o k  F i e l d  E n g i n e e r i n g  L a b o r a t o r i e s ,  I n c ,  
S t o u g h t o n ,  M a s s )  a n d  e x p r e s s e d  a s  c e n t i p o i s e  u n i t s  
(C P U )  a s  d e s c r i b e d  b y  R a n g a n n a  ( 1 9 8 6 ) .  T h e  c o l o u r  
w a s  m e a s u r e d  o n  H u n t e r  L , a ,  b  s c a l e  u s i n g  
c o l o r i m e t e r  ( G a r d n e r  c o l o u r g a r d  s y s t e m  / 0 5 ,  P a c i f i c  
S c i e n t i f i c ,  S i l v e r  S p r i n g )  a n d  e x p r e s s e d  a s  t o t a l

c o l o u r  =  V ( L )  2 + ( i i  2 + ( b ) 2  an < ^ ^ u e  a n S^e  4> =  t a n  1 
b / a  ( R a n g a n n a  1 9 8 6 ;  L i t t l e  1 9 7 5 ) .  F o r  c l o u d i n e s s ,  
t h e  j u i c e  w a s  c e n t r i f u g e d  f o r  1 0  m i n  a t  3 6 0  x  g  
( K r o p  e t  a l .  1 9 7 4 )  a n d  %  t r a n s m i s s i o n  o f  t h e  
s u p e r n a t a n t  w a s  m e a s u r e d  a t  6 6 0  n m  i n  a  1 -  c m  
c u v e t t e  i n  a  S p e c t r o p h o t o m e t e r  ( M o d e l  C L - 2 4 ,  E l i c o ,  
H y d e r a b a d ) .  T h e  d e n s i t y  w a s  e x p r e s s e d  a s  m a s s  b y  
v o l u m e .  T h e  p e e l  o i l  w a s  e x t r a c t e d  f r o m  t h e  k i n n o w  
p e e l  b y  h y d r o d i s t i l l a t i o n  m e t h o d  ( L o t h a  1 9 9 2 ) ,  u n t i l  
t h e  o i l  w a s  f u l l y  e x t r a c t e d  a n d  e x p r e s s e d  a s  %  o f  
t h e  p e e l .  S e n s o i y  e v a l u a t i o n  f o r  b i t t e r n e s s  w a s  
j u d g e d  b y  a  p a n e l  o f  7  s t a f f  m e m b e r s  o n  a  5 -  p o i n t  
s c a l e  ( L a r m o n d  1 9 7 7 ) .  K i n n o w  j u i c e  w a s  a l s o  m a d e  
i n t o  n e c t a r  a n d  s q u a s h  ( L o t h a  1 9 9 2 ;  L a i  e t  a l .  1 9 8 6 )  
t o  e v a l u a t e  t h e i r  b i t t e r n e s s .  S q u a s h  c o n t a i n e d  4 0 %  

j u i c e ,  h a v i n g  4 5 °  B r i x  a n d  1 . 0 %  a c i d i t y ,  w h i l e  
n e c t a r  c o n t a i n e d  4 0 %  j u i c e ,  b u t  1 5 °  B r i x  a n d  0 . 3 %  
a c i d i t y .  T h e  s q u a s h  w a s  p r e s e r v e d  i n  s u l p h u r  
d i o x i d e  ( 3 5 0  p p m )  a n d  n e c t a r  b y  h e a t  p r o c e s s i n g  
( 9 0 ° C ) .

R e s u l t s  a n d  D i s c u s s i o n
R e c o v e ry  o f  ju ic e , p o m a c e  a n d  p e e l : I t  i s  e v i d e n t  

f r o m  t h e  d a t a  ( T a b l e  1) t h a t  t h e  r e c o v e r y  o f  j u i c e ,  
p o m a c e  a n d  p e e l  w a s  g r e a t l y  i n f l u e n c e d  b y  t h e  
m e t h o d s  o f  j u i c e  e x t r a c t i o n .  T h e  j u i c e  y i e l d  w a s  
i n  t h e  r a n g e  o f  3 6 . 3 6  t o  4 8 . 4 0 % ,  s i m i l a r  t o  t h e  
v a l u e s  r e p o r t e d  b y  o t h e r  w o r k e r s  ( J a w a n d a  e t  a l .  
1 9 7 3 ;  B h u l l e r  1 9 8 2 ) .  M a x i m u m  j u i c e  r e c o v e r y  w a s  
o b t a i n e d  b y  C P  m e t h o d ,  f o l l o w e d  b y  C W P ,  H P ,  S E

TABLE 1. E F F E C T  O F  M E TH O D S O F  JU IC E  EXTRACTION ON 
% YIELDS O F  JU IC E , PO M A CE AND P E E L

E x trac tio n  m e th o d s J u ic e ,
%

P o m ace ,
%

Peel,
%

P re p a ra 
to ry  lo ss ,

%
H y d rau lic  p re s s in g 4 6 .1 1 2 3 .9 0 2 8 .0 4 1 .95
H an d  re a m in g 3 6 .3 6 12 .9 4 4 0 .8 6 9 .8 4
U sing  sc rew  type 

ju ic e  e x tra c to r 3 9 .9 4 2 6 .6 5 2 6 .6 5 6 .7 6
C ru sh in g  w ith o u t peel 4 7 .1 4 1 4 .1 0 2 9 .0 0 9 .7 8
C ru sh in g  w ith  peel 4 8 .4 0 4 2 .4 7 - 9 .1 3

a n d  H R  m e t h o d s .  H i g h  j u i c e  r e c o v e r y  b y  C P  a n d  
C W P  m e t h o d s  m i g h t  b e  d u e  t o  a d d i t i o n a l  j u i c e  f r o m  
t h e  p e e l  a n d  j u i c e  s a c s .  T h e  n e x t  b e x t  j u i c e  r e c o v e r y  
b y  H P  m e t h o d  i s  p r o b a b l y  d u e  t o  c o m p l e t e  r e m o v a l  
o f  t h e  j u i c e  f r o m  t h e  j u i c e  s a c s .  T h e  l o w  p e r c e n t a g e  
o f  j u i c e  i n  t h e  H R  m e t h o d  c o u l d  b e  d u e  t o  
i n c o m p l e t e  b r e a k i n g  o f  t h e  j u i c e  s a c s .  T h e  p o m a c e  
y i e l d  r a n g e d  f r o m  1 2 . 9 4  t o  4 2 . 4 7 % ,  a g a i n s t  a  r a n g e  
f r o m  2 0 . 1 1  t o  4 7 . 1 0 %  r e p o r t e d  e a r l i e r  ( B a l  a n d  
C h o h a n  1 9 8 3 ;  J a w a n d a  e t  a l .  1 9 7 3 ;  P r u t h i  1 9 7 8 ) .  
H i g h e r  %  o f  p o m a c e  o b t a i n e d  i n  C P  m e t h o d  w a s  
d u e  t o  t h e  c o n t r i b u t i o n  b y  p e e l  c o n t e n t ,  a s  w h o l e  
f r u i t  w a s  c r u s h e d  a n d  p u l p e d  i n  t h i s  m e t h o d .  T h e  
l o w  %  p o m a c e  i n  H R  m e t h o d  w a s  o b v i o u s l y  d u e  
t o  t h e  r e m o v a l  o f  t h e  j u i c e  s a c s  a n d  m e m b r a n e s  
a t  t h e  t i m e  o f  r e a m i n g .  H i g h  p e r c e n t a g e  o f  p e e l  g o t  
i n  t h e  m e t h o d  c a n  b e  j u s t i f i e d  s i m i l a r l y .

T h e  p e e l  r e c o v e r y  r a n g e d  f r o m  2 6 . 6 5  t o  4 0 . 8 6 %  
a n d  t h i s  i s  h i g h e r  t h a n  t h a t  r e p o r t e d  b y  P r u t h i
( 1 9 7 8 ) ,  b u t  l o w e r  t h a n  t h a t  o b s e r v e d  b y  S e t h i  e t  
a l  ( 1 9 8 0 ) .  T h e  s m a l l  d i f f e r e n c e s  i n  t h e  p e e l  r e c o v e r y  
b y  H P ,  S E  a n d  C W P  m e t h o d s ,  w h e r e  t h e  p e e l s  h a d  
b e e n  r e m o v e d  i n  t h e  s a m e  m a n n e r ,  m i g h t  b e  d u e  
t o  t h e  d i f f e r e n c e s  i n  t h e  t h i c k n e s s  o f  t h e  p e e l  a n d  
s i z e  o f  t h e  f r u i t s .  T h e  p r e p a r a t o r y  l o s s  w a s  m i n i m u m  
i n  H P  m e t h o d  ( 1 . 9 5 % ) ,  f o l l o w e d  b y  S E  m e t h o d .  T h e  
t h r e e  m e t h o d s ,  v i z . ,  H R ,  C W P  a n d  C P ,  s h o w e d  o t h e r  
s i m i l a r  p r e p a r a t o r y  l o s s e s .

P h y s ic o -c h e m ic a l c h a r a c te r is t ic s  o f  p o m a c e  a n d  
p e e l  : T h e  m e t h o d s  o f  j u i c e  e x t r a c t i o n  h a v e  
s i g n i f i c a n t l y  i n f l u e n c e d  s o m e  o f  t h e  p h y s i c o - c h e m i c a l  
c h a r a c t e r i s t i c s  o f  p o m a c e  a n d  p e e l  ( T a b l e  2 ) .  T h e  
h i g h e r  T S S  o b s e r v e d  i n  p o m a c e ,  o b t a i n e d  b y  C W P  
a n d  C P  m e t h o d s ,  s h o w e d  t h a t  c r u s h i n g  t h e  f r u i t s  
w i t h  o r  w i t h o u t  p e e l  i n c r e a s e d  T S S .  P o m a c e  f r o m  
H R  m e t h o d  h a d  t h e  l o w e s t  T S S ,  b e c a u s e  l e s s  s o l i d s

TABLE 2. E F F E C T  O F  M E TH O D S O F  JU IC E  EXTRACTION ON 
T H E  IMPORTANT C O N STITU EN TS O F  PO M A CE AND 
P E E L

E x tra c tio n  P o m ace  P eel
m e th o d s

T SS,
%

A cidity ,
%

P e c tin
%

P ec tin ,
%

Oil,
%

H y d ra u lic
p re s s in g 10 .0 0 .6 5 6 .0 4 7 .9 4 0 .4 0

H a n d
re a m in g 9 .0 0 .9 2 4 .5 8 7 .8 4 0 .3 0

U sin g  sc rew  
ty p e  ju ic e  
e x tra c to r 1 0 .5 0 .7 8 4 .6 4 7 .9 2 0 .4 0

C ru s h in g  
w ith o u t peel 1 1 .0 0 .7 4 8 .3 6 7 .9 3 0 .4 0

C ru s h in g  
w ith  p ee l 1 1 .0 0 .5 5 8 .9 6 - -
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TABLE 3. E F F E C T  O F  M E T H O D S O F  JU IC E  EXTRACTION ON T H E  PH YSICO -CH EM ICA L C O M PO SIT IO N  O F  KINNOW  MANDARIN 
JU IC E

E x tra c tio n  T S S , pH  A cidity , P e c tin , V isco sity , D e n s ity , A sco rb ic  R e d u c in g  S u c ro s e , T o ta l c a ro -  B e ta -
m e th o d s % - % % CPU g /m l ac id ,

m g / 1 0 0  m l
s u g a r s ,

%
% te n o id s ,  

m e g / 100  g
c a ro te n e , 

m e g / 1 0 0  g
H y d rau lic

p re s s in g 1 0 .4 5 3 .5 0 0 .7 9 0 .3 4 4 .8 5 1 .00 1 8 .4 8 4 .3 8 3 .7 0 6 .3 8 2 .1 6
H a n d  re a m in g 1 0 .9 0 3 .3 9 0 .7 9 0 .5 4 6 .8 0 1 .00 1 6 .9 7 4 .6 8 3 .5 7 1 9 .2 3 8 .2 6
U sing  sc rew  ty p e  
ju ic e  e x tra c to r 10 .7C 3 .5 4 0 .7 4 0 .9 7 1 9 .0 5 1 .02 1 8 .3 0 4 .1 8 3 .9 9 1 8 .0 7 6 .0 1

C ru sh in g  
w ith o u t p e e l 1 2 .0 0 3 .6 7 0 .7 1 1 .52 8 9 .0 0 1 .03 2 0 .2 7 4 .6 5 4 .0 7 2 0 .1 4 1 1 .3 4

C ru sh in g  
w ith  peel 1 2 .2 5 3 .8 5 0 .5 4 3 .5 6 6 0 0 .0 0 1 .03 2 6 .5 0 4 .8 3 3 .6 9 3 1 .7 0 1 0 .5 6

h a d  c o m e  o u t  f r o m  t h e  j u i c e  s a c s  a n d  m e m b r a n e s .  
T h e  a c i d i t y  w a s  m a x i m u m  i n  p o m a c e  f r o m  H R  
m e t h o d ,  w h i c h  h a d  t h e  m i n i m u m  p e c t i n  a n d  T S S ,  
t h e r e b y  i n d i c a t i n g  t h a t  t h e  o r g a n i c  a c i d s  w e r e  
p r e s e n t  m o s t l y  i n  t h e  j u i c e  p o r t i o n .  T h e  l o w  a c i d i t y  
i n  t h e  p o m a c e  f r o m  C P  m e t h o d  m i g h t  b e  d u e  t o  
t h e  p r e s e n c e  o f  h i g h  p r o p o r t i o n  o f  f l a v e d o  a n d  
a l b e d o  p o r t i o n s .  T h e  h i g h  p e c t i n  c o n t e n t  i n  p o m a c e  
f r o m  C P  a n d  C W P  m e t h o d s  i n d i c a t e d  t h a t  t h e  p e e l ,  
j u i c e  s a c s  a n d  m e m b r a n e s  h a d  b e e n  c r u s h e d  t o  
a  g r e a t e r  e x t e n t .

T h e  p e c t i n  c o n t e n t  o f  k i n n o w  p e e l  w a s  s i m i l a r  
i n  c a s e  o f  a l l  t h e  m e t h o d s  o f  j u i c e  e x t r a c t i o n .  T h e  
p e c t i n  v a l u e s  o b s e r v e d  a r e  h i g h e r  t h a n  t h a t  i n  t h e  
e a r l i e r  r e p o r t s  ( P r u t h i  e t  a l .  1 9 6 1 ;  P r u t h i  1 9 7 8 ;  
R o u s e  a n d  K n o o r  1 9 7 1 ) .  T h e  o i l  c o n t e n t s  o f  t h e  
p e e l s ,  w h i c h  w e r e  r e m o v e d  i n  t h e  s a m e  m a n n e r  i n  
H P ,  S E  a n d  C W P  m e t h o d s ,  w e r e  s i m i l a r  ( 0 . 4 0 % ) ,  
b u t  t h e  H R  m e t h o d ,  w h e r e  t h e  p e e l  h a d  a  l a r g e  
p o r t i o n  o f  a l b e d o ,  j u i c e  s a c s  a n d  m e m b r a n e s ,  h a d  
0 . 3 0 %  p e e l  o i l .  S i m i l a r l y ,  t h e  p o m a c e  o f  t h e  C P  
m e t h o d  c o n t a i n e d  0 . 2 3 %  p e e l  o i l .  T h e  p e e l  o i l s  o f
1 . 0  a n d  2 . 3 5 %  h a v e  b e e n  r e p o r t e d  i n  k i n n o w  b y  
P r u t h i  e t  a l  ( 1 9 8 4 )  a n d  C h a l i h a  e t  a l  ( 1 9 6 3 ) ,  
r e s p e c t i v e l y .

C o m p o s itio n  o f  k in n o w  ju i c e  : T h e  T S S  o f  t h e  
j u i c e  w a s  h i g h e r  i n  c a s e  o f  C P  a n d  C W P  e x t r a c t i o n  
m e t h o d s .  T h e  H R ,  S E  a n d  H P  m e t h o d s  s h o w e d  
s i m i l a r  T S S  v a l u e s ,  w h i c h  w e r e  l o w e r ,  t h a n  t h o s e  
i n  t h e  j u i c e  o b t a i n e d  b y  C P  a n d  C W P  m e t h o d s  
( T a b l e  3 ) .  T h e  p H  o f  t h e  j u i c e s  e x t r a c t e d  b y  d i f f e r e n t  
m e t h o d s  r a n g e d  f r o m  3 . 3 9  t o  3 . 8 5 ,  t h e  v a l u e s  b e i n g  
h i g h e r  t h a n  t h o s e  r e p o r t e d  i n  a n  i n d u s t r i a l l y  
p r o d u c e d  m a n d a r i n  j u i c e  ( P i c c o l o  e t  a l .  1 9 8 3 ) .  T h e  
a c i d i t y  o f  t h e  j u i c e s  r a n g e d  f r o m  0 . 5 4  t o  0 . 7 9 % .  
T h e  h i g h e s t  a n d  t h e  l o w e s t  a c i d i t i e s  w e r e  r e c o r d e d  
i n  j u i c e s  e x t r a c t e d  b y  H P  a n d  C P  m e t h o d s ,  
r e s p e c t i v e l y .

P e c t i n  c o n t e n t s  o f  t h e  j u i c e s  r a n g e d  f r o m  0 . 3 4

t o  3 . 5 6 %  ( T a b l e  3 ) .  T h e  h i g h e s t  a n d  l o w e s t  p e c t i n  
c o n t e n t s  o f  t h e  j u i c e  w e r e  r e c o r d e d  i n  c a s e  o f  C P  
a n d  H P  m e t h o d s ,  r e s p e c t i v e l y ,  w h i c h  m i g h t  b e  d u e  
t o  t h e  p r e s e n c e  o f  p e e l  p o r t i o n  i n  t h e  j u i c e  i n  t h e  
f o r m e r  c a s e .  I n  o r a n g e  j u i c e ,  0 . 5 2 %  p e c t i n  h a s  b e e n  
r e p o r t e d  ( R a m t e k e  a n d  E i p e s o n  1 9 9 0 ) .  T h e  j u i c e  
f r o m  C P  m e t h o d  s h o w e d  1 2 3 . 7  t i m e s  m o r e  v i s c o s i t y  
t h a n  t h e  l e a s t  v i s c o u s  j u i c e  f r o m  H P  e x t r a c t i o n  
m e t h o d .  T h e  v i s c o s i t y  o f  t h e  j u i c e  h a s  a  p o s i t i v e  
c o r r e l a t i o n  w i t h  i t s  p e c t i n  c o n t e n t .  T h e  d e n s i t i e s  
o f  t h e  j u i c e s  o b t a i n e d  f r o m  C P  a n d  C W P  e x t r a c t i o n  
m e t h o d s  w e r e  m o r e  t h a n  t h o s e  f r o m  r e s t  o f  t h e  
m e t h o d s ,  b u t  t h e  d i f f e r e n c e s  w e r e  n o t  s i g n i f i c a n t .

A s c o r b i c  a c i d  c o n t e n t s  o f  j u i c e s  o b t a i n e d  b y  
d i f f e r e n t  e x t r a c t i o n  m e t h o d s  w e r e  i n  t h e  r a n g e  o f
1 6 . 9 7  t o  2 6 . 5 0  m g / 1 0 0  m l .  T h i s  i s  i n  a g r e e m e n t  
w i t h  t h e  v a l u e s  r e p o r t e d  b y  J a w a n d a  e t  a l  ( 1 9 7 3 ) ,  
t h o u g h  a  w i d e r  r a n g e  w a s  r e p o r t e d  b y  S i n g h  e t  a l  
( 1 9 7 8 )  a n d  P r u t h i  e t  a l  ( 1 9 8 4 ) .  T h e  h i g h e s t  a n d  
l o w e s t  a s c o r b i c  a c i d  c o n t e n t s  w e r e  o b s e r v e d  i n  t h e  
j u i c e s  e x t r a c t e d  b y  C P  a n d  H R  m e t h o d s ,  r e s p e c t i v e l y .  
T h e  o t h e r  m e t h o d s  h a d  m o r e  o r  l e s s  s i m i l a r  
a m o u n t s  o f  a s c o r b i c  a c i d .  T h i s  s h o w e d  t h a t  t h e  p e e l  
a l s o  c o n t r i b u t e d  t o  t h e  a s c o r b i c  a c i d  c o n t e n t  o f  t h e  
j u i c e .

O n l y  s m a l l  d i f f e r e n c e s  w e r e  o b s e r v e d  i n  r e d u c i n g  
s u g a r s  a n d  s u c r o s e  o f  t h e  j u i c e  e x t r a c t e d  b y  t h e  
d i f f e r e n t  m e t h o d s .  T h e  m i n i m u m  t o t a l  c a r o t e n o i d  
a n d  b e t a - c a r o t e n e  w e r e  r e c o r d e d  i n  t h e  j u i c e  f r o m  
H P  m e t h o d ,  w h i l e  m a x i m u m  c o n t e n t s  w e r e  i n  c a s e  
o f  C P  a n d  C W P  m e t h o d s .  H i g h e r  b e t a - c a r o t e n e  i n  
j u i c e  f r o m  C W P  m e t h o d ,  b u t  l o w e r  v a l u e  i n  C P -  
e x t r a c t e d  j u i c e ,  i n d i c a t e d  t h a t  t h e  b e t a - c a r o t e n e  
c a m e  m o s t l y  f r o m  t h e  c r u s h e d  j u i c e  m e m b r a n e s  
a n d  s a c s .  I t  a l s o  i n d i c a t e d  t h a t  t h e  h i g h  t o t a l  
c a r o t e n o i d  w o u l d  n o t  n e c e s s a r i l y  m e a n  h i g h  b e t a -  
c a r o t e n e  ( T a b l e  3 ) .

A  s t r o n g  p o s i t i v e  r e l a t i o n s h i p  e x i s t e d  b e t w e e n  
t h e  p u l p  c o n t e n t  o f  t h e  j u i c e  a n d  c l o u d i n e s s  ( F ig .
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CP CWP SE HR HP
J U I C E  E X T R A C T I O N  M E T H O D S

Fig. 1 E ffect o f  m e th o d s  o f  ju ic e  e x tra c t io n  o n  th e  p u lp  a n d  
c lo u d in e ss . ■ ■  : P u lp , ISSaJ; T ra n s m is s io n .

1). T h u s ,  t h e  c l o u d i n e s s  i n c r e a s e d  w i t h  i n c r e a s e  i n  
t h e  p u l p  c o n t e n t .  T h e  m a x i m u m  p u l p  c o n t e n t  w a s  
o b s e r v e d  i n  j u i c e  o b t a i n e d  b y  C P  m e t h o d ,  f o l l o w e d  
b y  C W P ,  S E ,  H R  a n d  H P  m e t h o d s .  A  s i g n i f i c a n t  
e f f e c t  o n  p u l p  c o n t e n t s  o f  j u i c e s  b y  t h e  e x t r a c t i o n  
m e t h o d s  w a s  a l s o  o b s e r v e d .  M o h s e n  e t  a l  ( 1 9 8 6 )  
h a v e  a l s o  r e p o r t e d  t h e  i n f l u e n c e  o f  t h e  m e t h o d  o f  
j u i c e  e x t r a c t i o n  o n  t h e  p u l p  c o n t e n t .  C o l o u r  o n  
H u n t e r  s c a l e  a l s o  d i f f e r e d  s i g n i f i c a n t l y  w i t h  t h e  
m e t h o d s  o f  j u i c e  e x t r a c t i o n  ( T a b l e  4 ) .  T h e  j u i c e  f r o m  
C P  m e t h o d  g a v e  t h e  h i g h e s t  v a l u e s  f o r  l i g h t n e s s ,  
y e l l o w n e s s ,  t o t a l  c o l o u r  a n d  h u e  a n g l e ,  t h o u g h  i t  
w a s  p o o r e r  i n  r e d n e s s  v a l u e s .  T h e  a t t r a c t i v e  a n d  
b r i g h t  c o l o u r  w a s  o b s e r v e d  i n  t h e  j u i c e  o b t a i n e d  
b y  C W P  m e t h o d ,  w h i c h  i s  c o r r o b o r a t e d  b y  i t s  
h i g h e s t  r e d n e s s  v a l u e s  a n d  l o w e s t  h u e  a n g l e .  I t  i s  
i n f e r r e d  t h a t  t h e  p r e s e n c e  o f  p e e l  i s  m o r e  r e s p o n s i b l e  
f o r  y e l l o w i n g  i n  t h e  j u i c e .  H P  m e t h o d  g a v e  a  v e i y  
p o o r  a n d  d u l l  c o l o u r e d  j u i c e ,  w h i l e  t h e  o t h e r

TABLE 4. E F F E C T  O F  M E TH O D S O F  JU IC E  EXTRACTION ON 
T H E  H U N T E R  C O L O U R  O F  KINNOW  MANDARIN 
JU IC E

E x tra c tio n
m e th o d s

L
(ligh t
n e ss)

+ a
(re d 
n e ss )

+b
(yellow 

n e ss )

T o ta l
c o lo u r

H u e  angle*, 
d e g re e s

H y drau lic
p re s s in g 4 2 .2 3 3 .3 9 2 0 .3 0 4 6 .9 8 5 .9 9

H a n d
ream in g 5 7 .9 3 9 .9 1 3 3 .0 9 6 7 .4 4 3 .3 4

U sin g  sc rew  
ty p e  ju ic e  
e x tra c to r 6 0 .5 3 1 0 .1 8 3 2 .0 4 6 9 .2 4 3 .3 5

C ru sh in g
w ith o u t
peel 6 3 .7 3 13 .01 3 3 .9 9 7 3 .3 9 2 .61

C ru sh in g  
w ith  peel 7 7 .6 8 4 .0 4 4 6 .4 2 9 0 .5 8 11.41

* H ue ( <j> = T a n -1 b / a )

TABLE 5. E F F E C T  O F  M E T H O D S O F  JU IC E  EXTRACTION ON 
T H E  B IT T E R N ESS O F  KINNOW  MANDARIN JU IC E , 
NECTA R AND SQ U A SH

B it te rn e s s ,  m e a n  s c o re
E x tra c tio n
m e th o d s J u i c e N e c ta r S q u a s h
H y d ra u lic  p re s s in g 0 0 0
H a n d  r e a m in g 0 0 .1 2 0
U s in g  sc re w  ty p e  

ju ic e  e x tra c to r 0 .5 0 0 .2 5 0 .1 2
C ru s h in g  w i th o u t  p ee l 1 .8 7 0 .2 5 0 .1 2
C ru s h in g  w ith  p ee l 4 .3 7 2 .1 2 1 .62
C D  (5%) 0 .5 6 0 .6 3 0 .5 4

m e t h o d s  ( H R  a n d S E )  g a v e a n  a v e r a g e c o l o u r e d
j u i c e .

T h e  m e t h o d s  o f  j u i c e  e x t r a c t i o n  h a d  a  s i g n i f i c a n t  
e f f e c t  o n  t h e  b i t t e r n e s s  o f  k i n n o w  m a n d a r i n  j u i c e ,  
n e c t a r  a n d  s q u a s h  ( T a b l e  5 ) .  T h e  j u i c e  o b t a i n e d  
f r o m  H P  a n d  H R  m e t h o d s ,  a n d  s q u a s h  p r e p a r e d  
f r o m  t h e s e  j u i c e s  a s  w e l l  a s  n e c t a r  p r e p a r e d  f r o m  
H R  e x t r a c t e d  j u i c e ,  w e r e  n o t  b i t t e r  a t  a l l .  J u i c e  f r o m  
S E  m e t h o d ,  n e c t a r  f r o m  t h e  j u i c e  o b t a i n e d  b y  H R ,  
S E  a n d  C W P  m e t h o d s  a n d  s q u a s h  f r o m  S E  a n d  
C W P  m e t h o d s ,  h a d  t r a c e s  o f  b i t t e r n e s s ,  b u t  w e r e  
a c c e p t a b l e .  T h e  j u i c e  o b t a i n e d  b y  C W P  a n d  C P  
m e t h o d s  a n d  n e c t a r  a s  w e l l  a s  s q u a s h  m a d e  f r o m  
j u i c e  e x t r a c t e d  b y  C P  m e t h o d ,  h a d  s i g n i f i c a n t l y  
h i g h  m e a n  s c o r e s  f o r  b i t t e r n e s s  a n d  t h e s e  w e r e  
u n a c c e p t a b l e .

C o n c l u s i o n
T h e  m e t h o d s  o f  j u i c e  e x t r a c t i o n  i n f l u e n c e d  t h e  

p h y s i c o - c h e m i c a l  c h a r a c t e r i s t i c s  o f  k i n n o w  m a n d a r i n  
j u i c e ,  p o m a c e  a n d  p e e l .  T h e  j u i c e  o b t a i n e d  b y  H P  
m e t h o d  w a s  w i t h o u t  a n y  b i t t e r n e s s ,  b u t  p o o r  i n  
a l l  o t h e r  q u a l i t y  a t t r i b u t e s .  T h e  C P  e x t r a c t e d  j u i c e  
w a s  t o o  b i t t e r ,  b u t  r i c h  i n  a l l  o t h e r  q u a l i t y  
a t t r i b u t e s .  B l e n d i n g  o f  t h e s e  t w o  m a y  r e s u l t  i n  a  
g o o d  q u a l i t y  j u i c e ,  n e c t a r  a n d  s q u a s h .  I t  m a y  e v e n  
b e  p o s s i b l e  t o  h a v e  j u i c e  e x t r a c t e d  b y  C W P  m e t h o d  
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Physico-chem ical and Processing Quality o f Four New  
Mango Hybrids in Com parison to Two Com m ercial Cultivars

I . N .  D O R E Y A P P A  G O W D A * ,  K . H .  R A M A N J A N E Y A ,  C . P . A .  I Y E R ,
M . D .  S U B R A M A N Y A M  A N D  M . R .  D I N E S H

I n d i a n  I n s t i t u t e  o f  H o r t i c u l t u r a l  R e s e a r c h ,  B a n g a l o r e - 5 6 0  0 8 9 ,  I n d i a

F o u r  n e w  m a n g o  h y b r id s ,  'A rk a  A ru n a  (H -10)', 'A rk a  P u n e e t  (H -13)', 'A rk a  A n m ol (H -17-3 )' a n d  ('H -51)', d e v e lo p ed  
a t  th e  In d ia n  In s t i tu te  o f  H o r tic u ltu ra l  R e se a rc h , B a n g a lo re , w e re  c o m p a re d  w ith  tw o c o m m e rc ia l c u lt iv a rs ,  'A lp h o n so ' «
a n d  T o ta p u r i ' to  a s s e s s  th e i r  p h y s ic o -c h e m ic a l a n d  p ro c e s s in g  c h a ra c te r is t ic s .  'A rk a  P u n e e t ' a n d  'A rk a  A n m ol' w e re  
very  m u c h  c o m p a ra b le  w ith  ’A lp h o n so ’ w ith  r e s p e c t  to f ru i t  w e ig h t, v o lu m e , b r e a d th ,  to ta l  s o lu b le  so lid s , pH , ac id ity , 
r e d u c in g  s u g a r s ,  to ta l  s u g a r s ,  v isco s ity  a n d  q u a li ty  o f  c a n n e d  ju ic e .  F r u i ts  o f  'A rk a  A n m o l' w e re  s lig h tly  lo n g e r  th a n  
'A lp h o n so ' a n d  h a d  low er f irm n e s s ,  w h e re a s  'A rk a  P u n e e t ' h a d  goo d  f irm n e s s  a t  r ip e  c o n d itio n . All h y b r id s  g av e  m a rg in a lly  
h ig h e r  p u lp  y ie ld  a n d  p o s s e s s e d  low er peel, s to n e  a n d  fib re  c o n te n ts .  C a ro te n o id  c o n te n ts  o f  a ll h y b r id s  w e re  s ig n if ic a n tly  
low er th a n  th o s e  o f  'A lp h o n so ', b u t  h ig h e r  th a n  th o s e  o f  T o ta p u r i ',  e x c e p t in  c a s e  o f  'A rk a  A ru n a '.  V ita m in -C  c o n te n t  
w a s  a lso  s ig n if ic a n tly  lo w er in  a ll h y b rid s , e x c e p t in  'H -5 1 '. 'A rk a  A ru n a ’ h a d  h ig h e r  f ru i t  w e ig h t, v o lu m e , b r e a d th  
a n d  p o s s e s se d  lo w er fib re  c o n te n t ,  th a n  a ll o th e r  h y b rid s  a n d  v a rie tie s . B o th  'A rk a  A ru n a ' a n d  'H -5 1 ' w e re  n o t  s u i ta b le  
for c a n n e d  ju ic e  p re p a ra t io n .
K e y w o rd s  : M ango , N ew  h y b rid s , P h y sic o -c h e m ic a l c h a r a c te r s ,  P ro c e ss in g  q u a lity , C a n n e d  ju ic e ,  S p o n g y  t is s u e .

A l t h o u g h  m a n y  v a r i e t i e s  o f  m a n g o e s  a r e  g r o w n  
i n  I n d i a ,  v e r y  f e w  a r e  s u i t a b l e  f o r  b o t h  t a b l e  a n d  
p r o c e s s i n g  p u r p o s e s  ( I y e r  e t  a l .  1 9 9 1 ) .  O f  t h e s e ,  
'A l p h o n s o '  i s  t h e  l e a d i n g  o n e  i n  d e m a n d ,  d u e  t o  
i t s  e x c e l l e n t  q u a l i t y  a n d  a r o m a  ( G o l a p  a n d  
B a n d o p a d h y a y  1 9 7 5 ) .  S i n c e  i t  f e t c h e s  e x t r e m e l y  
h i g h  p r i c e  a s  a  t a b l e  f r u i t ,  t h e  p r o c e s s i n g  i n d u s t r y  
f i n d s  i t  d i f f i c u l t  t o  p r o c u r e  'A l p h o n s o ' .  T h e  h i g h  c o s t  
o f  'A l p h o n s o '  m a n g o  a l s o  l e a d s  t o  c o s t l i e r  p r o c e s s e d  
p r o d u c t .  F u r t h e r ,  t h e  i n c i d e n c e  o f  s p o n g y  t i s s u e  i n  
'A l p h o n s o '  a f f e c t s  t h e  e x p o r t  o f  f r e s h  m a n g o e s ,  a n d  
a l s o  t h e  y i e l d  o f  p u l p  o r  s l i c e s  f o r  c a n n i n g  p u r p o s e s  
( I y e r  e t  a l .  1 9 9 1 ) .  B e s i d e s ,  t h e  e f f e c t  o f  f r e e z e - d i y i n g  
o n  t h e  q u a l i t y  o f  'A l p h o n s o '  h a s  b e e n  s t u d i e d  
( R a m a m u r t h y  a n d  B a n g i r w a r  1 9 7 9 ) .  T h e  o t h e r  
v a r i e t y  t h a t  i s  b e i n g  p r o c e s s e d  o n  a  l a r g e  s c a l e  i s  
'B a n g a l o r a  o r  T o t a p u r i ’. I t  i s  a  h i g h  y i e l d e r ,  w i t h  
r e g u l a r  b e a r i n g  h a b i t ,  a n d  h a s  a  m i l d  f l a v o u r ,  
w h i c h  f i n d s  f a v o u r  i n  m a n y  f o r e i g n  c o u n t r i e s  ( I y e r  
e t  a l .  1 9 9 1 ) .

E a r l i e r  a t t e m p t s  t o  d e v e l o p  v a r i e t i e s  w h i c h  a r e  
r e g u l a r  b e a r e r ,  d w a r f  a n d  w i t h  a b i l i t y  t o  y i e l d  f r u i t s  
s i m i l a r  t o  'A l p h o n s o '  a n d  o f  d e s i r a b l e  s k i n  c o l o u r ,  
b u t  a r e  f r e e  f r o m  s p o n g y  t i s s u e  h a v e  r e s u l t e d  i n  
f iv e  p r o m i s i n g  h y b r i d s ,  o u t  o f  w h i c h  t w o  a r e  i n  p r e 
r e l e a s e  s t a g e  ( A n o n  1 9 9 2 ) .  S o m e  s t u d i e s  o n  t h e  
s u i t a b i l i t y  o f  o t h e r  h y b r i d s  f o r  p r o c e s s i n g  q u a l i t y  
o f  m a n g o  h y b r i d s  h a v e  b e e n  r e p o r t e d  ( A m b a  D a n  
e t  a l .  1 9 8 5 ;  K h u r d i y a  a n d  R o y  1 9 8 5 ) .  I n  t h e  p r e s e n t  
s t u d y ,  f o u r  s e l e c t e d  h y b r i d s  w e r e  t e s t e d  a g a i n s t  t w o  
l e a d i n g  c o m m e r c i a l  v a r i e t i e s ,  'A l p h o n s o '  a n d
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T o t a p u r i '  a n d  t h e  r e s u l t s  a r e  r e p o r t e d  i n  t h i s  p a p e r .

M a t e r i a l s  a n d  M e t h o d s
P h y s ic a l  c h a r a c te r is t ic s  o f  th e  f r u i t s  : F u l l y  

m a t u r e  f r u i t s  w e r e  h a r v e s t e d  a n d  a l l o w e d  t o  r i p e n  
a t  r o o m  t e m p e r a t u r e .  P r o p e r l y  r i p e n e d  f r u i t s  ( 1 0  
N o s . )  o f  e a c h  h y b r i d  o r  v a r i e t y  w e r e  r a n d o m l y  
s e l e c t e d  a n d  a v e r a g e  f r u i t  w e i g h t ,  l e n g t h ,  b r e a d t h  
a n d  f i r m n e s s  w e r e  r e c o r d e d  u s i n g  a  b a l a n c e  
( T u l a m a n ,  H y d e r a b a d )  v e r n i e r  c a l i p e r  ( M i t u t o y o ,  
J a p a n )  a n d  f r u i t  p r e s s u r e  t e s t e r  ( F T 3 2 7 ,  E F F E G I ,  
I t a l y ) ,  r e s p e c t i v e l y .  A f t e r  w a s h i n g  i n  r u n n i n g  t a p  
w a t e r ,  f r u i t s  ( 2 0  k g )  w e r e  h a n d - p e e l e d  a n d  t h e  p u l p  
w a s  r e m o v e d  c o m p l e t e l y  f r o m  p e e l  a s  w e l l  a s  s t o n e  
b y  u s i n g  a  s t a i n l e s s  s t e e l  k n i f e .  P u l p  w a s  b l e n d e d  
i n  a  W a r i n g  b l e n d e r  a n d  p a s s e d  t h r o u g h  a  3 0  m e s h  
s t a i n l e s s  s t e e l  s i e v e  t o  r e m o v e  f i b r e s .  T h e  w e i g h t s  
o f  d i f f e r e n t  f r u i t  c o m p o n e n t s  a n d  y i e l d  o f  f i n e  p u l p  
w e r e  n o t e d .

C h e m ic a l c o m p o s itio n  o f  p u lp  : T h e  s t r a i n e d  
p u l p  s a m p l e s  w e r e  c h e m i c a l l y  a n a l y z e d  f o r  a c i d i t y ,  
r e d u c i n g  a n d  t o t a l  s u g a r s ,  v i t a m i n  C  a n d  c a r o t e n o i d s  
b y  A O A C  ( 1 9 8 4 )  m e t h o d s .  T h e  v i s c o s i t y  o f  t h e  p u l p  
w a s  d e t e r m i n e d  b y  a  v i s c o m e t e r  (L V T D , B r o o k f i e l d ,  
U S A ) ,  w h i l e  t o t a l  s o l u b l e  s o l i d s  w e r e  r e c o r d e d  u s i n g  
a  h a n d  r e f r a c t o m e t e r  ( E r m a ,  J a p a n ,  0 - 3 2 °  B r ix ) .

C a n n in g  o f  m a n g o  ju i c e  : J u i c e  ( 4 5 %  p u l p ,  2 0 °  
B r i x  a n d  0 . 3 %  a c i d i t y )  w a s  p r e p a r e d  f r o m  s t r a i n e d  
p u l p ,  h e a t e d  t o  8 5 ° C ,  f i l l e d  h o t  i n  o p e n  t o p  s a n i t a r y  
c a n s  (1  l b ,  p l a i n )  a n d  s e a l e d  b y  u s i n g  a  d o u b l e  
s e a m e r  ( M B , ,  M e t a l  B o x ,  E n g l a n d ) .  S e a l e d  c a n s  
w e r e  h e l d  f o r  1 5  m i n  i n  b o i l i n g  w a t e r  a n d  p r o m p t l y  
c o o l e d  i n  r u n n i n g  w a t e r .  T h e  c a n n e d  j u i c e  w a s
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TABLE 1. D ESC R IPTIO N  AND SPEC IA L CHAR AC TERISTICS O F  NEW  H Y B R ID S/C O M M E R C IA L  V A R IETIES O F  M ANGO

H y b rid / P a re n ts S k in
v a rie ty c o lo u r

'A rka  A ru n a 'B a n g a n a p a lli ' Yellow  w ith  re d d is h
(H -10)’ a n d  'A lp h o n so ' t in g e  a t  s ta lk  e n d

'A rka  P u n e e t 'A lh o n so ' a n d Yellow  w ith  re d d is h
(H-13)' 'B a n g a n a p a lli ' t in g e  a t  s ta lk  e n d

*Arka A nm ol 'A lp h o n so ' a n d U n ifo rm  g o ld en
(H -17-3)' 'J a n a r d h a n  P a s a n d ' ye llow

'H y b rid -5 1 ' 'A lp h o n so ' a n d  
'B a n g a n a p a lli '

G re e n is h  ye llow

'A lpho nso ' C o m m e rc ia l v a rie ty  
o f  M a h a ra s h t r a

O ra n g e  ye llow

T o ta p u r i ’ C c m m e rc ia l v a rie ty Y ellow  w ith  re d d is h
o f  S o u th  In d ia tin g e  a t  s ta lk  e n d

P u lp
c o lo u r

F r u i t
y ie ld ,

t o n n e s / h a

S p e c ia l  c h a r a c te r i s t ic s

C re a m
c o lo u r

17 R e g u la r  b e a re r ;  free  fro m  
s p o n g y  t is s u e ;  s u i ta b le  fo r 
h ig h  d e n s i ty  p la n t in g

D eep
o ra n g e

9 F irm  fle sh ; goo d  f la v o u r  a n d  
k e e p in g  q u a lity ; fre e  f ro m  fib re , 
s p o n g y  t i s s u e  a n d  f ru i t  fly

O ra n g e 9 V ery  g o o d  k e e p in g  q u a lity ; free  
fro m  s p o n g y  t is s u e :  go o d  s u g a r -  
a c id  b le n d ;  u n ifo rm  y e llo w  s k in  
c o lo u r  o n  r ip e n in g

Yellow 8 S o ft p u lp ; le s s  f ib ro u s ; 
h ig h  T S S

D eep
ye llow

7 E x c e lle n t f lav o u r; goo d  k e e p in g  
q u a lity ; c a n n in g /p r o c e s s in g  
c h a r a c te r s

L ig h t
ye llow

16 P o o r f ru i t  q u a lity ; v e ry  good  
k e e p in g  q u a li ty

a n a l y z e d  a s  i n  c a s e  o f  t h e  p u l p .
S e n s o r y  e v a lu a t io n  o f  c a n n e d  m a n g o  J u ic e  : I t  

w a s  c a r r i e d  o u t  b y  a  p a n e l  o f  1 0  j u d g e s ,  u s i n g  
t h e  H e d o n i c  s c a l e  h a v i n g  s c o r e  f o r  c o l o u r  ( 3 0 ) ,  
c o n s i s t e n c y  ( 3 0 )  a n d  f l a v o u r  ( 4 0 ) .  A l l  t h e  d a t a  w e r e  
a n a l y z e d  s t a t i s t i c a l l y  u s i n g  c o m p l e t e l y  r a n d o m i z e d  
d e s i g n  ( C R D )  w i t h  f o u r  r e p l i c a t i o n s  a n d  m e a n s  w e r e  
c o m p a r e d  a t  p r o b a b i l i t y  l e v e l s  o f  5 %  a n d  1 %  
( S u n d a r a r a j  e t  a l .  1 9 7 2 ) .

R e s u l t s  a n d  D i s c u s s i o n
P h y s i c a l  c h a r a c t e r i s t i c s : T h e  p h y s i c a l  

c h a r a c t e r i s t i c s  o f  t h e  n e w  h y b r i d  f r u i t s  a n d  
c o m m e r c i a l  c u l t i v a r s  a r e  p r e s e n t e d  i n  T a b l e s  1 a n d
2 .  S i g n i f i c a n t  d i f f e r e n c e s  w e r e  o b s e r v e d  i n  f r u i t  
w e i g h t ,  v o l u m e ,  l e n g t h ,  b r e a d t h ,  f i r m n e s s ,  p e e l  a n d  
f i b r e  c o n t e n t  o f  d i f f e r e n t  h y b r i d s / v a r i e t i e s .  F r u i t  
w e i g h t  a n d  v o l u m e  w e r e  s i g n i f i c a n t l y  h i g h e r  i n  
'A r k a  A r u n a '  a n d  t h e s e  w e r e  m i n i m u m  i n  'A l p h o n s o ' .

T h e  w e i g h t s  o f  o t h e r  h y b r i d s  w e r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  f r o m  'A l p h o n s o ' ,  b u t  t h e y  w e r e  l o w e r  t h a n  
t h a t  o f  ' T o t a p u r i ' .  A l l  t h e  f r u i t s  w e r e  s i g n i f i c a n t l y  
s h o r t e r  a n d  s m a l l e r  i n  b r e a d t h  t h a n  'A r k a  A r u n a '  
a n d  T o t a p u r i ' ,  w h i l e  t h e  d i f f e r e n c e s  i n  s h o r t n e s s  
a m o n g  t h e m s e l v e s  w e r e  n o t  s i g n i f i c a n t  e x c e p t  i n  
c a s e  o f  'A r k a  A n m o l ' .  T h e  d i f f e r e n c e s  i n  b r e a d t h  
b e t w e e n  'A r k a  P u n e e t ' ,  'A r k a  A n m o l ' ,  'H - 5 1 '  a n d  
'A l p h o n s o '  w e r e  n o t  s i g n i f i c a n t .  T o t a p u r i ' ,  'A l p h o n s o '  
a n d  'A r k a  P u n e e t '  h a d  a  c o m p a r a t i v e l y  b e t t e r  f r u i t  
f i r m n e s s  a t  r i p e  c o n d i t i o n .  A l l  t h e  h y b r i d s  r e c o r d e d  
h i g h e r  p u l p  y i e l d  a n d  l o w e r  p e e l ,  f i b r e  a s  w e l l  a s  
s t o n e  c o n t e n t  t h a n  t h o s e  o f  'A l p h o n s o ' ,  b u t  t h e  
d i f f e r e n c e s  w e r e  s t a t i s t i c a l l y  n o t  s i g n i f i c a n t  f o r  
s t o n e  c o n t e n t  a n d  p u l p  y i e l d .  H o w e v e r ,  t h e  d i f f e r e n c e  
w a s  s i g n i f i c a n t  f o r  p e e l  c o n t e n t .  T h e  p e e l  c o n t e n t  
o f  'A r k a  A n m o l '  w a s  o n l y  h a l f  o f  t h a t  o f  'A l p h o n s o ' ,  
w h i l e  i t  w a s  h i g h e r  i n  'A r k a  A r u n a ' .  T h e  f i b r e  
c o n t e n t  o f  p u l p  v a r i e d  c o n s i d e r a b l y  a n d  a l l  h y b r i d s

TABLE 2. PHYSICAL CHAR AC TERISTICS O F  NEW  HYBRIDS AND COM M ERCIAL C U L TIV A R S/V A R IETIES O F  M ANGO
V a rie ty /

h y b rid
F ru it

w e ig h t,
g

V o lum e,
m l

L en g th ,
c m

B re a d th ,
cm

F irm n e ss ,
lb s / s q .

In c h

P u lp
yield*,

%

Peel,
%

S to n e ,
%

F ib re ,
%

'A rka  A ru n a ' 6 8 2 7 2 3 1 3 .0 9 .0 7 .3 6 5 .2 16 .3 1 5 .8 0 .4
'A rka  P u n e e t ' 2 5 7 2 2 2 9 .1 7 .0 1 2 .0 6 7 .9 1 4 .2 1 4 .9 0 .9
'A rka A nm ol' 2 5 8 2 2 2 1 0 .4 6 .3 7 .6 6 8 .6 10 .3 1 4 .7 1.9
'H y b rid -5 1 ' 2 5 3 3 4 5 8 .8 7 .0 7 .8 6 8 .7 12 .3 1 3 .0 1.1
'A lpho nso ' 2 1 6 2 2 5 7 .7 6 .6 13 .2 5 7 .7 2 0 .3 1 7 .3 2 .3
T o ta p u r i ’ 3 5 3 3 8 2 1 2 .8 7 .4 15 .5 6 2 .7 1 7 .8 1 2 .8 3 .8
SE M  ± 3 3 2 6 0 .6 0 .3 0 .8 3 .7 1.5 2 .8 0 .4
CD a t  5% 1 0 3 .8 8 1 .8 2 .0 1.1 2 .5 NS 4 .7 N S 1.2
CD a t  1% 1 4 7 .7 1 1 6 .4 2 .9 1.6 3 .5 - 6 .7 - 1.7
* P u lp  th a t  w a s  a v a ila b le  fo r  p ro c e s s in g  a f te r  d is c a rd in g  o v e r r ip e /s p o n g y  t l s s u e / s to n e  w eev il a ffe c te d  p o r tio n ., N S  - N o n -s ig n if ic a n t
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TABLE 3. PH YSICO -CH EM ICA L C O M PO SITIO N  O F  MANGO PU LP AND CANNED JU IC E  O F  NEW  H Y B R ID S AND COM M ERCIAL 
CULTIV A R S/V A RIETIES

V a rie ty / T S S . pH A cidity , R e d u c in g T o ta l C a ro te n o id s , V ita m in  C, V isco sity ,
h y b rid °B rix % s u g a r s ,  %  

P u lp
s u g a r s ,  % m g / 100  g m g / 1 0 0  g c p u

'A rka A ru n a ' 1 9 .4 4 .3 0 .3 6 .2 11 .3 0 .7 3 .1 4 7 5 0
A rk a  P u n e e t' 2 0 .3 4 .2 0 .4 5 .4 1 2 .0 6 .3 5 .1 8 1 0 0
'A rka A nm ol' 18 .2 4 .1 0 .4 4 .3 12.3 7 .3 4 .2 6 2 8 6
'H y b rid -5 1 ' 2 0 .6 4.1 0 .3 4 .3 15 .2 7 .0 3 5 .0 4 4 6 0
'A lphonso ' 1 8 .8 4 .2 0 .4 4 .8 11 .2 1 1 .5 5 1 .4 7 2 6 6
T o ta p u r i ' 1 4 .6 3 .8 0 .4 3 .5 9 .3 3 .7 8 .5 1 0 3 2 3
SEM  ± 0 .5 0.1 0.1 0 .6 0 .4 1.0 7 .9 9 8 0
CD a t  5% 1.6 0 .2 0.1 0 .1 1.2 3 .3 2 4 .9 3 0 8 8
CD a t  1% 2 .3 0 .3 0.1 0 .1

C a n n e d  j u i c e
1.7 4 .6 3 5 .4 4 3 9

'A rka A ru n a ' 2 0 .8 3 .4 0 .3 6 .6 17 .2 0 .2 2 .4 1061
A rk a  P u n e e t ' 2 0 .8 3 .9 0 .3 4 .6 17 .9 2.1 2 .4 3 2 3 8
'A rka A nm ol' 2 0 .9 3 .6 0 .3 4 .7 18 .7 2 .2 2 .8 1 3 2 6
'H y b rid -5 1 ' 2 1 .0 3 .8 0 .3 2 .3 12 .9 2 .4 6 .7 1 2 8 5
'A lpho nso ' 2 0 .8 3 .6 0 .3 2 .9 17 .0 5.1 13.1 1671
T o ta p u r i ' 2 0 .8 3 .5 0 .3 3 .3 16 .3 1.7 12.1 1 1 8 3
SEM  ± 0 .3 0 .1 0 .1 0 .5 1.3 0 .2 1.3 164
CD a t  5% NS 0 .2 NS 1.7 NS NS 4 .0 5 1 7
CD a t  1% - 0 .3 - 2 .4 - - 5 .6 7 3 5

p o s s e s s e d  v e r y  l o w  f i b r e ,  a n d  i t  w a s  l e s s  t h a n  1 %  
i n  c a s e  o f  'A r k a  A r u n a '  a n d  'A r k a  P u n e e t ' .

C h em ica l c o m p o s itio n  o f  p u lp  : S i g n i f i c a n t  
d i f f e r e n c e s  w e r e  o b s e r v e d  i n  c h e m i c a l  c o m p o s i t i o n  
o f  p u l p  e x t r a c t e d  f r o m  d i f f e r e n t  h y b r i d s / v a r i e t i e s  
( T a b l e  3 ) .  A l l  t h e  h y b r i d s  h a d  s i g n i f i c a n t l y  h i g h e r  
T S S  t h a n  ' T o t a p u r i '  a n d  w e r e  c o m p a r a b l e  t o  
A l p h o n s o ' .  'A r k a  A r u n a ’ a n d  'H - 5 1 '  h a d  s i g n i f i c a n t l y  
l o w e r  a c i d i t y ,  w h i l e  t h e  r e s t  w e r e  c o m p a r a b l e  t o  
'A l p h o n s o ' .  R e d u c i n g  s u g a r s  a n d  t o t a l  s u g a r s  c o n t e n t  
w e r e  m a x i m u m  i n  'A r k a  A r u n a '  a n d  'H - 5 1 ' ,  
r e s p e c t i v e l y .  A l l  t h e  h y b r i d s  h a d  s i g n i f i c a n t l y  l o w e r  
c a r o t e n o i d s  t h a n  'A l p h o n s o ' ,  b u t  m o r e  t h a n  i n  
T o t a p u r i '  ( e x c e p t  i n  c a s e  o f  'A r k a  A r u n a ' ) .  T h e  
v i t a m i n  C  c o n t e n t s  o f  a l l  h y b r i d s  w e r e  l o w e r  t h a n  
'A l p h o n s o '  a n d  T o t a p u r i '  ( e x c e p t  i n  'H - 5 1 ' ) .  'A r k a  
P u n e e t '  r e c o r d e d  s i g n i f i c a n t l y  h i g h e r  v i s c o s i t y  t h a n  
'A l p h o n s o ' ,  b u t  i t  w a s  l o w e r  t h a n  T o t a p u r i ' .  'A r k a  
A n m o l '  a l s o  p o s s e s s e d  b e t t e r  v i s c o s i t y ,  w h i l e  i t  w a s  
c o n s i d e r a b l y  l o w  i n  o t h e r  h y b r i d s .

C h em ica l c o m p o s itio n  o f  c a n n e d  m a n g o  ju ic e :  
T h o u g h  t h e  t o t a l  s u g a r  a n d  c a r o t e n o i d s  v a r i e d  
c o n s i d e r a b l y ,  t h e  d i f f e r e n c e s  w e r e  n o t  s t a t i s t i c a l l y  
s i g n i f i c a n t .  A l l  t h e  h y b r i d s  p o s s e s s e d  s i g n i f i c a n t l y  
l o w e r  v i t a m i n  C  c o n t e n t s  t h a n  t h e  c o m m e r c i a l  
c u l t i v a r e .  R e d u c i n g  s u g a r  w a s  m a x i m u m  i n  'A r k a  
A r u n a '  d u e  t o  i t s  h i g h e r  r e d u c i n g  s u g a r s  i n  p u l p .  
V i s c o s i t y  o f  c a n n e d  j u i c e  w a s  l o w e s t  i n  'A r k a  A r u n a ’

a n d  m a x i m u m  i n  'A r k a  P u n e e t ' ,  w h i l e  t h e  r e s t  o f  
t h e  h y b r i d s  a n d  v a r i e t i e s  w e r e  c o m p a r a b l e  t o  
'A l p h o n s o '  ( T a b l e  3 ) .

S e n s o r y  q u a lity  o f  c a n n e d  m a n g o  ju i c e  : T h e  
s c o r e  f o r  c o l o u r  w a s  l o w e s t  i n  'A r k a  A r u n a '  a n d  
h i g h e s t  i n  'A l p h o n s o ' .  'A r k a  A r u n a ' ,  T o t a p u r i '  a n d  
'H - 5 1 '  s c o r e d  p o o r l y  f o r  c o n s i s t e n c y ,  p r o b a b l y  d u e  
t o  t h e  l o w e r  v i s c o s i t y  o f  t h e  j u i c e ,  w h e r e a s  t h e  
h y b r i d s ,  'A r k a  P u n e e t '  a n d  'A r k a  A n m o l '  w e r e  
c o m p a r a b l e  t o  'A l p h o n s o '  ( T a b l e  4 ) .  T h e  f l a v o u r  
s c o r e  w a s  m a x i m u m  i n  'A r k a  P u n e e t ' ,  'A r k a  A n m o l '  
f o l l o w e d  b y  'A l p h o n s o ' .  T h e  o v e r a l l  a c c e p t a b i l i t y  
s c o r e  w a s  m i n i m u m  i n  'A r k a  A r u n a '  d u e  t o  i t s  p o o r  
p e r f o r m a n c e  i n  t e r m s  o f  c o l o u r ,  c o n s i s t e n c y  a n d

TABLE 4. SE N SO R Y  QUALITY O F  CANN ED M ANGO JU IC E  
V a r ie ty /  S e n s o ry  q u a li ty

C o lo u r, C o n s is te n c y , F la v o u r , T o ta l,
3 0 3 0 4 0 100

'A rk a  A ru n a ' 1 3 .0 2 0 .0 2 4 .0 5 7 .0
A rk a  P u n e e t ' 2 3 .0 2 3 .5 2 7 .0 7 3 .5
'A rk a  A n m o l' 2 3 .0 2 3 .4 2 7 .0 7 3 .4
'H -5 1 ' 2 2 .0 2 1 .7 2 4 .3 6 8 .0
'A lp h o n so ' 2 5 .0 2 2 .0 2 6 .8 7 3 .8
T o ta p u r i ' 1 9 .0 2 0 .3 2 4 .0 6 3 .3
SE M  ± 0 .5 0 .6 1.0 1.0
C D  a t  5% 1.7 1.9 3 .2 3 .3
C D  a t  1% 2 .5 2 .7 4 .6 4 .7



f l a v o u r ,  w h e r e a s  m a x i m u m  s c o r e  w a s  i n  'A l p h o n s o ' ,  
c l o s e l y  f o l l o w e d  b y  'A r k a  P u n e e t '  a n d  'A r k a  A n m o l ' .  
T h o u g h  t h e  h y b r i d s ,  'A r k a  P u n e e t '  a n d  'A r k a  A n m o l '  
s c o r e d  s l i g h t l y  l e s s e r  t h a n  'A l p h o n s o '  d u e  t o  t h e  
l o w e r  c a r o t e n o i d s  c o n t e n t ,  t h e y  p o s s e s s e d  g o o d  
f l a v o u r  a n d  c o n s i s t e n c y ,  w h i c h  m a d e  t h e m  
c o m p a r a b l e  t o  'A l p h o n s o '  v a r i e t y  f o r  c a n n e d  j u i c e  
p r e p a r a t i o n .  T o t a p u r i '  a n d  'H - 5 1 '  p e r f o r m e d  p o o r l y  
i n  s e n s o r y  e v a l u a t i o n  d u e  t o  p o o r  c o l o u r ,  l o w  
c o n s i s t e n c y  a n d  m o d e r a t e  f l a v o u r .

F r o m  t h e s e  r e s u l t s ,  i t  i s  e v i d e n t  t h a t  n e w  
h y b r i d s  'A r k a  P u n e e t  ( H - 1 3 ) '  a n d  'A r k a  A n m o l  ( H -  
1 7 - 3 ) ,  c a n  b e  u s e d  f o r  c a n n e d  j u i c e  p r e p a r a t i o n ,  
f o r  o b t a i n i n g  a  p r o d u c t  w h i c h  i s  n e a r l y  c o m p a r a b l e  
i n  q u a l i t i e s  t o  'A l p h o n s o ' .
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Optimization of the Process for K a la k a n d  M anufacture and
Extension o f its Shelf-life

I .  S U R E S H  A N D  Y . K .  J H A *
D e p a r t m e n t  o f  F o o d  S c i e n c e s  a n d  T e c h n o l o g y ,

G .B .  P a n t  U n i v e r s i t y  o f  A g r i c u l t u r e  a n d  T e c h n o l o g y ,  P a n t n a g a r - 2 6 3  1 4 5 ,  I n d i a

T h re e  lev els  o f  s u g a r  a n d  fa t a s  w ell a s  th re e  c o a g u la n ts ,  w e re  se le c te d  o n  th e  b a s i s  o f  m a rk e t  s u rv e y , fo r  o p tim iz in g  
kalakand m a n u fa c tu re .  F o r  th e s e  fa c to rs , th e  o p tim u m  lev els  w e re  s e le c te d  o n  th e  b a s is  o f  s e n s o ry  c h a r a c te r i s t ic s  
a n d  te x tu ra l  p ro p e rtie s . B uffa lo  m ilk  s ta n d a rd iz e d  to  6 .0 %  fa t, w i th  a d d e d  s u g a r  a n d  c itr ic  a c id  a t  7  a n d  0 .2 %  r e s u l te d  
in  a  h ig h ly  a c c e p ta b le  q u a li ty  p ro d u c t ,  w ith  s ig n if ic a n t im p ro v e m e n ts  (PcO .O l) in  s e n s o ry  s c o re s .  T h e  s ta n d a rd iz e d  
p ro d u c ts  c o n ta in in g  0 .2 0  a n d  0 .2 5 %  p o ta s s iu m  s ó rb a te  w e re  s to re d  a t  3 0  a n d  37°C  fo r s tu d y in g  th e  s to ra g e  b e h a v io u r , 
b a s e d  o n  se n so ry , m ic ro b io lo g ic a l a n d  c h e m ic a l c h a n g e s . P o ta s s iu m  s ó rb a te  a t  b o th  th e  c o n c e n t r a t io n s  in c re a s e d  th e  
shelf-life  o f  kalakand fro m  3  to 2 4  d a y s  a t  3 7  a n d  30°C , re sp ec tiv e ly . T h e  c h e m ic a l c h a n g e s  in  te r m s  o f  pH , t i t r a ta b le  
ac id ity , la c tic  a c id , ty ro s in e  c o n te n t ,  free  fa tty  a c id s  a n d  p e ro x id e  v a lu e  sh o w e d  f a s te r  d e te r io ra t iv e  t r e n d s  in  th e  c o n tro l  
s a m p le s  a t  b o th  th e  te m p e r a tu r e s ,  a s  c o m p a re d  to  kalakand t r e a te d  w ith  p o ta s s iu m  s ó rb a te .  M ic ro b ia l g ro w th , w h ic h  
is  c lo se ly  re la te d  to  th e  f la v o u r  d e te r io ra t io n , w a s  s tro n g ly  in h ib ite d  b y  p o ta s s iu m  s ó rb a te .
K e y w o rd s  : Kalakand, A lum , A ged w h ey , S to ra g e , P o ta s s iu m  s ó rb a te ,  B io c h e m ic a l c h a n g e s ,  T e x tu ra l  c h a n g e s ,

A n ti-m ic ro b ia l a g e n t.

T h e  t e c h n o l o g y  f o r  t h e  p r o d u c t i o n  o f  a  n u m b e r  
o f  i n d i g e n o u s  m i l k  p r o d u c t s  i n  I n d i a  i s  c o n f i n e d  
t o  h o m e  a n d  c o t t a g e  s c a l e s .  M i l k - b a s e d  I n d i a n  
s w e e t s  h a v e  e s t a b l i s h e d  c o n s u m e r  m a r k e t s  i n  o t h e r  
c o u n t r i e s  a s  w e l l .  H o w e v e r ,  t h e  p r o d u c t s  s u f f e r  
f r o m  v a r i a t i o n  i n  k e e p i n g  q u a l i t y  a n d  p o o r  s t o r a g e  
s t a b i l i t y .  A  n e e d  e x i s t s  t o  u p g r a d e  s u c h  t e c h n o l o g i e s  
f o r  l a r g e  s c a l e  i n d u s t r i a l  p r o d u c t i o n .  T h e  e x i s t i n g  
c o t t a g e  s c a l e  p r o d u c t i o n  t e c h n o l o g y  o f  k a la k a n d  ( a  
m i l k - b a s e d  s w e e t  c o n s i s t i n g  o f  m i l k  s o l i d s ,  c o o k e d  
a l o n g  w i t h  s u g a r  t o  a  t h i c k  c o n s i s t e n c y )  r e s u l t s  i n  
v a r i a t i o n s  i n  t h e  q u a l i t i e s  a n d  u n p r e d i c t a b l e  s h e l f -  
l i f e  ( D w a r a k a n a t h  a n d  S r i k a n t a  1 9 7 7 ,  M a g a d u m  e t  
a l .  1 9 8 8 ,  U p a d h y a y  e t  a l .  1 9 8 4 ;  V e n k a t a  S u b b i a h  
a n d  D w a r a k a n a t h  1 9 8 5 ) .  K a la k a n d  i s  a  r i c h  s o u r c e  
o f  e n e r g y ,  m i l k  p r o t e i n s ,  m i n e r a l s  a n d  o t h e r  e s s e n t i a l  
g r o w t h  p r o m o t i n g  f a c t o r s .  S c i e n t i f i c  e v i d e n c e ,  
e l a b o r a t e d  w i t h  s y s t e m a t i c  s t o r a g e  s t u d y ,  i s  l i k e l y  
t o  a d d  n e w  d i m e n s i o n s  i n  t h e  s t u d i e s  o n  k a la k a n d .  
G il l  a n d  D e  ( 1 9 7 4 )  u s e d  c i t r i c  a c i d  a n d  s u g a r  a t  
0 . 0 5  a n d  6 . 0 % ,  r e s p e c t i v e l y ,  i n  t h e  p r o d u c t i o n  o f  
k a la k a n d .  S r i n i v a s a n  a n d  R a j o r h i a  ( 1 9 7 6 )  s u g g e s t e d  
t h a t  d a n e d a r  k h o a  c o u l d  b e  u s e d  t o  m a n u f a c t u r e  
k a la k a n d .  D w a r a k a n a t h  a n d  S r i k a n t a  ( 1 9 7 7 )  
p r e p a r e d  k a la k a n d  u s i n g  t a r t a r i c  a c i d ,  w h e r e a s  
D h a r a m  P a l  a n d  G u p t a  ( 1 9 8 5 )  u s e d  0 . 0 2 %  c i t r i c  
a c i d  t o  p r o d u c e  k a la k a n d  o f  s a m e  c h a r a c t e r i s t i c s  
a s  p r e p a r e d  f r o m  d a n e d a r  kh oa . S o  f a r ,  n o  s y s t e m a t i c  
s c i e n t i f i c  s t u d i e s  h a v e  b e e n  r e p o r t e d  o n  t h e  s t o r a g e  
b e h a v i o u r  o f  k a la k a n d .  T h e r e f o r e ,  t h e  p r e s e n t  s t u d y  
w a s  u n d e r t a k e n  t o  o p t i m i z e  t h e  m a n u f a c t u r i n g  
p r o c e s s  a n d  t o  s t u d y  t h e  s t o r a g e  b e h a v i o u r  o f
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k a la k a n d  ( c o n t a i n i n g  a n t i - m i c r o b i a l  a g e n t )  a t  
d i f f e r e n t  t e m p e r a t u r e s .

M a t e r i a l s  a n d  M e t h o d s
B u f f a l o  m i l k ,  o b t a i n e d  f r o m  L i v e s t o c k  R e s e a r c h  

C e n t r e  o f  t h e  U n i v e r s i t y ,  w a s  s t a n d a r d i z e d  t o  6 %  
f a t  a n d  9 . 0  t o  9 . 5 %  s o l i d - n o t - f a t  ( S N F ) .  
S t a n d a r d i z a t i o n  o f  k a la k a n d  m a n u f a c t u r e  w a s  d o n e  
o n  t h e  b a s i s  o f  m a r k e t  s u r v e y ,  s e n s o r y  e v a l u a t i o n  
a n d  t e x t u r a l  p r o p e r t i e s ,  w i t h  r e s p e c t  t o  t h e  
c o n c e n t r a t i o n  o f  s u g a r  a n d  f a t  a s  w e l l  a s  t h e  t y p e  
a n d  a m o u n t  o f  t h e  c o a g u l a n t .  T h r e e  l e v e l s  o f  s u g a r  
( 7 ,  9  a n d  1 1 % )  a n d  f a t  ( 4 ,  5  a n d  6 % )  a s  w e l l  a s  
t h r e e  c o a g u l a n t s  a t  t h r e e  l e v e l s  ( 0 . 0 1 ,  0 . 0 2  a n d  
0 . 0 3 %  c i t r i c  a c i d ;  1 ,  2  a n d  3 %  a g e d  w h e y ;  0 . 0 1 7 ,  
0 . 0 3 5  a n d  0 . 0 5 3 %  a l u m )  w e r e  s t u d i e d .  K a la k a n d  
w a s  m a n u f a c t u r e d  a s  p e r  t h e  s t a n d a r d i z e d  p r o c e s s  
( F ig .  1 ).

S a m p l e s  w e r e  e v a l u a t e d  f o r  s e n s o r y  
c h a r a c t e r i s t i c s  o n  a  9 - p o i n t  H e d o n i c  r a t i n g  s c a l e  
( L a r m o n d  1 9 8 2 )  b y  1 2  p a n e l i s t s .  S t a t i s t i c a l  a n a l y s i s  
(A N O V A ) w a s  d o n e  a s  d e s c r i b e d  b y  L a r m o n d  ( 1 9 8 2 ) .  
T e x t u r a l  p r o f i l e  a n a l y s i s  w a s  d o n e  b y  u s i n g  I r r s t r o n  
U n i v e r s a l  T e s t i n g  M a c h i n e  ( m o d e l  N o .  6 0 2 1 ,  T y p e  
N  1 1 8 9 ,  J a p a n )  a s  p e r  t h e  p r o c e d u r e  d e s c r i b e d  b y  
B o u r n e  e t  a l  ( 1 9 6 6 ) .  T h e  t e x t u r a l  p r o p e r t i e s  w e r e  
m e a s u r e d  a s  p e r  t h e  m e t h o d  d e s c r i b e d  b y  R a n g a n n a
( 1 9 8 6 ) .

S t a n d a r d i z e d  p r o d u c t  p r e p a r e d  b y  e m p l o y i n g  
o p t i m u m  p a r a m e t e r s  ( f a t :  6 % ,  c i t r i c  a c i d ;  0 . 0 2 % ;  
s u g a r ;  7 % )  w a s  d i v i d e d  i n t o  l o t s  a n d  f o r t i f i e d  w i t h  
p o t a s s i u m  s o r b a t e  a t  0 . 2 0  a n d  0 . 2 5 %  l e v e l s .  
S a m p l e s  w e r e  p a c k e d  i n  p o l y e t h y l e n e  b a g s  ( 5 0 0  g .
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3 9 0
B uffa lo  m ilk

4
S ta n d a rd iz a t io n

m i c r o b i o l o g i c a l  q u a l i t i e s  o f  k a la k a n d  w e r e  s t u d i e d  
d u r i n g  s t o r a g e  a t  i n t e r v a l s  o f  6  a n d  3  d a y s ,  
r e s p e c t i v e l y ,  a t  t h e s e  t e m p e r a t u r e s .

F a t  : 6 .0 %  

SN F: 9 .0 -9 .5 %

F il t r a t lo n /c la r if ic a t io n
4

B o iling  fo r 1 m in .
4

A d d itio n  o f  c itr ic  ac id  (0 .02% , w /v )
4

D e sic c a tio n  u p to  3 0 %  m o is tu re  in  d o u b le  
ja c k e t te d  s te a m  k e ttle , u s in g  s te a m  a t  2 0  p s i

4
A d d itio n  o f s u g a r  (7 .0% , w /v )

4
F u r th e r  d e s ic c a tio n  for 10 m in  in  d o u b le  

ja c k e tte d  s te a m  k e ttle , u s in g  s te a m  a t  10 p s i
4

S e tt in g  o f  kalakand in  g re a se d  tra y s
4

C ooling  to  ro o m  te m p e ra tu re  (25-30°C )
4

C u tt in g  a n d  p a c k a g in g
4

S to ra g e

Fig. 1. F low  d ia g ra m  for kalakand p r e p a ra t io n

9 5  p ) ,  p r e - e x p o s e d  t o  U V  t u b e  l i g h t  ( 3 0  w ,  1 / 2 "  
P h i l i p s ,  H o l l a n d )  f o r  2 0  m i n  a t  3 Q ± 1 ° C ,  a n d  s t o r e d  
i n  t h e r m o s t a t i c a l l y  c o n t r o l l e d  i n c u b a t o r s  a t  3 0 + 1  
a n d  3 7 ± 1 ° C .  T h e  c h a n g e s  i n  s e n s o r y ,  c h e m i c a l  a n d

T h e  c h e m i c a l  c h a r a c t e r i s t i c s  s u c h  a s  p H ,  
t i t r a t a b l e  a c i d i t y  ( A O A C , 1 9 7 5 ) ,  t y r o s i n e  v a l u e  ( H u l l  
1 8 4 7 ) ,  f r e e  f a t t y  a c i d s  ( R a m a m u r t h y  a n d  N a r a y a n a n
1 9 7 4 )  a n d  p e r o x i d e  v a l u e  ( I S I  1 9 7 7 )  w e r e  e s t i m a t e d  
d u r i n g  s t o r a g e .  T h e  m e t h o d  o f  L i n g  ( 1 9 5 1 ) ,  a s  
m o d i f i e d  b y  H a r p e r  a n d  R a n d o l p h  ( 1 9 6 0 ) ,  w a s  u s e d  
f o r  e s t i m a t i n g  l a c t i c  a c i d .  T h e  m i c r o b i o l o g i c a l  
c h a n g e s  d u r i n g  s t o r a g e  w e r e  a s s e s s e d  b y  d e t e r m i n i n g  
s t a n d a r d  p l a t e  c o u n t s ,  y e a s t  a n d  m o u l d  c o u n t s  a n d  
c o l i f o r m  c o u n t s  ( IS I  1 9 8 0 ) .

R e s u l t s  a n d  D i s c u s s i o n
K a la k a n d  m a d e  w i t h  7  a n d  1 1 %  s u g a r  o b t a i n e d  

t h e  h i g h e s t  ( 6 .9 )  a n d  t h e  l o w e s t  ( 4 .5 )  s e n s o r y  s c o r e s  
( T a b l e  1). T h e  s a m p l e  m a d e  w i t h  9 %  s u g a r  w a s  
r a t e d  h i g h l y  a c c e p t a b l e ,  b u t  s h o w e d  i n f e r i o r  c o l o u r  
d u e  t o  b r o w n i n g .  T h e  s a m p l e  p r e p a r e d  w i t h  1 1 %  
s u g a r  w a s  c r i t i c i s e d  f o r  c o o k e d  f l a v o u r ,  s y r u p y  b o d y  
a s  w e l l  a s  t e x t u r e  a n d  s e v e r e  b r o w n i n g .  A l l  t h e s e  
d e f e c t s  m a y  b e  a t t r i b u t e d  t o  t h e  u s e  o f  e x c e s s  
s u g a r .  F l i n k  ( 1 9 8 3 )  h a s  a l s o  r e p o r t e d  t h e  a p p e a r a n c e  
o f  n o n - e n z y m a t i c  b r o w n i n g  i n  s u c r o s e - b a s e d  s y s t e m s  
d u r i n g  f r e e z e - d r y i n g  a n d  s u b s e q u e n t  s t o r a g e  i n  d r y  
s t a t e .  T h i s  s t u d y ,  i n  f a c t ,  f o r m e d  t h e  b a s i s  f o r  
d e c i d i n g  t h e  n e e d  f o r  o p t i m i z i n g  s u g a r  c o n c e n t r a t i o n  
a n d  t h e  r e s u l t s  w e r e  f o u n d  s i g n i f i c a n t  ( P c O .O l ) .  A l l  
t h e  s a m p l e s  m a d e  w i t h  d i f f e r e n t  m i l k  f a t  l e v e l s  
s c o r e d  b e t w e e n  6 . 8  a n d  7 . 3  a n d  w e r e  r a t e d  
a c c e p t a b l e .  T h e  a c c e p t a b i l i t y  w a s  t h e  h i g h e s t  ( 7 .3 )  
i n  s a m p l e  m a d e  w i t h  6 %  f a t  i n  m i l k .  N o  s i g n i f i c a n t

TABLE 1. E F F E C T  O F  SUGAR, MILK FAT AND D IFFE R E N T  COAGULANTS ON SE N SO R Y  CH A R A C TERISTICS O F  KALAKAND
S en so ry
c h a ra c te r i 
s tic s

S u g a r  level 
m ilk  %*

in F a t  level 
m ilk , %

in
Level o f  c o a g u la n ts ,%

Aged w h ey C itric  ac id « A lum *
7 9 11 4  5 6 1 2 3 0 .0 1 0 .0 2 0 .0 3 0 .0 1 7 0 .0 3 5 0 .0 5 3

F lav o u r 6 .9 5.1 4 .4 6 .6  6 .7 6 .9 6 .9 7 .2 6 .8 7.1 7 .5 7 .0 6 .0 7 .0 7 .3
C f B i

B ody a n d 6 .8 5 .0 4 .3 6 .9  6 .9 7 .4 7.1 7 .2 6 .3 7 .0 7 .5 5 .8 6 .7 7 .3 5 .3
te x tu re S y Lt Lt Lt O s .P t.Ig S t P t

C o lo u r 6 .6 4 .6 4 .5 7 .0  7 .0 7 .4 6 .5 6 .8 6 .7 6 .6 7 .7 6 .8 6 .7 7 .3 6 .7
B S b P c Pc

O verall a cce-
p tab ility 6 .9 5.1 4 .5 6 .8  6 .8 7 .3 6 .8 7 .0 6 .2 6 .7 7 .5 6 .1 6 .7 7 .0 7 .3

•S ig n ifican t
a t  1% level LSD = 1 .0 1 9 LSD = 0 .5 8 3 LSD  = 0 .8 9 1

A B C B A C B A C
6.9* 5. l b 4 .5 h 7.5* 6.7*> 6 .1 c 7.0* 6.7* 5 .3 b

A ny tw o m e a n s  n o t  follow ed b y  th e  s a m e  le t te r  d iffe r s ig n if ic a n tly  (P<0.01).
B : B ro w n in g ; B i : S lig h t b i t te rn e s s ;  C f  ; C o o k ed  flavou r; Ig : I r re g u la r  g ra n u le s ;  L t ; L oose  te x tu re ;  O s  : O o z in g  o f  s y ru p ; 
Pc : P o o r co lo u r; P t  : P o o r te x tu re ; S b  : S e v e re  b ro w n in g ; S t  : S tick y ;: S y  : S y ru p , A v erag e  o f  th r e e  d e te rm in a t io n s .
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TABLE 2. E F F E C T  O F  D IFFE R E N T  MILK FAT P E R  C EN T  AND COAGULANTS ON TEXTURAL PR O P E R T IE S  O F  KALAKAND
T e x tu ra l Level o f  c o a g u la n ts ,  %
p ro p e rtie s

M ilk fa t  level. % A ged w h ey C itric ac id A lu m
4 5 6 1 2 0 .0 1 0 .0 2 0 .0 1 7 0 .0 3 5

1 Ia rd n e ss , N ew to n s 1 7 4 .0 1 1 8 .0 2 3 3 .0 1 9 3 .0 1 5 9 .0 1 3 8 .0 2 3 3 .0 7 0 113
C o h es iv e n ess 0 .3 0 .3 0 .3 0 .3 0 .3 0 .3 0 .3 0 .1 0 .3
S p rin g in e ss , c m 2 .9 3.1 3.1 3 .0 3.1 3 .0 3 .1 3 .0 3.1
G u m m in e ss , N ew ton s 5 2 .9 3 2 .1 7 2 .2 5 0 .2 5 0 .2 4 0 .6 7 2 .2 5 .3 3 0 .6
C h ew in ess , New2 c m 1 5 3 .4 9 9 .5 2 2 3 .9 1 5 0 .5 1 5 5 .8 1 2 1 .7 2 2 3 .9 1 5 .8 9 4 .9
All v a lu e s  a r e  m e a n  o f  th r e e  d e te rm in a t io n s

d i f f e r e n c e s  w e r e  o b s e r v e d  i n  k a la k a n d  s a m p l e s  m a d e  
f r o m  m i l k  c o n t a i n i n g  4 ,  5  a n d  6 %  f a t .

T h e  d i f f e r e n t  l e v e l s  o f  c i t r i c  a c i d  a n d  a l u m  
s h o w e d  s i g n i f i c a n t  e f f e c t s  ( P c O .O l )  o n  s e n s o r y  
c h a r a c t e r i s t i c s .  K a la k a n d  m a d e  w i t h  c i t r i c  a c i d  
( 0 .0 2 % )  w a s  r a t e d  h i g h l y  a c c e p t a b l e .  S a m p l e s  
p r e p a r e d  u s i n g  a g e d  w h e y  ( 3 % )  w e r e  c r i t i c i s e d  f o r  
l o o s e  t e x t u r e  a n d  s l i g h t  b i t t e r n e s s ,  w h e r e a s  t h e  
p r o d u c t  m a d e  w i t h  a l u m  w a s  c r i t i c i s e d  f o r  s t i c k i n e s s ,  
i r r e g u l a r  g r a n u l a r  s i z e ,  b r o w n i n g ,  l a c k  o f  
c o m p a c t n e s s  a n d  i n f e r i o r  c o l o u r .  T h e  s a m p l e s  
p r e p a r e d  w i t h  0 . 0 1  a n d  0 . 0 3 %  c i t r i c  a c i d  w e r e  
c r i t i c i s e d  f o r  l o o s e  t e x t u r e  a n d  o o z i n g  o f  s y r u p .

T a b l e  2  r e v e a l s  t h a t  k a la k a n d  s a m p l e s ,  
p r e p a r e d  f r o m  m i l k  c o n t a i n i n g  6 %  f a t ,  r a t e d  h i g h l y  
a c c e p t a b l e  a n d  s h o w e d  t h e  h i g h e s t  t e x t u r a l  
p r o p e r t i e s .  C h e w i n e s s ,  t h e  m o s t  d e s i r a b l e  
c h a r a c t e r i s t i c  o f  k a la k a n d ,  w a s  h i g h e s t  i n  t h e  
s a m p l e  m a d e  w i t h  6 %  m i l k  f a t ,  f o l l o w e d  b y  t h a t  
m a d e  w i t h  4  a n d  5 %  f a t .  T e x t u r a l  p r o p e r t i e s  
s h o w e d  d i r e c t  c o r r e l a t i o n  w i t h  s e n s o r y  
c h a r a c t e r i s t i c s .  T h e  c h e w i n e s s ,  g u m m i n e s s  a n d  
h a r d n e s s  v a l u e s  w e r e  h i g h e s t  i n  k a la k a n d  s a m p l e s  
p r e p a r e d  w i t h  0 . 0 2 %  c i t r i c  a c i d ,  f o l l o w e d  b y  t h e  
s a m p l e s  m a d e  w i t h  a g e d  w h e y  a n d  a l u m  ( T a b l e  2 ) .  
T h e  c o h e s i v e n e s s  w a s  m o r e  o r  l e s s  s a m e  i n  a l l  
s a m p l e s ,  i r r e s p e c t i v e  o f  t y p e  o f  t h e  c o a g u l a n t  u s e d .

TABLE 3. E F F E C T  O F  POTA SSIUM  SO R B A TE ON SE N SO R Y  CHARACTERISTICS O F  KALAKAND DU RIN G STO R A G E AT 3 0  AND 
37°C

T re a tm e n t S e n so ry T e m p e ra -
c h a r a c te r is t ic s tu r e  °C 0 3

C ontro l F la v o u r 3 0 8 .3 -

3 7 8 .0 6 .8

B ody  a n d  te x tu re 3 0 8 .0 _

3 7 8 .0 8 .0
C o lo u r 3 0 8 .0 -

3 7 8 .0 8 .0
P o ta s s iu m F la v o u r 3 0 8 .3 -

so rb a te , 0 .2 0 %
3 7 8 .0 7.1

B ody  a n d  te x tu re 3 0 8 .0 _

3 7 8 .0 8 .0
C o lo u r 3 0 8 .0 -

3 7 8 .0 8 .0
P o ta s s iu m F la v o u r 3 0 8 .3 -
so rb a te , 0 .2 5 %

3 7 8 .0 7 .4

B ody a n d  te x tu re 3 0 8 .0 -

3 7 8 .0 8 .0
C o lo u r 3 0 8 .0 -

3 7 8 .0 8 .0

D a y s  o f  s to ra g e

6 9 12 15 18 21 2 4 3 0
7 .3 - 1.0 NA NA NA NA NA

5 .0 1.0
M F
NA NA NA NA NA NA

SO
8 .0

M F
1.0 NA NA NA NA NA

8 .0 1.0 NA NA NA NA NA NA
8 .0 - 1.0 NA NA NA NA NA
8 .0 1.0 NA NA NA NA NA NA
7 .7 - 7 .7 - 6 .3 - 5 .5 4 .0

6 .7 6 .7 6 .5 6 .3 4 .8 4 .4 NA
O F .M F

NA

8 .0 8 .0 7 .7
M F

5 .6 5 .0
8 .0 8 .0 7 .6 7 .6 7 .6 7 .6 NA NA
8 .0 - 8 .0 - 6 .7 - 5 .9 5 .5
8 .0 8 .0 7 .6 7 .5 7 .3 7 .2 NA NA
8 .0 _ 7 .7 - 6 .3 - 6 .0 4 .4

7 .0 7 .0 6 .7 6 .5 6 .3 4 .9 NA
O F .M F

NA

8 .0 8 .0 7 .7
M F

5 .6 5 .0
8 .0 8 .0 7 .8 7 .8 7 .6 7 .6 NA NA
8 .0 - 8 .0 - 7 .7 - 5 .9 5 .5
8 .0 8 .0 7 .8 7 .6 7 .6 7 .6 NA NA

M F : M ed ic in e-lik e  flav o u r; O F  : O ff-flavour, SO  : s lig h tly  o ff-flav our; NA : N ot a n a ly z e d  d u e  to  d e te r io ra t io n ;  - : N o t a n a ly se d . 
A verage o f  th re e  d e te rm in a tio n s .
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T h e  t e x t u r a l  c h a r a c t e r i s t i c s  o f  s a m p l e s  m a d e  f r o m  
3 . 0 %  a g e d  w h e y ,  0 . 0 3 %  c i t r i c  a c i d  0 . 0 5 %  a l u m  
c o u l d  n o t  b e  m e a s u r e d  d u e  t o  p o o r  t e x t u r e  o f  t h e  
p r o d u c t .  D h a r a m  F a l  a n d  G u p t a  ( 1 9 8 5 )  a l s o  n o t e d  
t h a t  c i t r i c  a c i d  a t  0 . 2 %  p r o d u c e d  b e s t  q u a l i t y  kalakand.

T a b l e  3  s h o w s  t h e  e f f e c t  o f  p o t a s s i u m  s o r b a t e  
o n  s e n s o r y  c h a r a c t e r i s t i c s  o f  kalakand d u r i n g  
s t o r a g e .  F l a v o u r  s c o r e s  d e c r e a s e d  a t  a  f a s t e r  r a t e  
i n  c o n t r o l  s a m p l e s ,  i r r e s p e c t i v e  o f  s t o r a g e  
t e m p e r a t u r e s .  C o n t r o l  s a m p l e s  w e r e  n o t e d  n o r m a l  
o n  6 t h  a n d  3 r d  d a y  a t  3 0  a n d  3 7 ° C  a n d  a f t e r w a r d s  
t h e s e  w e r e  c r i t i c i s e d  f o r  t h e  p r e s e n c e  o f  m e d i c i n e 
l i k e  f l a v o u r .  P o t a s s i u m  s o r b a t e ,  w h e n  a d d e d  t o  kalakand a t  0 . 2 0  a n d  0 . 2 5 % ,  i n c r e a s e d  t h e  s h e l f -  
l i f e  u p  t o  2 4  a n d  1 5  d a y s  a t  3 0  a n d  3 7 ° C .  
A f t e r w a r d s ,  f l a v o u r  s c o r e s  d e c r e a s e d  s h a r p l y  a n d  
t h e  p r o d u c t s  w e r e  r a t e d  s u b - n o r m a l .  T h e  s a m p l e s  
t r e a t e d  w i t h  p o t a s s i u m  s o r b a t e  d i d  n o t  e x h i b i t  
m u c h  c h a n g e s  i n  b o d y ,  t e x t u r e  a n d  c o l o u r  u p t o  
2 1  d a y s ,  i r r e s p e c t i v e  o f  t h e  c o n c e n t r a t i o n  o f  
p o t a s s i u m  s o r b a t e  a n d  s t o r a g e  t e m p e r a t u r e .  H i g h e r  
c o n c e n t r a t i o n  ( 0 . 2 5 % )  o f  p r e s e r v a t i v e  d i d  n o t  s h o w  
a n y  a d d i t i o n a l  a d v a n t a g e  o n  s h e l f - l i f e  o f  kalakand, 
a s  c o m p a r e d  t o  t h e  l e v e l  o f  0 . 2 % .  T h e s e  r e s u l t s  
a r e  i n  a c c o r d a n c e  w i t h  t h e  f i n d i n g s  o f  J h a  e t  a l  
( 1 9 7 7 )  a n d  B h a t e l e  ( 1 9 8 3 ) .

I n i t i a l  p H  o f  kalakand w a s  6 . 1 ,  w h i c h  d e c r e a s e d  
a t  a  f a s t e r  r a t e  i n  c o n t r o l  s a m p l e  t o  5 . 9  a n d  5 . 5  
o n  6  a n d  9  d a y s  a t  3 0  a n d  3 7 ° C ,  r e s p e c t i v e l y .

S a m p l e s  t r e a t e d  w i t h  p o t a s s i u m  s o r b a t e  ( 0 . 2 0  a n d  
0 . 2 5 % )  a l s o  s h o w e d  d e c r e a s e s  i n  p H ,  b u t  a t  a  
s l o w e r  r a t e  i n  s a m p l e s  a t  b o t h  t h e  s t o r a g e  
t e m p e r a t u r e s  ( T a b l e s  4  a n d  5 ) .  T i t r a t a b l e  a c i d i t y  
a n d  l a c t i c  a c i d  c o n t e n t  r e m a i n e d  c o n s t a n t  u p  t o  
1 2  d a y s  s t o r a g e ,  a n d  t h e r e a f t e r  i n c r e a s e d  a t  a  
s l o w e r  r a t e .  P o t a s s i u m  s o r b a t e  ( 0 . 2 5 % )  w a s  a l s o  
r e p o r t e d  t o  c h e c k  t h e  d e v e l o p m e n t  o f  t i t r a t a b l e  
a c i d i t y  a n d  l a c t i c  a c i d  i n  khoa ( J h a  e t  a l .  1 9 7 7 ) .

I n i t i a l  t y r o s i n e  v a l u e  i n  kalakand r a n g e d  f r o m  
3 . 5 5  t o  3 . 8 0  m g / 1 0 0  g  a n d  i t  i n c r e a s e d  a t  a  s t e a d y  
r a t e  d u r i n g  s t o r a g e ,  i r r e s p e c t i v e  o f  t r e a t m e n t s  a n d  
t e m p e r a t u r e s  ( T a b l e  4  a n d  5 ) .  I n i t i a l  f r e e  f a t t y  a c i d  
(F F A )  c o n t e n t s  w a s  0 . 2  a n d  r e m a i n e d  c o n s t a n t  u p  
t o  6  a n d  3  d a y s  o f  s t o r a g e  a t  3 0  a n d  3 7 ° C ,  
r e s p e c t i v e l y .  F F A  v a l u e s  i n c r e a s e d  d u r i n g  t h e  l a t e r  
p e r i o d  a t  a  v e r y  s l o w  r a t e ,  i r r e s p e c t i v e  o f  
t e m p e r a t u r e s .  T h e s e  w e r e  l o w e s t  i n  p o t a s s i u m  
s o r b a t e - t r e a t e d  s a m p l e s  ( 0 . 2 5 % )  a t  t h e  e n d  o f  2 1  
a n d  2 4  d a y s  a t  3 7  a n d  3 0 ° C ,  r e s p e c t i v e l y .  T h e  
s h e l f - l i f e  o f  khoa a n d  burfi was a l s o  f o u n d  t o  i m p r o v e  
w i t h  t h e  a d d i t i o n  o f  p o t a s s i u m  s o r b a t e  ( J h a  e t  a l .  
1 9 7 7 ;  B h a t e l e  1 9 8 3 ) .  T h e  p e r o x i d e  v a l u e  i n  kalakand 
s a m p l e  w a s  0 . 1  m . e q  a t  z e r o  d a y  s t o r a g e  a n d  i t  
r e m a i n e d  c o n s t a n t  u p t o  t h e  h a l f  o f  t h e  s t o r a g e  
p e r i o d  a n d  t h e n  i n c r e a s e d  a t  a  s l o w  r a t e ,  i r r e s p e c t i v e  
o f  t r e a t m e n t s  a n d  t e m p e r a t u r e s .  I t  r e a c h e d  t o  0 . 4  
a f t e r  2 4  a n d  2 1  d a y s  o f  s t o r a g e  a t  3 0  a n d  3 7 ° C ,  
r e s p e c t i v e l y .

I t  i s  a p p a r e n t  f r o m  t h e  F i g s .  2  a n d  3  t h a t

TABLE 4. E F F E C T O F  POTA SSIUM  SO RB A TE ON T H E BIOCHEM ICAL C H A N G ES O F KALAKAND DU RIN G STO R A G E AT 30°<
T re a tm e n t P a ra m e te r D a y s  o f S to ra g e

0 6 12 18 2 4
C on tro l pH 6 .1 5 .9 NA NA NA

T itra ta b le  a c id ity , a s  %  la c tic  a c id 0 .4 0 .5 NA NA NA
L actic  a c id ,% 0 .0 6 0 .1 3 NA NA NA
T y ro s in e  v a lu e , m g / 100  g 3 .6 4 .5 NA NA NA
F ree  fa tty  a c id s , a s  %  o le ic  a c id 0 .2 0 .3 NA NA NA
P ero x id e  v a lu e , m  eq. 0 .1 0 .3 NA NA NA

P o ta ss iu m pH 6.1 6 .0 6 .0 5 .7 5 .5
s o rb a te , 0 .2 0 % T itra ta b le  a c id ity 0 .5 0 .5 0 .5 0 .6 0 .7

L ac tic  a c id 0.1 0.1 0.1 0 .2 0 .2
T y ro s in e  v a lu e 3 .6 4 .4 5 .0 5 .5 6 .3
F ree  fa tty  a c id s 0 .2 0 .2 0 .3 0 .4 0 .6
P e ro x id e  v a lu e 0.1 0 .2 0 .2 0 .3 0 .4

P o ta s s iu m pH 6.1 6.1 6 .0 5 .9 5 .6
so rb a te , 0 .2 5 % T itra ta b le  a c id ity 0 .5 0 .5 0 .5 0 .6 0 .6

L ac tic  a c id 0 .1 0 .1 0 .1 0 .1 0 .2
T y ro s in e  v a lu e 3 .6 4 .3 4 .9 5 .5 6 .2
F re e  fa tty  a c id s 0 .2 0 .2 0 .3 0 .4 0 .6
P ero x id e  v a lu e 0.1 0 .2 0 .2 0 .3 0 .4

U n its  o f v a r io u s  p a ra m e te r s  a r e  a s  fo r c o n tro l e x p e rim e n t; NA : N o t a n a ly s e d  d u e  to  d e te r io ra t io n . A v erage  o f  t h r e e  d e te rm in a t io n s .
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TABLE 5. EFFECT OF POTASSIUM SORBATE ON THE BIOCHEMICAL CHANGES OF K A L A K A N D DURING STORAGE AT 37°C
Treatment Parameter Days of Storage

0 3 6 9 12 15 18 21
Control pH 6.1 6.1 5.8 5.5 NA NA NA NA

Titratable acidity 0.5 0.5 0.6 0.7 NA NA NA NA
Lactic acid 0.1 0.1 0.1 0.2 NA NA NA NA
Tyrosine value 3.8 4.4 4.7 5.1 NA NA NA NA
Free fatty acids 0.2 0.4 0.5 0.5 NA NA NA NA
Peroxide value 0.1 0.3 0.3 0.4 NA NA NA NA

Potassium pH 6.1 6.1 6.0 5.9 5.9 5.8 5.6 5.5
sorbate, 0.20% Titratable acidity 0.5 0.5 0.5 0.5 0.5 0.6 0.6 0.7

Lactic acid 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2
Tyrosine value 3.8 3.9 4.5 4.7 5.2 5.5 5.7 6.1
Free fatty acids 0.2 0.2 0.3 0.3 0.4 0.4 0.5 0.6
Peroxide value 0.1 0.1 0.2 0.2 0.3 0.3 0.3 0.4

Potassium PH 6.1 6.1 6.0 6.0 5.9 5.8 5.8 5.5
sorbate, 0.25% Titratable acidity 0.5 0.5 0.5 0.5 0.5 0.6 0.6 0.6

Lactic acid 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2
Tyrosine value 3.8 3.9 4.3 4.4 4.5 5.0 5.6 5.8
Free fatty acids 0.2 0.2 0.3 0.3 0.3 0.4 0.4 0.5
Peroxide value 0.1 0.1 0.2 0.2 0.2 0.3 0.3 0.4

Units of various parameters are as for control experiment in Table 4. NA : Not analysed due to deterioration. Average of three
determinations.

control sam p les sh ow ed  rapid m icrobial grow th at 
both the tem peratu res. P o tassiu m  sorbate is  know n  
to control th e grow th o f bacteria  le s s  effectively, 
than  th a t o f y ea st and m ou ld  (Jha et al. 1977; Rao  
et al. 1977). M oreover, it did n ot exhibit an y  
positive effect on  coliform s. The in crease  in  th e  level 
of p otassiu m  sorbate further controlled  th e  in crease  
in the total co u n ts  during storage, b u t at a  slow er

Fig.2. Effect of potassium sorbate on viable counts in k a la k a n d

30°C 37°C
X----------- X  o ------- o
x---------x a------ □

□ - • - • □

Fig. 3. Effect of potassium sorbate on yeast and mould and 
coliform counts of k a l a k a n d  during storage

V & M Coliforms
30°C 37°C 30°C 37°C

Control O---- — o • ---- ---- • A------- A A--------—A
0.20% PS O---- - -  -O • ---- ---- • A-------- -A A--------■ -A
0.25% PS o -  - -  -o #-• - *- * -# A—’ - •- • -A A—- - •- ■ -A
rate at both  th e  tem p eratu res. D a ta  in  Figs. 2 , 3  
an d  T able 3  in d ica te  th a t th e  m icrobial growth  
p attern  follow ed a  reverse trend, in  com p arison  to

during storage
Control 
0.20% PS 
0.25% PS x—• - • -x
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Variation of bulk density and coefficient of friction of soy particles was studied against particle size and moisture 

content. The effects of moisture content and temperature on specific heat as well as the effects of temperature, moisture 
content and particle size on thermal conductivity were studied. In addition, the variation in the viscosity of the soybean 
oil was evaluated against temperature. Based on these results, suitable regression equations and correlation coefficients 
were developed to encompass these variations.
Keywords : Soybean, Physical and thermal properties. Bulk density, Coefficient of friction, Specific cake resistance, 

Specific heat. Thermal conductivity, Viscosity.

Oil recoveiy  is  affected by va rio u s properties  
of m aterials, su c h  a s  b u lk  d en sity , coefficient o f  
friction, specific cak e res ista n ce , an d  in itial oil 
content o f th e  oil-bearing m aterial (Koo 1942; 
Mrema an d  M cN ulty 1985; V adke et al. 1988). 
T hese properties are th em se lv es  d ep en d en t u p on  
the m oisture con ten t an d  particle s ize  of th e  o il
bearing m aterial.

In th is era o f h igh-tem p eratu re and sh ort-tim e  
treatm ent of so y  p artic les. N elson  et al (1986) have  
suggested  subjection  o f so y  particles to a tem perature  
of 135°C for 3 0  sec , for red u cin g  anti-nu trition a l 
factors and en h an cin g  th e  oil recovery during oil 
expelling. R aising o f tem perature to su ch  a high  
level will affect th e  therm al properties of so y  
particles. H ence, a  stu d y  on  th e variation  o f therm al 
properties at high tem p eratu res will give a correct 
picture of the h ea t transfer through  soy  particles  
and will a lso  help  in  th e  estim ation  o f total h eat 
input in  the h igh-tem p eratu re, sh ort-tim e treatm ent  
system . Inform ation on  th ese  a sp ec ts  will a lso  be  
helpful in  d esign in g  a su itab le  con d ition er for 
particles in  th e p ro cess  for oil recovery. Therefore, 
the p resen t stu d y  w a s u n d ertak en  to evaluate th e  
effect of particle size, m oistu re  con ten t, tem perature  
and p ressu re on  different p h ysica l and therm al 
properties of so y  particles.
Materials and Methods

E x p e r im e n te d  p r o c e d u r e  : S am p les o f  variou s  
sizes of so y  p articles w ere ob tained  b y  ru n nin g  th e  
soy sp lits (variety 'Soym axj in  a sm all roller m ill 
(Labour M uszeripari M uvek E sztergon, Hungary). 
The soy  particles, th u s  ob ta ined , w ere fed into a
* C o rre sp o n d in g  A u th o r

vibratory m ech a n ica l sh a k er  (Scientific E quipm ent 
W orks, D elh i, India) an d  th e  p article s ize  w a s  
recorded, b a sed  on  th e  average o f  th e  aperture of 
th e two siev es, w h ich  h eld  th e  so y  p artic les in  
b etw een  them . T he m oistu re  co n ten t o f th e  sa m p les  
w a s  estim ated  a s  per IS: 3 5 7 9 -1 9 6 6  (ISI 1966). The 
m oistu re  con ten t w a s  varied b y  soa k in g  th e  sam p le  
an d  th en  tak in g th e  reading. B u lk  d en s ity  o f soy  
p articles w a s  d eterm ined  u s in g  th e  b u lk  d en sity  
m easu rin g  b a lan ce  (O haus S ca le  C orporation, New  
York, USA). The sam p le  w a s  tap p ed  g en tly  before 
tak in g the reading.

The sp ecific  cak e res is ta n ce  w a s  d eterm ined  by  
th e  m eth od  o f Schw artzberg et al (1977). A  sm all 
com p ression  perm eability  cell w a s  m ad e an d  th e  
sam p le of soy b ea n  w a s  kep t in  it. T he load  on  th e  
cell w a s  varied b y  u s in g  U n iversal T estin g  M achine  
(M /s  M ohr Feder Haffag, M annheim , G erm any). The  
exp er im en t w a s  p la n n ed  se p a r a te ly  for ea ch  
in d ep en den t variable, i.e ., p ressu re  an d  particle  
size , a s  prelim inary tria ls revealed  th a t th e  variation  
of sp ecific  cak e re s is ta n ce  w ith  com b in ed  effect of 
particle size and p ressu re  ca n  on ly  b e  en co m p a ssed  
b y h igher order m odels; con seq u en tly , th e  prediction  
of sp ecific  cak e res ista n ce  b eco m es  m ore difficult. 
The effect o f p ressu re  on  sp ecific  cak e res ista n ce  
w a s  stu d ied  b y  k eep in g  th e  sa m p le  u n d er  desired  
p ressu re  for 5 m in . T h is w a s  d on e b e ca u se  o il
b earing m ateria l is  su b jected  to  p ressu re  for on ly  
ab ou t 2 .5  m in  in  an  oil exp eller  (M andhyan, 1991). 
Therefore, it w a s  a ssu m ed  th a t th ere  w o u ld  b e  n o  
ch an ge in  sp ecific  cak e re s is ta n ce  o f sm all particles  
over su ch  a sh ort period o f tim e.

The sp ecific  h ea t w a s  determ ined  by the
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TABLE 1. LEVELS OF VARIOUS PROPERTIES CONSIDERED 
FOR EXPERIMENTATION

Independent variable Values
Bulk density

Particle size, mm 1.0 1.2 1.7 2.2 2.4
Moisture content, % (db) 15.9 20.0 10.0 40.0 44.1

Coefficient of friction
Particle size, mm 1.0 1.2 1.7 2.2 2.4
Moisture content, % (db) 2.93 5.0 10.0 15.0 17.7

Specific Heat
Temperature °C 47.6 60.0 90.0 120.0 132.4
Moisture content, % (db) 15.9 20.0 30.0 30.0 40.1

Thermal conductivity
Particle size, mm 1.0 1.2 1.7 2.2 2.6
Moisture content, % (db) 39.5 60.0 90.0 120.0 140.0
Temperature °C 13.20 20.0 30.0 40.0 46.8

V iscosity and density
Temperature °C 10 20 30 40 50 60 70 80 90

m ethod u sed  b y  A lam  and S h ove (1973). To 
m easure th e specific  h eat at variou s elevated  
tem peratures, a prelim inary trial w as con d u cted . 
The soy  sam p le w a s kep t in  a n  oven  an d  the lo s s  
in m oisture w a s  m easu red , w h en  it ach ieved  
desired tem perature. In the final trial, the sam p le  
of higher m oistu re co n ten t w a s u sed  to com p en sa te  
for the lo s s  o f  m oistu re  during h eatin g . The therm al 
conductivity w a s  determ ined  a s  per th e m eth od  of 
J a sen k y  and B ilan sk y  (1973). T he v isco sity  o f  so y  
oil w a s m ea su red  b y  a v isco m eter  (Precision  
Instrum ent Co., New Delhi).

P la n n in g  o f  t h e  e x p e r i m e n t s  a n d  r e g r e s s i o n  
a n a l y s i s  : All th e  exp erim ents, except th a t for 
specific cak e res ista n ce , w ere p lan n ed  in  centra l 
com posite ratable d esign  for tw o or three factors  
as per C ochran and Cox (1957). The observation  
at central level w a s  tak en  four tim es in  two 
independent variable exp erim ents, and  five tim es  
in three in d ep en den t variable exp erim ents. The 
levels of variou s in d ep en den t variables, su ch  a s  
particle size (d, mm ) m oistu re  con ten t (M, %) and  
tem perature (T, °C) w ere decided  on  the b a s is  of 
the trials con d u cted  to investigate  the effect o f th ese  
factors on  oil recovery and anti-nu trition a l factors  
(M andhyan 1991). Five levels w ere se lected , out of 
w hich interm ediate lev els  h ad  equal interval (Table 
1). The h igh est and th e  low est levels w ere calcu lated  
by adding or su b tra ctin g  v a lu es  of a ,  respectively, 
from the cen tra l level. Here, a =  1 .4 1 4  x  cen tra l level 
in a two in d ep en den t level trial and a  = 1 .6 8 2  x  
central level in  a three in d ep en d en t variable trial. 
Therefore, th e  h ig h est and low est levels varied w ith  
the n u m ber o f in d ep en den t variables.

S e c o n d  ord er  r e g r e ss io n  e q u a t io n s  w ere

developed  for b u lk  d en sity , coeffic ien ts  o f  friction  
an d  therm al conductiv ity . T h ese  w ere te sted  a s  per  
the procedure described b y  A khnazarova an d  Kafarov
(1982). G raphs w ere prepared from  th e se  regression  
m od els b y  feeding in  2 5  v a r io u s co m b in a tio n s of 
in d ep en d en t variab les for ob ta in in g  th e  v a lu e s  of 
corresponding d ep en d en t property.
Results and Discussion

B u l k  d e n s i t y  : The effect o f particle  size  an d  
m oistu re con ten t of b u lk  d en sity  o f  so y  p artic les  
(Fig. 1) is  en co m p a ssed  b y  follow ing eq u a tio n s :

p = 7 7 9 .6 6 4  - 1 7 2 .8 0 0  d - 3 .9 0  m  + 4 9 .7 2  
d2 (cc = 0 .9 8 9 ) w here d = p article s ize  an d  m  = 
m oistu re con ten t, % (db). D a ta  sh o w  th a t th e  b u lk  
d en sity  d ecrea ses  w ith  in crea se  in  particle s ize  in  
th e  range of 1 to 1.7 m m . A bove 1.7 m m , it 
in crea ses slightly. T h is m ay  b e  b e c a u se  o f poor  
com p action  o f sm aller particle s iz e s  (the p artic les  
w ere tapped  on ly  gently). H ow ever, th e  b u lk  d en sity  
in creased  due to  red u ction  in  p orosity  at larger 
particle size.

It is  a lso  se e n  th a t th e  b u lk  d en sity  d ecrea ses  
at h igher m oistu re  con ten t. T h is is  d u e  to th e  
s im u lt a n e o u s  o c c u r r e n c e  o f  tw o  o p p o s in g  
p h enom en a. The first p h en o m en o n  is  th e  red u ction  
of th e true d en sity  o f so y  p artic les d u e  to  ab sorp tion  
of w ater. T h is is  b e c a u se  th e  true d en s ity  o f  w ater  
(1 g /m l) is  le s s  th a n  th a t o f soy b ean  (1 .1 4 5  g /m l) . 
T h u s, in crease in  th e m oistu re  co n ten t d ecrea ses  
th e true d en sity  o f in d iv idual particle , thereb y  
red u cin g  the b u lk  d en sity . T he seco n d  p h en o m en o n

Fig. 1 Effect of particle size and moisture content on bulk
density of soybean. ■  : Observed values, O---- O : Predictedvalues.
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is the in crease in  th e  vo lu m e o f ind iv idual so y  
particles due to ab sorp tion  o f m o istu re , thereby  
decreasing th e  porosity an d  in crea sin g  th e  b u lk  
density. H ence, th e  resu lta n t effect o f th ese  two  
opposing p h en o m en a is  th e  sligh t d ecrease  in  b u lk  
d ensity  at h igher m oistu re  con ten t.

C o e f f i c ie n t  o f  f r i c t i o n  : The effect o f  particle  
size and m oistu re co n ten t o n  coefficient o f friction  
is presented  in  Fig. 2 an d  th e  regression  eq u ation  
developed to predict th e  coefficient o f friction is  a s  
follows :

/  = 0 .5 3 6 7 1 6  + 0 .2 6 6 8 4  d -  0 .0 2 7  M + 0 .0 0 0 1 2  
M2 -  0 .1 0 9 6  d2 + 0 .0 0 7 6  Md (cc = 0 .985 )  
w here d = particle size , m m  and M = m oistu re  
content, % db. It is  observed  th a t coefficient o f  
friction d ecreases w ith  in crea sin g  m oistu re  con ten t. 
T his is  b eca u se  o f th e  fact that th e  so y  particle  
absorbs m ore m oistu re  an d  a ch iev es  a round sh a p e  
with increase in  m oisture content, thereby decreasing  
the rolling res ista n ce  and resu ltin g  in  a  decrease  
in th e friction. L ess varia tion  is  observed  w ith  
respect to particle size.

Along th e ax is  o f particle size, it is  observed  
that coefficient of friction in crea ses  till 1.2 m m  
particle size, an d  su b seq u en tly  red u ces. T h is m ay  
be due to th e  fact that, at 1.2 m m  particle size, 
the nu m ber of p la in  su rfa ces an d  their area m ight 
have got optim ized an d  co n seq u en tly  in creased  th e  
coefficient o f friction. At particle s ize  le s s  th a n  1.2 
m m , the particle m ight be having le sser  rolling  
resistan ce, w h ile  the particle m ight have slid  on  
its surface at bigger particle s izes. In both  su ch

Fig. 2 Effect of moisture content and particle size on coefficient 
of friction between soybean and galvanized iron sheet. 
■  : Observed values, O---- O : Predicted values.

c a se s , th e coefficien t o f friction  g e ts  reduced .
S p e c i f i c  c a k e  r e s i s t a n c e  : T he sp ecific  cake  

resista n ce  o f cracked  so y b ea n  w a s  m ea su red  at 
va rio u s particle s iz e s  u n d er  th e  sa m e com p ressive  
p ressu res  (Fig. 3). It w a s  fou n d  th a t sp ecific  cake  
resista n ce  w a s  very h igh  at low er particle  s izes  
(5 8 8 9  x  104 m e te r s /k g  at p article  s ize  o f 0 .7 0  m m ), 
th en  it red u ced  an d  aga in  it started  r is in g  at larger 
particle s izes. T h is p h en o m en o n  w a s  d u e  to th e  fact 
th a t sm aller  p artic les got se ttled  an d  com p acted , 
before th e  flow  o f a n y  flu id  to o k  p lace, and  
therefore, offered larger re s is ta n ce  to  th e  flow. 
H owever, th e  larger p artic les a ligned  th em se lv es  
an d  fitted  in  th e  pore sp a c e s  after so m e tim e of 
flow , co n seq u en tly  in crea sin g  th e  sp ecific  cak e  
resista n ce . M oreover, th e  p orosity  w a s  a lso  le s s  in  
large particle size, th ereb y  providing le s s  cross  
sec tio n a l area for flow. It w a s  felt th a t the  
realignm ent an d  com p actin g  for th e  m ed iu m  sized  
p artic les m igh t h ave b een  at op tim u m  v a lu es  and  
th u s  perm itted  free flow  o f flu id  th rou gh  the  
p a rtic le s , th ereb y  red u c in g  th e  sp ec if ic  cak e  
resistan ce .

The variation  in  sp ecific  cak e res is ta n ce  u n d er  
variou s com p ressive  p ressu r e s  is  a lso  sh o w n  in  
Fig. 3. It is  evident th a t sp ecific  cak e res ista n ce  
in creased  w ith  p ressu re  u p to  7 3 .9 9  MPa. Beyond  
th is  p ressu re , th e  rate o f in crem en t in  th e  sp ecific  
cak e res ista n ce  w a s  very sm all. T h is  red u ction  in  
the increm ent m a y  b e  d u e  to  fu ll com p actin g  of

3-00 2'50 2-00 1-50 1-00 0-5 0 0
-,-----  PARTICLE SIZE, mm

Fig. 3 Effect of compressive pressure and particle size on
specific cake resistance of soybean. □ ------ O  : Compressive
pressure, O---- O: Particle size.
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cracked soyb ean s at that p ressu re, and  con seq u en tly  
it did n ot perm it th e  flow  o f oil throu gh  it. The  
variation in  specific  cak e resistan ce  w ith  particle  
size w as m easu red  at atm osp h eric  p ressu re , w hile  
its  varia tion  w ith  com p ressiv e  p ressu r e s  w a s  
m easu red  at a particle s ize  o f 1.2 m m . The variation  
is presented  a s  follow s :
a  = 0 .1 2 4 6 6  x  lO ^O .1 1 4 3 6 8  x  106d + 0 .2 7 0 3 4  x  105d2 

(cc = 0 .9 7 5 6 )
a  = 0 .2 9 9  x  105+ 0 .3 1 5 1 2 x l0 4p -0 .1 8 0 2 4 x l0 2p2 

(cc = 0 .9 9 8 1 )
w here, a  = sp ecific  cak e res ista n ce  m /k g , d = 
particle s ize , m m  an d  p = p ressu re  MPa (Mega 
Pascals)

S p e c i f i c  h e a t  : The effect of m oistu re  con ten t  
and tem perature on  specific heat o f cracked  soyb ean  
is p resen ted  in  Fig. 4 . The follow ing em pirical 
relation h a s  b een  developed :
C = - 2 . 8 7 6 + 0 . 2 1 6 8 M  + 0 . 0 3 0 5 T - 0 . 0 0 1 8 .9 M 2- 

0 .0 0 0 0 1 5  T M ).0 0 0 7 3 6  T M (cc= 0 .9811) 
w here C = specific  h eat, M = m oistu re  con ten t, % 
db and T = tem perature, °C.
It is  noted  th a t specific  h ea t o f soy b ean  varies  
curvilinearly w ith  m oistu re  con ten t. It in crea ses  
upto 40%  m oistu re  con ten t an d  th en  b eco m es  
con stan t. T h is m ay  b e b eca u se  o f th e  fact that 
specific h eat o f w ater is  m ore th an  th a t o f soyb ean . 
H ence, m ore th e m oistu re  in  soyb ean , th e  h igher  
will be its  sp ecific  heat.

The other factor resp on sib le  for in creasin g  
specific h ea t w ith  in creasin g  m oistu re  m ay  be th e

heat of ground soybean (1.2 mm particle size). 
■  : Observed values, O-----O : Predicted values.

d isp lacem en t o f air d u e  to  d ecreased  p orosity . The 
specific  h ea t of air is  le s s  th a n  th a t o f  soy b ean . 
H ence, le sser  th e  am o u n t o f pore sp a ce , th e  h igh er  
w ou ld  b e th e  specific  h eat. It ap p ears th a t th e  
ch an ge in  p orosity  b eco m es  n eglig ib le after 40%  
m oistu re  con ten t (db) an d , therefore, th e  sp ecific  
h eat te n d s  to  becom e co n sta n t. A long th e  a x is  of 
tem perature, th e  sp ecific  h ea t red u ces  s ligh tly  at 
90°C . T h is m ay  b e  d u e to  m oistu re  evap oration  at 
90°C , w h ich  red u ces  th e  m oistu re  co n ten t and  
con seq u en tly  th e sp ecific  h ea t. It i s  em p h asized  
th a t A lam  and S hove (1973) an d  W atts an d  B ilan sk i
(1970) have fou n d  linear re la tion sh ip , w h ich  m ay  
be du e to  the low er level o f m o istu re  co n ten t. N on 
linearity is  observed  in  th e  p resen t s tu d y  at 
m oistu re con ten t o f above 4%.

T h e r m a l  c o n d u c t i v i t y  : The th erm al con d u ctiv ity  
of cracked  soy b ean  w a s  d eterm in ed  at va rio u s  
m oistu re  co n ten ts , tem peratu re an d  p article size. 
The resu lts  are p resen ted  in  F igs. 5  an d  6. The  
em pirical eq u ation  developed  is  a s  fo llow s :
K = 0 .0 8 1 5 9  + 0 .0 1 9 5  + 0 .0 0 0 6 1 9  M + 0 .0 0 0 3  T  

+ 4 .6 6  x  1 0 8 T2 -  0 .0 0 0 1 1  dM + 2 .2  x l O 7 
dt + 1 .93  x  1 0 8 MT (cc = 0 .9 7 )

w here d = particle s ize , mm ; M = m o istu re  co n ten t, 
% db an d  T = tem peratu re, °C.
The effect of particle s ize  an d  m o istu re  con ten t on  
th e  therm al con d u ctiv ity  o f cracked  so y b ea n s  is  
sh ow n  in  Fig. 5. It i s  evid ent th a t therm al 
con d u ctiv ity  in creased  w ith  in crea sin g  p article  size. 
T h is is  b eca u se  th e b u lk  d en sity  a lso  in crea sed  w ith  
in creasin g  particle size, an d  th u s  red u ced  th e  pore 
sp ace . A long th e a x is  o f m o istu re  co n ten t, th e  
therm al con d u ctiv ity  is  n early  co n sta n t.

Fig. 5 Effect of particle size and moisture content on thermal 
conductivity of ground soybean (90 °C). ■  : Observed 
values, O---- O : Predicted values.
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Fig. 6 Effect of moisture content and temperature on thermal 
conductivity of ground soybean (1.2 mm particle size). 
■  : Observed values, O-----O : Predicted values.

The effect o f  m oistu re  con ten t and tem perature  
on therm al con d u ctiv ity  is  p lotted  in  Fig. 6. It ca n  
be seen  that, along m oistu re  con ten t ax is , there  
is  not m u ch  variation  in  the therm al conductiv ity . 
H ow ever, th e  th erm a l co n d u c tiv ity  in cre a se d  
significantly in  a linear fash ion  along the tem perature  
axis. The reason  b ein g  th a t th e therm al con d u ctiv ity  
of w ater w hich  is  0 .6 0  W /m k  at 20°C  r ise s  to 0 .6 9 4  
W /m k  at 140°C. (M cCabe et al. 1986). H ence,

Fig. 7 Effect of temperature on viscosity and density of soy 
oil. A-------A : Density, O-----O: Viscosity.

in teraction  o f m o istu re  co n ten t an d  tem perature  
will h ave m ore effect on  th e  therm al con d u ctiv ity  
of soyb ean .

V i s c o s i t y  o f  s o y  o il  : T he varia tion  o f v isco sity  
and d en sity  o f  m ech an ica lly  exp ressed  so y  oil w ith  
tem perature is  sh o w n  in  Fig. 7. It c a n  b e  se e n  th a t  
v isco sity  red u ced  con sid erab ly  b etw een  2 0  and  
30°C . The drop in  v isco s ity  co n tin u ed  u p to  60°C. 
From  60°C to  90°C , th e  red u ction  in  v isco s ity  w a s  
negligible. The d en sity  o f so y  oil a lso  red u ced  from  
9 3 2  k g /m 3 at 20°C  to  9 0 7 .5 4  k g /m 3 at 60°C. 
H owever, th is  rate o f red u ction  b ecam e very low  
b etw een  6 0  an d  90°C . A  polyn om inal eq u ation  of 
six th  order ad eq u ately  fitted  to  th e  experim ental 
data o f v iscosity . T he eq u ation  is  a s  fo llow s : 
p = 7 7 0 .7 4 3 -  7 9 ,1 9 8  T + 3 .5 0 2  T 2 -  0 .8 2 2  x  10'1 T0 

+ 0 .1 0 6  x  10 -2  T4 -  0 .7 2 7  x  1 0 5 T5 + 0 .2 0 1  
x  1 0 7 T6 (cc = 0 .999 )
For th e  exp erim enta l d ata  on  th e  d en sity  of 

so y  oil (p) a  p olyn om inal eq u ation  o f  th ird  order  
cou ld  b e fitted:
p = 9 6 6 .2 1  -  2 .2T  + 0 .2 8 1  x  l O 'T ’ - O . l i g x  10 3 T8 

(cc 0 .999 )
w here T = tem peratu re o f so y  oil in  °C. 
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E ff e c t  o f  D r y in g  o f  V e r m ic e l l i  in  H o t  A ir  O v e n  o n  I t s
C o o k in g  Q u a li ty

R. VETRIMANI AND A. RAHIM*
B aking T echnology D iscip line,

C entral Food T echnological R esearch  In stitu te , M ysore-570  0 1 3 , India
Vermicelli, made from either refined wheat flour [m a id a ]  or semolina (sojil, was subjected to drying in the hot 

air oven at temperatures ranging from 30 to 95°C for 30 to 60 min at each temperature. The vermicelli samples 
thus obtained were evaluated for cooking quality. Vermicelli of good quality can be obtained by drying the extruded 
vermicelli at 30°, 45°, 85° and 95°C for 60, 30, 30 and 60 min, respectively. The results could be of benefit to the 
small scale manufacturers of vermicelli in improving the quality.
Keywords : Vermicelli drying, Dry heat, Drying conditions, Mixing time, Dough water absorption, M a id a , S o f t

Large sca le  p asta  m an u factu rin g  u n its  u se  
sop h istica ted  driers w ith  h u m id ity  con tro ls (Anon 
1991; D ante 1988; Lirici 1990). The drying technique  
is so  im portant that it is  p aten ted  (Pavan 1988). 
The drying of p a sta  p rod u cts is  even  done at h igh  
tem peratures for red u cin g  drying tim e (Olliver 
1986; De S tefan is and S gru lletta 1990). In con trast, 
sm all an d  cottage in d u str ies  d ep en d  on  dry heat  
m ethod, involving u n con tro lled  tem p eratu res, for 
drying of verm icelli. T h is m ay  affect th e  cooking  
quality adversely. Therefore, an  attem pt h a s  b een  
m ade to standard ize th e preparation  an d  h ot air 
oven-drying of verm icelli, so  a s  to obtain  a b etter  
quality product.
Materials and Methods

Refined w heat flour ( m a id a )  an d  sem olin a  (so ji)  
were procured from  local m arket and analyzed  for 
m oistu re, total a sh , dry g lu ten , p igm ent and Kent 
J o n es colour grade by u sin g  th e stan dard  m eth o d s  
(AACC 1976). T he sa m p les  (200  g) o f th ese  
com m odities w ere sieved  for 10 m in  on  a m ech an ica l 
B uhler laboratory p lan-sifter  and th e m aterial 
collected on  each  sieve w a s w eighed  for ca lcu la tin g  
the p ercen tages. The s iev es  u sed  w ere with m esh  
openings in  th e range 6 2 -6 7 0  m icro n s (i.e. 6 7 0 ,  
460 , 3 4 0 , 2 1 9 , 129, 112, 8 5  and 62  m icrons, 
corresponding to m esh  n u m b ers 3 2 , 4 5 , 6 0 , 6xx, 
lOxx, 12xx, 15xx and 25p , respectively).

Verm icelli w as prepared b y  m ix ing 2 0 0  g flour  
or sem olin a  in  a Hobart m ixer (Model N50) for tim e  
intervals varying from 7 to 12 m in , w ith  different 
q uantities o f w ater varying from  3 4  to  42%  for 
m a i d a  and 2 8  to 36%  for s o jL  The m ixing tim e  
included  2 m in  prem ixing at 5 8  rpm  an d  th e  rest 
of the tim e at 104 rpm  to prepare a dough , w hich  
cou ld  b e easily  extruded  through  a laboratory
*C o r re sp o n d in g  A u th o r

m o d el co ld  ex tr u d e r  (S a r a sw a th i In d u s tr ie s ,  
Coim batore). The extru d ed  sa m p le s  o f verm icelli 
w ere h eld  in  th e  op en  at room  tem p eratu re (30°C) 
for 1 h . S u b seq u en tly , drying w a s  d on e for 1 h  
each  at 45°, 55° an d  85°C , b y  sp read in g  th e  
extruded  verm icelli sa m p les  to  a  th ic k n e ss  o f ab out
12 -1 5  m m  in 3 2  x  2 5  x  2 .5  cm  trays an d  k eep in g  
th em  in a double ch am b er h o t air oven  (42 x  28  
x  2 5  cm ), w h ich  ca n  b e  m a in ta in ed  at an y  
tem perature b etw een  3 0  an d  2 4 0°C , w ith  an  
accu racy  of ±2°C. The drying at 4 5 ° , 85° an d  95°C  
w a s a lso  stu d ied  for varying tim e from  3 0  to  60  
m in. The dried sa m p les  o f verm icelli w ere th en  
co o led  to  room  tem p era tu re  a n d  p a ck ed  in  
p olyethylen e p o u ch es  (22 x  15 cm  size , 3 5 0  gauge).

The cook in g  q u ality  o f th e  verm icelli, m ad e a s  
above, and a lso  o f th e five p op u lar b ran d s, ob tained  
from  loca l m arket, w a s  determ in ed  a s  p er the  
stan dard  m eth od  (ISI 1976). A -5 0  gram  sa m p le  w a s  
cooked  in  5 0 0  m l boilin g  w ater for 10 m in  and  
placed  over a screen  to  sep ara te  cook ed  verm icelli 
and the gruel. T he cook ed  w eigh t of verm icelli, 
w h ich  a lso  in d ica tes th e  a m o u n t o f w a ter  u p tak e  
during cook in g  w a s d eterm in ed  an d  ex p ressed  a s  
g per 100  g o f dry verm icelli sam p le . T he overall 
quality, w ith  resp ect to  ap p earan ce , tex tu re  and  
ta ste  profiles w a s  determ ined  b y  a p a n e l o f s ix  
trained  ju d g es . D u n ca n 's  n ew  m u ltip le  range te st  
(Harter 1960) w a s  u se d  to d eterm in e th e  te s t  of 
sign ifican ce. The gruel w a s  te sted  for so lid s  con ten t  
by evaporating a kn ow n  w eigh t o f d rained  liquid  
on a boiling w ater-b ath , till all th e  w a ter  w a s  
evaporated, before w eigh in g  th e  so lid s.
Results and Discussion

P r o x i m a t e  c o m p o s i t i o n  a n d  p a r t i c l e  s i z e  
d i s t r i b u t i o n  : The d ata  are p resen ted  in  T able 1. 
The g lu ten  c o n ten ts  of th e se  com m o d ities  sh o w  that
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TABLE 1. PROXIMATE COMPOSITION OF M A1DA  AND S O J I  AS 
WELL AS THE PARTICLE SIZE DISTRIBUTION IN 
THESE COMMODITIES

Attribute M a id a S o ji
Moisture, % 9.8 12.2
Ash, % (db) 0.6 1.2
Gluten, % (db) 8.5 8.1
Kent Jones Colour grade 5.8 -
Pigment, ppm 2.1 1.2
Particle size distribution (pi), %

< 62 2.8 1.0
62-85 1.8 0.3
85-112 0.2 0.4
112-129 93.0 0.7
129-219 2.1 0.6
219-340 0.1 24.1
340-460 0 65.8
460-670 0 7.1

th ese  belong to  soft w h eat category. The particle  
size d istrib u tion  sh ow ed  that m a i d a  had  the  
m axim um  n u m b er o f p artic les (93%) in  the s ize  
range 112 to 129 p, w hile 89.9%  of the s o j i  particles

w ere in  th e  range o f 2 1 9  to 4 6 0  p. In each  
com m odity , th e p article s ize  d istr ib u tion , th u s , is  
in  a fairly narrow  range. Particle s ize  d istr ib u tion  
a ssu m e s  critica l im p ortan ce for proper hydration  
an d  d ough  c o n s isten cy  (Irvin et al. 1981) an d  th u s  
differences in  m ix in g  tim e o f th e se  com m o d ities  are 
exp ected  in  th e  p rep aration  o f th e  dough .

E f f e c t  o f  d o u g h  m i x in g  t i m e  : T he d ou gh  m ixing  
tim e o f 7 .5  m in  w a s  fou n d  to b e  op tim u m  in  ca se  
of m a i d a  (Table 2), a s  it resu lted  in  lo w est cook ing  
lo s s  an d  h igher cook ed  w eigh t o f  th e  verm icelli. The  
sco res  for all th e  sen so ry  a ttr ib u tes eva lu ated  w ere  
also  h igher w ith  th e  u se  o f 7 .5  m in  m ix in g  tim e. 
In con trast, th e  op tim u m  d ou gh  m ix in g  tim e in  ca se  
of s o j i  w a s  10 m in . The sen so ry  q u ality  of the  
product m ad e from  s o j i  w a s  s ligh tly  b etter  th a n  th a t  
of th e product m ad e from  m a i d a .  The data  in  Table 
2 , th u s , su b sta n tia te  th e  ob serv ation s th a t th e  
m ixin g tim e varies d u e to  d ifferen ces in  th e  particle  
size  d istrib u tion  am on g th e  raw  m ateria ls. H igher  
hydration  tim e, low er cook in g  lo s s  an d  b etter  
overall quality  for larger particle s ized  com m odity .

TABLE 2. EFFECT OF WATER ABSORPTION AND DOUGH MIXING TIME ON THE COOKING AND SENSORY CHARACTERISTICS 
OF VERMCILLI* MADE FROM M A ID A  AND S O J I

Water
absorp
ption*

Moisture 
in dry 

vermicilli,
Cooking quality Sensory quality** Dough Moisture 

mixing in dried 
time***, vermicelli.

Cooking quality Sensory quality
Solid Cooked Texture Flavour Overall Solid Cooked Texture Flavour Overall

% %
loss,

%
weight,

g
& taste quality

min. %
loss,

%
weight,

g
& taste quality

Dfatda-basedEffect of water absorption Effect of dough mixing time
34 8.1 30 447 12.17° 13.80b 6.00° 5.0 9.4 16 398 M.SS^M.SO*1 7.20a
36 8.4 20 413 14.00b 13.83b 5.83° 7.5 9.2 13 400 16.00* 16.17* 7.50“
38 8.9 13 404 17.50* 15.80“ 8.00“ 10.0 9.2 20 366 13. 17*“ 13.30*“ 5.83b
40 8.7 16 302 13.80b 14.00*“ 6.80b SEM ± 0 .5 7 ± 0.72 ± 0.28

(15df) (15dl) (15df)
42 8.9 14 339 16.17“ 15.83* 7.17b*

SEM + 0.54 ± 0.57 ± 0.35
(25df) (25df) (25df)

So/i-based
28 8.8 18 506 11.50b 13.66b 5.50b 5.0 9.7 20 384 13.20“ 14. IT*1 5.87*
30 8.7 14 440 12.16"* 14.00*> 5.67b 7.5 9.5 17 375 13.33“ 14.20*“ 6.00“
32 8.9 12 412 14.17“b 13.70*“ 6 .16*b 10.0 9.5 11 388 16.50*“ 16.00* 7.70b
34 9.1 11 384 15.93“ 16.16* 7.66“ SEM ± 0 .4 7 ± 0.63 ± 0.34

(15df) (15df) (15df)
36 8.9 14 403 13.80*“° 13.83b 7.17“

SEM ± 0.60 ± 0.58 ± 0.30
(25dl) (25dl) (25df)

* Vermicelli was dried successively by holding for 1 h each at 30°, 45°, 55° and 65°C.
** Each observation is mean of 6 values, Means in the same column followed by different superscripts differ significantly (P<0.05)
*** Added moisture for m a id a  dough = 38% and so ji dough = 34%, 2 min premixing at low speed (58 rpm) for each sample and 

followed by mixing for 5 to 10 min. at 104 rpm.
+ With premixing time of 2 min. at 58 rpm, with continued mixing at 104 rpm for 7.5 min. for m a id a  dough and 10 min. for 

so ji dough.
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TABLE 3. INFLUENCE OF DRYING PATTERN ON QUALITY OF VERMICELLI FROM M A ID A  AND S O J I  
Holding time h.

Drying
pattern

Drying temperature. °C Final Cooking quality Sensory quality*
30 45 85 95 Solids

loss,
% % 

M a id a -based

Cooked Appearance 
weight,

e

Texture Flavour 
& taste

Overall
quality

1 1.0 1.0 1.0 0.5 7.1 8 419 8.33*b 16.17* 16.30 7.33*
2 1.0 1.0 0.5 1.0 6.6 9 427 8 .16*b 16.0O*b 16.00 7.00*b
3 1.0 0.5 0.5 1.0 6.9 9 351 8.83* 17.70d 16.67 8 .3 0 *
4 1.0 - 1.0 1.0 5.3 9 416 8.00b 15.83*b 15.80 6.83*b
5 1.0 - 1.0 0.5 7.2 13 466 7.67b 14.33* 15.83 5.67*
6 1.0 0.5 0.5 7.8 11

Sqji-based

497
SEM

8.00b
±0.24

(30dfi

13.30*
±0.39

(30dfi

15.80
NSD

5.80*
±0.28

(30dQ

1 1.0 1.0 1.0 0.5 6.8 8 354 8.67 17.50* 16.30* 7.30*
2 1.0 1.0 0.5 1.0 6.8 9 397 8.50 17.33* 16.17*b 7.67*
3 1.0 0.5 0.5 1.0 6.8 8 418 8.33 17.50* 16.70* 8.50*
4 1.0 - 1.0 1.0 6.2 11 414 8.50 14. ^ 14.20* 5.83b
5 1.0 - 1.0 0.5 8.1 14 415 8.16 12.20* 13.67* 5.70b
6 1.0 0.5 0.5 8.9 11 524

SEM
8.30
NSD

m -so"
± 0.35  
(30df)

14.00*
±0.53

(30dfi

5.80b
±0.25

(30df)
* Each observation is the mean of six values, Mean in the same column followed by different superscripts differ significantly 

(P<0.05) according to Duncan's New Multiple Range Test. NSD = No significant difference

a s observed by oth er w orkers (Oh et al. 1985; 
M ousa 1979; Burove an d  M edvedev 1981; M anser
1990) is  th u s  confirm ed.

E f f e c t  o f  w a t e r  a b s o r p t i o n  l e v e l s  : In ca se  of 
verm icelli m ade from m a i d a ,  at w ater absorption  
levels of 3 4 -4 2  %, the final m o istu re  con ten t ranged  
betw een  8 .1  and 8.9%  and th e  cook in g lo s s  
d ecreased  from 3 0  to  13% for a d ough  m oistu re  
of 38%. Cooked w eight in creased  by 4 .04 -fo ld  and  
resu lted  in  sta tistica lly  sign ifican t b etter  sen sory  
quality, w ith resp ect to  texture, flavour, ta ste  and  
overall quality  (Table 2). The m oistu re  of th e dried  
verm icelli w a s around 8.8% , w h en  the verm icelli 
w as m ade from s o j i  d ough  con ta in in g  2 8  to 36%  
m oisture (Table 2). The cook ing te s t  in d icated  that  
a dough w ith  34%  m oistu re  gave verm icelli w ith  
significantly b etter  sen so ry  q u alities (Table 2) and  
w ith m in im u m  (11%) cook ing lo ss . It is  apparent  
that sem olin a  w ith  coarser partic les will n aturally  
have le sser  surface area and low er starch  dam age, 
and h en ce  absorb le sser  am o u n t o f w ater in  th e  
dough, a s  com pared  to m a i d a .

E f f e c t  o f  d r y i n g  c o n d i t i o n s  o n  t h e  q u a l i t y  o f  
v e r m ic e l l i  : The drying p attern s 1 to 4  (Table 3) 
gave m a i d a  verm icelli of satisfactory  to good sen sory  
quality, w ith  resp ect to  ap p earan ce, texture and

overall quality. The cook in g lo s s  w a s  8  to  9%. In 
con trast, drying p a ttern s 5 an d  6  gave m a i d a  
verm icelli w ith  h igh er cook in g  lo s s e s  (11 to 13%) 
and poor overall quality . T h is m ay  b e attr ib uted  
to the su rface h ard en in g  o f th e  verm icelli d u e  to  
drying at h igher tem p eratu res. In c a se  o f s o j i  
verm icelli, the  drying p a ttern s 1 to  3  (Table 3) gave  
th e  product w ith  low er cook in g  lo s s  (8 to 9%), and  
sign ifican tly  b etter  overall sen so ry  quality . The  
drying p attern  3 , w ith  th e  lo w est cook in g  lo s s  of 
8%, an d  in crease  in  cook ed  w eigh t b y  4 .18 -fo ld , 
w a s  th e  b est. For drying p a ttern s 4  to  6 , th e  
cooking lo s s  w a s  sligh tly  h igh er (11 to  14%) and  
th e overall quality  w a s  poor. T h is aga in  is  believed  
to b e due to  exp osu re to  h igher tem p era tu re  during  
drying. The resu lts , th u s , in d ica te  th a t th e  drying  
of verm icelli is  a very critica l u n it op eration . T hey  
also  reveal that th e  verm icelli sh o u ld  b e  exp osed  
to gradual in crea se  of tem p eratu re d u rin g  drying  
for obtain ing th e b e s t  q u ality  p rod u ct, in  term s of 
cooking and sen so ry  q u alities, a s  w ell a s  low  so lid s  
lo ss .

C o o k in g  q u a l i t y  o f  c o m m e r c i a l  v e r m i c e l l i  : The  
data in d icated  th a t th e  overall q u ality  w a s  n ot  
related to either th e  m oistu re  c o n ten t o f verm icelli 
or th e  cook ed  w eight (Table 4). Two o f th e  sa m p les
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TABLE 4. COOKING QUALITY OF SOME COMMERCIAL SAMPLES AND THEIR COMPARISON WITH LABORATORY SAMPLE
Sample Moisture, Cooking quality Sensory quality*% ----------------------------------------  ----------------------------------------------------------

Solids 
loss, %

Cooked 
weight, g

Appearance Texture Taste & 
flavour

Overall
quality

1 5.7 20 378 6.83e 13.80e 15.83d 5.50e
2 10.4 7 423 7.20e 15.17e 16.20“1 6.50d
3 10.6 14 364 6.50e 11.66d 13.80e 5.67c
4 10.3 10 453 8.33*b 17.70*b 17.67*“ 8 .16b
5 11.3 7 443 9.00* 18.30* 18.00* 9.00*
Laboratory sample ** 6.8 8 418 8.50*b 18.00*b 17.801“ 8.50*b

SEM ± 0.30  
(30df)

±0.54
(30df)

±0.50
(30df)

±0.24
(30df)

* Each observation is a mean of six values, and means In the same column followed by different superscripts differ significantly 
(P<0.05) according to Duncan's New Multiple Range Test

** Laboratory made sample of vermicelli was prepared using commercial m a i d a  sample as per the optimised process.

(4 and 5), from m ed iu m  to large sca le  u n its , sh ow ed  
the cooking lo s s  o f  7 an d  10%, and w ere a lso  
significantly good  w ith  resp ect to appearance, 
texture, flavour an d  overall quality . The control 
verm icelli sam p le, prepared u n d er  the standard ized  
m ethod, w a s the b est o f the m arket sam p les. 
S am p les 1 to 3 , from  cottage to sm all sca le  
in d u stries, w ere very poor to  satisfactory  in  overall 
sen sory  qualities. T h ese  r e su lts  su g g est th a t there  
is  a need  for im provem ent in  th e  quality of 
verm icelli produced  com m ercially  by the cottage  
and sm all sca le  sectors. The data from  th e  p resen t  
stu d ies  indicate th a t the drying strategy is  the  
single m ajor im portant factor w hich  governs the  
overall quality.

It m ay b e con clu d ed  th a t a w ater absorption  
of 38  and 34%  and the total dough m ixing tim e  
of 9 .5  and 12 m in  (including 2 m in  o f prem ixing), 
were optim um  for the m a i d a  and s o ji -b ased  verm icelli 
d ou gh s, resp ectively . T he dry h ea t tech n iq u e  
involving step w ise  drying can  be u se d  for m aking  
good quality verm icelli. The optim um  step -w ise  
drying sch ed u le  involves th e  pre-and  final-drying  
at 30° and 95°C for 1 h  each , w h erea s drying in  
the interm ediate sta g es  require 0 .5  h  each  at 45°  
and 85°C.
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E ff e c t  o f  S a lt  a n d  I t s  B le n d  w it h  P o ly p h o s p h a t e s  o n  t h e  
Q u a lity  o f  B u ffa lo  M e a t  a n d  P a t t i e s  U n d e r  H o t ,  C h il le d  a n d

F r o z e n  C o n d it io n s
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Effects of 2% salt alone and of 2% salt + 0.5% polyphosphates on quality of hot (unchilled meat, within 5 h 

of slaughter), chilled (stored at 2°C for 20-22 h) and frozen (stored at -10°C for 6 days) buffalo meat and palatability 
of patties were investigated. Hot, and salt-containing chilled meat were not significantly different for salt soluble proteins, 
emulsifying capacity, emulsion stability, yield, and acceptability of patties. Addition of salt + polyphosphates increased 
(P<0.01) pH, water-holding capacity, emulsion stability, yield, and sensory attributes of patties, but reduced cooking 
loss, irrespective of the method of meat handling. Chilling or freezing of ground buffalo meat, pre-blended with salt 
+ polyphosphates, had no significant advantage in terms of emulsion stability, yield and palatability of patties, in 
comparison to incorporation of salt + polyphosphates, while processing.
Keywords : Salt, Polyphosphates, Pre-blending, Buffalo meat, Functional properties, Patties.

Potential b en efits  and p o ssib le  d isad van tages  
of hot p rocessin g  of m in ced  beef, pork and ch ick en  
have b een  w ell d ocu m en ted  (C uthbertson  1980; 
Sm ulders 1985). Hot p rocessin g  im proves b ind ing  
ability o f m eat protein s, b y  in creasin g  both  the  
am ount o f sa lt extractab le p rotein s, and  the  
em ulsify ing cap acity  o f the m eat (W est 1983). 
A ddition of sa lt and  p o lyp h osp h ates to buffalo m eat 
had sign ificantly  im proved certain  o f its  quality  
p aram eters (Kondaiah et al. 1985; A njaneyulu  et 
al. 1989). P re-b lend ing d en o tes  m ix in g of m in ced  
m eat w ith  sa lt  an d  oth er additives, and  keeping  
it for a sp ecific  period o f tim e u n d er  ch illed , or 
u n der frozen storage. It im proves the fun ction a l 
properties of m eat, due to  en h an ced  sa lt p enetration  
and in creased  p rotein -sa lt in teraction  (O ckerm an  
and C respo 1982). Pre-b lended m eat is  u sed  in  the  
sa u sa g e  in d u stiy  for m ain ta in in g  uniform ity in  
com position  an d  quality (Pearson and T auber 1984). 
A nu m ber of s tu d ie s  on  storage stab ility  of buffalo  
m eat (K ulkam i et al. 1993) on  the quality  param eter  
of a variety o f m ea ts  (Kondaiah et al. 1988) and  
sk eletal and  offal m ea ts  (K rishnan and S harm a
1991) and preparation  o f p a tties  (A njaneyulu and  
S h arm a 1991) h a v e  a lso  b e e n  carr ied  ou t. 
Inform ation on  th e effect o f  sa lt  and  p olyp h osp h ate  
on th e  fu n ction a l properties o f buffalo m eat u n d er  
different h an d lin g  con d itio n s is  scan ty . Further, n o  
investigation  h a s  b een  d on e on  p re-b lend ing of  
buffalo m eat, nor an y  on  its  su itab ility  for product 
p rocessin g .

Therefore, th e objectives o f  th e  p resen t stu d y

* C o r re sp o n d in g  A u th o r

w ere : (a) to determ ine th e  effect o f pre-b lend ing  
of buffalo m eat w ith  sa lt  and  p o lyp h osp h ates on  
p h ysico -ch em ica l properties o f th e  m eat and the  
sen so ry  quality o f  the p atties  m ad e w ith  it ; and  
(b) to com pare th e effects o f p o ly p h o sp h a tes on  th e  
fu n ctio n a l p rop erties o f m ea t u n d e r  different 
han d ling  con d ition s.
Materials and Methods

M a te r i a l s  : A  m eat sam p le  (10 .5  kg), from  the  
rou n d  p ortion  (m ain ly  b ic e p s  fem o r is , s e m i
m em b ran osu s, sem i-ten d in o su s  an d  quadriceps) of 
a n  adult fem ale ca rca ss , o f  good  fin ish , w a s  
obtained  w ith in  5 h  o f slaugh ter. A  m eat sam p le  
of sim ilar quality , from  a sin g le  ca rc a ss  w a s  utilized  
for each  trial o f the experim ent. Laboratory grade  
sod iu m  chloride (salt) w a s  u sed . P o lyp h osp h ates  
m ixtu re c o n s is te d  o f 65%  a n h y d ro u s so d iu m  
p yrophosphate, 17.5%  so d iu m  tr i-p o lyp h osp h ate  
an d  17.5%  sod iu m  acid p yrop h osp h ate  (Anjaneyulu  
et al. 1989).

M e a t  p r o c e s s i n g  : V isib le fat an d  con n ective  
t is su e  sh ea th  w ere rem oved, an d  th e m ea t w a s  cu t  
in to  c h u n k s  o f 5 -6  cm  size. Hot (i.e. unchilled) m eat  
w a s fin e-m inced  b y  p a ss in g  throu gh  8  m m  and 4 
m m  p lates. For each  treatm en t, m in ced  m ea t (600  
g) or m eat c h u n k s  (600  g) w ere im m ed iately  treated  
w ith  additives a s  per experim ental requ irem ent. 
Salt alone (2%), or a m ixtu re o f sa lt  (2%) + 
p o lyp h osp h ates (0.5%), w a s b len d ed  w ith  m ea t in  
a H obart Food M ixer (N-50), u s in g  a flat b eater  at 
low  sp eed , for 1 m in  in  th e  c a se  of a m in ced  
sam p le, and  for 10 m in  in  th e  c a se  o f ch u n k s . 
T reated sa m p les  w ere p ack ed  in  low  d en sity
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polyethylene b ag s.

In experim ent I, s ix  tr ia ls w ere con d u cted  a s  
follow s : (1) h o t (u n ch illed  m eat) : w ith in  5 h  o f  
slaughter, m ea t w a s  m in ced  an d  m ixed  w ith  salt;
(2) ch illed  m eat : h ot m ea t w a s  ch illed  at 2°C for 
2 0 -2 2  h, th en  m in ced , a n d  m ixed  w ith  salt; (3) hot 
m ea t w a s  m in c e d , a n d  m ix e d  w ith  sa lt  + 
polyphosphates; (4) ch illed  m eat w a s  m in ced , and  
m ixed w ith  sa lt  + p o lyp h osp h ates; (5) h ot m eat 
ch u n k s, p re-b lended  w ith  sa lt  + p o lyp h osp h ates, 
were ch illed  at 2°C for 2 0 -2 2  h , an d  th en  m inced; 
and (6) h ot-m in ced  m eat, p re-b lended  w ith  sa lt  + 
p olyp h osp h ates, w a s  ch illed .

In experim ent II, s ix  tr ia ls w ere con d u cted  a s  
follow s : (1) ch illed  m eat w a s  frozen a t -10°C  for 
6  days, thaw ed  at 4°C for 15 h , th en  m in ced  an d  
m ixed w ith  salt; (2) ch illed  m eat w a s  frozen, 
th a w e d , m in c e d , a n d  m ix e d  w ith  s a l t  + 
polyphosphates; (3) h ot m eat w a s  frozen, thaw ed , 
m inced , m ixed  w ith  sa lt  + p olyp h osp h ates; (4) 
chilled  m in ced  m eat, p re-b lend ed  w ith  sa lt  + 
p olyp h osp h ates, w a s  frozen  at -10°C  for 6  days, 
and th en  thawed; an d  (5) h ot m in ced  m eat, pre- 
blended w ith  sa lt  + p o lyp h osp h ates, w a s  frozen and  
thaw ed.

M e a t  e m u l s i o n  a n d  p a t t i e s  : For each  treatm ent, 
the required quan tity  o f  em u ls io n  (3 0 0  g) w a s  m ad e  
in  a Hobart m ixer (N-50), w ith  finely m in ced  m e a t /  
pre-blended m eat (85%) an d  refined so y  oil (15%) 
u sin g  a wire w hip  at h igh  sp eed . T reatm en ts had  
e ith e r  2% s a l t  a lo n e  or 2% s a lt  + 0 .5%  
p olyp h osp h ates on  m ea t and oil b a s is . Ice-cold  
w ater (10%), sp ice  m ix  (1%) and sea so n in g s  (4%) 
were a lso  added. The em u lsio n  w a s  h an d -m ou ld ed  
(using petrid ish , 7 7  x  17 mm) in to  3  p atties, each  
w eighing 8 0  g. P atties w ere cooked  at 180°C for 
2 0  m in  in a p re-h eated  oven, to  ob ta in  a n  in ternal 
tem perature o f 75°C, a s  recorded by a probe 
therm om eter. Cooked p atties  w ere w eighed  and  
their yield  w a s  exp ressed  a s  a percentage.

A n a l y s i s  : M eat pH w a s  recorded u s in g  E lice  
pH m eter w ith  g la s s  electrode, after h om ogen isin g  
a 10 g sam p le w ith  5 0  m l d istilled  w ater for 1 m in. 
W ater-holding cap acity  w a s  determ ined  a s  per th e  
m ethod  o f W ardlaw et a l (1973) w ith  sligh t  
m odification (Anjaneyulu et al. 1989). M oisture, 
protein and fat (AOAC 1980), sa lt so lu b le  protein  
(Knipe et al. 1985), em u lsify in g  cap acity  (Swift et 
al. 1961) an d  cook ing lo s s  o f  m eat an d  em u lsio n  
stability (Kondaiah et al. 1985) w ere determ ined  by  
standard m ethods. The em u lsion  stability  is  inversely  
related to em u lsio n  cook in g lo ss . The sa m p les  w ere

an a lysed , in  d u p lica te , for w a ter-h o ld in g  cap acity  
an d  sa lt-so lu b le  protein , an d  in  trip licate for 
cook in g  lo s s  an d  em u ls io n  stab ility .

S e n s o r y  e v a l u a t i o n  : T he se n so ry  a ttr ib u tes of 
cook ed  p a ttie s  w ere eva lu ated  b y  exp erien ced  panel 
m em b ers, u s in g  a n  8 -p o in t, stru ctu red  sca le , 
w h erein  8  = extrem ely desirable ap p earan ce, flavour, 
ju ic in e ss , texture an d  overall palatab ility , w h ile  1 = 
extrem ely  u n d esirab le  a ttr ib u tes. N ine ju d g e s  w ere  
em ployed  for each  trial in  exp erim en t I, an d  10 
ju d g e s  for each  trial in  exp erim ent II. W arm  p atties  
w ere cu t  a cro ss  th eir  c e n tre s  to  ob ta in  8 p ieces  
of sim ilar  sh a p e  (triangular) an d  size  from  each  
patty , an d  served  to th e  p a n e lis ts  for evaluation .

S t a t i s t i c a l  a n a l y s i s  : T he d ata  w ere su b jected  
to  a n a ly s is  o f  variance, an d  critica l d ifferences  
(Snedecor and C ochran 1968) w ere ca lcu la ted  to  
d eterm in e a n y  s ig n ifica n t d ifferen ces  b e tw een  
treatm en t m ea n s.
Results and D iscussion

The pH v a lu es  o f h ot an d  ch illed  m ea t u sed  
in  th is  s tu d y  w ere 5 .7 1  ± 0 .0 4  an d  5 .5 4  ± 0 .0 1 , 
respectively. The lean  m ea t con ta in ed  7 6 .6 6  ± 0.35%  
m oistu re , 19 .68  ± 0 .1 1 %  p rote in s an d  1 .93  ± 0.13%  
fat. Hot m eat m ixed  w ith  sa lt  h ad  sign ifican tly  
higher (P<0.01) pH, a s  com p ared  to ch illed  m eat  
w ith sa lt  (Table 1). Hot m ea t h ad  sign ifican tly  
greater w ater-hold ing cap acity , a s  com p ared  to 
ch illed  m eat, p ossib ly  d u e  to h igh er pH o f the  
former. H onikel et al (1981) h ave a lso  reported  
greater in crease in  w ater-h old in g  cap a city  (lower 
cooking loss) w ith  the addition  o f sa lt to com m inu ted  
pre-rigor beef, th a n  w h en  th e  sa m e  am o u n t o f sa lt  
w a s added  to  rigor or post-rigor m eat. C hilled  m eat  
had m arkedly h igher cook ing lo s s  an d  low er product 
yield , a s  com pared  to hot m eat. A  sim ilar  in crease  
in  th e  cooking lo ss , during p ost-m o rtem  storage of 
buffalo m eat for 2 4  h , h a s  b een  reported  (Kondaiah  
et al. 1986). H ot an d  ch illed  m e a ts  w ere a lso  not 
sign ifican tly  different w ith  resp ec t to extractab le  
sa lt-so lu b le  p rotein , em u ls ify in g  c a p a c ity  and  
em u lsio n  stab ility  (Table 1).

The superior fu n ction a l prop erties o f  hot-b oned  
m eat, a s  reported by oth er w ork ers (C uthbertson  
1980; W est 1983), w ere n ot ob served  in  th is  stu d y. 
T h is is  p ossib ly  d u e  to d elay  o f ab o u t 5  h  in  th e  
p rocessin g  of h ot (unchilled) m eat after slaugh ter, 
w h ich  resu lted  in  th e  o n se t  o f rigor m ortis. The 
o n set o f rigor m ortis in  b ov in e m u sc le s  occurs, 
w h en  the ATP con cen tra tion  in  th e t is su e  reaches  
a level o f  ab ou t 1 m o l/g , w h ich  corresp on ds to
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TABLE 1. EFFECT OF SALT AND ITS BLEND WITH POLYPHOSPHATES ON PHYSICO-CHEMICAL PROPERTIES OF MEAT UNDER 
DIFFERENT HANDLING CONDITIONS

WHC EC, Salt- Cooking Emulsion Patties
Treatment pH ml/ ml oil/ soluble loss, stability. yield,

100 g 2.5 g protein,% % % %
Hot meat, minced, 5.77* 33.8* 117.5 8.5* 22.3* 24.2* 79.3*
salted ±.04 ±6.0 ±4.4 ±.2 ±3.2 ±5.1 ±5.9
Chilled meat, minced, 5.64b 24.3» 120.5 8.6* 26.4* 24.7* 76.9“
salted ±.02 ±6.2 ±5.8 ±.3 ±3.6 ±4.2 ±4.4
Hot meat, minced, 6.03c 43.6' 120.5 9.7b 13.7b 7.4b 90. l b
mixed with salt + polyphosphates ±.04 ±4.4 ±4.5 ±.l ±0.8 ±0.8 ±0.7
Chilled meat, minced, 5.93e 36.5' 123.5 10.0b 13.7b 9.3b 91.9b
mixed with salt + polyphosphates ±.02 ±5.4 ±5.8 ±.2 ±0.2 ±0.6 ±0.5
Chilling of hot meat 5.99' 56.7d 123.0 9.4b 10.2b 8.8b 93.2b
chunks pre-blended ±.03 ±7.0 ±5.5 ±.7 ±0.8 ±0.5 ±0.4
with salt + polyphosphates, minced
Chilling of hot meat minced, 5.99' 39.3* 122.0 9.4b 10.8b 8.9b 92.8b
pre-blended with salt + ±.02 ±5.2 ±5.4 ±.3 ±1.1 ±1.2 ±0.4
polyphosphates
WHC : Water holding capacity, EC : Emulsifying capacity ; n = 6.
Means with same superscripts in each column do not differ significantly (P>0.05)
about pH 5 .9  o f m u sc le  in  a norm al an im al (Honikel 
et al. 1981). Further, th ey  h ave a lso  reported a 
rem arkable d ecrease in  so lu b ility  o f  m yofibrillar 
proteins and in crease  in  th e  va lu e  o f cook ing lo s s  
at the o n se t o f rigor.

Addition o f sa lt + p o lyp h osp h ates to h ot and  
chilled m eat m in ce  h a s  resu lted  in sign ifican tly  
(PcO.Ol) h igher pH, sa lt-so lu b le  protein , b etter  
em u lsion  stab ility , y ield  of p a tties  and low er cooking  
lo ss , a s  com pared to corresp on ding treatm en ts 1 
and 2 involving th e  u se  of sa lt  a lon e (Table 1). 
T hese resu lts  confirm  th e  fin d in gs o f oth er w orkers  
(Knipe et al. 1985; Trout and S ch m id t 1984; 
B em th a l et al. 1991).

P re-b lending o f h ot m eat c h u n k s  w ith  sa lt  + 
p olyp h osp h ates (treatm ent 5) h a s  resu lted  in  a 
con siderab le  in crea se  in  w a ter-h old in g  cap acity , a s  
com pared  to oth er treatm en ts. In ad d ition  to  action  
of sa lt  an d  p o lyp h osp h ates, m ech a n ica l d isru p tion  
of su rface fibres o f h ot m eat c h u n k s  during  
b lending, follow ed b y  ch illin g  for ab ou t 2 0 -2 2  h  and  
m incing , p o ss ib ly  facilitated  a b etter  p en etra tion  of 
sa lt an d  p o lyp h osp h ates, thereb y  lea d in g  to greater  
extraction  o f m yofibrillar p rotein s, an d  co n seq u en t  
in crease in  hydration  and sw ellin g  o f m eat, a s  
com pared  to p re-b lended  m eat m in ce  (Treatm ent 6). 
Lam key et al (1991) h ave reported  th a t pre
b len d in g of pork  w ith  2% sa lt, prior to  ch illing, 
improved th e w ater-holding capacity, w h en  com pared

TABLE 2. EFFECT OF SALT AND ITS BLEND WITH POLYPHOSPHATES UNDER DIFFERENT MEAT HANDLING CONDITIONS ON 
SENSORY ATTRIBUTES* OF P A T T IE S

Treatment Appearance Flavour Juiciness Texture Overall
acceptability

Hot (unchilled) meat. 5.69* 5.71* 5.40* 5.35* 5.40*
minced, salted ±.17 ±.15 ±.17 ±.15 ±.15
Chilled meat, minced, 5.84* 5.69* 5.44* 5.22* 5.51*
salted ±.16 ±.14 ±.16 ±.17 ±.16
Hot meat, minced. 6.71b 6.71b 6.67b 6.71» 6.78»
mixed with salt + polyphosphates ±.09 ±.09 ±.09 ±.09 ±.08
Chilled meat, minced, 6.78» 6.69b 6.75» 6.75» 6.89»mixed with salt + polyphosphates ±.08 ±.08 ±.07 ±.08 ±.08
Chilled of hot meat, chunks pre-blended 7.02b 6.82b 6.89» 6.95» 6.89»with salt + polyphosphates, minced ±.06 ±.08 ±.09 ±.10 ±.10
Chilling of hot minced meat pre-blended 6.87b 6.67h 6.69» 6.73» 6.78»with salt + polyphosphates
* Sensory scores based on eight-point descriptive 

1 = extremely undesirable.
Means with same superscript in each column do

±.07 ±.08 
scale, 8 = extremely desirable,

not differ significantly (P>0.05)

±.10 ±.09 ±.09

n = 45 sensory scores for 5 replications
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TABLE 3. EFFECT OF SALT AND ITS BLEND WITH POLYPHOSPHATES ON PHYSICO-CHEMICAL PROPERTIES OF BUFFALO MEAT 
UNDER FROZEN MEAT HANDLING CONDITIONS

WHC EC, Salt- Cooking Emulsion Patties
Treatment PH m l/ ml oil/ soluble loss, stability. yield,

100 g 2.5 g protein,% % % %
Chilled meat, frozen, minced, 5.59* 19.7* 106.7 7.9* 20.7* 29.2* 71.9*
salted ±.03 ±3.2 ±3.5 ±.4 ±2.5 ±2.2 ±2.9
Chilled meat, frozen, minced, 5.94b .35.4" 112.2 10.2b 8.8» 7.2» 92.9»
mixed with salt + polyphosphates ±.04 ±3.7 ±3.7 ±.4 ±.8 ±.5 ±0.5
Hot meat, frozen, minced, 5.94» 34.4b 111.7 10.0b 8.8» 6.8» 93.4»
mixed with salt + polyphosphates ±.03 ±3.0 ±3.4 ±.3 ±.6 ±0.7 ±0.4
Chilled minced meat, 6.08e 46.7e 111.5 10.3» 8.9» 8.2» 91.0»
pre-blended with salt + 
polyphosphates, frozen

±.03 ±2.7 ±3.0 ±.7 ±.3 ±0.7 ±0.6
Hot minced meat, 6.09e 50.4e 113.5 8.7* 8.3» 8.3» 92.6»
pre-blended with salt + ±.04 ±1.2 ±2.8 ±.4 ±.4 ±.6 ±0.3
polyphosphates, frozen
WHC : Water holding capacity, EC : Emulsifying capacity ; n = 6
Means with same superscripts in each column do not differ significantly (P>0.05)

to cold boned pork.
P atties m ad e from  hot an d  ch illed  m eat, w ith  

or w ithout p o lyp h osp h ates, w ere n ot sign ifican tly  
different w ith  resp ect to  th e  sen so ry  a ttr ib u tes  
(Table 2). H ot-boned b ee f rolls (Pepper and S chm idt
1975) and s tea k s  (Sem an et al. 1987) have a lso  
b een  found to be com parable in  sen so ry  a ttr ib u tes  
to the conventionally  p rocessed  p rod u cts. A ddition  
of sa lt + p o lyp h osp h ates sign ifican tly  (PcO.Ol) 
improved the sen so ry  attr ib u tes o f p atties, a s  
com pared to th o se  m ad e w ith  sa lt  alone. T h is is  
in  agreem ent w ith  the fin d in gs obtained  by m an y  
workers w ho w orked w ith  oth er m eat p rod u cts  
(Puolanne and Terrell 1983; B arb ut et al. 1985). 
M eat h andling con d itio n s h ad  no sign ifican t effect 
on sen sory  attr ib u tes o f p a tties , w h en  sa lt +

polyphosphates w ere incorporated in  the form ulation. 
However, the sen so ry  p an el s co res  w ere slightly  
h igher for p a tties  from  treatm en t 5 , w h ich  m ay  be  
du e to  h igher w ater-h old in g  cap a city  o f m ea t and  
low er lo s se s  during cooking.

Freezing o f h ot an d  ch illed  m ea t h ad  no  
sign ifican t effect o n  fu n ction a l p rop erties, w h en  sa lt  
+ p o lyp h osp h ates w ere incorporated . A ddition  of 
sa lt + p o lyp h osp h ates, e ith er to  frozen  h o t or ch illed  
m eat, sign ifican tly  (PcO.Ol) in crea sed  pH, w ater
holding capacity , sa lt-so lu b le  protein , em u lsio n  
stability , yield  o f p a tties  and red u ced  cook in g  lo ss , 
a s  com pared  to  frozen  m eat treated  w ith  sa lt a lon e  
(Table 3). P re-b lend ing o f h ot a n d  ch illed  m ea ts  
(treatm ents 4  and 5) w ith  sa lt  + p o lyp h osp h ates  
h a s  resu lted  in  a  sign ifican t in crea se  in  pH and

TABLE 4. EFFECT OF SALT AND ITS BLEND WITH POLYPHOSPHATES UNDER FROZEN MEAT HANDLING CONDITIONS OF 
SENSORY ATTRIBUTES* OF BUFFALO MEAT P A T T IE S

Treatment Appearance

Chilled meat, frozen, minced. 5.78*
salted ±.14
Chilled meat, frozen, minced, 7.04»
mixed with salt + polyphosphates ±.08
Hot meat, frozen, minced, 7.14»
mixed with salt + polyphosphates ±.06
Chilled minced meat. 6.84c
pre-blended with salt + ±.08
polyphosphates, frozen
Hot minced meat, 6.84c
pre-blended with salt + ±.09
polyphosphates, frozen
n = 50 sensory scores for 5 replications.

Flavour Juiciness Texture Overall
acceptability

5.74* 5.30* 5.10* 5.40*
±.14 ±.12 ±.12 ±.11
6.96» 6.90» 7.06» 7.06»
±.06 ±.08 ±.09 ±.08
6.96» 6.94» 7.02» 7.06»
±.06 ±.07 ±.09 ±.07
6.84» 6.68» 6.76c 6.74e
±.07 ±.09 ±.11 ±.10
6.80» 6.70» 6.60e 6.62e
±.07 ±.07 ±.11 ±.10

* Sensory scores based on eight-point descriptive scale, 8 = extremely desirable, 
1 = extremely undesirable.

Means with same superscript in each column do not differ significantly (P>0.05)
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a con seq u en t in crea se  (P<0.05) in  w ater-h old in g  
capacity, w h en  com pared  to  frozen h ot an d  ch illed  
m eat treated w ith  sa lt + p o ly p h o sp h a tes (treatm ents  
2 and 3). H am m  (1981) reported th a t m a in ten an ce  
of superior fun ction a l prop erties o f pre-rigor m eat 
during storage required sa ltin g , rapid freezing and  
the u se  w ith out thaw ing. K ondaiah et al (1986) 
found that frozen buffalo m eat appeared  to  be  
better for u se  in  com m inu ted  prod u cts. P re-blending  
of hot m eat w ith  sa lt  + p o lyp h osp h ates (treatm ent
5) resu lted  in  a sign ifican t d ecrease  in  extractability  
of sa lts  so lub le  p rotein s, a s  com pared  to  m eat from  
treatm ents 2 , 3  and 4 . In crease in  w ater-hold ing  
capacity, in  turn , reduced  th e  extractab ility  o f  sa lt-  
solub le p rotein s (M acfarlane 1974), p oss ib ly  d u e to  
gelation  o f p rotein s and c o n seq u en t en h an cem en t  
of hydration.

The em ulsify ing cap acity  did not sign ifican tly  
v a iy  am ong different frozen m eat con d ition s. T h is  
is  in  con trast to th e fin d in gs o f A cton  and Saflle
(1969), w ho have reported th a t th e  p re-b lend ing of  
post-rigor frozen m eat em u lsified  30%  m ore fat in  
frankfurters th an  th a t o f e ith er fresh  post-rigor  
or frozen post-rigor m eat. S a lt + p o lyp h osp h ates  
incorporation significantly (PcO.Ol) im proved sen sory  
attributes o f p atties (Table 4). P atties m ad e from  
frozen hot or ch illed  m eat form u lation s, w ith  sa lt  
+ p olyp h osp h ates, w ere not sign ifican tly  different 
in  their sen sory  attr ib utes. T h ese w ere a lso  rated  
m arkedly b etter for appearance, texture and overall 
palatability in  com p arison  to th e  p rod u cts m ade  
from the frozen pre-b lended  m eat.
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B io lo g ic a l  E v a lu a t io n  o f  t h e  E f f e c t s  o f  T r a d it io n a l  
P r o c e s s in g  M e th o d s  o n  P r o t e in  9 u a l i t y  o f  F i s h e s  (H eterotis  

n ilo ticu s  a n d  C h rysich th ys n ig ro d ig ita tu s)
ONIMAWO AKHAKHTA IGNATIUS

S cien ce  T echnology D epartm ent, Federal Polytechnic, Idah, Kogi S ta te , Nigeria.
Fresh samples of H e te r o t is  n ilo tic u s  and C h r y s ic h th y s  n ig ro d ig i ta tu s  were processed by dry and wet curing methods, 

before sun-drying and smoking. Control samples were oven-dried at 60°C. These were compared for the protein quality 
by providing 10% protein in the test diets fed to weaning albino rats for 14 days. Apparent and true digestibility 
values of H . n ilo tic u s  were in the ranges of 84.37 - 86.26% and 94.60 - 96.37%, respectively. Corresponding values 
for C. n ig ro d ig i ta tu s  were 83.33 - 88.97% and 93.77 - 96.83%, respectively. Weight gain, protein efficiency ratio, net 
protein ratio, protein retention efficiency, biological value and net protein utilization were not significantly different 
among the various diets (P>0.05). The results showed that the processing methods did not adversely affect the protein quality of the fish species.
Keywords : F is h e s ,  H e te r o t is  n ilo ticu s , C h r y s ic h th y s  n ig ro d ig i ta tu s , Traditional processing methods, Protein quality,

Animal feeding.
The dietary in tak e o f good  q u ality  p rotein s is  

of significant n u trition al im portance, b eca u se  of its  
role in  furn ish ing a m ixtu re o f am ino a c id s o f  th e  
proper pattern for the sy n th e s is  o f t is su e  p rotein s  
and m ain ten an ce  o f b ody fu n ctio n s (O sborne and  
M endel 1919; R ose an d  W itch 1979; King et al.
1976). F ish , a p oten tia l sou rce  o f protein  w ith  h igh  
digestibility, con ta in  am ino acid s in  proportions, 
w hich vary from sp ec ie s  to  sp ec ie s  (N asedkina and  
Pakhom ova 1972 , K izevetter and N ased kin a 1975). 
In developing cou n tr ies , preservation  o f f ish es  is  
done by sa lting  and drying. (Suryanarayana Rao 
and K habade 1968). Som e w orkers in  India have  
observed sign ifican t ch a n g es  during storage of fish  
(Reddy and Srikar 1991; W arrier et al. 1988). T h ese  
traditional sa ltin g  an d  d iy in g  m eth o d s are u sed  in  
the m ajority o f p rocessed  fish  in  Nigeria today and  
m ay affect th e  protein  quality  o f the p rocessed  fish .

The objective of th is  stu d y  w a s  to elu cidate  
inform ation on  th e  effects of th ese  p rocessin g  
m ethod s on  the protein  quality o f  tw o. W est African, 
fresh-w ater fish es, H . n i lo t ic u s  and C . n ig r o d ig i ta tu s ,  
before and after p rocessin g .
Materials and Methods

H . niloticus an d  C. n i g r o d i g i t a t u s  w ere  
pu rch ased  in  th e open  m arket and stored  in  a deep  
freezer, before p rocessin g . In all, 12 kg o f each  
sp ecies w ere b ou gh t and divided into three grou p s  
of 4  kg each . O ne group w a s  p rocessed  and su n -  
dried, w hile th e  seco n d  group w a s  p rocessed  in  th e  
sam e way, and sm oked; th e  third group served a s  
control. The p rocessin g  m eth o d s em ployed  w ere 
dry-curing, or salting, followed by sun-drying (DCSD), 
w et curing, or sa ltin g , follow ed b y  su n -d ryin g

(WCSD); dry cu rin g  or sa ltin g  follow ed b y  sm ok in g  
(DCSM) and w et cu rin g  or sa ltin g  follow ed by  
sm ok in g  (WCSM). C om m on sa lt  (NaCl) w a s  u sed  
for curing. The su n -d ry in g  w a s  carried ou t for n in e  
days. D iy in g  w a s  aided  b y  th e  h a m a tta n  (dry wind) 
w eather. On the oth er h an d , sm ok in g  w a s  done  
co n tin u o u sly  for three d ays over charcoal. The 
control w a s  oven-dried  at 60°C  for 4 8  h . The f ish es  
w ere m illed  after d iy in g , an d  m ad e in to  m ea ls . The  
crude protein  o f th e  p rocessed  fish  w a s  determ ined  
b y  AOAC (1 9 8 0 )  m e th o d . T h e m e a ls  w ere  
incorporated in to  d ie ts  to  provide 10% p rote in s a s  
th e  on ly sou rce. In all, there w ere e leven  d iets. 
T h ese w ere d ie ts  I-V for H . n i l o t i c u s ,  d ie ts  VI-X for
C . n ig r o d ig i t a t u s  an d  a b a sa l d iet BO. T he b a sa l 
diet co n sisted  o f (%) 6 5  c o m  sta rch , 5 g lu cose , 10 
su cro se , 5 n on -n u tritive  ce llu lo se , 10 grou n dn u t  
oil, 4  m ineral m ix  (Halver 1957) an d  1 v ita m in  m ix  
(Halver and S h a n k s  1960). T he variou sly  p rocessed  
f ish es  w ere incorporated  in to  th e  b a sa l diet, at th e  
exp en se  of c o m  sta rch  to  provide 10% proteins. 
D iets  I an d  VI con ta in ed  fish  m ea ls  o f D C SD , II 
an d  VII con ta in ed  fish  m ea ls  o f  W CSD, III an d  VIII 
con ta in ed  fish  m ea ls  o f DCSM , IV an d  IX con ta in ed  
fish  m ea ls  o f WCSM, w h ile  V  an d  X  con ta in ed  fish  
m ea ls  of oven-dried  sam p le  o f H . n i l o t i c u s  and  C. 
n ig r o d ig i t a t u s ,  respectively.

A n i m a l  f e e d i n g  : T h irtythree w ea n lin g  m ale  
albino rats of th e  W istar' stra in  w ere u sed . The 
rats w ere ob ta ined  from  th e  rat co lon y  of th e  
departm ent o f V eterinary M edicine, U niversity  of  
Ibadan. The w eigh ts o f th e  rats averaged  4 8 .5  g. 
Three rats w ere random ly ass ig n ed  o n  b a s is  o f body  
w eight to each  d iet. F eed in g w a s  a d  l ib i t u m  and  
w ater w a s provided at all tim es. T hey w ere w eighed
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TABLE 1. PROXIMATE COMPOSITION OF DIFFERENTLY PROCESSED H E T E R O T IS  AND C H R Y S IC H T H Y S  SPECIES

H e te m ti s  species C h r y s ic h th y s  species
Processing Moisture Crude Crude Fat Ash, Nitrogen Moisture Crude Crude Fat, Ash, Nitrogen
methods 

Dry-curing and

% protein,
%

fibre,
%

% % free
extracts

%
% protein,

%
fibre,

%
% % free

extracts
%

sun-drying 
Wet-curing and

5.1 57.4 0.5 9.6 20.9 1.4 10.9 55.0 1.3 24.1 20.1 0.5
sun-drying 
Dry-curring and

10.1 64.6 0.5 12.7 22.2 0.6 9.2 56.5 1.5 24.6 16.9 0.4
smoking 
Wet-curing and

5.2 71.4 0.5 8.8 18.0 0.8 6.3 63.3 1.5 20.6 14.3 0.6
smoking
Control (Oven-dried

11.9 60.0 0.6 14.0 12.6 1.9 10.7 56.4 1.0 22.7 19.2 0.7
at 60“C) 3.2 82.5 0.4 6.8 10.1 0.2 3.0 71.9 1.1 16.9 10.0 0.1

at the b eginn ing and at the en d  o f the experim ental 
period (14 days). Total protein  w a s  ca lcu la ted  from  
the protein con ten t o f d ie ts  and th e am ou n t of food 
con su m ed .

A n a l y t i c a l  m e t h o d s  : A  period of sev en  d ays w a s  
allowed for the rats to  a d ju st to  th e  n ew  con d ition s, 
before faecal an d  urinary sa m p les  w ere collected . 
The urine sa m p les  w ere co llected  an d  stored  in  
sam ple b ottles in  a deep freezer, p en d in g  an a lysis . 
Faecal sa m p les  w ere sim ilarly collected  and dried 
in  the oven  at 85°C for 2 4  h . T h ese  w ere ground  
m echanica lly , w ith a laboratory m ortar and p estle , 
and stored in p olythen e b a g s  at room  tem perature. 
After the experim ental period o f 14 d ays, th e  rats  
were weighed, and killed, u sin g  chloroform. Incisions  
were m ade on  th e  h ead  and from  the low er jaw  
to th e abdom en to  fecilitate uniform  drying. The  
ca rca sses  w ere dried at 85°C  for 4 8  h to co n sta n t  
weight. For the d eterm in ation  of n itrogen, each  
carcass w a s thoroughly m illed  u s in g  a m ech an ica l 
blender. R epresentative sa m p les  o f th ese  w ere u sed  
for th e  determ ination  o f n itrogen  con ten t by AOAC 
(1980) m ethod . The ca rc a ss  n itrogen  v a lu es  and the  
nitrogen intake v a lu es  for 14 d ays feeding period  
were u sed  to com p u te n et protein  u tiliza tion  (NPU), 
biological va lu e (BY), an d  true d igestib ility  (TD). 
O ther p aram eters determ ined  in clud ed  protein  
efficiency ratio (PER), feed con version  efficiency  
(FCE), net protein  retention  (NPR), protein  retention

efficiency (PRE), apparent d igestib ility  (AD), w eight 
ga in , tota l feed in tak e an d  tota l protein  in tak e. 
Standard m eth o d s w ere ad opted  for ca lcu la tin g  th e  
above param eters. T h ese in c lu d ed  th o se  o f O sborne  
an d  M endel (1919) for PER, B en d er  an d  D oell 
(1957) for PRE, an d  M itchel (1 9 2 3 , 1924) for NPU 
an d  BV.
Results and D iscussion

R esu lts  o f the proxim ate a n a ly s is  o f th e  
p rocessed  fish  sa m p les  are sh o w n  in  Table 1, w hile  
th o se  of th e d iets  are g iven  in  T able 2 .

P r o te in  q u a l i t y  i n d i c e s  : Average v a lu e s  for feed  
in tak e, average w eigh  ga in , FCE, PER, NPR and  
PRE are p resen ted  in  T able 3 . T he v a lu e s  for th ese  
in d ices  w ere not sign ifican tly  d ifferent (P>0.05) from  
th o se  o f th e control d ie ts  V  an d  X  in  b oth  fish  
sp ec ies . T h is m ea n s  that, w ith  th e  excep tio n  o f th e  
b a sa l diet, all th e d ie ts  w ere eq u ally  effective in  
prom oting grow th in  rats. V a lu es  rela ting  to  BV, 
NPU, AD and TD are p resen ted  in  T able 4. The  
BV of H e t e r o t i s  ranged  from  6 0 .0  to  65.7% , w hile  
th o se  for C h r y s i c h t h y s  w ere in  th e  range o f 63 .1  
to 75.4% . T h is in d icated  th a t b oth  th e  fish  p rotein s  
are o f high quality. W hen  com p ared  w ith  the  
co n tro l, th e s e  v a lu e s  sh o w e d  n o  s ig n ific a n t  
differences. T he v a lu e s  for NPU w ere a lso  h igh, 
ranging from 5 6 .8  to  63.6%  for H e t e r o t i s ,  an d  from
6 0 .9  to 70.7%  for C h r y s i c h t h y s .  V a lu es  for AD and

TABLE 2. PROXIMATE COMPOSITION OF DIETS 
Diets involving H e te r o t is  species Diets involving C h r y s ic h th y s  species

Attribute, % I II III IV V VI VII VIII IX X Basal diet
Crude protein 9.9 10.4 10.1 10.2 10.1 10.6 10.4 10.7 10.1 11.00 0.7
Crude fibre 1.0 1.3 1.8 1.0 1.1 1.1 0.1 1.3 1.2 1.2 1.8
Fat 13.9 13.4 15.4 15.1 14.0 21.0 22.3 22.2 21.4 20.5 11.4
Total ash 3.2 2.1 2.9 3.1 2.7 2.1 2.4 2.0 2.1 2.1 2.0
Nitrogen-free extracts 71.9 72.9 69.4 70.0 72.1 65.2 63.6 64.8 64.1 65.2 84.3
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TABLE 3. PROTEIN QUALITY INDICES BASED ON WEIGHT GAIN BY THE RATS
Diets Involving H e te r o t is  species Diets involving C h r y s ic h th y s  species

Attribute I II III IV V Mean VI VII Vili IX X Mean

Total food intake, g 81.6 86.6 106.5 93.1 99.0 92.0 113.2 107.9 99.9 93.4 98.8 103.8
Total protein intake, g 8.1 9.0 11.3 9.5 10.1 9.2 12.0 11.2 10.7 9.4 10.8 10.4
Total weight gain, g 28.3 37.2 41.7 35.0 47.0 47.0 48.0 48.0 42.8 39.5 42.9 44.3
Food conversion efficiency 2.9 2.3 2.6 2.7 2.7 2.6 2.4 2.3 2.3 2.4 2.3 2.3
Protein efficiency ratio 3.5 3.9 3.7 3.7 3.7 3.7 4.0 4.3 4.0 4.2 4.0 4.1
Net protein ratio 4.2 4.7 4.2 4.3 4.3 4.3 4.4 4.8 4.5 4.8 4.5 4.6
Protein retention 

efficiency 67.0 75.9 66.6 68.0 70.1 69.4 76.3 72.3 72.3 76.6 71.6 73.8
All values are not statistically significant (P>0.05)

TD ind icate th a t th e protein  quality  o f  b oth  the fish  
sp ec ies is  high.

A pparent d igestib ility  v a lu es  ranged  from  8 4 .0  
to 88.3%  for H e t e r o t i s  and  from  8 3 .3  to 87.0%  for 
C h r y s i c h t h y s .  True d igestib ility  varied from 9 4 .6  to  
96.4%  in H e t e r o t i s  an d  9 3 .8  to 9 6 .8  in  C h r y s i c h t h y s .  
T his observation  is  in  agreem ent w ith  that m ad e  
by Henry an d  Kon (1957), w ho sta ted  that th e  
ch an ges in  levels o f in take do n ot a lw ays appear  
to affect their true d igestib ilities for good quality  
protein.

In general, resu lts  of th e p aram eters u sed  in  
th is  experim ent sh ow ed  th a t p rocessin g  m eth o d s

a lso  agree w ith  th o se  o f V ervack  et a l (1977), w ho  
fou n d  n o  sign ifican t d ifferen ces in  th e  protein  
quality  o f cod , herring, p la ice , sh rim p , an ch ovy  and  
sard in e , w h en  d ifferently p ro cessed . H owever, th e  
big-eye fish  w a s inferior to  w h ite  fish  an d  herring  
in  food in tak e an d  AD, w h ile  o th er  p aram eters did 
n ot differ sign ifican tly  (Talabi et al. 1980).

The m ean  v a lu es  for NPU, in  th e  p resen t stu d y , 
w ere a lso  above 40% , th e  lea st  b ein g  56.8%  (Table
4). The rela tion sh ip  b etw een  NPU an d  PER, a s  
reported b y  B en d er an d  H arelden  (1956), in d ica tes  
that w h en  NPU is  below  4 0 , rats are u n ab le  to grow  
on  th e  experim ental diets; co n seq u en tly , th e  PER

TABLE 4. BIOLOGICAL EVALUATION OF PROCESSED FISH SPECIES : PROTEIN QUALITY INDICES BASED ON CARCASS NITROGEN

Diets involving H e te r o t is  species Diets involving C h r y s ic h th y s  species
Attributes I II III IV V Mean VI VII Vili IX X Mean

Carcass nitrogen 
matter, % 10.4 10.4 10.8 10.6 10.6 10.6 10.8 10.7 10.9 10.7 10.8 10.8
Apparent digestibility,% 86.2 84.4 88.4 84.0 85.3 85.7 85.7 83.3 83.9 89.0 87.0 85.8
True digestibility, % 96.4 94.6 96.2 95.2 95.5 95.6 85.6 94.0 93.8 96.7 96.8 95.4
Net protein utilization,% 63.6 57.2 60.1 56.8 60.9 59.7 67.1 66.6 70.7 65.3 60.9 66.1
Biological value 65.7 60.7 62.7 60.0 63.8 62.6 71.1 74.1 75.4 67.3 63.1 70.2
All values in the horizontal column for each attribute are not statistically significant (P>0.05)

em ployed did n ot adversely affect th e  protein  
quality of the two fish  sp ec ie s  significantly. The  
resu lts a lso  in d icate th a t th e  two fish  sp ec ie s  have  
high nutritional va lu e. Any protein  w ith  a PER  
value of 2 .0  or m ore, w h en  fed at 10% in  the d ie t , 
is considered  to b e a protein  o f good  quality  
(Friedman 1974). In all th e  d iets, PER v a lu es  w ere  
higher th a n  3 .0 , in d icating  th a t b oth  the fish  
sp ec ies con ta in  h igh  q u ality  protein s. T h ese  resu lts

v a lu es  are a lso  low. The degree to  w h ich  th e  PER 
is  low ered d ep en d s on  th e  a m o u n t an d  quality of 
proteins. The resu lts  o f  th e  p resen t s tu d y  are in  
agreem ent w ith  th e  fin d in gs o f B en d er an d  H arelden  
(1956). B iological va lu e  o f p rotein s is  affected  by  
m an y  factors, on e  o f w h ich  is  am ino acid  im b alan ce  
(D esh p an d e et al. 1958). T he h igh  BV observed in  
the p resen t s tu d y  in d ica tes  th a t th e  tw o fish  sp ec ies  
are o f good  quality, an d  th a t th eir  p rotein s are not
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adversely affected b y  p rocessin g . However, there is  
still a n eed  to carry out a n  a n a ly sis  of the am ino  
acid profile, before final co n c lu sio n s ca n  b e  reached .
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C h a r a c t e r i s t i c s  o f  Y o g h u r t - l ik e  C u ltu r e d  M ilk s
GEETHA C. JAYAN*1 AND MOHAMMED HABIBULLA KHAN

D epartm ent of D airy S cien ce ,
M adras V eterinary C ollege, M a d ras-600  0 0 7 , India.

With the objective of producing yoghurt-like products, having improved therapeutic value and altered flavour 
characteristics, L a c to b a c i l lu s  a c id o p h ilu s  and L a c to c o c c u s  la c t is  ssp. la c t is  biovar. d ia c e ty la c t is  were added separately, 
along with yoghurt cultures such as S tre p to c o c c u s  s a l iv a r iu s  ssp. th e r m o p h ilu s  and L a c to b a c i llu s  d e lb r u e c k i i  ssp. b u lg a r ic u s ,  
in the preparation of the products. Use of L. a c id o p h ilu s  at 2% level and L. la c t is  ssp. la c t is  biovar. d ia c e ty la c t is  at 
3% level was found to give a product with higher organoleptic properties and improved antibacterial effect against 
a number of undesirable microorganisms. When lactococcus was used as a supplementary culture, it had to be incubated 
at 37°C, so as to get the beneficial effects.
Keywords : Yoghurt-like cultured milk, Supplementary cultures, Antibacterial effects, Organoleptic properties, 

Temperature of incubation. Yoghurt bacteria.

Yoghurt is  the b est kn ow n  ferm ented  m ilk  
product, w hich  h a s  enjoyed  w ide popularity all over  
the world w ith in  the la st three d ecad es (Puhan
1990) and is  often  m ad e even  w ith  fruit pulp  and  
oilseed proteins (Bilani et al. 1989; B alasubram aniam  
and K ulkam i 1971). O f la te, th e  m arket for low- 
fat yoghurt h a s  exp an ded  rapidly (White 1991). 
S t r e p t o c o c c u s  s a l i v a r i u s  s sp . t h e r m o p h i l u s  an d  
L a c to b a c i l l u s  d e l b r u e c k i i  s sp . b u lg a r i c u s  are the  
conventional yogh u rt bacteria . The p resen t stu d y  
w as un dertak en  to prepare and eva lu ate  sa m p les  
of sk im  m ilk  yogh u rt (SMY), su p p lem en ted  w ith  
cu ltu res o f L a c t o b a c i l l u s  a c i d o p h i l u s  or L a c to c o c c u s  
la c t i s  ssp . l a c t i s  biovar. d i a c e t y l a c t i s .  The sen sory  
ch aracteristics, th e  i n  v i t r o  an tib acteria l activity and  
the im portant b ioch em ica l ch a ra cter istics  of the  
product w ere a lso  stu d ied .

All the lactic cu ltu res  w ere ob tained  from  the  
N a tio n a l D a iry  R e s e a r c h  I n s t i tu te ,  K arn a l. 
L a c to b a c i l lu s  d e l b r u e c k i i  s sp . b u lg a r i c u s  (1373), 
S tr e p t o c o c c u s  s a l i v a r i u s  ssp . t h e r m o p h i l u s  (489), 
L a c to b a c i l l u s  a c i d o p h i l u s  (R) and L a c t o c o c c u s  l a c t i s  
ssp . l a c t i s  biovar. d i a c e t y l a c t i s  (DRC1) were th e  
lactic cu ltu res u sed  in  the stu d y . S t a p h y l o c o c c u s  
a u r e u s ,  E s c h e r i c h i a  co li, B a c i l l u s  s u b t i l i s ,  B a c i l l u s  
c e r e u s ,  P s e u d o m o n a s  a e r u g i n o s a  and  P s e u d o m o n a s  

J lu o r e s c e r t s  w ere th e  te st  organ ism s u sed  to stu d y  
the in  v i tr o  antibacteria l activity.

Prelim inary tria ls in  yoghurt preparation w ere  
conducted  to stu d y  th e  optim um  level o f add ition  
of sk im  m ilk pow der (SMP) and su gar to th e sk im  
milk, so  a s to get a cu rd  of good  acceptability . 
T hese trials in d icated  th a t th e yoghurt prepared  
from sk im  m ilk  having fat con ten t < 0.2% , fortified  
u sin g  4% (w /v) SMP an d  sw eeten ed  w ith  3%
* C o rre sp o n d in g  A u th o r . 1 P r e s e n t  a d d r e s s  : K .A .U . D a iry  P la n t, 

V e te r in a ry  C ollege , M a n n u th y  P.O ., T h r is s u r - 6 8 0  6 5 1 , In d ia .

(w /v) ca n e  su ga r gave very good  resu lts . The level 
of ad d ition  o f su g a r  w a s  k ep t a s  low  a s  p ossib le , 
at an  acceptab le  level, so  a s  to m in im ise  th e  cost  
of production . In su b seq u en t tria ls, con tro l yoghurt  
(YC) w a s  prepared u s in g  1% (v/v) ea ch  o f L. 
d e l b r u e c k i i  s sp . b u l g a r i c u s  an d  S. s a l i v a r i u s  ssp . 
t h e r m o p h i l u s .  The lev els  at w h ich  th e  different 
su p p lem en tary  cu ltu res  w ere u se d  are a s  follows: 
Over and above th e  cu ltu res  u se d  in  YC, 1%, 2% 
an d  3% of L. a c i d o p h i l u s  w ere ad d ed  in  sa m p les  
YA1, YA2 an d  YA3, respectively . In an o th er  se t, 1%, 
2% and 3% of L. l a c t i s  ssp . l a c t i s  biovar. d i a c e t y l a c t i s  
w ere added in  sa m p les  YD1, YD2 an d  YD3, 
respectively. The yogh u rt m ix  w a s  h ea t-trea ted  at 
85°C  for 3 0  m in , co o led  to  th e  in c u b a tio n  
tem perature and in ocu lated  w ith  th e  desired  lactic  
cu ltu res. All the sa m p les  w ere in cu b ated  at two  
different tem p eratu res viz., 3 7  an d  42°C . The tim e  
tak en  for settin g  o f the yogh u rt cu rd  w a s  noted . 
O nce a firm curd  w a s  ob ta ined , th e  sa m p les  w ere 
transferred  to 5°C.

O rganoleptic eva lu ation  o f th e  sa m p les  w a s  
carried ou t at th e  tim e o f se ttin g  an d  after 2 4  h  
cold storage, b y  a p an el o f five se lec ted  ju d g es , 
u sin g  th e  score card su g g ested  b y  P earce and  
H eape (1974). The pH, titra tab le acid ity  (TA), 
proteo lysis an d  d iacetyl co n ten t in  th e  sa m p les  
w ere estim ated  at d ifferent tim e in terva ls after 
cu ltu re in ocu lation . The i n  v i t r o  antib acteria l activity  
of th e cell-free-cu ltu re-filtra tes (CFCF) from  the  
sa m p les  w a s  m easu red  at d ifferent lev els  o f pH, 
b y th e agar w ell a s sa y  tech n iq u e  (R einheim er et 
al. 1990). The titratable acid ity  (TA) an d  pH of th e  
sa m p les  w ere m ea su red  a s  p er th e  stan d ard  
procedure (BIS 1981). P roteolysis w a s  m ea su red  by  
estim atin g the am ou nt o f tyrosine released , following  
th e procedure o f Lowry et al (1951). The colorim etric

4 1 3
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m ethod of W alsh and C ognan (1974) w a s followed  
for the estim ation  o f d iacetyl.

At th e in cubation  tem perature of 37°C , sa m p les  
took longer tim e for settin g , th a n  at 42°C (Tablet) 
an d  th is  is  b e c a u se  o f th e  low  in cu b a tio n  
tem perature, w h ich  prolongs th e  in cu b ation  period  
for curd form ation. R asic an d  K urm ann (1978) 
reported th a t yoghurt sa m p les  in cu b ated  at 3 0  to  
37°C required longer in cu b atio n  period th a n  th o se  
incubated  at 41 to 42°C . C om paring th e  settin g  
tim e of the sam p les, all sam p les , excep t th o se  
su p p lem en ted  w ith  lactococci an d  in cu b ated  at 
42°C, sh ow ed  a d ecrease in  se ttin g  tim e w ith  
increase in  th e  am o u n t of in o cu lu m  u sed . T his is  
b ecau se  of the accelerated  rate o f acid developm ent 
with an  increase in  the in oculu m  and the con seq u en t  
faster coagulation  and setting. B ut lactococci show ed  
poor growth at tem p eratu res above 37°C , an d  h en ce  
there w as no decrease in  in cu b atio n  tim e w ith  
increase in  th e am ou n t o f la ctococca l in ocu lu m , 
w h en  th e  in cu b ation  tem perature w a s 42°C . D u e  
to the sam e reason , th e b ioch em ica l ch ara cter istics  
of th ese  sa m p les  at 42°C  did n ot differ sign ifican tly  
from that of th e control (Table 1).

All the sam p les , at b oth  the tem p eratu res of 
incubation, sh ow ed  a rapid an d  sign ifican t decrease  
in pH upto th e tim e o f se ttin g  (Table 1). The pH  
va lu es  of th e different sa m p les  at settin g  ranged  
from 4 .6  to 4 .7 . Tam im e and R obinson  (1985) 
reported th a t the pH o f yoghurt, at the tim e of  
setting , ranged from 4 .6  to 4 .7 . At both  th e  
tem peratures, the titratable acidity, tyrosine v a lu es

an d  diacetyl co n ten ts  o f all sa m p les  sh o w ed  a  rapid  
and sign ifican t in crease  u p to  th e  tim e o f settin g . 
The acid ity v a lu es  at se ttin g  ran ged  from  0 .7  to 
0.9%  lactic acid  am ong th e  v a r io u s sa m p les . The  
tyrosine v a lu es  at th is  sta ge  ranged  from  5 2 .7  to
70 .1  p g /g . A cidity of all sa m p les , excep t th a t o f  
YA3, w ere in  agreem en t w ith  th e  BIS (1973) 
sp ecifica tion s, according to  w h ich  th e  titratab le  
acid ity of yoghurt sh o u ld  n ot exceed  0.7% . A sperger
(1973) observed  th a t good  q u ality  yogh u rt sa m p les  
h ad  tyrosine c o n ten ts  ran g in g  from  5 0  to  10 0  p g /  
g. D iacetyl con ten t in  th e  different sa m p le s  ranged  
from  1.8 to 5 .7  ppm . S a m p les  su p p lem en ted  w ith  
lactococci con ta in ed  sign ifican tly  h ig h er  a m o u n ts  of 
diacetyl th a n  th e  control, on ly  w h en  in cu b ated  at 
37°C . No sign ifican t ch an g e w a s  n oticed  in  an y  of 
the b ioch em ical ch ara cter istics  o f  th e  sa m p les , u pto  
2 4  h storage at 5°C.

R esu lts  o f  organoleptic eva lu atio n  (Table 1) 
sh ow ed  that, in cu b atio n  at 37°C  favoured  b etter  
d evelopm ent o f b ody an d  texture. A ngevine (1972) 
sta ted  th a t a  low er tem peratu re favoured  b etter  
curd  form ation, even  th o u gh  41  to 42°C  is  th e  
com m on ly  em ployed  in cu b atio n  tem peratu re for 
yoghurt. Cold storage im proved th e  b od y  and  
texture of th e  product. F lavour sco res  for sa m p les  
su p p lem en ted  w ith  lactococci an d  in cu b ated  at 
37°C  w ere sign ifican tly  h igher th a n  th o se  of the  
control, d u e to d iacetyl p rod u ction  b y  the lactococci. 
S am p les YA3 scored  sign ifican tly  low er p o in ts  for 
flavour th a n  YC, and th e se  sa m p les  h ad  a high- 
acid  ta ste . T h is m a y  b e d u e  to th e  e x c e ss  acid

TABLE 1. CHARACTERISTICS OF YOGHURT-LIKE CULTURED MILKS PRODUCED AT W O  DIFFERENT TEMPERATURES OF 
INCUBATION

Culture Incubation Setting Values at the time of setting
used temperature, time, pH Lactic Tyrosine, Dlacetyl, Organoleptic

°c h acid,% Hg/g ppm scores*

YC 37 4.5 4.6 0.7 53.0 1.9 12.4(14.9)
42 3.5 4.7 0.7 52.7 1.9 12.1(14.8)

YA1 37 4.2 4.7 0.7 61.7 1.9 11.5(14.7)
42 3.0 4.7 0.7 61.3 1.8 10.9(14.6)

YA2 37 3.8 4.6 0.8 66.5 1.8 11.6(15.9)
42 2.7 4.6 0.8 66.0 1.8 10.9(15.4)

YA3 37 3.5 4.6 0.9 70.1 1.8 11.4(14.8)
42 2.3 4.6 0.8 67.8 1.8 10.7(14.8)

YD1 37 4.1 4.6 0.7 60.2 4.3 13.1(16.4)
42 3.4 4.6 0.7 53.0 2.0 11.7(14.8)

YD2 37 3.7 4.6 0.7 63.6 4.8 13.2(17.5)
42 3.3 4.6 0.7 53.1 2.0 11.9(15.8)

YD3 37 3.5 4.6 08 67.0 5.7 13.8(19.3)
42 3.3 4.7 0.7 53.2 2.1 12.5(16.2)

Inhibitory zone (diam in mm) with test organisms
S. aureus E. coll B. subtilis B. cereus P. aeruginosa P. Jluorescens

13.7 8.6 8.4 8.9 4.4 5.1
13.9 8.8 8.5 9.1 4.7 5.2
15.8 12.5 9.9 9.9 5.2 5.7
16.1 12.8 10.0 10.2 5.5 6.0
16.9 13.3 10.4 10.8 5.7 6.0
17.2 13.6 10.7 11.4 6.0 6.2
17.8 14.1 11.2 11.3 6.3 7.1
18.3 14.4 11.4 11.6 6.6 7.5
14.5 10.2 9.1 9.4 6.2 7.314.1 9.1 8.6 9.2 4.7 5.3
15.3 10.7 9.5 9.9 7.3 7.714.2 9.2 8.8 9.3 4.8 5.3
16.4 11.4 10.0 10.3 8.0 8.514.3 9.2 8.8 9.3 4.9 5.4

YC : S. saliuarius spp. th e r m o p h ilu s  + L  d e lb r u e c k i i spp. b u lg a r ic u s  : 1% each, YA1, YA2, YA3 : same as YC but with 3 levels 
(1%, 2% and 3%) of L  a c id o p h ilu s , respectively, YD1, YD2, YD3 : same as YC but with 3 levels (1%, 2% and 3%) of L. la c tis  
ssp. la c t is  biovar. d ia c e ty la c t is , respectively. ‘Figures in parantheses were obtained after storing the samples for 24 h at 5°C. Values 
reported are the average of six trials, Initial pH 6.67± 0.012.
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TABLE 2. F-VALUES. STANDARD ERROR, CRITICAL 

DIFFERENCE AND STATISTICAL SIGNIFICANCES
FOR VARIOUS

Attribute
ATTRIBUTES

Relationships
Between Between periods Betweentreatments Upto

setting
After

setting
temperatures

Setting tim e, h
F-value 4.01** - - 4.01**Standard error 0.03 - - 0.03Critical difference 0.15 - - 0.15

pH of the product
F-value 4.39** 4.45** 0 .4 1NS 4.11**
Standard error 0.05 0.02 - 0.10
Critical difference 0.19 0.10 - 0.27

Titratable acidity of the product, % lactic acid
F-value 11.13** 9.72** 0.53NS 10.00
Standard error 0.02 0.03 - 0.03
Critical difference 0.08 0.12 - 0.10

pg tyrosine/g product
F-value 5.89** 6.99** 0 .3 1NS 7.98**
Standard error 0.81 0.62 - 0.22
Critical difference 1.98 1.54 - 1.04

Diacetyl content of the product
F-value 36.58** 33.51** 0.29NS 34.11**
Standard error 0.07 0.08 - 0.18
Critical difference 0.26 0.38 - 0.99

Organoleptic acore
F-value 27.98** 29.11** 29.78**
Standard error 0.28 0.21 0.19
Critical difference 1.00 0.99 0.88
•* : F-value highly significant (P<0.01), NS : F-value not 
significant (P>0.05)
production by the lactobacilli.

D ata on  th e rela tion sh ip  b etw een  different 
attributes and sta tistica l s ig n ifican ces are given in  
Table 2.

Study o f the i n  v i t r o  antibacteria l activity, u s in g  
S. a u r e u s ,  E . co li, B .  s u b t i l i s ,  B .  c e r e u s ,  P . a e r u g i n o s a  
and P. J l u o r e s c e n s  a s  te s t  organ ism s, sh ow ed  th a t  
addition of su p p lem en tary  cu ltu res  in creased  th e  
antagonistic  properties o f  the product (Table 1).

From the re su lts  o f th is  stu d y , it can  be  
concluded  that, L . a c i d o p h i l u s  ca n  b e u sed  a s  a 
supplem entary cu ltu re in  th e  preparation  o f sk im  
yoghurt upto a level of 2%, and L. l a c t i s  ssp . l a c t i s  
biovar. d i a c e t y l a c t i s  ca n  be u se d  upto 3% level, so

a s  to get a product h av in g  b etter  organoleptic  
properties an d  im proved antib acteria l effect against  
u n d esirab le  m icroorgan ism s. W hen la cto cocci is
u sed  a s  the su p p lem en tary  cu ltu re , it h a s  to  be  
in cu b ated  at 37°C , in  order to get th e  beneficia l 
effects.
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R e la t io n s h ip  o f  H u s k  C o n t e n t  o f  P a d d y  w i t h  G r a in
D im e n s io n  a n d  W e ig h t

SULOCHANA SURIYAM OORTHY AND P . PDLLAIYAR*
Paddy P rocessin g  R esearch  Centre, T h an javur-613  0 0 5 , India.

The husk content in 151 samples of paddy ranged from 18.1 to 26.3%, the length (L) from 5.75 to 10.33 mm, 
breadth (B) from 2.10 to 3.52 mm, L:B from 1.81 to 4.10 and 1000-grain weight from 10.24 to 30.33g. The husk 
content was less in coarse (20.8%), when compared to that in fine (21.9%) and super fine (22.1%) varieties. The breadth 
and weight were found to be negatively related to husk content.
Keywords : Rice, Paddy, Husk content, Dimension, Weight, Relation of dimension with husk.

H u sk  con ten t is  one of th e  factors that d ecid es  
the rice y ield  from a cu ltivar, th e  oth er factors b ein g  
degree of bran  rem oval and kernel breakage during  
m illing (B hattacharya 1979). O n global b a s is , th e  
h u sk  con ten t in  p addy is  reported to  range from  
14% (Baldi et al. 1974) to 28%  (C agam pang et al.
1966), thereby sh ow in g a d ifference in  p otentia l 
yield o f rice o f a s  m u ch  a s  14% due to  th is  factor  
alone. In Indian varieties, the h u sk  con ten t varies  
from 19-23%  (B hattacharya 1979). If a low  h u sk  
strain , w ith desirable tech n o log ica l and cooking  
ch aracteristics is  developed, th e  p otentia l yield  of  
rice can  be su b sta n tia lly  in creased . It is  w ell know n  
that h u sk -sea led  grain  facilitated  q u ick  drying  
b esid es  im proving the appearance o f m illed  rice and  
preventing fungal grow th in  parboiled  rice (Anthony  
raj et al. 1981). W ith th e  above in  view , 151 
v a r ie tie s /cu ltu res  o f paddy, collected  from  the  
Tamil Nadu Rice R esearch  In stitu te , A duthurai, and  
S ch oo l o f G en etic s , T am il N ad u  A gricu ltu ral 
U niversity, C oim batore, w ere stu d ied .

The sa m p les  w ere th orou gh ly  c lea n ed  by  
aspirating in  the S atak e laboratory d eh u sk er  (type 
THU) by d isen gaging th e rubber rolls. The length  
(L) and breadth  (B) o f paddy and brow n rice w ere  
determ ined w ith th e aid o f a grad u ated  grooved  
card by p lacing 10 gra in s end  to en d  (Pillaiyar and  
M ohandoss 1981). O ne th o u sa n d  gra in s p icked  at 
random  from the above sam p le  w ere w eighed  in  
a Sartorius b alan ce. To avoid p ossib le  b ru isin g  or 
scouring on  brow n rice during d eh u sk in g , h u sk  
w as peeled  off carefu lly  b y  h an d  in  100-grain  lo ts  
and the w eigh ts of h u sk  an d  brow n rice w ere  
determ ined separately. All th ese  te s ts  w ere carried  
out in  trip licate. B a sed  on  th e L and L:B o f brow n  
rice, the sa m p les  w ere c la ssified  a s  su p er  fine, fine  
and coarse (Departm ent of Food 1980). Bhattacharya

* Corresponding Author

et al (1982) su g g ested  th e  u s e  o f su rfa ce  area per  
u n it w eigh t for c la ssify in g  rice.

The range an d  m ea n  v a lu e s  o f  th e  p roperties  
determ ined  are in d icated  in  Table 1. The sa m p les  
rep resen ted  all th e  c la s s e s  v iz ., su p er  fin e (21 
sam p les), fine (52) an d  coa rse  (78). T he h u sk  
con ten t in  su p erfin e (22.1% ) an d  fin e (21.9% ) 
varieties w a s  m ore, th a n  th a t in  coa rse  (20.8% ). 
J u lia n o  et al (1964) a lso  n oticed  greater  proportion  
of h u sk  in  longer and th in n er  paddy. T he m ean  
brow n rice w eight w a s  fou n d  to  be le s s  in  su p er  
fine and fine varieties, b u t m ore in  co a rse  varieties. 
The len gth  o f p ad d y or brow n rice d id  n o t reflect 
an y  relation  w ith  the h u sk  co n ten t (Table 2).

In their s tu d ie s  on  th e  p h ysica l p rop erties of 
paddy and rice and their interrelations, B hattacharya  
et al (1972) noticed  th a t th e  gra in  len g th  w a s  an
TABLE 1. RANGE AND MEAN OF PHYSICAL CHARACTERISTICS
Characteristics Paddy Brown rice

Range Mean Range Mean
Husk content, %

SF (21) 19.4-26.2 22.1 - -
F (52) 18.4-26.3 21.9 - -
C (78) 18.1-25.4 20.8 - -

Length (L), nun
SF 7.90-10.33 9.25 5.83-7.90 6.84

F 6.03-9.50 8.06 4.30-7.00 6.01
C 5.75-8.75 7.80 4.13-6.43 5.75

Breadth (B), mm
SF 2.10-3.10 2.58 1.80-2.50 2.16

F 2.37-3.08 2.87 1.98-2.50 2.28
C 2.60-3.52 3.01 2.20-3.05 2.56

L:B
SF 3.16-4.10 3.41 3.00-3.60 3.17

F 2.40-3.40 2.95 2.00-2.99 2.63
C 1.81-3.01 2.59 1.48-2.49 2.22

1000-grain
weight, g

SF 12.94-30.33 21.82 10.81-24.59 17.09
F 10.24-26.07 19.65 8.18-20.80 15.39
C 12.63-27.39 21.73 9.65-21.46 17.23

SF : Super fine, F: Fine, C: Coarse. Figures in parentheses 
indicate number of varieties under each class
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TABLE 2. RELATIONSHIP BETWEEN GRAIN DIMENSION, WEIGHT AND HUSK CONTENT (n=151)

Characteristics Paddy Brown rice
Husk L B L:B 1000- L B L:B
content, grain
% weightPaddy

Length (L), mm -0.061
Breadth (B), mm -0.271** -0.037
L:B 0.114 0.778** -0.645**1000- grain weight, g -0.258** 0.658** 0.626** 0.107
Brown rice
Length (L), mm 0.018 0.947** -0.094 0.768** 0.632**Breadth (B), mm -0.232** 0.059 0.783** -0.451** 0.574** 0.005
L:B 0.225** 0.718** -0.646** 0.942** 0.049 0.779** -0.501**
1000- grain weight, g -0.369** 0.635** 0.635** 0.084 0.988** 0.605** 0.570** 0.027
** Significant at 1% level

independent variable n ot related to  an y  other Baldi B, Malagoni R, Pela E, Ranghino F (1974) Chemical
param eter, and  so a lso  w a s  the grain w eight. composition and quality of Italian rice varieties. Riso 23
However, in  th is  stu d y , it w a s  fou n d  th a t the length (bpec. issuej: 3 - 2 0

a s well a s  the breadth  in flu en ced th e  1000-grain Bhattacharya KR (1979) Rice, in: Venkateswarlu D (ed) Food
weight. The breadth  a s  w ell a s  1000-grain  w eight Industries. Indian Institute of Technology, Madras,
of paddy and brow n rice exh ib ited  sign ificant ppl.0-1.28
negative correlations w ith  h u sk  con ten t. On the Bhattacharya KR Ramesh BS, Sowbhagya CM (1982) Dimensional
other h an d , the L:B of brow n rice a lon e exhibited classification of rice for marketing. J  Agri Engg 19(4):69-
a significant positive in flu en ce  on  th e  h u sk  con ten t 76
(r=0.225**, n=151).

C onsidering the low  h u sk  co n ten t, th e coarse  
varieties w ould  u n d ou b ted ly  yield  m ore rice, th a n  
the other two c la s s e s  o f paddy, b u t the yield  of 
rice is  not determ ined  b y  h u sk  con ten t alone. The  
associated  techn olog ica l ch ara cter istics , a s  pointed  
out by M urugesan  an d  B h a tta ch a iy a  (1993), a lso  
decide th e yield  o f rice. T h ese  w orkers found  that  
th e  g ra in s  p o s s e s s in g  g rea ter  b rea d th  w ere  
associated  w ith  techn olog ica lly  poor ch aracteristics. 
However, con siderin g  th e  ex isten ce  o f w ide variation  
in  h u sk  con ten t, there d o es  ex ist the p ossib ility  of 
developing techn olog ica lly  superior varieties w ith  
low h u sk  con ten t.
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U s e  o f  G lo b in  P r o t e in  in  M ic r o b io lo g ic a l  M e d ia  fo r  
E n u m e r a t io n  o f  A e r o b ic  V ia b le  C e ll  C o u n t s

M. HAZARIKA1
D epartm ent o f Food H ygiene,

U niversity of V eterinary S cien ce , Budapest-V II, H ungary.
Globin, the decolorized protein  portion  of haem oglobin, is a  s lau g h te r h ou se  o r  an im al b y -p ro d u c t an d  co n ta in s  

alm ost all e ssen tia l am ino  acids. An ag a r m edium  w as developed, replacing th e  u s u a l p ro te in  so u rce  like tryp tone  
by globin protein , for en u m era tio n  o f viable m esophilic an d  psychrophilic bacteria . The new  a g a r  m edium , term ed 
as  globin-agar, gave iden tical o r slightly b e tte r  re su lts  th a n  contro l tryp tone-g lucose-yeast ex trac t-ag a r m edium . The 
sensitivity, reproducibility  an d  coloidal m orphology w ere com parab le to contro l m edium . T he s tu d y  h a s  ind ica ted  th a t  
globin is su itab le  for u se  a s  a  pro tein  ingred ient in  bacteriological m edia.
Keywords : G lobin protein , G lobin-agar, M icrobial m edia, Aerobic viable count, C om parison  w ith  s ta n d a rd  m edia, 

M esophilic bacteria , Psychrophilic bacteria.

A nim al b lood co n ta in s  a large q u an tity  o f h igh  
quality proteins. On sep aration , b lood y ie ld s 6 0 -  
70% by w eigh t o f p la sm a  and 30-40%  red blood  
corpuscle. Globin, the protein portion of haem oglobin  
of red blood ce lls  ca n  be easily  sep arated  and u sed  
in  a variety of p rod u cts, in clud in g  m icrobial m edia  
preparation (H ald-C hristensen  1978; Piot et al. 
1988; Tybor et al. 1973; W ism er-P edersen  1980). 
However, th e  u se  o f g lob in -agar for bacteria l 
enum eration  h a s  n ot yet b een  attem pted . Invariably, 
the ingredients u sed  in  com p osin g a cu ltu re m edium  
are very exp en sive. W ith th is  b ackground, an  
attem pt h a s  b een  m ad e in  th e  p resen t stu d y  to 
prep are g lo b in -a g a r  for th e  e n u m e r a t io n  o f  
m esophilic  an d  p sychrophilic  bacteria  in  foods.

The g lob in  protein  iso late  (GPI) w a s  collected  
from Zala M egyei L ivestock Trade and M eat Industry, 
Zalaegerszeg, H ungary. The iso la te  w a s  prepared  
according to the m eth o d s d escrib ed  b y  H ald- 
C h risten sen  (1978) an d  W ism er-P edersen  (1980). 
The gro ss com p osition  of GPI, in  term s o f protein s, 
m oisture, fat an d  ash , w ere determ ined  u sin g  the  
m ethod s described  b y  AOAC (1984). C alcium , 
p h osp h oru s, sod iu m , p o ta ss iu m , z in c , copper, 
m an gan ese, iron and m a g n esiu m  w ere determ ined  
by atom ic absorption  sp ectrop hotom etry  (Model 
5 0 0 0 , P erk in  E lm er , G erm a n y ), u s in g  th e  
m ethodology a s  d escribed  b y  Varju (1971). A m ino  
acid an a lysis  w a s  done after acid  h yd ro lysis (6 N 
HC1, 105°C, 2 0  h) of the sam p les, u sin g  an  autom atic  
am ino acid  an a lyser (Labor MIM A m inochrom  II, 
OE 9 1 4 , H ungary) a s  per th e  b a sic  procedure of 
Moore an d  S te in  (1954). The p resen ce  o f a n y  anti-
1 Present add ress : D epartm ent o f  A nim al Production a n d  

M anagem ent, Lakhim pur College o f  Veterinary Science, A ssa m  
Agricultural University, A za d  cam pus, N orth L akhim pur  
787 001, A ssa m : India

m icrobial res id u es  w a s  determ in ed  b y  q u a n titest, 
a stan dard  m icrobial agar d iffu sion  p la te  a ssa y  
m ethod  (Phylaxia 1984), u s in g  th e  sp o res  o f B a c i l l u s  
s t e a r o t h e r m o p h i l u s  var c a l id o l a c t i s  C 9 5 3  a s  te st  
organism . N ou w s n u trien t-b ro th  (Lombai et al.
1982) and M uller-H inton n u tr ien t-a ga r  (Lom bai et 
al. 1982) w ere u se d  a s  th e  grow th an d  te s t  agar  
m edia , respectively.

T ry p ton e-g lu cose-yeast ex tract-agar (TGYA), an  
agar m ed iu m  accep ted  for aerobic p la te  cou n t  
(ICMSF 1978), an d  glob in -agar (GA) w ere prepared  
a s  per the stan d ard  com p o sition  (g /1 ) i.e ., g lu co se  
(Oxoid) 1, y ea st extract (Oxoid) 2 .5 , b acto  agar  
(Merck) 15, an d  b acto  tryptone (Oxoid) or g lob in  
protein  iso late  5 , an d  d istilled  w ater 1000 . T he pH 
of th e  m ed iu m  w a s  ad ju sted  to  7 .0  ± 0 .1 . T he co st  
of p rod u ction  o f th e  m ed ia  w orked ou t to  b e U S  
$  1 .10  and 0 .8 6 /1  for TGYA an d  GA, resp ectively , 
b ased  on  th e  co st o f in gred ien ts only. T h ese  m ed ia  
w ere u sed  in  th e  en u m eration  o f m esop h ilic  aerob es  
and p sych rop h iles from  sa m p les  o f m ilk , Ita lian  
s a l a m i  a n d  c h ic k e n  th ig h  m u s c le . F or th e  
en u m eration  o f m esop h ilic  aerob es, appropriate 
d ilu tio n s o f th e  sa m p les  w ere su rfa ce-p la ted  and  
in cu b ated  at 3 0 ± 1 DC for 4 8  h , w h ile  in  c a se  of 
p sych rop h iles, d ilu tion s w ere su rfa ce-p la ted  and  
in cu b ated  at 4±1°C  for 7 d ay s (Jay 1970). B esid es , 
pure cu ltu res  o f M ic r o c o c c u s  l u t e u s ,  B a c i l l u s  s u b t i l i s  
an d  F l a v o b a c t e r iu m  sp ., received  from  th e  Central 
B acteriological Laboratory, M inistry o f H u ngarian  
Food Industry, B udapest-IX , H u ngary w ere a lso  
u sed . M ean v a lu es  and sta n d a rd  errors w ere  
exp ressed  in  log10c fu /g . R esu lts  w ere an a lyzed  u s in g  
stan dard  paired t-test.

The proxim ate ch em ica l com p o sition  an d  am ino  
acid  profile o f  th e  GPI are p resen ted  in  T able 1.
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TABLE 1. CHEMICAL COM POSITION AND AMINO ACID 

PROFILE OF GLOBIN PROTEIN ISOLATE
Chem ical com position,DM basis* Amino acid com position

m g /100 m g proteinb
M oisture % 7.9 A spartic acid 11.1
C rude protein  % 81.0 T hreonine 32.2
Fat N D Serine 4.9
Ash% 11.4 G lu tam ic acid 9.1
C alcium  m g/1 00g 63 Pro line 1.9
P hosphorus m g /1 0 0g 357 Glycine 6 .0
M agnesium  m g /1 0 0g 62 Alanine 11.1
Iron m g/1 00g 13 C ysteine 0 .4
M anganese m g /1 0 0g 0 .1 5 Valine 9.1
Sodium  g /1 0 0 g 1.425 M ethionine -
Potassium  m g /1 0 0 g 189 Isoleucine 0 .6
C opper m g /1 0 0g 669 Leucine 13.4
Zinc m g/1 00g 2.11 Tyrosine 2.1

P henylalanine 6 .7
Lysine 10.2
H istidine 7.4
Arginine 4.5

A= Average o f five sam ples, ND= Not detectab le, 
b= Average of two sam ples.
ih e  proteinaceous m aterial w as approxim ately BTT0% 
and fat w as u n d etectab le . A m ong th e  inorganic  
elem en ts, sod iu m  w a s fou n d  to b e at m u ch  h igher  
concentration . A lm ost all am ino a c id s w h ich  are 
essen tia l for m icrobial n u trition , w ere p resen t in  
GPI, except m eth ion in e , in d icating  that m eth ion in e  
w a s the m ost lim iting e ssen tia l am ino acid , follow ed  
by iso leu cin e an d  cyste in e . A nti-bacteria l res id u es  
were not d etected  in  GPI.

The average m esop h ilic  and p sych rop h ilic  
bacterial co u n ts  o f  pure cu ltu re and other food  
sam p les are p resen ted  in  Table 2 . From  th e  resu lts , 
it w a s observed that GA w a s a lm ost equal or 
slightly better th a n  TGYA. In all food sa m p les  and  
in  ca se  o f pure cu ltu res, the differences in  the  
co u n ts  w ere sta tistica lly  in sign ifican t. The sh a p es  
and s izes of th e  m esop h ilic  bacteria l co lo n ies  a s  
appearing on  TGYA an d  GA are sh ow n  in  Fig. 1. 
GA proved to  be a s  good  a s  TGYA. A sim ilar trend  
w a s observed in  ca se  of p sychrophilic  bacteria l 
colon ies appearing on  b oth  the m edia .
TABLE 2. COUNTS OF MESOPHILIC AND PSYCHROPHILIC 

BACTERIA ON TRYPTONE-GLUCOSE-YEAST EXTRACT- 
AGAR AND GLOBIN-AGAR BY SURFACE PLATING"

B acterial co u n ts  (loglO cfu/g)
Sam ple M esophilic 

30±1°C, 48  h
Psychrophilic 

41  1°C, 7 days

C hicken
TGYA GA TGYA GA

thigh m uscle 5.16+0.33 5.1810 .33 4.9210 .83 4.9910.91
Italian salam i 
Milk,

4 .73±0.67 4 .7210 .60 5.1710 .94 5.1610 .75
pasteurized 3.30±0.51 3 .4410 .55 5.9510 .99 5 .9610 .95
M. luteus 5.6810 .48 5.6710 .05 - -
B. subtilis 5.2410.32 5.2610 .46 - -
Flavobacterium  sp. - - - - 
* Average o f ten  observa tions : Nil.

5 .4610 .83 5.50+0.70

Fig 1. A pprearance of m esophilic b ac te ria l co lonies on  TGYA 
an d  GA from ch icken  th igh  m uscle  sam ple

It m ay  be con c lu d ed  th a t GA com p ared  w ell 
w ith  TGYA w ith  resp ect to  th e  en u m eration  of 
m esop h ilic  an d  p sych rop h ilic  b acteria . GA w a s  a s  
clear an d  tran sp aren t a s  TGYA an d  a lso  econom ical. 
The s tu d y  a lso  in d icated  th e  p o ssib le  su itab ility  of 
u sin g  GPI a s  a n  ingredient in  oth er bacterio log ica l 
m edia.

The au th or is  gratefu l to th e  au th ority  o f Zala 
M egyei L iv e s to c k  T rad e a n d  M eat In d u str y  
E n terprise,. Z alaegerszeg. H ungary, for th e  su p p ly  
of th e  g lob in  protein  iso la te . T h a n k s are a lso  du e  
to Dr. B old izsar H arrison, D ep artm en t o f V eterinary  
P h y sio lo g y , U n iv ers ity  o f  V eter in a ry  S c ie n c e ,  
B u d ap est, H ungary, for h elp  in  am in o  acid  a n a ly sis  
of th e  g lob in  sam p les.
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S tudy  of m icroflora associa ted  w ith  dried  m arke t sp ices an d  condim ents, sold in  M aiduguri m arke t, show ed 
predom inance o f Aspergillus Jla vus  an d  Pénicillium  spp . Aspergillus fu m ig a tu s  a t  a  h igher frequency in  ta tta sh e  - sw eet 
pepper (50%), borkono- ho t pepper (66.7%), gedar m iyar  (66.7%), an d  kulikuii-groundnut cake, w hile Pénicillium fu n icu lo su m  
occurred  a t  61.5%  frequency in  pasa ko n . K anunfari (clove) did n o t su p p o rt the  grow th of m oulds. Am ong th e  b acteria l 
types, Bacillus lalerosporus, B. subtilis an d  B. brevis w ere predom inan t.
Keywords : M oulds, B acteria, Spices, C ondim ents, Nigerian m arket, W ater activity.

S p ices have b een  u sed  for flavouring food s and  
beverages a s  w ell a s  for m ed ica tion  and are h ighly  
valued  b eca u se  o f their preservative and antioxidant  
properties (Anon 1969; Purseglove et al. 1981; 
M adhyastha an d  B hat 1985; C onner and B eu ch at  
1985; P earson  and T auber 1984). In Nigeria, 
esp ecia lly  in  the N orthern  S ta tes , sp ic e s  are 
extensively u sed  (Igene and E k an em  1985; Igene  
1988; N kam a 1991a) to se a so n  locally  roasted  m eat  
products su ch  a s  t s i r e  (staked  b arb ecu ed  m eat), 
b a la n g u  (meat c u ts  roasted  over glow ing fire), 
d e n d e r u  (clay pot b ak ed  m eat) a s  w ell a s  in  
p rocessed  food s from  cereal gra in s and grain  
legum es su ch  a s  k u n u  (non-alcoholic beverage), m a s a  
(fermented puff batter), s i n a s i n  (ferm ented pancake), 
a k a r a  (fried b ean  balls), m o in - m o i n  (steam ed  b ean  
cake).

The m icrobial quality  of sp ic e s  and con d im en ts  
h a s  a role in  affecting th e  overall quality  o f foods. 
E arlier  s tu d ie s  ca rr ied  o u t  e ls e w h e r e  h a v e  
docum ented  th e m icroflora of sp ic e s  (Raym ond  
1966; Gwoto et al. 1971; S h a n k  et al. 1972; Coker 
et al. 1984; Lee and Lim 1985; P atel et al. 1976; 
K rishnasw am y et al. 1971; S rivastava and J a in
1992). However, su ch  data  are lack in g  for th ese  
food ingredients in  Nigeria, w here clim atic con d ition s  
and su b -stan d ard  storage p ractices c a n  lead  to  
rapid m icrobial grow th in  th ese  food ingredients  
(Nkama 1991b). Therefore, an  attem p t h a s  b een  
m ade, in  th e  p resen t stu d y , to determ ine the  
m icrobial s ta tu s  of few dried m arket sp ice s  and  
con d im en ts u sed  in  food preparations. The stu d y  
w ould provide u se fu l in form ation  in  red u cin g  public  
health  h azard s an d  econ om ic lo sse s .

S p ices and con d im en ts  u sed  in  th is  s tu d y  w ere
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p u rch ased  from  sp ice  s ta lls  in  M aiduguri m arket, 
B o m o  S tate , Nigeria. T h ese  are m a s o r o  (P ip e r  
g u i n e e n s e ) ,  k a n u n f a r i -  clove (E u g e n i a  c a r y o p h y l l a ta j ,  
g e d a r  m i y a r ,  b o r k o n o  - h o t p ep per (C a p s i c u m  
f r u s t e s c e n s ) :  a l b a s a -  on ion  (A l l i u m  c e p a ); c h i l t a -  
g in g er  (Z i n g i b e r  o f f i c i n a l e ); p a s a k o r i  (F a g a r a  
x a n t h o x y l o i d e s )  and  k u l i k u l i -  gro u n d n u t cak e. T en  
sa m p les  of each  of the s p ic e s /c o n d im e n ts  w ere  
collected  from  different s ta lls  in  th e  m ark et on ce  
a m on th , over a period of one year. T he tem peratu re  
an d  relative h u m id ity  o f th e  storage con d itio n s  
ranged from 24-29°C  and 20-72% , respectively. Each  
sam p le w a s  sep ara tely  p ack ed  in  a ster ile  con ta in er  
an d  exam ined  w ith in  3 -4  h  after co llection .

Sp ice sa m p les  w ere analyzed  for m oistu re  
con ten t (AOAC 1984). W ater activ ity  ( a j  w a s  
m e a s u r e d  b y  u s in g  a n  e le c tr ic  h y g r o m e te r  
(Hygroskop DT. R otronic AG, Z urich , Sw itzerland), 
w h ich  w a s  calibrated  w ith  sa lt  so lu tio n s  o f  k n ow n  
aw (Labuza et al. 1976; Lerici et al. 1984).

Appropriate d ilu tio n s o f m illed  sa m p les , in  
trip licate, w ere en u m erated  for c o u n ts  o f bacteria , 
y e a s ts  an d  m ou ld s, u s in g  n u trien t-agar, potato- 
dextrose-agar an d  C zapek-D ox-agar (Lee an d  Lim 
1 9 8 5 ). In o c u la te d  p la te s  w ere  in c u b a te d  at 
appropriate tim e-tem perature com b ination s. C olonies 
of respective m icrobial typ es, appearing in  in cu b ated  
p la tes, w ere co u n ted  an d  ex p ressed  a s  co lon y  
form ing u n it s /g  (efu /g ). C olonies o f b acter ia , y e a s ts  
and m ou ld s w ere iso la ted  an d  su b -cu ltu red  to  
obtain  pure cu ltu res. M ould cu ltu res  w ere identified  
according to the m eth od  o f G ilm an (1957). B acteria l 
cu ltu res  w ere identified  b y  m orp h olog ical, cu ltu ra l 
an d  b iochem ical ch ara cter istics  (Cow an an d  S tee l 
1961; C ollins and Lyne 1970; H arrigan an d  M cCance
1976).
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TABLE 1. MOISTURE CONTENT, WATER ACTIVITY AND 

MICROBIAL COUNTS O F SPICES
M oisture W ater Mould Total

Spices content*-11 , 
%

activity*-b,
a -

co u n ts0,
C fu /g

bacteria l
coun ts '1,

C fu /g
M a so ro  P ip er  
g u in e e n s e )

7.9+0.3 0 .23510 .002 2.0x10* 4.2x10*
K a n u n fa r i

(E u g e n ia
c a r y o p h y l la ta )

13.510.4 0 .24710.001 ND 3.7x102

C h itta
G in g ib e r  e j j ic in a le  

P a s a k o r i  g in g e r

7.110.3 0 .2710 .0 04 2.2x10* 3.2x10*

F a g a ra  x a n th o  
x y lo id e s

5.010.3 0 .2 4 0 —0.004 3.9x10* 4.3x10*
T a t ta s h e
(C a p s ic u m  a n n u m ]  
sw eet pepper

5.210.3 0.23110.001 1.3x10* 4.7x10*

B o rk o n o  
(C a p s ic u m  
J r u s te sc e n s ] ,  
hot pepper

3.810.5 0.231+0.001 1.7x10* 2.4x10*

C e d a r  m iy a r 16.210.3 0 .19310 .003 1.6x10* 4.4x10*
K u lik u l i
g ro u n d nu t cake

12.010.4 0.82210.001 1.5x10* 4.4x10*
A lb a s a , Onion 

(A lliu m  cepa]
4.910.1 0.21110 .002 3 .0x10 ' 1.5x10*

a  : M oisture co n ten ts  an d  w a te r activities o f sp ices a s  
determ ined soon a fte r they were pu rch ased , 

b  : Mean of 10 de term inatio n  ± s tan d a rd  deviation
c : Mould colony form ing u n its  (Cfu/g) a fte r 5-7 days 

incubation.
d : Bacteria colony forming u n its  (Cfu/gl after 24 h  incubation.

ND : Not detected.

The m oistu re  co n ten t, w ater activ ity  and  
m icrobial co u n ts  o f sp ic e s  and con d im en ts are 
presented  in  Table 1. T a t t a s h e  (sw eet pepper) had  
the low est m ould  co u n t, w hile p a s a k o r i  had the

h ig h est. K a n u n f a r i  (clove) sh ow ed  n o  evid ence of 
m ou ld s. The a b sen ce  o f m o u ld s  m a y  b e  d u e to  th e  
a n t im ic r o b ia l  p r o p e r t ie s , w h ic h  h a v e  b e e n  
esta b lish ed  in  th e  ex tracts  o f sp ic e s  (C onner and  
B eu ch a t 1985). The to ta l b acteria l c o u n ts  ranged  
from  1.5  x  102 to  4 .7  x  102 c f u /g  in  a l b a s a  and  
t a t t a s h e ,  resp ectively  (Table 1). A lth ou gh  m o st  of 
th e  sp ic e s  h ave aw v a lu es  w ith in  th e  sa fe  range for 
storage (Jay 1978), sp o res  o f  m o u ld s  a n d  bacteria  
ex ist  on  th ese  in gred ien ts, w h ich  cou ld  germ inate  
an d  c a u se  sp oilage, if  co n d itio n s  are favourable.

The m ou ld  c o u n ts  ob served  in  all th e  sp ices  
w ere com paratively low, w h ich  s e e m s  to  correlate  
w ith  th e low  m oistu re  co n ten t an d  aw o f sam p les. 
The different m ou ld  an d  b acteria l ty p es  iso lated  
from  va rio u s sp ic e s  an d  their  average % frequency  
of occu rren ce are p resen ted  in  Table 2 . T he m ould  
iso la te s  co m p rised  m a in ly  o f A s p e r g i l l u s  and  
P e n c i l l iu m . A s p e r g i l l u s  f u m i g a t u s  occurred  m ore  
frequently in  k u l i k u l i  (85%), a l b a s a  (50%), w h ile  A .  
n ig e r  occurred  m ore frequently  in  m a s o r o  (45%) and  
p a s a k o r i  (38.5% ). A . j l a v u s  occurred  at low  frequency  
(16 -19 % ) in  m a s o r o  a n d  c h i t t a .  P e n i c i l l i u m  

f u n i c u l o s u m  occurred  m ore frequ en tly  in  p a s a k o r i  
(61.5% ). O ther m o u ld s iso la ted  w ere P h o m a  sp ., 
A r a c h n i o tu s  Sp. and R h i z o p u s  a r r h i z u s .  T hese m ou lds  
have a lso  b een  reported in  stored  dried sp ic e s  (Lee 
an d  Lim 1985). A m ong th e  b acteria l ty p es , only  
spore form ing bacteria  (B a c i l l u s  spp .) w ere iso lated , 
w h ich  m ay  be d u e to  th e  dry n atu re o f sp ices . 
Iso la tes o f  B a c i l l u s  s u b t i l i s ,  B .  l a t e r o s p o r u s  an d  B .

TABLE 2. DISTRIBUTION OF MOULDS AND BACTERIA AND THEIR FREQUENCY OF OCCURRENCE IN DRIED MARKET SPICES 
AND CONDIMENTS1

Masoro K anunfari C häta Passkori Tattashe Gedar m iyar Borkono Kulikuli A lbasa
M oulds
Aspergillus spp

A. fla v u s 18.5 - 16.1 ~ - - - ~
A. nidulans 1 1.1 - - - - - - - ~
A. fu m ig a tu s - - 12.9 ~ 50.7 +66.7 +66.7 85 79
A. versicolor - - - ~ - 33 - - -
A. niger 44.5 - 9.7 38.5 - - 16.7 - 21

Penicillum  spp
P. rubrum 22.2 - 22.6 - - - 16.6 15 -
P. funicu losum - - - 61 .5 - - - - -

Phoma sp. 3 .7 - - - - - - - -
Arachniotus sp. - - 38 .7 - - - - -
Rhizopus arrhizus - - - 50 - - - -
Bacteria
Bacillus spp.

B. polym yxa - 37.5 - - - 20 - -
B. subtilis - 50 - 59 - 55 .6 - - 33.3
B. purrulis - 50 - - - - - - -
B. coagulaos 40 - - 20 - - - — 66 .7
B. laterosporus 40 - 33.5 - - - 40 6 6 .7 —
B. brevis 20 - 25 21 40 - - 33.3
B. alvei -  

a  : Values indicate frequency of occurrence .; - : Nil
60 44 .4 40
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b r e v i s  w ere m ore predom inant. O ther B a c i l l u s  spp. 
iso lated  in clu d ed  B . p o l y m y x a ,  B .  p u m i l i s ,  B .  
c o a g u l a n s  an d  B .  a l v e i

In con c lu sion , it sh ou ld  b e n oted  that dried  
m arket sp ic e s  m ay becom e con tam in ated  w ith  
m ou ld s and bacteria  u n d er favourable con d ition s. 
Although th is  m ay  have ser io u s im p lications in  
term s of safety  and h ea lth  of th o se  w h o h an d le  and  
con su m e sp ices, it h a s  b een  em p h asized  that 
m ycotoxins in  sp ice s  are u n lik ely  to  p ose  ser io u s  
health  hazards (M adhyastha and B h at 1985; Nkam a  
and M uller 1989). A m ong th e sp ices , g inger and  
red pepper are regarded a s  h igh  risk  com m od ities  
requiring routine screen in g  for m ycotoxins. There 
is  a n eed  to h an d le  th ese  ad eq u ately  to avoid 
contam ination  by m o u ld s an d  bacteria .

Support in  form  of a grant from  th e  U niversity  
of M aiduguri R esearch Grant C om m ittee is  gratefully  
acknow ledged.
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Possibility of rendering soybean to cook like conventional to o r  d h a l  has been studied by employing a technique 
of wet toasting at 160+5°C, followed by deoiling. The results revealed that toasting of moistened (32% moisture) s o y a  
d h a ls  increased the extractability of oil, without loss of d h a l  shape. Removal of about 60% oil rendered it to cook 
somewhat like tu r  d h a l  in about 40 to 50 min. Reduced dispersion of solids in soya d h a l s  during cooking has been 
attributed to reduced cell separation. Occurrence of rounding-off of cells caused the basic difference in the cooking 
behaviour of tur and soya d h a ls .
Keywords : Soybean, Soya d h a l, T u r  d h a l . Deoiling, toasting, Moistening, Cooking quality.

S oyab ean  (G ly c i n e  m a x )  Is a n  im portant crop  
in  M adhya P radesh  and a  few  oth er s ta te s  of India, 
the an n u al p rod u ction  b ein g  ab out 2 to 2 .4  m illion  
ton n es (Anon 1992). It h a s  ab ou t 20%  oil, 40%  
proteins (twice th e  protein  con ten t o f com m on  
p u lses), and  very little starch  (CFTRI 1992). In sp ite  
of its  potentia l a s  a  sou rce  o f oil an d  proteins, u se  
of soyb ean  a s  a su b stitu te  for con ven tion a l d h a l s  
or extender o f p u lse s , is  n ot yet ach ieved . There  
have b een  efforts in  recen t y ea rs  to prepare so lven t  
extracted d h a l s ,  w h ich  sh ow ed  a red u ction  in  
cooking tim e (C hakraborthy et al. 1985; J a in  et al. 
1986; D a s et al. 1987). H owever, there is  no w ork  
on th e  evaluation  o f th e deoiled  soy a  d h a l  a s  a  t u r  
d h a l  su b stitu te . T h is h a s  b een  attem p ted  in  th e  
p resent stu d y, a lon g  w ith  a  com p arison  o f different 
ap p roach es like sa lt  co a tin g  (N arasim ha and  
D esikachar 1978  b) an d  flak ing (D esik achar and  
S u brahm anyan  1961). A  p o ssib le  exp lan ation  h a s  
also  b een  g iven  for th e  observed  differences in  
cooking b eh aviou r of soya  d h a l ,  from  th a t of 
com m only u se d  t u r  d h a l .

B lack  and w h ite seed  coa t varieties o f so y b ea n s  
(m oisture 10%) a s  w ell a s  t u r  d h a l  w ere procured  
from th e  local m ark et, c lea n ed  an d  size-graded. 
D h a ls  w ere prepared from  so y b ea n s according to  
the m ethod d escribed  b y  R am ak rish n aiah  and  
Kurien (1983).

D h a ls  w ere equilibrated  w ith  25%  w ater for 3  h  
(32% m oisture) and toasted  in  hot sa n d  at 160±5°C  
for 1.5 m in  (12.5%  m oisture). T oasted  d h a l s  w ere  
also flaked, after ra isin g  th e  m oistu re  to ab ou t 22%  
by addition o f 10% w ater an d  equilibrating for 3  
h, followed b y  stea m in g  at atm osp h eric  p ressu re , 
for 3 0  m in , in  a roller flaker (Type J , A ktiebolaget, 
K vam m askiner, M alm o, Sw eden) to a th ic k n e ss  of  
0 .2  m m . All sa m p les  (d h a l s  an d  flakes) w ere
* Corresponding Author

ind ividually deoiled  b y  im m ersin g  in  10 vo lu m es  
of h exan e a t room  tem p eratu re (28 to  30°C) for 
ab ou t 2 0  h, follow ed b y  fitra tion  an d  drying (8 h , 
80°C) in  a cu rren t o f air, till th e  resid u a l so lven t 
w a s n o t organoleptically  perceptib le. Oil co n ten ts  
of th ese  sa m p les  an d  th e  original d h a l  were 
determ ined  b y  th e  stan d ard  AOAC (1980) m ethod . 
Soya d h a l s  w ere coa ted  w ith  so d iu m  b icarbon ate  
(1%) and am m on iu m  carb on ate  (0.5%), a s  d escribed  
b y N arasim ha an d  D esik a ch a r  (1978b ). D h a l / H ak es  
(10 g) w ere cook ed  in  10 0  m l w a ter  over a h o t p late, 
w ith  r e p len ish m en t o f th e  eva p ora ted  w ater. 
C om pletion  of cook in g  w a s  ju d g ed  b y  p ress in g  th e  
sam p le b etw een  tw o g la s s  p la tes  an d  atta in m en t  
of uniform  tran slu cen cy . T h is  w a s  n o ted  a s  the  
su b jective cook in g tim e (SCT). S o lid s  d isp ersed  
during cook ing w ere determ in ed  a s  per N arasim ha  
an d  D esik ach ar (1 9 7 8  a).

F irm n ess o f  cook ed  d h a l s  w a s  determ ined  in  
a Chopin-INRA viscoelastogram  (Laignelet an d  Feillet
1979) u s in g  a load  o f 1 0 0 0  g  for soy a  d h a l s  and  
5 0 0  g for cook ed  t u r  d h a L  T hree g ra in s o f cooked  
d h a l  w ere p laced  in  th e  in stru m en t to  form  a 
triangle. In each  c a se , in itia l th ic k n e ss  (a) and  
th ick n ess  after co m p ressio n  (b) w ere m easu red . At 
lea st  s ix  m ea su rem en ts  w ere m ad e for each  cook ing  
tim e, and % firm n ess (F) va lu e  w a s  ca lcu la ted  by  
dividing 100 x  b  b y  a. C ooked d h a l s  w ere section ed  
in  a freezing m icrotom e to a th ic k n e ss  o f 15p and  
photographed  in  a Carl Z iess  ligh t m icroscop e to  
highlight the cellu lar d ifferences and cooking pattern.

D ata in d icated  th a t partia l d eoilin g o f toasted  
d h a l s  red u ces th e cook in g  tim e an d  im p arts textural 
so ftn ess  o n  cook in g  (Table 1). S im p le  so lven t  
soak in g  rem oved on ly  ab ou t 3 0  to  40%  oil from  
d h a l s  an d  th is  in crea sed  to  ab o u t 5 0  to  60% , w h en  
previously  w et-toa sted  d h a l s  w ere u sed . T his could  
be d u e to  so m e sw ellin g  an d  f is su r e s  created  in
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TABLE 1. COOKING CHARACTERISTICS OF T U R  AND SOYA

D H A L S
Sample OU Subjective Dispersed Firmness,

content. cooking solids,% %
% time, min (at SCT) (at SCT)

Ttir d h a l -  - 35 70 68Soya d h a l  (white seed coat)
As such 21.0 120 28 74
Partially deoiled 12.6 60 30 70
Toasted and deoiled 7.3 40 32 68
Toasted, flaked and

deoiled 1.6 10 75 -  -

Salt coated 21.0 90 35 70
Soya d h a l  (black seed coat)

As such 20.0 150 25 72
Partially deoiled 12.1 90 30 68
Toasted and deoiled 8.2 55 32 70
Toasted, flaked and

deoiled 1.8 12 70 —
Salt coated 20.0 120 30 70
d h a l s  during w etting and toastin g  s tep s . Oil rem oval 
w as over 90% , w h en  th e  toasted  d h a l s  w ere flaked  
and th en  deoiled  a s  above. It is  se e n  th a t th e  
cooking tim e and F v a lu es  o f toasted  and deoiled  
soya d h a l s  w ere a lm ost in  th e range o f con ven tion al 
d h a l s .  However, soya  d h a l s  lacked  th e  desired  so lid s  
dispersibility (Subba Rao et al. 1964) o f conventional 
d h a l  during cooking. C oating w ith  alkaline sa lts  h a s  
been  sh ow n  to reduce th e  cook ing tim es by about 
50% for iur (N arasim ha and D esik ach ar 1978b) and  
kidney b ean  d h a l  (Eduardo et al. 1980). In the  
presen t stu d y, sa lt coatin g , how ever, had little

•  •  •  *  4  ^  »DBBBBfl
Fig. 1. Pattern of changes in T u r  D h a l during cooking. Stages 

- (1) just soaked; (2 to 7) Cooked for 10,20,30,40,60 
and 80 min, respectively

effect on  th e  cookability  o f  soya  d h a l s  (reduction  
only 30% ), w ith th e  co n seq u en t low er level of 
dispersion  during cooking. T his b eh av iou r cou ld  be  
ascribed to the fact th a t th e cook in g  p attern  for 
t u r  d h a l  g o es  u p to  sta ge  7 (Fig. 1), in  con trast to 
the stoppage at stage 2 in  ca se  of soya  d h a l .  T h is  
im p lies th a t both  tur and soya  d h a l s  absorb w ater  
during cook in g  an d  sw ell in  size , b u t t u r  d h a l  
disin tegrates after a certain  period of cooking, w hile

Fig. 2. Light micrograph of cooked tu r  d h a l

soya  d h a l  d o es  not. S u ch  a b eh av iou r is  p erh ap s  
d u e to the la ck  o f starch  in  th e  latter. It h a s  b een  
sh ow n  (N arasim ha et al. 1989) th a t th e  ce lls  in  t u r  
d h a l  (as in  m o st oth er p u lses) ten d  to b ecom e  
round  during cook in g  (Fig.2) an d  get sep ara ted  out. 
T h is is  due to  th e  red u ced  in ter-ce llu lar  con tact  
an d  lo s s  of m id d le lam ella  (R ockland a n d  J o n e s
1974). T h is rou n d in g-off of cell d o es  n o t ap p ear to 
occur in  soya  d h a l s  (Figs. 3  an d  4), th ereb y  resu ltin g

Fig. 3. Light micrograph of cooked soya d h a l

Fig. 4. Light micrograph of deoiled and cooked soya d h a l
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In lesser  cell sep aration . T h is a lso  a cco u n ts  for 
lower d isp ersion  of so lid s  during cook ing, w hich  
perhaps is  a lim iting factor for its  u s e  a s  tur dhal 
su b stitu te .

D ata o n  th e texture of cooked  dhals (Fig.5) 
show  that all sa m p les  a tta in  an  F va lu e  o f around

P e r i o d  o f  c o o k i n g  , m i n  

Fig.5. Firmness values of cooked d h a l  samples during 
progressive cooking
□ — □  Tur dhal , 0—0 : Soya dhal (black seed coat)
x— x : Soya dhal (white seed coat) 0— 0 : Toasted and 
deoiled soya dhal (black seed coat) A— A : Toasted and
deoiled soya dhal (white seed coat) ............. : Soft eating
texture ( F= -70)

70%, w hich corresp on d s to th e  soft ea tin g  texture, 
at the corresponding su b jective  cook in g  tim es (SCT) 
of dhals. For in stan ce , F va lu e  of 70%  is  a tta ined  
for tur at 4 0  m in , in  con trast to 150  m in  for b la ck  
soya dhal an d  120 m in  for w h ite  soya  dhal. 
Further, it is  se e n  th a t toasted  an d  deoiled  soya  
dhals attain  th is  F va lu e  m u ch  faster, at around  
4 5  and 55  m in  for w h ite  an d  b la ck  soya  dhals, 
respectively. H owever, th e  red u ction  in  F va lu e  
below th is  level is  very gradual, thereby ind icating  
a m u ch  slow er so ften in g  rate after th is  stage. 
Taking advantage o f th e  d isp ersib le  q u a lities of 
dhals like tur and com b in in g the c lo se n e ss  in  F 
value, it is  p ossib le  th a t soya  dhal (toasted , partially  
deoiled and sp ecia lly  from  th e w h ite variety) cou ld  
be u sed  in  th e traditional p reparations to an  exten t  
of about 50%, in  place of con ven tion a l tur dhal. 
However, flaked soy a  dhal ca n  replace tur dhal to 
a greater exten t (upto ab o u t 80%).

The presen t s tu d ie s  h ave sh ow n  th e  p ossib ility  
of treating different va rieties  o f soya  dhals, b y a

com b in ation  o f w et-to a stin g  a n d  partia l deoiling, so  
th a t th ey  ca n  b e cook ed  in  a reaso n ab ly  sh ort tim e  
of 4 0 -5 5  m in . S u ch  a p ro cess  cou ld  easily  b e  scaled  
up for toastin g  in  th e  gram  frying m a ch in e  and  
adopting th e  u su a l so lven t ex traction  procedure. 
Recovery o f oil from  so y a  b e a n s  in  su c h  a p rocess  
w ou ld  be over 6 0  to 70% , w ith o u t lo s s  of sh a p e  
of the dhal. H ence, th e  p ro cess  offers a p otentia l 
for rendering so y b ea n  for u s e  a s  dhal, b y a partial 
su b stitu tio n  o f th e  exp en siv e  tur dhal.
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Q u a lity  C h a r a c t e r i s t ic s  o f  S o m e  M a r k e te d  
I n d ig e n o u s  M ilk  P r o d u c ts  : M ajor  C o n s t i t u e n t s  

a n d  M in e r a l C o m p o s it io n  o f  R abri
T .K . CH ATTERJEE, S . SARKAR AND G. BISW AS*
C entral Food Laboratory, C alcu tta , 7 0 0  0 1 6 , India.

R a b r i (an indigenous milk-based sweet, thick slurry-like product, which is rich in cream and is a popular delicacy), 
collected from shops in Calcutta city, showed wide variations in total solids, fat, protein, lactose, sucrose, ash, minerals 
and acidity values. Among these, fat and sucrose levels showed higher variations. Data obtained may be useful in 
specifying standards for ra b r i by various regulatory agencies.
Keywords : R a b ri, Market samples, Calcutta market. Chemical constituents, Mineral content.

R a b r i ,  a n  in d ig en ou s m ilk -b ased  sw eet, th ick  
slurry-like product, is  prepared b y  boiling m ilk  and  
adding can e su gar w h en  cooled. D esp ite  regional 
preference, th is  product, in  recent years, is  becom ing  
m ore and m ore popular th rou gh ou t th e  country. 
The ch em ica l quality  of r a b r i  w ill largely depend  
on th e type of m ilk, m oistu re  retention  and level 
of sugar addition. There are no m andatory or 
prescribed sta n d a rd s a s  yet form ulated. Inform ation  
on m ajor co n stitu en ts  of D elh i an d  K am al m arket 
sam p les o f r a b r i  h a s  b een  reported (G ayen and Pal
1991). However, in form ation  on  m in era ls in  th e  
product from C alicutta m arket or laboratory product 
is  n ot available.

D ata on  m ajor co n stitu en ts  an d  m in era ls in  
r a b r i  from C alcu tta  m arket a s  w ell a s  laboratory  
sam p les are reported in  p resen t com m u n ica tion , a s  
th ese  will b e u sefu l for prescrib ing sta n d a rd s u n der  
the Prevention of Food A dulteration  Act an d  R ules.

A total of 6 0  m arket sa m p les  (250  g each) w ere 
collected  on  3  o cca sio n s from  five different sh o p s  
(4 from each) and stored  at 5°C u n til analyzed. The 
entire sam p le w a s m ixed  thorou gh ly  before u sin g  
for analysis.

The laboratory sa m p les  (10  num bers) w ere  
p rep ared , fo llow in g  th e  c o m m o n  p ra c tice  o f  
preparation o f r a b r i  in  trade. T he p ro cess  involved  
heating o f m ilk  at 9 0  to 95°C , repeated  rem oval 
of clotted cream  [m a la O  in  a tota l quan tity  equal 
to approxim ately on e-ten th  o f th e  in itia l vo lu m e of 
m ilk, 3-fo ld  con cen tration  o f the rem ain ing portion, 
addition of su gar at a level eq u al to  6% o f th e  in itial 
quantity o f m ilk  and adding b ack  the m a l a l

The m oistu re  an d  tota l so lid s  w ere determ ined  
b y stan dard  gravim etric m eth od  (ISI 1981) w ith  
m inor m odification , w h ich  involved addition  o f 5
* Corresponding A uthor

m l of h ot d istilled  w ater to  d isp erse  th e  m atter  
uniform ly. Fat and protein  co n ten ts  w ere determ ined  
by Rose-G ottlieb m ethod  an d  m icro K jeldahl m ethod , 
resp ectively  (ISI 1981). L actose an d  su cro se  w ere  
determ ined  b y  the m eth o d  o f Lane and E yn on  (ISI
1981). A sh  con ten t and acid ity  w ere d eterm in ed  b y  
the stan d ard  m eth od  (ISI 1981). S od iu m  and  
p o ta s s iu m  c o n c e n tr a t io n s  in  th e  a s h  w er e  
determ ined  in  a S ystron ic  d igita l flam e p h otom eter  
(Model 121, w ith  so d iu m  an d  p o ta ss iu m  filter) at 
co n sta n t air p ressu re  o f 0 .5  k g /c m 2, u s in g  regu lated  
liquefied  p etro leum  g a s a s  a sou rce  o f fu el (O sborne  
an d  V oget 1978). M agn esiu m , copper, iron  an d  zin c  
in  the a sh  w ere estim ated  u s in g  a tom ic ab sorp tion  
spectro-photom eter, Perkin E lm er, m od el 3 8 0  (Antila 
an d  A nitla 1974).

The average v a lu es  of th e  m ajor c o n s t itu e n ts  
of m arket an d  laboratory sa m p les  of r a b r i  are sh o w n  
in  Table 1. The m oistu re  reten tio n  varied  in  
sa m p les  from  sh op  to sh op , b u t w a s  a lw ays below  
50%. C on sequ en tly , th e  tota l so lid s  in  all c a se s  
w ere m in im u m  50% or above. The average fat 
co n ten ts  of th e  m ark et sa m p les  varied  an d  th e se  
w ere low er in  the m ark et sa m p les  th a n  th o se  in  
laboratory sam p les . T h is cou ld  be attr ib uted  to  th e  
differences in  th e  fat co n ten t o f  th e  m ilk  u sed .

The protein  co n ten ts  o f  laboratory sa m p les  
varied from  th o se  o f m arket sa m p les , th e  latter  
having h igher levels. The carb oh yd rates, a sh  and  
acid ity levels in  m arket sa m p les  w ere h ig h er  th a n  
th o se  in  th e  laboratory sam p les . T he com m o n  
practice to  prepare r a b r i  w ith  m ilk s  a tta in in g  h igh er  
acid ity v a lu es  p erm its h igh  lev els  o f ad d ition  o f  
su g a r  in  m arket r a b r i  The h igh  a sh  v a lu e s  in  
m ark et sa m p les  p o ss ib ly  in d ica te  th e  u se  o f  
n eutra lizers. A  few  sa m p les  from  th e  u n org an ised  
sector  sh ow ed  p resen ce  o f ce llu lo se  a lso  (not sh o w n  
in  table).
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TABLE 1. MAJOR MILK CONSTITUENTS AND ACIDITY LEVELS OF R A B R I  SAMPLES
Constituents Market samples Laboratory samples

1 2 3 4 5 Average 
of 60 samples

1 2 Average 
of 60 samples

Moisture, % 43.7 49.2 34.3 41.7 46.5 43.1 48.2 46.9 47.5
±1.0 ±0.9 ±1.4 ±1.0 ±0.8 ±1.0 ±0.2 ±0.3 ±0.2

Total solids, % 55.3 49.8 64.7 57.3 52.5 55.9 50.8 52.1 51.4
±1.0 ±0.9 ±1.4 ±1.0 ±0.8 ±1.0 ±0.2 ±0.3 ±0.2

Fat as such basis, % 16.4 12.9 16.7 12.6 10.2 13.8 16.1 15.6 15.8
±1.2 ±1.1 ±0.7 ±0.9 ±1.3 ±1.0 ±0.1 ±0.1 ±0.1

Fat on dry weight 30.1 25.9 25.8 25.4 26.9 26.8 31.7 30.8 31.2
basis, % ±2.9 ±3.7 ±2.1 ±1.1 ±1.9 ±2.3 ±.3 ±.3 ±0.3
Proteins, % 12.5 10.8 13.1 12,8 13.0 12.4 10.1 10.7 10.4

±0.5 ±0.8 ±0.9 ±0.7 ±1.1 ±0.8 ±0.1 ±0.2 ±0.1
Sucrose, % 13.8 12.3 19.6 18.7 17.2 16.3 11.9 15.1 13.5
. ±1.3 ±1.4 ±1.4 ±1.3 ±1.4 ±1.4 ±0.2 ±0.1 ±0.1
Lactose % 12.2 13.5 14.5 13.8 12.3 13.3 11.8 12.1 11.9±1.4 ±1.3 ±1.1 ±1.3 ±1.5 ±1.4 ±0.3 ±0.2 ±0.2
Ash, % 2.3 2.2 2.8 2.5 2.6 2.5 2.0 2.1 2.0

±0.2 ±0.1 ±0.6 ±0.6 ±0.5 ±0.4 ±0.2 ±0.1 ±0.1
Acidity, % 0.4 0.4 0.4 0.4 0.4 0.4 0.3 0.3 0.3±0.2 ±0.2 ±0.1 ±0.2 ± 0 ±0.1 ± 0 ± 0 ± 0
Sodium, m g/ lOOg 62.6 66.1 76.3 63.3 55.6 64.8 68.5 72.1 70.3±4.5 ±2.1 ±3.1 ±3.4 ±3.8 ±3.4 ±0.5 ±0.6 ±0.5
Potassium, mg/lOOg 59.1 60.5 66.3 59.8 48.9 58.9 60.8 66.3 63.5±0.8 ±1.8 ±1.6 ±2.1 ±3.1 ±3.4 ±0.3 ±0.2 ±0.2
Magnesium, mg/lOOg 11.8 12.1 14.5 13.1 10.9 12.6 16.1 16.8 16.4±0.8 ±1.1 ±0.9 ±1.3 ±0.7 ±1.0 ±0.4 ±0.6 ±0.5
Copper, mg/lOOg 0.6 0.4 0.5 0.5 0.2 0.4 0.5 0.5 0.5±0.1 ±0.1 ±0.5 ±0.2 ± 0 ±0.2 ±0.1 ±0.1 ±0.1
Iron, mg/lOOg 0.6 2.0 3.2 1.4 0.3 1.7 4.1 3.9 4.0±0.2 ±0.2 ±0.4 ±0.2 ± 0 ±0.2 ±0.1 ±0.2 ±0.1
Zinc, mg/lOOg 0.7 0.7 0.7 0.7 0.6 0.7 0.7 0.7 0.7±0.1 ±0.1 ±0.1 ±0.1 ± 0 ±0.1 ± 0 ±0.1 ± 0

Man ± S.E. of 12 and 5 samples from market and those made In laboratory, respectively.

D ata on  m ineral com p o sition  o f rabri sam p les  
are given in  Table 1. A m ong m ajor m in era ls, th e  
concentration  o f sod iu m  w a s  m ax im u m  in  all the  
sam p les. A m ong the trace e lem en ts, iron w a s  found  
to b e th e  h igh est. A m ong m in era ls, con cen tration  
of m agn esiu m  w a s  th e  low est (10 .9  to  14 .5  m g /  
lOOg.) in  th e  sam p les. R eports b y  G ayen an d  Pal 
(1991) on  rabri an d  a lso  th o se  by N arain an d  S ingh
(1981) a s  w ell a s  B oghra an d  M athur (1991) o n  
khoa have sh ow n  som e varia tion s in  resp ect of 
m inerals in  com p arison  to the p resen t data.

The v a lu es ob tained  in  th e p resen t stu d y  m ay  
be usefu l in  specifying stan dard s for rabri by different 
regulatory a g en cies in  th e  country.
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F r y in g  9 u a H ty  o f  S ix  V a r ie t ie s  o f  P o t a t o
SUNEETA PANT AND K . KULSHRESTHA*

G.B. P ant U niversity o f A griculture and T echnology, P antnagar - 2 6 3  145, India
Six potato varieties, namely 'K. Badshah’, 'K. Bahar’, 'K. Jyoti', 'K. ChandramukhT, 'JH 222’ and 'JI 4486’ were 

evaluated for biochemical composition and their fried product characteristics 'K. Chandramukhf having the lowest 
reducing sugar (0.94%) and total phenols (30.30 m g/100 g)_ and 'K. Badshah’ having the highest starch content (15.12%) 
were rated superior for making chips. 'JH 222’ having the highest total phenols and ’Jl 4486’ having the highest 
reducing sugar rated inferior for making chips. The variety 'K. Bahar’ and 'K. Jyotl’ were rated intermediate in suitability 
for the purpose of making chips.
Keywords : Potato varieties. Composition, Potato chips, Organoleptic evaluation. Fried product characteristics.

The com p osition  o f p otato  is  a n  im portant 
factor for its  p rocessin g , an d  all p otato varieties  
are not equally su itab le for diverse form o f p rocessing  
(Marwaha 1988). The p rocessin g  quality of potato  
depends o n  b ioch em ical com p osition  o f its  variety, 
particularly its  con ten t o f dry m atter, reducing  
su g a r s , p ro te in , n itr o g e n o u s  c o m p o u n d  a n d  
p h enolics (M arwaha 1988; M isra an d  P rem chand
1988). The p resen t in vestigation  w a s  un dertak en  
to screen  the su itab ility  o f  s ix  varieties o f potato  
for ch ip s m aking.

S ix com m ercially  released  p otato  varieties, v iz ., 
'K. B a d s h a h ' , 'K. B a h a r ', ~K. J y o t i' ,  ~K. 
Chandram ukhi', 'JH 222' an d  'JI 44 86 ' were 
obtained from th e  H orticulture R esearch  Centre of 
the U niversity. Dry m atter  con ten t of p otato tu b ers  
w as determ ined  b y  lo s s  in  w eight o f th e  sam p le  
upon drying at 65°C for 12 h (W oodbury and  
W einheim er 1964). For the rest o f the estim ation s, 
the sam p le w a s  prepared according to  th e m eth o d s  
described  b y  R an gann a (1986). P otatoes w ere  
w ash ed , peeled  an d  cu t into 2 -3  m m  th ick  s lices. 
W ithin 2 m in , th e s lices  w ere steam ed  for 10 m in. 
The steam ed  s lic e s  w ere dried in  a cab in et dryer 
at 55°C for 8 .5  h , and  thereafter pulverized to  flour  
(60 m esh). The reducing su g a rs  o f the sa m p les  w ere  
determ ined b y  th e  m eth od  o f Som ogyi (1945). Free 
am ino acid co n ten ts  w ere determ ined  by th e  
m ethod of Mertz et al (1974), w ith  sligh t m odification  
a s given by S u n g  an d  Lam bert (1983). S tarch  
con ten t w a s  determ ined  b y  first extracting th e  
sam ple w ith  50% eth an ol to e lim in ate su gars. 
Thereafter, its  starch  w a s  solub ilized  w ith  perchloric  
acid . The r e su lta n t  m a lto se  w a s  d eterm in ed  
colorim etrically u s in g  an th ron e reagent (McCready 
et al. 1950) an d  starch  co n ten t w a s  ca lcu la ted  by  
m ultip lying m a lto se  con ten t w ith  a factor 0 .9 . Total 
p h en o l co n ten t w a s  determ ined  b y  th e m eth od  of
*Corresponding Author

AOAC (1975).
The w a sh ed  p o ta toes w ere d ipped  in  10% 

boiling NaOH so lu tio n  for 1 m in  an d  th e  adh eren t  
alkali w a s  n eu tra lized  w ith  1% H C1. T h ese  treated  
p ota toes w ere w a sh ed , rubbed  w ith  h a n d s  to  
rem ove p ee ls  an d  sliced  w ith  s ta in le s s  s te e l ch ip  
cu tter  in to  1-2 m m  th ick  s lices . After b la n ch in g  for 
3  m in  in  boiling w ater, th e  s lic e s  w ere coo led  and  
dipped in  2 0 0 0  ppm  p o ta ss iu m  m eta b isu lp h ite  for 
10 m in . The drained s lic e s  w ere fried in  refined  
soy b ean  oil at 180°C for 1.5 m in  (S a n d h u  et al. 
1987). The ch ip s  w ere eva lu ated  organ olep tically  
b y a sem i-tra in ed  p an el, c o n s ist in g  o f 6  m em b ers  
for cru n ch in ess  and co lou r b y  d escrip tive a n a ly sis  
w ith  sca lin g , and  overall accep tab ility  w a s  evaluated  
on  a 9-p o in t H edonic sca le  (Larm ond 1977).

The b ioch em ica l com p o sition  o f p otato  varieties  
(Table 1) revealed th a t variety  \JH 222' h a d  the  
h ig h est con ten t o f  d iy  m atter  (21.45% ) a n d  tota l 
p h en o ls  (4 7 .3 0  m g /1 0 0  g). Low est free am in o  acid  
con ten t (3 2 5 .0 8  m g /1 0 0  g) w a s  ob served  in  variety
K. B adsh ah'. S tarch  co n ten t w a s  m a x im u m  in
K. B adsh ah'. "K. C handram ukhi' h ad  th e  low est  

co n ten ts  o f red u cin g  su g a r  (0.94% ) an d  total 
p h en o ls  (3 0 .3 0  m g /1 0 0  g). T h u s, sign ifican t varietal 
varia tion s (p=0.05) in  th e con ten t o f  dry m atter, 
starch , su gar, free am in o acid  an d  to ta l p h en o ls
TABLE 1. BIOCHEMICAL COMPOSITION OF POTATO 

VARIETIES.
Variety Dry Starch, Redu Free Total

matter, % cing amino phenols% sugars, acids, mg/% mg/lOOg lOOg
'K. Badshah’ 19.70 15.12 1.12 325.08 36.69
'K. Bahar’ 18.05 11.60 1.26 512.56 31.33
K. Jyoti’ 17.30 9.27 1.33 481.40 44.67

'K. Chandramukhi’ 18.63 11.03 0.94 505.68 30.30'JH 222’ 21.45 13.27 1.32 481.60 47.50'JI 4486’ 18.25 9.92 1.44 368.08 43.80Mean 18.89 11.71 1.24 440.82 38.97SEM 0.19 0.71 0.02 11.29 0.75CD at 5 % 0.57 0.53 0.06 34.79 2.30
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TABLE 2. SENSORY CHARACTERISTICS OF POTATO 

VARIETIES.
Variety Texture Colour Overall

acceptability
'K. Badshah’ 3.27 0.77 2.10
'K. Bahar’ 3.33 2.69 3.73
'K. Jyoti’ 3.70 2.20 3.15
‘K. Chandramukhi’ 4.13 2.35 2.28
VJH 222’ 3.93 2.85 4.93
'JI 4486’ 3.80 3.50 4.61
Mean 3.73 2.29 3.48
SEM 0.12 0.12 0.12
CD at 5 % 0.34 0.33 0.33
were observed.

The sen so ry  ch ara cter istics  o f fried potato  are 
presented  in  Table 2 . The ch ip s  o f K. B adsh ah' 
were pale go ld en  yellow  an d  th o se  o f 'JI 4 4 8 6 ' w ere  
darkish brow n. The varietal d ifferences in  colou r  
of the ch ip s w ere d u e to  th e  d ifferen ces in  co n ten ts  
of reducing su g a rs  an d  free am ino acid s in flu en cin g  
the degree o f M aillard reaction , a s  su g g ested  by  
Nagaich (1977). The ch ip s  o f 'K. C handram ukhi' 
had a texture preference, for b ein g  th e  h ig h est in  
cru n ch in ess. The ch ip s  o f varieties ‘K. B adsh ah' 
and 'K. Bahar' w ere low  in  cru n ch in ess . Overall 
acceptability sco res  w ere sign ifican tly  correlated  
(r=0.847) w ith  reducing su ga r co n ten ts. T h is sh ou ld  
b e du e to the excessive  caram elization  o f su ga r  o n  
frying, thereby resu ltin g  in  th e  d evelop m en ts of 
undesirab le dark colour, b itter ta ste  an d  flavour  
(Roe et al. 1990). R ecent s tu d ie s  in d icate  th a t  
ch ip s m ade from  p otato  tu b ers ca n  even  b e  stored  
upto 1 year w ith o u t affecting the colou r an d  ta ste  
(Anand et al. 1982).

T h e  v a r ie t ie s  'K . B a d s h a h '  a n d  'K. 
Chandram ukhi' w ere ranked  first and  rated alm ost

equally for th e  p u rp o se  o f c h ip s  m ak ing . T hese  
w ere follow ed b y  ‘K. Jyoti' an d  'K. B a h a r’, w hile  
’JI 4 4 8 6 ’ an d  \JH  222' w ere rated  th e  lo w est on  
th e  b a s is  o f  organoleptic eva lu ation .
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S p iru lin a  p la te n s is  a s  R e t in o l  S u p p le m e n t  fo r  P r o t e c t io n  
A g a in s t  H e x a c h lo r o c y c lo h e x a n e  T o x ic i t y  in  R a t s

L.V . VENKATARAMAN*, G . SUVARNALATHA, M .K . KRISHNAKUM ARI AND PIU S JO SE P H 1
C entral F ood T echnological R esearch  In stitu te , M ysore, 5 7 0  0 1 3 , India

Spirulina platensis, a cyanobacterium, was evaluated as a possible améliorant of hexachlorocyclohexane (HCH)- 
induced dietary toxicity in retinol deficient male albino rats by feeding 1000 ppm hexachlorocyclohexane mixed with 
diets free of vitamin A or supplemented with Spirulina at 0.0628 and 3.18% (2000 and 1,00,000 I.U. of vitamin A / 
kg diet, respectively) for seven weeks. Growth rate was considerably reduced in rats fed with vitamin A-free diets 
with and without HCH, while the body weight gain increased at the end of the seven weeks in rats fed with alga 
supplemented diets, with or without HCH. Hepatic vitamin A stores of rats showed diet-related difference. Significant 
(p<0.05 and pcO.OOl) alterations were discernible in serum and liver enzymes, like glutamate oxaloacetate transaminase, 
glutamate pyruvate transaminase and alkaline phosphatase of rats fed with diets containing HCH, but without the 
alga. Such changes were not observed in rats fed with HCH diets supplemented with alga. The results are suggestive 
of the ameliorating effects of alga on the dietary toxicity of HCH in retinol deficient albino rats.
K e y w o rd s  : Dietary toxicity, Hexachlorocyclohexane, Amelioration, Spirulina platensis, Reünol-deficient rats

Spirulina platensis, th e  b lu e-green  alga, h a s  
b een  a su c c e s s  in  h ea lth  food m arket o f  th e  
W estern cou n tries in  recen t yea rs (B enem ann
1988), a s  it is  a n  excellen t sou rce  o f proteins, 
vitam ins and m in era ls (V enkataram an and B ecker
1986). G am m a-linolen ic acid con ta in ed  in  th is  alga  
h a s  b een  reported to stim u la te  p rostag lan d in  
sy n th esis  an d  in d u ction  of th e  regu lation  o f blood  
pressure, ch olestero l sy n th e sis , in flam m ation  and  
cell proliferation (Borowitzka and Borow itzka 1987; 
Venkataram an 1993). H exachlorocyclohexane (HCH), 
th e organochlorine com p oun d , h a s  b een  w idely  
u sed  in  India a s  a broad sp ectru m  in sectic id e  
(Ahuja an d  A w asth i 1993). B eing  recalcitrant, its  
repeated u sage and low er rate of b iodegradability  
have led to  its  accu m u la tion  in  su b sta n tia l levels  
in  soil, t is s u e s  o f h u m a n  an d  livestock , thereby  
cau sin g  considerable h ealth  hazards (Lindane 1972). 
B oth m acro-and  m icro -n u trien ts h ave trem end ous  
in fluence on  th e  p estic id e  toxicity  (Ferrando et al. 
1973; S h ak m an  1974). It h a s  a lso  b een  reported  
that rats w ere h ighly su scep tib le  to HCH intoxication  
u n d er  v ita m in  A d efic ien cy , w h ile  th e  d ie ts  
su p plem en ted  at 2 0 0 0  an d  1 ,0 0 ,0 0 0  I .U ./k g  diet 
(but not hyper-vitam inotic) offered protection  to rats  
fed HCH at 10 00  ppm  (Pius J o sep h  1988).

Feeding Spirulina to  h u m a n s and rats a s  m ajor  
dietary am éliorant, or a prophylactant again st the  
p estic id e-a ssocia ted  h ea lth  r isk s is  a n ew  con cep t, 
w hich  is  b ein g  explored at CFTRI M ysore. The  
present stu d y  a im s to investigate Spirulina a s  retinol 
su p plem en t for protection  aga in st HCH toxicity in  
albino rats.
*Corresponding Author. ‘Present address : Department of 

Pharmacology, Fox Chase Cancer Centre, Philadelphia, USA.

Algal material : High quality  food grade algal 
pow der (spray-dried) w a s  produced  at th is  in stitu te  
b y cu ltivating the alga in  c lea n  w ater in  cu ltu re  
b a s in s  u n d er optim ized  con d itio n s (V enkataram an  
an d  B eck er 1984).

Animals and diets : Male (21 d ays old) w ean in g  
albino rats [Rattus norvegicus 'CFT-Wistar' strain) 
w ere divided at random  in to  s ix  d iet groups:
a) s y n t h e t ic  d ie t  w h ic h  c o n t a in e d  (g /k g )  
devitam inized ca se in  2 0 0 , v itam in ized  starch  10, 
sa lt m ixture 2 0 , grou n d n u t oil 50 , c o m  starch  7 1 7 , 
ch olin e chloride 2 and v itam in  oil 1; b) syn th etic  
diet w ith  HCH at 1 0 0 0  ppm , c) syn th etic  diet 
su p p lem en ted  w ith  alga at 0 .062%  (2 0 0 0  I.U. 
vitam in  A /kg); d) syn th etic  diet su p p lem en ted  w ith  
alga at 0 .062%  + HCH at 10 00  ppm; e) syn th etic  
diet su p p lem en ted  w ith  alga at 3.1%  (1 ,0 0 ,0 0 0  I.U. 
vitam in A /k g  diet) and f) syn thetic  diet su p plem en ted  
w ith alga at 3.1%  + HCH at 10 00  ppm . S yn th etic  
diet w a s  prepared by m ix in g fat-free ca se in  w ith  
c o m  starch , all e ssen tia l m in era ls an d  v itam in s, 
w ith  th e exception  o f v itam in  A. Spirulina pow der  
w a s su sp en d ed  in  unrefined  g ro u n d n u t oil and  
m ixed  w ell w ith  the resp ective d ie ts  so  a s  to get 
th e desired  con cen tration s. T ech n ica l grade HCH 
co n sistin g  of a  72-74%, (3 8-10% , y 1 4 -1 6  %, a  6- 
8  %, e < l%  and a  <1%, ob tained  from  H in d u stan  
In se c t ic id e s  L td ., U d y o g a m a n d a l, In d ia , w a s  
su sp en d ed  in  grou n dn u t oil an d  m ixed  thorou gh ly  
w ith  th e respective d iets to get th e  con cen tration  
of 10 00  ppm . All rats h ad  free a c c e ss  to  th e  diet 
and water. D aily food in take an d  w eek ly  body  
w eigh ts w ere recorded.

Analytical aspects : At th e  en d  o f th e  seven  
w e e k  f e e d in g  e x p e r im e n t s ,  t h e  r a t s  w er e
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an aesth etized  b y  eth er  an d  b lood, collected  directly  
from the heart w a s  allow ed to c lo t a t room  
tem perature. Liver w a s  rem oved, c lean ed , w eighed  
and frozen till analyzed . C entral lobe portion  of th e  
liver w a s h om ogenized  in  0 .2 5  M ice-cold  su crose , 
u sin g  a t is su e  h om ogen izer (3 4 3 1-D 70 , T h om as  
Scientific). The h om o gen ates (10%) w ere centrifuged  
at 4 0 0 0  rpm  for 2 0  m in  at 4°C. The sera  were 
obtained by cen trifu gin g th e  clo tted  blood sam p les. 
The sera and the su p ernatan t from liver hom ogenates  
w ere  a s s a y e d  fo r  g lu t a m a t e  o x a lo a c e t a t e  
tran sam in ase, g lu tam ate pyruvate tra n sa m in a se  
and alkaline p h o sp h a ta se , a s  per th e m ethod ology  
described by W hitaker (1969) an d  B ergm eyer and  
B runt (1974). V itam in  A  estim a tio n  w a s carried out  
by the m ethod  o f Bayfield  (1975).

Body weight gain : R ats o f all th e  s ix  diet 
groups co n su m ed  food uniform ly and ga in ed  body  
w eight till th e  en d  of th e  s ix th  w eek  (Table 1). 
However, during the seven th  w eek, a  slight reduction  
in  th e body w eight ga in  am on g the ra ts  fed w ith  
syn thetic  diet a lon e an d  con ta in in g  HCH w a s  
observed. R etardation o f grow th in  ra ts  fed w ith  
beta-HCH h a s  b een  d em on strated  b y  S rin ivasan  
and R adhakrishnam urthy (1983) an d  B arrow s and  
Saliba (1978). R ats fed w ith  Spirulina d iets ga in ed  
sta tistica lly  n on -sign ifican t body w eigh ts at th e end  
of the seven th  w eek, irrespective of th e  p resen ce  
of HCH, b u t th e  different trea tm en ts w ere not 
sta tistica lly  sign ificant.

Liver weights and hepatic vitamin A stores : The  
ab solu te w eigh ts o f liver o f ra ts treated  w ith HCH 
were significantly in creased  (Table 1), com pared  to  
their respective con tro ls. S im ilar re su lts  w ere  
reported by S h ivan an d ap p a an d  K rishnakum ari
(1981) and M uralidhara et al (1986). The relative

w eigh ts o f ra ts  fed w ith  Spirulina at 0 .062%  w ith  
HCH w ere sign ifican tly  h igher, com pared  to th e  
other tw o grou p s. Liver s to res  o f v ita m in  A  w ere 
sign ifican tly  dep leted  in  sy n th e tic  d iet an d  th ese  
w ere further red u ced  (80%) in  ra ts  fed d ietary HCH. 
V itam in  A  levels w ere in crea sed  b y  4-fo ld  in  rats  
su p p lem en ted  w ith  Spirulina at 0 .062% , w h ile  HCH 
b r o u g h t d o w n  th e  le v e ls  s l ig h t ly . Spirulina 
su p p lem en ta tio n  a t 3.1%  sign ifican tly  in crea sed  th e  
v itam in  A  con ten t b y  6 0  t im es  a s  com pared  to  
u n su p p lem en ted  d ie ts , w h ile  HCH d ep leted  (76%) 
th e  sa m e sign ificantly . The exact m ech a n ism  by  
w hich  v itam in  A  is  b ein g  d ep leted  b y  HCH is  not 
know n. P erh ap s, b oth  HCH an d  v ita m in  A, being  
lipophilic, cou ld  b e  com p etin g  a t a com m on  site  
for absorption , storage an d  m etab olism .

Serum and liver enzymes: All th e  en zym es of 
seru m  exh ib ited  sig n ifican tly  en h a n ced  activ ities  
(Table 2) in  th e  rats fed w ith  sy n th e tic  d iets  
con ta in in g  HCH. G lu tam ate pyruvate tra n sa m in a se  
an d  g lu tam ate  oxa loacetate  tra n sa m in a se  levels  
w ere elevated  b y  3 .5 5  an d  2 .0 7 -fo ld s , respectively , 
w h ile a lk aline p h o sp h a ta se  level w a s  in crea sed  by
1.47-fold  in  ra ts  fed w ith  HCH. S u ch  alteration  in  
seru m  and h ep atic  en zy m es h ave b een  reported  
both  in  acu te  and ch ron ic  HCH exp osu re  in  
an im als (M uralidhara et al. 1986; K ashyap  et al. 
1976). There w ere n o  sig n ifican t a ltera tion s in  th e  
enzym e activ ities b etw een  Spirulina su p p lem en ted  
d iets  w ith  an d  w ith o u t HCH. Liver en zy m es w ere 
le s s  m arkedly affected (Table 2) com pared  to  seru m  
e n z y m e s . G lu ta m a te  p y r u v a te  t r a n s a m in a s e ,  
glu tam ate oxaloacetate  tra n sa m in a se  an d  a lk aline  
p h o sp h a ta se  activ ities w ere sign ifican tly  red u ced  in  
H C H -treated  u n su p p le m e n te d  d ie ts . No su c h  
sign ifican t a ltera tion s w ere ob served  in  rats fed

TABLE 1. BODY WEIGHT (g) OF RATS FED SP IR U L IN A  - F liE E AND SUPPLEMENTED DIETS CONTAINING 1000 PPM HCH FOR SEVEN 
WEEKS

Body weight g* at the week
Diet Vitamin A
group Liver content

weight, in liver,
Initial 1 5 7 g mg/g

Synthetic diet 46.3712.00 66.3412.32 151.3615.17 155.7514.34 6.5110.47 14.6411.51
Synthetic diet + 1000 ppm HCH 44.7111.71 67.4112.08 146.4716.54 159.2816.37 9.67i0 .72b 2.4510.35»
Synthetic diet + 0.062% S p ir u lin a 48.4511.45 66.8911.98 156.7414.53 187.6015.41 7.4111.15 56.1412.42
Synthetic diet + 0.062% S p ir u lin a

+ 1000 ppm HCH 45.0111.49 68.3112.50 152.6914.35 182.7014.89 10.88i0.96h 43.7211.63*
Synthetic diet + 3.1% S p ir u l in a 46.3112.18 64.7513.01 161.4614.06 193.2814.85 7.3810.91 301.82111.56
Synthetic diet + 3.1% S p ir u l in a

+ 1000 ppm HCH 44.5112.15 87.3912.89 163.9515.08 188.9218.11 10.5810.38» 72.5614.57»
Values are mean ± SE of four rats each * Student's 't' test : No significant differences between treatment and control, 

a : Significantly different from control, P < 0.05. 
b : Significantly different from control, P < 0.001.



TABLE 2. SERUM AND LIVER ENZYMES OF MALE ALBINO RATS FED S P IR U IJ N A -F R E E  AND SUPPLEMENTED DIETS CONTAINING 
1000 PPM HCH FOR SEVEN WEEKS

Diet Glutamate oxaloacetate Glutamate pyruvate Alkaline
Group transaminase1 transaminase2 phosphatase3

Serum Liver Serum Liver Serum Liver
Synthetic diet 5.67±0.51 0.35010.025 3.4210.46 2.0110.11 11.5111.25 4.9510.25
Synthetic diet + 1000 ppm HCH 11.75±0.98b 0.20210.016* 12.15tl.09b 1.36i0.9b 16.9611.62b 3.6510.27“
Synthetic diet + 0.062% S p ir u l in a 7.9510.64 0.31510.036 4.0110.26 2.6110.17 9.5612.01 3.9410.16
Synthetic diet + 0.062% S p ir u l in a

+ 1000 ppm HCH 8.6210.86 0.29210.151 5.9510.31 2.1510.25 10.0711.97 3.7210.21
Synthetic diet + 3.1% S p ir u lin a 6.9711.05 0.28510.062 4.5110.41 2.7410.09 10.3611.56 4.5210.24
Synthetic diet + 3.1% S p ir u l in a

+ 1000 ppm HCH 7.4310.97 0.28510.051 4.7610.46 3.0110.15 10.7512.03 4.6710.19
Values are mean 1 SE of four rats each; P values : a. P < 0.05: b. P < 0.001.;

'(j. mole of oxaloacetate/ml/min; 2p mole of pyruvate/ml/min; 3p mole of p -  nltrophenol/ml/mln.

Spirulina su p p lem en ted  d iets.
The resu lts  are in  con cu rren ce w ith  p revious 

s tu d ies  (Pius J o sep h  1988) esta b lish in g  th a t th e  
su p p lem en tation  o f d iets w ith  syn th etic  v itam in  A  
acetate at 2 0 0 0  a n c  1 ,0 0 ,0 0 0  I .U ./k g  d iet offered 
protection to  ra ts  fed w ith  1 0 0 0  ppm  o f HCH. The  
p resen t stu d y  in d ica tes th e  ben efic ia l effects o f  
Spirulina platensis for the first tim e a s  retinol 
su p plem en t for p rotection  a g a in st HCH toxicity  in  
rats. The exact role of Spirulina platensis in  
detoxifying HCH n eed s  furth er investigation .
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Q u a n t i f ic a t io n  o f  Q u a l i t a t iv e  B a u d o u in  T e s t  fo r  t h e
D e t e c t io n  o f  S e s a m e  O il

R .K . CHAVAN1*, V .S . GHOLE2 AND M . D IK SH IT2
1 S ta te  Public H ealth  Laboratory, P u n e-41 1  0 0 1 , India, 

d e p a r tm e n t  o f C h em istiy , P oona U niversity, P u n e -4 1 1  0 0 7 , India.
For quantification of the qualitative Baudouin test, a simple spectrophotometric method was standardized for 

the estimation of sesamol, a phenolic substance found in sesame oil. Different admixtures of conventional oils containing
1.0 to 5.0% sesame oil were prepared, examined for total sesamol concentration, and the corresponding red units 
measured in a 1-cm cell, on Lovibond scale are reported. The data indicated good correlation among these tests.
Keywords : Baudouin test, Sesame oil, Sesamol, Red units, Admixtures, Spectrophotometry.

A m axim u m  p erm issib le  lim it o f 15 red u n its  
on th e  Lovibond sca le , in  a 1-cm  cell, is  perm itted  
under Rule 4 4  o f th e  Prevention o f Food A dulteration  
R ules (PFA 1991), w h en  th e  oil is  te sted  for th e  
B oudouin  reaction. T h is qualitative te st  involves a 
v isu a l com p arison  o f th e  red colou r produced  in  
the reaction b y  se sa m e  oil, w ith  the stan d ard  colou r  
on th e Lovibond sca le . It h a s  a lim itation  of 
personal error, w h ile  observing red u n its  on  th e  
scale. Moreover, the in ten sity  o f th e  n atu ral yellow  
colour o f the oil u n d er  exam in ation  a lso  interferes  
w ith v isu a l com parison . N everth eless, the u se  of 
concentrated  hydrochloric acid  in  th e  qualitative  
test crea tes a  p ersisten t turbidity in  th e  acid  layer, 
and a lso  c a u se s  a con siderab le  d estru ction  of 
sesam ol (B udow ski et al. 1950). S om e m eth o d s  
have b een  developed for th e  d etection  o f sesa m e  
oil in  coloured  fatty food s (B andyopadhyay et al.
1983).

To overcom e the d ifficu lties in  th e  qualitative  
B aud ou in  te st, a sim p le  an d  rapid quantitative  
spectrophotom etric m eth od  h a s  b een  developed, 
b ased  on  the u se  of a q u eo u s su lp h u ric  acid  to  
estim ate the con cen tration  of sesa m o l in  the  
B aud ou in  te st  positive oil sa m p les  (Ambros et al. 
1958; Beroza 19 54 , 1956; B ish off 1957; F u ku d a  
and Nam iki 1988). The re su lts  are reported in  the  
present com m u n ication .

Edible oils, in  cru d e an d  refined form s, w ere  
procured from th e  local m arket. In addition, se sa m e  
oil w a s extracted  from  w h ite  an d  brow n se e d s  of 
S e s a m u m  in d ic u m ,  u s in g  th e  so lven t extraction  
m ethod (Bailey 1946). Tw o se ts  o f ad m ixtu res of 
conventional o ils, con ta in in g  1.0 to 5.0%  sesa m e  
oil (extracted from  w h ite  an d  brow n seed s), w ere  
prepared and exam in ed  for sesa m o l con cen tration ,
* Corresponding Author

a s  w ell a s  th e  corresp on d in g  red u n its  in  1 cm  
cell o n  Lovibond sca le . O verall, tw o  ty p es  o f se sa m e  
oil (extracted from  w h ite  an d  brow n seed s) and ten  
sesa m e oil sam p les , procured  from  th e  loca l m arket, 
w ere exa m in ed  for se sa m o l co n cen tra tio n . In 
addition, th e  ed ib le oil sa m p le s  p rocured  from  th e  
m arket w ere sp ik ed  w ith  sy n th e tic  se sa m o l and  
exam in ed  for recovery o f  th e  se sa m o l ad d ed  (Carlos
1952). The recovery o f se sa m o l added  w a s  found  
to  be 9 7  to  98%  b y th is  m eth od . T he ed ib le o ils  
an d  their  ad m ixtu res w ere a lso  exam in ed  for other  
p aram eters, like butyrorefractom eter read ing at 
40°C , Bellier's turb id ity  tem p eratu re, an d  iodine  
va lu e  a s  per stan d ard  m eth o d s  (DGHS 1978). All 
th e  ch em ica ls  u sed  w ere o f an a lytica l grade.

For the estim a tio n  o f to ta l se sa m o l, a  su itab le  
quan tity  o f the oil (depending u p o n  th e  in ten sity  
of red colou r p rod u ced  in  th e  qualitative test) w a s  
d isso lved  in  1 0 -2 0  m l iso -o c ta n e  in  a 2 5 0 -m l, 
stoppered  con ica l flask . T h en , 5 0  m l o f a q u eo u s  
su lp h u ric  acid  (sp. gr. 1 .8 4 , 1:2 v /v )  and 1 m l 
alcoholic so lu tio n  o f furfural (2%) w ere added. The 
fla sk  w a s  th en  tightly  stop pered , an d  sh a k e n  o n  
th e m ech an ica l sh a k er  for 3 0  m in , before pouring  
th e  co n ten ts  in to  a 12 5-m l sep ara tin g  fu n n el, and  
th e  layers w ere allow ed to  sep ara te  for 2 0  m in. 
T hen, th e  red co lou r p rod u ced  in  th e  acid  layer 
w a s m easu red  at 5 1 8  n m  in  sp ectrop h otom eter, in  
th e  tim e range o f 5 0  to  7 5  m in  from  th e  start of 
th e  reaction . A  b la n k  w a s  prepared u n d er  th e  sam e  
con d itio n s, u s in g  1 m l o f a b so lu te  a lcoh ol in stead  
of furfural (B udow ski et al. 1950). T he calibration  
curve w a s ob ta ined  by d isso lv in g  sy n th e tic  sesa m o l 
(1 m g / 10 m l o f a b so lu te  alcohol) an d  tak in g  1.0  
to  5 .0  m l of th is  so lu tio n . F rom  th e  calibration  
curve, th e  con cen tration  o f to ta l se sa m o l in  the  
sesa m e oil sa m p les  an d  th e  ad m ixtu res w ere 
determ ined.
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TABLE 1. SESAMOL CONCENTRATION AND RED UNITS FOR 

DIFFERENT ADMIXTURES OF REFINED AND CRUDE 
OILS

Sesame 
oil, %

Admixtures with refined 
oils

Admixtures with 
oils

crude
Sesamol Red Sesamol Red

estimated, units estimated, units
m g /100 g m g /100 g

White seed sesam e oil
1.0 0.75-0.80 10-11 0.75-0.85 13-20
1.5 1.15-1.20 15-16 1.20-1.25 17-28
2.0 1.35-1.50 20-21 1.35-1.50 25-40
3.0 2.15-2.45 31-32 2.20-2.50 37-60
4.0 2.75-2.95 42-45 2.80-3.00 48-70
5.0 3.35-3.50 50-51 3.40-3.55 51-*

Brown seed sesam e oil
1.0 0.70-0.80 11-12 0.70-0.80 12-22
1.5 1.15-1.25 16-17 1.10-1.25 18-28
2.0 1.35-1.50 21-23 1.30-1.50 25-45
3.0 2.00-2.50 32-33 2.10-2.50 36-67
4.0 2.80-3.00 44-49 2.75-3.00 47-72
5.0 3.35-3.50 51-53 3.30-3.50 52-*

* Beyond the scale
Total sesa m o l con cen tra tion s in  th e  extracted  

sesam e oil sa m p les  and th e  se sa m e  oil sa m p les  
procured from the loca l m arket w ere found  to  be  
0 .0 9 5  to 0.1% . The sesa m o l co n cen tra tion s, along  
w ith the corresponding red u n its  for different 
adm ixtures are sh o w n  in Table 1. D ata ind icate  
that the red u n its  d ep en d  u p o n  th e  con cen tration  
of sesam ol, an d  th e  in ten sity  o f th e  yellow  colou r

TABLE 2. BUTYROREFRACTOMETER READINGS AT 40~C, 
IODINE VALUES AND BELLIER'S TURBIDITY 
TEMPERATURES OF CONVENTIONAL OILS AND 
THEIR ADMIXTURES

Groundnut oil Safflower oil
BR

reading 
at 40°C

Iodine
value

BT Temp
°C

BR
reading 
at 40°C

Iodine BT Temp 
value °C

Conven
tional 
oil, no

55.7 95.96 40.0 64.5 145.4 14.5
admixing

White seed sesam e oil
Sesame 
oil, %

1.0 55.7 96.03 40.0 64.5 145.30 14.5
2.0 55.7 96.20 40.0 64.5 145.10 14.5
3.0 55.8 96.34 39.8 64.4 144.84 14.6
4.0 55.9 96.50 39.7 64.3 144.70 14.75.0 56.1 96.68 39.6 64.2 144.40 14.8

Brown seed sesam e oil
1.0 55.7 96.12 39.9 64.5 145.10 14.6
2.0 55.7 96.24 39.9 64.5 144.80 14.6
3.0 55.8 96.40 39.8 64.4 144.50 14.7
4.0 56.0 96.62 39.7 64.3 144.20 14.8
5.0 56.1 96.70 39.6 64.2 143.80 15.0

BR : Butyrorefractometer reading, 
BT : Bellier's turbidity temperature

of th e  oil. In sp ite  o f th e  sa m e ad d ition  o f se sa m e  
oil in  b oth  refined an d  cru d e a d m ixtu res, th e  h igh er  
red u n its  have b een  ob served  for th e  cru d e  
ad m ixtu res, thereb y in d ica tin g  th e  in terferen ce of 
yellow  co lou r o f th e  oil in  th e  m ea su rem en t o f red  
u n its . T h is m ay  be d u e to  extraction  o f th e  yellow  
colou r o f the oil in  th e  acid  layer. T he p aram eters  
like butyrorefractom eter read in gs, iod in e v a lu es , 
an d  B ellier 's tu rb id ity  te m p era tu res  o f  th e s e  
ad m ixtu res, a s  com p ared  to  th e  v a lu e s  for th e  
con ven tion a l oil sa m p les , are g iven  in  Table 2 . D ata  
in d icate  th a t there is  a  very little  varia tion  in  th e  
v a lu e s  o f  th e s e  p a ra m eters . B y  ta k in g  in to  
con sid era tion  th e  p erm issib le  lim it o f 15 red u n its  
an d  the corresp on ding se sa m o l con cen tra tio n  for 
th e  m ixture con ta in in g  1.5% sesa m e  oil, a  m axim u m  
p erm issib le  lim it for se sa m o l con cen tra tio n  a s  1 .15  
to  1 .25  m g / 10 0  oil ca n  b e  fixed  for th e  oil sa m p les  
sh ow in g  p ositive  B a u d o u in  te st .

W ith th e  h elp  o f th is  m eth od , th e  ad m ixtu res  
of con ven tion a l o ils  con ta in in g  d ifferent varieties of 
se sa m e  oil an d  w ith  different co n cen tra tio n s o f  
sea sm o l, c a n  b e  stu d ied  for th e  fixa tion  o f a  m ore  
appropriate an d  p recise  p erm issib le  lim it for th e  
sesa m o l con cen tration  u n d er  R ule 4 4  o f  th e  PFA  
R u les 19 55 , in  p lace o f 15 red  u n its , for m ore  
reliable qu an tification  p u rp o ses .
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E v a l u a t i o n  o f  C e r t a i n  F o o d  A d d i t i v e s  a n d
C o n t a m i n a n t s .  W H O  T e c h  R e p o r t  S e r i e s  N o .
8 3 7 ,  W H O , 1 2 1 1 ,  G e n e v a ,  2 7 ,  S w i t z e r l a n d
1 9 9 3 ,  p p  5 6 ,  P r i c e  S W  F r  1 0 / :  F o r  d e v e l o p i n g
c o u n t r i e s  S W  F r  7/-
T his is  th e  4 1 s t  report o f  a  J o in t FAO/W HO  

Expert C om m ittee o n  Food A dditives th a t m et in  
G eneva in  F ebruary 1993 . T h is report ad d resses  
chiefly two m ajor is s u e s  (1) toxicological eva lu ation  
of several food ad d itives an d  con tam in an ts; an d  (2) 
sp ecification s in  food s for th e  sam e.

The report provides va lu ab le  in form ation  on  
several food ad d itives an d  co n ta m in a n ts  for th e  first 
tim e and h a s  a lso  re-evalu ated  m an y  th a t w ere 
considered  in  the p reviou s m eetin gs. T he follow ing  
are th e food ad d itives con sid ered  in  th is  report ;
(1) A ntioxidants (gallates); (2) flavouring ag en ts  
(benzyl acetate, ethyl h exan ol, lim on en e, a -m eth y l 
benzyl alcohol, an d  quinine; (3) flavour en h an cers  
(disodium  5'-guanylate, d isod iu m  5 ’-inosinate; (4) 
food co lou rs (caroten es from  algal and vegetab le  
sources); (5) sw eeten in g  ag en ts (m altitol and  
m altitol syrup, saccharin); (6) th ick en in g  ag en ts  
(Konjac flour, p r o c e sse d  E u c h e u m a  sea w eed , 
propylene glycol alginate); an d  (7) m isce lla n eo u s  
su b sta n ces  (p-Cyclodextrin, so d iu m  iron EDTA, 
su c r o se  a c e ta te  iso b u ty r a te , a n d  u rea . T h e  
c o n t a m in a n t s  fo r  w h ic h  t o x ic o lo g ic a l  a n d  
specification  data  are review ed are (1) cad m ium ,
(2) ch loropropanols, (3) lead. A  notew orthy feature  
is  the inform ation on  the acceptab le  daily in ta k es  
(ADI) for m a n y  o f  th e  food  a d d it iv e s  a n d  
con tam in an ts, b a sed  o n  e ith er no observed  effects 
level, or m in im u m  effects level. H owever, it m ay  b e  
noted that, in  th e  ca se  of som e ad d ition s, ad eq u ate  
inform ation is  n o t available for th e  ca lcu la tio n  of  
an  ADI.

The A p p en d ices o n  oth er available FAO/W HO  
Expert C om m ittee R ep orts o n  food ad d itives, 
toxicological in form ation  already available on  th e  
food additives and co n ta m in a n ts  review ed in  th e  
report, and th e  inform ation  th a t n e e d s  to be  
generated, will b e  fou n d  esp ecia lly  u se fu l b y  th o se  
who are p lann ing  research  s tu d ie s  on  food ad d itives  
and con tam in an ts.

T h is report is  a va lu ab le  u p d ated  resou rce on  
food additives an d  co n ta m in a n ts  for p rofession a ls  
in  the area o f food in d u stry  an d  resea rch ers /  
teach ers in  th e area  o f toxicological eva lu ation  of

food ad d itives an d  co n ta m in a n ts .
SU B A D R A  SESHADRI 

M S UNIVERSITY O F  RARODA, BAR0DA-390 002

F r a c t i o n a t i o n  b y  P a c k e d - C o l u m n  S F C  a n d  S F E  - 
P r i n c i p l e s  a n d  A p p l i c a t i o n s ,  E d i t e d  b y  M u n e o  
S a i t o ,  Y o s h i o  Y a m a u c h i  a n d  T a u n e o  
O k u y a m a , p u b l i s h e d  b y  V C H  P u b l i s h e r s  I n c . ,  
(U K ), 8  W e l l i n g t o n  C o u r t ,  C a m b r i d g e  C B I 1H Z  
U n i t e d  K i n g d o m ,  1 9 9 4 ,  p p .  2 7 6 ,  P r i c e  D M  
1 9 8 / -  o r  £  8 0 / -
T h is b ook  p resen ts  a  b irds' eye v iew  o f th e  art 

an d  s ta tu s  o f Supercritical F lu id  C hrom atography  
(SFC) an d  Supercritical F lu id  E xtraction  (SFE). It 
is  divided in to  tw o section s: S ection  I, dea lin g  w ith  
b a sic  p rin cip les an d  in stru m en ta tion , c o n s is ts  of 
4  chapters viz., Introduction, F u nd am en tal Properties 
o f Supercritical F lu id s relevan t to  C hrom atography  
an d  E xtraction, F u n d a m en ta ls  o f  P ack ed  C olum n  
SFC an d  SFE, and In stru m en ta tion  - con trib u ted  
b y p rofession a ls; S ection  II c o n ta in s  9  ch a p ters  on  
ap p lication s o f SC F an d  SFE; th e  first and  fifth  
ch ap ters w h ich  review ap p lica tion s o f SF E  an d  SCF  
in  industry , are b y  no m e a n s  ex h a u stiv e , b u t cou ld  
still serve a s  u se fu l g u id es  to  th e  research ers. The  
rem ain ing eight ch a p ters  are research  artic les  on  
SFE and SFC dealing w ith  ap p lication s, program m ed  
e lu tio n /ex tra c tio n  o f lem o n  p eel oil u s in g  SFC, SFC  
of p o lyu n satu ra ted  fatty a c id s  from  vegetab le  oils, 
fr a c t io n a t io n  o f  e ic o s a p e n t a e n o ic  a c id  a n d  
d oco sah exa en o ic  acid  e s te r s  from  esterified  fish  
oils, chiral sep aration s in  SFC u sin g  chiral stationary  
p h a se s , oligom er sep ara tio n  in  p olym ers, and  
sep aration  o f fu lleren es.

C hapter 1 d escr ib es  th e  d evelop m en t o f SFE  
an d  SFC th a t in c lu d es  its  h istor ica l developm ent, 
b a sic  theory  o n  SFE an d  SFC, v a r io u s  s ta g es  of 
SFC, tren d s in  ap p lica tion s, en d in g  w ith  th e  
ob jectives o f th e  book. C h apter 2 d ea ls  briefly w ith  
p h a se  equilibria an d  certa in  gro u p s o f p h a se  
equilibria, a s  a lso  w ith  b a s ic  prelim inary th eory  on  
estim ation  an d  pred iction  o f critica l com p o n en ts. 
The ch ap ter en d s  w ith  a  com p u ter  program m e  
listin g  for determ in ation  o f p h a se  equ ilibria in  a 
binary com p o n en t m ixtu re th a t c a n  b e  ru n  o n  an y  
IBM  c o m p a t ib le  c o m p u t e r .  C h a p te r  3  o n  
" F u n d a m en ta ls  o f  P a ck ed  C o lu m n  SFC  an d  
Extraction" lu cid ly  b rin gs o u t th eory  o n  d istr ib u tion  
co e ific ien t, ca p a c ity  factor, m ig ra tion  velocity , 
theoretical p late n u m b er  a n d  p la te  height; and their
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relationship  w ith  linear velocity , retention  behaviour  
and fun d am en tal factors in  d esig n in g  an d  operating  
an  SFC system . C hapter 4  d escr ib es  th e  variou s  
com p onen ts, their  fu n ction a lities  a s  w ell a s  critical 
points of d esign  w ith  a n  em p h a sis  in  sa fety  
practices in  high p ressu re  technology.

C h a p te r  6 , e n t i t l e d  " A p p lic a tio n  o f  
m icrosupercritical fluid extraction  o n  in vestigation  
of lem on peel oil extraction  w ith  su p ercritica l fluid  
carbon dioxide" d escr ib es th e  ap p aratu s u sed , and  
con clu d es th a t fractionation  of th e  extract is  done  
and q u a lity  v a r ia tio n  o c c u r s  w ith  ex tra c tio n  
conditions. A com p arison  w ith  th e  co ld -p ressed  oil 
indicated h igher recoveiy , an d  m ore oxygenated  in  
SFE. C hapter 7, on  "Fractionation o f lem on peel 
oil by su p ercritical flu id  chrom atography w ith  
program m ed extraction /elu tion "  proves that the  
fractionation o f lem on  p eel oil ca n  b e perform ed  
u sin g  supercritical fluid chrom atography w ith  higher  
colu m n  loads. The program m ed ex tra c tio n /e lu tio n  
m ethod is  m ore su itab le  for indiv idual com p oun d  
fractionation th a n  h igh  reso lu tio n  sep ara tion  to  a 
single com p oun d . It is  po in ted  ou t th a t th e  
tech n iq u es m ay  be u sefu l for rem ixing th e  fractions  
to produce tailor-m ade flavours. C hapter 8 is  on  
"Separation of p o lyu n satu ra ted  fatty  ac id s from  
vegetable oil, supercritica l flu id  extraction  and  
chrom atography". A ttem p ts h ave b een  m ad e to  
separate triolein  from other triglycerides. In SFC, 
better separation  is  ach ieved  b y  non-m odifier solvent 
and in crease o f sta tion ary  p h ase . C hapter 9  is  on  
" F raction ation  o f e ic o s a p e n ta e n o ic  a c id  a n d  
d ocosah exaen oic  acid  e sters  from  esterified  fish  
oiled b y  cou p led  su p ercritica l flu id  extraction  
chrom atography". A n equipm ent m an u factu red  by  
JASCO-M odel S u p er 2 0 0  S ystem  3  w a s  su ccessfu lly  
u sed  for sep aration  o f purified  fraction s w ith  carbon  
dioxide at differential p ressu res  u s in g  eth an ol a s  
a m odifier. C hapter 10 is  on  "Application of 
supercritical fluid extraction  to m u tagen ic ity  te st  
of essen tia l o ils from irradiated spices". E stab lish ed  
essen tia l oils, obtained  b y  SCF or so lven t extraction  
from irradiated sp ice s , have n o  difference in  their  
growth in h ib ition  d o ses . T he irradiation of sp ic e s  
at d o ses  u p to  10 KGy d oes n ot in d u ce  any  
m utagenicity . C hapter 11 is  on  "Chiral sep ara tion  
b y su p e r c r it ic a l f lu id  c h r o m a to g r a p h y /c h ir a l  
stationary phases" describes th e  u se  o f CSP polym ers 
a s  sta tion ary  p h a se  w ith  e th a n o l/iso p r o p a n o l 
m odifiers to ach ieve sep ara tion  a s  good  a s  in  HPLC. 
C hapter 12 is  o n  "Applications o f preparative SFC 
to o ligom er a n a ly s is  an d  characterization" . It 
d escrib es th e  sep ara tion  o f s t  an d  it-o ligom ers of

m eth y l.p a  m ethacrylate , PPMA, to  ob ta in  h igh ly  
pure crysta ls  o f Oligo (oxym ethylene) d iaceta te . 
C hapter 13 d escr ib es th e  sep ara tio n  o f fu lleren es  
of C 60 an d  C 70 u s in g  SCFE u s in g  to lu en e  and  
carb on  dioxide a t a  p ressu re  o f 2 5 0  b ar  a n d  100°C.

Supercritical F luid C hrom atography, w h ich  w a s  
talked  of a s  a probable an a lytica l tool a d ecad e  ago, 
h a s  com e o f age, a s  a n  effective an d  v iab le  
analytica l procedure. T h is b ook  prov id es th e  n orm al 
reader th e  u n d erstan d in g  o f th e  b a s ic  p rin cip les  
an d  vividly d escr ib es  in stru m en ta tio n , sa m p le  
preparation, an d  ap p lica tion s o f  SCF an d  SFE w ith  
som e practical exam p les. It is  a u se fu l co llection  
o f sep ara tion  m eth o d s for an a ly tica l ch em ists , and  
also  for environm ental c h em ists , a s  it d escr ib es  
en vironm entally  c lea n  sep ara tio n s. T he b ook  is  
rightly ded icated  to  J en to ff  an d  G ouw , w h o are 
p ion eers in  th e  developm ent o f SFC.

K . UDAYA SANKAR  
CENTRAL FO O D TECHNOLOGICAL R E SE A R C H  

IN STITUTE, M Y S O R E -570  0 1 3

D e h y d r a t e d  V e g e t a b l e s  - A  s u r v e y  o f  m a j o r  
m a r k e t s .  P u b l i s h e d  b y  I n t e r n a t i o n a l  T r a d e  
C e n t r e .  U N C T A D /G A T T ,  P a l a i s  d e s  N a t i o n s ,  
1 2 1 1 ,  G e n e v a  1 0 ,  S w i t z e r l a n d  : 1 9 9 3 ,  1 1 3 ,  
P r i c e  n o t  m e n t i o n e d .
D ehydrated  V egetab les - A  su rvey  o f m ajor  

m ark ets is  an  u p date  o f the earlier p u b lica tio n  in  
1981 en titled  'T he m arket for d ehydrated  v eg eta b les  
in  se lec t E u ropean  cou n tr ies , th e  U n ited  S ta te s  of 
A m erica, and  J a p a n . The p resen t su rv ey  p rovides  
u p -to-d ate  Inform ation o n  th e  four m ajor m ark ets  
- G erm any, N eth erland s, U n ited  K ingdom  and  
U nited  S ta tes  o f A m erica. The first ch ap ter  review s  
th e world m arket s itu a tio n  giving co m m en ts  and  
data on  su p p ly  an d  d em an d , p rod u ction  and  
export, im ports, m ark et ch a ra cter istics , m arket 
req u irem en ts, packaging, d istr ib u tion  c h a n n e ls  and  
m arket a c c e ss , thereby p resen tin g  a  qu an tita tive  
and qualitative overview o f world trade in  dehydrated  
vegetab les. T h ese  are furth er h igh ligh ted  b y  T ables  
depicting im port and export o f dehydrated  vegetab les  
b y different cou n tr ies . T h is w o u ld  en ab le  d evelop ing  
cou n tr ies  to identify n ew  export op p ortu n ities. 
O nion, tom atoes, m u sh ro o m s, garlic, carrots, o lives  
an d  oth er h erb s co n stitu te  so m e o f th e  m ajor  
im port-export p rod u cts.

E ach  o f th e  follow ing four ch a p ters  is  devoted  
to  th e  four co u n tr ies  u n d er  survey . O ther th a n  th e  
to p ics  com m on  to ch ap ter 1, reference to  regu lation  
on  im ports like c u s to m s  d u tie s , food  la w s and  
regu lation s an d  p rosp ects  are a lso  d ealt w ith ,
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aim ing to h elp  exporters to  ad apt th eir  p rod u cts  
for sa le  abroad, an d  prom ote th e se  g o od s o n  th e  
international m arket. It further provides in form ation  
on m ateria ls w ith  sp ecia l reference to type o f  
vegetable required, p rod u ct form  an d  p resen ta tion , 
distribution  ch a n n e ls , a s  w ell a s  o n  m ajor ag en ts  
and organ isation s an d  a sso c ia t io n s  in  th e  in d u stry .

E ach  ch ap ter is  follow ed b y  a n  'Annexure' 
giving se lected  a d d resse s  o f im porters, im p o rters/ 
reprocessors, se lec ted  en d -u sers , su p p liers to  th e  
catering and in stitu tio n a l sec to rs  an d  governm ent 
offices an d  a sso c ia tio n , p roduct list etc. w hich  
w ould com e in  h an d y  to  p rosp ective traders.

T his book  is  h ighly  inform ative an d  u se fu l for 
G overnment ag en cies involved in  p rocessed  vegetable  
developm ent program m es. It a lso  h e lp s  indiv idual 
enterprises, in d iv id u als an d  organ isa tion s su c h  a s  
producers an d  exporters o f d ehydrated  vegetab les. 
It w ould  equally h elp  in tern ation a l organ isa tion s, 
developm ent b a n k s, an d  trade a sso c ia tio n s  in  
exporting an d  im porting cou n tr ies , an d  export 
prom oting bod ies.

W .E . EIPESO N
CENTRAL FO O D TECHNOLOGICAL R ESEAR CH  

INSTITUTE, M Y SO R E -570 0 1 3

D i e t e t i c s  : b y  B .  S r i l a k s h m i ,  W i l e y  E a s t e r n  L t d . ,
N e w  D e l h i  1 1 0  0 0 2 ,  1 9 9 3 ,  p p .  3 2 3 ,  P r i c e
R s .  1 2 0 / -
The im portance o f n u trition  in  h ea lth  and  

d isease  is  u n q u estion a b le . A  good know ledge of 
principles of n u trition  is  e ssen tia l to tran sla te  foods  
into d iets for in d iv id u als and com m u n ities. T h is  
book h a s  b een  w ritten  a s  a text-b ook, com piling  
inform ation from  other sou rces, for th e s tu d en ts  
of different d isc ip lin es stu d y in g  food and n u tritional 
sc ien ces. T hough  b o o k s are available on  D ietetics', 
an attem pt m ad e b y  th e  au th or to  w rite a  tex t
book  covering In d ian  m ea l p attern , w h erever  
p ossib le , is  a  w elcom e step . The b ook  is  divided  
into several ch ap ters. The su b jec ts  covered u n der  
th ese  ch ap ters ca n  b e broadly c la ssified  into three  
divisions.

The first ten  ch ap ters o f  th e  b ook  cover the  
aspects of p lanning m eals for fam ilies and individuals 
in  different age grou p s and p h ysio log ica l con d ition s. 
The ch ap ters on  ch ildh ood , p regn ancy  and lacta tion

a lso  give th e  in form ation  o n  th e  com m o n  nutritional 
p rob lem s like an aem ia , PEM, d iarrhoea, e tc ., and  
a lso  n u trition  p rogram m es in  India. Inform ation on  
n u trition al an aem ia  is  p resen ted  in  ch ap ter  9, 
th ou gh  it is  covered  in  th e  p rev iou s ch ap ters.

C h a p ters  11 to  2 0  c o n c e n tr a te  o n  th e  
th era p eu tic  a sp e c ts  o f  n u tr itio n  coverin g p rin cip les  
of d iet th erap y for d ifferent d ise a se  con d itio n s, like 
d iab etes m ellitu s , coronary h eart d ise a se , cirrh osis  
o f liver, k id n ey  failure, p ep tic  u lcer , etc. Inform ation  
on  allergy is  g iven  in  ch ap ter  19 a lon g  w ith  th e  
su g g ested  treatm ent. T he su m m ary  o f  therap eutic  
d iets  is  p resen ted  in  ch ap ter  2 0 .

The la st  tw o ch a p ters  21  an d  2 2  cover the  
in form ation  o n  resp o n sib ilit ies  o f  d ietetian  along  
w ith  p resen t s ta tu s  o f d ie te tics  tra in in g  in  India.

At th e  en d  o f ea ch  ch ap ter, a  ser ie s  of 
q u estio n s is  g iven  to  h elp  th e  stu d en t to  u n d erstan d  
th e  im portance of a sp e c ts  covered  in  th e  respective  
chapter. The b ook  is  p rofu sely  illu stra ted  w ith  
figu res an d  tab les. H ow ever, a  th orou gh  read ing of 
the text leaves on e w ith  th e  feelin g  th a t it is  a 
com p ilation  o f in form ation  b a sed  o n  W estern  text  
b oo k s w ith  very little in form ation  b a sed  o n  Indian  
lifestyle. T hough gen era l g u id a n ce  is  g iven  on  
plann ing  m ea ls  for a  fam ily, th e  exa ct procedure  
of tran sla tin g  R ecom m en ded  D ietary  A llow an ces  
(RDA) to fam ily m ea ls  is  n o t given . A lso , certain  
term s like 'm enu' h a s  b e e n  u se d  lo ose ly  w ith out  
relating to m ea ls  in  th e  Indian  con text. In ch ap ters  
2 to  9 again , n o  attem p t h a s  b e e n  m a d e  to adopt 
th e 'RDA' to  evolve 'RDI' (R ecom m ended D ietary  
Intake) for in d iv id u als. G eneral n o te s  an d  RDA 
given  by ICMR have b een  u se d  th ro u gh ou t the text 
w ith o u t a ttem p tin g  to  in terp ret or ap p ly  to  
in d iv id u als b oth  in  n orm al an d  d ise a se  con d ition s. 
C ertain a sp ec ts , viz., an a em ia , u n d er  w e ig h t/o v er  
w eight are repeated  in  different ch ap ters. It certain ly  
n eed s  revision  to  m ak e it app licab le  for th e  Indian  
s tu d e n ts  o f n u trition  an d  d ie te tics  to  practise  
d ietetics a s  a p rofession . In th e  p resen t form , it 
serves a s  a com piled  sou rce  b ook  on ly, for the  
s tu d e n ts  in  th e  field  o f N u trition  an d  M edicine.

SH A SH IK ALA PUTTARAJ  
UNIVERSITY- O F  M YSORE, 
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ICFoST - 9 4  AND ANNUAL CENTRAL BODY MEETING

T he A sso c ia t io n  o f F ood  S c ie n t is t s  a n d  
T ech n ologists (India), D elh i C hapter, coincid ing  
w ith its  Silver J u b ilee  year, organ ised  th e  Indian  
C onvention o f Food S c ien tis ts  an d  T ech n olog ists  
(ICFoST-94) from  S ep tem b er 2 -3 , 1 9 9 4  at India  
International Centre, New D elhi. It w a s  co-sp on sored  
b y th e M inistry o f Food P rocessing  In d ustries, 
N ational H orticu ltu re B oard , A gricu ltu ral and  
P rocessed  F ood P rod u cts Export D evelop m en t  
A u th ority , N a tio n a l C o op era tiv e  D e v e lo p m en t  
Corporation, C ouncil o f Scientific an d  Industria l 
R esearch, All India Food Preservers' A ssocia tion , 
N a tio n a l A g r ic u ltu r a l C o o p era tiv e  M a rk etin g  
Federation of India Lim ited, and M od em  Food  
Industries Ltd. The focal th em e for th e  C onvention  
w a s "Strategies for P ackaging an d  Storage o f F resh  
and P rocessed  F ru its an d  V egetab les in  2 1 st  
Century".
INAUGURAL SESSIO N

It w a s  h eld  at India International Centre, New  
Delhi. A round 3 0 0  d eleg ates participated  in  th e  
C onvention. Prof. B .S . B h atia , P resident, AFST(I) 
D elhi Chapter, w elcom ed th e  d elegates, Dr. S u sa n ta
K. Roy, P resident, AFST(I) H eadquarters, briefed on  
the them e o f th e  ICFoST-94.

The fu n ction  w a s  in augu rated  b y  th e  Hon'ble 
M inister for T ourism  (Delhi), Sri Ratawal. The 
M inister com m en d ed  w ork carried ou t by th e  Food  
S c ie n t is ts  an d  T ech n o lo g is ts  in  th e  cou n try , 
especia lly  in  th e  area o f preservation  o f fru its and  
vegetables.

The oth er d istin gu ish ed  m em b ers w ho sp ok e  
during the in augu ral s e s s io n  in clu d ed  Dr. K.L. 
Chadha, Dy. Director-G eneral (Hort.), Indian C ouncil 
of A gricu ltu ral R esearch ; Sri G okul P atn aik , 
Chairman, Agricultural and P rocessed  Food Products 
Export D evelopm ent Authority; an d  Sri C.K. B a su , 
J o in t S ecretary, M in istry  o f F ood P ro cess in g  
Industries.

R e l e a s e  o f  S o u v e n i r  : A  sou ven ir  brought ou t  
by the AFST(I) D elh i C hapter w as released  b y  th e  
H o n 'b le  M in is te r  fo r  T o u r is m  (D e lh i) ,  
Sri Ratawal.i

R e l e a s e  o f  I F C O N - 9 3  P r o c e e d i n g s  : The
Hon'ble M inister for T ourism  (Delhi), Sri Ratawal, 
also  released  th e  P roceed ings o f In ternational Food  
C onvention (IFCON-93) held  at M ysore b etw een  7- 
12 S ep tem b er 1993 . The vo lu m e co n sistin g  o f ab out

12 00  p ages, covers 2 4  areas, and  152  tech n ica l 
papers, p resen ted  during th e  C onvention  b y  em in en t  
sc ie n t is ts /e x p e r ts  from  India an d  abroad.

R e l e a s e  o f  I F C O N - 9 3  P r o c e e d i n g s  i n  F l o p p y  
D i s k e t t e s  : T he p roceed in gs o f th e  C on ven tion  w ere  
brou ght out in  the form  o f floppy d isk e tte s  for th e  
first tim e b y  AFST(I). The entire p roceed in g s h ave  
b een  accom m od ated  in  3  H igh D en sity  F loppy  
D isk ettes. The u ser  ca n  operate it, u s in g  W ord S tar  
4  to take th e  p rin t-ou t o f  th e  d esired  p ap ers. The  
floppy d isk ettes  w ere re lea sed  b y  S h ri G okul 
P atnaik , C hairm an, APEDA, N ew  D elh i.

R e l e a s e  o f  A F S T f l )  M e m b e r s h i p  D i r e c t o r y :  
The com puterized  AFST(I) m em b ersh ip  h a s  b een  
brou ght ou t b y  AFSTfl) recen tly . T h is u se fu l 
d o c u m e n t  c o n ta in s  th e  a d d r e s s e s , f ie ld s  o f  
sp ecia liza tion , p rofession a l affiliation an d  type of 
m em b ersh ip  o f over 2 5 0 0  m em b ers o f th e  
A ssociation . The directory w a s  a  long felt n eed  and  
it w a s released  on  th is  occa sio n  b y  Dr. S u sa n ta
K. Roy, P resident, AFSTfl).

R e l e a s e  o f  B o o k l e t  o n  ' P e s t i c i d e  R e s i d u e s  
i n  F o o d s " :  W ith rising  a w a ren ess  o f th e  problem  
of toxic p estic id es  in  food all over th e  w orld, th is  
su b ject h a s  becom e a m ajor co n cern  for th e  
exporters. A  p opular article h a s  b een  recen tly  
p u b lish ed  by AFSTfl) E d u cation  & P u b lica tion  
T rust, M ysore. The b ooklet, first ser ie s  o f  its  k ind , 
w a s released  by Dr. K.L. C hadda, Dy. D irector- 
G eneral (Hort.), ICAR, N ew  D elh i.
A FST (I) AWARDS

The oth er h ighligh t o f th e  in a u g u ra l s e s s io n  
w a s th e  p resen ta tion  o f AFST(I) A n n u al A w ards by  
the H on'ble M inister. Sri G.A. K rishna, H ony.. 
S ecre ta ry , AFST(I), b r ie fed  th e  d is t in g u is h e d  
gath ering ab out th e va rio u s aw ard s in stitu ted  b y  
AFSTfl), and  read the citation  of th e aw ard recip ients.

The follow ing p erso n s  received  th e  A w ards o f  
AFSTfl) for the yea r  1993:
I. A FST (I) F e llo w  A w ard

1. Dr. V. P rak ash , D irector, C entral Food  
T ech n ological R esearch  In stitu te , M ysore.

2 . Dr. S .S . Arya, A dditional D irector, D efen ce  
Food R esearch  Laboratory, M ysore.

II. L a ljee  G od h oo  S m a ra k  N id h i A w ard
Dr. M.K. R am a M urthy, Dr. S a tish  K u lk am i
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and Dr. B. S urendra N ath , N ational D airy  
Research Institute, S outhern  Regional Station, 
B angalore.

III. Y ou n g  S c ie n t is t  A w ard
Dr. R  N agendra, C entral Food T echnological 
R esearch  In stitu te , M ysore.

IV. B e s t  S tu d e n t  A w ard
S r i M .P . P im p u tk a r , C e n tr a l  F o o d  
T echnological R esearch  In stitu te , M ysore.

V. B e s t  P ap er Aw ard
It h a s  b e e n  a w a r d e d  to  S r i Y .M . 
Indudharasw am y, Dr. K .R  U n n ik rish n an  
and Dr. K.S. N arasim han  for their paper on  
"Changes in  Free F atty A cid s an d  In sect 
Infestation  during Storage o f B row n Rice 
O btained b y  S h ellin g  P addy in  R ubber Roll 
and D isc  Shellers", p u b lish ed  in  Vol. 3 0 , No. 
5 o f th e  J o u r n a l  o f  F o o d  S c i e n c e  a n d  
T e c h n o l o g y  in  th e  year 1993 .
Dr. D .S . K hurdiya, H ony. Secretary, AFST(I) 
D elhi C hapter, p roposed  th e  vote o f th a n k s.

TECHNICAL SESSIO N S
The T echnical S e ss io n  I on  'Packaging of F resh  

and P rocessed  F ru its and V egetables' w a s  con d u cted  
under th e  ch a irm an sh ip  o f Dr. D.K. U ppal, followed  
by the inaugural s e ss io n . E ight sc ie n tis ts  p resen ted  
their w ork during th is  se ss io n .

The T ech n ica l S e ss io n  II on  'Storage of Fresh  
and P rocessed  F ru its and V egetables' w a s con d u cted  
in  two section s. S ix  sc ie n t is ts  p resen ted  their  
papers. The C hairm en for th ese  sec tio n s  w ere Dr. 
G.L. Kaul and Dr. P aul T hom as.

The T ech n ica l S e ss io n  III w a s  on  "Export 
M arketing of F resh  and P rocessed  F ru its and  
Vegetables" and w a s chaired  b y  Shri G okul Patnaik.
POSTER SESSIO N

It w a s h eld  on  3rd S eptem ber, 1 9 9 4  at N uclear  
Research Laboratory A uditorium , Indian A gricultural 
R esearch In stitu te , New D elhi.

The Poster S e ss io n  w a s c la ssified  into three  
categories, viz.,

1. P ackaging o f F resh  an d  P rocessed  F ru its and  
V egetables.

2 . Storage o f F resh  an d  P rocessed  F ru its and  
V egetables.

3 . General.

There w ere ab o u t 6 6  p o sters  d isp layed  in  the  
two h ou r p oster  s e s s io n  an d  aw ard s w ere given  to  
th e  B est P oster P resen tation .
The aw ard s w ere a s  fo llow s :

1. R ed u ction  o f p ost-h arv est lo s s e s  o f  b an an a  
during rail tran sp ort - R K . Pal, S u sa n ta  K. 
Roy, D .P. W askar a n d  S an jay  Srlvastava, 
IARI, New D elh i.

2 . W hite on ion  va r ie ties  for d eh yd ration  - Netra 
Pal an d  N arendra S in gh , IARI, N ew  D elhi.

3 . M ushroom  d eh yd ration  u s in g  so lar  cab in et  
d iyer  - M. U sh a , R  R agh u p ath y  an d  L. 
G o th a n d a p a n i, T am il N ad u  A g ricu ltu ra l 
U niversity, C oim batore.

Prof. S.K. S in h a , gave aw ay th e p rizes to  th e  
w in n ers o f th e P oster  S e ss io n .
PLENARY SE SSIO N

It w a s  ch aired  b y  S h ri C.K. B a su , J o in t  
Secretary, M inistry o f Food P rocessin g  In d ustries. 
He em p h a sised  o n  th e  active p articip ation  of 
AFST(I) in  form ulating th e  p olicy  m a tters  related  
to  food and allied  areas.
SPECIAL GENERAL BO DY MEETING

It w a s con ven ed  to  d is c u s s  th e  a m en d m en ts  
to  th e  ex istin g  c la u se s  3 .7 .1  an d  3 .7 .2  o f  the  
C on stitu tion  o f AFST(I). T he H on. E xec. Secretary, 
Mr. G.A. K rishna, read th e  ex istin g  c la u se s  an d  the  
p r o p o se d  a m e n d m e n t . H e s a id  t h a t  t h e s e  
a m en d m en ts to th e  ex istin g  ru les an d  regu lation s  
u n d er c la u se s  3 .7 .1  an d  3 .7 .2  w ere n ecess ita ted  
to provide a n  op p ortu n ity  to  th e  ch a p ters  for th e  
active p articip ation  in  th e  activ ities o f  th e  AFST(I). 

The a m en d m en ts w ere p a sse d  u n an im o u sly .
ANNUAL GENERAL BO DY MEETING

The A n n u al G eneral B ody M eeting o f AFST(I) 
w a s  h eld  on  3rd S ep tem b er 1 9 9 4  at 5 -4 5  p .m . in  
NRL au ditorium , IARI, New D elh i. T he P resident  
Dr. S.K. Roy w elcom ed  th e  m em b ers.

Mr. G.A. K rishna, in  h is  S ecretary's report 
p resen ted  th e  va rio u s a ctiv ities  an d  a ch ievem en ts  
su ch  a s  the com p u terization  o f acco u n tin g  sy stem  
of AFST(I), am en d m en ts to th e  b ye-law s, inform ation  
brochure, n ew  ap p lication  form , life m em b ersh ip  
folder and an n u al report. The secretary  a lso  reported  
th e  other p u b lica tio n s b rou gh t ou t d u rin g th e  
period, viz.,

1. IFCON-93 P roceed ings.
2 . V iew s on  GATT - th e  R eport on  one day
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colloqu ium  organ ised  a t th e  h eadquarters, 
M ysore o n  10th J u n e , 1994 .

3 . Pesticide R esid u es  in  F oods an d  th eir  Safe  
Limits.

4 . AFST(I) m em b ersh ip  directory.
A ctiv ities  o f v a r io u s  c h a p te r s  w ere  a lso

highlighted b y  th e  Secretary.
The audited  sta tem en t o f a cco u n ts  for th e  year  

19 93 -9 4  w a s p resen ted  b y  S hri R S .M a tch e , H ony. 
Treasurer, AFST(I). He a lso  p resen ted  the au d ited  
accou n ts o f IFCON-93 and b u d get proposal of 
AFST(I) and AFST(I) E d u cation  an d  P u blication  
Trust for the year 1 9 9 4 -9 5 . The general body  
approved both  the reports an d  bu dgetary  p rop osa ls  
and appreciated th e  work.
ANNOUNCEMENT OF ELECTION RESULTS

The Secretary Mr. G.A. K rishna an n ou n ced  the  
r e s u l t s  o f  t h e  e l e c t io n  fo r  t h e  y e a r
1994-95 .
1. President - D esign ate

2. V ice-Prsident (HQ)
3. V ice-President 

(Chapters)

4. Jo in t Secretary
5. Hon. Treasurer

Dr.(Mrs.) R ugm ini 
S an k aran
Mr. A. R am esh

Dr. G .S. C h au h an  
(Pantnagar)
Dr. A .S. G holap (Bombay) 
Mr. G.V. K rishnam urthy  
(Hyderabad).
Mr. P .C .S. N am biar  
Dr. M .S. K rishna Prakash

In addition  to th e above elected  office bearers, 
the P resident : Dr. P. N arasim ham ; Im m ediate Past 
President : Dr. S u sa n ta  K. Roy; H onorary E xecutive  
Secretary : Dr. K. U daya Sankar; Im m ediate Past 
Secretary ; Mr. G.A. K rishna; Editor, JFST : 
Dr. B.K. L o n sa n e; an d  C h ie f E d itor, IFI 
Mr. S.P. Pillai will form  the m em b ers o f th e  C entral 
Executive C om m ittee for th e yea r  19 94 -9 5 .

The outgoing P resident, Dr. Roy, w elcom ed the  
m em b ers o f n ew  CEC an d  in d u cted  Dr. P. 
N arasim ham  to th e  C hair of P resid en tsh ip  of 
AFST(I). Dr. N a ra sim h a m  a ck n o w led g ed  w ith  
gratitude th e  con fid en ce reposed  in  h im  b y  th e  
m em bers o f the A ssociation , and sa id  he w ou ld  do 
h is b est to en h an ce  the reputation  o f the A ssociation  
during h is  tenu re.

Dr. K. U daya S an k ar, H ony. J t . Secretary w a s  
also  in d u cted  a s  H ony. Secretary during th is  
function. W hile th a n k in g  th e  m em b ers of AFST(I)

for the su p p ort, h e  req u ested  th em  to  furth er  
stren g th en  h is  h a n d s  for tak in g  AFST(I) to  its  
op tim u m  glory an d  u n iq u e d istin c tio n  in  w h o le  of 
th e  world.

The m eetin g  en d ed  w ith  th e  vote  o f  th a n k s. 
BOMBAY CHAPTER

The A n n u al G eneral B ody Meeting(AGBM) of 
AFST(I) B om bay C hapter w a s  h eld  o n  J u n e  24 ,
1994 . The follow ing office-bearers an d  execu tive  
com m ittee m em b ers w ere e lected  for th e  year  1994-  
95 .
P resident ; Prof. J .S . Pai
V ice-P resident : Dr. A .S. G holap, Dr. K .A  S avagaon  
H on. Secretary : Dr. V. Ninjoor 
Hon. J t. Secretary : Dr. N .D . K am at 
H on. T reasurer ; Dr. S.V . P adgaonkar
E xecutive C om m ittee M em bers : H .R  A dhikari. 
Dr. S .R  Agarw al, Dr. A.C. B eh ere, Dr. S.V. B halkar, 
Mr. M.M. C hitale, Dr. J .V . P arekh, S .B .K . W arrier,
J.P . U padhyay.
BANGALORE CHAPTER

AFST(I) B angalore ch ap ter  h eld  it s  A n n u al 
G eneral B ody M eeting on  16th  J u n e  1 9 9 4  at 
B angalore. The follow ing w ere e lected  a s  th e  office
bearers for the year  1 9 9 4 -9 5 .
P resident : Mr. V. S esh a m a n i
V ice-P resident : Mrs. D .G . G ideon
T reasurer : Dr. P A  S h an k ar
H on. Secretary : Dr. R R  M ohite
HYDERABAD CHAPTER

W orld Food D ay w a s  celeb rated  on  1 6 -1 0 -9 4  
b y AFST (I) H yderabad C hapter in  co llab oration  
w ith Oil T ech n olog ists A ssocia tion  o f India, S ou th ern  
Zone at IICT auditorium . Dr. M.V. Rao, V ice  
C hancellor, A.P. A gricu ltural U niversity, H yderabad  
delivered the k ey  n ote  lectu re. The fu n c tio n s  w a s  
presided  over b y  Dr. G .S . S id d h u , form er D irector- 
G eneral, C SIR  Dr. A.V. R am a Rao, D irector, IICT, 
H yderabad, a lso  graced  th e  fu n ction . More th a n  
1 0 0  m e m b e r s  p a r t ic ip a te d  in  th e  fu n c t io n .  
Dr. N arayana Rao, Form er FAO C o n su lta n t (retired) 
delivered a lectu re on  'W ater for Agriculture". 
Dr. K rish n am u rth y , retired  J t . C om m issio n er , 
M inistry o f Food, Govt, o f  India sp ok e  on  "National 
food policy". Dr. T.N .B. K aimer, H ead, O ils & F ats  
D ivision , IICT, H yderabad, sp ok e  o n  "Processing of  
oilseeds". The tech n ica l s e s s io n  w a s  ch aired  by  
Dr. N a rasin g a  R ao, R etired  D irecto r  o f NIN, 
H yderabad.



B O O K  Y O U R  O R D E R S  
TO DAY

F O R

IF C O N ’9 3
P R O C E E D IN G S

A V A I L A B L E  I N

BOTH HARD BOUND COPY AND 
FLOPPY DISKETTES

P re -p u b lica tio n  c o s t  : R s. 4 5 0 / -  a t  a  sa v in g s  o f  R s. 1 0 0 / -  
F lo p p y  D is k e t te s  (2  N os.) : R s. 4 0 0 / -  

A p p ro x im a te  N o. o f  p a g e s  : 1 2 0 0

S e n d  t h e  D D /M O  t o  t h e  H on . E x e c . S e c r e ta r y , A F S T (I), CFTRI C a m p u s,
M y so re  - 5 7 0  0 1 3  (Ph. 5 2 1 7 4 7  F ax : 8 2 1 - 5 2 1 7 4 7 )

V__________________________________________________________________________________________________________________ )

( ---------------------------------- -----------------------------------------------------------------------------------------------------------'N

Announcem ent

T h e  S e c o n d  A g r i c u l t u r a l  S c i e n c e  C o n g r e s s  i s  b e i n g  o r g a n i s e d  b y  t h e  N a t i o n a l  
A c a d e m y  o f  A g r i c u l t u r a l  S c i e n c e s  a t  t h e  A n d h r a  P r a d e s h  A g r i c u l t u r a l  U n i v e r s i t y  
C a m p u s  a t  R a j e n d r a  N a g a r ,  H y d e r a b a d  - 5 0 0  0 3 0  f r o m  t h e  1 9 t h  t o  2 1 s t  J a n u a r y ,  
1 9 9 5 .  A s  p a r t  o f  t h e  C o n g r e s s ,  t h r e e  s y m p o s i a  w i l l  a l s o  b e  o r g a n i s e d  o n  (i) N a t i o n a l  
W a t e r  P o l i c y  (ii) V e c t o r  B i o l o g y  a n d  (iii) I n t e g r a t e d  o n - f a r m  a n d  o f f - f a r m  E m p l o y m e n t .  
R e g i s t r a t i o n  f e e  f o r  p a r t i c i p a t i o n  i s  R s .  2 5 0 / - .  T h o s e  w i s h i n g  t o  p a r t i c i p a t e  m a y  
a s k  f o r  d e t a i l s  f r o m  :

D r .  M .V .  R a o ,
V i c e  C h a n c e l l o r ,
A P A U  a n d  C h a i r m a n ,  
O r g a n i s i n g  C o m m i t t e e  
R a j e n d r a  N a g a r ,  
H y d e r a b a d  - 5 0 0  0 3 0  
T e l .  N o .  ( 8 0 - 2 4 5 0 3 5 )

D r .  A n u p a m  V e r m a ,  H e a d ,
D i v i s i o n  o f  M y c o l o g y  
P l a n t  P a t h o l o g y ,
L A R I a n d  S e c r e t a r y ,
N a t i o n a l  A c a d e m y  o f  
A g r i c u l t u r a l  S c i e n c e s ,
L A R I C a m p u s ,  N e w  D e l h i  -  1 1 0  0 0 8  
T e l .  ( 0 1 1 - 5 7 8 1 4 7 4 ,  5 7 5 3 6 7 7 ,  

5 7 5 3 7 1 3 )



Announcements
N A T I O N A L  C O N F E R E N C E  

o n
T o t a l  Q u a l i t y  M a n a g e m e n t  i n  F o o d ,  
F e r m e n t a t i o n  a n d  A l l i e d  I n d u s t r i e s

January 20-21, 1995

r

J o i n t l y  o r g a n i s e d  b y  :
A s s o c i a t i o n  o f  F o o d  S c i e n t i s t s  a n d  T e c h n o l o g i s t s  ( I n d i a )

C a l c u t t a  C h a p t e r  
&

F o o d  T e c h n o l o g y  & B i o l o g i c a l  E n g i n e e r i n g  D e p a r t m e n t  
J a d a v p u r  U n i v e r s i t y ,  C a l c u t t a  7 0 0  0 3 2

F o r  d e t a i l s  p l e a s e  c o n t a c t  :  A m it  G h o s h ,  C o n v e n o r  ( A d m in is t r a t io n ) ,
F o o d  T e c h n o l o g y  & B io c h e m i c a l  E n g i n e e r i n g  D e p a r t m e n t ,  J a d a v p u r  U n iv e r s i t y ,  
C a l c u t t a  7 0 0  0 3 2 ,  T e l  : 4 7 3 - 4 0 4 4  o r  4 7 3 - 0 3 9 9 ,  E x tn .  5 0  F A X  : 4 7 3 - 4 2 6 6
L a s t  d a t e  f o r  s u b m i s s i o n  o f  a b s t r a c t s  : D e c e m b e r  2 0 ,  1 9 9 4

- \

F O O D  N U T R I T I O N  D I V I S I O N
o f

D r .  S u b h a s  M u k h e r j e e  M e m o r i a l  
R e p r o d u c t i v e  B i o l o g y  R e s e a r c h  C e n t r e  

W B S I C  I n d u s t r i a l  E s t a t e ,  B u i l d i n g  1 ,  6 2 0 ,  D i a m o n d  H a r b o u r  R o a d ,
C a l c u t t a  -  7 0 0  0 3 4

h a s  b e e n  s e t  u p  w i t h  t h e  s u p p o r t  o f  t h e  
M i n i s t r y  o f  F o o d  P r o c e s s i n g  I n d u s t r i e s ,  G o v t ,  o f  W e s t  B e n g a l  

t o  p r o v i d e  t h e  f o l l o w i n g  s e r v i c e s  :
a .  A s s i s t i n g  f o o d  p r o c e s s i n g  i n d u s t r i e s  t o  s o l v e  s p e c i f i c  t e c h n i c a l  p r o b l e m s .
b .  P r e p a r i n g  p r o j e c t  r e p o r t s  f o r  s m a l l  s c a l e  i n d u s t r i e s .
c .  M a n p o w e r  d e v e l o p m e n t  f o r  f o o d  p r o c e s s i n g  i n d u s t r i e s  t h r o u g h  t r a i n i n g  

o f  e n t r e p r e n e u r s  a n d  o p e r a t o r s .
d .  D e v e l o p m e n t  o f  a p p r o p r i a t e  a n d  n o v e l  p r o d u c t s  &  p r o c e s s e s  i n  t h e  

c o n t e x t  o f  p r e s e n t  e c o n o m i c  l i b e r a l i s a t i o n  p o l i c y .
e .  T e s t i n g  o f  p r o c e s s e d  f o o d  p r o d u c t s .
f .  P i l l o t  p l a n t  t r i a l s  f o r  a  p r o c e s s .
g .  O r g a n i s a t i o n  o f  m e e t i n g s ,  s e m i n a r s  &  e x h i b i t i o n s .
h .  P r o v i d i n g  n u t r i t i o n  g u i d a n c e .
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