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REVIEW J .  Food Set TechnoL, 19 9 3, Vol 30, No.5, 3 13 -3 2 0

M e t h o d s  f o r  E s t i m a t i o n  o f  S t a r c h :
A  C r i t i c a l  A p p r a i s a l

SRIRAM PADMANABHAN AND M RAMAKRISHNA*
M icrobiology and B ioen gineerin g D epartm ent,

C entral Food T echnological R esearch  In stitu te , M ysore-570  0 1 3 , India.
Accurate analysis of starch in food and food products is of vital importance due to consequent implications 

in nutritional and functional aspects. This review analyses available estimation methods, factors affecting their reliability, 
merits and limitations. Among different methods, the enzymic method for starch estimation is most accurate. However, 
the literature survey indicated that the acid hydrolysis method, although less accurate in presence of non-starchy 
carbohydrates, is being widely used for starch estimation in various food products and complex food materials.
Keywords : Starch estimation methods, Direct methods, Indirect methods, Starch-iodine reaction, Acid hydrolysis, 

Enzymic hydrolysis, Glucose estimation, Merits, Limitations.

Starch , a p olym er of g lu co se  u n its  w ith  
a  1-4 and a  1-6 lin k ages, is  the m ajor reserve  
polysaccharide in  p lan ts. It occu rs in  low er p la n ts  
su ch  a s  algae and in  va r io u s p arts of h igher p la n ts  
su ch  a s seed s, fru its, s tem s, lea ves, tu b ers, b u lb s  
and rh izom es in  varying am o u n ts. In s tu d ie s  of 
carbohydrate food reserves in  p la n ts, accu rate  
estim ation  of starch  co n ten t is  of sign ifican t  
im portance. S in ce the am o u n t of stored  starch  in  
p lan ts at an y  sp ecific  tim e is  ind icative of th e  
physiological activ ity, it rep resen ts a va lu ab le  
diagnostic tool in  p lant physio logy, w h ich , in  turn, 
is u sed  to determ ine th e p oten tia l crop y ie ld s in  
perennial p la n ts (R asm u ssen  an d  H enry 1990). The  
accurate an a lysis of starch  con ten t is  a lso  significant 
in  determ in ing the n u tr ition a l an d  fu n ction a l 
qualities of food m ateria ls.

A lthough a n u m b er o f m eth o d s are reported  
in the literature for the estim ation  of starch  in  
m aterials su ch  a s tu b ers  (B alagopalan  et al. 1988), 
starchy su b stra te s  (AOAC 1990), cerea ls  (AOAC 
1990; B atey 1982), leg u m es (Dekker and R ichards
1971), veg eta b les (M cCready et al. 1950), p lant  
t is su e s  (Pucher et al. 1948; Carpita and K an ab u s
1987), conifers (Ebell 1969) and fru its (R asm u ssen  
and Henry 1990), each  m eth od  h a s  its  ov/n m erits  
and dem erits. The accu rate  determ in ation  of starch  
h a s  h en ce p osed  several p rob lem s to analytical 
ch em ists. A lthough there are m an y  com p reh en sive  
reviews on starch  estim ation  m eth o d s (H adom  and  
D oevelaar 1960; S ou th g ate  1976; M itchell 1990), 
there is  hardly an y  review, w h erein  the ad van tages  
and d isad van tages of each  m eth od  are d iscu ssed . 
An attem pt h a s  b een  m ad e here to eva lu ate  variou s
* Corresponding Author

m eth o d s w hich  are availab le for sta rch  estim ation  
in  food and food p rod u cts.
Methods for starch estim ation

T h ese ca n  be broadly c la ssified  into two  
categories, viz., d irect or non -hyd roly tic  an d  indirect 
or hydrolytic m eth o d s. In th e  direct m eth o d  of 
starch  estim ation , starch  is  first sep ara ted  from  
other interfering m ateria ls su c h  a s  p rote in s, fa ts  
and su ga rs, by u s in g  appropriate so lv en ts , an d  w ith  
m in im u m  starch  degradation , b a sed  on  e ith er  the  
p h ysica l or the p h y sico -ch em ica l prop erties o f the  
polym er. In the indirect m eth o d s, the sta rch  is first 
iso la ted  from the m aterial, h yd ro lysed  in to  sm aller  
oligosacch arid es an d  th e  sta rch  va lu e  is  obtained  
after estim ation  o f th e  hyd ro lysed  p rod u cts. B oth  
th ese  m eth o d s are d isc u sse d  in  th e  follow ing  
sec t io n s  :
Direct m ethods for starch analysis

T h ese  do n ot involve the n eed  for starch  
hydrolysis. In stead , starch  is  a n a ly sed  directly for 
quantification .
G r a v im e t r i c  m e t h o d  : In th is  m eth o d , starch  is  first 
d isp ersed  in  a su itab le  so lven t, precip itated  w ith  
alcohol, filtered to recover th e  precip itate  and  
quan tita ted  gravim etrically b y  w eigh in g  th e  dried  
starch . T reatm ents w ith ca u stic  sod a , trich loroacetic  
acid , sa licylic  acid  or lactic  acid  h ave b een  u sed  
for starch  d isp ersio n  (Radley 1953). G ravim etric  
m eth od  of R ask  (1927) for sta rch  a n a ly s is  in  cotton  
seed  m eal, w h eat flour, c o m  an d  p otato  w a s  
adopted  by the A sso c ia tio n  o f Official A gricultural 
C h em ists  (AOAC 1931). In th is  m eth o d , starch  is  
d isp ersed  in  cold  con cen trated  hydrochloric acid  to 
form a clear an d  o p a lescen t so lu tio n . T he above 
so lu tio n  is  th en  freed o f th e  acid  after several
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w a sh in gs w ith  in creasin g  con cen tra tion s o f ethan ol 
and to form a precip itate w h ich  is  collected  and  
w eighed. B alagopalan  et al. (1988) proposed  a 
gravim etric m eth od  for starch  estim ation  in  ca ssa v a  
tub ers, b ased  on  dry m atter  con ten t. E ven thou gh  
th ese  m eth o d s are sim p le, th ese  are n ot very  
accurate and h en ce  are not u sed  exten sive ly  for 
quantitative estim ation  of starch .
O p tic a l  m e t h o d  b a s e d  o n  s t a r c h - i o d i n e  r e a c t io n  : The 
starch-iod ine reaction  w a s  first d iscovered  by Colin  
and de C laubry in  1 8 1 4  (Hollo and Szeitli 1968) 
and is  b ased  on  the estim ation  o f the b lu e-co lou red  
com plex form ed b y  the reaction  o f am ylose  and  
iodine. The form ation of the additive p rod u cts  
betw een  starch  and iod ine w a s  u sed  b y  K aiser to  
estim ate starch  (Sullivan 1935). Iodine in  p o ta ss iu m  
iodide con ta in in g  a q u eo u s so lu tio n s exh ib its a very  
broad p eak  of ab sorption  at 4 5 0  nm . W hen th e  
starch-iod ine com p lex  is  form ed, a sh ift in  the peak  
of absorption  to 6 0 0 -6 2 0  n m  occu rs. The v a lu es  
of the p eak s, i.e ., th e  ab sorption  coefficien ts, 
depend on  tem perature and degree of polym erization  
of the starch  m olecu le . Paloheim o and P aloheim o  
(1931) developed a iodocolorim etric m ethod  for 
estim ation  of starch  in  food p rod u cts u sin g  th e  
above principle. R ecently, M agel (1991) su gg ested  
a qualitative and a quantitative m eth od  for starch  
estim ation  b ased  on  th is  principle. T h is procedure  
involves extraction  o f starch  w ith  HCL, com plexing  
it w ith  p o ta ss iu m  io d id e-iod in e  so lu tio n  an d  
m easu rem en t of ab sorb an ce at 6 0 5  an d  5 3 0  nm , 
w hich corresp on d s to th e  ab sorption  m axim a of 
am ylose and am ylopectin , respectively. The starch  
va lu e is  ca lcu lated  u s in g  the form ula :

V
" l6 0 5  nm)

c  = ------------------------------------------------------s
a605 nm) ^ a p 6 0 5  nm) X  P  ^ ( ap605 nm)

Too
W here

Cs = sta rch  co n cen tra ctio n  in  (pg/m l) of  
u n k n ow n  so lu tio n

X(G05 nm) = ab sorption  in  OD u n its  x  cm -1 of 
u n k n ow n  starch  so lu tio n  at 6 0 5  nm  

AfaGQ5 nm) = ab sorption  coefficient in  OD u n its  x  m l 
x  pg"1 x  cm"1 for am ylose  at 6 0 5  nm

A(ap605 nm)= ab sorption  coefficient in  OD u n its  x  m l 
x  pg"1 x  cm"1 for am ylopection  at 6 0 5  nm

P = am ylose  fraction in  % o f u n k n ow n  
starch  so lu tio n , ca lcu la ted  accord ing to 
the form ula g iven  below  :

P x  C x  A(aG05 nm) + (1 p) x  C x  A(ap605 nmj 
R = ------------------------------------------------------------------------

P  x  C  X A (a530 nm) + i 1 - «  X C  X A ,ap530 nm)
C = starch  con cen tration  in  p g /m l; P = am ylose  
%; a = am ylose; ap = am ylopectin; A(605 nm) = 17.38; 
A(a53o nm) -  H -4 4 , A|ap605 nm) = 6 .7 6 , Ajap530 nm) = 8 .9 8 , 
R is  the ratio o f th e a b so rb a n c ies  at 6 0 5  and  
5 3 0  nm .

Kerr (1950) reported a iod ine b lu e  va lu e  
m eth o d  for sta rch  d eterm in a tio n  w h ich  is  a 
com b in ation  o f the m eth o d s o f C len n d en n in g  (1942) 
an d  Kerr an d  T rubell (1943). It in volves treatm en t  
of the ground  starch  sam p le  w ith  s ta n n ic  ch lorid e, 
before treating th e  aliquot o f th e  so lu tio n  w ith  
io d in e-p o tassiu m  iodide so lu tio n . T he b lu e  colou r  
obtained  is  read at 6 0 0 -6 2 0  nm . T he u n k n o w n  
reading is  extrapolated  from  th e  sta n d a rd  cu rve of 
starch  in  ca lc iu m  ch lo r id e-stan n ic  ch lorid e w ith  
iodine. One o f th e a s su m p tio n s  o f th e  m eth o d  is  
that th e  starch  d oes n o t u n dergo a n y  m od ifica tion  
during th e  w hole p rocess. S om e o f the ad v a n ta g es  
of the m eth od  in clud e h igh  sen sit iv ity  o f  the  
reaction  o f starch  w ith  iod ine, n o n -h in d ra n ce  of 
c a lc iu m  ch lo r id e  w ith  s ta r c h - io d in e  c o m p le x  
form ation and m in im u m  d egrad ation  a s  w ell a s  
ea sy  so lu b ility  of s ta rch  in  ca lc iu m  ch loride (Kerr
1950). The starch -iod in e  p roced u res for starch  
estim ation  h ave a lso  b een  em ployed  b y  H a d o m  
and D oevelaar (1960) and K olbach an d  Rinke (1962), 
H assid  and Neufeld (1964), B lak eln ey  and M ath eson
(1984). A  n u m b er of sim ilar  m eth o d s, app lied  to  
cereal p rod u cts, h ave s in ce  b een  reported.

The d isad v an ta ges o f  th e  above m eth o d  are 
m any. It is  not ap p licab le to  m ateria ls  con ta in in g  
dextrin s, s in ce  there is  sig n ifican t con tr ib u tion  of  
the b lu e co lou r b y  d extrin s. T he particle  s iz e s  of 
th e  starch  m o lecu les  in flu en ce  th e  in ten sity  of  
colou r o f sta rch -iod in e  com p lex  (Paloheim o and  
A ntilla 1931). The iod ine co lou r o f so m e sta rch es  
an d  starch  fractions c h a n g es  w ith  th e  con cen tra tion  
of starch  and th e am ou t of iod ine added . Therefore, 
m an y o f the starch -iod in e  co m p lex  co lo u rs  recorded  
in the literature m ay n ot be su ita b le  for com parative  
p u rp o ses (W atson an d  W histler 1966). S u llivan  
(1935) su gg ested  th a t th is  m eth od  is  n o t su ita b le  
for estim ation  of starch  in  w oody p la n ts , s in c e  it 
resu lted  in  p rob lem s during precip itation  o f th e  
starch -iod in e com p lexes.
P o la r im e tr ic  m e t h o d s  : It is  on e o f th e  m o st p opular  
m eth o d s for starch  d eterm in ation , w h erein  th e  
starch  is  d isp ersed  in  a su ita b le  so lven t and th e  
starch  con ten t is  q u an tita ted  from  th e  clarified
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so lu tion  by m easu rin g  th e  an g le o f rotation  o f th e  
plane polarised light. D ifferent typ es o f so lv en ts  like 
benzoic acid, ca u stic  p otash  so lu tion , con cen trated  
calcium  chloride so lu tio n  (M annich an d  Lenz 1920; 
Radley 1953) have b een  u se d  for th is  p u rpose. The  
m ost exten sively  u sed  so lven t for starch  d ip ersion  
is a con cen trated  so lu tio n  o f ca lc iu m  chloride. 
Fellenberg w a s :he first to  d em on stra te  th e  m ethod  
of quantitative estim ation  o f starch  u s in g  th is  
solvent (Radley 1953). S in ce  th en , a  n u m ber of 
m odifications were m ade b y  m an y workers (M annich  
and Lenz 1920; H opkins 1934; C len nd en n in g  1945; 
Kerr 1950). T he m odified  m eth od  developed  by  
Analytical W orking Party o f the Starch  E xperts 
Group of the E uropean  Starch  A sso cia tio n  (ESA
1987) is  b ased  on  differential m easu rem en t o f th e  
optical rotation  o f th e  treated sam p le  and an  
ethan ol-extracted  b lank . T h is  m eth o d  in volves  
solub ilisa tion  of starch  in  ca lc iu m  chloride so lu tio n  
(33%) at neu tra l or sligh tly  acid ic pH va lu es. A s  
a resu lt of h igh  ion ic strength , the starch  m olecu le  
unfolds w ith out th e form ation  o f o ligosacch arid es  
or glu cose. The starch  con ten t is  given  by th e  
difference betw een  the two m easu rem en ts, m ultip lied  
by a know n factor (a) p w h ich  is  d ep en d en t on the  
nature o f the starch . The (a)p v a lu es  for different 
types of s ta rch es , a s  reported by K ennedy et al.
(1989) are given  in  Table 1.
TABLE 1. {a)p VALUES FOR DIFFERENT STARCH TYPES*

Starch type ( « I d

Potato 185.7
Wheat 182.7
Rye 184.0
Barley 181.5
Oat 181.3
Rice 185.9
Com 184.5
Other starches 184.0

•Data from Kennedy et al (1989)
The above m eth od  g ives b etter  reproducible  

resu lts  and is  fa st a s  w ell a s  s im p le  to perform  
(Mitchel 1990). The w h ole p ro cess  o f  estim ation  
tak es le s s  th a n  2  h  (Earle an d  M iller 1924). The  
only d isadvantage o f th is  m th od  is  th e in terference  
ca u sed  by h em ice llu lo ses  an d  oth er n o n -starch y  
p o lysacch a rid es, w h ich  affect th e  p olarim etrie  
m easu rem en ts (C lenndenning 1948).

VTp.JT'i’ i fj

Indirect m ethods for starch estim ation
T h ese  m eth o d s involve th e  a n a ly s is  o f the  

hydrolysed  p rod u cts o f s ta rch , ob ta in ed  b y  different 
h yd ro lysis m eth o d s, n am ely , acid  h yd ro lysis and  
enzym atic hydrolysis.
A c i d  h y d r o l y s i s  m e t h o d  o j  E w e r s  : A  polarim etric  
m eth od  involving acid  h yd ro lysis o f th e  starch  
sam p le  an d  m ea su rem en t o f th e  optica l rotation  of 
th e p lane p olarised  light b y  th e  resu lta n t red u cin g  
su g a rs  w a s  p roposed  b y  E w ers in  1 9 0 8  (K ennedy  
et al. 1989). It is  a n  official E nzym e C om m ission  
(EC) m ethod , w h ich  is  b e in g  u se d  ex ten sive ly  for 
starch  estim ation  an d  m ea su rem en t o f starch  
purity till today (M itchell 1990). T he m eth od  involves  
treatm ent of starch  w ith  g lacia l acetic  acid , HC1 and  
hot water. C larification o f th e  resu lta n t so lu tio n  is  
carried out by p o ta ss iu m  ferrocyanide and the  
optical rotation o f th e  treated  sa m p le  is  m easu red . 
Later, E w ers u sed  1.12%  HC1 for in itia l starch  
treatm ent and clarified th e  so lu tio n  w ith  sod iu m  
m olybdate and p h o sp h o tu n g stic  acid  (Radley 1953). 
S u b seq u en tly , th e  above m eth o d  h a s  un dergon e  
several m od ifica tion s, b u t th e  p rincip le rem ained  
th e  sam e. The su itab ility  o f  d ifferent clearin g  ag en ts  
w a s exam ined  by D u d a s (1970), w h ich  revealed  
th a t p h o sp h o tu n g stic  acid  h ad  lo w est su itab ility , 
w h erea s am m on iu m  an d  so d iu m  a ceta te  lowered  
th e  op tica l activ ity  o f  th e  resu ltin g  so lu tio n . 
M oreover, the in crease in  th e  d isso lu tio n  tim e of 
the sam p le  w ith  HC1 for m ore th a n  15 m in  w a s  
found  to resu lt in  low er v a lu e s  o f th e  sta rch , s in ce  
it in creased  starch  so lu b ility  an d  co n seq u en tly  th e  
difference in  th e optica l m e a su rem en ts  b etw een  th e  
w hole and th e  eth a n o l so lu b le  fraction s (D u d as
19 71 ) . Stirring o f th e  sa m p le s  d u rin g  d isso lu tio n  
w a s a lso  found  to resu lt in  h igh  sta rch  v a lu es. 
However, th e  m agn itu d e o f th is  effect on  starch  
va lu e w a s lower a s  com p ared  to th a t by a lteration  
of th e  d isso lu tio n  tim e (D u d as 1971). K ennedy et 
al (1989) reported th a t th e  con cen tra tion  o f HC1 
for starch  d isso lu tio n  is  h ig h ly  critica l a s  h igher  
con cen tration  resu lted  in  low er v a lu e s  o f s ta rch  d u e  
to greater h yd ro lysis. U se  o f  p o ta ss iu m  ferrocyanide  
a s  clarifying reagent w a s  fou n d  to be th e  b est  
am ong all oth er reag en ts eva lu a ted  (D u d as 1970 ,
19 72 ) .

The m eth od  p resen tly  follow ed is  carried ou t 
in  tw o step s . In th e  first s tep , a su ita b le  q u an tity  
of starch  is  h ea ted  w ith  0 .3 0 4 4  M HC1 for 15 m in  
at 100°C to gela tin ize  an d  h yd ro lyse th e  sta rch  to 
sm a lle r  o l ig o s a c c h a r id e s . T h e  h y d r o ly s is  is  
term inated  by rapid cooling. T he above so lu tio n  is
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clarified by p o ta ss iu m  ferrocyanide (Carrez reagent), 
filtered and th e angle of rotation  of the filtrate (aT) 
is  m easu red .

In the seco n d  step , th e  sam p le  is  extracted  
w ith 40%  eth an ol an d  filtered after su fficient 
m ixing. The filtrate ob tained  is  acidified w ith  HC1, 
treated w ith  th e clarifying reagent, follow ed by zinc  
su lp h ate  treatm ent. After filtration, th e angle of 
rotation of the p lane polarised  light o f the a lcoholic  
filtrate (as) is  m easu red  (K ennedy et al 1989; ESA
1987). The starch  con ten t is  given  by th e difference  
betw een  the tw o read ings, m u ltip lied  b y  the factor  
(cOq , the  va lu e of w h ich  d ep en d s on  starch  type. 
The starch  con ten t (%) is  given  b y  the equation:

1 0 , 0 0 0  ( a T -  a s )
% starch  = -----------------------------

(a) 3  x  L x  c
W here L is  the path  len gth , c = con cen tration  of 
the sam p le in  g /d l,  w hile aT and a s are the an g les  
of rotation of the p lane p olarised  light by th e w hole  
sam p les and the a lcoholic  extracts, respectively.

K ennedy et al (1989) critically  evaluated  the  
above m ethod for starch  estim ation  and p ointed  out 
its dem erits. T hey reported that the starch  v a lu es  
obtained by th e  above m ethod  are different for a 
ser ies of s ta rch es  w ith  different ratio o f am ylose  
and am ylopectin . H igher v a lu es  of starch  are 
observed in sa m p les  con ta in in g  high am ylopectin . 
H ence, it w as proposed  th a t th is  m ethod  is  not 
applicable to sa m p les  w ith  varying am ylose  and  
am ylopectin  con ten ts. M oreover, th is  m ethod  is  not 
applicable to h igh am ylose sta rch es, due to their  
high gelation  tem perature (M itchell 1990). Factors  
that affect the degree of so lub iliza tion  of starch , 
before polarim etric m ea su rem en ts, su ch  a s  HC1 
concentration , h eatin g  and coo ling  tim e are h ighly  
critical. H ydrolysis of starch  by Ewers' m ethod  is  
know n to d epend  on  several factors w hich  are 
critical in  starch  estim ation . T h ese involve the  
th ick n ess  of the flask , exten t of agitation  of th e  
con ten ts, therm al cap acity  of th e w ater b ath  w h ich , 
in turn, affect the h ea t transfer ch ara cter istics  of 
the system  (K ennedy et al. 1989). The clarifying  
reagent of Carrez, w h ich  is  u sed  to rem ove chiral 
m o lecu les , w a s  a lso  fou n d  to ad sorb  m alto - 
oligosacch arid es, thereby lead in g to lower v a lu es  of 
starch .

For Ewers' m eth od  o f starch  determ ination , a 
m in im u m  purity o f 97%  starch  on d iy  b a s is  is  
required (M itchell 1990). H ence, th is  m eth od  d oes  
not hold good for th e sta rch y  m ateria ls con ta in in g

interfering su b sta n ces . S am p le co n ta in in g  h igh  ash  
con ten t is a lso  kn ow n  to resu lt in  incorrect v a lu es  
of starch (Mitchell 1990). In ca se  of s tarch  estim ation  
in  com p lex p lant m ateria ls, th e d egrad ation  o f the  
p olysacch arid es interfere or rath er m odify  the  
optical rotation va lu e, thereb y resu ltin g  in  incorrect 
starch  va lu e  (Thivend et al 1972; Libby 1970). 
S au n d ers et al. (1970) a lso  ob served  th a t th e  v a lu es  
of starch  are different for h igh fibre m a ter ia ls  w ith  
the u se  o f polarim etric and colorim etric m eth o d s.
D ir e c t  a c i d  h y d r o l y s i s  m e t h o d  o f  A O A C  : T h is  is  one  
of the m eth o d s for starch  estim ation  b a sed  on  th e  
h yd ro lysis  of th e  sta rch  in to  g lu c o se . AOAC 
recom m ended  th is  m eth od  for starch  estim a tio n  in  
p rod u cts like p otatoes, raw sta rch , gra in s, w h eat  
flour, confectionery and an im al feed s (AOAC 1960). 
In th is  m ethod , a k n ow n  q u an tity  o f s ta r c h /s ta r c h  
m a te r ia l  i s  h y d r o ly s e d  w ith  c o n c e n t r a t e d  
hydrochloric acid  by refluxing at 100°C for 150  
m in. After n eu tra lisa tion , th e  g lu co se  ob ta in ed  is  
estim ated  by an y  of th e  sta n d a rd  m eth o d s. The  
starch  va lu e is  ob tained  b y  m u litp ly in g  th e  g lu co se  
va lu e w ith a factor of 0 .9  (AOAC 1960). T h is  
m ethod , how ever, w a s d isco n tin u ed  for sta rch  
estim ation  in  cerea ls  from  1 9 7 0  on w ard s (AOAC
1970), b u t is  still recom m ended  for starch  estim ation  
in  confectionery p rod u cts, an im al feed s, roasted  
coffee, cocoa p rod u cts, face pow ders, d e sse r ts  and  
b aking pow ders (AOAC 1990).

Pirt and W helan  (1951) perform ed exp erim en ts  
to rep lace HC1 w ith  other a c id s su c h  a s  nitric, 
su lp h u ric and p hosphoric acids. T heir in v estig atio n s  
ind icated  that the u se  of 1.5  N su lp h u ric  acid  lea d s  
to m in iu m  degradation  of g lu co se , w h erea s  HC1 
r e su lts  in  sign ifican t lo s s  of g lu co se  d u e  to 
caram elization  in  the estim ation  o f am ylose  and  
am ylopectin  of potato starch . M acRae and A rm strong
(1968) a lso  u sed  th is  m eth o d  for th e e stim a tio n  of 
sta rch es  in b iological m ateria ls. T h is m eth o d  is  still 
b ein g  em ployed for starch  estim ation  in  va rio u s  
starch y su b stra te s  su ch  a s  c a ssa v a  (Rickard and  
B eh n  1987; P ad m an ab h an  an d  L onsan e 1992; 
P a d m a n a b h a n  et al. 1 9 9 2 , 19 9 3 ), c o m p o site
food stuffs (Boley an d  B u m  1990) an d  p otato  
sta rch es  (Failhfull 1990). Rickard an d  B eh n  (1987) 
p ointed  out that there is  n o  sign ifican t lo s s  of 
g lu cose , w h en  th e above m eth od  is  em p loyed  for 
starch  estim ation  in ca ssa v a  sta rch . F aith fu ll (1990) 
su g g ested  that the acid  h yd ro lysis  m eth o d  of AOAC 
is reliable, rapid, p recise  an d  is  su ffic ien tly  accu rate  
w h en  em p loyed  for p otato  s ta rch  estim ation . 
R ecently, its erron eou s n atu re h a s  b e e n  esta b lish ed
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beyond any doubt (P adm anabhan  and L onsane
1993).
E n z y m a t i c  m e t h o d  : A lthough  the acid  hyd ro lysis  
m ethod h a s  b een  w idely u sed  s in ce  a v e iy  long tim e  
for starch estim ation , it h a s  b een  reported to have  
sev era l d isa d v a n ta g e s , s u c h  a s  c o n c o m ita n t  
hydrolysis o f n o n -starch y  p olysacch arid es, w hich  
con seq u en tly  lea d s to over-estim ation  of g lu cose  
and in  turn, starch  va lu e  (Rickard and B eh n  1987; 
P adm anabhan and L onsane 1993). D estru ction  of 
g lu cose during acid h yd ro lysis h a s  a lso  b een  
observed in certain  c a se s  d u e to d ecom p osition  and  
caram elization, thereby resu ltin g  in low er v a lu es  of 
starch during estim ation  (Pirt an d  W helan  1951; 
Blake and C oveney 1978; P ad m an ab h an  and  
Lonsane 1993). To overcom e th e  above m en tion ed  
disadvantages, the acid hyd ro lysis m ethod  is  being  
rep laced  by en zy m a tic  h y d ro ly s is  for sta rch  
estim ation  (Thivend et al. 1972; B aur and A lexander  
1979: Batey 1982; K arkalas 1985; O stergard et
al. 1988; P ad m an a b h a n  and L on san e 1993). 
Different en zym es, su ch  a s  m alt and barley d iastase , 
ta k a d ia s ta s e , a m y lo g lu c o s id a se , th e r m o sta b le  
alpha-am ylase (Radley 1953; AACC 1962; Libby
1970) have b een  u sed  for efficient h yd ro lysis of  
starch.

One of the b asic  req u irem en ts in  th ese  c a se s  
is the effective and com p lete d egradation  o f starch

m o lecu les  into th e final p roduct i.e ., g lu co se , w hich  
d ep en d s on  effective or com p lete  so lu b iliza tion  of 
starch , typ es of en zym es u se d  for hydrolysis, 
reaction  tim e, and con cen tra tion  o f th e en zym es  
(Batey 1982; P ad m an ab h an  an d  L onsan e 1993; 
Holm et al. 1986). The first s tep  for q u an tification  
of starch  by enzym ic m ethod  Involves ge la tin iza tio n / 
so lub iliza tion  o f starch . D ifferent m eth o d s  have  
b een  em ployed  for effective so lu b iliza tion  (Table 2). 
T hivend et al. (1965) gelatin ized  the sta rch  in an  
au toclave and th en  hydrolysed  th e  iso la ted  starch  
by am ylog lu cosid ase . T h is w ork  en ab led  other  
r e se a r c h e r s  for a n ew  a p p r o a c h  for s ta rch  
q u a n tif ic a t io n . D ek k a r  a n d  R ic h a r d s  (1 9 7 1 )  
so lu b ilised  starch  in  alkali, before its  h yd ro lysis  
w ith am ylog lu cosid ase  and su g g ested  th a t the  
so lub iliza tion  of starch  is  in com p lete , if alkali is  
not u sed  for so lub iliza tion . H ow ever, so lu b iliza tion  
of starch  in alkali h a s  b een  sh o w n  to resu lt in  
form ation o f sacch a r in ic  a c id s  w h ich  are not 
hydrolysed  during sta rch  h yd ro lysis to g lu cose  
(Boley and B u m  1990). U se of d im eth ly  su lp h ox id e  
(DMSO) h a s  a lso  b een  su g g ested  for com p lete  
solub ilization  of starch , prior to enzym atic treatm ent 
(Libby 1970). However, d u e  to slow  d isso lu tio n  of 
ca n n a  and potato s ta rch es  an d  toxic natu re of 
DM SO, th is  m ethod  of so lu b iliza tion  is  not w idely  
p ractised  (K arkalas 1985).

TABLE 2. DIFFERENT METHODS FOR STARCH SOLUBILISATION PRIOR TO FI'S HYDROLYSIS.
Method employed

Solubilisation using perchloric acid and 
estimation of glucose by anthrone method
Solubilisation by autoclaving at 130°C
Solubilisation by boiling with water

Solubilisation using dimethyl sulphoxide

Solubilisation using acid 
Solubilisation using alkali

Solubilisation using alpha-glucosidase

Solubilisation using amylases other than 
bacterial thermostable enzyme
Solubilisation using thermostable alpha- 
amylase and amyloglucosidase

Demerits
Interference from hydrolysed products of 
glucose
Incomplete gelatinization
High temperatures induce partial hydro­
lysis of amylose and amylopcctin 
and degrade other polysaccharides

Slow dissolution of potato and canna 
starches, toxic nature of DMSO
Concomitant hydrolysis of other compounds
Turbidity in solutions, formation of 
saccharinic acids which interfere with 
estimation of glucose
Insolubility of starch in aqueous solutions 
and incomplete conversion of starch to 
glucose
Hydrolysis of starch is incomplete

No disadvantage, since it ensures complete 
hydrolysis of starch to glucose

Reference
Pucher ct al (1948), McCrcady et al (1950) 
Faithful! (1990)
Thivend ct al (1965)
Dekker and Richards (1971), MacRae 
and Armstrong (1968), Ilaissig and 
Dickson (1979)

Libby (1970), Carpita and Kanabus (1987)

Bcutlcr (1978)
Donovan et al (1977), Boley and 
Burn (1990)

Carpita and Kanabus (1987), Hassig 
and Dickson (1979)

Batey (1982)

Batey (1982), Karkalas (1985), 
F’admanabhan and Lonsane (1993)
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B atey (1982) em ployed  a therm ostab le  alpha- 
am ylase for starch  so lub iliza tion . A com parative  
stu d y  on  th e  efficien cies o f  different m eth o d s of  
so lub ilization  revealed th a t th e  so lu b iliza tion  of 
starch is  com plete w h en  therm ostable alpha-am ylase  
w a s u sed  a s  com pared  to th e u se  of acid s and  
alkalis (Batey 1982). T hese stu d ies  indicated valuable  
inform ation. The u se  of a bacteria l therm ostab le  
alp ha-am ylase for gelatin ization  o f starch  h a s  b een  
sh ow n  to prevent form ation of retrograded starch , 
w hich is  not su scep tib le  to am yloglu cosid ase action. 
The therm ostab le a lp h a-am ylase  w a s  a lso  found to 
form a clear an d  n o n -v isco u s  so lu tio n  of gelatin ised  
starch . C om plexed am ylose , an d  am ylose-lip id  
m olecu le com p lex  found  in  th e native starch , are 
also  su scep tib le  to th erm ostab le  a lp h a-am ylase  
attack  and , th u s , th e  above com p lex a lso  u n d ergoes  
h ydrolysis during gelatin ization , thereb y allow ing  
accurate estim ation  of starch . C on sequ en tly , a 
num ber of w orkers have follow ed th is  procedure for 
starch  so lub ilization  an d  estim ation  (Karkalas 1985; 
Holm et al. 1986; Franco et al. 1987; H em y et al. 
1990; P ad m an ab han  an d  L onsane 1993).

T hus, th e  s te p s  involved in  th e  estim ation  of 
starch  by enzym atic m ethod in clud e a) gelatin ization  
of starch  u sin g  therm ostab le  a lp h a-am ylase , b) 
hydrolysis of th e liquified starch  to g lu cose  by  
am yloglu cosid ase an d  c) estim ation  o f th e  released  
g lu cose m olecu le , e ith er b y  titrim etric, colorim etric  
or enzym atic m eth od  (Fig. 1). M ultip lication o f th e  
g lu cose con cen tration  by 0 .9  g ives th e starch  
content in th e sam p le (P adm anabhan  and L onsane  
1993).

Starch
Liquefaction by thermostable 
alpha-amylase at 100°C,

 ̂f  pH 6.5
Liquified starch

Saccharification by 
amyloglucosidase at 60°C,

<1 pH 4.5 
Glucose

Estimation method

Colorimetric Titrimetric Enzymatic
method method method

Starch content = Glucose content X 0.9 

Fig. 1. Scheme for estimation of starch by enzymatic method.

A d v a n t a g e s  o f  t h e  e n z y m a t i c  m e t h o d  o v e r  o th e r  
m e t h o d s  f o r  s t a r c h  a n a l y s i s  : The grea test advantage  
of th e  enzym ic m ethod  is  its  sp ecific ity . The u se  
of en zym es for starch  estim a tio n  lea d s  to h yd ro lysis  
of th e starch  m o lecu les  on ly  an d  there is  ab so lu te ly  
no con trib u tion  of the red u cin g  su g a r s  from  th e  
h yd ro lysis  o f th e  n o n -sta rch y  p o ly sa c c h a r id e s  
(M itchell 1990; P ad m an ab h an  an d  L onsan e 1993). 
C on sequ en tly , the m eth od  is  m o st su ita b le  for h igh-  
fibre p rod u cts (Sau nd ers et al. 1970). The h igher  
tem perature o f in cu b atio n  o f s ta rch  an d  a lp ha-  
am ylase  a lso  en su res  rapid in activation  o f th e  n o n ­
starch  degrading en zym es, thereb y  in crea sin g  th e  
sp ecificity  o f th e m eth od  for sta rch  estim a tio n  
(R asm u ssen  and H enry 1990). R ecen t w ork  of 
P ad m an ab han  and L onsane (1993) h a s  revealed  
th a t the con trib u tion  of g lu co se  from  th e  h yd ro lysis  
of the n o n -sta rch y  p o lysacch a rid es ca n  b e  tota lly  
elim inated , if the enzym atic m eth od  is  em p loyed  for 
starch  estim ation . The en zym atic  m eth o d  for sta rch  
estim ation  w a s found to give a ccu ra te  e s tim a tio n s  
of starch  in  w hole flours, cerea ls , gra in s, n on -  
starchy polysaccharides con ta in in g  starch y  m ateria ls  
an d  im pure a s  w ell a s  pure s ta rch es .
Factors a f f e c t i n g  t h e  r e l ia b i l i t y  o f  t h e  e n z y m i c  
m e t h o d  : Few a lp h a -a m yla ses an d  am ylog lu cosid ase  
preparations are kn ow n  to co n ta in  free g lu co se  and  
starch  (P adm anabhan  an d  L onsan e 1993), w h ich  
have b een  added a s  p reserva tives/stab iliz in g  agen ts. 
U se o f su ch  enzym e p rep aration s lea d s to incorrect 
v a lu es  o f g lu co se  and co n seq u en tly  of th e starch . 
M any com m ercial am y lo g lu co sid ases are a lso  kn ow n  
to con ta in  tra n sg lu co sid a se  activ ity  (P ad m an ab h an  
and L onsane 1993). S in ce  tra n sg lu co s id a se  ad d s  
g lu co se  to m alto se , it ca n  resu lt in  red u ction  in  
the g lu co se  va lu e estim ated  (Xavier et al. 1993). 
It is, therefore, of critical im p ortan ce to u s e  th e  
enzym e p rep aration s free from  tra n sg lu co s id a se  
activity (P adm anabhan  an d  L on san e 1993). E nglyst 
et al. (1992) reported the p resen ce  o f h em ice llu la se  
an d  (3-glucanase activ ity  in  so m e com m ercia l 
preparations of am y log lu cosid ase . U se  o f su c h  
enzym e p reparations resu lts  in  con tr ib u tion  of 
g lu c o s e  th r o u g h  c o n c o m ita n t  h y d r o ly s is  o f  
h em icellu lose and (3-glucan during starch  hydrolysis. 
H a r r is  e t  a l ( 1 9 8 4 )  o b s e r v e d  t h a t  s o m e  
a m y lo g lu c o s id a se  p rep a r a tio n s  d eg ra d ed  g u a r  
g a la cto m an n an  an d  lo cu st b ea n  an d  co n seq u en tly , 
interfere w ith  a ccu ra te  e s tim a tio n  o f g lu co se . 
K arkalas (1985) fou n d  th e p resen ce  o f h igh  am ou n t  
of su cro se  in  g lu co se -o x id a se -p ero x id a se  (GOD) 
reagen t, w h ich  is  u se d  for g lu co se  estim ation . 
U ltim ately, it affects th e  e stim a tio n  o f g lu cose .
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In sp ite of the d em erits o f the acid  h yd ro lysis  
m ethod , it is  still recom m en d ed  by AOAC (1990) 
for estim ation  o f sta rch  in  con fection e iy , roasted  
colfee, an im al feed, d esser t an d  b ak in g  pow ders  
and other com p lex  food m ateria ls. E rron eou s  
estim ation  of starch  in  th ese  p rod u cts by AOAC
(1990) recom m ended  acid  h yd ro lysis m ethod  h a s  
b een  e s ta b lish ed  recen tly  (P a d m an ab h an  an d  
L onsane 1993). A n eed  e x is ts  to rectify the lacu na .
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A l p h a - A m y l a s e  I n h i b i t o r  A c t i v i t y  i n  S o r g h u m  G r a i n s :  
E f f e c t s  o f  C o o k i n g  a n d  U V  R a d i a t i o n
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Sorghjm (S o r g h u m  b ic o b r  M) seeds were analysed tor amylase inhibitory aetivity and the cITects of cooking on 

them were studied. Cooking and UV radiation decreased the amylase inhibitory aetivity. The loss of amylase inhibitory 
aetivity in pre-soaked sorghum seeds after these heat treatments was more drastic than in the heat-treated raw seeds. 
Amylase inhibitory activities in some commonly consumed sorghum products were tested. Popped sorghum and id li 
did not exhibit any amylase inhibitory aetivity, though it was present in the grains used for making these products.
Keywords : Alpha-amylase inhibitor. Sorghum, Cooking,

Sorghum  grain  is  the sta p le  food of the people  
of the arid and sem i-arid  reg ion s o f the world. M any 
recipes are prepared from sorgh u m  to su it wide 
diversity of food h a b its  (Jadhav and Jog lek ar 1984). 
The m ost com m on preparation  from  sorgh u m  is  
unleavened  bread , d u m plin g  and boiled  rice-like  
products (Salunkhe et al. 1985). A lso, D o s a ,  r o ti  
and verm icelli p rod u cts are developed  from sorgh um  
(Raghavendra Rao et al. 1979). S orghum  grain  h a s  
been  sh ow n  to con ta in  m an y  an tin u trition al factors, 
and a lp ha-am ylase  inh ib itor is one am ong them  
(Salunkhe et al. 1985). The resu lts  on  the effect 
of cooking sorgh um  on  a lp h a -a m yla se  inhibitory  
activity, and  a lso  th e  levels of a lp h a-am ylase  
inhibitory activity in  different sorgh u m  p rod u cts are 
presented  in th is  paper.
M ateria ls a n d  M eth o d s

Sorghum  grains w ere procured from Agricultural 
R esearch Station , G ulbarga, c lean ed  and stored  till 
u se. H um an salivary am y la se  w a s p u rch ased  from  
Sigm a (USA), w hile all the oth er ch em ica ls  w ere  
of analytical grade (Loba C h em icals, Bom bay). A  
num ber of sorgh u m  p rod u cts w ere prepared. R o l i  
(unleavened so ft-th in , flat, c ircu lar sh ap ed  bread) 
w as prepared from sorgh u m  flour an d  b ak ed  on  
a concave pan . K i c h i d i  w a s prepared from soak ed  
sorghum  grains, w hich  were p ressu re-cook ed , sa lted  
and sea so n ed  w ith vegetab le  oil. I d l i  w a s prepared  
by m ixing sorgh u m  grit, u r a d  d h a l  an d  rice in the  
ratio of 1:1:0.4. allow ing the m ixture to ferm ent and  
p ressu re-co ok in g  th e  d ou gh . T h a l i p e e l h  w a s  
prepared from sorgh u m  h ou r m ixed  w ith  w h eat, 
roasted rice, pearl m illet and B engalgram  flour in  
the ratio of 4:1: 0 .5 :0 .5 :0 .2 . The d ough  w a s m ade
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UV radiation, Sorghum products.
by m ixing the flour w ith  sa lt, turm eric and water. 
The dough w a s  w orked ou t in to c irc les  o f 10-12  
cm  dia. and  cook ed  on  an  o il-sm eared  p an  by  
p u n ch in g  h o les to allow  se lf-steam in g . S a n d i g e  w as  
prepared out o f cook ed  sorg h u m  flour and p assed  
through a p ress  of required sh a p e  an d  dried. W hen  
fried in  vegetab le oil. it is  ea ten  a s  a crisp  sn ack . 
Popped sorgh u m  w a s prepared by roastin g  sorgh um  
gra in s in  a very hot con cave p an  at a very high  
tem perature. The popped sorg h u m  th en  w a s  sa lted , 
eaten  a s  sn a ck  an d  tested  for am y la se  inhibitory  
activity. S a n d i g e ,  not fried in vegetab le  oil, served  
a s  raw s a n d i g e .

Sorghum  m eal w as defatted before the extraction  
of the am ylase  inh ib itor in  th e  follow ing way. 
S orghum  gra in s (10 g) w ere soa k ed  overnight in  
100 m l d istilled  w ater and th en  the soa k ed  se ed s  
w ere h om ogenized  w ith  3 0  m l aceton e  for 3 0  m in. 
It w a s  air-dried rapidly u n d er  su c tio n , an d  th is  dry 
m eal w a s  u sed  a s  defatted  m eal. A m ylase  inh ib itor  
extract w as prepared by h om ogen izin g  2 g  defatted  
sorgh u m  m eal or 2 g freeze-dried sa m p le s  (in ca se  
of sorgh u m  products) w ith  2 0  m l of 0 .2  M 
p h osp h ate  buffer (pH 6 .9 ), con ta in in g  0 .3  M NaCl. 
The m ixture w a s  stirred for 4 h at 0°C. The 
hom ogen ate  w a s  centrifuged  a l 1 0 ,0 0 0  g  for 2 0  m in  
at 4°C, and the c lear su p ern a ta n t w a s  d ia lysed  
aga in st 0 .0 1  M p h osp h ate  buffer (pH 6.9) for 8 h , 
before u sin g  for the a s sa y  of am y la se  inhibitory  
activity by th e m eth od  o f B em feld  (1955). The  
m eth od  involved th e in cu b atio n  of the en zym e w ith  
an  aliquot of inh ib itor extract for 3 0  m in  before  
ad d in g 1% starch . After in cu b atio n  at 37°C  for 5 
m in , th e reaction  w a s  sto p p ed  by ad d in g  1 m l of
3 ,5 -d in itrosa licy lic  acid  reagent, an d  the am o u n t of 
red u cin g  su g a rs  liberated w a s  estim ated . O ne un it  
of inhibitory activ ity w a s  defined a s  th e  am ou nt  
of inh ib ition  that su p p ressed  one u n it o f enzym e  
activity u n d er a ssa y  con d itio n s.
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Raw sorgh u m  gra in s and overnight soak ed  
grains w ere cook ed  in  an  op en  p an  con ta in in g  
w ater for various tim e intervals. W ater w a s  decan ted  
and the gra ins w ere dried. The inhib itor w a s  
extracted b y  the above m ethod . Sim ilarly, the raw  
seed s, soak ed  se ed s  and defatted m eal w ere exposed  
to UV radiation for different tim e in tervals, and  
th en  am ylase  inh ib itory activ ity w a s  a ssa yed . 
A m ylase inhib itory activity w a s  a lso  determ ined  in  
sorghum  flour obtained  by grinding th e gra in s in  
m an u al c h a k k i  an d  an  electric flour m ill. The 
m ech an ica l c h a k k i  is  u sed  b y  the rural peop le, and  
it c o n s is ts  o f two circu lar s to n e s  w h ich  ca n  be  
rotated. The grain , w h en  p a ssed  in  b etw een  th e  
sto n es , g e ts  converted  in to  fine pow der b y  the  
cru sh in g  action.
R esu lts and D iscu ssion

The effect o f cook ing sorgh u m  gra in s in  open  
p an  on  am ylase inhib itory activity is  p resen ted  in  
Table 1. It is  observed  th a t am ylase  inhibitory  
activity is  lost on  cook ing sorgh u m  gra in s in  open  
pan. A m ylase inhib itory activity d ecreased  w ith  th e

TABLE 1. EFFECT OF COOKING SORGHUM GRAIN IN AN 
OPEN PAN ON AMYLASE INHIBITORY ACTIVITY

Cooking 
time, min

Amylase inhibitory activity, units/g  
Raw grain Overnight soaked grain

0 113.8 110.0
5 55.4 46.7

10 22.6 15.6
15 15.6 8.5
20 8.6 0.7
25 0.8 N.D.

Each value is an average of triplicate determination.
N.D. = Not detected
increase in  cook ing tim e. The lo s s  in  inhibitory  
activity w as m ore drastic  in  soa k ed  sorgh u m  gra in s  
than  in  raw seed s. S im ilar resu lts  are reported for 
legum e se ed s  (Shekib et al. 1988), and  sorgh u m  
seed s (Obizoba and A tti 1991). T h ese  w orkers h ave  
observed th a t am ylase  inh ib itor w a s  h eat labile, 
and the soa k in g  o f th e se e d s  w a s  b en eficia l for 
im proving the n u trition al quality . S im ilar lo s s  in  
trypsin  inhibitory activ ity on  cook in g  dry cow  p ea s  
h a s  a lso  b een  reported (Bakr and G aw ish  1991).

The effect o f UV rad iation  on  am ylase  inhibitory  
activity in  sorgh u m  is  given  in  Table 2. A m ong th e  
defatted sorg h u m  m eal, raw gra in s an d  overnight 
soaked  sorgh u m  grains, th e latter sh ow ed  m axim u m  
lo ss  o f  am ylase  inh ib itory activ ity  on  exp osure to

TABLE 2. EFFECT OF UV RADIATION ON SORGHUM 
AMYLASE INHIBITORY ACTIVITY

Exposure Amylase inhibitory activity,units/g
time, min Defatted meal Raw grain Soaked grain

0 109.2 112.0 110.5
15 98.5 102.2 100.1
30 46.0 84.5 78.0
45 40.0 68.4 40.0
60 10.7 40.0 10.5
90 N.D 10.8 N.D

Each value is an average of triplicate determination.
N.D. = Not detected

UV radiation  for 6 0  m in . S u ch  a lo s s  in  a m y la se  
inh ib itory activity h a s  n o t y et b een  reported , 
thou gh  th e lo s s  in  tryp sin  in h ib itory activ ity  o n  
exp osure to  infra-red rad iation s h a s  b een  reported  
b y K adam  et al. (1987). It h a s  b een  reported  th a t  
the infra-red rad iation  treatm en t to  w in ged  se e d s  
for 6 0  se c  w a s  effective in  d estroyin g  m o st o f th e  
tryp sin  inhib itory activity. It is  in terestin g  to s ta te  
th a t the UV radiation , w h ich  is  em ployed  a s  a  
m ethod  for p reventing m icrob ial deterioration  of 
cerea ls, can  be u sed  to d estroy a m y la se  inh ib itory  
activity. It m ay  be p o ssib le  th a t UV rad iation  affects  
th e  enzym ic p rotein s p resen t in  so rg h u m  grain s.

A m ylase inhibitory activ ities in  sorgh u m  p od u cts  
are p resen ted  in  Table 3 . It is  ob served  th a t  
am y la se  in h ib itory  a c tiv it ie s  w ere red u ced  in  
sorgh u m  p rod u cts, w h en  th ey  w ere h ea t-p ro cessed . 
O ut of the sev en  p rod u cts, r o t i  s a n d i g e  (deep-fried) 
and k i c h i d i  h ad  low  am ylase  inh ib itory activ ities. 
Two prod u cts, id l i  an d  p op p ed  so rg h u m  did  n ot 
exhibit any am ylase  inhib itory activ ities. T h a l i p e e t h  
h ad  the m ax im u m  inh ib itory activ ity  an d  th is  m ay

TABLE 3. AMYIJ\SE INHIBITORY ACTIVITIES IN DIFFERENT 
SORGHUM PRODUCTS

Sorghum Amylase inhibitory Loss in amylase
products activity, un its/g  inhibitory activities, %
R o ti 20.6 78.4
T h a lip e e th  7 8 .0  29.4
Id li 0  1 0 0 .0
S a n d ig e  (raw) 60.0 45.7
S a n d ig e  (fried) 12.6 88.7
Popped sorghum 0 100.0
K ic h id i 22.8 79.4
Each value is an average of triplicate determination



3 2 3

be d u e to the p resen ce  o f oth er c o n stitu en ts  like 
rice, w heat, pearl m illet an d  B engalgram . C om plete  
lo s se s  in  am ylase inh ib itory activ ities in  id l i  and  
popped sorgh um  are probably due to the fact that 
they are su b jected  to s tea m in g  in  the former, and  
high tem perature in  th e  la tter c a se s . S im ilar lo s s  
in am ylase inhibitory activity in  id li  h a s  b een  reported  
by U dupa et al. (1989). T hey h ave a lso  found  
significant am ylase  inh ib itory activ ities in  fried 
foods like potato  c h ip s  an d  p ea n u ts . In term s of  
lo ss  in  inhibitory activity, l h a l i p e e t h  and  k i c h i d i  
lost 29  and 79% activ ities, respectively. Sim ilar  
lo sse s  in  tryp sin  and ch ym otryp sin  inhib itory  
activities in  cooked  p rod u cts of sorgh u m  have also  
been  reported by M ulim ani an d  Vadiraj (1991).

A m ylase inhib itory activ ities in  sorgh u m  m eal 
obtained by different typ es o f m illing are sh ow n  in  
Table 4. It is  observed  th a t there are low er am ylase  
inhibitory activ ities in  sorg h u m  gra in s ground in

TABLE 4. AMYLASE INHIBITORY ACTIVITIES IN SORGHUM
FLOUR

Sorghum
GROUND IN DIFFERENT GRINDERS 

Amylase inhibitory activity, units/g
variety C h a k k i Electric flour mill
'Nate Maldandi' 32.6 15.6
'5-4-1' 40.6 31.1
'Bili jola' 
(local variety)

54.3 15.6

Each value is an average of triplicate determination

an electric m ill th a n  th e  o n e s  ground  in  a h an d -  
operated c h a k k L  S im ilar lo s s  in  am ylase  inhibitory  
activity in  rice flour after roller m illing h a s  b een  
reported by Snow  an d  Kerin (1981). T h is lo s s  in  
am ylase inhibitory activity in  sorgh um  grains ground  
in electric m ill is  b e ca u se  of th e h ea t generated , 
w hile the grain  is  cru sh ed  b etw een  th e  sto n es .

Acknowledgement
T h is work w a s  su p p orted  b y  a grant from  

G ulbarga U niversity, G ulbarga, an d  D. Supriya is  
th an k fu l for th e aw ard o f th e  fellow sh ip . 
References
Bakr AA, Gavvish RA (1991) Nurltlonal evaluation and cooking 

quality of dry cowpea (V. s in e n s i s  L) grown under various 
agricultural conditions. EITcct of soaking and cooking on the 
chemical composition and nutritional quality of cooked 
seeds. J Food Sci Tcchnol 28: 312-316

Bcrnfcld P (1955) Amylases a and p. In: Colowic SP, Kaplan 
NO (eds) Methods In Enzymology Vol I, Academic Press, New 
York, pp 149-153

Jadhav SJ, Joglckar NV (1984) Traditional processing of 
sorghum in India. In: Salunkhe DK, Chavan JK and Jadhav 
SJ (eds). Nutritional and Processing. Quality of Sorghum, 
Oxford and IBM publishing Co., New Delhi, pp 129-131

Kadam SS, Smilhara RR, Eylc MD, Armstrong DG (1987) Effects 
of heat treatments of antinutritional factors and quality of 
proteins in winged bean. J Sci Food Agric 39: 267-275

Mulimani VII, Vadiraj S (1991) Determination of trypsin and 
chymotrypsin inhibitory activities in sorghum grain. J Food 
Sci Tcchnol 28: 185-187

Obizoba IC, Alti JV (1991) Effect of soaking, sprouting, 
fermentation and cooking on nutrient composition and some 
antinutritional factors of sorghum seeds. Plant Food Human 
Nutr 41: 203-207

Raghavendra Rao SN, Malleshi NG, Srecdharamurthy S. 
Viraktamalh CS, and Desikachar HSR (1979) Characteristics 
of roti, d o s a  and vermicelli from maize, sorghum and b a jra  
J Food Sci Tcchnol 16: 21-24

Salunkhe DK, Chavan JK, Jadhav SJ, (1985) Nutritional 
composition of sorghum grains. In: Salunkhe DK, Chavan 
JK, Jadhav SJ (eds) Nutritional Processing Quality of 
Sorghum. Oxford and IBM Publishing Co., New Delhi, 
pp 5-13

Shckib LA, EL-Iraqui SM, Abo-Bakr TM (1988) Studies on 
amylase inhibitors in some Egyptian legume seeds. Plant 
Food Human Nutr 38: 325-328

Snow PO, Kerin OD (1981) Factors affecting the rate of starch 
hydrolysis of starch in foods. Am J  Clin Nutr 34: 2721- 
2723

Udupa SL, Prabhakar AR, Tandon S (1989) a - amylase inhibitors 
in foodstuffs. Food Chcm 34: 95-97

R e c e i v e d  8  A p r i l  1 9 9 2 ;  r e v i s e d  2 2  M a r c h  1 9 9 3 ;  a c c e p t e d  2 6  M a r c h  1 9 9 3



J .  F o o d  S c i .  T e c h n o l ,  1 9 9 3 ,  V o l  3 0 ,  N o . 5 ,  3 2 4 - 3 3 0

C h a n g e s  i n  F r e e  F a t t y  A c i d s  a n d  I n s e c t  I n f e s t a t i o n  
D u r i n g  S t o r a g e  o f  B r o w n  R i c e  O b t a i n e d  b y  

S h e l l i n g  P a d d y  i n  R u b b e r  R o l l  a n d  
D i s c  S h e l l e r s

Y. M. INDUDHARA SWAMY1*, K. R. UNNIKRISHNAN1 AND K. S. NARASIMHAN2
'D epartm ent o f G rain S cien ce  an d  T echnology, 

d e p a r tm e n t  of In festation  Control and P rotectan ts,
C entral Food T ech n ological R esearch  In stitu te , M ysore - 5 7 0  0 1 3 , India.

Development of free fatty acids (FFA) in brown rice, obtained by shelling in rubber roll sheller and disc sheller, 
was monitored at various conditions of storage, viz., cold (4-6°C), room temperature (RT), 37°C- 62% relative humidity 
(RH), and at 37°C - 92% Fill, with and without insects, upto 13 months. The samples were stored in cloth bags 
and bottles. FFA, which were initially less than 3%, increased with period of storage; the increase was almost double 
in disc-shelled rice compared to that in rubber roll shelled rice. High temperatures and relative humidity of the 
environment increased FFA. Increase in FFA was slightly more when stored in cloth bags than in glass bottles. Insects 
did not survive at 37°C-62% FiH, but multiplied rapidly at RT. Accompanied by increase in FFA, the insects spoiled 
the rice in 3 months.
Keywords : Brown rice, Storage, Free fatty acids, Infestation, Bran, Brokcns, Effect of shelling method.

Storing brow n rice (after rem oving h u sk  from  
paddy) offers con sid erab le  ad v an ta ges in  term s of 
handling le sser  q u an tity  an d  requirem ent of le sser  
sp ace, a s  th e h u sk  con tr ib u tes to  ab ou t one-fourth  
of the w eight an d  over on e-th ird  the vo lu m e of 
paddy (H ouston  1972). H owever, th e quality of  
brow n or h u sk ed  rice deteriorates during storage, 
m ain ly b eca u se  o f oxidative ch a n g es  (Sow bhagya  
and B h attach arya  1976) and lipolytic h yd ro lysis of 
about 3% oil p resen t in  it (H unter et al. 1951). 
It h a s  a lso  b een  w ell esta b lish ed  th a t during  
storage, there is  a  sligh t ch an g e in  fatty acid  levels, 
(Ram aratnam  and K u lk am i 1983).

S e v e r a l in v e s t ig a t o r s  h a v e  s tu d ie d  th e  
developm ent of free fatty ac id s in  gra in s during  
storage and m ea su rem en t o f fat acid ity  h a s  b een  
recom m ended a s  a criterion  of deterioration  of the  
grains (Zeleny an d  C olem an 1938; Z eleny 1948; 
Y asu m atsu  and M oritaka 1964; B arber 1972). 
H unter et al (1951) fou n d  th a t th e  free fatty ac id s  
in  com m ercia lly  d eh u lled  'Caloro' b row n  rice  
increased  w ith  in crea se  in  m oistu re  levels o f rice  
and tem p eratu res o f  storage during a lim ited period  
of 22  w eeks. However, th e  data  for d ifferent m illing  
p ro cesses  are scarce. A lth ough  the effect o f in sect  
in festa tion  on  h u sk ed , h a n d -p o u n d ed  an d  m illed  
raw and parboiled  rice h a s  b een  stu d ied  in  a lim ited  
con text (Pingle et al. 1957), th e free fatty acid

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

developm ent during storage o f brow n rice received  
little a ttention . To com p reh en d  s u c h  ch a n g es , th e  
p resen t stu d y  w a s  u n d ertak en  an d  th e  r e su lts  are  
reported in  th is  paper.
Materials and Methods

M a te r i a l s  : ’IR20' paddy, rou gh ly  1 m o n th  after  
harvest, w a s  divided into tw o p ortions an d  d eh u sk ed  
u s in g  ru b b e r  ro ll s h e lle r  a n d  d is c  sh e lle r ,  
respectively, in a local com m ercia l rice m ill. The  
b rok en s in  brow n rice w ere sep ara ted  u s in g  a 
trio cylinder. H ead (whole) rice an d  b ro k en s w ere  
fum igated  in  c lo se  drum  for 6  d a y s b y  u s in g  1 
a lu m in iu m  p h osp h id e  t a b le t /3 0 0  kg brow n rice (1 
tab let co n ta in s  1 g p h osp h in e). After fum igation , 
the drum  w a s  left op en  for 2 d ays, before u s in g  
the fum igated  gra in s in  furth er exp erim en ts.

S t o r a g e  c o n d i t i o n s  : C lean , w ide m o u th  g la ss  
b o ttles  (160  n u m bers), w rapped  in  b la ck  paper, 
w ere filled up to th e  n eck  w ith  brow n rice (about 
4 5 0  g  o f rubber roll an d  d isc  - sh e lled  rice in  8 0  
b ottles  o f  each  set). Into h a lf  o f each  se t  o f  b o ttles  
w ere in troduced  2 0  in se c ts  ( S t t o p h i l u s  o r y z a e ,  10 
d ays old). The b o ttle s  w ere covered  b y  c lo th  (k o r a )  
and tied  over the m ou th . T h ese  b o ttle s  w ere stored  
at (a) room  tem peratu re (23-34°C ) an d  (b) 37°C  - 
62%  RH (Cairm s 1974). A n oth er se t  w a s  stored  
(w ithout in sects) at cold  (4-6°C) a n d  37°C  - 92%  
RH.
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I n  a n o t h e r  t r i a l ,  1 0 %  a n d  2 0 %  b r o k e n s  w e r e  
a d d e d  t o  b r o w n  r i c e  a n d  s t o r e d  a t  R T  a n d  3 7 ° C ,  
(2  k g )  w i t h o u t  a n y  R H  c o n t r o l .  R u b b e r  r o l l  s h e l l e d  
b r o w n  r i c e  (2  k g )  w a s  a l s o  s t o r e d  i n  c l o t h  b a g s  a t  
c o l d ,  R T ,  3 7 ° C - 6 2 %  R H ,  a n d  3 7 ° C - 9 2 %  R H .  B r o w n  
r i c e  w a s  m i l l e d  t o  8 %  d e g r e e  o f  p o l i s h  a n d  s t o r e d  
a t  R T  i n  b o t t l e s ,  a s  c o n t r o l .
M e th o d s  : S a m p l e s  w e r e  d r a w n  i n  t r i p l i c a t e  a t  
r e g u l a r  i n t e r v a l s .  M o i s t u r e  w a s  d e t e r m i n e d  b y  
d i y i n g  1 0  g  s a m p l e  i n  a n  o v e n  a t  1 0 5 ° C  f o r  2 4  
h  a n d  a d d i n g  a  c o r r e c t i o n  f a c t o r  o f  0 . 5 %  t o  t h e  
v a l u e s  ( B h a t t a c h a r y a  a n d  I n d u d h a r a  S w a m y ,  
u n p u b l i s h e d ) .  A  p o r t i o n  o f  b r o w n  r i c e  w a s  g r o u n d  
i n  R a y m o n d  h a m m e r  m i l l  t o  p a s s  t h r o u g h  6 0  m e s h  
f o r  e s t i m a t i o n  o f  F F A  a n d  f a t  ( A O C S  1 9 7 3 ) .  T h e  
o t h e r  p o r t i o n  o f  b r o w n  r i c e  w a s  m i l l e d  i n  M c G i l l  
l a b o r a t o r y  m i l l e r  t o  8 %  d e g r e e  o f  p o l i s h  a n d  1 0  g  
b r a n  s a m p l e  w a s  u s e d  f o r  f a t  e x t r a c t i o n  ( A O C S
1 9 7 3 )  a n d  F F A  d e t e r m i n a t i o n .  S e l e c t e d  s a m p l e s  o f  
m i l l e d  r i c e ,  o f  w h i c h  t h e  c o r r e s p o n d i n g  b r o w n  r i c e  
s a m p l e s  ( s t o r e d  w i t h o u t  i n s e c t s  f o r  1 3  m o n t h s )  
s h o w e d  v e r y  h i g h  F F A  v a l u e s ,  w e r e  g r o u n d  a n d  f a t  
e x t r a c t e d  b y  p e t r o l e u m  e t h e r  i n  S o x h l e t  f o r  2 4  h  
f o r  e s t i m a t i n g  F F A .

A d u l t  i n s e c t s  i n  4 0 0  g  m a t e r i a l  w e r e  c o u n t e d  
u s i n g  e t h y l  e t h e r  a s  a n a e s t h e t i c  a n d  a  1 0  m e s h

s t a n d a r d  ( B S S )  s i e v e .  K e r n e l  d a m a g e  w a s  d e t e r m i n e d  
b y  c o u n t i n g  k e r n e l s  h a v i n g  e x i t  h o l e s  p e r  h u n d r e d  
k e r n e l s .  F r a s s  %  w a s  e s t i m a t e d  b y  s i e v i n g  t h e  r i c e  
o n  a  1 6  m e s h  ( B S S )  s i e v e .  M o u l d  c o u n t  w a s  c a r r i e d  
o u t  b y  t h e  s e r i a l  d i l u t i o n  m e t h o d  u s i n g  C z e p a k ' s  
a g a r  m e d i u m  i n c u b a t e d  a t  3 0 ° C  f o r  6  d a y s .  U r i c  
a c i d  c o n t e n t  w a s  a l s o  d e t e r m i n e d  ( V e n k a t  R a o  e t  
a l .  1 9 5 9 ) .  T h e  d a t a  w e r e  s t a t i s t i c a l l y  t e s t e d  b y  
m o d i f i e d  D u n c a n ' s  n e w  m u l t i p l e  r a n g e  t e s t  ( H a r t e r  
1 9 6 0 ) .

R e s u l t s  a n d  D i s c u s s i o n
C h a n g e s  in  f r e e  f a t t y  a c id s  : T h e  F F A ,  w h i c h  

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

Fig. 1. C h a n g e s  in  free  fa tty  a c id s  in  w h o le  b ro w n  r ice  d u r in g  s to ra g e  a t  d iffe re n t c o n d it io n s .
X  : C old; O : RT; •  : RT w ith  in s e c ts ;  □ ; 37°C  (62%  RH); ■  ; 37°C  (62%  RH) w ith  in s e c ts ;  A : 3 7°C  (92%  RH);
▲  : RT (m illed  rice); + : R T w ith  10%  b ro k e n s .
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Fig.2 . C h a n g e s  in  free  fa lty  a c id s  in  b r a n  o f b ro w n  rice  o n  s to r in g  a t  d iffe re n t c o n d itio n s .
X : C old; O  : RT; C P  37°C  (62%  RII); ■  37°C  (62%  RII) w ith  in s e c ts ;  A : 37°C  (92%  RH).

TABLE 1. STATISTICAL SIG N IFIC A N CE O F  F R E E  FATTY ACID C H A N G ES IN BROW N R IC E  AM ONG D IF F E R E N T  C O N D ITIO N S O F 
STO R A G E AND D IF F E R E N T  STO R A G E PE R IO D S “

S to ra g e  p e rio d , m o n th s
S to rag e 0 1 3 6 13
c o n d itio n s R D R D R D R D R D

RT aA aB bA bC cA cC cA dC dA eC

3 7°C -62 %  RH aA aB bAB bD cB cD d B dD eB eD

RT, w ith  in s e c ts aA aB bB bD cE c F - - - -

3 7°C -62 %  RH, w ith  in s e c ts aA aB bAB bD cB cG d B d E eAB eD

Cold aA aB bA bC cA cC dA cC eA d B

3 7°C -92 %  RH, aA aB bB bD cB cD d B dB - -

RT, w ith  10%  b ro k e n s aA - b E - cE - dC - eC -

RT, w ith  2 0 %  b ro k e n s aA _ b E _ cE _ dC _ eC _

“ D iffe ren t s m a ll le t te r s  in  e a c h  row  sh o w  s ta t is t ic a l ly  s ig n if ic a n t d iffe re n c e s  (P < 0 .0 5 ) a m o n g  d if fe re n t  p e r io d s  a t  e a c h  c o n d itio n  
o f  s to ra g e . D iffe ren t c a p i ta l  le t te r s  in  e a c h  c o lu m n  s h o w  s ta t is t ic a l ly  s ig n if ic a n t d iffe re n c e s  (P < 0 .0 5 )  a m o n g  d if fe re n t  c o n d itio n s  
o f  s to ra g e  a t  e a c h  p e rio d . R; r u b b e r  ro ll s h e llc r , D: d is c  s h c llc r , RT: ro o m  te m p e ra tu re .
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Fig.3 . C h a n g e s  :n  m o is tu re  c o n te n t  in  b ro w n  rice  d u r in g  s to ra g e  a t  d iffe re n t c o n d itio n s .
X : C old; O : RT; •  : R T  w ith  in s e c ts ;  D : 37°C  (62%  RH); ■  ; 37°C  (62%  RII) w ith  in s e c ts ;  A : 37°C  (92%  RII).

r i s e  t o  h i g h  m o i s t u r e  c o n t e n t  i n  r i c e  ( F i g .3 ) ,  w h i c h  
i s  c o n d u c i v e  f o r  e n z y m a t i c  h y d r o l y s i s  o f  f a t  
( S o w b h a g y a  a n d  B h a t t a c h a r y a  1 9 7 6 ) .  M o i s t u r e  
c o n t e n t  o f  a b o u t  1 5 . 5 %  i n  s a m p l e s  s t o r e d  i n  c o l d  
e x p l a i n s  t h e  i n c r e a s e d  F F A  v a l u e s ,  w h i c h  o t h e r w i s e  
a p p e a r s  u n e x p e c t e d .  I n  e a r l i e r  s t u d i e s  a l s o ,  F F A  
w a s  f o u n d  t o  i n c r e a s e  w i t h  i n c r e a s e  i n  m o i s t u r e  
c o n t e n t  n o t  o n l y  i n  p a d d y  ( H o u s t o n  e t  a l .  1 9 5 7 ) ,  
b u t  a l s o  i n  s t e a m e d  ( w h i c h  d e s t r o y s  e n z y m e  a c t i v i t y  
t o  a  g r e a t  e x t e n t )  r i c e  o n  s t o r a g e  ( H o u s t o n  e t  a l .  
1 9 5 1 ;  D e s i k a c h a r  e t  a l .  1 9 6 9 ) .

R a t e  o f  d e v e l o p m e n t  o f  F F A  w a s  f a s t e r  a n d  o f  
g r e a t e r  m a g n i t u t e  i n  b r o w n  r i c e  o b t a i n e d  f r o m  d i s c  
s h e l l e r  t h a n  i n  t h a t  f r o m  r u b b e r  r o l l  s h e l l e r ,  t h e  
v a l u e s  o f  d i s c  s h e l l e d  s a m p l e s  b e i n g  g e n e r a l l y  t w i c e  
t h o s e  o f  r u b b e r  r o l l  s h e l l e d  o n e s  a t  s a m e  p e r i o d s  
o f  s t o r a g e  ( F ig .  1 ) . D a t a  i n d i c a t e  t h a t  b r a n  l a y e r s  
a r e  b r u i s e d  t o  a  g r e a t e r  e x t e n t  o n  s h e l l i n g  p a d d y  
i n  d i s c  s h e l l e r  t h a n  o n  s h e l l i n g  i n  r u b b e r  r o l l  
s h e l l e r ,  w h i c h  i n  t u r n ,  e x p o s e s  t h e  l i p o l y t i c  e n z y m e s  
f o r  f a s t e r  a c t i v i t y .  E a r l i e r ,  H u n t e r  e t  a l .  ( 1 9 5 1 )  
p r e d i c t e d  a  s i m i l a r  p o s s i b i l i t y .

A d d i t i o n  o f  i n s e c t s  r e s u l t e d  i n  h i g h  i n f e s t a t i o n  
a t  R T  a n d  F F A  v a l u e s  i n c r e a s e d  s e v e r a l  f o l d  a s

c o m p a r e d  t o  s a m p l e s  w i t h o u t  i n s e c t s  ( F ig .  1 ) . T h i s  
w a s  a c c o m p a n i e d  b y  h i g h  m o i s t u r e  c o n t e n t  i n  r i c e  
s a m p l e s  ( 2 0 . 4  a n d  2 1 . 3 %  f o r  r u b b e r  r o l l  s h e l l e d  
a n d  d i s c - s h e l l e d  r i c e ,  r e s p e c t i v e l y  a f t e r  3  m o n t h s ) .  
T h i s  e x p l a i n s  t h e  h i g h  F F A  v a l u e s  a n d  t h e  r i c e  
s p o i l a g e  a s  e v i d e n c e d  b y  t h e  c a k e - l i k e  f o r m a t i o n  
( F ig .  4 ) .  P i n g l e  e t  a l  ( 1 9 5 7 )  a l s o  r e p o r t e d  t h a t  t h e  
h u s k e d  r i c e  g o t  i n f e c t e d  t o  a  g r e a t e r  e x t e n t  t h a n  
m i l l e d  r a w  a n d  p a r b o i l e d  r i c e ,  a n d  r e s u l t e d  i n ’a  
n o n - a p p e a l i n g  a p p e a r a n c e .  F u t h e r ,  P i l l a i y a r  ( 1 9 7 9 )  
r e p o r t e d  a n  i n c r e a s e  i n  F F A  a n d  i n s e c t  i n f e s t a t i o n  
i n  s t a b i l i s e d  a n d  u n s t a b i l i s e d  p a r b o i l e d  a n d  r a w  
r i c e  b r a n  s t o r e d  i n  g u n n y  b a g s .  O t h e r  w o r k e r s  
( A d a m s  1 9 7 7 ;  S w a m i n a t h a n  1 9 7 7 )  a l s o  r e p o r t e d  
d e c r e a s e  i n  f a t  c o n t e n t  a n d  i n c r e a s e  i n  F F A  d u r i n g  
i n s e c t  d e v e l o p m e n t .  H o w e v e r ,  t h e  i n s e c t s  d i d  n o t  
s u r v i v e  a t  h i g h e r  t e m p e r a t u r e  o f  s t o r a g e  ( 3 7 ° C  - 
6 2 %  R H )  a n d  t h e  v a l u e s  o f  F F A  d i d  n o t  s h o w  m u c h  
v a r i a t i o n  b e t w e e n  s a m p l e s  w i t h  a n d  w i t h o u t  i n s e c t s .

D e v e l o p m e n t  o f  F F A  i n  o i l  o f  b r a n  f r a c t i o n s ,  
o b t a i n e d  b y  m i l l i n g  t h e  b r o w n  r i c e  s t o r e d  f o r  
d i f f e r e n t  p e r i o d s ,  s h o w e d  a  s i m i l a r  p a t t e r n  a s  t h a t  
o f  b r o w n  r i c e  ( F ig .  2 ) ;  e v e n  t h e  s t a t i s t i c a l  d i f f e r e n c e  
o f  v a l u e s  a m o n g  s a m p l e s  b e i n g  t h e  s a m e  ( d a t a  n o t
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Fig .4 . R u b b e r  ro ll sh e lle d  b ro w n  rice  s to re d  a t  RT w ith  in s e c ts .  L ab e ls  in d ic a te  th e  p e rio d  o f  s to ra g e  in  m o n th s .

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

TABLE 2. CONTENT O F  F R E E  FATTY A C ID S IN BROW N RICE, 
MILLED R IC E, AND BRAN A FTE R  STORING FO R  13 
M ONTHS AS BROW N RICE

F ree  fa tty  a c id s  in
S to ra g e
co n d itions*

B ro w n  rice  
(m g / 100  g)

M illed r ice  
(m g / 100  g)

B ra n b 
(m g / 8  g)

R D R D R D
Cold 183 5 1 6 3 0 41 141 4 3 7
RT 3 1 8 6 7 4 4 0 4 8 2 5 6 5 7 6
3 7 °C -6 2 %  RH 3 6 3 8 1 3 5 7 6 2 281 691
3 7°C -92 %  RH 761 8 5 5 108 71 601 721
a S a m p le  c o d e s  s a m e  a s  in  T a b le  1.
b V a lu e s  for 8  g b r a n  g iven  fo r e a s y  c o m p a r is o n  a s  r ice  is  
p o lish e d  to  8%  d e g re e  o f  p o lish .
M illed r ice  s to re d  a f te r  p o lis h in g  to  8 % d e g re e  o f  p o lis h  gave 
9 3  m g  free  fa tty  a c i d s / 100 g.

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

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

E ffe c t o f  s to r in g  in  c lo th  b a g s  : W h e n  b r o w n  
r i c e  w a s  s t o r e d  i n  c l o t h  b a g s ,  t h e  t r e n d  o f  c h a n g e s  
i n  F F A  w i t h  p e r i o d  o f  s t o r a g e  w a s  s i m i l a r  t o  t h a t  
o f  b o t t l e  s t o r a g e  a t  a l l  c o n d i t i o n s  s t u d i e d .  H o w e v e r ,  
t h e  F F A  v a l u e s  w e r e  s l i g h t l y  h i g h e r ,  a s  c o m p a r e d  
t o  t h o s e  o f  b o t t l e - s t o r e d  s a m p l e s ,  e x c e p t  a t  3 7 ° C  
-  6 2 %  R H ,  w h e r e  t h e  v a l u e s  r e m a i n e d  m o r e  o r  l e s s  
s a m e .  S i m i l a r  o b s e r v a t i o n s  w e r e  m a d e  w h e n  
s t a b i l i z e d  b r a n  w a s  s t o r e d  i n  b a g s  a n d  b o t t l e s ,  t h e  
l a t t e r  b e i n g  m o r e  s u i t a b l e  f o r  s t o r a g e  a t  h i g h  
h u m i d i t y  ( B a r b e r  e t  a l .  1 9 7 4 ;  L o e b  e t  a l .  1 9 4 9 ) .

E ffec t o f  a d d i t io n  o f  in s e c t s  o n  o th e r  p r o p e r t ie s  : 
I n s e c t  d e v e l o p m e n t  w a s  v e r y  r a p i d  a t  R T  a n d  
r e s u l t e d  i n  c o m p l e t e  s p o i l a g e  o f  b r o w n  r i c e  w i t h i n  
3  m o n t h s .  T h e r e  w a s  n o  d i f f e r e n c e  a s  t o  t h e  
d e v e l o p m e n t  o f  i n f e s t a t i o n  i n  r i c e  b e t w e e n  t h e  t w o  
m e t h o d s  o f  s h e l l i n g ,  e x c e p t  f o r  s l i g h t l y  h i g h e r  
p o p u l a t i o n  a f t e r  3  m o n t h s  i n  d i s c  - s h e l l e d  r i c e .  
I n s e c t s  n o t  o n l y  d i d  n o t  b r e e d ,  b u t  a l s o  d i d  n o t
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TABLE 3 . E F F E C T  O F  ADDITION O F  IN SE C TS ON STORABILITY O F  BROW N R IC E AT D IF F E R E N T  CON D ITIO N S

P eriod  o f
s to rag e ,
m o n th s

S to ra g e
co n d itio n s*

M o is tu re , 
%  w .b .

No. o f  liv ing 
in s e c ts

K ern el 
d a m a g e , %

F ra s s ,  
m g / 100  g

U ric  a c id  
m g /lO O g

M o u ld  c o u n t  
10s

P so c id s

0 — 12.6 0 0 0 0 0 .01 0

1 R-RT, w ith  in s e c ts 12 .9 19 0 0 2 .2 0 .0 3 7 0

R -37°C  - 6 2 %  RH, 
w ith  in s e c ts 12 .3 3 0 0 0 .5 0 .0 2 3 0

D-RT, w ith  in s e c ts 13.1 19 0 0 2 .0 0 .0 2 0 0

D -37 °C  - 6 2 %  RH, 
w ith  in s e c ts 12 .3 3 0 0 1.0 0 .0 2 3 0

2 R-RT, w ith  in s e c ts 1 4 .6 4 9 2 6 0 .5 1 8 .5 0 2 .2 5 0 0

R -3 7°C  - 6 2 %  RH, 
w ith  in s e c ts 12.0 2 0 0.1 2 .2 5 2 .0 0 0 1 0 ,0 0 0

D-RT, w ith  in s e c ts 1 5 .5 431 7 0 .6 1 7 .5 0 2 .2 5 0 0

D -37 °C  - 6 2 %  RH, 
w ith  in s e c ts 12.0 2 0 0.1 2 .2 5 2 .0 0 0 1 0 ,000

3 R-RT, w ith  in s e c ts 2 0 .4 2 9 0 4 6 7 13 .0 8 3 .0 1 10 0 0

R -37°C  - 6 2 %  RH, 
w ith  in s e c ts 12.0 4 0 0 3 .0 7 .0 1 0 0 ,0 0 0

D-R T, w ith  in s e c ts 2 1 .2 4 5 4 7 7 2 13 .5 9 7 .0 1 5 0 0 0

D -37°C  - 6 2 %  RH, 
w ith  in s e c ts 11.8 4 0 0 6 .5 8 .5 1 0 0 ,0 0 0

R -R T 12.6 0 0 0 0 0 .0 3 0

R -37°C  - 6 2 %  RH 12.4 0 0 0 0 0 .0 3 100

D -R T 1 2 .7 0 0 0 0 0 .0 3 5 0

D -37 °C  - 6 2 %  RH 1 2 .5 0 0 0 0 0 .0 3 0

•S am p le  c o d e s  s a m e  a s  in  T a b le  1.

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

T h e  f o l l o w i n g  c o n c l u s i o n s  c a n  b e  d r a w n  f r o m  
t h e  p r e s e n t  s t u d y  : ( a )  B r o w n  r i c e  o b t a i n e d  b y  
s h e l l i n g  p a d d y  i n  r u b b e r  r o l l  s h e l l e r  c a n  b e  
s t o r e d  u p t o  3  m o n t h s  a t  R T  ( 2 3 - 3 4 ° C )  a n d  f o r  o n e  
y e a r  i n  c o l d  ( 4 - 6 ° C ) ,  a s  t h e  F F A  i n  e i t h e r  
c a s e  r e a c h e d  o n l y  a b o u t  1 0 %  o f  t h e  t o t a l  f a t ,
(b )  T h e  b r a n  o b t a i n e d  f r o m  s u c h  s t o r e d  r i c e  c a n  
b e  u s e d  f o r  e x t r a c t i o n  o f  o i l  f o r  e d i b l e  p u r p o s e ,
(c) D i s c  -  s h e l l e d  r i c e  c a n n o t  b e  s t o r e d  f o r  m o r e  
t h a n  2  w e e k s  e v e n  i n  c o l d  a s  t h e  F F A  i n c r e a s e d  
t o  m o r e  t h a n  1 2 %  a n d  (d )  M i l l e d  r i c e  o b t a i n e d

f r o m  t h e  b r o w n  r i c e  w h i c h  s t o r e d  f o r  o n e  
y e a r  i s  b e t t e r  t h a n  r i c e  s t o r e d  a s  m i l l e d  r i c e ,  
a s  t h e  f o r m e r  c o n t a i n e d  o n l y  h a l f  t h e  a m o u n t  o f  
F F A .
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  M r .  B .  S .  R a m e s h  
f o r  t h e  s t a t i s t i c a l  e v a l u a t i o n  o f  t h e  d a t a .
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Storage Stability of Commercially 
Available Weaning Foods

N .  K O T W A L I W A L E ,  G .  P .  S H A R M A *  A N D  S .  K .  J A I N
D e p a r t m e n t  o f  P r o c e s s i n g  a n d  F o o d  E n g i n e e r i n g .

C o l l e g e  o f  T e c h n o l o g y  a n d  A g r i c u l t u r a l  E n g i n e e r i n g ,  U d a i p u r - 3 1 3  0 0 1 ,  I n d i a .
E q u ilib r iu m  m o is tu r e  c o n te n t  a n d  w a te r  a c tiv ity  d a t a  o b ta in e d  a t  20°C , 30°C , 4 0 °C , a n d  5 0°C  fo r tw o c o m m e rc ia lly  

a v a ila b le  w e a n in g  fo o d s  w e re  a n a ly s e d  b y  is o th e rm  m o d e ls  a n d  is o s te r ic  h e a t  v a lu e s  w e re  c a lc u la te d .  T h e  a n a ly s is  
rev e a led  th a t  a  r a n g e  o f  w a te r  a c tiv ity  e x is ts  a t  a ll t e m p e r a tu r e s ,  a t  w h ic h  m a jo r  m o is tu r e  re la te d  c h a n g e s  ta k e  p la c e  
in  th e s e  foods. A t 50°C , w h e re  w o rs t  p o s s ib le  s to ra g e  c o n d it io n s  w ill b e  c r e a te d , th e  s to ra g e  s ta b i l i ty  o f  th e s e  foods 
is  m a x im u m  a t  w a te r  a c tiv ity  o f  0 .2 7 5 - 0 .3 1 5  a n d  0 .2 8 5 - 0 .3 5 0  c o rre s p o n d in g  to  e q u il ib r iu m  m o is tu re  c o n te n t  o f  0 .0 2 6 -  
0 .0 2 8  g w a te r /g  d ry  so lid  a n d  0 .0 4 7 - 0 .0 5 5  g  w a tc r /g  so ild . W ith  in c re a s e  in  m o is tu re  c o n te n t ,  th e  m o is tu r e  b in d in g  
e n e rg y  d e c re a s e s  a n d  m o is tu re  b e c o m e s  m o re  free. I so s te ric  h e a t  d e c r e a s e s  w ith  a n  in c re a s e  in  m o is tu r e  c o n te n t  a t  
a ll fo u r  te m p e ra tu re s .
K e y w o rd s  : E q u il ib r iu m  m o is tu re  c o n te n t .  L ocal is o th e rm , S ta b ili ty  is o th e rm , Iso s te r ic  h e a t ,  W a te r  a c tiv ity , M o n o la y e r  

m o is tu re .

P r o c e s s e d  f o o d s t u f f s  a r e  m o s t  s t a b l e  i n  a n  
o p t i m u m  r a n g e  o f  m o i s t u r e  c o n t e n t ,  a b o v e  a n d  
b e l o w  w h i c h ,  t h e y  a r e  p r o n e  t o  r a p i d  d e t e r i o r a t i o n  
i n  q u a l i t y  a n d  f l a v o u r .  S e v e r a l  s t u d i e s  h a v e  b e e n  
c a r r i e d  o u t  o n  t h e  s t o r a g e  s t a b i l i t y  o f  w e a n i n g  f o o d s  
b a s e d  o n  p u l s e s  a n d  r a g i .  T h e  r e s u l t s  h a v e  s h o w n  
t h a t  t h e s e  f o o d s  c o u l d  b e  s t o r e d  u p t o  a  p e r i o d  o f
2 - 5  m o n t h s  d e p e n d i n g  o n  t h e  m o i s t u r e  c o n t e n t  o f  
t h e  f o o d  a n d  t h e  t y p e  o f  c o n t a i n e r  ( M a l l e s h i  e t  a l .  
1 9 8 9 ;  M a l l e s h i  a n d  D e s i k a c h a r  ( 1 9 8 2 ) .  T h e  c r i t i c a l  
m o i s t u r e  c o n t e n t  a t  w h i c h  f o o d  m a t e r i a l  i s  a t  s t a b l e  
c o n d i t i o n  i s  g o v e r n e d  b y  m o n o l a y e r  m o i s t u r e  v a l u e .  
C r i t i c a l  m o i s t u r e  c o n t e n t s  s u c h  a s  b o u n d  w a t e r  a n d  
m o i s t u r e  c o n t e n t s  a t  c h a n g e  o v e r  p o i n t s  i n  t h e  
n a t u r e  o f  m o i s t u r e  b i n d i n g s  i n  f o o d s  a r e  o f  i n t e r e s t  
t o  p r o c e s s o r s .  T h i s  p a p e r  d e a l s  w i t h  t h e  l o c a l  a n d  
s t a b i l i t y  i s o t h e r m s  a n d  i s o s t e r i c  h e a t  m o d e l s .

M a t e r i a l s  a n d  M e t h o d s
E q u i l i b r i u m  m o i s t u r e  l e v e l s  a t  d i f f e r e n t  w a t e r  

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

s t r e a m s ,  b y  m e a n s  o f  a  s e t  o f  c a p i l l a r y  t u b e s  n a m e d  
a s  p r o p o r t i o n i n g  v a l v e .  O n e  o f  t h e  s t r e a m s  r e m a i n s  
d r y ,  a n d  t h e  o t h e r  i s  s a t u r a t e d  w i t h  w a t e r  v a p o u r s  
b y  b u b b l i n g  a i r  t h r o u g h  d i s t i l l e d  w a t e r  c o n t a i n e d  
i n  t h r e e  s a t u r a t o r s .  T h e  p r o p o r t i o n i n g  v a l v e  c o n s i s t s  
o f  s i x  c a p t l l a i y  t u b e s ,  h a v i n g  l e n g t h  2 0 , 1 0 , 1 0 , 4 , 4  
a n d  4  c m ,  w h i c h  d i v i d e  0 . 0 5 ,  0 . 1 0 ,  0 . 1 0 ,  0 . 2 5 ,  0 . 2 5  
a n d  0 . 2 5  f r a c t i o n s  o f  m a i n  a i r  s t r e a m ,  r e s p e c t i v e l y  
i n t o  e i t h e r  d r y  a n d  w e t  l i n e .  B y  s u i t a b l e  c o m b i n a t i o n  
o f  t h e  c a p i l l a r y  t u b e s ,  a n y  f r a c t i o n  o f  t h e  m a i n  a i r  
s t r e a m  r a n g i n g  f r o m  0 . 0 5  t o  0 . 9 5  w i t h  0 . 0 5  i n t e r v a l  
c a n  b e  d i r e c t e d  e i t h e r  t o  t h e  d i y  o r  t h e  w e t  l i n e .  
T h e  d i y  a n d  t h e  w e t  s a t u r a t e d  s t r e a m  a r e  m i x e d  
t o  g i v e  t h e  m i x e d  a i r  s t r e a m  a t  a  c e r t a i n  d e s i r e d  
r e l a t i v e  h u m i d i t y .

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

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

A  F  =  - R T  I n  a w ..........(1 )
T h e  f r e e  e n e r g y  r e q u i r e d  t o  t r a n s f e r  w a t e r  

m o l e c u l e s  f r o m  t h e  v a p o u r  s t a t e  t o  s o l i d  s u r f a c e  
i s  a  m e a s u r e  o f  t h e  a f f i n i t y  o f  t h e  s o l i d  f o r  t h e  
v a p o u r .  A  c o m b i n a t i o n  o f  i n t e r s e c t i n g  s t r a i g h t  l i n e s  
i s  u s u a l l y  o b t a i n e d  f r o m  s u c h  a  p l o t .  I n  t h e  l o c a l  
i s o t h e r m  p l o t ,  a  c h a n g e  i n  t h e  n a t u r e  o f  m o i s t u r e
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b i n d i n g  i s  r e v e a l e d  a t  m o i s t u r e  c o n t e n t s  a t  e a c h  
i n f l e c t i o n  p o i n t .

S t a b i l i t y  i s o t h e r m  i s  o b t a i n e d ,  w h e n  t h e  f i r s t  
d e r i v a t i v e  o f  t h e  m o i s t u r e ,  d Me/ d a w i s  p l o t t e d  a g a i n s t  
t h e  w a t e r  a c t i v i t y  ( a j .  T h e  v a l u e  o f  d Me/ d a w i s  
o b t a i n e d  b y  d i f f e r e n t i a t i n g ,  a n d  r e a r r a n g i n g  G A B  
e q u a t i o n  w i t h  r e s p e c t  t o  a w a s  d e s c r i b e d  b y  S a w h n e y  
e t  a l .  ( 1 9 8 9 ) ,  a n d  i s  e q u a l  t o

d M e / d a w =  ( C ,  +  C 2 a w +  C 3 a J  -  a w (C 1 +  C 2 3 w +
C 3 a j  . ( C 2 +  2 C 3 a j  ..........(2 )

W h e r e  C ,  =  l / ( M g .  C g .  K g ) ,
C 2 =  ( 1 / M g )  . [ ( C g - 2 ) / C g l , a n d  
C 3 =  ( K g / M g )  . [ ( 1 - C g ) / C g ]

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

D u r i n g  p r o c e s s  o f  a d s o r p t i o n / d e s o r p t i o n  o f  
w a t e r  o n  t o / f r o m  t h e  f o o d  s u r f a c e ,  s o m e  h e a t  i s  
r e l e a s e d / a d s o r b e d  b y  t h e  s u r f a c e ,  w h i c h  i s  t e r m e d  
a s  h e a t  o f  a d s o r p t i o n  a n d  h e a t  o f  d e s o r p t i o n ,  
r e s p e c t i v e l y .  C h u n g  a n d  P f o s t  ( 1 9 6 7 )  d e s c r i b e d  
t h e s e  h e a t s  a s  [ T  — T  J

A  H s t  =  R --------1--------1 _  In ( p / p . )  ...........( 3 )
[T j • T 2]

T h e  v a l u e  o f  H s t  i s  a p p l i c a b l e  f o r  a  t e m p e r a t u r e  
T ,  s o  t h a t

1 / T  -  1 / 2  1 1 / T ,  +  1 / T J  ..........(4 )
T h e  h e a t  o f  a d s o r p t i o n  o r  d e s o r p t i o n  i n d i c a t e s  

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

R e s u l t s  a n d  D i s c u s s i o n
T h e  w a t e r  a c t i v i t y  a n d  e q u i l i b r i u m  m o i s t u r e  

c o n t e n t  d a t a  o b t a i n e d  a t  2 0 ,  3 0 ,  4 0  a n d  5 0 ° C  w e r e  
u s e d  t o  p l o t  ' l o c a l '  a n d  ' s t a b i l i t y '  i s o t h e r m s .  T h e s e  
i s o t h e r m s  r e s u l t  m o s t l y  i n  c o m b i n a t i o n  o f  t h r e e  
s t r a i g h t  l i n e s  w i t h  t w o  c h a n g e  o v e r  p o i n t s  ( i n f l e c t i o n  
p o i n t s ) .  T h e  p o i n t s  o f  d i s c o n t i n u i t y  i n d i c a t e  a  
c h a n g e  i n  t h e  n a t u r e  o f  w a t e r  b i n d i n g .  I t  i s  a l s o  
o b s e r v e d  t h a t  a t  l o w  m o i s t u r e  c o n t e n t ,  c h a n g e  i n  
f r e e  e n e r g y  i s  v e r y  h i g h  ( i .e .  -  F  v a l u e  i s  v e r y  h i g h ) ,  
w h i c h  i m p l i e s  v e i y  t i g h t  b i n d i n g  o f  w a t e r  m o l e c u l e s  
t o  t h e  f o o d .  T h e  c h a n g e  i n  f r e e  e n e r g y  v a l u e  
d e c r e a s e s  w i t h  a n  i n c r e a s e  i n  m o i s t u r e ,  i n d i c a t i n g  
t h e  m o i s t u r e  b e c o m i n g  m o r e  f r e e  o r  u n b o u n d  i n  
n a t u r e .  T h e  m o i s t u r e  c o n t e n t  a n d  w a t e r  a c t i v i t y  a t  
i n f l e c t i o n  p o i n t s  o n  l o c a l  i s o t h e r m  f o r  b o t h  t h e  
w e a n i n g  f o o d s  a r e  g i v e n  i n  T a b l e  1 . T h e  f i r s t  
d i s c o n t i n u i t y  a t  2 0 ° C  o c c u r r e d  i n  c a s e  o f  w e a n i n g  
f o o d  A ,  a t  m o i s t u r e  c o n t e n t  o f  0 . 0 3 8  c o r r e s p o n d i n g

TABLE 1. CRITICAL W ATER ACTIVITY AND M O ISTU R E CONTENT VALUES O F  W EANING F O O D S
G ib b 's  free  e n e rg y  c h a n g e

T em p M in im a  o f s ta b ili ty F ir s t  in f lec tio n S e c o n d  in f le c tio n
°C is o th e rm p o in t p o in t

a w M e a Me Me
(% d .b .) (% d .b .)

W e a n in g  F o o d A
(% d .b .)

2 0 ad 0 .2 5 4 3 .8 0 .2 5 3 .8 0 .6 9 5 9 .7
2 0 de 0 .2 5 4 5 .2 0 .3 0 5 5 .7 0 .6 5 5 9 .5
3 0 ad 0 .2 5 8 3 .6 0 .2 9 0 3 .9 0 .6 9 5 8 .2
3 0 d e 0 .2 5 8 4 .3 0 .3 1 0 4 .7 0 .6 5 0 8 .8
4 0 ad 0 .2 6 4 3 .0 0 .3 1 5 3 .5 0 .6 6 6 7 .8
4 0 d e 0 .2 6 4 3 .6 0 .3 5 0 4 .0 0 .6 5 0 8 .3
5 0 ad 0 .2 7 5 2 .6 0 .3 1 5 2 .8 0 .7 0 5 7 .5
5 0 d e 0 .2 7 5 3.1 0 .3 0 5 3 .4

W e a n in g  F o o d B
0 .6 6 0 7 .5

2 0 ad 0 .3 8 0 1 1 .5 0 .2 5 5 9.1 0 .6 4 0 1 5 .4
2 0 de 0 .3 8 0 12 .4 0 .2 2 0 9 .6 0 .6 0 4 1 5 .3
3 0 a d 0 .5 2 0 13.1 0 .3 2 0 9 .3 0 .6 6 0 15 .3
3 0 d e 0 .5 2 0 1 3 .6 0 .4 0 5 11.8 0 .6 1 5 15.1
4 0 ad 0 .3 9 5 7 .7 0 .2 5 0 5 .8 0 .5 7 5 10.8
4 0 d e 0 .3 9 5 8 .7 0 .2 8 0 7 .3 0 .5 8 0 11.2
5 0 a d 0 .2 9 5 5.1 0 .2 8 5 4 .7 0 .6 6 5 10 .3
5 0 d e 0 .2 9 5 5 .9 0 .3 1 0 6 .3 0 .6 4 5 10.3

a d  - A d so rp tio n , d e  - D e so rp tio n
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Spatial Dim ensions of Soybeans and Their Dependence
on Grain Moisture Conditions

S .  D .  K U L K A R N I * 1, N .  G .  B H O L E  A N D  S .  K .  S A W A R K A R
P o s t  H a r v e s t  T e c h n o l o g y  C e n t r e  a n d  D e p a r t m e n t  o f  C h e m i c a l  E n g i n e e r i n g ,

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 p a tia l  d im e n s io n s  o f  s o y b e a n  g ra in s  w e re  d e te rm in e d  fo r e a c h  lo t a t  d if fe re n t m o is tu r e  / 'o n t e n t s  u p  to  1 14%  
d .b . A ty p ic a l p h e n o m e n o n  o f  in c re a s e  in  d im e n s io n s  w a s  o b se rv e d . G ra in  le n g th  in c re a s e d  b y  o v e r  6 0 % , w h e re a s  
th e  c h a n g e s  in  b r e a d th  a n d  th ic k n e s s  w e re  a b o u t  2 0  a n d  16% , re sp e c tiv e ly  for in c re a s e  in  m o is tu r e  c o n te n t  u p to  
114%  d .b . In a d d it io n , a b o u t  18%  d e c re a s e  in  g ra in  s p h e r ic ity ,  2 6 %  in c re a s e  in  s ize  a n d  o v e r  9 0 %  in c re a s e  in  10 0 0  
g ra in  m a s s  w e re  o b se rv e d . T h e s e  m a jo r  c h a n g e s  in  th e  lo n g itu d in a l  d ire c t io n  a lo n e  w o u ld  le a d  to  in c re a s e  in  a e ro d y n a m ic  
p ro p e rt ie s  o f  th e  m a te r ia l . T h e  d a ta ,  th u s ,  in d ic a te  th e  n e e d  to  d e s ig n  th e  in d iv id u a l s y s te m  for e a c h  m o is tu r e  c o n te n t
ra n g e  o f  th e  s o y b e a n s .

K e y w o rd s  : S o y b e a n  p ro p e rt ie s ,  G ra v im e tr ic  p ro p e rtie s , 
c o n d itio n s .

S p a t i a l  d i m e n s i o n s  o f  g r a i n s  a r e  o f  i m p o r t a n c e  
i n  t h e  d e s i g n  o f  g r a d i n g  e q u i p m e n t s ,  p n e u m a t i c  
c o n v e y i n g ,  a n d  f l u i d i z e d  b e d  p r o c e s s i n g ,  e s p e c i a l l y  
d u e  t o  t h e  d e p e n d e n c e  o f  a e r o d y n a m i c  p r o p e r t i e s  
o n  t h e s e  d i m e n s i o n s .  I t  i s  w e l l  k n o w n  t h a t  t h e  
s p a t i a l  d i m e n s i o n s ,  l i k e  s h a p e  a n d  s i z e  o f  t h e  g r a i n ,  
c h a n g e  d u r i n g  g r a i n  p r o c e s s i n g  s t e p s  s u c h  a s  
h y d r a t i o n  o r  d r y i n g  ( M o h s e n i n  1 9 7 0 ) .  I n  t u r n ,  t h e s e  
a l t e r  t h e  d r a g  f o r c e  ( M o h s e n i n  1 9 7 0 ) .  L i k e w i s e ,  
c l e a n i n g  a n d  g r a d i n g  s y s t e m s  m i g h t  n e e d  d i f f e r e n t  
s i e v e  s e t s  f o r  h a n d l i n g  g r a i n s  w i t h  d i f f e r e n t  m o i s t u r e  
l e v e l s .  T h e r e f o r e ,  a  n e e d  e x i s t s  t o  a p p r o p r i a t e l y  
d e s i g n  t h e  s p e c i f i c  p r o c e s s i n g  s y s t e m  e . g . ,  h a n d l i n g ,  
p n e u m a t i c  c o n v e y i n g  e t c . ,  w i t h  p r o v i s i o n s  t o  t a k e  
c a r e  o f  s u c h  c h a n g e d  a e r o d y n a m i c  p r o p e r t i e s .  
E a r l i e r  r e s e a r c h e r s  ( M o h s e n i n  1 9 7 0 ;  S h e p h e r d  a n d  
B h a r d w a j  1 9 8 6 ;  K u l k a m i  e t  a l .  1 9 8 8 )  h a v e  
c o n s e q u e n t l y  t a k e n  t h e  c o g n i z a n c e  o f  t h e  i m p o r t a n c e  
o f  i n f o r m a t i o n  o n  t h e s e  g r a i n  p r o p e r t i e s .  H o w e v e r ,  
m o s t  o f  t h e  s t u d i e s  h a v e  b e e n  c o n f i n e d  t o  t h e  
e x i s t i n g  g r a i n  m o i s t u r e  c o n d i t i o n  ( S h a r m a  e t  a l .  
1 9 8 5 ) ,  a n d  n a r r o w  r a n g e  o f  m o i s t u r e  c o n t e n t  
( S r e e n a r a y a n a n  e t  a l .  1 9 8 5 ;  D e v  e t  a l .  1 9 8 2 ;  D u t t a  
e t  a l .  1 9 8 8 ;  G r o v e r  a n d  K u m a r  1 9 8 5 ) .  F e w  r e p o r t s  
a r e  a l s o  a v a i l a b l e  o n  w i d e  r a n g e  o f  m o i s t u r e  c o n t e n t  
( K u l k a m i  e t  a l .  1 9 8 8 ;  S i r i p u r a p u  a n d  J a i n  1 9 8 5 ) .
I t  h a s  b e e n  o b s e r v e d  ( K u l k a m i  e t  a l .  1 9 8 8 )  t h a t  
t h e  s p a t i a l  d i m e n s i o n s  o f  t h e  g r a i n ,  o b t a i n e d  a f t e r  
h y d r a t i o n  ( S i r i p u r a p u  a n d  J a i n  1 9 8 5 ) ,  a r e  d i f f e r e n t  
f r o m  t h o s e  o b t a i n e d  a f t e r  c o n d i t i o n i n g  ( K u l k a m i  e t  
a l .  1 9 8 8 ) .  I n  a d d i t i o n ,  t h e  m o i s t u r e  d i s t r i b u t i o n  i s  
n o t  u n i f o r m  w i t h i n  t h e  g r a i n  w h e n  g r a i n s  a r e

S p a tia l  d im e n s io n s , S h a p e  c h a r a c te r ,  G ra in  m o is tu r e

h y d r a t e d  ( B u t c h e r  a n d  S t e n v e r t  1 9 7 3 ) .  I t ,  t h u s ,  
b e c o m e s  I m p e r a t i v e  t o  i n d i c a t e  t h e  g r a i n  m o i s t u r e  
c o n d i t i o n ,  w h i l e  r e p o r t i n g  t h e  d a t a  ( A n o n  1 9 8 0 ) .  T o  
k n o w  t h e  p a t t e r n  o f  c h a n g e s  i n  t h e  s p a t i a l  
d i m e n s i o n s  o f  g r a i n s  o v e r  t h e  w i d e  r a n g e  o f  
m o i s t u r e  l e v e l s ,  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  
a n d  t h e  d a t a  h a v e  b e e n  a n a l y s e d  f o r  v a r i o u s  
i n t e r a c t i o n s  a n d  d e p e n d e n c e .

M a t e r i a l s  a n d  M e t h o d s
S o y b e a n s  ( v a r i e t y  J S - 7 2 4 4 ' )  w e r e  c l e a n e d ,  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  e x p o s i n g  
t h e  s a m p l e  t o  1 0 5 ° C  f o r  1 6  h  ( R o b e r t s  a n d  R o b e r t s
1 9 7 2 ) .  S a m p l e s  w e r e  c o n d i t i o n e d  b y  a d d i n g  
c a l c u l a t e d  q u a n t i t y  o f  w a t e r  ( e q u a t i o n  1) t o  a t t a i n  
d e s i r e d  m o i s t u r e  l e v e l  i n  t h e  r a n g e  o f  8  t o  1 1 4 %  
d .  b . ,  a f t e r  e q u i l i b r a t i n g  f o r  2 4  h .

W ,  ( 1 0 0  +  M 2) =  W 2 ( 1 0 0  +  M j)  .......... (1 )
W h e r e ,  W , ,  W 2 a r e  i n i t i a l  a n d  f i n a l  m a s s  (g) o f  t h e  

s a m p l e ;
M , ,  M 2 a r e  i n i t i a l  a n d  f i n a l  m o i s t u r e  c o n t e n t  

o f  t h e  s a m p l e ;  r e s p e c t i v e l y .
F i n a l  m o i s t u r e  c o n t e n t  o f  t h e  c o n d i t i o n e d  s a m p l e  
w a s  d e t e r m i n e d ,  b e f o r e  u s i n g  t h e  r a n d o m l y  s e l e c t e d  
g r a i n s  f o r  m e a s u r e m e n t  o f  s p a t i a l  d i m e n s i o n s .  T h e  
s i z e  a n d  s p h e r i c i t y  w e r e  c a l c u l a t e d  u s i n g  t h e  
f o r m u l a e  ( M o h s e n i n  1 9 7 0 ) ;

S i z e ,  m m  =  ( a  b  c ) 1/3 .......... (2 )

( a  b  c ) 1/3
S p h e r i c i t y  =  ............. .. ...........  .......... (3 )

Corresponding Author. 1 Present A ddress : Central 
Institute ojAgricultural Engineering. Nabibagh, Derasia Road, 
Bhopal-462 018, India.
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W h e r e ,  a ,  b ,  c  a r e  l e n g t h ,  b r e a d t h  o r  w i d t h  a n d  
t h i c k n e s s  o f  g r a i n  i n  m m ,  r e s p e c t i v e l y .
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T h e  e l o n g a t i o n  a n d  f l a t n e s s  r a t i o s  w e r e

c a l c u l a t e d  a s  f o l l o w s  ( K e l l y  a n d  S p o t t i s w o o d  1 9 8 2 ) ;

E l o n g a t i o n  r a t i o  ( R J
l e n g t h

.........  (4 )
b r e a d t h

F l a t n e s s  r a t i o  (Rp)
b r e a d t h

.......... (5 )t h i c k n e s s

T h e  1 0 0 0  g r a i n m a s s  w a s d e t e r m i n e d  b y
c o u n t i n g  r a n d o m l y  s e l e c t e d  g r a i n s  a n d  w e i g h i n g .  
I n  a n o t h e r  s e t ,  s o y b e a n s  w e r e  s e p a r a t e d  i n  t h r e e  
g r a d e s  u s i n g  R o - t a p  s i e v e  s h a k e r  w i t h  d i f f e r e n t  
s i e v e s .  T h e  g r a i n  p r o p e r t i e s  w e r e  d e t e r m i n e d  t o  
e v a l u a t e  t h e  v a r i a t i o n  w i t h  r e s p e c t  t o  g r a d e  a n d  
g e n e r a l  l o t .  T h e  v a r i a t i o n  o f  s i z e ,  s p h e r i c i t y  a n d  
o t h e r  p r o p e r t i e s  w e r e  s t u d i e d  f o r  e n t i r e  r a n g e  o f  
t h e s e  e x p e r i m e n t s .

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

b r e a d t h  a n d  t h i c k n e s s ,  w e r e  f o u n d  t o  v a r y  w i t h  
i n c r e a s e  i n  m o i s t u r e  c o n t e n t  ( T a b l e  1 ) . A  l i n e a r  
r e l a t i o n s h i p  w a s  o b s e r v e d  b e t w e e n  t h e  l e n g t h  a n d  
m o i s t u r e  c o n t e n t  %  d .  b .  (M ), w i t h  a c c e p t a b l e  
c o r r e l a t i o n ,  e .  g . .
L e n g t h ,  m m  =  6 . 8 1 2  +  0 . 0 3 4  M  ( r  =  0 . 9 6 2 )  . . .  (6 )
B r e a d t h  o f  s o y b e a n  v a r i e d  w i t h  g r a i n  m o i s t u r e  
c o n t e n t  (%  d . b . )  w i t h  f a i r  c o r r e l a t i o n  :
B r e a d t h ,  m m  =  6 . 2 2 0  +  0 . 0 1 0  M  ( r  =  0 . 6 8 1 )  . . .  (7 )

D a t a  i n  T a b l e  1 s h o w  o v e r  6 0 %  c h a n g e  i n  g r a i n  
l e n g t h ,  w h e r e a s  b r e a d t h  a n d  t h i c k n e s s  c h a n g e s  
w e r e  i n  t h e  r a n g e  o f  1 6 - 2 0 %  f o r  a b o u t  f o u r t e e n ­
f o l d  c h a n g e  i n  g r a i n  m o i s t u r e  l e v e l  i . e . ,  f r o m  7 . 8 0  
t o  1 1 4 %  d . b .  G r a i n  s i z e  i s  c a l c u l a t e d  u s i n g  e q u a t i o n

TABLE 1. VARIATION O F  SOYBEAN GRAIN D IM EN SIO N S
WITH M O ISTU R E C O N TEN T

M o is tu re  c o n te n t
%  d. b.

L en g th ,
m m

B re a d th ,
m m

T h ic k n e s s ,
m m

7 .8 0 6 .8 9 6 .1 9 5 .1 3
12 .8 7 7 .1 2 6 .0 6 4 .7 4
4 1 .2 0 8 .5 5 6 .9 0 5 .5 3
5 4 .8 6 9 .1 7 7 .3 7 6 .0 7
6 3 .1 0 9 .1 9 7 .2 2 5 .6 3
6 9 .6 5 9 .0 6 7 .1 0 5 .5 2
7 4 .6 0 3 .8 9 6 .3 4 5 .0 6
8 1 .8 3 9 .1 0 6 .6 3 4 .8 1
9 8 .7 6 10 .12 7 .3 1 5 .9 2

1 1 3 .9 9 1 0 .8 5 7 .4 1 5 .4 7
SD  ra n g e  ± 0 .3 2  - 1 .9 6 ± 0 . 2 3  - 0 .7 7 ± 0 .2 1  - C

2 , i n c r e a s e d  w i t h  m o i s t u r e  c o n t e n t  a t  f a i r l y  g o o d  
c o r r e l a t i o n  ( r  =  0 . 7 8 9 )  :

S i z e ,  m m  =  6 . 0 2 0  +  0 . 0 1 4  M  ..........(8 )
O v e r  2 6 %  i n c r e a s e  w a s  o b s e r v e d  i n  a l l  t h e  c a s e s  
( T a b l e  1 ) .

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

S p h e r i c i t y  o f  s o y b e a n  d e c r e a s e d  l i n e a r l y  w i t h  
t h e  i n c r e a s e  i n  m o i s t u r e  c o n t e n t  ( F ig .  1 ) . T h e  
r e d u c t i o n  w a s  a b o u t  2 0 %  f o r  t h e  e n t i r e  r a n g e  o f  
e x p e r i m e n t s  i n  t h e  s t u d y  :
S p h e r i c i t y  =  0 . 8 6 8  - 0 . 0 0 1  M  ( r  =  - 0 . 9 3 5 )  . . . ( 9 )

MOISTURE CONTENT, V. db
Fig. 1. V a ria tio n  o f s p h c r ic ily , e lo n g a tio n  ra t io  (RE) a n d  f la tn e s s  

ra t io  (RF) w ith  m o is tu r e  c o n te n t .

E l o n g a t i o n  r a t i o  ( R E ) ,  w h i c h  i s  a  r e l a t i v e  p r o p o r t i o n  
o f  l e n g t h  (L) w i t h  b r e a d t h  (B ) a t  a n y  g i v e n  g r a i n  
c o n d i t i o n ,  w a s  f o u n d  t o  v a r y  l i n e a r l y  ( F ig .  1) w i t h  
t h e  g r a i n  m o i s t u r e  c o n t e n t  (M ) a s  :
R E  =  1 . 1 0 5  +  0 . 0 0 3  M  ( r  =  0 . 9 5 2 )  .......... ( 1 0 )
W h e r e  R E  =  1 f o r  t h e  c o n d i t i o n  w h e r e  L  =  B .  T h e  
e q u a t i o n  1 0  a l s o  s h o w s  n e a r  u n i t y  v a l u e s  a t  l o w e r  
m o i s t u r e  l e v e l s ,  t h e r e b y  r e f l e c t i n g  a n  a p p r e c i a b l e  
c h a n g e  i n  g r a i n  l e n g t h  o v e r  b r e a d t h .  A s  t h e  
e l o n g a t i o n  r a t i o  i n v o l v e s  t h e  l e n g t h  c o m p o n e n t ,  i t s  
u n i t y  v a l u e  s h o u l d  c o n t r i b u t e  i n  i m p r o v e d  g r a i n  
s p h e r i c i t y .  H i g h e r  v a l u e s  o f  e l o n g a t i o n  r a t i o  s h o u l d ,  
t h e r e f o r e ,  r e p r e s e n t  p o o r  s p h e r i c i t y  o f  t h e  m a t e r i a l .  
T h i s  a s p e c t  i s  r e f l e c t e d  i n  t h e  f o l l o w i n g  e q u a t i o n  
a n d  F i g .  2 .
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P o o r  c o r r e l a t i o n  o f  s i z e  ( r  =  0 . 5 7 1 )  w i t h  s p h e r i c i t y  
a g a i n  s h o w s  t h e  s i g n i f i c a n c e  o f  l e n g t h  c h a n g e  
( e q u a t i o n  2 )  w i t h  g r a i n  m o i s t u r e ,  a n d  i t s  e f f e c t  o n  
s p h e r i c i t y .  T h e  v a r i a t i o n s  o f  s p h e r i c i t y  w i t h  a v e r a g e  
g r a i n  s i z e ,  f l a t n e s s  a n d  e l o n g a t i o n  r a t i o s  a r e  s h o w n  
i n  F i g .  2 .

O n e  t h o u s a n d  g r a i n  m a s s  i n c r e a s e d  l i n e a r l y  
w i t h  t h e  i n c r e a s e  i n  m o i s t u r e  c o n t e n t  :
1 0 0 0  g r a i n  w e i g h t  =  1 0 4 . 2 3 1  +  0 . 9 8 8  M  ( r  = 0 .9 7 0 )  . . . ( 1 3 )

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

C o n c l u s i o n
T h e  d a t a  r e v e a l  t h e  c h a n g e s  i n  l e n g t h ,  b r e a d t h ,  

a n d  o n e  t h o u s a n d  g r a i n  m a s s  t h i c k n e s s  o f  s o y b e a n  
g r a i n s  d u r i n g  m o i s t u r e  a b s o r p t i o n  f r o m  8  t o  1 1 4 %  
d .  b . ,  t h e r e b y  i n d i c a t i n g  t h e  n e e d  f o r  u s i n g  g r a d e d  
m a t e r i a l  f o r  e f f i c i e n t  p r o c e s s i n g .

R e f e r e n c e s
F ig .2 . V a ria tio n  o f s p h e r ic i ty  w ith  a v e ra g e  g ra in  size , f la tn e s s  

ra tio  a n d  e lo n g a tio n  ra t io  o f  so y b e a n .

S p h e r i c i t y  =  1 . 3 8 3  - 0 . 4 6 6  R E  ( r  =  0 . 9 8 4 )  . . .  ( 1 1 )
O n  t h e  o t h e r  h a n d ,  t h e  f l a t n e s s  r a t i o  (R F )  d i d  n o t  
s h o w  a n y  d i r e c t  c o r r e l a t i o n  w i t h  i n c r e a s e  i n  m o i s t u r e  
c o n t e n t  ( r  =  0 . 5 2 6 ) .  T h i s  m a y  b e  d u e  t o  i n s i g n i f i c a n t  
a n d  p r o p o r t i o n a t e  c h a n g e s  i n  t h e  b r e a d t h  a n d  
t h i c k n e s s  o f  t h e  g r a i n s  a s  w e l l  a s  t h e  r a n d o m  
s e l e c t i o n  o f  t h e  g r a i n  f o r  d e t e r m i n a t i o n  o f  t h e  
p r o p e r t y .  T h e  t e r m  f l a t n e s s  r a t i o  i m p l i e s  t h a t  m o r e  
t h e  f l a t n e s s  r a t i o ,  m o r e  i s  t h e  g r a i n  b r e a d t h  o r  m o r e  
f l a t t e r  t h e  g r a i n  o r  p o o r  t h e  g r a i n  s p h e r i c i t y  
( e q u a t i o n s  3  a n d  5 ) .  G r a i n  s p h e r i c i t y  s h o w e d  f a i r l y  
g o o d  c o r r e l a t i o n  i n  t h i s  r e g a r d  ( F ig .  2 )  :
S p h e r i c i t y  =  1 . 6 0 6  -  0 . 6 4 8  R F  ( r  =  0 . 7 0 1 )  . . .  ( 1 2 )

A n o n  (1980) E n g in e e r in g  P ro p e r t ie s  o f  F oo d  M a te r ia ls , Technical 
B u lle tin  No. C IA E /8 0 /1 5 ,  P o s t  H a rv e s t  T e c h n o lo g y  S c h e m e , 
C e n tr a l  I n s t i tu te  o f  A g ric u ltu ra l  E n g in e e r in g , B h o p a l 

B u tc h e r  J ,  S te n v c r t  NL (1973) C o n d itio n in g  s tu d ie s  o n  A u s tra l ia n  
w h e a t .  III. T h e  ro le  o f  th e  r a te  o f  w a te r  p e n e tr a t io n  in to  th e  
w h e a t  g ra in . J  S e i F o o d  A g ile  2 4  : 1 0 7 7 -1 0 8 4  

D ev DK. S a tw a d h a r  PN, Ing le  UM (1982 ) EITect o f  v a r ie ty  a n d  
m o is tu re  o n  c e r ta in  s e le c te d  p h y s ic a l  p ro p e r t ie s  o f  s o rg h u m  
g ra in . J  A gric E n g  19: 4 3 -4 8

D u t ta  SK, N em a VK, B h a rd w a j RK (1988 ) P h y s ic a l p ro p e r t ie s  
o f  g ra m . J  A gric E n g n g  R es 39 : 2 5 9 -2 6 8  

G ro v e r  PC , K u m a r  D (1985) S o m e  e n g in e e r in g  p ro p e r t ie s  o f  
p u ls e s , P ro ceed in g s  o f  In d ia n  S o c ie ty  o f  A g ric u ltu ra l E n g in e e rs , 
S ilv e r J u b i l e e  C o n v e n tio n  3, II : B h o p a l, In d ia , 2 9 -3 1  
O c to b e r , pp . 3 3 -3 5

Kelly EG , S p o ttisw o o d  D J  (1982 ) C h a r a c te r iz a t io n  o f  p a r tic le s .  
In  : Kelly EG , S p o ttisw o o d  D J  (cds) I n tr o d u c t io n  to  M in e ra l 
P ro c e ss in g , J o h n  W iley a n d  S o n s , N ew  Y ork 

K u lk a rn i  S D , B h o le  NG, S a w a r k a r  SK  (1 9 8 8 ) H a rd n e s s  
c h a r a c te r i s t ic s  o f  so y b e a n , P a p e r  - A P P -3  P re s e n te d  a t  
In te rn a t io n a l  F ood C o n v e n tio n , C e n tr a l  F oo d  T e c h n o lo g ic a l 
R e s e a rc h  In s t i tu te ,  M ysore , In d ia , 1 9 -2 3  F e b ru a ry

TABLE 2. VARIATION IN D IM E N SIO N S O F  SOYBEAN (M OISTURE C O N TEN T 7 .8 %  d .b .)  W ITH S IZ E  G R A D E

S ize g rad e , 
m m

M ass,
f ra c tio n

L en g th ,
m m

B re a d th ,
m m

T h ic k n e s s ,
m m

E lo n g a tio n
ra tio

F la tn e s s
ra tio

S ize ,
m m

S p h e r ic i ty

+ 4 0 .5 3 7 .1 0 6 .1 8 5 .4 4 1.11 1 .19 6 .3 2 0 .2 8

-  4 , + 3 .3 5 0 .4 4 6 .6 5 5 .4 2 4 .8 2 1.12 1 .23 5 .7 4 0 .8 7

-  3 .3 5  + 1.7 0 .0 3 5 .8 7 5 .0 7 3 .9 0 1 .16 1 .3 0 4 .8 8 0 .8 3

G e n e ra l 1.00 6 .8 9 6 .1 9 5 .1 3 1.1 1 1.21 6 .0 3 0 .8 8
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M o h sc n in  NN (1970) P h y s ic a l P ro p e rt ie s  o f  P la n t  a n d  A n im al 
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Quality Evaluation of 'Landrace' and ’Durum' 
Wheat Cultivars Grown in Jordan

K .  I .  E R E I F E J * 1 A N D  R .  A .  S H E B L I * 2
1 D e p a r t m e n t  o f  N u t r i t i o n  a n d  A n i m a l  P r o d u c t i o n . 2 D e p a r t m e n t  o f  P l a n t  P r o d u c t i o n  

J o r d a n  U n i v e r s i t y  o f  S c i e n c e  a n d  T e c h n o l o g y ,  P .  O .  B o x  N o .  3 0 3 0 ,  I r b i d ,  J o r d a n .

T en  'D u ru m ' w h e a t  c u l t iv a r s  ( in c lu d in g  a  'L a n d ra c e ',  o ld  a n d  new ly d e v e lo p e d  c u ltiv a rs )  h a v e  b e e n  e v a lu a te d  
for a  n u m b e r  o f  q u a li ty  p a ra m e te r s .  T h e  'L a n d ra c e  I lo ra n i-2 7 ',  h a d  th e  h ig h e s t  p ro te in  c o n te n t  (14 .4% ), b u t  in te rm e d ia te  
f lo u r y ie ld  (43.7% ). 'L a c e sh ',  g av e  h ig h e s t  f lo u r y ie ld  (57 .5% ), p a r t ic le  size  in d e x  (PS1) (19 .7% ), s o d iu m  d o d eey l s u lp h a te  
s e d im e n ta t io n  (SD S-SE D ) (52 m l), b u t  w a s  in te rm e d ia te  in  p ro te in  c o n te n t  (9.7% ). T h e  o ld  c u l t iv a r s ,  'D c r  A lla -2  a n d  
'D e r A lla-6 ' h a d  n o  c le a r -c u t  p a t te r n s  for th e  q u a li ty  p a ra m e te r s  s tu d ie d . P ro x im a te  a n a ly s is  sh o w e d  th a t  th e s e  c u l t iv a r s  
w ere  h ig h e r  th a n  a v e ra g e  for fib re  a n d  a s h  c o n te n ts .  It w a s  p o ss ib le  to c lu s te r  th e s e  c u l t iv a r s  in to  3  g ro u p s  e a c h  
for ( lo u r y ie ld , p ro te in  c o n te n t ,  S D S -S E D , PSI %  a n d  th o u s a n d  k e rn e l w e ig h t. T h e  v a r ia b ili ty  in  th e  c o m p o s it io n  o f  
e a c h  c lu s te r  a llo w s  fo r c o m b in in g  c e r ta in  c u lt iv a rs  to c o m p le m e n t e a c h  o th e r  for a  b e t te r  b a la n c e  o f  th e s e  q u a li ty  
tra i ts .
K e y w o rd s  : W h e a t c u lt iv a rs ,  Q u a lity  e v a lu a tio n , l^ m d ra e e '.  D u ru m ',  J o r d a n ,  C lu s te r  a n a ly s is

" D u r u m ’ w h e a t  i s  t h e  m o s t  i m p o r t a n t  c r o p  i n  
J o r d a n  i n  t e r m s  o f  a c r e a g e ,  a n d  t o t a l  g r o s s  v a l u e .  
T h e  p e r  c a p i t a  c o n s u m p t i o n  o f  w h e a t  i s  a b o u t  1 7 0  
k g / y e a r ,  m o s t l y  a s  f l a t  b r e a d ,  a n d  t o  a  l e s s e r  
e x t e n t ,  a s  b u lg u r  ( b o i l e d  w h e a t  g r i t s )  a n d  fa r ilc a h  
( r o a s t e d  w h e a t  a t  h a r d  d o u g h  s t a g e ) .  H o w e v e r ,  
a v e r a g e  y i e l d  i s  a m o n g  t h e  l o w e s t  i n  t h e  w o r l d ,  
b e i n g  7 4 0  k g / h a .  E f f o r t s  a r e  u n d e r w a y  t o  i m p r o v e  
w h e a t  y i e l d  t h r o u g h  b r e e d i n g ,  a n d / o r  i n t r o d u c i n g  
h i g h  y i e l d i n g  c u l t i v a r s  ( J a r a d a t  1 9 8 8 ) .  T e n  'D u r u m '  
w h e a t  c u l t i v a r s  i n c l u d i n g  a  ’L a n d r a c e 1, i m p r o v e d  
a n d  n e w l y  i n t r o d u c e d  c u l t i v a r s  w e r e  c o m p a r e d  f o r  
t h e i r  p h y s i c o - c h e m i c a l  p r o p e r t i e s ,  m i n e r a l  
c o m p o s i t i o n ,  a n d  g e l  e l e c t r o p h o r e t i c  p a t t e r n s ,  t o  
g e n e r a t e  i n f o r m a t i o n  o n  t h e s e  v i t a l  a s p e c t s  o f  
q u a l i t y .

M a t e r i a l s  a n d  M e t h o d s
N i n e  'D u r u m '  w h e a t  c u l t i v a r s  a n d  a  'L a n d r a c e '  

( T a b l e  1) w e r e  p l a n t e d  i n  M a r u  E x p e r i m e n t a l  
S t a t i o n  ( N o r t h  J o r d a n ) ,  a n d  t h e  r a i n f a l l  d u r i n g  
g r o w t h  s e a s o n  w a s  3 8 0  m m .  C u l t i v a r s  a n d  'L a n d r a c e '  
w e r e  p l a n t e d  i n  p l o t s  o f  4  m 2 i n  a  r a n d o m i z e d  
c o m p l e t e  b l o c k  d e s i g n  w i t h  f o u r  r e p l i c a t i o n s .  P l a n t s  
w e r e  h a r v e s t e d  a t  t h e  d r y  s t a g e  a n d  t h r e s h e d .  S u b ­
s a m p l e s  o f  1 0 0  g  f o r  e a c h  t r e a t m e n t  w e r e  m i l l e d  
o n  a  T e c a t o r  1 0 9 3  c y c l o t e c  s a m p l e  m i l l  ( T e c a t o r ,  
S w e d e n ) ,  t h e  m i l l e d  p r o d u c t  w a s  p a s s e d  t h r o u g h  
a  0 . 4 0  m m  s c r e e n ,  a n d  u s e d  f o r  c h e m i c a l  a n a l y s i s .  
O t h e r  s u b - s a m p l e s  o f  5 0 0  g  w e r e  t e m p e r e d  t o  
1 5 . 5 %  m o i s t u r e  c o n t e n t ,  m i l l e d  i n t o  f l o u r  o n  a  M L V  
2 0 2  B u h l e r  l a b o r a t o r y  m i l l  ( U z w i l ,  S w i t z e r l a n d ) ,  a n d  
u s e d  f o r  f l o u r  t e s t i n g .

* Corresponding Author

P ro x im a te  a n a ly s i s  : M o i s t u r e ,  p r o t e i n  (N  x  5 . 7 ) ,  
c r u d e  f a t ,  w e t  g l u t e n ,  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  A A C C  ( 1 9 8 2 ) .  C r u d e  f i b r e  w a s  
d e t e r m i n e d  a c c o r d i n g  t o  A O A C  ( 1 9 8 0 ) .  N i t r o g e n  - 
f r e e  e x t r a c t  ( N F E )  w a s  d e t e r m i n e d  b y  d i f f e r e n c e .  
P a r t i c l e  s i z e  i n d e x  ( P S I  % )  w a s  d e t e r m i n e d  a c c o r d i n g  
t o  W i l l i a m s  e t  a l  ( 1 9 8 8 ) .  S a m p l e s  o f  2 2  g  o f  w h e a t  
w e r e  p u l v e r i z e d  i n  a  c y c l o t e c  s a m p l e  m i l l  ( T e c a t o r ,  
S w e d e n )  a t  t h e  f i n e s t  s e t t i n g ,  f o l l o w e d  b y  m i x i n g  
a n d  s i e v i n g  1 0  g  o f  t h e  m e a l  f o r  1 0  m i n  o n  a  2 0 0  
m e s h  ( 7 4  p m )  s i e v e  a n d  t h e  a m o u n t  o f  t h r u s t  w a s  
e x p r e s s e d  a s  %  p a r t i c l e  s i z e  i n d e x  ( P S I ) .  P r o t e i n  a n d  
l y s i n e  c o n t e n t s  i n  f l o u r  w e r e  d e t e r m i n e d  b y  n e a r  
i n f r a - r e d  r e f l e c t a n c e  s p e c t r o s c o p y ,  u s i n g  F Q C  
a n a l y z e r  m o d e l  5 1 A  ( P a c i f i c  S c i e n t i f i c ,  U S A )  a c c o r d i n g  
t o  E r e i f e j  a n d  M a r k a k i s  ( 1 9 8 3 ) .

M in era l a n a ly s i s  : M i n e r a l  c o n t e n t s  ( N a * 1, K + l, 
C a +2, Z n +2, M W 2 , C u +2, F e |t2, +31 a n d  M g +2) w e r e  
d e t e r m i n e d  b y  u s i n g  a n  a t o m i c  a b s o r p t i o n  
s p e c t r o p h o t o m e t e r  ( P y e  U n i c a m ,  m o d e l  S p 9 ,  U K ) b y  
w e t  d i g e s t i o n  w i t h  a  m i x t u r e  o f  n i t r i c ,  s u l p h u r i c  
a n d  p e r c h l o r i c  a c i d s  ( 1 0  : 1 : 4 ) .  P h o s p h o r u s  
[p(+3. +5ij w a s  d e t e r m i n e d  a c c o r d i n g  t o  W a t a n a b e  a n d  
O l s e n  ( 1 9 6 5 ) ,  u s i n g  a  s p e c t r o n i c  2 1  
s p e c t r o p h o t o m e t e r .  S o d i u m  d o d e e y l  s u l p h a t e  
s e d i m e n t a t i o n  t e s t  ( S D S - S E D )  w a s  p e r f o r m e d  
a c c o r d i n g  t o  W i l l i a m s  e t  a l .  ( 1 9 8 8 ) .  S o d i u m  d o d e e y l  
p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  ( S D S - P A G E )  o f  
w h o l e  w h e a t  k e r n e l  w a s  d o n e  a c c o r d i n g  t o  L a e m m l i
( 1 9 7 0 ) .  A  K -  m e a n s  c l u s t e r  a n a l y s i s  p r o c e d u r e  o f  
H a r t i g a n  a n d  W o n g  ( 1 9 7 9 )  w a s  r u n  o n  m e a n  v a l u e s  
f o r  i n d i v i d u a l  t r a i t s ,  a s  e x e c u t e d  b y  t h e  c l u s t e r  
a n a l y s i s  p r o g r a m  o f  s y s t a t  a c c o r d i n g  t o  W i l k i n s o n
( 1 9 8 8 ) .
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TABLE 1. COLOUR, O N E THOU SAN D K ER NEL W EIG H T  (TKWT) AND 
CULTIVARS*.

PROXIM ATE ANALYSIS O F  T E N JO R D A N IA N  W HEAT

W h e a t
c u ltiv a r

K ern e l c o lo u r g / 1 0 0 0  k e rne l* P ro te in
%

F a t
%

F ib re
%

A sh
%

N itro g e n -fre e  
e x t r a c t  %

'A C SA D -65' A m b er 4 0 .7  ± 0 .2 0 e 10 . O'" 4 .6" 2 .3 ' 2 .0 ' 7 4 .1 '
'A m ra ' L igh t ye llow 3 3 .4  ±  0 .058 10 .8 ' 3 .6 ' 2 .4 d' 2 .0 ' 7 5 .0 '
'D er A lla-6 ' Yellow 3 9 .1  ± 0 .4 5 ' 10 . 1' 2 .2 f 3 .1 a 1 .9“* 7 6 .7 a
'D er A lla-2 ' M ed iu m  ye llow 4 1 .7  ± 0 .45* 1 3 .8 b 3 .2 d 2 .6 ' 1 .7 ' 7 2 .4 h
'Veery' A m b e r 3 2 .0  ± 0.50* 11 .5 d 4 .6 a 2 .8b 2 .4 a 7 2 .6 h
'H o ra n i-2 7 'b L ig h t ye llow 3 8 .1  ± O.lOf 1 4 .4 a 1.48 3 .2 a 2 .3 ab 73.08
'Korifla' Yellow 4 1 .7  ± 0 .458 11 .8 ' 3 .5 ' 2 .5 “* 2 .0 ' 7 4 .6 d
'L acesh ' A m b er 3 3 .0  + O-SO*- 11 .4 d 4 .3 b 2 .2 f 1 .8 dc 7 4 .1 '
'R ab i-S ' M ed iu m  yellow 4 1 .1  ± 0 .5 5 b 1 1 .7 ' 2 .9 ' 3 .2 a 2 .2 b 7 3 .5 f
'S h a m - l ' Yellow 3 9 .8  ± 0 .1 0 d 1 0 .9 ' 2 .8 ' 1.98 1 .9“1 7 6 .3 b
a: A verage o f  th re e  d e te rm in a t io n s ,  b : 'L a n d ra c c ',  c: V a lu e s  a r c  ± s ta n d a r d  d e v ia tio n .
* M ean s  w ith in  c o lu m n s  h a v in g  d iffe re n t le t te rs  a r e  s ig n if ic a n tly  d iffe re n t a c c o rd in g  to LSD a t P < 0 .0 5 .

R e s u l t s  a n d D i s c u s s i o n m i n e r a l s ,  t h e v a l u e s  f o r  K , Z n , M n ,  C u ,  F e ,  M g
D a t a  o n  t h o u s a n d  k e r n e l  w e i g h t s  a n d  p r o x i m a t e  

c o m p o s i t i o n  a r e  g i v e n  i n  T a b l e  1 . 'H o r a n i - 2 7 '  a n d  
'D e r  A l l a - 2 '  s h o w e d  t h e  h i g h e s t  p r o t e i n  c o n t e n t .

a n d  P  w e r e  c o m p a r a b l e  t o  v a l u e s ,  r e p o r t e d  p r e v i o u s l y  
b y  W a t t  a n d  M e r r i l  ( 1 9 6 3 ) ,  K h a t c h a d o u r i a n  e t  a l .  
( 1 9 8 5 )  a n d  P o m e r a n z  ( 1 9 8 7 ) .

A m o n g  t h e I n d i a n  v a r i e t i e s ,  w h e n  c o m p a r e d  t o D a t a  o n  w h e a t  f l o u r  a r e  p r e s e n t e d  i n  T a b l e  3 .
t h e s e  v a r i e t i e s  o f  J o r d a n ,  'H D - 2 3 2 9 '  a n d  'P B W  6 5 ' L y s i n e  w a s  h i g h e s t  i n ’A m r a ’ ( 3 . 4  g / 1 0 0  g ) ,  b u t

TABLE 2. MINERAL C O N TEN T O F  W HOLE W HEAT ( m g / 100  g)a
W h e a t
c u ltiv a r

N a K C a Z n M n C u F e M g P

’ACSA D -65' 9 .3 e" 6 4 1 .3 a 6 6 .5 a 1.8 C 4 .3 d 3 .5 b 8 .5 d 6 6 . 1' 2 1 7 .4d
'A m ra' 14 .4 b 5 5 4  d 4 1 .5 b 2 .3 b 5 .3 e 2 .3 d 6 .5 f 6 9 .4 d 201 .18
'D er A lla-6 ' 7.06 4 4 9  « 2 7 .5 f 1.0 ' 3 .8 ' 2 .0 e 10 .8 a 6 8 .9 d 1 8 6 .4 h
D er A lla-2 ' 7 .1 1« 5 6 3  c 31.08 2 .5 a 6 .0 b 2 .0 ' 9 .3 ' 7 1 .4 ' 2 3 4 .5b
V eery ' 7 .3 f 5 1 4 .3 f 25.5« 1.8e 6 .5 a 1.0 f 8 .3 d 59.2* 1 6 8 .7 1
'H o ra n i-2 7 7 .9 d 6 2 5  b 2 9 .0 ' 2 .5 a 3 .8 ' 2 .3 d 8 .3 d 8 5 .1 a 2 6 5 .3 a
'K orilia ' 7 .2« 6 2 2 .8 b 25.58 1.0 ' 3 .8 ' 0.88 10 .8 a 7 2 .3 b 2 0 5 .8 '
'L acesh ' 16 I a 5 1 7  f 3 9 .0 e 1.8 e 4 .3 d 3 .8 a 7 .8 ' 6 1 .9 ' 2 0 1 .8 f
'R ab i-S ' 7 .6 ' 5 4 1 .5 ' 12 .7 h 1.5d 4 .8 ' 2 .5 ' 9 .8 b 5 8 .2 h 2 2 7 .5 '
'S h a m -1 ' 9  3 '  6 4 1 .3 a 6 6 . 5 a 1.8 e 4 .3 d 3 .5 b 8 .5 d 6 6 .1' 2  1 7 .4d
a: A verage o f  th re e  d e te rm in a t io n s  o n  d ry  b a s is
* M ean s  w ith in  c o lu m n s  h a v in g  d iffe re n t le t te r s  a r e  s ig n if ic a n tly  d iffe re n t a c c o rd in g to LSD a t P < 0 .0 5 .

h a d  t h e  h i g h e s t  p r o t e i n  c o n t e n t s  ( H i r a  e t  a l .  1 9 9 1 ) .  
P r o t e i n  v a l u e s  a r e  c o m p a r a b l e ,  w h i l e  a s h  c o n t e n t  
i s  s l i g h t l y  h i g h e r  t h a n  t h e  v a l u e s  r e p o r t e d  b y  
S i m m o n d s  ( 1 9 7 8 ) .  T h e  n i t r o g e n  - f r e e  e x t r a c t  ( N F E ) ,  
a n  a p p r o x i m a t e  m e a s u r e  o f  s t a r c h  c o n t e n t ,  w a s  
s l i g h t l y  h i g h e r  t h a n  t h e  v a l u e s  r e p o r t e d  b y  S i m m o n d s  
( 1 9 7 8 ) .  M i n e r a l  a n a l y s i s  o f  t h e  J o r d a n i a n  w h e a t s  
i s  p r e s e n t e d  i n  T a b l e  2 .  E x c e p t  N a  a n d  C a ,  w h i c h  
w e r e  f o u n d  t o  b e  h i g h e r  t h a n  t h e  v a l u e s  f o r  o t h e r

l o w e r  i n  ' L a c e s h ’ a n d  ' H o r a n i - 2 7 '  ( 2 . 9 % ) .  G e n e r a l l y ,  
t h e  ' D u r u m '  w h e a t s  c o n t a i n  s l i g h t l y  h i g h e r  l y s i n e  
t h a n  ' h a r d  r e d  s p r i n g '  w h e a t  ( 2 . 8 2 % )  a n d  T r i t i c a l e '  
( 2 . 7 7 % )  a c c o r d i n g  t o  S i m m o n d s  ( 1 9 7 8 ) .  I n  t h e  
I n d i a n  v a r i e t i e s ,  t h e  a v a i l a b l e  l y s i n e  c o n t e n t s  a r e  
r e p o r t e d  t o  r a n g e  f r o m  2 . 0 4  t o  2 . 7 8  g / 1 6  g  N  
( C h o p r a  a n d  H i r a  1 9 8 6 ) .  F l o u r  y i e l d  i n  'D u r u m '  
w h e a t s  v a r i e d  b e t w e e n  2 9 . 5  a n d  5 7 . 5 % ,  w h i l e  t o t a l  
f l o u r  l y s i n e  r a n g e d  b e t w e e n  2 . 9  a n d  3 . 4  m g / 1 0 0  g .
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TABLE 3. PROTEIN, GLUTEN, LYSINE 
W HEAT CULTIVARS*

C O N TEN TS AND MILLING PR O PE R T IE S O F  FLOU R OB TAINED FR O M T H E  JORDAN IAN

W h ea t P ro te in G lu te n L y sin e F lo u r B ra n S h o r t M illing S D S , S E D PSI H a rd n e s s
c u ltiv a r % % m g / 100g y ie ld  % % % tim e , m in m l % d e s c r ip t io n

'ACSAD-65' 9.0b* 23.3* 3.3*b 4 2 .2 ' 2 6 .6 d 2 3 .1 ' 8 .8 ' 45* 18.0* M e d iu m  h a rd
'A m ra' 9 .5 rf 28.4* 3.4* 4 0 .8 d 34.1* 2 0 . 1* 8 . 1' 47* 17. l f M e d iu m  h a rd
'D er A lla-6 ' 9.3* 2 5 .6 d 3.3*b 3 6 .9 ' 2 9 .5 b 2 3 .8 d 8 .6 d 42* 1 8 .7e M e d iu m  h a rd
D er A lla-2 ' 10 . 7 b 2 5 .6 d 3 .0 d' 3 6 .0 1 2 9 .7 b 28.6* 7 .4 h 39>> 10 .3 h V ery  h a rd
Veery' 10 .2 e 2 7 . l b 2 .9 ' 29.5* 2 6 .3 d 5 .8 1 8 .0 * 5 6 b 20.3* M e d iu m  h a rd
'H o ra n i-2 7 11 .2 * 2 6 .5 ' 2 .9 ' 4 3 .7 b 2 6 .5 d 2 4 .9 ' 6 .8 ‘ 3 8 1 1 7 .3 f M e d iu m  h a rd
'K oriila' 9 .4 1* 2 3 .8 ' 3 . 1“1 4 0 .7 d 2 7 .4 ' 2 1.2 f 8 .2 f 5 5 ' 13.7* H a rd
'L acesh ' 9 .6 ' 2 7 .0 b 2 .9 ' 57.5* 2 6 .2 d 7 .4 ' 9 .8 b 5 2 d 1 9 .5 b M e d iu m  h a rd
'R ab i-S ' 9 .8 d 2 0 .2 h 3 .0 d' 4 3 .7 b 1 9 .1 ' 8 .5 h 10 . 1* 59* 1 8 .3 d H a rd
'S h a m -1 ' 9 .4 1* 2 4 .2 ' 3 .2 b' 4 3 .4 b 2 6 .5 d 2 6 .5 b 6 .8 ' 4 5 ' 1 8 .0 ' M e d iu m  h a rd

a: V a lu es  a r e  th e  a v e ra g e  o f  fo u r  d e te rm in a t io n s .  All v a lu e s  a r e  c a lc u la te d  a t  14%  m o is tu re  c o n te n t .  M e a n s  w ith in  c o lu m n s  h a v in g  
d iffe ren t le t te rs  a r e  s ig n if ic a n tly  d if fe re n t a t  P < 0 .0 5  level a c c o rd in g  to  LSD. S D S  - S E D  = S o d iu m  d o d ecy l s u lp h a te  s e d im e n ta t io n , 
PSI = P a rtic le  s ize  in d e x .

T h e  m o i s t u r e  c o n t e n t  i n  f l o u r s  r a n g e d  f r o m  2 0 . 2 %  
( 'R a b i - S ')  t o  2 8 . 4 %  ( 'A m r a ') .  A l l  t h e  v a r i e t i e s  t e s t e d  
h a d  l o w e r  p r o t e i n ,  a n d  l o w e r  g l u t e n  t h a n  'A m e r i c a n  
b r e a d '  w h e a t .  G e n e r a l l y ,  J o r d a n i a n  w h e a t s  c o n t a i n  
h i g h e r  a m o u n t s  o f  b r a n  a n d  s h o r t s  ( 1 9 . 1 %  i n  'R a b i -  
S '  t o  9 3 4 . 1 %  i n  'A m r a ') .  S h o r t s  v a r i e d  f r o m  5 . 8 %  
( 'V e e iy ')  t o  2 8 . 6 %  ( 'D e r  A l l a - 2 ') .  D a t a  s h o w  t h a t  t h e  
b r a n  a n d  s h o r t s  c o n t e n t  o f  t h e s e  v a r i e t i e s  a r e  
h i g h e r  t h a n  t h o s e  r e p o r t e d  b y  S w a n s o n  ( 1 9 3 8 ) .  
S D S - S E D ,  P S I %  a n d  h a r d n e s s  d e s c r i p t i o n  a s  q u a l i t y  
p a r a m e t e r s  o f  w h e a t  f l o u r  a r e  s h o w n  i n  T a b l e  3 .  
S D S - S E D  r a n g e d  f r o m  3 8  m l  ( 'H o r a n i - 2 7 ' l  t o  5 9  m l  
( 'R a b i - S ') ,  t h e r e b y  s u g g e s t i n g  t h a t  t h e s e  w h e a t  
v a r i e t i e s  a r e  a l l  ' D u r u m '  t y p e  w h e a t s ,  w h i c h  a r e  
s u i t a b l e  f o r  f l a t  b r e a d  m a k i n g .  T h e  S D S - S E D  v a l u e s  
w e r e  l o w  b e c a u s e  o f  t h e  p o o r  q u a l i t y  o f  t h e i r  g l u t e n  
a c c o r d i n g  t o  K i t t e r m a n  a n d  B a r m o r e  ( 1 9 6 9 ) .

P S I  w a s  u s e d  t o  c l a s s i f y  t h e s e  w h e a t s ,  a c c o r d i n g  
t o  t h e i r  h a r d n e s s  u s i n g  t h e  r e l a t i v e  h a r d n e s s  s c a l e  
b y  W i l l i a m s  a n d  S o b e r i n g  ( 1 9 8 6 ) .  T h e  P S I  r a n g e d  
f r o m  1 0 . 3  ( 'D e r  A l l a - 2 ')  t o  2 0 . 3  C V e e r y ') .  T h e  
J o r d a n i a n  w h e a t s  w e r e  f o u n d  t o  b e  v e r y  h a r d  ( 'D e r  
A l l a - 2 ') ,  m e d i u m  h a r d  ( ' S h a m - l ' ,  'L a c e s h ' ' ,  'A m r a ' ,  
'D e r  A l l a - 6 '  a n d  'H o r a n i - 2 7 ' ) ,  a n d  h a r d  ( 'A C S A D - 6 5 ' .  
'R a b i - S '  a n d  'K o r i i l a ' ) .  S D S - P A G E  f o r  w h o l e  k e r n e l s  
r e v e a l e d  s o m e  d i f f e r e n c e s  i n  t h e  b a n d i n g  p a t t e r n s  
o f  t h e s e  c u l t i v a r s  ( F ig .  1 ) . M o s t  c u l t i v a r s  s h o w e d  
t h i c k  b a n d s  i n  t h e  4 5 - 7 8  k D a  r e g i o n .  T h e s e  
p r o t e i n s  a r e  m o s t l y  a ,  p ,  a n d  y  g l i a d i n s .  T h e  c u l t i v a r s .

A B C  D E  F  G H I  J K

W h e a t V a rie tie s
Fig. 1. S o d i u m  d o d e c y l  s u l p h a t e  p o l y a c r y l a m i d e  g e l 

e le c tro p h o re s is  o f  w h o le  k e rn e l  p ro te in s  o f  th e  D u ru m ' 
w h e a ts , e x tra c te d  w ith  0 .1 M T ris  b u f ie r  pi 17. A : M o lecu la r 
w e ig h t m a rk e rs , o v o tra n s fe rr in  (78  kD a), a lb u m in  (45 kDa), 
o v a lb u m in  (30 kD a), c a rb o n ic  a n h y d r a s e  (1 7 .2  kD a) a n d  
m y o g lo b in  (1 2 .3  kD a); B : 'S h a m -1 ';  C ; 'R ab i-S '; D; 
'L a cesh '; E  'K oriila '; F  : 'H o ra n i-2 ' : G; 'V eery '; H : 'D e r 
A lla-2 '; I : 'D e r A lla-6 '; J : 'A m ra '; K : 'A C SA D -65'.
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'R a b i - S ' ,  'H o r a n i - 2 7 '  a n d  V e e r y ' ,  s h o w e d  r e l a t i v e l y  A c k n o w l e d g e m e n t
t h i n  b a n d s  i n  t h i s  r e g i o n ,  w h e n  c o m p a r e d  w i t h  t h e  T h i s  p r o j e c t  w a s  f u n d e d  b y  t h e  D e a n s h i p  o f
r e s t-  R e s e a r c h ,  J U S T ,  w h o s e  s u p p o r t  i s  a c k n o w l e d g e d .

TABLE 4 . C LU ST ER  ANALYSIS F O R  FIVE QUALITY TRAITS IN 'DURUM ' W H EA TS GROW N IN JO R D A N
Q u a lity  t r a i t ' M e m b e rs  o f  c lu s te r M ean S .D . F P (0 .05)
F lo u r  y ie ld •S h a m -F , 1 ,2 ,9 ,6 ,4 ,7 4 1 .2 8 2 .4 3 2 9 .5 4 • **

'L a c e sh ' 5 7 .4 6
'F a ri ' 2 9 .4 7

G ra in  p ro te in s 'S h a m -1 ',  8 ,2 ,1 ,9 ,5 ,7 1 1 2 .2 9 3 .8 4 4 .2 3 ***

'H o ra n i-2 7 ,  4 1 4 1 .0 0
'D e r  A lla -6 ' 1 0 1 .0 0

S D S -S E D 'H o ra n i-2 7 ',  4 , 3 3 .9 5 0 .1 8 4 5 .6 0 ***
'L a c e sh ', 1 ,9 ,5 ,7 5 .2 0 0 .2 3
'S h a m -1 ',  2 4 .6 0 0 .1 0

%  PSI 'S h a m -1 ',  8 ,2 ,9 ,6 ,5 ,3 1 8 .4 5 1 .06 3 6 .5 3 ***

'A C SA D -65 ', 7 1 3 .4 0 0 .2 8
'D e r  A lla -2' 1 0 .3 0

TKWT 'A C SA D -65 ', 9 ,4 ,7 4 1 .3 0 0 .4 2 1 3 8 .7 4 ***
’L a c e s h ’, 2 ,5 3 2 .8 0 0 .5 9
'S h a m -1 ',  6 ,3 3 9 .0 0 0 .7 0

1 = 'A C SA D -65 ', 
9  = 'R ab i -S ', 10

2  = 'A m ra ', 3  = 'D e r  A lla-6 ’, 4  
= 'S h a m -1 '

= 'D e r A lla -2 ', 5 = 'V eery ', 6 = 'H o ra n i-2 7 ',  7 = 'K orifla ', 8  = 'L a c e sh ',

S D S -S E D  = S o d iu m  d o d ecy l s u lp h a te  s e d im e n ta t io n , PSI = P a r tic le  size  in d e x , TKW T = T h o u s a n d  k e rn e l  w e ig h t

D a t a  f o r  i n d i v i d u a l  q u a l i t y  t r a i t s  w e r e  s u b j e c t e d  
t o  c l u s t e r  a n a l y s i s ,  a c c o r d i n g  t o  W i l k i n s o n  ( 1 9 8 8 ) .  
T h e  t e n  c u l t i v a r s  w e r e  s e p a r a t e d  i n t o  t h r e e  c l u s t e r s  
b a s e d  o n  e a c h  o f  f l o u r  y i e l d ,  g r a i n  p r o t e i n s .  S D S -  
S E D ,  P S I %  a n d  T K W T . D i f f e r e n c e s  b e t w e e n  t h e s e  
c l u s t e r s  w e r e  h i g h l y  s i g n i f i c a n t  ( T a b l e  4 ) .  'L a c e s h '  
w a s  h i g h e s t  i n  ( l o u r  y i e l d  ( 5 7 . 4 6 % ) ,  w h i l e  V e e r y ’ 
w a s  l o w e s t  ( 2 9 . 4 % ) .  T h e  r e m a i n i n g  e i g h t  c u l t i v a r s  
w e r e  i n t e r m e d i a t e  ( 4 1 . 2 8  ±  2 . 4 3 % ) .  T h e  l o c a l  
c u l t i v a r s ,  ’H o r a n i - 2 7 '  a n d  'D e r  A l l a - 2 ’, h a d  t h e  
h i g h e s t  p r o t e i n  c o n t e n t  ( 1 4 % )  a n d  d i f f e r e d  
s i g n i f i c a n t l y  f r o m  'D e r  A l l a - 6 '  ( 1 0 . 1 % )  w h i c h  h a d  
t h e  l o w e s t  p r o t e i n  c o n t e n t .

S e v e n  o f  t h e  c u l t i v a r s  s h o w e d  t y p i c a l  P S I %  
v a l u e s  f o r  'D u r u m '  w h e a t s  ( 1 8 . 4 5  ±  1 . 0 6 ) .  T h e  l o c a l  
c u l t i v a r  'D e r  A l l a - 2 '  s h o w e d  t h e  l o w e s t  v a l u e  ( 1 0 . 3 ) ,  
w h i l e  'A C S A D - 6 5 '  a n d  'K o r i i l a '  w e r e  i n t e r m e d i a t e  
( 1 3 . 4  ±  0 . 2 8 ) .  S D S - S E D  w a s  n e g a t i v e l y  c o r r e l a t e d  
w i t h  g r a i n  p r o t e i n s  ( r  =  - 0 . 4 4 7 ,  P  <  0 . 0 5 ) .  H o w e v e r ,  
t h e  m e m b e r s  o f  t h e  f i r s t  c l u s t e r  f o r  %  P S I ,  e x c e p t  
f o r  'D e r  A l l a - 6 ’, h a d  m e d i u m  g r a i n  p r o t e i n  c o n t e n t  
( 1 1 . 2 9  ±  0 . 3 8 ) .  P S I  w a s  n e g a t i v e l y  c o r r e l a t e d  w i t h  
T K W T  ( r  =  - 0 . 6 6 ,  P  <  0 . 0 5 ) ,  w h i c h  s e p a r a t e d  t h e  
c u l t i v a r s  i n t o  t h r e e  c l u s t e r s  w i t h  s i g n i f i c a n t  
d i f f e r e n c e s  b e t w e e n  t h e m .

T e c h n i c a l  a s s i s t a n c e  a n d  t h e  u s e  o f  e q u i p m e n t  a t  
t h e  W e s t e r n  W h e a t  Q u a l i t y  L a b o r a t o r y ,  P u l l m a n .  
W A , i s  a c k n o w l e d g e d .  A u t h o r s  t h a n k  D r .  A .A .  
J a r a d a t  f o r  t e c h n i c a l  a s s i s t a n c e .
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Application of Reverse Osmosis for 
Concentration of Buffalo Milk

S U R I N D E R  G U P T A  A N D  D H A R A M  P A L *
D a i r y  T e c h n o l o g y  D i v i s i o n ,

N a t i o n a l  D a i r y  R e s e a r c h  I n s t i t u t e ,  K a m a l - 1 3 2  0 0 1 ,  I n d i a .

B uffa lo  m ilk  w a s  c o n c e n tra te d  to  1.5X  (25%  TS) a n d  2 .OX (33%  TS) lev els  e m p lo y in g  r e v e rs e  o s m o s is  p ro c e s s  
a n d  th e  c h a n g e s  in  i ts  p h y s ic o -c h e m ic a l, m ic ro b ia l a n d  s e n s o ry  p ro p e r t ie s  w e re  e x a m in e d . T h e  a v e ra g e  p e rm e a te  
flux  w a s  3 0 .4  a n d  2 3 .8  l / m 2-h  for 1.5X  a n d  2 .0X , re sp ec tiv e ly . T h e  lip id s , p ro te in s ,  m in e ra ls  a n d  la c to s e  in  c o n c e n t r a te d  
m ilk  in c re a s e d  b y  th e  s a m e  level a s  th e  c o n c e n tra t io n  fac to r, th e re b y  in d ic a tin g  th e ir  100%  re je c tio n  b y  th e  th in  film  
c o m p o s ite  re v e rs e  o s m o s is  m e m b ra n e . T h e re  w e re  n o  m ilk  s o lid s  in  th e  p e rm e a te  a t  a n y  s ta g e  o f  o p e ra t io n . T h e  re v e rs e  
o s m o s is  p ro c e s s  d id  n o t  e x e r t  a n y  a d v e r s e  e ffec t o n  th e  t i t r a ta b le  ac id ity , pi I, free fa tty  a c id s ,  free fa t  a n d  m ic ro b ia l 
lo ad . T h e  s e n s o ry  q u a li ty  o f  re v e rse  o s m o s is  p ro c e s s e d  m ilk  w a s  n o t  d iffe re n t fro m  th a t  o f  f re sh  b u ffa lo  m ilk . T h e  
m o s t n o ta b le  effec t o f  re v e rse  o s m o s is  p ro c e s s  w a s  n o tic e d  o n  th e  size  o f  fa t g lo b u le s , w h ic h  re d u c e d  to  le s s  th a n  
2 .5 p  u p o n  2 .OX c o n c e n tra t io n . C o n s e q u e n tly , th e  s k im m in g  effic ien cy  o f re v e rs e  o s m o s is  m ilk  w a s  e x tre m e ly  po o r.

K e y w o rd s  : R ev erse  o sm o s is , B u ffa lo  m ilk , F lux , P h y s ic o -c h e m ic a l p ro p e rtie s , F a t  g lo b u le  size , S k im m in g  e ffic ien cy .

R e v e r s e  o s m o s i s  (R O )  i s  a  r e l a t i v e l y  n e w  
p r o c e s s  d e v e l o p e d  f o r  c o n c e n t r a t i o n  o f  a q u e o u s  
f o o d s .  T h e  f e e d  s t r e a m  u n d e r  h i g h  p r e s s u r e  i s  
a l l o w e d  t o  f l o w  a c r o s s  a  s e m i - p e r m e a b l e  m e m b r a n e ,  
w h i c h  p r e f e r e n t i a l l y  p e r m i t s  w a t e r  t o  p a s s  t h r o u g h  
i t  ( S m i t h  a n d  M a c B e a n  1 9 7 8 ) .  A c c o r d i n g  t o  a n  
e s t i m a t e ,  i n s t a l l e d  m e m b r a n e  a r e a  f o r  R O  i n  t h e  
d a i r y  i n d u s t r y  a l o n e  i s  6 0 , 0 0 0  m 2 a n d  i t s  a n n u a l  
g r o w t h  r a t e  i s  a r o u n d  2 0 %  ( M a u b o i s  1 9 8 9 ) .  
C o n c e n t r a t i o n  u p t o  1 8  t o  2 5 %  t o t a l  s o l i d s ,  d e p e n d i n g  
o n  t h e  f e e d  s t r e a m  c o u l d  b e  d o n e  e c o n o m i c a l l y  b y  
R O ,  r a t h e r  t h a n  b y  c o n v e n t i o n a l  e v a p o r a t i o n  
p r o c e s s e s  ( P e p p e r  a n d  O r c h a r d  1 9 8 2 ;  C h e r y a n  e t  
a l .  1 9 8 7 ) .  S i n c e  t h e  m o i s t u r e  i s  r e m o v e d  w i t h o u t  
c h a n g i n g  i t s  p h a s e  a t  r e l a t i v e l y  l o w  o p e r a t i n g  
t e m p e r a t u r e s ,  t h e  c h a n g e s  i n  s e n s o r y  q u a l i t y ,  a n d  
c h e m i c a l  m a k e  u p  o f  t h e  f o o d  w o u l d  b e  m i n i m u m .  
I n  a d d i t i o n ,  R O  c a n  t r e a t  f o o d  p l a n t  w a s t e  s t r e a m s  
t o  p r o d u c e  r e u s a b l e  w a t e r ,  a n d  r e d u c e  e f f l u e n t  
d i s c h a r g e  t o  m u n i c i p a l  w a s t e  t r e a t m e n t  f a c i l i t i e s  
( C h e r y a n  e t  a l .  1 9 9 0 ) .

I n  r e c e n t  y e a r s ,  a  c o n s i d e r a b l e  r e s e a r c h  w o r k  
h a s  b e e n  c a r r i e d  o u t  o n  c o n c e n t r a t i o n  o f  c o w  m i l k  
( A b b o t  e t  a l .  1 9 7 9 ;  H i d d i n k  e t  a l .  1 9 8 0 ;  V e r s t e e g  
1 9 8 5 ;  P a l  a n d  C h e r y a n  1 9 8 7 ) ,  w h e y  ( P e p p e r  a n d  
P a i n  1 9 8 7 )  a n d  s k i m  m i l k  ( S t a b i l e  1 9 8 3 ) ,  e m p l o y i n g  
R O  p r o c e s s .  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  
e x a m i n e  t h e  f e a s i b i l i t y  o f  R O  f o r  c o n c e n t r a t i o n  o f  
b u f f a l o  w h o l e  m i l k .  T h e  r e s u l t s  p r e s e n t e d  i n  t h i s  
p a p e r  r e l a t e  t o  t h e  c h a n g e s  i n  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  b u f f a l o  m i l k .
* Corresponding Author

M a t e r i a l s  a n d  M e t h o d s

R O  p la n t  : A  p i l o t  s c a l e  R O  p l a n t  ( P a t e r s o n  
C a n d y  I n t e r n a t i o n a l  M e m b r a n e  D i v i s i o n ,  E n g l a n d )  
w a s  u s e d .  I t  c o n s i s t e d  o f  a  f e e d  t a n k ,  a  t r i p l e  
p l u n g e r - t y p e  h i g h  p r e s s u r e  p u m p ,  a  0 . 6  m  s h e l l  
a n d  t u b e  h e a t  e x c h a n g e r ,  t h e  m e m b r a n e  m o d u l e  
a n d  i n s t r u m e n t a t i o n ,  a n d  c o n t r o l s  n e c e s s a r y  t o  
r e g u l a t e  t h e  o p e r a t i n g  p r e s s u r e  a n d  t e m p e r a t u r e .  
A  t h i n  f i l m  c o m p o s i t e  m e m b r a n e  ( A F C  9 9 )  w i t h  9 9 %  
r e t e n t i o n  l i m i t  f o r  s o d i u m  c h l o r i d e  w a s  u s e d .  A  t o t a l  
o f  1 8  m e m b r a n e s  i n  t u b u l a r  c o n f i g u r a t i o n  w i t h  a  
t o t a l  a r e a  o f  0 . 9  m 2 w e r e  c o n n e c t e d  i n  s e r i e s ,  a n d  
e n c a s e d  i n  a  S S  s h e l l .  T h e  R O  u n i t  w a s  o p e r a t e d  
a t  a  p r e s s u r e  o f  3 0  k g / c m 2 a n d  f l o w  r a t e  o f  
1 8  1 / m i n .  T h e  t e m p e r a t u r e  o f  m i l k  w a s  m a i n t a i n e d  
a t  5 0 ° C .

B u ffa lo  m ilk  a n d  its  p r o c e s s in g  : B u f f a l o  m i l k  
o b t a i n e d  f r o m  t h e  E x p e r i m e n t a l  D a i r y  o f  t h e  I n s t i t u t e  
w a s  s t a n d a r d i z e d  t o  6 %  f a t .  I t  w a s  t h e n  s u b j e c t e d  
t o  m i l d  h e a t  t r e a t m e n t  ( 6 0 ° C  w i t h o u t  h o l d i n g )  f o r  
i n a c t i v a t i o n  o f  l i p a s e  e n z y m e .  A f t e r  c o o l i n g  t o  5 0 ° C ,  
i t  w a s  t r a n s f e r r e d  t h r o u g h  a  f i l t e r  c l o t h  i n t o  t h e  
f e e d  t a n k  o f  R O  u n i t .  M i l k  w a s  r e c i r c u l a t e d  t h r o u g h  
t h e  R O  m o d u l e ,  t i l l  d e s i r e d  c o n c e n t r a t i o n  o f  e i t h e r
1 . 5 X  a n d  2 . O X  w a s  a c h i e v e d  w i t h  r e s p e c t i v e  v o l u m e  
r e d u c t i o n  o f  3 3 %  o r  5 0 % .  T h e  p e r f o r m a n c e  o f  t h e  
R O  s y s t e m  i s  m e a s u r e d  o n  t h e  b a s i s  o f  t h e  f l u x  
a n d  r e j e c t i o n  ( C h e r y a n  1 9 8 6 ) .  T h e  f l u x  ( t h e  r a t e  
o f  r e m o v a l  o f  p e r m e a t e )  w a s  m e a s u r e d  a t  a  c o n s t a n t  
i n t e r v a l ,  d u r i n g  c o n c e n t r a t i o n  o f  b u f f a l o  m i l k .  
R e j e c t i o n ,  a  m e a s u r e  o f  t h e  m e m b r a n e  a b i l i t y  t o
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r e t a i n  o r  s e p a r a t e  a  p a r t i c u l a r  c o m p o n e n t  o f  t h e  
m i l k ,  i s  e x p r e s s e d  a s  :

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

A n a ly tic a l  m e th o d s  : T h e  t o t a l  s o l i d s ,  f a t ,
t i t r a t a b l e  a c i d i t y ,  p H ,  a l c o h o l  t e s t ,  m e t h y l e n e  b l u e  
r e d u c t i o n  t e s t  a n d  t o t a l  v i a b l e  c o u n t s  i n  m i l k  a n d  
c o n c e n t r a t e  ( r e t e n t a t e )  w e r e  d e t e r m i n e d  b y  s t a n d a r d  
m e t h o d s  ( IS I  1 9 6 1 ) .  A  s e m i - m i c r o K j e l d a h l  m e t h o d  
s u g g e s t e d  b y  M e n e f e e  a n d  O v e r m a n  ( 1 9 4 0 )  w a s  
u s e d  f o r  m e a s u r i n g  t h e  t o t a l  p r o t e i n s  (N  x  6 . 3 8 ) .  
T h e  a s h  c o n t e n t  w a s  d e t e r m i n e d  b y  t h e  A O A C
( 1 9 8 0 )  m e t h o d ,  a n d  l a c t o s e  b y  d i f f e r e n c e .  F o r  
e s t i m a t i o n  o f  f r e e  f a t t y  a c i d s  ( F F A ) ,  t h e  m e t h o d  
r e c o m m e n d e d  b y  D e e t h  e t  a l .  ( 1 9 7 5 )  w a s  a d o p t e d .  
A n  E l i c o  p H  m e t e r  ( M o d e l  L I - 1 2 2 )  w i t h  c o m b i n e d  
g l a s s  e l e c t r o d e  w a s  u s e d  f o r  m e a s u r i n g  t h e  p H  o f  
m i l k  a n d  c o n c e n t r a t e s .  F r e e  f a t  w a s  d e t e r m i n e d  b y  
t h e  m e t h o d  o f  H a l l  a n d  H e d r i c k  ( 1 9 7 1 ) .  T h e  
d y n a m i c  v i s c o s i t y  o f  m i l k  a n d  c o n c e n t r a t e s  w a s  
m e a s u r e d  a t  2 0  ±  1 ° C  w i t h  t h e  h e l p  o f  a  H o p p l e r  
f a l l i n g  b a l l  v i s c o m e t e r  ( t y p e  B H  m a n u f a c t u r e d  b y  
V e b  P r u f g e r a t e w e r k  M e d i r g e n / D r e s d e n ,  G e r m a n y ) .  
T h e  m i c r o s c o p i c  e x a m i n a t i o n  o f  f a t  g l o b u l e s  f o r  
m e a s u r i n g  t h e i r  s i z e  a n d  s h a p e  w a s  d o n e  a s  p e r  
t h e  s t a n d a r d  m e t h o d  ( T r o u t  1 9 5 0 ) .  T h e  f l a v o u r ,  
w h i c h  i s  t h e  m o s t  i m p o r t a n t  s e n s o i y  a t t r i b u t e  o f  
f l u i d  m i l k ,  w a s  e v a l u a t e d  a s  p e r  t h e  m e t h o d  o f  
N e l s o n  a n d  T r o u t  ( 1 9 6 4 ) ,  u s i n g  A m e r i c a n  D a i r y  
S c i e n c e  A s s o c i a t i o n ' s  a b r i d g e d  s c o r e  c a r d .  F o r  
m e a s u r i n g  t h e  s k i m m i n g  b e h a v i o u r ,  R O  c o n c e n t r a t e s  
a s  s u c h  a n d  a f t e r  d i l u t i o n  t o  t h e  c o m p o s i t i o n  o f  
n o r m a l  b u f f a l o  m i l k  ( 6 %  f a t )  w e r e  s e p a r a t e d  a t  4 0 ° C  
i n  a  l a b o r a t o r y  c r e a m  s e p a r a t o r  ( M o d e l  F e l i x  3 3 ,  
C a p  1 1 0  1 / h ,  b o w l  s p e e d  3 5 0 0  r p m ,  V u l c a n  L a v a l ,  
P o o n a ,  I n d i a ) .  T h e  f a t  t e s t  o n  s k i m  m i l k  a n d  w h o l e  
m i l k  w a s  d o n e  b y  G e r b e r  m e t h o d  ( IS I  1 9 8 1 ) .

F o r  e x t r a p o l a t i n g  t h e  h i g h e s t  c o n c e n t r a t i o n  
t h a t  c a n  b e  a c h i e v e d  i n  R O  p r o c e s s ,  t h r e e  
m a t h e m a t i c a l  m o d e l s ,  n a m e l y  l i n e a r ,  e x p o n e n t i a l  
a n d  s e m i - l o g  w e r e  t r i e d .  T h e  s e m i - l o g  f o r m  w i t h  
t h e  f o l l o w i n g  e q u a t i o n  f i t t e d  b e s t  i n  t h e  p r e s e n t  
c a s e .
Y  =  1 8 7 . 6 0 4 3  -  5 1 . 3 2 9 2  l o g  X  ( 3 . 5 6 5 5 )  r  =  0 . 9 8 0 1  
( v a l u e  i n  t h e  p a r e n t h e s i s  i n d i c a t e s  t h e  S E  o f  
r e g r e s s i o n  p a r a m e t e r )

R e s u l t s  a n d  D i s c u s s i o n
F lu x  b e h a v io u r  : F i g .  1 s h o w s  s e m i - l o g a r i t h m i c

40 -
JZ

fN 1
30

01T-»oQ)
EL_0)Q-

2 0

1 0  -

H H —  
0  10

---------------- -----------Vi_
20 30 40

T o t a l  s o l i d s ,  %
Fig. 1. In f lu e n c e  o f  c o n c e n tra t io n  o f  th e  p e rm e a te  flux  d u r in g  

re v e rs e  o s m o s is  p ro c e s s in g  o f  b u ffa lo  m ilk .

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



346

TABLE 1. G R O S S  C HEM ICAL CO M PO SITIO N  O F  BUFFALO 
MILK C ONCENTRATED BY R E V E R S E  O S M O SIS  
P R O C E SS

TABLE 2. IN FLU EN C E O F  RO ON PH Y SIC O -C H EM IC A L  AND 
M IC R O B IO L O G IC A L  C H A R A C T E R IS T IC S  O F  
B UFFALO MILK

C o n s t i tu e n ts  B uffa lo  w h o le  RO c o n c e n tra te d  b u ffa lo  m ilk s
2 .0  X% m ilk

T o ta l so lid s  1 6 .5 7  ± 0 .1 3
F a t 6 .0 5  ± 0 .0 5
P ro te in s  4 .6 0  ± 0 .1 4
A sh 0 .6 8  ± 0 .0 5
L ac to se  5 .2 8  ± 0 .1 0

1.5 X
2 4 .9 8  ±  0 .3 9  

9 .1 0  ±  0 .0 5  
6 .9 0  ± 0 .1 5  
1 .04  ± 0 .0 2  
7 .8 5  ± 0 .0 5

3 2 .8 8  ± 0 .1 8  
1 2 .0 5  ± 0 .0 5  
9 .1 2  ± 0 .1 6  
1 .35  ± 0 .0 2  

1 0 .4 3  ± 0 .0 5
M ean  v a lu e s  ± S D  b a s e d  o n  th r e e  tr ia ls

in itia l  w e ig h t o f m ilkX r e p re s e n ts  c o n c e n tra t io n  fac to r, i.e . ---------------------------------------w e ig h t o f  r e té n ta te

c o n f i d e n c e  l i m i t s  a t  9 5 % ,  v a r y i n g  b e t w e e n  - 6 1 . 2 3  
a n d  - 4 1 . 4 3 .

R e je c tio n  p r o p e r t ie s  : T h e  a v e r a g e  c o m p o s i t i o n  
o f  n o r m a l  b u f f a l o  m i l k  i s  p r e s e n t e d  i n  T a b l e  1 . 
D u r i n g  c o n c e n t r a t i o n  b y  R O  p r o c e s s ,  t h e  i n d i v i d u a l  
c o n s t i t u e n t s ,  i . e ,  t o t a l  s o l i d s ,  f a t ,  t o t a l  p r o t e i n s ,  a s h  
a n d  l a c t o s e ,  i n c r e a s e d  b y  a b o u t  t h e  s a m e  l e v e l  a s  
t h e  c o n c e n t r a t i o n  f a c t o r ,  i . e .  1 . 5  a n d  2 . 0 .  t i m e s .  
T h i s  c a n  b e  t r a n s l a t e d  i n t o  1 0 0 %  r e j e c t i o n  o f  a l l  
t h e  m a j o r  m i l k  c o m p o n e n t s  b y  R O  m e m b r a n e ,  a n d  
n o  l o s s  i n t o  t h e  p e r m e a t e .  T h i s  t r e n d  w a s  a l s o  
c o n f i r m e d  b y  t h e  a n a l y s i s  o f  p e r m e a t e  a f t e r  d i f f e r e n t  
i n t e r v a l s .  A t  n o  s t a g e ,  t h e  p e r m e a t e  w a s  f o u n d  t o  
c o n t a i n  a n y  s o l i d s .  C h e i y a n  e t  a l  ( 1 9 8 0 )  a n d  
M a r s h a l l  ( 1 9 8 5 )  h a v e  a l s o  r e p o r t e d  1 0 0 %  r e j e c t i o n  
o f  m a j o r  m i l k  c o m p o n e n t s  b y  t h e  c o m p o s i t e  R O  
m e m b r a n e .  C o n t r a r y  t o  t h e s e ,  s o m e  o t h e r  w o r k e r s  
( B a r b a n o  e t  a l .  1 9 8 3 ;  P a l  a n d  C h e i y a n  1 9 8 7 )  
o b s e r v e d  t h e  l o s s  o f  l a c t o s e ,  a s h  a n d  n o n - p r o t e i n  
n i t r o g e n  u p t o  5 %  i n t o  p e r m e a t e  t h r o u g h  t h e  C A  
m e m b r a n e ,  p a r t i c u l a r l y  a t  c o n c e n t r a t i o n  f a c t o r  o f  
g r e a t e r  t h a n  2 . 7 .  T h e  m a x i m u m  d e g r e e  o f  
c o n c e n t r a t i o n  a c h i e v e d  i n  t h e  p r e s e n t  c a s e  w a s  2 -  
f o l d .  T h e  t h i n  f i l m  c o m p o s i t e  m e m b r a n e  h a s  b e e n  
r e c o g n i z e d  f o r  b e t t e r  r e j e c t i o n  p r o p e r t i e s  a s  c o m p a r e d  
t o  C A  m e m b r a n e s  ( M a r s h a l l  1 9 8 5 ) .

EJJect o f  R O  o n  th e  p h y s ic o -c h e m ic a l  p r o p e r t ie s  : 
T a b l e  2  s h o w s  t h e  e f f e c t  o f  R O  o n  t i t r a t a b l e  a c i d i t y ,  
p H ,  a l c o h o l  t e s t ,  c l o t - o n - b o i l i n g  ( C O B )  t e s t ,  v i s c o s i t y ,  
f r e e  f a t t y  a c i d s  ( F F A ) ,  f r e e  f a t ,  a n d  f a t  g l o b u l e  s i z e .  
T h e  t i t r a t a b l e  a c i d i t y  i n c r e a s e d  a n d  p H  d e c r e a s e d  
f o r  b o t h  1 .5 X  a n d  2 . O X  c o n c e n t r a t e d  m i l k  o v e r  t h a t  
o f  n o r m a l  b u f f a l o  m i l k .  T h e  i n c r e a s e  i n  a c i d i t y  w a s ,  
h o w e v e r ,  n o t  ir?  t h e  s a m e  p r o p o r t i o n  a s  t h e  
c o n c e n t r a t i o n  f a c t o r ,  t h o u g h  a l l  t h e  m a j o r  m i l k  
c o n s t i t u e n t s ,  p a r t i c u l a r l y  t h o s e  t h a t  c o n t r i b u t e  t o  
t h e  t i t r a t a b l e  a c i d i t y ,  i n c r e a s e d  i n  t h e  s a m e  o r d e r

RO c o n c e n t r a te d  m ilk s  
2 .0  X

C h a ra c te r is t ic s
%

T itra ta b le  
a c id ity  % 
la c tic  a c id

PH
V isco sity , 
e p u  a t  20°C
F ree  fa tty  
a c id s ,  p c q /g

F ree  fat, %  
o f  to ta l  fa t

B uffa lo  w h o le  
m ilk

0 .1 8  ± 0 .0 5  
6 .7 3  ± 0 .0 5

2 .3 8  ± 0 .0 6  

1 .82  ± 0 .0 6

6 .7 8  ± 0 . 1 2  
3 .5 0  ± 0 .2 5

1.5  X

0 .3 4  ±  0 .0 1  
6 .5 8  ±  0 .0 6

6 .4 9  ± 0 .0 8  

3 .0 2  ± 0 .0 6

1.00 ± 0.01  
4 .2 0  ± 0 .2 5  
2 3 .2 3  ± 0 .8

3 .0  -  5 .8

4 3 .5 5  ± 0 .2 8

0 .4 0  ± 0 .0 1  
6 .4 6  ± 0 .0 6

2 4 .8 2  ± 0 .4 0  

3 .2 0  ± 0 .0 1

0 .6 0  ±  0 .0 8  
4 .1 8  ± 0 .2 5  
2 4 .7 1  ± 2 .1

1.9 -  2 .5

4 3 .2 2  ± 0 .1 9  

in  a ll c a s e s

M BR te s t ,  h  
C fu  x 1 0 7 m l 1 8 .5 4  ± 1.2 
F a t  g lo b u le
size , p  5 .7  -  1 1.4
F la v o u r
s c o re  # 4 3 .7 2  ± 0 . 1 1

A lcohol a n d  C lo t-o n -b o ilin g  te s t  w e re  n e g a tiv e  
M ean  v a lu e s  ± SD  o f  th r e e  t r ia ls  
# F la v o u r  s c o re  is  b a s e d  o n  4 5  p e rfe c t s c o re

a s  t h e  c o n c e n t r a t i o n  l e v e l .  F r o m  t h e s e  t r e n d s ,  i t  
c o u l d  b e  i n f e r r e d  t h a t  t h e r e  w a s  n o  d e v e l o p m e n t  
o f  a c i d i t y  d u r i n g  t h e  R O  p r o c e s s ,  a n d  s o m e  o f  t h e  
l a c t i c  a c i d  w o u l d  h a v e  p a s s e d  i n t o  t h e  p e r m e a t e ,  
p a r t i c u l a r l y  a t  h i g h e r  l e v e l s  o f  c o n c e n t r a t i o n .  T h e  
a l c o h o l  t e s t  f o r  n o r m a l  m i l k  a n d  1 . 5 - f o l d  
c o n c e n t r a t e d  m i l k  w a s  n e g a t i v e ,  i n d i c a t i n g  t h a t  t h e  
l a t t e r  c o u l d  b e  s a f e l y  p r o c e s s e d  a t  h i g h  h e a t  
t r e a t m e n t s .  O n  t h e  c o n t r a r y ,  t h e  2 - f o l d  c o n c e n t r a t e d  
m i l k  s h o w e d  p o s i t i v e  a l c o h o l  t e s t .  T h i s  i s  i n  k e e p i n g  
w i t h  o t h e r  c o n c e n t r a t i o n  p r o c e s s e s .  C o n c e n t r a t i o n  
o f  m i l k  t o  h i g h  s o l i d  l e v e l s  b y  a n y  o t h e r  p r o c e s s  
a l s o  l o w e r s  i t s  h e a t  s t a b i l i t y .  T h e s e  r e s u l t s ,  h o w e v e r ,  
s u g g e s t  t h a t  i f  R O  c o n c e n t r a t e d  b u f f a l o  m i l k  ( T S  
3 0 %  a n d  a b o v e )  i s  t o  b e  u s e d  f o r  h i g h  h e a t  
t r e a t m e n t s ,  s u c h  a s  s t e r i l i z a t i o n ,  i t s  h e a t  s t a b i l i t y  
s h o u l d  b e  c o r r e c t e d .  T h e  C O B  t e s t  f o r  c o n t r o l  a s  
w e l l  a s  b o t h  1 . 5  a n d  2 . 0  - f o l d s  c o n c e n t r a t e s  w a s  
f o u n d  t o  b e  n e g a t i v e ,  i n d i c a t i n g  t h e i r  s u i t a b i l i t y  f o r  
p a s t e u r i z a t i o n .

T h e  v i s c o s i t y  o f  b u f f a l o  m i l k  w a s  2 . 3 6  e p u  a t  
2 0 ° C ,  w h i c h  i n c r e a s e d  b y  a l m o s t  3  a n d  1 0  - f o l d s  
i n  1 . 5 X  a n d  2 . O X  c o n c e n t r a t e d  m i l k ,  r e s p e c t i v e l y .  
S u c h  h i g h  i n c r e a s e  i n  v i s c o s i t y  c o u l d  b e  a t t r i b u t e d  
t o  t h e  c o m b i n e d  e f f e c t  o f  i n c r e a s e d  c o n c e n t r a t i o n  
o f  m i l k  c o n s t i t u e n t s ,  p a r t i c u l a r l y  p r o t e i n s  a n d  
l i p i d s ,  a n d  h o m o g e n i z a t i o n - l i k e  a c t i o n  d u r i n g  R O
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p r o c e s s i n g .  V e r s t e e g  ( 1 9 8 5 )  h a s  a l s o  r e p o r t e d  s i m i l a r  
e f f e c t  o f  R O  o n  t h e  v i s c o s i t y  o f  m i l k .

E a r l i e r  w o r k e r s  ( A b b o t  e t  a l .  1 9 7 9 ;  B a r b a n o  
e t  a l .  1 9 8 3 :  P a l  a n d  C h e r y a n  1 9 8 7 )  h a d  r e p o r t e d  
t h a t  R O  p r o c e s s i n g  o f  r a w  m i l k  l e d  t o  l i p o l y s i s  a n d  
i n c r e a s e  i n  F F A  d u e  t o  t h e  a c t i o n  o f  l i p a s e .  T o  
o v e r c o m e  t h i s  p r o b l e m ,  t h e  l i p a s e  w a s  i n a c t i v a t e d  
b y  p r e - h e a t i n g  b u f f a l o  m i l k  t o  6 0 ° C  b e f o r e  R O  
p r o c e s s i n g  i n  t h e  p r e s e n t  s t u d y ,  a n d  e x p e c t e d  
r e s u l t s  w e r e  o b t a i n e d .  T h e  F F A  i n  b u f f a l o  m i l k  w a s
1 .8  p g / g ,  w h i c h  i n c r e a s e d  t o  3 . 0 2  a n d  3 . 2 0  o n  1 . 5  
X  a n d  2 . 0  X  l e v e l s  o f  c o n c e n t r a t i o n ,  r e s p e c t i v e l y .  
I t  m e a n s  t h a t  t h e  i n c r e a s e  w a s  e v e n  n o t  o f  t h e  s a m e  
o r d e r  a s  t h e  c o n c e n t r a t i o n  f a c t o r ,  p r o b a b l y  d u e  t o  
s o m e  p e r m e a t i o n  o f  F F A  t h r o u g h  t h e  m e m b r a n e .

T h e  m i c r o s c o p i c  e x a m i n a t i o n  o f  t h e  f a t  g l o b u l e s  
r e v e a l e d  t h a t  t h e r e  w a s  h o m o g e n i z a t i o n - l i k e  a c t i o n  
d u r i n g  R O  p r o c e s s i n g  o f  b u f f a l o  m i l k .  T h e  s i z e  o f

Fiji 2 a. F a t g lo b u le s  o f  n o rm a l b u ffa lo  m ilk  (M ag n ifica tio n  
10 X)

Fig.2 b . F a t  g lo b u le s  o f  RO b u ffa lo  m ilk . (M ag n ifica tio n  100 X)

f a t  g l o b u l e s  i n  n o r m a l  b u f f a l o  m i l k  r a n g e d  b e t w e e n
5 . 7  a n d  1 1 . 4  p  ( T a b l e  2 ) .  O n  R O  p r o c e s s i n g ,  i t  
r e d u c e d  t o  l e s s  t h a n  2 . 5  p  i n  2 . 0  X  R O  c o n c e n t r a t e s .  
T h e  R O  p r o c e s s  a l s o  a l t e r e d  t h e  s h a p e  o f  t h e  f a t  
g l o b u l e s .  T h e  i r r e g u l a r - s h a p e d  f a t  g l o b u l e s  ( F ig .  2 a )  
b e c a m e  u n i f o r m  a n d  s p h e r i c a l  s h a p e d  a f t e r  R O  
p r o c e s s  ( F ig .  2 b ) .  C o n t r a r y  t o  t h e s e  r e s u l t s ,  V e r s t e e g
( 1 9 8 5 )  d i d  n o t  f i n d  a n y  r e d u c t i o n  i n  t h e  s i z e  o f  
t h e  f a t  g l o b u l e s  a f t e r  R O  c o n c e n t r a t i o n .  A s  f a r  a s  
s h a p e  w a s  c o n c e r n e d ,  h e  o b s e r v e d  b o t h  i r r e g u l a r  
a n d  r o u n d - s h a p e d  f a t  g l o b u l e s .  T h e  f r e e  f a t  c o n t e n t  
a l s o  s u b s t a n t i a l l y  r e d u c e d  a f t e r  R O  p r o c e s s i n g .  I n  
n o r m a l  b u f f a l o  m l i k ,  t h e  f r e e  f a t  c o n t e n t  w a s  6 . 7 8 %  
o f  t o t a l  f a t ,  w h i c h  r e d u c e d  t o  1 a n d  0 . 6 %  i n  1 . 5  X  
a n d  2 . 0  X  R O  m i l k  ( T a b l e  2 ) .  T h e  r e c i r c u l a t i o n  o f  
b u f f a l o  m i l k  f o r  a  l o n g  p e r i o d  a t  h i g h  o p e r a t i n g  
p r e s s u r e  d u r i n g  R O  p r o c e s s  c o u l d  b e  m a i n l y  
r e s p o n s i b l e  f o r  d e c r e a s e  i n  s i z e  o f  f a t  g l o b u l e s  a n d  
r e d u c t i o n  i n  f r e e  f a t  c o n t e n t .  T h e  c o o l i n g  o f  
r e t e n t a t e  t o  l e s s  t h a n  1 0 ° C  b e f o r e  i t s  r e l e a s e  f r o m  
t h e  p r e s s u r e  r e l e a s e  v a l v e  h a s  b e e n  r e p o r t e d  t o  h e l p  
m i n i m i z i n g  f a t  d a m a g e  ( B a r b a n o  e t  a l .  1 9 8 3 ;  
V e r s t e e g  1 9 8 5 ) .  T h e  R O  u n i t  u s e d  i n  p r e s e n t  
i n v e s t i g a t i o n  d i d  n o t  h a v e  s u c h  p r o v i s i o n .

M icro b io lo g ica l a s p e c t  o f  R O  m ilk  : T h e  i n i t i a l  
s t a n d a r d  p l a t e  c o u n t  i n  t h e r m i z e d  b u f f a l o  m i l k  w a s
1 8 . 5 4  x  1 0 5/ m l .  S i n c e  R O  m e m b r a n e s  a r e  c o m p l e t e l y  
i m p e r m e a b l e  t o  m i c r o b i a l  c e l l s ,  t h e o r e t i c a l l y  t h e  
S P C  s h o u l d  i n c r e a s e  i n  t h e  s a m e  p r o p o r t i o n  a s  t h e  
c o n c e n t r a t i o n  f a c t o r .  B u t ,  t h i s  w a s  n o t  s o .  T h e  S P C  
( T a b l e  2 )  i n  1 . 5  x  R O  c o n c e n t r a t e s  w e r e  2 3 . 2 3  x  
1 0 5/ m l  ( 1 . 3  - f o l d  i n c r e a s e )  a n d  i n  2 . 0  X  R O  2 4 . 7  

x  1 0 5/ m l  ( 1 . 4  - f o l d  i n c r e a s e ) .  I t  c a n  b e  i n t e r p r e t e d  
f r o m  t h e s e  r e s u l t s  t h a t  a t  a  p r o c e s s i n g  t e m p e r a t u r e  
o f  5 0 ° C ,  t h e r e  w a s  d e c r e a s e  i n  b a c t e r i a l  p o p u l a t i o n .  
T h i s  l e t h a l  e f f e c t  i n c r e a s e d  w i t h  t h e  i n c r e a s e  o f  
o p e r a t i o n a l  t i m e  a s  i n  c a s e  o f  2 . 0  X  R O  m i l k .  D r e w  
a n d  M a n n e r s  ( 1 9 8 5 )  a l s o  o b s e r v e d  s u b s t a n t i a l  
d e c r e a s e  i n  b a c t e r i a l  p o p u l a t i o n  o f  R O  c o n c e n t r a t e d  
m i l k  w i t h  p r o c e s s  t e m p e r a t u r e  o f  5 0 - 5 5 ° C ,  a n d  
a s c r i b e d  t h i s  t o  t h e  d e s t r u c t i o n  o f  h e a t  s e n s i t i v e  
p s y c h r o t r o p h i c  G r a m  n e g a t i v e  b a c t e r i a .  D e s p i t e  
h i g h e r  n u m b e r  o f  S P C  i n  R O  m i l k  i n  c o m p a r i s o n  
w i t h  t h e  n o r m a l  b u f f a l o  m i l k ,  h i g h e r  M B R  t i m e  w a s  
o b s e r v e d  f o r  t h e  f o r m e r ,  w h i c h  c o u l d  b e  d u e  t o  
l o w e r  b a c t e r i a l  a c t i v i t y  i n  c o n c e n t r a t e d  m i l k .

S e n s o r y  q u a l i ty  o f  R O  m ilk  : I t  i s  s e e n  f r o m
T a b l e  2  t h a t  t h e  f l a v o u r  s c o r e s  o f  R O  m i l k s  d i d  
n o t  d i f f e r  a p p r e c i a b l y  f r o m  t h o s e  o f  n o r m a l  b u f f a l o  
m i l k .  N o  a b n o r m a l  o r  o f f - f l a v o u r  w a s  p e r c e i v e d  i n  
R O  m i l k s ,  b u t  t h e y  w e r e  f o u n d  t o  b e  s w e e t e r  i n  
t a s t e ,  o b v i o u s l y  b e c a u s e  o f  h i g h e r  l a c t o s e  c o n t e n t ,
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TABLE 3. E F F E C T  O F  RO ON SKIM M ING EFFIC IE N C Y  O F  
BUFFALO MILK

T ype o f  m ilk  F a t  p e rc e n ta g e
B efore s e p a r a t io n  A fter s e p a ra t io n

(m ilk) (skim )
B uffalo  m ilk  6 .0  0.1
1.5 X RO m ilk  9 .1  7 .0
1.5 X d ilu te d  RO m ilk  6 .0  3 .8
2 .0  X RO m ilk  1 2 .0  11.4
2 .0  X d ilu te d  RO m ilk  6 .0  4 .8

a n d  h e n c e  s o m e  o f  t h e  p a n e l i s t s  a w a r d e d  l e s s  s c o r e  
o n  t h a t  a c c o u n t .  H o w e v e r ,  t h i s  d i f f e r e n c e  c o u l d  n o t  
p e r s i s t  o n  r e c o n s t i t u t i o n .

S k im m in g  e ff ic ie n c y  o f  R O  c o n c e n tr a te s  : T h e  
R O  c o n c e n t r a t e s  a s  s u c h  a n d  a f t e r  d i l u t i o n  t o  t h e  
c o m p o s i t i o n  o f  n o r m a l  b u f f a l o  m i l k ,  w e r e  s e p a r a t e d  
a t  4 0 ° C  i n  a  c r e a m  s e p a r a t o r .  T h e  f a t  p e r c e n t a g e  
o f  m i l k  b e f o r e  a n d  a f t e r  s e p a r a t i o n  i s  g i v e n  i n  
T a b l e  3 .  F o r  e f f i c i e n t  s e p a r a t i o n ,  s k i m  m i l k  s h o u l d  
b e  c o m p l e t e l y  d e v o i d  o f  f a t  c o n t e n t .  T h i s  w a s  n o t  
t h e  c a s e  w i t h  t h e  R O  m i l k s .  T h e  s k i m m i n g  e f f i c i e n c y  
o f  R O  c o n c e n t r a t e s  w a s  v e r y  p o o r ,  b e c a u s e  m o r e  
t h a n  9 0 %  o f  t h e  t o t a l  f a t  l o s t  i n t o  s k i m  m i l k .  I n  
c a s e  o f  d i l u t e d  R O  m i l k s ,  t h e  l o s s  o f  f a t  i n  s k i m  
m i l k  w a s  m o r e  t h a n  5 0 % .  T h e  d e c r e a s e  i n  s i z e  o f  
f a t  g l o b u l e s  d u r i n g  R O  p r o c e s s i n g  c o u l d  b e  e n t i r e l y  
r e s p o n s i b l e  f o r  t h e  p o o r  s k i m m i n g  e f f i c i e n c y .  C r e a m  
s e p a r a t i o n  d i f f i c u l t i e s  i n  h o m o g e n i z e d  m i l k  h a v e  
a l s o  b e e n  r e p o r t e d  b y  B r u n n e r  ( 1 9 7 4 ) .  B u t  o t h e r  
w o r k e r s  ( Z a l l  1 9 8 4 :  D L x o n  1 9 8 5 )  d i d  n o t  f a c e  a n y  
d i f f i c u l t y  i n  s e p a r a t i o n  o f  R O  m i l k ,  a n d  t h e y  
o b s e r v e d  l e s s  t h a n  0 . 1 %  f a t  l o s s e s  i n  s k i m  m i l k .  
A s  d i s c u s s e d  e a r l i e r ,  t h e y  u s e d  d i f f e r e n t  R O  m o d u l e  
a n d  o p e r a t i n g  c o n d i t i o n s ,  t o  m i n i m i z e  d a m a g e  t o  
t h e  f a t  g l o b u l e s .  B e s i d e s ,  t h e  c r e a m  s e p a r a t o r  u s e d  
i n  t h e  p r e s e n t  c a s e  h a d  3 5 0 0  r p m  a s  a g a i n s t  t h e  
7 0 0 0  r p m  o f  c o m m e r c i a l  c r e a m  s e p a r a t o r  u s e d  i n  
t h e  e a r l i e r  s t u d i e s .  T h e  h o m o g e n i z a t i o n  e f f e c t  d u r i n g  
R O  h a s  i t s  o w n  a d v a n t a g e s ,  s u c h  a s  n o  s e p a r a t i o n  
o f  f a t  d u r i n g  t r a n s p o r t a t i o n  a n d  e l i m i n a t i o n  o f  
s u b s e q u e n t  h o m o g e n i z a t i o n  o f  f l u i d  m i l k .  H o w e v e r ,  
i t s  e f f e c t  o n  t h e  q u a l i t y  o f  d a i r y  p r o d u c t s  m a d e  f r o m  
s u c h  m i l k  n e e d s  t h o r o u g h  i n v e s t i g a t i o n .
C o n c l u s i o n

T h e  a p p l i c a t i o n  o f  r e v e r s e  o s m o s i s  f o r  t h e  
c o n c e n t r a t i o n  o f  b u f f a l o  m i l k  u p t o  2 - f o l d  l e v e l  i s  
t e c h n o l o g i c a l l y  a n d  e c o n o m i c a l l y  v i a b l e .  I t  r e t a i n s  
a l l  t h e  m i l k  c o n s t i t u e n t s  i n  t h e  c o n c e n t r a t e  a n d  
d o e s  n o t  a l t e r  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  m i l k .  
T h e  h o m o g e n i z a t i o n - l i k e  a c t i o n  e x e r t e d  b y  r e v e r s e

o s m o s i s  s h o u l d  b e  c o n s i d e r e d  b e n e f i c i a l  i n  f l u i d  
m i l k  p r o c e s s i n g .
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Optimum Operating Time for Cleaning of Cane Sugar Juice
Evaporators in Sugar Mills

C .  G O P A L A  R A O * 1, C .  P .  S I N G H 2 A N D  A .  P .  B H A T N A G A R 3
1 D e p a r t m e n t  o f  A g r i c u l t u r a l  E n g i n e e r i n g ,  S .  V .  A g r i c u l t u r a l  C o l l e g e ,  T i r u p a t i ,  I n d i a .

2 S c h o o l  o f  E n e r g y  S t u d i e s ,  P u n j a b  A g r i c u l t u r a l  U n i v e r s i t y ,  L u d h i a n a ,  I n d i a .

S tu d ie s  w e re  c o n d u c te d  fo r d e te rm in in g  o p t im u m  o p e ra tin g  tim e  for c le a n in g  o f  c a n e  s u g a r  ju ic e  e v a p o ra to rs  
in  s u g a r  m ills . T h e  o v e ra ll h e a t  t r a n s f e r  c o e ffic ien t d e c re a s e d  w ith  tim e  o f  o p e ra t io n  o f  e v a p o ra to rs  a n d  in c re a s e  in  
in c o m in g  ju ic e  B rix . T h e  o v e ra ll h e a t  t r a n s f e r  co effic ien t a n d  tim e  o f  o p e ra t io n  g av e  a  s t ra ig h t l in e  r e la t io n s h ip  for 
b o th  th e  e v a p o ra to rs  u n d e r  s tu d y . At th e  p r e s e n t  o p e ra t in g  c o n d itio n s ,  th e  o p t im u m  o p e ra t in g  tim e  for m a x im u m  
h e a t  t r a n s f e r  in  K, a n d  K;) e v a p o ra to rs  w a s  fo u n d  to b e  1800 . It is  s u f f ic ie n t e n o u g h  to  c le a n  th e  e v a p o ra to rs  o n ly  
o n c e  d u r in g  th e  e n t i re  c a n e  c r u s h in g  s e a s o n  o f  th e  m ill. It is, t h u s ,  p o s s ib le  to  sa v e  n e a r ly  5 0  to n n e s  o f  b a g a s s e  
a n d  a ls o  d e te rg e n ts  fo r c le a n in g  th e  e v a p o ra to rs ,  in  a d d it io n  to  th e  in c re a s e  in  th e  life o f  th e  e v a p o ra to rs .
K eywords : C a n e  s u g a r  ju ic e  e v a p o ra to rs .  S u g a r  m ills , C le a n in g  d u ra t io n ,  O v era ll h e a t  t r a n s f e r  c o e ffic ien ts , E n e rg y

sa v in g , H e a t lo s s e s .

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

b y  p r o v i d i n g  p r o p e r  i n s u l a t i o n  ( S i n g h  1 9 8 6 ) .  T h e  
e n e r g y  l o s s  d u e  t o  p o o r  v a c u u m  a n d  a i r  l e a k s  c a n  
b e  m i n i m i z e d  b y  s e a l i n g  j o i n t s .  F o u l i n g  o f  e v a p o r a t o r  
t u b e s  o c c u r s  d u e  t o  d e p o s i t i o n  o f  s u s p e n d e d  m a t t e r

Fig 1. M ate ria l Cow d ia g ra m  o f  ju ic e  e v a p o ra tio n .
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o n  t h e  s u r f a c e  o f  t h e  t u b e s ,  r e d u c i n g  t h e  h e a t  
t r a n s f e r  c o e f f i c i e n t .  I t  h a s  b e e n  e s t i m a t e d  t h a t  t h e  
s c a l e  f o r m e d  i n  2 1 / 2 d a y s  r e d u c e d  o v e r a l l  h e a t  
t r a n s f e r  c o e f f i c i e n t  f r o m  1 2 0 0  t o  7 3 0  w / m 2/ C °  i n  
m u l t i p l e  e f f e c t  s u g a r  j u i c e  e v a p o r a t o r s  ( A n g e l l e t t i  
a n d  M o r e s i  1 9 8 3 ) .  I n  s u g a r  m i l l s ,  i t  i s  t h e  n o r m a l  
p r a c t i c e  t o  c l e a n  t h e  e v a p o r a t o r s  a f t e r  c e r t a i n  
n u m b e r  o f  h o u r s  o f  o p e r a t i o n  t o  i m p r o v e  t h e i r  
p e r f o r m a n c e .  T h e  n u m b e r  o f  t i m e s  t h e  e v a p o r a t o r s  
a r e  c l e a n e d  v a r y  b e t w e e n  2  a n d  4  d u r i n g  t h e  e n t i r e  
c r u s h i n g  p e r i o d  o f  t h e  m i l l .  A t  t h e  t i m e  o f  c l e a n i n g  
o f  e v a p o r a t o r s ,  a l l  o t h e r  o p e r a t i o n s  s u c h  a s  m i l l i n g ,  
p a n  b o i l i n g ,  s t e a m  p r o d u c t i o n  a r e  a l s o  s t o p p e d  a n d  
h e n c e  t h e r e  w i l l  b e  n o  p r o d u c t i o n  o f  s u g a r .  F o r  
r e s t a r t i n g  t h e  m i l l  a f t e r  c l e a n i n g ,  t h e  b o i l e r s  a r e  
f i r s t  s t a r t e d  a n d  c o n s i d e r a b l e  a m o u n t  o f  f i r e w o o d  
o r  b a g a s s e  a r e  b u r n t  t o  b r i n g  t h e  s t e a m  t o  t h e  
d e s i r e d  p r e s s u r e .  F o r  a  g i v e n  e v a p o r a t o r ,  t h e  h e a t  
t r a n s f e r  r a t e  d e p e n d s  o n  h e a t  t r a n s f e r  c o e f f i c i e n t  
o f  e v a p o r a t o r  t u b e s  w h i c h ,  i n  t u r n ,  d e p e n d s  u p o n  
c l e a n l i n e s s  o f  t h e  t u b e s ,  b e s i d e s  w a l l  t h i c k n e s s  a n d  
m a t e r i a l  o f  c o n s t r u c t i o n .

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

M a t e r i a l s  a n d  M e t h o d s
T h e  s t u d y  w a s  c o n d u c t e d  a t  M / s .  D h a m p u r  

S u g a r  M i l l s ,  D h a m p u r ,  U t t a r  P r a d e s h ,  I n d i a .  T h e  
J u i c e  e v a p o r a t i o n  s y s t e m  a n d  m a t e r i a l  f l o w  a r e  
s h o w n  i n  F i g .  1 . T h e  e v a p o r a t i o n  s y s t e m  i s  a  
h e x t u p l e  e f f e c t  w i t h  8  e v a p o r a t o r s  h a v i n g  f o r w a r d  
f e e d  s y s t e m .  E v a p o r a t o r s  K , ,  1 ^ ,  K ;i, K 4 a n d  K .  w e r e  
K e s t n e r s  a n d  t h e  r e m a i n i n g  w e r e  r i s i n g  f i l m  t y p e .  
E x h a u s t  s t e a m  f r o m  t u r b i n e s  a t  a n  a v e r a g e  g a u g e  
p r e s s u r e  a n d  t e m p e r a t u r e  o f  1 . 1 5  k g / c m 2 a n d  1 1 8 ° C  
r e s p e c t i v e l y  i s  f e d  t o  a n d  K,2. P a r t  o f  t h e  v a p o u r  
f r o m  t h e s e  t w o  e v a p o r a t o r s  i s  b l e d  a n d  f e d  t o  p a n s  
B  a n d  C  a n d  t h e  b a l a n c e  t o  e v a p o r a t o r s  1 ^  a n d  
K 4. S i m i l a r l y ,  t h e  v a p o u r  o f  1 ^  a n d  K 4 a r e  b l e d  a t  
A  p a n s  b e f o r e  f e e d i n g  t o  e v a p o r a t o r  Kg.

M a s s  a n d  e n e r g y  b a la n c e  : T h e  m a s s  a n d  e n e r g y  
b a l a n c e  d i a g r a m  o f  e v a p o r a t o r s  i s  s h o w n  i n  F i g . 2 .  
T h e  f o l l o w i n g  m a s s  a n d  e n e r g y  b a l a n c e  e q u a t i o n s  
w e r e  u s e d  f o r  e v a l u a t i n g  t h e  p e r f o r m a n c e  o f  t h e  
e v a p o r a t o r s .  ( R u m s e y  a n d  S c o t t  1 9 8 2 ) .
O v e r a l l  m a s s  b a l a n c e

I'ig. 2. M ass  a n d  e n e rg y  b a la n c e  a r o u n d  th e  e v a p o ra to rs .

S o l i d  m a s s  b a l a n c e

L , x , =  K n  • * iu . ,  -  (2 )
S t e a m  s i d e  e n e r g y  b a l a n c e

• ^(u ~  Q i + e r^iD (3)
P r o d u c t  s i d e  e n e r g y  b a l a n c e

L i- h iu. xi) +  Q , =  V ,-H m) +  V n - h K t i + U .  ( x i+ 1 ) ]  . . .  (4 )  
H e a t  t r a n s f e r r a t e

Q ,  =  U ,  A , (T r t,)  . . .  (5 )

W h e r e  Lt =  j u i c e  f l o w  r a t e  i n t o  i t h  e f f e c t ,  T / h ;  
V ,  =  v a p o u r  f l o w  f r o m  i t h  e f f e c t ,  T / h ;  X t =  B r i x  
o f  j u i c e  e n t e r i n g  i t h  e f f e c t ,  % .  E ,  =  e x h a u s t  s t e a m  
f l o w  i n t o  i t h  e f f e c t ,  T / h . e ,  =  c o n d e n s a t e  f l o w  f r o m  
i t h  e f f e c t .  T / h . H ( =  e n t h a l p y  o f  e x h a u s t  f r o m  t u r b i n e s ,  
M J / k g . ;  Q t =  h e a t  t r a n s f e r r e d  r a t e  f r o m  e x h a u s t  
s t e a m  t o  j u i c e ,  M J / h . ;  h ,  =  e n t h a l p y  o f  c o n d e n s a t e ,  
M J / k g . ;  h (tx| =  e n t h a l p y  o f  j u i c e ,  M J / k g .  U , =  o v e r a l l  
h e a t  t r a n s f e r  c o e f f i c i e n t ,  M J / m 2 / h / ° C ;  A t =  a r e a  o f  
h e a t  t r a n s f e r ,  m 2. ; T , =  t e m p e r a t u r e  o f  e x h a u s t  
s t e a m ,  C ° ;  a n d  t ( =  v a p o u r  s p a c e  t e m p e r a t u r e ,  C ° .

I n  e q u a t i o n  ( 4 ) ,  t h e  e n t h a l p y  o f  j u i c e  ( h ix ) i s  
c a l c u l a t e d  b y  e q u a t i o n .

h „x , =  C pM [t, -  t ref] . . .  (6 )
W h e r e

C pM =  s p e c i f i c  h e a t  o f  j u i c e ,  M J / k g / ° C .
t ,  =  t e m p e r a t u r e  o f  j u i c e ,  ° C .

t ref =  r e f e r e n c e  t e m p e r a t u r e ,  ° C

( t ref i s  t a k e n  a s  C P C ).

I n  e q u a t i o n  ( 6 ) ,  t h e  s p e c i f i c  h e a t  o f  j u i c e  (C p(xJ) 
i s  c a l c u l a t e d  b y  t h e  f o l l o w i n g  e q u a t i o n  ( H u g o t  a n d  
J u m k i n s  1 9 8 6 ) .
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C p w  =  (1  -  0 . 0 0 6 .  x )  . . .  (7 )

W h e r e
x  =  B r i x  o f  t h e  j u i c e ,  % .
T h e  t e m p e r a t u r e  o f  t h e  j u i c e  c o m i n g  o u t  o f  t h e  

e v a p o r a t o r  i s  c a l c u l a t e d  b y  s u m m i n g  t e m p e r a t u r e  
o f  t h e  v a p o u r  s p a c e  t o  t h e  b o i l i n g  p o i n t  r i s e  o f  t h e  
j u i c e .  T h e  b o i l i n g  p o i n t  r i s e  o f  t h e  j u i c e  w a s  
c a l c u l a t e d  b y  t h e  e q u a t i o n  ( A n g e l e t t i  1 9 8 3 ) .

B pr =  3 . 2 .  x  -  2 . 4 2 . x 2 +  1 4 . x 3 . . .  (8 )
W h e r e

x  =  B r i x  o f  t h e  j u i c e ,  % .
I n  t h e  a b o v e  e q u a t i o n s  { e q . 1 t o  5 ) ,  t h e  

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

TABLE 1. M E A S U R E D  V A R IA B L E S  A N D  C A L C U L A T E D  
VARIABLES

M e a s u re d  C a lc u la te d  R efe ren c e
ta b le

J u ic e  flow In  (T /h ) ✓
B rix  o f  th e  e n te r in g  

ju ic e  (%) ✓
B rix  o f  th e  leav in g  

ju ic e  (%) ✓
E n th a lp y  o f  e x h a u s t ,  

(M J/kg ) ✓
E n th a lp y  o f  v a p o u r , 

(M J/kg ) ✓
H e a tin g  s u r fa c e  (m 2) ✓
T e m p e ra tu re  a n d  p r e s s u r e  
o f  e x h a u s t ,  (°C, k g /c m 2), 
respec tive ly . ✓
V a p o u r  s p a c e  p r e s s u r e  

(k g /c m 2) ✓
V a p o u r  s p a c e  te m p e ra tu re ,  

°C ✓
V a p o u r  flow ra te ,  .T /h ) ✓
J u ic e  flow o u t, fT /h ) ✓
E x h a u s t  o f  v a p o u r  flow n 
in to  th e  effect fT /h ) ✓
H e a t t r a n s f e r  r a te  (M J /h ) /
O verall h e a t  t r a n s f e r  
co -e ffic ien t M J /m 2/ h / ° C ✓

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

R e l a t i o n s h i p  b e t w e e n  o p e r a t i n g  t im e  o f  
e v a p o r a to r s  a n d  o v e r a ll  h e a t  t r a n s fe r  c o e f f ic ie n t:  A  
r e l a t i o n s h i p  w a s  o b t a i n e d  b e t w e e n  o v e r a l l  h e a t  
t r a n s f e r  c o e f f i c i e n t  a n d  t i m e  o f  o p e r a t i o n  o f  
e v a p o r a t o r s  f o r  b o t h  K ,  a n d  K g e v a p o r a t o r s .  T h e  
r e l a t i o n s h i p  s o  o b t a i n e d  w a s  f u r t h e r  u s e d  f o r  
e s t i m a t i n g  t h e  t o t a l  h e a t  t r a n s f e r r e d  d u r i n g  o p e r a t i n g  
t i m e  o f  e v a p o r a t o r s .

E s t i m a t i o n  o f  t o t a l  q u a n t i t y  o f  h e a t  
t r a n s fe r r e d  : I f  Q  r e p r e s e n t s  t h e  t o t a l  a m o u n t  o f  
h e a t  t r a n s f e r r e d  i n  t h e  o p e r a t i n g  t i m e  0 b a n d  A  a n d  
A  t  r e p r e s e n t ,  r e s p e c t i v e l y ,  t h e  h e a t  t r a n s f e r  a r e a  
a n d  t e m p e r a t u r e  d i f f e r e n c e .  T h e  r a t e  o f  h e a t  t r a n s f e r  
a t  a n y  i n s t a n t  f r o m  e x h a u s t  s t e a m  t o  j u i c e  i n  t h e  
e v a p o r a t o r s  c a n  b e  r e p r e s e n t e d  b y  t h e  f o l l o w i n g  
e q u a t i o n .

d Q
d 0 b

=  U .A .  A t . . .  (9 )

W h e r e
d Q
d 0 b =  h e a t  t r a n s f e r r a t e ,  M J / h

U =  o v e r a l l  h e a t t r a n s f e r  c o e f f i c i e n t ,
M J / m 2/ h / ° C

A =  h e a t  t r a n s f e r a r e a ,  m 2

A t =  t e m p e r a t u r e d i f f e r e n c e  b e t w e e n
e x h a u s t  s t e a m  a n d  j u i c e ,  ° C

0b =  j u i c e  b o i l i n g  t i m e ,  h .

T h e  t o t a l  h e a t  t r a n s f e r r e d  d u r i n g  a n y  i n t e r v a l  
o f  t i m e  w a s  o b t a i n e d  b y  s u b s t i t u t i n g  t h e  v a l u e  o f  
U  i n  t e r m s  o f  0 b i n  e q u a t i o n  ( 9 ) ,  a n d  i n t e g r a t i n g  
t h e  r e s u l t i n g  e q u a t i o n  b e t w e e n  t h e  l i m i t s  0  a n d  Q  
a n d  0  a n d  0 b

reQ  =  J d Q  =  J b U A  A t  d 0 b . . .  ( 1 0 )
o  o

T h e  m e a s u r e d  v a r i a b l e s  l i s t e d  i n  T a b l e  1 a r e  
r e c o r d e d  f o r  e v a p o r a t o r s  K ,  a n d  K g a t  1 h  i n t e r v a l  
f o r  a  d u r a t i o n  o f  8  h  i n  t h e  p e r i o d  b e f o r e  t h e  m i l l  
w a s  s t o p p e d  f o r  f i r s t  c l e a n i n g .  T h e  m i l l  w a s  s t o p p e d  
f o r  f i r s t  c l e a n i n g ,  a f t e r  6  w e e k s  o f  o p e r a t i o n  ( 1 0 1 0  
h ) .  B y  m a k i n g  u s e  o f  w e e k l y  a v e r a g e  v a l u e s  o f

S u b s t i t u t i n g  t h e  v a l u e  o f  U  i n  t e r m s  o f  0 b a n d  
i n t e g r a t i n g  t h e  s o l u t i o n  o f  e q u a t i o n  ( 1 0 )  r e s u l t  i n  
e q u a t i o n  o f  t h e  f o l l o w i n g  f o r m  :

9  =
A  A t ( S ,  0 b -  S 2 0 b2) . . .  ( I D2
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W h e r e  S ,  a n d  S 2 a r e  c o n s t a n t s .

I n  t h e  a b o v e  e q u a t i o n ,  t h e  v a l u e s  o f  A  a n d  A t 
w e r e  c o n s t a n t  f o r  a  p a r t i c u l a r  e v a p o r a t o r  t h r o u g h o u t  
t h e  o p e r a t i n g  p e r i o d .  A  g r a p h  w a s  d r a w n  b e t w e e n  
v a r i a b l e s  Q  a n d  0 b a n d  t h e  v a l u e  o f  0 b f o r  m a x i m u m  
Q  w a s  s e l e c t e d  f r c m  t h i s  g r a p h .
E s t i m a t i o n  o f  n u m b e r  o f  c l e a n i n g s  o f  
e v a p o r a to r s  : T h e  n u m b e r  o f  t i m e s  t h e  e v a p o r a t o r s  
h a v e  t o  b e  c l e a n e d  w a s  c a l c u l a t e d  b y  t h e  f o l l o w i n g  
f o r m u l a  ( P e r i y  a n d  D o n g r e e n  1 S 8 4 )

N  =  N  -  1 . . .  ( 1 2 )

W h e r e

N c =  n u m b e r  o f  c l e a n i n g s .

N s =  n u m b e r  o f  c l e a n i n g  c y c l e s .

T h e  n u m b e r  o f  c l e a n i n g  c y l e s  (N s) w a s  e s t i m a t e d  
b y  t h e  f o l l o w i n g  f o r m u l a  ( P e r r y  1 9 8 4 )

H

W h e r e
H  =  n u m b e r  o f  h o u r s  t h e  m i l l  w a s  o p e r a t e d  

d u r i n g  t h e  c r u s h i n g  s e a s o n .
0b =  b o i l i n g  t i m e  f o r  m a x i m u m  h e a t  t r a n s f e r ,  

h
0c =  t i m e  r e q u i r e d  f o r  e m p t y i n g ,  c l e a n i n g  a n d  

r e c h a r g i n g  o f  e v a p o r a t o r ,  h .

R e s u l t s  a n d  D i s c u s s i o n
T a b l e s  2  a n d  3  s h o w  t h e  w e e k l y  a v e r a g e  v a l u e s  

o f  m e a s u r e d  a n d  c a l c u l a t e d  v a r i a b l e s  f o r  e v a p o r a t o r s  
K , a n d  K g. I t  i s  e v i d e n t  t h a t  t h e  o v e r a l l  h e a t  t r a n s f e r  
c o e f f i c i e n t  d e c r e a s e d  w i t h  t i m e  o f  o p e r a t i o n .  I n  s p i t e  
o f  o p e r a t i n g  a t  t h e  s a m e  t e m p e r a t u r e  a n d  p r e s s u r e ,  
t h e  o v e r a l l  h e a t  t r a n s f e r  c o e f f i c i e n t  w a s  l o w e r  f o r  
K 3 e v a p o r a t o r  t h a n  t h a t  f o r  K ) d u r i n g  t h e  c o m p l e t e  
p e r i o d  o f  o p e r a t i o n .  T h i s  i s  d u e  t o  i n c r e a s e d  
c o n c e n t r a t i o n  o f  j u i c e  e n t e r i n g  i n t o  K g e v a p o r a t o r .  
T h e  l i n e a r  r e g r e s s i o n  b e t w e e n  t h e s e  t w o  v a r i a b l e s  
f o r  b o t h  t h e  e v a p o r a t o r s  r e s u l t e d  i n  a  s t r a i g h t l i n e

TABLE 2 . M EA SU R ED  VARIABLES F O R  EVAPORATORS K, AND K,

E v a p o ra to r V a ria b le 1s t  w e ek  
(168  h)

2 n d  w e ek  
(336  h)

3 rd  w e ek  
(504  h)

4 th  w e ek  
(672  h)

5 th  w e e k  
(8 4 0  h)

6 th  w e ek  
(1 0 0 8  h)

K, F low  r a te  o f  in c o m in g
ju ic e , k g / h
B rix  o f  in c o m in g

1 9 .3  x  104 2 0 .6 4  x 104 2 1 .8  x 104 2 1 .3 5  x 104 2 1 .1 5  x  104 19.81 x 104

ju ic e  %
B rix  o f  o u tg o in g

1 4 .1 0 1 4 .3 5 1 4 .8 6 1 4 .8 8 1 5 .3 3 1 4 .9 4

ju ic e  % 1 8 .7 0 1 8 .5 5 1 8 .7 0 1 8 .7 5 18 .8 1 1 8 .6 7
P r e s s u re  o f  e x h a u s t  
s te a m  k g /c m 2 (g) 
T e m p e ra tu re  o f  e x h a u s t

1 .62 1.66 1.72 1 .75 1 .79 1 .7 5

s te a m , °C 1 1 3 .2 113 .81 1 1 4 .8 9 1 1 5 .5 5 1 1 6 .2 0 1 1 5 .5 8
V a p o u r  s p a c e  p r e s s u r e  
K /cm 2 (g)
V a p o u r  s p a c e

1 .43 1 .45 1 .45 1 .4 5 ' 1 .44 1 .45

te m p e r a tu r e ,  °C 1 0 9 .6 0 1 0 9 .7 5 1 0 9 .8 0 1 0 9 .8 0 1 0 9 .9 8 1 0 9 .3 0
«3 Flow  r a te  o f  in c o m in g

ju ic e , k g / h
B rix  o f  in c o m in g

1 1 .7 8  x  104 1 3 .1 7  x  104 1 4 .2 6  x  104 1 4 .0 5  x 104 1 4 .3 8  x  104 1 3 .0 4  x 104

ju ic e ,  k g / h  
B rix  o f  o u tg o in g

2 3 .1 2 2 .5 2 2 .7 4 2 2 .6 0 2 2 .5 0 2 2 .8

ju ic e ,  % 2 8 .0 3 0 .7 2 8 .5 0 2 8 .4 5 2 8 .7 5 2 8 .3

S u r fa c e  a r e a  o f  e v a p o ra to r  Kt2 0 4 4  m s, S u r fa c e  a r e a  o f  e v a p o ra to r  K2 1 6 0 7  Ma
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TABLE 3. CALCULATED VARIABLES F O R  EVATORATORS K, AND K3

E v a p o ra to r V a ria b le 1s t  w e e k  
(1 6 8  h)

2 n d  w eek  
(3 3 6  h)

3 rd  w e ek  
(504  h)

4  th  w e ek  
(6 7 2  h)

5 th  w eek  
(8 4 0  h)

6  th  w eek  
(1 0 0 8  h)

Ki V a p o u r  flow  ra te ,  
k g / h 4 .7  x 104 4 .6 7  x 104 4 .4 8  x 104 4 .4 0  x 104 3 .9 1  x 104 3 .9 0  x i a
O u tg o in g  ju ic e  flow  
ra te ,  k g / h  x 104 1 4 .5 5 1 5 .9 6 17.41 1 6 .9 4 1 7 .2 4 1 5 .9 3
E x h a u s t  s u p p ly  r a te ,  
k g / h  x 10s 4 9 .1 0 4 9 .2 5 4 8 .9 8 4 2 .9 0 4 3 .3 0 4 1 .3 6
H e a t t r a n s f e r  ra te ,  
M J / h  x 104 11 .0 0 1 0 .9 0 1 0 .8 2 9 .4 8 9 .5 4 9 .1 4
B oiling  p o in t r a is e  (°C) 0 .6 0 5 0 .6 0 5 0 .6 0 5 0 .6 0 5 0 .6 0 5 0 .6 0 5
O v era ll h e a t  t r a n s f e r  
co effic ien t, M J / h r / m a/°C 1 4 .9 5 1 3 .1 4 1 0 .3 6 7 .8 3 7 .1 4 7 .7 3

Ks V a p o u r  flow  ra te ,  k g / h 2 .0 6  x 104 2 .7 7 2 .9  x 104 2 .8 8  x  104 3 .1 2  x 104 2 .5 3  x
O u tg o in g  ju ic e  flow  ra te ,  
k g / h  x 104 9 .7 2 1 0 .4 0 1 1 .3 6 1 1 .1 6 1 1 .2 5 1 3 .0 4
E x h a u s t  s u p p ly  ra te ,  
k g / h  x 10s 2 2 .3 0 2 9 .8 0 3 1 .5 4 3 1 .2 0 3 3 .7 0 2 7 .6 4
M eat t r a n s f e r  ra te ,  
M J / h  x 104 7 .4 0 6 .6 0 6 .9 7 6 .8 9 7 .4 5 6 .1 0

B oiling  p o in t  r a is e ,  (°C) 1.01 1.01 1.01 1.01 1.01 1.01

O v era ll h e a t  t r a n s f e r  
co effic ien t, M J / h / m 2/° C 12.01 10.1 8 .4 8 7 .4 9 7 .0 9 6 .5 7

E n th a lp h y  o f  e x h a u s t  s te a m , = 2 .6 9  M J /k g
E n th a lp y  o f  v a p o u r = 0 .4 7 6  M J /k g

w i t h  c o r r e l a t i o n  c o e f f i c i e n t  o f  m o r e  t h a n  0 . 9 6 .  T h e  
a c t u a l  r e l a t i o n s h i p s  o b t a i n e d  a r e  a s  f o l l o w s  :

U K , =  1 6 . 5 3  -  0 . 0 1 5 3  0 b , . . .  ( 1 4 )
U IU , =  1 1 . 0 1  -  0 . 0 0 5 8  0 b2 . . .  ( 1 5 )

W h e r e
U k ,  , U K 2 =  o v e r a l l  h e a t  t r a n s f e r  c o e f f i c i e n t ,  

M J / m 2/ ° C / h
0b , a n d  0 b2 =  b o i l i n g  t i m e  o f  j u i c e  i n  t h e  

e v a p o r a t o r s ,  h .  A f t e r  s u b s t i t u t i n g  t h e  v a l u e s  o f  U K , 
a n d  U I ^ ,  t h e  b a s i c  h e a t  t r a n s f e r  e q u a t i o n  f o r  t h e s e  
t w o  e v a p o r a t o r s  c a n  b e  w r i t t e n  a s  f o l l o w s  :

d Q ,

a  e , ,  A '
A t ,  ( 1 6 . 5 3 -  0 . 0 1 5 3 3  0 J . . .  ( 1 6 )

a co to II > A t2 ( 1 1 . 0 1 -  0 . 0 0 5 8  0 b2) . . .  ( 1 7 )
d  0 u ,

e . j ^ i
d Q , = A , A t , J  ( 1 1 .0 1 -  0 . 0 0 5 8  0 bl) d 0 b, . . . ( 1 8 )

0

q2 r 0b2
d Q 2 =  A ,  A t J  ( 1 6 .5 3 -  0 . 0 1 5 3 3  0 J  d 0 u . . . ( 1 9 )

T h e  t e m p e r a t u r e  d i f f e r e n c e  A t  w a s  c o n s t a n t  f o r  
b o t h  t h e  e v a p o r a t o r s  d u r i n g  t h e  p e r i o d  o f  s t u d y .  
T h e  t o t a l  h e a t  t r a n s f e r r e d  w a s  o b t a i n e d  b y  s o l v i n g  
t h e  a b o v e  e q u a t i o n s  ( e q .  1 8  a n d  1 9 )  a n d  i s  a s  
f o l l o w s :

Q ,  =  A ] A t ' ( 3 3 . 0 6  0 b , -  0 . 0 1 5  0 2Jb y . . .  (2 0 )

S 2 =  —  (2 2 0 2  e b2 -  0 0 0 6  0 U . . .  (2 1 )

T h e  a b o v e  e q u a t i o n s  ( e q .  1 6  a n d  e q .  1 7 )  w e r e  
i n t e g r a t e d  w i t h  t h e  l i m i t s  t o  f i n d  t h e  t o t a l  h e a t  
t r a n s f e r r e d  d u r i n g  t h e  o p e r a t i n g  t i m e  o f  e v a p o r a t o r s .

F i g . 3  i s  t h e  g r a p h  b e t w e e n  0  a n d  0  b  o b t a i n e d  b y  
c a l c u l a t i n g  t h e  v a l u e s  o f  0  f o r  d i f f e r e n t  v a l u e s  o f  
O b ,  u s i n g  e q u a t i o n s  2 0  a n d  2 1 .  F r o m  t h e  g r a p h ,



Fig. 3. R e la tio n sh ip  b e tw e e n  tim e  o f  o p e ra t io n  a n d  to ta l  h e a t  
t r a n s fe r re d

I t  i s  c l e a r  t h a t  t h e  o p t i m u m  t i m e  o f  o p e r a t i o n  o f  
e v a p o r a t o r s  K ,  a n d  K g f o r  m a x i m u m  h e a t  t r a n s f e r  
w a s  1 8 0 0  h .  T h e  t i m e  r e q u i r e d  f o r  e m p t y i n g ,  
c l e a n i n g  a n d  r e c h a r g i n g  w a s  3 6  h  ( M i l l  r e c o r d s ) .  
T h e  m i l l  w o r k e d  f o r  3 3 6 0  h  d u r i n g  t h e  e n t i r e  c a n e  
c r u s h i n g  s e a s o n .  T h e r e f o r e ,  t h e  n u m b e r  o f  c y c l e s  
w a s  3 3 6 0 / ( 1 8 0 0  +  3 6 )  =  1 . 8 0 .  T h e  n u m b e r  o f  t i m e s  
t h e  e v a p o r a t o r s  h a s  t o  b e  c l e a n e d  w i l l  b e  
1 . 8 0  -  1 = 0 . 8 .  S i n c e  t h e  f i g u r e  ( 0 .8 )  i s  l e s s  t h a n

1 . 0 .  i t  i s  s u f f i c i e n t  e n o u g h  t o  c l e a n  t h e  e v a p o r a t o r s  
o n l y  o n c e  d u r i n g  t h e  e n t i r e  c r u s h i n g  s e a s o n  o f  t h e  
m i l l .

D u r i n g  t h e  c r u s h i n g  s e a s o n  o f  1 9 8 9 - 9 0 ,  t h e  
m i l l  w a s  s t o p p e d  t w i c e  f o r  c l e a n i n g ,  f i r s t  t i m e  a f t e r  
10 10  h  o f  o p e r a t i o n  a n d  s e c o n d  t i m e  a f t e r  2 1 0 0  
h  o f  o p e r a t i o n .  W h e n e v e r  t h e  m i l l  w a s  s t o p p e d  f o r  
c l e a n i n g ,  i t  i s  a  g e n e r a l  p r a c t i c e  t o  c l e a n  a l l  t h e  
o t h e r  m a c h i n e s  i n c l u d i n g  b o i l e r s ,  m i l l s  a n d  p a n s  
a t  t h e  s a m e  t i m e .  F o r  r e s t a r t i n g  t h e  b o i l e r s  a f t e r  
e a c h  c l e a n i n g ,  i t  r e q u i r e d ,  o n  a n  a v e r a g e ,  5 0  t o n n e s  
o f  f i r e w o o d  o r  b a g a s s e .

S i n c e  t h e  a b o v e  a n a l y s i s  o f  d a t a  c o l l e c t e d  h a s  
s h o w n  t h a t  i t  i s  s u f f i c i e n t  t o  c l e a n  t h e  e v a p o r a t o r s  
o n l y  o n c e ,  a  s a v i n g  o f  5 0  t o n n e s  o f  b a g a s s e  c a n  
b e  a c h i e v e d .  T h e  d e t e r g e n t s ,  c h e m i c a l s  e t c . ,  u s e d  
i n  t h e  c l e a n i n g  o f  e v a p o r a t o r s  a l s o  c a n  b e  s a v e d .  
I n  a d d i t i o n ,  t h e  l i f e  o f  t h e  e v a p o r a t o r  t u b e s  c a n  
b e  i n c r e a s e d  d u e  t o  r e d u c e d  f r e q u e n c y  o f  c l e a n i n g .

R e f e r e n c e s
A n g elle tti S , M o rcs i M (1983 ) M o d e llin g  o f  m u lt ip le  e ffec t fa llin g  

film  e v a p o ra to rs .  J  F o o d  T e c h n o l 18: 5 3 9 -5 4 2
R u m s e y  TR, S c o tt  E P  (1982 ) M e a s u r e m e n t  o f  h e a t  t r a n s f e r  

c o e ffic ien t in  m u lt ip le  e ffec t e v a p o ra to rs .  A SA E p a p e r  8 2 -  
6 0 2 9 , S u m m e r  m e e tin g , J u n e  1 9 8 2  S t. J o s e p h .  M ich ig an  

H u g o t E , J u m k in s  H (1986) H a n d  B o o k  o f  C a n e  S u g a r  
E n g in e e r in g , E lse v ie r  p u b l i s h e r s .  N ew  Y o rk

P e rry  R H , D o n g re e n  W  (1984 ) P e r ry 's  C h e m ic a l  E n g in e e rs  H a n d  
B ook , M cG raw  Hill B o o k  C o ., N ew  Y o rk

S in g h  R P (1986) E n e rg y  in  F o o d  P ro c e ss in g , E lse v ie r  S c ie n c e  
P u b lis h e rs ,  N ew  Y ork

R e c e iv e d  1 A u g u s t  1 9 9 1 ;  r e v i s e d  1 8  M a rch  1 9 9 3 ;  a c c e p te d  1 5  A p r il  1 9 9 3



RESEARCH NOTES J. Food Sci. Technol, 1993, Voi 30, No.5, 355-356

Effect of Additives on Liquid - Solid 
Transformation in Coconut Oil

P .  B .  V .  P R A S A D
S R  R e s e a r c h  L a b o r a t o r y  f o r  S t u d i e s  i n  C r y s t a l l i z a t i o n  P h e n o m e n a ,

P .  B .  N o .  2 3 ,  H a n u m a k o n d a - 5 0 6  0 0 1 ,  I n d i a .

T h e  e ffec t o f  a d m u l ,  m y v ero l a n d  le c ith in  o n  th e  n u c lé a t io n  in  c o c o n u t oil w a s  s tu d ie d  th r o u g h  th e  m e a s u re m e n t  
o f  n u c lé a tio n  te m p e ra tu re ;  l ig h t s c a t te r in g  m e th o d  w a s  em p lo y e d  fo r m e a s u re m e n t  o f  n u c lé a t io n  te m p e r a tu r e .  L e c ith in  
a n d  m yv ero l w e re  fo u n d  to  b e  effectiv e in  s u p p r e s s in g  th e  n u c lé a t io n  to  d iffe re n t lev e ls. T h e  m e c h a n is m s  invo lved  
a re  d is c u s s e d .

K ey w o rd s : C o c o n u t  o il, A d d itiv es , N u c lé a tio n , L ig h t s c a t te r in g . In h ib itio n , M o le c u la r  o rg a n iz a tio n , S o lid ific a tio n .

G a r t i  ( 1 9 8 8 )  d i s c u s s e d  t h e  e f f e c t  o f  s e v e r a l  f o o d  
e m u l s i f i e r s  o n  t h e  t r a n s i t i o n  k i n e t i c s  o f  p o l y m o r p h i c  
m o d i f i c a t i o n s  o f  s t e a r i c  a c i d  a n d  t r i g l y c e r i d e s .  T h e  
s t u d y  r e v e a l e d  t h a t  t h e  e f f e c t i v e n e s s  t o  i n d u c e  t h e  
c r y s t a l  s t r u c t u r e  m o d i f i c a t i o n s  d e p e n d e d  o n  t h e  
s t r u c t u r e  o f  e m u l s i f i e r s ;  s u r f a c t a n t s  w i t h  l o n g  
c h a i n s  a n d  b u l k y  h y d r o p h i l i c  g r o u p s  w e r e  a c t i v e  
i n  m o d i f y i n g  t h e  p o l y m o r p h i s m .

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  e x a m i n e  
t h e  i n f l u e n c e  o f  c e r t a i n  a d d i t i v e s  ( e m u l s i f i e r s )  o n  
t h e  s o l i d i f i c a t i o n  o f  c o c o n u t  o i l ,  v i a  t h e  m e a s u r e m e n t  
o f  n u c l é a t i o n  t e m p e r a t u r e .  T h i s  s t u d y  i s  o n  t h e  
l i q u i d - s o l i d  t r a n s f o r m a t i o n  a n d  i n  c o n t r a s t  t o  s o m e  
o f  t h e  e a r l i e r  s t u d i e s  o n  t h e  p o l y m o r p h i c  
m o d i f i c a t i o n s  i n  c r y s t a l s  p r e s e n t  i n  s o l u t i o n s  ( G a r t i  
e t  a l .  1 9 8 2 a ;  G a r t i  a n d  S a t o  1 9 8 6 ) .

C o c o n u t  o i l  u s e d  h a d  t h e  s o l i d i f i c a t i o n  r a n g e  
1 8 . 1 - 1 7 . 9 ° C ,  n u c l é a t i o n  o c c u r r i n g  a t  1 8 . 1 ° C ,  a n d  
s o l i d i f i c a t i o n  g e t t i n g  c o m p l e t e d  a t  1 7 . 9 ° C .  C h i e f  
c o n s t i t u e n t s  o f  c o c o n u t  o i l  ( R o s e  a n d  R o s e  1 9 6 1 )  
a r e  t h e  g l y c e r i d e s  o f  l a u r i c  a c i d ,  b u t  w i t h  a p p r e c i a b l e  
a m o u n t s  o f  t h e  g l y c e r i d e s  o f  c a p r i c ,  m y r i s t i c ,  
p a l m i t i c  a n d  o l e i c  a c i d s .  C o c k s  a n d  V a n  R e d e
( 1 9 6 6 )  g a v e  t h e  f o l l o w i n g  f a t t y  a c i d  c o m p o s i t i o n  
( e x p r e s s e d  a s  w e i g h t  %  o f  t o t a l  f a t t y  a c i d s )  : C 10 
a n d  l o w e r  : 1 2 . 5 - 1 3 % .  C 12 : 4 7 - 5 0 % .  C 14 : 1 9 % .  
C 16 : 7 - 8 % .  C 18 : 2 - 3 % .  C 20 a n d  h i g h e r  : 1 % .  C 18 
( o le ic )  : 5 . 5 - 8 % .  C 18 ( l i n o l e i c )  : 1 - 1 . 5 % .

H i g h  p u r i t y  l e c i t h i n ,  a d m u l  a n d  m y v e r o l  w e r e  
u s e d  a s  a d d i t i v e s .  L e c i t h i n  a n d  m o n o g l y c e r i d e s  a r e  
k n o w n  f o r  t h e i r  a c t i v i t y  a s  v i s c o s i t y  c o n t r o l l e r s  a n d  
a n t i - b l o o m  a g e n t s  ( G a r t i  e t  a l .  1 9 8 2 b ) .

T h e  n u c l é a t i o n  t e m p e r a t u r e  o f  c o c o n u t  o i l  i n  
p r e s e n c e  o f  a d d i t i v e s  w a s  d e t e r m i n e d  b y  e m p l o y i n g  
a  l i g h t  s c a t t e r i n g  m e t h o d  ( P r a s a d  1 9 9 2 ) .  L i g h t  
s c a t t e r i n g  i s  a  u n i q u e  t e c h n i q u e  f o r  in  s i tu  s t u d i e s

o f  p r o c e s s e s  i n  a  s m a l l  v o l u m e  ( S t e i n i n g e r  a n d  
B i l g r a m  1 9 9 1 ) .  T h e  p r e s e n t  m e t h o d  c o n s i s t s  o f  
m e a s u r i n g  t h e  i n t e n s i t y  o f  s c a t t e r e d  l i g h t  ( b y  a  
l i q u i d  s o l u t i o n )  a t  9 0 °  t o  t h e  i n c i d e n t  b e a m .  T h e  
i n t e n s i t y  o f  t h e  s c a t t e r e d  l i g h t  d e p e n d s  o n  t h e  s t a t e  
o f  t h e  l i q u i d  ( P r a s a d  1 9 9 2 ) .  T h u s ,  a  c o n t i n u o u s  
r e c o r d i n g  o f  i n t e n s i t y  o f  t h e  s c a t t e r e d  l i g h t  v e r s u s  
t e m p e r a t u r e  o f  t h e  l i q u i d  g i v e s  c h a r a c t e r i s t i c  c u r v e s .  
T h e  n u c l é a t i o n  t e m p e r a t u r e  c a n  b e  d e t e r m i n e d ,  i n  
a d d i t i o n  t o  t h e  o t h e r  d a t a ,  f r o m  s u c h  c u r v e s .

A d m u l (p o ly g ly c e ro l e s t e r  o f  p o ly r e c in o le a te )  : I t  
i s  a  v i s c o u s  l i q u i d  a t  r o o m  t e m p e r a t u r e .  T h e  d a t a  
s h o w n  i n  F ig .  1 ( c u r v e  A ) i n d i c a t e  t h a t  a d m u l  h a s

( a )  % o f  a d d i t i v e  c o n c e n t r a t i o n .
(b )  % o f  MEK in  c o c o n u t o i l .

Fig. 1. N u c lé a tio n  t e m p e r a tu r e  (Tn) v s  p e rc e n ta g e  o f  a d d it iv e s  
in  c o c o u n t  oil. A : a d m u l ,  B : le c i th in ,  C ; M yverol, 
D: m e th y l e th y l  k e to n e
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i n a p p r e c i a b l e  i n f l u e n c e  o n  t h e  n u c l e a t i o n  
t e m p e r a t u r e  (T n) o f  c o c o n u t  o i l .  F o r  a l l  p r o p o r t i o n s  
o f  a d m u l  e m p l o y e d ,  t h e  s u p p r e s s i o n  i n  n u c l e a t i o n  
t e m p e r a t u r e  (T sup) w a s  a b o u t  0 . 5 ° C .

Lecithin (phospholipid derived fro m  so ya  b e a n s): 
I t  h a s  e x t r e m e l y  l o w  s o l u b i l i t y  i n  c o c o u n t  o i l .  
H o w e v e r ,  i t  h a s  a p p r e c i a b l e  s o l u b i l i t y  i n  m e t h y l  
e t h y l  k e t o n e  ( M E K ) .  T h e r e f o r e ,  a  s t a n d a r d  s o l u t i o n  
o f  l e c i t h i n  i n  ( a n a l y t i c a l  g r a d e )  M E K  w a s  m a d e  ( 5 0  
m g  l e c i t h i n  i n  0 . 4  m l  M E K ) ,  a n d  c o c o n u t  o i l  w a s  
a d d e d  t o  0 . 2  m l  o f  s o l u t i o n ,  s t e p w i s e .  F o r  e a c h  s t e p  
T  w a s  d e t e r m i n e d .  T h e  T  o f  c o c o n u t  o i l - l e c i t h i n -n n
M E K  s y s t e m  i s  s h o w n  b y  c u r v e  B  i n  F i g . l .  I t  w a s  
o b s e r v e d  t h a t ,  w i t h  t h e  a g e i n g  o f  t h e  s o l u t i o n ,  
l e c i t h i n  c o a g u l a t e d  a n d  p r e c i p i t a t e d ;  s u c h  a  s i t u a t i o n  
c o u l d  l e a d  t o  d i f f e r e n t  v a l u e s  o f  T  .n

Myverol : I t  i s  a  m o n o g l y c e r i d e  w h i c h  e x i s t s  
i n  s o l i d  f o r m  a t  r o o m  t e m p e r a t u r e  a n d  d i s s o l v e s  
s l o w l y  i n  c o c o n u t  o i l .  T o  m a k e  t h e  c o m p a r i s o n  e a s y  
a n d  r a t i o n a l ,  a  s o l u t i o n  o f  m y v e r o l  i n  M E K  ( s i m i l a r  
t o  l e c i t h i n )  w a s  u s e d  t o  t e s t  t h e  i n f l u e n c e  o f  m y v e r o l  
o n  T n. C u r v e  C  (F ig .  1) s h o w s  t h e  r e s u l t s .

T h e  i n f l u e n c e  o f  M E K  o n  T n o f  c o c o n u t  o i l  ( d u e  
t o  d i l u t i o n )  w a s  s e p a r a t e l y  d e t e r m i n e d  ( c u r v e  D  i n  
F i g . l ) .

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

T h e  d e f e r e n c e s  b e t w e e n  c u r v e s  D  a n d  B  o r  
c u r v e s  D  a n d  C  a r e  a s s u m e d  t o  g i v e  r e s p e c t i v e  T sup 
a t  c o r r e s p o n d i n g  a d d i t i v e  c o n c e n t r a t i o n .  I t  i s  s e e n  
t h a t  T sup a t  5 %  l e c i t h i n  a n d  5 %  m y v e r o l  a r e  2 . 2 ° C  
a n d  1 ° C ,  r e s p e c t i v e l y .

T h e  i n f l u e n c e  o f  a n  i n h i b i t o r  c a n  b e  e i t h e r  b y  
w a y  o f  i n t e r f e r i n g  i n  t h e  p r o c e s s  o f  f o r m a t i o n  o f  
n u c l e i  o r  b y  s l o w i n g  d o w n  t h e  g r o w t h  r a t e  o f  n u c l e i  
i n t o  b i g g e r  p a r t i c l e s  ( N a n c o l l a s  a n d  Z a w a c k i  1 9 8 4 ) .  
F r o m  t h e  m o l e c u l a r  s t r u c t u r e  o f  t h e  t h r e e  a d d i t i v e s  
t h a t  a r e  u s e d  i n  t h e  p r e s e n t  s t u d y  a n d  t h e i r  
u n e q u a l  i n f l u e n c e  o n  t h e  T n, i t  a p p e a r s ,  i n  c a s e  
o f  t h e  p r e s e n t  s y s t e m ,  t h a t  p r i m a r i l y  a  g r e a t e r  
s i m i l a r i t y  b e t w e e n  a d d i t i v e  a n d  h o s t  m o l e c u l e  i s  
e s s e n t i a l .  T h e  s i t u a t i o n  i s  c l o s e  t o  t h e  c a s e  o f  s o l i d  
s o l u t i o n s  a n d  s o l i d  s o l u b i l i t y  i n  o r g a n i c  s y s t e m s .

b e i n g  d i s c u s s e d  b y  K i t a i g o r o d s k i  ( 1 9 8 4 ) .  T h e  s e c o n d  
a s p e c t  i s  t h e  p r e s e n c e  o f  a  b u l k y  g r o u p  a t  o n e  e n d  
o f  t h e  a d d i t i v e  m o l e c u l e  a n d  s u c h  a  b u l k y  g r o u p  
e s s e n t i a l l y  s h o u l d  b e  d i s s i m i l a r  t o  t h e  h o s t  
m o l e c u l e s .  I t  a p p e a r s  t h a t  p r e s e n c e  o f  s u c h  a  b u l k y  
g r o u p  d e s t r o y s  t h e  p o s s i b i l i t y  o f  a  l a r g e  n u m b e r  
o f  m o l e c u l e s  g r o u p i n g  t o g e t h e r  t o  h e l p  f u r t h e r  
g r o w t h  o f  n u c l e u s .  E v i d e n t l y ,  t h e  v a n  d e r  W a l l s  
b o n d s  c a n  b e  f o r m e d  o n l y  w h e n  a  c l o s e  a p p r o a c h  
i s  a c h i e v e d  b e t w e e n  t h e  m o l e c u l e s ,  l e a d i n g  t o  
m o l e c u l a r  o r g a n i z a t i o n .

T h e  t w o  c r i t e r i a ,  m e n t i o n e d  a b o v e ,  m a t c h  w i t h  
t h e  r e q u i r e m e n t s  r e p o r t e d  b y  G a r t i  ( 1 9 8 8 ) .  I t  c a n ,  
t h e r e f o r e ,  b e  s t a t e d  t h a t  m o r e  o r  l e s s ,  t h e  s a m e  
r e q u i r e m e n t s  a r e  t o  b e  s a t i s f i e d  i n  c a s e  o f  i n h i b i t i o n  
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Effect o f Iron-Enriched Baked Products on  
Body Weights and Haemoglobin Levels o f  

Slightly Anaem ic and Normal Subjects
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Department of Rural Home Science, University of Agricultural Sciences, Bangalore-560024, India.
E leven  v a r ie t ie s  o f  i ro n -e n r ic h e d  b a k e d  p r o d u c ts  w e re  d e v e lo p ed  b y  in c o rp o ra tin g  i ro n - r ic h  foods, b e s id e s  fe r ro u s  

s u lp h a te  a t  th e  level o f  7 .5  m g  o f  i r o n / 100 g o f  p r o d u c t  to p ro v id e  75%  re c o m m e n d e d  d ie ta ry  a llo w a n c e  u p o n  u s e  
a s  s u p p le m e n t  for food. R e s u l ts  o f  th e  s u p p le m e n ta t io n  o f  th e  e n r ic h e d  p r o d u c ts  in  th e  d ie t  o f  3 5  e a c h  o f  a n a e m ic  
a n d  n o rm a l s u b je c ts  fo r tw o  m o n th s  sh o w e d  e q u a l  in c re a s e  in  b o d y  w e ig h t o f  th e s e  s u b je c ts .  G r e a te r  in c re a s e s  in  
h a em o g lo b in  levels o f  a n a e m ic  s u b je c ts ,  th a n  th e  n o rm a l s u b je c ts ,  w e re  o b se rv e d . All th e  e n r ic h e d  b a k e d  p r o d u c ts  
w e re  fo u n d  a c c e p ta b le  to  th e  n o rm a l a n d  a n a e m ic  s u b je c ts .
K e y w o rd s  : B a k e d  p ro d u c ts ,  Iro n , S u p p le m e n ta t io n ,  A n aem ia , H u m a n  s tu d y

Iron deficiency anaem ia is a serious public 
health problem, having its impact on psychological 
and physical development, behaviour and work 
performance (Vijayalakshmi and Jayanthi 1986). 
Prevalence of iron deficiency anaem ia in India is 
about 40-60%  in school children and 25-40%  in 
women in the reproductive age group (Narasinga 
Rao 1982). Some positive steps are n ecessa iy  to 
cure the anaemic condition. In th is context, the 
baked products enriched with iron can be an 
efficient mode, especially due to the current 
popularity of convenience foods.

Eleven enriched baked products were developed 
(Table 1). These involved the use of iron-rich foods 
like Shepu. (Peucedanum graveolens, local name 
Subsige) and raisins which contain 7.7  to 17.4 mg% 
iron, in addition to the use of ferrous sulphate  
tablets (Vaidehi et al. 1991). Nutrients analysed  
were proteins, fat, energy and iron. A nalyses were 
conducted in duplicate. Protein and fat in enriched 
products were estim ated by Micro-Kjeldahl and 
Soxhlet extraction m ethods, respectively (AOAC
1980). Gross energy w as estim ated by using Bomb 
calorimeter (Gopal Krishna and Ranjhan 1980). 
Iron w as determined colorimetrically (Raghuramulu
1983). Body weight of the subjects were recorded 
u s in g  s ta n d a r d  p r o ced u re  (J e lliffe  1 9 6 6 ). 
H aem oglob in  le v e ls  w ere e s t im a te d  u s in g  
cyanmethaemoglobin m ethod (Cannon 1958). Thirty 
five each of anaem ic and normal subjects, in the 
age group 22 to 35 years, were selected and fem ales 
were free from any physiological stress conditions. 
They were served 150 g of any two baked iron 
enriched products/day for a period of 20  days
* Corresponding Author

(Table 1). Student's test w as applied and significant 
differences in the initial and final recordings of the 
parameters studied were compared (Snedecor and 
Cochran 1967).
TABLE 1. N U TR IT IV E  V A LU E  O F  IR O N -S U P P L E M E N T E D  

BAKED PR O D U C TS AT O N E  SER V IN G  O F  150 G /  
P E R S O N /D A Y

P ro d u c t  P ro te in , F a t, C a rb o h y d ra te ,  E n e rg y , Iro n ,
g g g K .cal m g

E x p e r im e n ta l  p r o d u c ts
Shepu b a r s 2 1 .2 2 4 .9 8 7 .6 5 6 6 3 2 .3
R agi r in g s 2 4 .9 2 2 .8 8 3 .7 5 9 7 2 5 .8
T offee b a r s 2 3 .9 3 1 .4 6 9 .5 6 4 8 2 2 .3
J a g g e ry  c a k e 2 2 .9 2 6 .7 6 7 .6 6 0 3 2 0 .0

R agi c a k e 2 0 .9 3 1 .7 7 1 .8 6 4 2 22 .1

F r u i t  c a k e 2 1 .8 2 5 .0 6 7 .5 6 3 4 17.3
P izza 1 7 .5 13 .8 4 9 .8 4 6 5 2 2 .9
B ro w n  b re a d 2 1 .7 15 .4 6 4 .4 5 9 7 2 0 .7
Masala b u n 2 1 .2 14 .7 6 9 .4 5 0 5 2 5 .4
S p e c ia lity  egg 2 5 .2 14 .0 7 4 .0 5 8 3 17 .9
E n r ic h e d  p u ff 2 0 .3 4 2 .5 7 0 .0 6 8 6 2 1 .9

R e g u la r /c o m m e r c ia l  p r o d u c ts
C o o k ies 12.0 3 7 .0 8 2 .4 5 8 3 2 .0

C a k e s , sp o n g e  
n o rm a l 9 .0 18 .6 6 0 .0 5 7 6 2 .4

B re a d 9 .8 2 .5 6 0 .6 6 0 0 NA
R D A  (ICMR) p e r  day*

M an 6 0 2 0 - 3 8 0 0 2 8 .0
W o m an 5 0 2 0 - 2 2 5 3 0 .0
C h ild re n  :

B oys 1 6 -1 8  y r 7 8 2 2 - 2 6 4 0 5 0 .0
G irls  1 6 -1 8  y r 6 3 2 2 - 2 0 6 0 3 0 .0

NA - N o t a n a ly s e d , * - R e c o m m e n d e d  d ie ta ry  a llo w a n c e s
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The data on proximate nutrients in 150 g 

enriched baked products (one serving/individual) 
indicated that the protein content ranged between
17.5 and 25 .2  g /1 5 0  g product (Table 1). The fat 
and energy contents of puffs were the highest. Iron 
value w as the highest in Shepu  bars and lowest

these advantages, the enriched baked products will 
provide extra nutrients, and improve nutritional 
status, besides giving satisfaction for hunger.

Authors gratefully acknowledge the Wheat 
Product Promotion Society, New Delhi, for financial 
support and Singhee Education and Charitable

TABLE 2. OVERALL IN C REA SE IN BODY W E IG H T  AND HAEM OGLOBIN LEV ELS O F  S U B JE C T S  F E D  IRO N E N R IC H E D  P R O D U C T S
B ody  w e ig h t kg. H a e m o g lo b in  level g / 1 0 0  m l.

S u b je c ts In itia l F in a l O v era ll in c re a s e In itia l F in a l O v era ll in c re a s e
F e m a le s

N o rm al (19) 5 2 .4 2 ± 1 .96 5 3 .4 7  ± 2 .1 2 1 .05 1 3 .1 5  ± 0 .5 9 1 3 .3 5  ± 0 .4 8 0 .2 0

A n aem ic (2 1 ) 4 0 .4 5 ± 1.68 4 1 .6 6  ± 1 .87 1.21 1 0 .8 7  ± 0 .5 1 1 1 .9  ± 0 .7 6 1.07*
M ales

N o rm al (19) 6 4 .1 9 ± 2 .4 0 6 5 .2 8  ± 2 .3 8 1 .09 1 4 .6 4  ± 0 .3 5 1 4 .8 6  ± 0 .2 6 0 .2 2

A n aem ic (14) 5 0 .2 9 ± 2 .1 4 5 1 .7 1  ± 2 .3 1 1.42* 1 2 .7 4  ±  0 .4 7 1 3 .8 3  ± 0 .5 2 1.09*

t-V a lu e s F e m a le s
M ales

0 .9 5  NS 
7 .88*

F e m a le s
M ales

3 .7 8  NS 
2 .3 3 *

* S ig n ific a n t a t  5%  level

in fruit cake. The increases in weightes of anaem ic 
m ales and fem ales were higher than those in  
normal m ales and females. Student's test revealed 
no significant difference (P < 0.05) between normal 
and anaemic males. Similarly, the overall increases  
in haemoglobin in anaemic m ales and fem ales were 
significantly (P < 0.05) higher than those in the 
normal subjects (Table 2). Study conducted on iron 
by Vagheti et al (1979) showed that adult fem ales 
fed enriched-baked products for two m onths had 
a m ean increase of 1.14 g, as against 1.07 g per 
ml increase in haemoglobin level of female subjects 
observed in the present study, thereby implying 
that the test products, are of dietetic importance. 
As m ost of the children are prone to protein and 
en ergy  m a ln u tr it io n  an d  a n a e m ia , th e  
supplem entation of these products is  of importance 
in feeding programmes.

The data indicate that the iron-enriched baked  
products could be nutritious snacks. What in 
practice today, is of administering prophylactic iron 
capsules and tablets, which could becom e less  
practised in the long run. Further, the tablets and 
cap su les provide only synthetic  and specific  
nutrients, but these enriched products provide 
proteins, fat, calories and iron. Every one enjoys 
eating food rather than taking tablets. In view of

Foundation, Nagpur, for major help. The staff and 
students of Pilot Bakery unit of the University of 
A gricu ltu ra l S c ie n c e s ,  B a n g a lo re , an d  th e  
Department of Rural Home Science are acknowledged 
for their cooperation in  evaluating the baked 
products.
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Isolation o f Am picillin Sensitive A erom onas  from  
Aquatic Foods Using X ylose-Lysine-D esoxycholate  

Agar and Am picillin-Dextrin Agar
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Division of Veterinary Public Health,
Indian Veterinary Research Institute, Izatnagar-243 122, India.

In  th e  p r e s e n t  s tu d y ,  9 6  f re sh  w a te r l is h e s ,  3 7  m a r in e  f ish e s , 13 f re sh  w a te r  p ra w n s , 13 m a r in e  s h r im p s  a n d  
2 6  m o llu sc s  h a v e  b e e n  s c re e n e d  fo r Aeromonas sp. b y  p la tin g  o n  x y lo se -ly s in e -d c so x y c h o la te  a g a r  (XLDA) a n d  a m p ic ill in -  
d e x lr in  a g a r  (ADA), a f te r  e n r ic h m e n t  in  a lk a lin e  b ro th . A to ta l  o f  13 Aeromonas s t r a in s  w e re  is o la te d  w ith  th e  u s e  
o f  XLDA; 8  fro m  f re sh  w a te r l is h e s ,  4  fro m  m o llu sc s  a n d  o n e  fro m  m a r in e  s h r im p . A m ong  Aeromonas i s o la te s ,  11 
w e re  A. sobria, o n e  e a c h  w a s  A. salmonicida s u b s p .  salmonicida a n d  A. salmonicida s u b s p .  masoucida. W ith  th e  u s e  
o f  ADA, o n ly  7  s a m p le s  w e re  p o s itiv e  fo r Aeromonas. w h ile  th e  u n d e te c te d  is o la te s  w e re  th e  a m p ic ill in - s e n s it iv e  s t r a in s .  
A m ong  th e  is o la te s , 5  w e re  s e n s itiv e  to  a ll th e  10 a n tib io tic s  te s te d , w h ile  th e  se n s i t iv i ty  to  o th e r  a n t ib io t ic s  v a r ie d  
w idely . N o ne o f  th e  is o la te s  w a s  r e s i s t a n t  to  n a lid ix ic  a c id , O x y te tracy clin e , c h lo ra m p h e n ic o l ,  n o rflo x  a n d  d o x y cy c lin e .

K e y w o rd s  : A m p ic illin -se n s itiv e  Aeromonas, A m p ic illin -d c x tr in  a g a r , X y lo se - ly s in c -d c so x y c h o la te  a g a r ,  A. sobria. A q u a tic  
foods.

A erom onas, a com m on p sychrotroph  of 
contaminated waters, has been reported to cause  
various d isea ses  in aquatic fauna viz. fish , 
amphibians, snails and m u ssels (Bersani et al. 
1980; Mead 1959; Rahim et al. 1984; Sanyal et 
al. 1975; Shott et al. 1972). Aerom onas w as isolated  
from contaminated market seafoods, the com m onest 
being A. sobria, followed by A. hydrophila  and A. 
salmonicida  (Okfer and Neaako 1985; Tompsett and 
Fricker 1987; Beri et al. 1989). Some plant extracts 
isolated from A denanthera pavonia  are known to 
inhibit the trimethylamine oxide production by

aerem onas (Sachindra and Karunasagar 1989). In 
the present study, efforts were m ade to isolate 
Aeromonas spp. from aquatic food sam ples, available 
from commercial outlets in India. X ylose-lysine- 
desoxycholate agar (XLDA, Merck) and ampicillin- 
dextrin agar (ADA) were used  as selective plating 
media for comparative isolation of Aerom onas spp.

Slime sam ples from gills and surface of various 
aquatic foods (Table 1), were collected using sterilized 
cotton swabs. These were immediately transferred 
to Caiy and Blair (Difco) transport m edium , stored 
under ice and brought to laboratory. After

TABLE 1. R ESU LTS O F  ISOLATION O F  AEROMONAS SP . FROM  FISH  AND AQUATIC F O O D S  O N  D IF F E R E N T  M EDIA
A rea T y p e  o f  a q u a t ic  food Aeromonas s p p . iso la te d . No. o f  +ve s a m p le s  o n

N o .o f s a m p le s XLDA M ed iu m ADA M e d iu m

B areilly F re s h  w a te r  fish (78) A. sobria (6 ) A. sobria (2 )

•5- H M o llu scs (26) A. sobria (3) A. sobria ( 1)

A. salmonicida 
s u b s p  salmonicida ( 1) A. salmonicida 

s u b s p  salmonicida ( 1)

B ijn o r F re s h  w a te r  fish (18) A. sobria (2 ) A. sobria (2 )

C a lc u tta M a rin e  s h r im p (06) A. salmonicida 
s u b s p  masoucida (D A salmonicida 

s u b s p  masoucida ( 1)

XLDA - X y lo se -ly sin e  d e so x y c h o la te  a g a r ;  A D A -A m p icillin -d cx trin  a g a r .
N ote : I rre sp e c tiv e  o f  m a rk e t ,  a ll th e  f re s h  w a te r  p ra w n s  (13) m a r in e  f ish e s  (37), a n d  s h r im p s  (7) fro m  D e lh i a n d  B o m b a y  h a v e  
n o t b e e n  fo u n d  to  b e  c o n ta m in a te d  w ith  Aeromonas sp.

0 Corresponding Author
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resuscitation in 5 ml of 0.1% peptone water at 37°C 
for 6-8 h, 1 ml of the fluid w as transferred to 
alkaline enrichment broth (Bacto-peptone 1 g, NaCl 
5 g, distilled water 1000 ml, pH 8), tubes and 
incubated at 37°C overnight. Ampicillin-dextrin agar 
(Havelaar and Vonk 1988) and XLDA m edium  
(Merck) plates were, then, streaked and incubated  
at 37°C for 24 h. Large sm ooth yellow colonies from 
ADA plates, and oxidase positive yellow opaque 
colonies surrounded by yellow zone from XLDA 
plates, were picked up on triple sugar iron agar 
slant (Merck) and further characterized on the basis  
of m orphological, cu ltu ra l and b ioch em ica l 
characteristics (Cruickshank 1975). Drug resistance 
pattern of all isolates of Aerom onas w as determined 
by paper disc method of WHO (1961) against 
streptomycin, ampicillin, nitrofurantoin, nalidixic 
acid, gentamycin, oxytetracycline, chloramphenicol, 
norilox, doxycycline and septran. These antibiotics 
were used at 10 meg level except for the use of 
100 meg furadontine, 30  meg each of nalidixic acid 
and chloramphenicol and 50 meg of septran.

Out of 13 isolates of Aerom onas isolated, 11 
belonged to A. sobria  and one each to A. salmonicida  
subsp. salm onicida  and A. salm onicida  subsp. 
m asoucida  (Table 1). All of the A. sobria  and A. 
salmonicida  subsp salm onicida  strains were isolated  
from the fresh water fishes. The single isolate of
A. salmonicida  subsp  m asoucida  w as from the sea  
shrimp sample. It is also evident that XLDA 
medium w as superior to ADA for isolation of 
Aeromonas. It led to the isolation of Aeromonas 
from 13 sam ples as against only 7 from ADA 
medium.

Data indicated that six  strains of A. sobria  
were sensitive to ampicillin and all other antibiotics, 
except the isolate from fresh waterfish, which was 
resistant to furadontine (Table 2). Remaining 5 
isolates of A. sobria, one each of A. salm onicida  
subsp salm onicida  and A. salm onicida  subsp  
m asoucida  were resistant to ampicillin. Out of the 
7 am picillin-resistant isolates, three were resistant 
to streptomycin, and one each to septran and 
gentamycin. None of the isolates w as resistant to 
norilox, oxytetracycline. chloramphenicol, nalidixic 
acid and doxycycline.

The isolation of 13 strains of 3 species of 
Aeromonas is of significance, as these organism s 
have been reported to cause diseases and death 
in aquatic fauna as well as the spoilage of stored 
foods (Rahim et al 1984; Sanyal et al. 1987).

TABLE 2. ANTIBIOTIC SENSITIVITY PATTERN O F  AEROMONAS 
ISOLATES FROM  VA RIO US AQUATIC F O O D S

Aeromonas
sp.

S o u rc e
(No. o f  iso la ted )

S e n s it iv i ty  to  d r u g s

A. sobria F r e s h  w a te r  fish (3) A, C , D O , F, G , L, 
N a, NO, S , S T

F re s h  w a te r  fish ( 1) A, C, DO, G, L, Na, NO, 
S , ST

M o llu scs (2 ) A, C, D C , F, G, L, Na, 
NO, S , S T

M o llu scs ( 1) C , D, O , F, G, L, Na, 
NO, S,

F re s h  w a te r  fish (2 ) C, DO, F, G, L, N a, NO, 
S, S T

F re s h  w a te r  fish ( 1) C , C O , F, G, L, N a, NO, 
S , ST

F re s h  w a te r  fish ( 1) C, C O , F, L, N a, NO, 
S, ST

A. salmon- 
cida s u b s p  
salmoncida

M arin e  s h r im p ( 1) C , D O , F, L, N a, No, S

A. salmon­
icida s u b s p  
masoucida

M ollusc ( 1) C, D O , F, G , L, Na, 
NO, S

All th e  is o la te s  w e re  te s te d  a g a in s t  th e  fo llow ing  10 d ru g s
A -  A m pic illin , C -  C h lo ra m p h e n ic o l ,  DO -  D o x y cy clin e ,
F  -  F u ra d o n t in e ,  G - G e n ta m y c in , L -  O x y te tra c y c lin e ,
N a - N alid ix ic  a c id , NO -  N orilox , S  -  S e p t r a n ,  S T  - S tre p to m y c in

Aerom onas is also incriminated in diarrhoeal illness 
in hum ans. In USA, 7 outbreaks of Aerom onas food 
poisoning, due to consum ption of m olluscan  foods, 
have been reported from 1978 to 1987 (Ahmad
1992). Aerom onas salm onicida  h as been reported 
to transfer drug resistance factor to other entero­
bacteria of hum an health significance, such  as E. 
coli (Aoki and Egusa 1971; Dutta and Hedges 1973; 
Popoff and Davaine 1971). Therefore, isolation of 
strep to m y cin -resista n t A. sa lm o n ic id a  su b sp  
salm onicida  from fresh w ater m ollu scs is of 
significance.

The other significant observation w as the 
inability of ADA m edium  to allow the isolation of 
am picillin-sensitive A. sobria  from aquatic foods, 
although it h as been reported to be a good m edium  
for enumeration of Aeromonas spp. in water sam ples 
(Havelaar and Vonk 1988). Aerom onas forms non­
specific yellow opaque colonies on XLDA plates like 
som e other m em bers of enterobacteriaceae, and 
could be differentiated by the oxidase positive 
reaction of Aeromonas. Therefore, XLDA can not be 
used for enum eration of Aerom onas, as is possible 
in case of ADA. However, XLDA h as been used  
successfully for isolation of Aeromonas. The isolation  
of am picillin-sensitive A. sobria  from fresh water
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fishes and m olluscs indicated that these may be 
present in contaminated fresh waters. However, 
such water sam ples would escape from detection  
of Aeromonas spp., if ADA is used for isolation  
purposes. An elaborate study is, thus, needed to 
develop selective m edium  for enum eration of 
Aeromonas in food and water sam ples.

Authors are thankful to the Director and Head 
of Division of Veterinary Public Health, IVRI, 
Izatnagar, for providing financial grant for conducting 
this research work.
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Changes in the Quality o f Turmeric R hizom es
During Storage
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B o th  c u re d  a n d  u n c u r e d  d r ie d  rh iz o m e s  o f  fo u r  tu rm e r ic  (Curcuma longa L.) c u lt iv a rs  w e re  e x a m in e d  fo r c h a n g e s  
in  c u rc u m in ,  e s s e n t ia l  o ils , a n d  o le o re s in s  d u r in g  12 m o n th s  s to ra g e  a t  a m b ie n t  te m p e r a tu r e .  C u r c u m in  c o n te n t  
c o n tin u e d  to  d e c lin e  u p to  10 m o n th s ,  b u t  th e  c h a n g e , th e re a f te r ,  w a s  m in o r. H ow ever, e s s e n t ia l  oil a n d  o le o re s in s  
d e c re a s e d  th r o u g h o u t  th e  s to ra g e  p e rio d . T h e  m a x im u m  lo s s e s  in  c u rc u m in ,  e s s e n t ia l  o ils  a n d  o le o re s in s  w e re  2 3 .4 ,
2 7 .5  a n d  2 4 .2 % , re sp e c tiv e ly , a f te r  12 m o n th s  in  c u re d  rh iz o m e s  o f c u lt iv a r  'E M -3 2 1 ' a n d  u n c u r c d  rh iz o m e s  o f  c u l t iv a r  
'PC T -2 '.

K e y w o rd s  : Curcuma longa, T u rm e r ic ,  R h izo m es, S to ra g e , C u rc u m in ,  E s s e n t ia l  oil, O le o re s in s

Turmeric (Curcuma longa L.) is  an important 
spice which is used widely in curry preparations 
as a natural colouring agent. Among the curcuminoid 
pigments responsible for the colour of turmeric, 
curcum in (diferuloyl methane) is the major pigment 
(Srinivasan 1953; Govindarajan 1980). It has been  
reported that processing and varieties affect the 
colour contents of turmeric (Krishnamurthy et al
1975). The m edicinal properties of curcum in have 
also been reported (Ammon and Wahi 1991). Its 
volatile oil (essential oil) has been show n to be 
anti-inilam m atoiy, anti-arithritic (Chandra and 
Gupta 1972) and anti-bacterial (Bhavani Shankar 
and Sreenivasa Murthy 1979) in nature. Hence, the 
quality of turmeric is m ainly determined by curcumin 
and essential oil contents.. There is, generally, a 
wide gap between the harvest time of turmeric and 
its consum ption, and consequently  curcum in, 
essential oil and oleoresins of turmeric rhizomes 
may undergo changes during th is period. Hence, 
the rhizomes were stored for 12 m onths in the 
present study, and periodically evaluated for the 
quality characters.

Four turmeric cultivars viz., 'PCT-2', 'EM-321' 
'ST-85' and 'ST-323 Y  were planted in  randomized 
block design in three replications. The mature 
rhizomes were harvested (in the m onth of February) 
from each replication and pooled. The rhizom es 
(which constitute m other rhizomes as w ell as 
fingers) were w ashed thoroughly with water to 
remove any adherent. One half of the sam ple w as 
cured (Govindarajan 1980) by boiling in water for
1.5 h so that the rhizomes becam e soft. The other 
half w as kept as such, and referred to as uncured  
rhizomes. Both types of rhizomes were cut into
* Corresponding Author

slices (1 cm thick), dried at 65°C in hot air oven 
for 96  h to 5% m oisture level, and stored in 
unsealed polythene bags at room tem perature (10- 
35°C) and RH (23-95 %). The sam ples were drawn 
at 2 m onths interval for analysis.

Curcumin w as estim ated (in quadruplicate) as 
per ASTA (1968) method. Since the curcum in  
content in m other rhizome is always higher than  
fingers (Korla et al. 1992), a m inim um  of 50 g 
sample w as taken to avoid any disproportion. The 
sam ple w as ground to fine powder and 100 mg 
powder w as used for curcum in estim ation. The 
method of AOAC (1980) w as followed for essential 
oil determination in triplicate. The oleoresins were 
extracted (in triplicate) with acetone by cold 
percolation m ethod (Purseglove et al. 1981).

A gradual decrease in curcum in content w as  
observed as the storage period increased (Table 1). 
After 6 m onths, the decrease in curcum in varied 
from 7 to 13.6% in the rhizom es of different 
cultivars. The curcum in level continued to decline 
upto 10 m onths. Thereafter, either there w as no 
reduction in curcum in or it w as very sm all, except 
in ’PCT-2', where a sm all decrease w as noticed. At 
the end of 12 m onths, the m inim um  and m axim um  
lo sses in curcum in were sim ilar in uncured and 
cured rhizomes. Thus, the curing of rhizom es did 
not affect the overall % loss in curcum in during 
storage. The variations of % lo sses in different 
cultivars may, however, be due to the varietal 
differences. The decrease in curcum in during storage 
may be due to degradation of the pigment. According 
to Sampathu et al. (1988), the degradation m ay be 
due to the photosensitive nature of curcum in. The 
hydrolytic degradation (Tonneson and Karlsen 
(1985a) as well as chem ical degradation of curcum in
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(Tonneson and Karlsen 1985b) h as also been  
noticed under alkaline conditions. The comparison  
of cured and uncured rhizomes revealed a slightly 
lower value of curcum in in the latter. This is 
in spite of some loss in colour during curing. The 
decrease in other constituents of rhizome, especially 
starch, sugars and essential oils, appears to be

responsible for the elevation of curcum in content 
in cured rhizomes. The process of boiling of 
rhizomes in water extracts free sugars and also 
solubilizes som e starch.

The curing of rhizom es as well as their storage 
leads to reduction in essential oils (Table 1). The 
cured and uncured rhizom es of different cultivars

TABLE 1. C URCUM IN, ESSEN TIA L OIL AND O L E O R E SIN  C O N TEN T (% DRY MATTER) IN C U R E D  AND U N C U R E D  R H IZO M ES O F  
TU R M ER IC  AT D IF F E R E N T  INTERVALS O F  STO R A G E

C u ltiv a r R h izo m es S to ra g e  m o n th s O v era ll
0 2 4 6 8 10 12 m e a n

C u r c u m in , % w /w

'S T -85 ' C u re d 4 .8 0 4 .6 2 4 .3 1 4 .2 0 3 .8 2 3 .6 9 3 .7 2 4 .1 6
U n c u re d 4 .1 0 4 .1 3 3 .8 5 3 .5 9 3 .3 0 3 .2 0 3 .1 8 3 .6 2

'PCT-2' C u re d 4 .2 3 4 .2 6 3 .9 8 3 .81 3 .8 8 3 .5 7 3 .4 7 3 .8 8
U n c u re d 4 .0 0 3 .9 0 3 .6 6 3 .5 0 3 .4 5 3 .3 2 3 .2 6 3 .5 9

'S T -3 2 3  Y C u re d 4 .0 0 4 .0 6 3 .9 4 3 .7 3 3 .61 3 .2 6 3 .2 2 3 .6 9
U n c u re d 3 .8 8 3 .9 0 3 .6 6 3 .4 0 3 .3 5 3 .2 8 3 .2 2 3 .5 3

'E M -321 ' C u re d 2 .7 3 2 .5 8 2 .4 0 2 .4 6 2.21 2 .0 6 2 .0 9 2 .3 4
U n c u re d 2 .5 0 2 .51 2 .2 8 2 .1 6 2 .0 6 1 .9 6 1 .93 2 .1 7

O v eral m e a n 3 .7 6 3 .7 2 3 .51 3 .3 5 3 .2 1 3 .0 4 3 .0 1
CD* (cultivar); 0 .0 6 ,  C D  1[c u r in g /u n c u r in g )  : 0 .0 4 , C D  (s to ra g e  in te rv a l)  : 0 .0 8 .

E s s e n t ia l o il ,  % v / w

'S T -85 ' C u re d 7 .5 0 7 .0 5 6 .7 2 6 .3 0 6 .0 8 5 .8 7 5 .6 5 6 .4 5
U n c u rc d 8 .0 0 7 .8 8 7 .0 8 6 .7 5 6 .3 3 6 .2 0 6 .0 0 6 .8 9

'PCT-2' C u re d 6 .4 0 6 .0 0 5 .7 2 5 .2 8 5 .0 0 4 .8 8 4 .7 5 5 .4 3
U n c u re d 6 .7 5 6 .4 2 6 .0 5 5 .7 8 5 .3 8 5 .2 2 4 .9 0 5 .7 9

S T -3 2 3  Y C u rre d 5 .6 7 5 .5 0 5 .0 8 4 .7 8 4 .4 5 4 .3 7 4 .2 0 4 .8 6
U n c u rc d 6 .1 7 5 .8 3 5 .5 7 5 .2 8 4 .8 7 4 .7 0 4 .5 5 5 .2 8

'E M -321 ' C u re d 7 .0 0 6 .7 2 6 .3 0 5 .7 8 5 .5 0 5 .3 8 5 .2 3 5 .9 9
U n c u rc d 7 .3 8 7 .0 0 6 .5 5 5 .2 2 5 .8 2 5 .7 0 5 .5 5 6 .3 2

O verall m e a n 6 .8 6 6 .5 5 6 .1 3 5 .7 7 5 .4 3 5 .2 9 5 .1 0
CD* (cultivar) : 0 .8 , C D  (c u r in g /u n c u r in g )  ; 0 .0 5 , C D  (s to ra g e  in te rv a l)  : 0 .1 0 .

O le o r e s in s ,  % w /w

'S T -85 ' C u re d 1 2 .9 3 1 2 .1 5 11 .4 4 1 0 .7 3 1 0 .3 8 1 0 .1 0 9 .9 8 11 .1 0
U n c u rc d 1 4 .1 2 1 3 .6 3 1 2 .7 0 1 1 .8 0 1 1 .5 2 11.21 1 0 .8 6 1 2 .2 5

'PCT-2' C u re d 1 0 .9 2 1 0 .6 5 9 .5 9 9 .1 2 8 .7 8 8 .5 3 8 .5 0 9 .4 2
U n c u rc d 1 1.19 10 .6 2 9 .9 6 9 .3 4 8 .8 6 8 .6 0 8 .5 0 9 .6 1

S T -3 2 3  Y C u re d 10 .20 9 .9 0 9 .5 2 8 .9 4 8 .1 9 7 .9 6 7 .8 3 8 .9 3
U n c u rc d 1 0 .7 5 10 .2 3 9 .7 8 9 .1 3 8 .6 8 8 .4 3 8 .2 0 9 .3 1

'E M -321 ' C u re d 1 0 .2 5 10 .13 9 .6 5 9 .1 2 8 .2 8 7 .9 5 7 .8 0 9 .0 2
U n c u re d 11.00 1 0 .4 8 1 0 .0 5 9 .7 8 9 .1 8 9 .0 0 8 .6 5 9 .7 3

O v era ll m e a n 1 1 .4 0 1 0 .9 7 1 0 .3 6 1 9 .7 5 9 .2 3 8 .9 6 8 .7 9

CD* (cu ltiva r) : 0 .1 4 , C D  (c u r in g /u n c u r in g )  : 0 .1 0 , C D  (s to ra g e  in te rv a l)  : 0 .1 8 .

a t  5%  level o f  s ig n ific a n c e
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experienced maximum loss in essential oil from
24.6 to 25.9% and 24.8  to 27 .5  %, respectively. 
In general, the reduction in essential oil w as 
relatively more as compared to curcum in. The rate 
of loss of essential oils w as m inim um  in the last 
4 m onths. It may be due to the lowest (10-20°C) 
temperature prevailing during that period (Fig. 1), 
and the loss of more volatile fraction of essential 
oils in the initial stages of storage. The higher 
values of oil in uncured rhizomes than cured ones 
are. however, due to the loss during curing.

0
Temperature C % RH

Fig. 1. M in im u m  te m p e ra tu re  m a x im u m  te m p e ra tu re
(..... X....) m in im u m  %  RII (— * — ) a n d  m a x im u m  %  RII
(— A— ) d u r in g  th e  s to ra g e  p e rio d  o f  rh iz o m e s .

During storage, the oleoresins of all the cultivars 
studied were reduced and the extent of reduction  
increased with the increase in storage period (Table 
1). Storage for 12 m onths resulted in depletion of 
oleoresins by 21.4  ;o 24.0% in cured and uncured

rhizomes of different cultivars. The decrease in 
oleoresin content is more or le ss  a reflection of 
decrease in curcum in and essentia l oils, because  
these two com ponents constitute more than 80% 
of the total turmeric oleoresins.
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Rice Kernel Breakage K inetics in  
the Process Operation for Bran Rem oval
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E x p e r im e n ts  w e re  c o n d u c te d  o n  five v a r ie t ie s  o f  p a d d y  ( 'P ra sa d ',  'M a n h a r ',  S i ta ',  'U P R -2 3 9 ' a n d  'P .D -4 ') to  s tu d y  

th e  effect o f  p o lish in g  tim e , a n d  d e g re e  o f  p o lish  o n  b re a k a g e  b e h a v io u r . T h e  r e s u l t s  in d ic a te d  th a t  th e  %  b r e a k a g e  
in c re a s e d  n o n lin c a r ly  w ith  m illin g  tim e , w h e re a s  b re a k a g e  v a rie d  lin e a r ly  w ith  d e g re e  o f  p o lish . T h e  b re a k a g e  b e h a v io u r  
w a s  fo u n d  to  b e  d e p e n d e n t  o n  v a rie ty  o f  p a d d y .
K e y w o rd s  : R ice k e rn e l  b re a k a g e . B ra n  rem o v al, P o lish in g , W h iten in g .

For improving the appearance of rice kernels, 
bran removal is an imperative operation in rice 
milling industry. Acceptable degree of w hiteness of 
the kernels can be accom plished by 5 to 10% 
polishing of the brown rice (Spadaro and Mathews
1976). However, kernel breakage is the undesirable 
side effect of the rice polishing. In commercial scale

rice milling operations, rice kernel breakage is one 
of the single m ost important factors which affects 
the econom ics of the milling process (Gariboldi
1974). Factors contributing to breakage can be 
classified as those related to grain properties and 
milling condition (Rhind 1962). The properties of 
grain at the time of milling are influenced by factors

TABLE 1. PHYSICAL CH A R A C TERISTICS O F  V A RIETIES AND VALUES O F  C O E F F IC IE N T  O F  R EG R E S S IO N  EQUATION
V arie ty

A ttr ib u te ’P r a s a d ’ M a n h a r ' 'S ita ' U P R -2 3 9 ' P D -4 '
P a d d y  v a r i e t i e s

M ean le n g th 8 .8 7 9 .1 3 8 .9 9 8 .6 5 9 .2 5
S .D . 0 .4 4 0 .4 1 0 .3 2 0 .4 3 0 .3 3

M ean w id th 2 .1 5 2 .1 8 2 .2 8 2 .5 0 2 .5 1
S .D . 0 .1 2 0 .1 4 0 .0 3 0 .1 2 0 .1 3

M ean th ie k n e s s 1 .78 1.80 1.83 1.91 1 .94
S .D . 0 .0 2 0 .2 2 0 .0 8 0 .1 0 0 .0 9

B ro w n  r ic e
M ean le n g th 6 .4 3 6 .5 6 6 .7 8 6 .4 2 8 .9 3

S .D . 0 .2 9 0 .2 0 0 .2 2 0 .3 0 0 .4 2
M ean w id th 1 .98 2 .1 3 2.11 2 .4 9 2 .4 4

S .D . 0 .1 3 0 .1 5 0 .1 4 0 .2 0 0.1  1

M ean th ie k n e s s 1 .56 1.74 1.68 1.84 1 .87
S .D . 0 .0 6 0 .0 8 0 .0 6 0 .0 4 0 .0 6

V a lu e s  o f  c o e f f i c ie n t  o f  e q u a t i o n  1
m 3 .2 9 3 .3 7 1 .38 6 .9 9 4 .4 4

0 .2 4
n  ‘ 102 1.12 0 .6 4 1.63 1 .60 0 .2 4
r 0 .9 7 0 .9 9 0 .9 4 0 .9 4 0 .9 9
S E E 0 .1 0 0 .0 4 0 .21 0 .2 0 0 .0 1

V a lu e s  o f  c o e f f i c ie n t  o f  e q u a t i o n  2
C 0 .0 9 0 .0 3 0 .1 4 0 .2 4 0 .6 0
r 0 .9 6 0 .9 2 0 .9 9 0 .9 9 0 .9 7
S E E 0 .0 8 0 .0 6 0 .1 2 0 .1 7 0 .2 6

IIdCO• S t a n d a r d  d e v ia tio n , r = C o r re la t io n  co effic ien t, S E E  = S ta n d a r d  e r ro r o f  e s t im a te

* Corresponding Author
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such as agronomic practices, harvesting time, 
drying, storage, transportation, and other pre­
milling operations (Rhind 1962). The factors alfecting 
the breakage at the time of m illing include 
temperature and m oisture content of kernels, 
tem p eratu re  and  relative h u m id ity  of the  
environment, degree of milling and m echanical 
setting of the milling m achinery (Raghavendra Rao 
et al. 1976; Bhattachaiya 1980; Sharma and Kunze 
1982; Mathews et al. 1981). In the review on factors 
influencing breakage (Spadaro and M athews 1976), 
about half of the breakage of grains is  reported to 
occur during various milling operations, such as  
cleaning, shelling, polishing, size separation, and 
in-plant handling; shelling and polishing accounting  
for major proportion of breakage. The other half 
is attributed to pre-milling conditions and past 
history of grain. However, it is only at the time 
of milling that all the effects get combined (Pandey
1991). The milling system  and the operational 
aspects are m ostly held responsible for kernel 
breakage, and ensuing lo sses (Velupillai and 
Pandey, 1990).

Five varieties ('Prasad', ’Manhar’, 'Sita1, 'UPR- 
239' and 'PD-4j of paddy were collected from the 
rice breeder of the University. Paddy sam ples were 
thoroughly cleaned to remove foreign material. 
Shelling w as done in a laboratory model rice sheller 
(Model Tu-35 Satake, Japan). After separating 
unhusked grains, sam ples of 100 g of brown rice 
were milled in a laboratory rice whitener (Model 
Tm-25 Satake Japan) for 10 to 110 sec at an 
interval of 10 sec to attain different degrees of bran 
removal. All the broken grains, irrespective of their 
sizes in the sample, were separated from the head  
rice and accounted as brokens. The counting of the 
brokens in sam ples w as done ju st after shelling, 
and after various tim es of polishing. Reported 
values are the average of three replicates.

The characteristic features of the rice varieties 
used  for the experim entation are show n in 
Table 1.

For quantifying the process of breakage of 
kernels, various empirical relations were considered 
and based on the premise that rate of breakage 
could either be constant with time or a function  
of breakage which has already taken place or be 
a function of the further breakage to take place. 
The first two relations were discounted on the 
basis of the indicative inference of the past reported 
studies (Spardo and M athews 1976; Kunze and 
Choudhary 1972) as well as on the statistical

results obtained in analysis of experim ental data 
done with a Hewlett Packard m ini-com puter. The 
following empirical equation w as found to describe 
the process satisfactorily.

(B- B0) /B o = m exp (n t) ... (1)
Where B is the breakage (%) at a polishing time 
t. B0 is the % broken before polishing and m  and  
n are the coefficients of the empirical equation. The 
equation w as fitted after linearization (1). The 
reported values of coefficient m  and n of the 
equation (1), the correlation coefficient were more 
than 0 .94  and SEE less than 0 .20 , while the values  
of coefficients m and n varied with variety and were 
in range from 1.37 to 6 .6 8  and 6 .9 8  and  
2.37 x  1 0 3 to 1.63 z 1 0 2, respectively. Fig. 1 show s  
the breakage behaviour of different varieties with

Fig. 1. E ffect o f  tim e  o f  m illin g  o n  b ro k e n  ra t io  o f  d if fe re n t 
v a r ie tie s  o f  p a d d y

the time of milling. 'P.D.-4' variety w as found to 
be more susceptible to breakage, w hereas Manhar 
showed the least breakage. One of the probable 
reasons for this could be that 'P.D.-4' w as thicker 
in its dim ension than others (Table 1). This is 
consistent with the observations (Pandey 1991) that 
the dim ension of grain plays an important role 
in polishing, and breakage of kernels. It h a s been  
established (Pandey and Sah 1990) that w hiteness  
of the polished rice not only depends on degree 
of polish, but also on w hiteness of the brown rice. 
A compromise, therefore, h as to be m ade on degree 
of polish, w hiteness of kernels and the tolerance 
limit of brokens. Equation (1) correlates the breakage 
of kernel to the time of polish. However, the 
relationship between breakage and polish would be 
of more practical value, a s it will provide information 
on degree of polish, keeping in view the breakage
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tolerance of the rice variety. In case, a variety is 
more susceptible to breakage while polishing, 
remedial m easures such  a s  parboiling m ay be 
suggested for increasing the breakage resistance. 
Keeping this fact in view, the following breakage 
polish relationship h as been developed.

(B -  B0) /B 0 = C x  P ... (2)
Where P is the degree of polish (%) and C is the 
regression coefficient. The results are show n in 
Fig.2, and the values of coefficient of equation (2) 
are given in Table 1. along with the values of

Fig. 2. V a ria tio n  o f b ro k e n  ra tio  w ith  d e g re e  o f  p o lish  for v a r io u s  
v a r ie t ie s  o f  p a d d y

correlation coefficient and standard error of estimate. 
The values of coefficient C were in the range from

0.03  to 0 .60 . Higher values of C show  higher 
susceptability of a variety to breakage. Variety 
'P.D.4' w as highly susceptib le to breakage in 
com parison to other varieties as indicated by the 
values of C.

Thus, it can be concluded that the breakage 
- polishing time correlation for different varieties 
of paddy is dependable and the % breakage of grain 
increased linearly with degree of polish.
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E ffec t o f  e n z y m a tic  h y d ro ly s is  p a ra m e te r s  i.e . in c u b a t io n  te m p e ra tu re ,  t r e a tm e n t  p e rio d  a n d  m o is tu r e  c o n te n t  

o f  g ra in  w a s  o p tim iz e d  for d e h u ll in g  efficiency. T h e  o p t im u m  lev els  o f  th e s e  p a ra m e te r s  w e re  fo u n d  to  b e  4 6 .5 °C , 
12 .7  h  a n d  2 6 .6 %  w . b ., re sp ec tiv e ly . T h e  e n z y m e  c o n c e n tra t io n  w a s  v a rie d , a n d  m a x im u m  h u l l in g  e ffic ien cy  o f  8 8 .9 3 %  

w a s  o b ta in e d  a t  0 .0 8  g o f  to ta l e n z y m e  p ro te in  c o n te n t ,  m ix ed  in  2 6 0  g o f  p ig e o n p e a  g ra in .
K e y w o rd s  : P ig e o n p e a  g ra in , M illing, E n z y m a tic  p r e t r e a tm e n t ,  D e h u llin g , H u llin g  e ffic ien cy , R e s p o n s e  s u r fa c e

m e th o d o lo g y .

Pigeonpea is one of the major food legum es 
grown and consum ed extensively in Indian su b ­
continent. It is m ostly consum ed in the form of 
dehusked split or dhal. In the traditional milling 
process, the recovery of dhal is 66-75%  (Kurien and 
Parpia 1968) and dehusking characteristics vary 
with different cultivars (Ramakrishniah and Kurien
1983). Because of the presence of thick gum  layer 
between seed coat and cotyledon, pigeonpea com es 
under difficult-to-mill c la sses of pulses. In order 
to loosen the h u sk  from cotyledon, various  
pretreatments are employed. Influence of soaking 
and its effect on the dehusking efficiency w as 
studied by Srivastava et al (1988). Among these, 
the application of oil and water is m ost common. 
The substitution c f oil with sodium  bicarbonate 
resulted in improved hulling efficiency (Saxena 
1985). Pretreatments of oilseeds with microbial 
enzyme have show n increased oil availability and 
easy extraction rate (Sosulski et al. 1988). The 
same approach w as tried on pigeonpea grain,as no 
such report is available for improving hulling 
efficiencies of pulses.

Pigeonpea grains ('UPAS-120' variety) were 
procured from the University farm, and stored after 
cleaning and grading. The m oisture content w as 
measured following standard method (Saxena 1985). 
For treatment, enzyme solution w as prepared by 
growing Aspergillus fum igatus  NCIM-902, obtained 
from National Chemical Laboratory, Pune, on wheat 
bran medium. Initially, 1-2 loops of A. fum igatus  
culture were transferred into a conical flask  
containing sterilized Ypss medium. It consists, of (g/ 
1) : soluble starch 15, yeast extact 4, K2H P04 1, 
M gS04 ,7H20  0 .5  and pH 7.0). The flask was, then, 
incubated at 45°C in an incubator shaker (120
* Corresponding Author

rpm) for three days (Bhatnagar 1987). About 50  
ml of the fermented m edium  w as used , to inoculate  
a batch fermenter having sterilized wheat bran  
medium  (wheat bran 60 g, distilled water 1.5 1, pH
7.0). Fermentation w as allowed at 45°C with 1 w m  
air flow rate and 120 rpm agitator speed. The 
fermentation w as continued for 72 h, the fermented 
m aterials were filtered through cheese cloth, and 
the filtrate centrifuged at 1 0 , 0 0 0  rpm for 1 0  min. 
The solution, thus, obtained w as u sed  as crude 
enzyme for treatment. The protein content w as 
m easured following the m ethod of Lowry et al 
(1951). The filter paper activity w as m easured using  
the method of M andels et al (1976).

Response surface m ethodology w as adopted for 
exp erim en ta l d esig n  to op tim ize h y d ro ly sis  
parameters - incubation temperature, treatm ent 
period, and m oisture content of grain. A second  
order central com posite rotatable design in three 
variables at five levels w as used (Myers 1976). 
Treatment com binations are given in Table 1. For 
each experiment, a sam ple of 2 60  g of pigeonpea  
grain w as taken in a conical flask. Moisture content 
w as adjusted to the desired level for hydrolysis, by 
adding appropriate am ount of enzyme solution and 
distilled water, keeping the volum e of enzyme 
solution constant (Verma 1991). The flask w as  
plugged, shaken m anually and equilibrated in a 
refrigerator at 4°C. A 5 g of the sam ple w as drawn 
for checkup of the m oisture content, and the rest 
w as incubated at different time and tem perature 
com binations for hydrolysis. After incubation, the 
sam ples were dried in wire m esh container at 
104°C, to inactivate enzyme, and also to reduce 
m oisture content of grain. These sam ples were, 
then, milled in a laboratory mill (Model No. Tm- 
05, Satake Grain Testing Mill, Satake Engineering
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TABLE 1. HULLING E FFIC IEN C Y  O F  ENZYM E AND W ATER 
TREATED PIG EO N PEA

T re a tm e n t c o m b in a tio n s  H u llin g  effic ien cy  (%)
In c u b a tio n

te m p e ra tu re ,
°C

In c u b a tio n
p e rio d ,

h

M o is tu re  
c o n te n t ,  
% , w .b . 

*3

E n zy m e
tre a te d

W ate r
tr e a te d

4 0 .0 9 .0 2 0 .0 7 3 .4 5 7 2 .0 2
5 0 .0 9 .0 2 0 .0 7 4 .9 0 7 2 .6 9
4 0 .0 15 .0 2 0 .0 7 4 .8 7 7 2 .3 0
5 0 .0 15 .0 2 0 .0 7 6 .3 2 7 2 .9 8
4 0 .0 9 .0 3 0 .0 7 4 .6 7 7 2 .9 4
5 0 .0 9 .0 3 0 .0 7 6 .1 2 7 3 .6 1
4 0 .0 1 5 .0 3 0 .0 7 6 .0 8 7 3 .2 3
5 0 .0 1 5 .0 3 0 .0 7 7 .5 3 7 3 .9 0
3 2 .7 12.0 2 5 .0 7 3 .6 0 7 1 .9 4
5 7 .3 12.0 2 5 .0 7 4 .1 3 7 3 .8 5
4 5 .0 4 .6 2 5 .0 7 5 .5 0 7 3 .0 4
4 5 .0 19 .4 2 5 .0 7 7 .5 0 7 3 .0 1
4 5 .0 12.0 1 2 .7 7 4 .0 0 7 0 .2 6
4 5 .0 12.0 3 7 .3 7 7 .1 0 7 3 .6 8
4 5 .0 12.0 2 5 .0 7 9 .6 8 * 73 .1  1*

* A verage o f  s ix  o b s e rv a t io n s  b a s e d  o n  th e  d e s ig n .
H u llin g  effic iency  o f u n t r e a te d  s a m p le  w a s  6 0 .8 2 %

Co. Ltd., Tokyo, Japan) at 400  rpm, 4 mm exit 
clearance and 12 m /s  surface speed. Different 
fractions obtained from milling were separated by 
sieving, and hulling efficiency w as calculated using  
the formula suggested by Saxena (1985).

Un FPHulling efficiency = (1 -  —  ) ( —  )x l0 0
p + °

Where, Un = weight of unhusked grain, Tn = 
total weight of grain used for milling, Fp = weight 
of finished product (weight of dehusked grain + 
dhal], Br = Weight of broken grain, Po= weight of 
powder.

Water-treated sam ple w as used to compare the 
results with enzyme treatment. The hulling efficiency 
values for different treatm ent com binations are 
given in Table 1.

Enzyme concentration w as varied from 0 .02 to
0 . 1 0  g of total enzyme p rotein /260  g sample, 
keeping other hydrolysis param eters at their 
optimum levels. Hulling efficiency data are given 
in Table 2. Untreated and sodium  bicarbonate- 
treated sam ples of the grains were also milled at 
9 .5 % (wet basis) m oisture content, to compare the 
results. Comparison of the results is given in Table 3.

TABLE 2 . HULLING EFFIC IE N C Y  OB TAINED FROM  MILLING 
O F  PIG EO N PEA  GRAIN T R E A T E D  AT D IFFE R EN T  
ENZYM E CO N C EN TR A TIO N S

T o ta l e n z y m e  p ro te in , g  H u llin g  effic ien cy , %
0 .0 2  7 6 .4 8

0 .0 4  8 0 .6 0
0 .0 6  8 6 .7 4
0 .0 8  8 8 .9 3
0 .1 0  8 8 .6 8

TABLE 3. C OM PAR ISON O F  M ILLED FR A C TIO N S OBTAINED 
FROM  U N TREATED, W ATER T R E A T E D , N aIIC 03 
TREA TED  AND ENZYM E T R E A T E D  PIG EO N PEA

F ra c tio n s , U n tre a te d W a te r N al IC 0 3 E n zy m e
% g ra in s t r e a te d tr e a te d t r e a te d

U n h u s k c d
g ra in s 2 2 .5 1 1 1 .0 3 0 .8 3 0 .6 5
D e h u s k e d
g ra in s 2 8 .5 2 3 1 .9 9 3 7 .9 2 3 5 .8 9
Dhal 2 3 .2 7 3 0 .9 3 3 5 .9 1 3 9 .8 3
F in is h e d
p ro d u c t* 5 1 .7 9 6 2 .9 2 7 3 .8 3 7 5 .7 2
B ro k e n s 0 .2 2 2 .6 8 3 .3 9 1.66

P o w d er 1 3 .9 7 1 0 .1 5 7 .2 0 7 .21
H u llin g
effic ien cy 6 0 .8 2 7 3 .9 0 8 6 .7 3 8 8 .9 3

•F in ish e d  p ro d u c t  = S u m o f  d e h u s k e d g r a in s  + dhaL

From the dehulling efficiency data (Table 1), 
it is clear that enzymatic pretreatment h as positive 
effect on hulling efficiency. Hulling efficiency of 
untreated grains w as found to be 60.82% , while 
the m axim um  value for enzym e and water treated 
grains were 79.68 and 73.90% , respectively.

A response surface model for hulling efficiency, 
as a function of enzymatic hydrolysis parameters, 
w as developed by applying a m ultiple regression  
technique. The fitted response function w as :

Y = -  79 .5845  + 0 .4 9 0 6  X, + 0 .6 5 9 9
+ 0 .7 3 8 3  X3 -  1 .9332 X , 2 -  1.0018 X /  
-  1.3376 X /

Where, Y = hulling efficiency (%), X, = 
temperature (°C), \  = incubation period (h), X3 = 
m oisture content (%, wet basis).

The optimum for m axim um  hulling efficiency 
w as calculated by partially differentiating the above 
equation with respect to each parameter, and 
equating to zero. The optim um  values were :
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X, = 46.5°C, Xj = 12.7 h, and X3 = 26.6% (wet 
basis).

Three dimensional response for hulling efficiency 
of enzym e-treated pigeonpea were generated

Fig. 1. T h re e  d im e n s io n a l  r e s p o n s e  fo r h u ll in g  effic iency . EfTect 
o f  (A) in c u b a t io n  te m p e r a tu r e  (X,), °C a n d  t r e a tm e n t  tim e  
(X J, h ., (B) in c u b a t io n  te m p e r a tu r e  (X,), °C a n d  m o is tu re  
c o n te n t  1X3), %  w .b ., (C) t r e a tm e n t  tim e  (X J, h. a n d  
m o is tu re  c o n te n t  (X J, %  w .b .

(Fig. 1). From these surfaces, it is evident that 
dehulling efficiency initially increases with increase 
in parameter value, and then started decreasing, 
thereby indicating the existence of optimum levels 
of hydrolysis parameters within the selected range. 
Similar behaviour w as observed by Smith (1990),

Enzyme concentration had show n significant 
effect on hulling efficiency. R esults (Table 2) showed  
that the highest hulling efficiency of 88.93%  w as 
observed at 0 .08  g en zym e/260  g sam ple. With 
further increase in enzyme content, no appreciable 
increase w as observed. This m ay be due to the fact 
that the free reactive groups of the surface becom e  
limiting to the reaction leading to a plateau. This 
type of behaviour in enzyme catalysis reaction is 
common, and d iscussed  by Bailey and Ollis (1986).

It is evident that the enzyme not only increased  
the hulling efficiency, but also reduced the am ount 
of powder formed (Table 3). It m ay be m entioned  
that higher am ount of powder produced during 
dehulling is a direct lo ss in the processing of 
pigeonpea. Since no work on the enzymic treatm ent 
of pigeonpea grains w as available, the resu lts could  
not be compared.
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in a Model System
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R ole o f  c itr ic  a c id  in  o v e rc o m in g  th e  e ffec ts  o f  p o ly p h e n o ls  a n d  c a lc iu m  p h o s p h a te  s a l t s  o n  iro n  a v a ila b ili ty  in  

a  m o d e l s y s te m  h a s  b e e n  in v e s tig a te d . R e s u lts  in d ic a te d  th a t  c itr ic  a c id  h a d  th e  p o te n tia l , a s  goo d  a s  a s c o rb ic  a c id , 
in  c o u n te ra c t in g  th e  in h ib ito ry  e ffec ts  o f  t a n n a te  a n d  c a lc iu m  p h o s p h a te  o n  iro n  av a ila b ility .
K ey w o rd s : C itr ic  a c id , I ro n  av a ila b ility , T a n n ic  a c id , C a lc iu m  p h o s p h a te ,  A sco rb ic  a c id , Io n is a b le  iro n .

Several chem ical ligands act either as an  
enhancer or inhibitor of iron availability (Cook et 
al. 1972). Important among the enhancers is  
ascorbic acid, w hose action is dose-dependent 
(Christian and Seshadri 1989; Cook and M onsen
1977). Ascorbic acid also has the ability to counteract 
the inhibitory effect of certain constituents, such  
as polyphenols on iron availability (Christian and 
Seshadri 1989: Siegenberg et al. 1991). Recently, 
citric acid has been suggested as a potential 
enhancer of iron bioavailability (Hazell and Johnson  
1987). However, the information on dose-related  
dependence of the effect of citric acid and its ability 
in overcoming the effect of inhibitors of iron 
availability, such  as polyphenols and calcium  
phosphate is not available. Therefore, in the present 
study, the role of citric acid in influencing non­
heme iron availability, when added alone or in 
combination with ascorbic acid, tannic acid and 
calcium phosphate h as been investigated in a 
model system . Iron availability w as expressed in 
terms of % ionizable iron, which h as been shown  
to correlate highly with in vitro available iron 
(Narasinga Rao and Prabhavathi 1978). Several 
studies have shown that the in vitro available iron 
is a good m easure of bioavailable iron (Forbes et 
al 1991; Narasinga Rao and Prabhavathi 1978; 
Schricker et al. 1981).

The model system  used  w as a ferric chloride 
solution (Merck, analytical reagent), providing 3 mg 
elemental iron in 250 ml of the solution. Different 
levels of citric, ascorbic and tannic acids and 
calcium phosphate corresponding to the entire 
range of daily consum ption , as reported by 
representative diet surveys in India (NNMB 1984), 
were tested for their dose-effect on iron availability.
* Corresponding Author

For studying the com bined interaction effects, the 
lowest and highest dose levels of each of the four 
co n stitu en ts  were se lected , and all p ossib le  
com binations of the constituents were generated  
through a com puter (n=16). These com binations 
were added to the model system , hom ogenized and 
analyzed in four replicates, for total iron (AOAC
1984) and ionisable iron (Narasinga Rao and 
Prabhavathi 1978). The data were subjected to 
m ultiple regression analysis (stepwise technique) 
using the statistical package for social sciences  
(SPSS) in an IBM-PC com puter assem bly, while 
correlation coefficient for each constituent in the 
mixed milieu w as obtained. A regression equation 
w as also formulated to obtain the ionizable iron, 
when known quantities of the four constituents 
were present.

Results of the dose effect of the constituents  
are shown in Fig. 1. The % ionizable iron from the 
ferric chloride solution p er se  w as 43. Addition of 
citric acid at increasing dose levels (30 mg to 960  
mg) did not produce any m easurable effect on the 
ionizable iron. Increasing levels of ascorbic acid, 
however, brought about the dose-related increase 
in ionizable iron, until it reached the m axim um  
value of 100% with 46 .5  mg dose level. Both 
tannate and calcium  phosphate exerted marked 
dose-dependent inhibition on ionizable iron, reducing 
it from 43 to 4 and 0%, respectively (Fig 1). The 
multiple regression analysis of the interaction effect 
of citric, ascorbic and tannic acids as well as  
calcium  phosphate, in varying com binations, is 
shown in Fig. 2. The correlation coefficients obtained 
were significantly positive for citric and ascorbic 
acids (r = +0.367 and +0.375, respectively; p<0.01), 
indicating a strong enhancing effect. These, for 
tannate and calcium  phosphate were significantly 
negative (r = -0.255; p<0.05 and -0.483; p<0.001.
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mg Tannic Acid
Fig. 1. D o se  ctTcet o f  a s c o rb ic  a n d  ta n n ic  a c id s  a n d  c a lc iu m  p h o s p h a te  o n  %  z io n iz a b le  iro n  in  th e  m o d e l s y s te m .

A:ASCOrt)ic Acid

Unexplained
46%

♦  P < 0 .0 5 , *• P < 0 .0 1 , *** P < 0 .0 0 1

Fig .2 . R e g re s s io n  a n a ly s is  o f  th e  fo u r  c o n s t i tu e n ts  in  th e  m o d e l 
sy s te m .
Y |%  Io n iza b le  Iron] = 4 3 .4  -  0 .0 8 0 6  C P  + 0 .4 2 9 9  A

+ 0 .0 1 9 8  C -  0 .0 2 5 5  T
respectively), indicating that they exerted an  
inhibitory effect on ionizable iron.

When an attempt w as made to calculate the 
availability of iron using the highest dose levels of 
the four variables in the equation, it w as observed 
that the calculated % ionizable iron (Y) increased  
from the basal level of 43% to 58%. Based on the 
dose-response curves (Fig. 1), only tannic acid and 
calcium phosphate at the highest dose levels were 
seen to reduce the availability of iron to zero. 
However, a net positive increase in the calculated  
% ionizable iron, in spite of the presence of these  
strong inhibitors, indicated that citric acid, when  
present along with ascorbic acid, w as not only able 
to overcome the inhibitory effects of tannate and 
calcium phosphate, but could also increase ionizable 
iron beyond the basal level by 33% in the model 
system . Citric acid, unlike ascorbic acid, is not a 
reducing agent. Therefore, it cannot reduce ferric

ions to ferrous ions, which is reflected in the lack  
of any m easurable effect on ionizable iron, w hen  
citric acid is added alone. On the other hand, citric 
acid, by virtue of its three carboxyl and one 
hydroxyl group, m ay form loosely bound chelates  
with iron at neutral or alkaline pH, which can  
prevent the precipitation of iron at the alkaline pH 
by com pounds like tannic acid or calcium  phosphate  
(Kojima et al. 1981). Citric acid can also bind  
calcium  salts, thereby preventing them  from forming 
insoluble com plexes with iron (Hazell and Johnson  
1987). Citric acid, when present along with tannic  
acid, can also prevent formation of high m olecular 
weight insoluble iron-polyphenol or iron-calcium  
phosphate com plexes, thereby countering their 
inhibitory effect.

S tu d ies on the effect of citrate p e r  se  
unequivocally are very few. Studies on various 
fruits and vegetab les have show n increased  
availability of iron, as a function of both citric acid 
and ascorbic acid (Ballot et al. 1987; Hazell and 
Johnson 1987). The limitation of these stud ies is  
that the effect cannot be attributed to only citric 
acid, as the fruits and vegetables contain m any  
other organic acids and som e undefined and 
unknown constituents as well. Moreover, these  
studies do not provide any experim ental evidence 
to show that citric acid can overcome the inhibitory 
effect of tannic acid and calcium  phosphate. The 
present study provides clear evidence that citric 
acid, like ascorbic acid has the ability to counter 
the inhibitory effects of these two constituents.

The im plications of the findings for food 
com position tables and iron nutrition are important. 
In order to have a more valid estim ate of the 
bioavailable iron from foods, one should  have the 
food com position tables that will provide the citric
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and tannic acids content. Moreover, practical 
recommendations for improving iron nutrition m ust 
include fruits and vegetables high in both citric and 
ascorbic acids. W hether other organic acids would 
have similar effects, need to be studied.
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T h e  p ro x im a te  c o m p o s itio n , m ic ro b ia l lo ad  a n d  a c c e p ta b il i ty  o f  q u a il  m e a t  fro m  6 , 12 a n d  18 w e e k  o ld  b ir d s  
a s  w ell a s  th e  p ro c e s s e d  p r o d u c ts  w e re  d e te rm in e d . Tandoori a n d  b a t te r e d  q u a i ls  w e re  fo u n d  to  b e  h ig h ly  a c c e p ta b le ,  
a n d  no  s ta t is t ic a l ly  s ig n if ic a n t (P < 0 .0 5 ) d iffe re n c e s  w e re  o b se rv e d  w ith  re s p e c t  to  th e  a g e  o f  b ird  a n d  p ro x im a te  
co m p o s itio n . H ow ever, s l ig h t d e c re a s e  in  m o is tu re  w ith  a d v a n c e m e n t  o f  a g e  fro m  6  to  18 w e e k s  a s  a g a in s t  h ig h e r  
p ro te in s , fat, e n e rg y  a n d  m e th io n in e  c o n te n ts  w e re  o b se rv e d . Age o f  th e  b ird  a n d  m e th o d  o f  c o o k in g  w e re  d ire c tly  
re la te d  to  b a c te r ia l  load .
K ey w o rd s : Q u a d , Tandoori a n d  b a t te r e d  p ro d u c ts ,  P ro x im a te  c o m p o s itio n , S e n s o ry  e v a lu a tio n . A c cep tab ility .

Poultiy production has become an important 
facet of commercial development in recent years. 
Japanese quail (Calum ix japonica1, a recently 
domesticated economic avian species, is ideally 
suited for commercial rearing for eggs and meat 
under intensive conditions. AVM Hatcheries and 
Poultry Breeding Research Centre (P) Limited, have 
franchised and Central Avian Research Institute 
has developed the layer and m eat type Japanese  
quail production technology on a large scale, with 
about 1 0 0 , 0 0 0  commercial meat type quails in its 
farm at any given time of the year (Wahab 1991). 
Quail com pletes their juvenile stage at 5 weeks with 
a m ean body weight in the range of 129 to 150 
g (Wahab 1991). Quail m eat is a high protein food 
of immense biological value and known for its taste  
and delicacy. In spite of m any advantages and 
superiority of quail over the other species of poultry 
(Wahab 1991), very few studies have been carried 
out on quail meat products. Hence, the present 
investigation was undertaken to study the proximate 
composition, microbial count and acceptability of 
quail meat from 6 , 1 2  and 18-week old birds and 
the processed products such as tandoori and 
battered quail.

Japanese quail of different ages were procured 
from the Poultry Farm of the University. The birds 
were bled for one m in by cutting the jugular vein 
at the accipilo atlantus  joint, and feathers were 
removed manually. The birds were dressed, and 
washed in running tap water thoroughly. The 
cleaned carcasses were taken for the study. Tandoori 
and battered quail products, using 6 , 1 2 , and 18 
week old birds, were m ade by following the method  
described by Beeton (1980), with som e modifications 
with respect to additives.
* Corresponding Author

The whole carcasses of quails were used  for 
tandoori preparation. Earlier stud ies indicate that 
the quail meat could be stored upto 60 days after 
treatment with sodium  tripolyphosphate without 
m uch bacterial load (Prabhakar Reddy et al. 1991) 
Slits were made on the dressed carcasses with the 
help of knife. The tandoori m asala  contained (g/ 
1 0 0 0  g dressed quails without giblets) anise seeds  
5, black pepper 5, caraway 3, cardam om  3, 
cinnam on 2, clove 2, cum in 5, red chilli powder 
1 0 , peeled garlic 2 0 , peeled ginger 2 0 , peeled onion  
50, table salt 35, turmeric 5, hydrogenated vegetable 
fat 100. Tandoori colour w as added to the desired 
level. Tandoori m asala  w as applied thoroughly on 
the surface and body cavities. The quails were kept 
in refrigerator for 2  h, to facilitate better absorption  
of m asala  by the m eat tissu es. They were rubbed 
both on inner and outer surface with m elted ghee  
and baked uncovered at 150°C for 30  min.

The carcasses of quails were cut into sm aller 
pieces. The spices and condim ents used  include (g/ 
1 0 0 0  g ready-to-cook quail) cinnam on 2 , clove 1 , 
corriander leaves 100, com  starch 250, curd 150, 
garlic 20, ginger 20, green chillies 15, pepper 2, 
salt 35 and oil (for flying) 250. Spices and 
condim ents were ground to a fine paste. Com  
starch w as added to the paste so  that the m asala  
would be hom ogeneous and dipping w as easy. The 
quail m eat pieces consisting of both bones and 
m uscles were dipped in the m asala  paste and  
mixed thoroughly. It w as kept in refrigerator for 
2 h. Cooking oil w as heated (185°C) in a frying 
pan, and quail m eat pieces were then fried, till the 
pieces turned golden brown in colour and crisp in 
texture.

Sam ples of fresh m eat and products were dried 
in hot air oven at 80°C till constant weight. The
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dried sam ples were powdered and analysed for 
moisture, protein and fat by AOAC (1990) m ethods. 
Gross energy w as determined in a Bomb-calorimeter 
(Gopala K rishna and R anjhan 1980), w hile  
methionine content of the sam ples w as estim ated  
by the method of Koch and Hanke (1953). The 
standard plate counts of the sam ples were estimated, 
using standard procedure (ISI 1980). Microbial 
count w as expressed as colony-forming u n its /g  
(Cfu/g) of the sample. The products were judged  
for appearance, colour, texture, flavour and overall 
acceptability by a panel of 15 sem i-trained non­
vegetarian judges selected from the University, 
using a 7-point Hedonic scale (Amerine et al. 1965). 
Results were analysed statistically (Snedecor and 
Cochran 1967).

The proximate com position and microbial load 
of quail meat of 6 , 1 2 , and 18-week old birds and 
their products are given in Table 1. As the age of

than those of raw m eat and tandoori quail sam ples 
at different age levels. The resu lts are in accordance 
with the findings of Strange et al. (1980). The 
differences in m ethionine contents of the sam ples 
were not statistically significant (P < 0.05).

The bacterial load of raw sam ples w as higher 
than that of the quail products. Battered quail 
sam ple had lower bacterial load as compared to 
that of tandoori quail. The difference m ay be due 
to method of cooking, where the tem perature of oil 
in deep-fat-fiying of battered quail (185°C) is  higher, 
as compared to that of tandoori quail (150°C). Similar 
findings have been reported by Panda (1980). There 
w as a significant difference in bacterial load between  
the age levels and the sam ples i.e., raw m eat and 
products (P < 0.05).

Quail products were found to be veiy  m uch  
acceptable among the sem i-trained taste panel 
members. There w as not m uch difference in the

TABLE 1. PROXIM ATE C O M PO SITIO N  AND M ICROBIAL C O U N TS O F  TANDOORI AND B ATTERED gU A IL
Age,
w e ek s

S a m p le s M o is tu re ,
%

P ro te in ,
%

F a t,
%

E n erg y ,
K c a l /1 0 0 g

M e th io n in e , 
g / g  N

M icro b ia l c o u n t  
C f u /g

6 Q u a il ra w  m e a t 7 6 .3 6 8 .0 2 5 .8 5 3 0 0 .2 0 3 .7  x 106

Tandoori q u a il 6 4 .9 5 4 .3 2 0 .7 5 3 7 0 .1 9 1.9 x 105

B a tte re d  q u a il 2 1 .6 3 6 .8 4 1 .0 6 0 2 0 .1 6 1.2  x 104

12 Q u a il ra w  m e a t 7 4 .5 7 1 .8 2 8 .7 591 0 .2 2 6 .0  x 107

Tandoori q u a il 6 4 .8 5 6 .0 2 1 .0 5 9 8 0 .2 0 4 .5  x 105

B a tte re d  q u a il 2 1 .3 3 8 .5 4 4 .2 6 2 2 0 .1 8 1.8  x 104

18 Q u a il  ra w  m e a t 7 3 .2 7 7 .0 3 4 .6 6 4 0 0 .2 3 2 .0  x 108

Tandoori q u a il 6 4 .4 5 7 .8 3 1 .4 6 4 6 0 .2 2 7 .0  x 10s
B a tte re d  q u a il 2 0 .8 4 3 .8 5 0 .4 6 8 5 0 .1 9 2 .0  x 104

T h e  v a le s  a r e  m e a n  o f  two re p lic a tio n s .  * P < 0 .0 5 .

the quail increased from 6  to 18 w eeks, the 
moisture contents of all the sam ples were found 
to decrease. The protein and fat contents in quail 
meat and the products increased with advancement 
of age from 6  to 18 weeks. However, these increases 
with age were not to the extent of being statistically  
significant (P < 0.05). The energy content also  
increased from 530  to 641 Kcal in quail meat as 
the age increased from 6  to 18 weeks. Similarly, 
the energy value of products also increased with 
age. The differencs in energy value of quail meat 
and its products at different age levels were not 
statistically significant (P < 0.05). The battered 
quail sam ples showed lower values of m ethionine

overall m ean scores for tandoori and battered quail, 
w hen 6 , 1 2  and 18-week old birds were u sed  for 
the preparation. In case of tandoori quail, the m ean  
score for texture w a s h ig h est, follow ed by  
appearance, colour and flavour. The flavour got the 
highest m ean score in case of battered quail, 
followed by texture, appearance and colour. 
According to Kumararaja and Venkataram anujam
(1980), the tenderness of m eat w as found to be 
one of the major factors, which influences the 
acceptability of poultry by the consum ers. Singh 
and Srivastav (1980) have also reported that the 
tandoori quail, regardless of age, w as very m uch  
acceptable, w hen served to the panel members.
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This supports the fact that there w as no difference 
in acceptability of tandoori and battered quail 
prepared from 6 , 1 2  and 18-week old birds, as  
observed in the present study. However, Friedman's 
(Conover 1971) two way analysis of variance for the 
characteristics like appearance, colour, flavour, 
texture and overall acceptability of tandoori and 
battered quail at different age levels were not found 
to be statistically significant (P < 0.05).

It m ay be concluded that quail m eat can be 
successfully used in the preparation of tandoori 
and battered products, which were found to be 
highly nutritious due to higher m ethionine content. 
The bacterial load gets reduced greatly on cooking. 
Development and marketing of delicious ready-to- 
eat specialities like tandoori, and battered quail 
products could offer a good avenue for profitable 
utilization of quail. Such products could find an 
important place in fast food service establishm ent 
In the country, thereby benefitting the producers, 
processors and consum ers alike.
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Population D ynam ics o f Insect P ests and Damage o f the  
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North Eastern India
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T y p es  o f  in s e c ts  a t ta c k in g  w h ite  b u t to n  m u s h ro o m s  a n d  th e ir  p o p u la t io n  f lu c tu a t io n  w e re  s tu d ie d  d u r in g  th e  

c ro p p in g  s e a s o n  o f  1 9 9 0 -1 9 9 1 . M ean  to ta l  p o p u la t io n  re v e a le d  a  re la t io n s h ip  w ith  t e m p e r a tu r e  f lu c tu a t io n  d u r in g  th e  
p e rio d . In s e c ts  b e lo n g in g  to five o rd e r s  v iz ., D ip te ra , H y m e n o p tc ra , C o le ó p te ra , C o llem b o la  a n d  I lo m o p te ra  w e re  re c o rd e d , 
a m o n g  w h ic h  D ip te ra  a c c o u n te d  for th e  h ig h e s t  p o p u la t io n  (1 8 .5  ± 0 .5 3 / t r a p / d a y ,  9 4 .9 %  o f  th e  to ta l  p o p u la tio n ) . 
H ig h e s t o v e ra ll p o p u la t io n  a m o n g  th e  D ip te ra n s  w a s  a t t r ib u t e d  to  P h o rid a e  (8 .5 8  ± 0 .3 1 ), fo llow ed  b y  S c ia r id a e  (5 .5 8  
±  0 .2 6 ) a n d  C e c id o m y d a e  (4 .5 6  ±  0 .2 3 ). In  re s p e c t  o f  th e  fam ilie s , p o p u la t io n  f lu c tu a t io n  re v e a le d  a  v a ry in g  t r e n d  
in  th e  d if fe re n t m o n th s .  C ro p  y ie ld  w a s  c o n s id e ra b ly  a ffec te d  b y  in s e c t  p e s t  d a m a g e  (49%  r e d u c t io n  in  c o m p a r is o n  
to  co n tro l).
K ey w o rd s : I n s e c t  p e s ts ;  W h ite  b u t to n  m u s h ro o m s , E x te n t  o f  d a m a g e , W e a th e r  fa c to rs , P o p u la t io n  d y n a m ic s .

White button m ushroom s (Agaricus bisporus), 
a nutritious diet supplem ent, have been found to 
be damaged by several insect - pests (Atkins 1974; 
Finlay 1984; Thapa and Seth 1981) resulting in  
considerable deterioration of the quality and  
quantity. The affected fruiting bodies showed  
characteristic  sym p tom s su c h  a s yellow ing, 
shrinkage and decaying of fruit bodies, as reported 
elsewhere in the country and abroad (Atkins 1974; 
Austin and Jary 1934, 1935; B inns 1981; Shandilya 
et al. 1975). The product with such  changes is 
not acceptable for consum ption. An organised and 
scientific m ushroom  cultivation is relatively new in 
North East India and system atic stud ies have not 
been undertaken so far on insect pests attacking  
the crop in th is region. Therefore, studies were 
carried out to determine the types of insects  
attacking the crop, their relative abundance, 
relationship with indoor weather parameters, and 
the extent of damage in a moderate size cultivation, 
prevalent in the North East region of the country.

The entire study w as carried out during the 
period, com m encing in m id-Decem ber and ending 
in mid-April of 1990-91, the usual cropping season  
for white button m ushroom  in th is part of India.

For pest population studies, three rooms of 20' 
X 10' were used, considering each room as one 
replicate and, daily records were the average of the 
data obtained in three replicates. M ushroom  
cultivation w as carried out, as per recommended 
m ethods (Munjal and Seth 1980) in wooden trays, 
keeping four trays-one on top of another-in rows 
lf t  apart, covering the total floor area in  
equidistribution. Pest population sam pling w as
* Corresponding Author

carried out regularly at 24  h interval, using a light 
trap with provisions for retaining daily catches  
without disfiguration. One light trap w as placed in 
the centre of each room and operated for 6  h every 
night. Insects caught in each trap were dried, and 
sorted out on the succeeding day into respective 
orders and fam ilies, with the help of identification 
keys (Borror et al. 1981). Daily data obtained in 
respect of the different orders and fam ilies w as 
pooled, eveiy 10 days, every m onth, and at the end 
of the total period of investigation, for statistical 
treatment (Federrer 1967). Temperature and relative 
hum id ity  were recorded c o n tin u o u s ly  u sin g  
thermohygrograph (Lawrence and Mayo, India).

Another set of experiment w as carried out to 
determine the effect of pest infestation upon  
m ushroom  yield. For th is purpose, another two 
rooms of similar dim ensions (20' x  10') were used, 
where cultivation w as carried out, as described  
above. The recom m ended insecticidal schedule  
(Munjal and Seth 1980) w as applied in one room, 
while in the other, no control m easure w as adopted. 
Total y ield /flu sh  w as recorded in both cases. 
Temperature and hum idity conditions were similar 
in both the rooms. All yield values were transformed 
to square meter area basis, and treated statistically  
in randomized block design (Federrer 1967).

Data pertaining to relative abundance of insect- 
pests, with respect to weather param eters are 
expressed in Table 1. Population w as the highest 
in the middle of February, while the period February 
- April showed m axim um  infestation. Though the 
population fluctuated within th is period, it remained 
on the higher side. On the other hand, population  
w as lowest in January. Insects belonging to five
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TABLE 1. NU M BER  O F IN SE C TS O F  D IF F E R E N T  O R D E R S  AND DIPTERAN FAM ILIES O C C U R R IN G  ON W H ITE  BUTTO N M U SH R O O M S 
(AGARICUS 3ISIORUS1 IN D IFFE R E N T  M ON TH S O F  T H E  C R O PPIN G  PE R IO D .

M ean  in s e c t  c o u n t s / t r a p / d a y  d u r in g
15 D ec -  14 J a n 15 J a n  -  14 F'eb 15 F eb  -  14 M ar 15 M ar - 14 A p r A v erage

O R D E R S ; D ip te r a 1 0 .5 0  ± 0 .7 6 9 .1 6  ± 0 .8 8 3 1 .9  ± 0 .7 4 2 2 .4  ±  0 .8 9 1 8 .5  ±  0 .5 3
H y m e n o p te ra 0 .1 6  ±  0 .11 0 .0 8 * 0 .2 5  ± 0 . 1 2 0 .5 0  ±  0 .1 4 0 .2 5  ± 0 .0 6
C o llem b o la - 0 .0 8 * - 0 .0 8 * 0 .0 4  ± 0 .0 2
C o le ó p te ra - - 0 .2 5  ± 0 . 1 1 0 .5 0  ± 0 . 1 8 0 .1 8  ± 0 .0 5
H o m o p te ra - - 0 .0 8 * 1 .0 8  ± 0 .3 0 .2 5  ± 0 .0 7
FAM ILY: D ip t e r a n
S c ia r id a e 0 .8 3  ± 0 .18* 2 .5 8  ± 0 .25* 0 .4 2  ± 0 .45* 8 .5 0  ±  0 .57* 5 .5 8  ± 0 .2 6 *
P h o rid a e 9 .5 0  ± 0 .7 1 b 5 .5 0  ± 0 .5 4 b 1 1 .4 2  ± 0 .55* 7 .9 2  ±  0 .56* 8 .5 8  ± 0 .3 1 b
C ec id o m y d a e 0 .1 6  ± 0 . 11* 1 .08  ± 0 .2 2 ' 1 1 .0 0  ± 0 .72* 6 .0 0  ± 0 .4 6 b 4 .5 6  ± 0 .2 3 '

• V ery  in f re q u e n t o c c u r re n c e
-  F o r fam ily, w ith in  a  c o lu m n , v a lu e s  follow ed b y  c o m m o n  le t te r  a r e  n o t  s ig n if ic a n tly  d if fe re n t a t  0 .0 5 %  lev e ls  o f  s ig n if ic a n c e

orders viz.. Díptera, Hymenoptera, Coleóptera, 
Collembola and H oooptera infested the crop. (Table 
1). Díptera exhibited the highest population in 
different m onths, as well as in the entire period 
(1 8 .5  ± 0 .5 3 / t r a p /d a y ) .  D ip te r a n s  and
Hymenopterans were consistent, in occurrence. 
Dipterans constituted, by far, the major part 
(94.97%) of the average total insect population. 
Data in respect of different Dipteran families 
indicate that insects belonging to three families viz., 
Phoridae, Sciaridae and Cecidomydae were caught 
in the light traps. In the first two m onths i.e., 
Decem ber-Januaiy and January-February, Phoridae 
constituted the highest significant population, while 
Cecidomydae accounted for the lowest population. 
In the third month (March-April), Phoridae comprised 
the highest population, which, however, w as not 
significantly different from that of Sciaridae. 
Cecidomydae population w as significantly lower 
than that of the above families, in th is month  
also. Phoridae also accounted for the significantly

highest population for the entire period, followed 
by Sciarids and Cecidomiids.

M ushroom yield figures (Table 2) indicate 
significantly lower yield in the absence of insecticide  
application, in com parison to insecticide application. 
Yield w as considerably reduced in fourth flush and 
no yields were recorded from fifth flush in the 
absence of protective m easures.

Results revealed that temperature influenced  
the population level of the insect p ests (Fig. 1) 
though no such conclusion could be drawn in case  
of relative, humidity, which did not show  any  
appreciable variation during the experimental period. 
Higher population of Dipterans is  in agreement with 
the findings of other workers (Atkins 1974; Finlay 
1984; Shandilya et al. 1975). Infestation by Phoridae, 
Sciaridae and Cecidomydae is also reported both  
in India and abroad (Atkins 1974; Finlay 1984; 
Shandilya et al. 1975; Thapa and Seth 1981). 
Results indicate that higher am bient temperature 
conditions are suitable for m ultiplication of the

TABLE 2 . E F F E C T  O F  IN S E C T -P E S T  INFESTATION UPON T H E  YIELD O F  W HITE BUTTON M U SH R O O M  (AGARICUS UISPORUS).
A verage y ic ld / f lu s h  (in k g s /s q m .)

T re a tm e n ts F . I’'s F . A v erage  to ta l*  
y ie ld  (k g s /s q m .)

No t r e a tm e n t 0 .6 8 . ± 0 .1 2 1 .1 4  ± 0 .1 2 1.12  ± 0 .0 8 0 .2 6  ± 0 .1 4 - - - 3 .0 4
In sec tic id a l
t r e a tm e n t 0 .8 6  ± 0 .1 0 1 .34  ± 0 .1 2 1 .34  ± 0 .0 9 0 .8  ± 0 .0 8 0 .7 4  ± 0 . 1 2 0 .6 0  ± 0 . 1 5 0 .2 8  ±  0 .0 2 5.96*

* W ith in  th e  c o lu m n  th e  m e a n s  follow ed b y  c o m m o n  le t te rs  a r e  n o t s ig n if ic a n tly  d iffe re n t a t  0 .0 5 %  lev e ls  o f  s ig n if ic a n c e . 
F  : F lu s h



379

P E R I O D
Fig. 1. To Lai in s e c t  p o p u la t io n  o c c u r r in g  o n  w h ite  b u t to n  m u s h ro o m  [Agaricus bisporus) in  th e  d iiT eren t m o n th s .

insect pests and are m ost likely to cause economic 
damage to the crop, in th is part of the country. 
The results also indicate that pest damage becom es 
more from fourth flush, resulting in serious depletion 
of yield and no fruiting bodies appear in the fifth 
flush. This suggests that end of the third flush  
might be the suitable time for application of pest 
emergence control m easures.

The authors are grateful to the Director, 
Regional Research Laboratory, Jorhat, India for 
providing necessary facilities.
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E ffect o f  u t i l iz a t io n  o f  p ig  b lo o d  p ro te in s ,  s u c h  a s  p la s m a , w h o le  b lo o d , p la s m a  p ro te in  is o la te  a n d  g lo b in  p ro te in  

iso la te , e i th e r  in d iv id u a lly  o r  in  c o m b in a tio n s , a s  in g re d ie n ts  a n d  re p la c e m e n ts  o f  s a u s a g e  m ix tu re  in  Lecso s a u s a g e  
fo rm u la tio n  w a s  e v a lu a te d . S h r in k a g e  w a s  m a rg in a l d u r in g  8  d a y s  o f  s to ra g e  a t  4  ± 1°C, p ro te in  c o n te n t  w a s  h ig h e r  
th a n  th e  c o n tro l a n d  Escherichia coli, Salmonella a n d  Staphylococcus aureus w e re  a b s e n t  in  a ll th e  s a m p le s .  O rg a n o le p tic  
q u a li t ie s  w e re  s im ila r  to th e  c o n tro l, e x c e p t for th e  le a s t  s c o re  fo r a p p e a r a n c e  in  c a s e  o f  s a m p le  w ith  2%  b lo o d . It 
is  e v id e n t t h a t  in c o rp o ra tio n  o f  b lo o d  p ro te in s  in  s a u s a g e  fo rm u la tio n s  u p to  c e r ta in  lev els  y ie ld s  a c c e p ta b le  p r o d u c t  
fro m  th e  v iew  p o in t  o f  c h e m ic a l, m ic ro b ia l a n d  s e n s o ry  q u a lit ie s .

K ey w o rd s : B lood P ro te in s , S a u s a g e  in g re d ie n t. Q u a lity  e v a lu a tio n , P ig  b lo o d , S h r in k a g e , S e n s o ry  e v a lu a tio n .

The availabiltiy of protein foods is becoming 
scarce in developing countries. The diets of the 
inhabitants of the developing and underdeveloped  
countries are sufficient in calories, but deficient in 
animal protein (Elboushy 1986). Animal protein 
consum ption per person in developing countries is 
low at 12.8 g and in India, it is only 5.3 g in 
contrast to 22 .4  and 58 .5  g in other developing 
and developed countries, respectively (FAO 1986). 
It has been shown that about 30252 .5  thousand  
litres of edible blood could be available from 
slaughtered anim als in certified slaughter-houses 
in India, which am ounts to 5779 thousand kg of 
high quality protein eveiy year (Hazarika 1989). 
There are also reports that varieties of sau sages  
are made from animal products such  as m utton  
(Selvarajah et al 1974) and pork along with 
vegetable proteins (Padda and Kondaiah 1983). In 
the present study, an effort is made to use different 
blood proteins in Lecso sausage, a local Hungarian 
meat product, as a part replacem ent for sausage  
mix and the acceptability of the product is evaluated.

Th edible plasm a and blood were collected from 
the Budapest pig slaughter-house by using Alfa- 
Laval Sem i-autom atic blood collecting system . 
Plasma protein isolate and globin protein isolate 
were collected from Zala Megyei Livestock Trade 
and Meat Industry, Zalaegerszeg, Hungaiy. Proximate 
composition of the blood protein- incorporated 
sausage products w as studied as per standard 
m ethods (AOAC 1970). Microbial quality w as  
determined by following the m ethod of ICMSF 
(1978) and Kiss (1984). The products were evaluated
* Corresponding Author. 1 Present address : Department o j  

Animal Production & Management, Lakhimpur College o j  
Veterinary Science, Assam Agricultural University, Azad Can\pus, 
North Lakhimpur-787 001, Assam, India.

for sensory qualities by a group of six  trained panel 
members. A 9 point Hedonic Scale (Bratzler 1971) 
w as used to evaluate the sam ples. For shrinkage 
study, the sau sages were weighed at different 
sta g es i.e ., stuffing, sm oking, cooking, cold  
showering, and keeping for 20  h at cold room. The 
shrinkage study w as conducted for a duration of 
8 days at 4 ± 1°C. Statistical analysis w as carried 
out by analysis of variance test (Steel and Torrie 
1960). All the experim ents were carried out in four 
replicates.

The basic formula for preparation of Lecso  
sau sage w as as specified by Meat Industry  
Production Norms and Guide for Meat products 
Ingredients (Leolkes 1980). In the basic formula, 
the sausage mixture w as replaced individually to 
the sam e extent by (1) 5% aqueous plasm a, (2) 10% 
aqueous plasm a, (3) 1.5% blood, (4) 2% blood, (5) 
1.5% plasm a protein isolate (PPI), (6) 2.5% PPI, (7) 
1.5% globin protein isolate (GPI), (8) 2.5% GPI, (9) 
1.5% PPI + GPI (3:1), (10) 2.5% PPI + GPI (3 :1) 
and (11) control (without blood proteins).

After adding blood proteins, the m ixtures were 
m inced for another 30  sec. Each batch w as stuffed 
into 34  mm pig casings. The prepared sau sages  
were conventionally cooked for 20 m in at 74°C core 
temperature, smoked at 72°C for 60 m in, given 3 
m in cold shower and stored at 4  ±1°C for 20 h.

Shrinkage w as found to be highest in control, 
followed by the sam ples with 10 and 5% aqueous  
plasm a. After 8 days of storage, the shrinkages 
were significantly (P < 0.05) higher in these sam ples 
than in other blood protein - added sam ples. Higher 
water-binding properties of blood proteins m ay be 
responsible for such results. However, final shrinkage 
losses after 8 days of storage were very nominal 
in all sam ples.
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TABLE 1. INCORPORATION O F  VA RIO US B LO OD PR O TEIN S INTO LECSO SA U SA G E AND T H E IR  E F F E C T  O N  PROXIM ATE CHEM ICAL 
COM POSITION AND pH .

B lood p ro te in s
C h em ica l
co m p o s itio n 1 2 3 4 5 6 7 8 9 10 11

M o istu re , % 55.1  
±  3 .3

5 7 .8  
±  2 .9

5 3 .7  
± 3 .3

5 3 .0  
± 3 .2

52 .1  
±  2.1

5 0 .3  
± 2 .8

5 2 .7  
± 3 .0

5 1 .5  
± 2 .0

5 1 .5  
±  2.1

5 1 .5  
±  2 .0

5 3 .8  
± 1.9

C ru d e  
p ro te in , %

16.4  
= 1.2

1 6 .4  
±  1 .7

1 7 .3  
± 1.0

1 6 .7  
±  2 .0

16.3  
± 1.1

1 6 .8  
± 1.8

17.3  
±  1.2

1 7 .0  
± 1.0

1 5 .4  
± 1.0

1 5 .8  
± 1.0

15 .3  
± 1.0

F at, % 2 4 .2  
= 1.6

2 4 .5  
±  1 .9

2 6 .6  
± 2 .0

2 5 .6  
± 2 .7

2 7 .9  
±  1.8

2 6 .3
± 1 .7

2 6 .3  
± 1 .7

2 6 .4  
± 1 .9

2 6 .0  
±  2.1

2 6 .0  
±  1.9

2 6 .2  
± 1 .5

A sh , % 3 .0  
= 0 .5

2 .8  
± 0 .8

3 .0  
±  0 .8

3.1
± 0 .6

3 .2  
± 0 .3

3 .3  
± 0 .4

3.1 
± 0 .4

3 .3  
± 0 .5

3.1  
± 0 .5

3 .3
±0 .6

3 .0  
± 0 .7

PH 6 .5  
= 0 .9

6 .5  
± 1.1

6 .3  
± 0 .8

6 .5  
± 0 .9

6 .5  
± 1.2

6 .3  
± 1.0

6 .4
± 0 .8

6 .4  
± 0 .9

6 .4  
± 0 .9

6 .3  
± 0 .7

6 .4  
± 0 .9

1 = 5%  p la sm a , 2  = 10%  p la sm a , 3 = 1.5% blo o d , 4  = 2%  blo o d , 5  = 1.5% PPI, 6  = 2 .5 %  PPI, 7  = 1 .5% GPI, 8  = 2 .5 %  GPI
9  = 1 .5  PPI + G PI ( 3 :1 ), 10  = 2 .5 %  PPI + GPI (3:1), 11 = C o n tro l.

Results of the proximate chem ical com position  
(Table 1) showed that the sam ples with added 
aqueous plasma had slightly higher moisture content 
than the control and other sam ples. Slightly higher 
protein contents, though statistically insignificant 
in experimental sam ples, indicate that addition of 
blood proteins at the levels used in th is study has  
a positive effect on the protein quality. There seem s  
to be less effect on % fat and ash contents. Addition 
of blood proteins did not change the pH of the 
sausage products significantly. Microbial analysis 
of blood protein-added Lecso  sau sages on first day 
of the storage at 4  ± 1°C showed that, except for 
the sample with 2% blood, all others including the 
control had a total count between 102 - 103/g . No 
sam ples contained bacteria of public health  
importance like E. coll Salmonella and Staph, 
aureus. Analysis on 5th and 8th days also revealed 
that the counts were w ithin the range of acceptable 
limits. No statistical differences were observed 
among the m eans of appearance, flavour, texture 
and acceptability of the test sam ples, when compared 
to control sam ples. However, lower scores were 
observed for sam ple with 2% blood for appearance, 
flavour and acceptability, which might be due to 
comparatively darker colour of the products. The 
panelists preferred all the blood protein-added 
sam ples equally, as they did with the control. From 
this study, it m ay be concluded that addition of

5-10% plasm a, 1.5% blood. 1.5 -  2.5% PPI or GPI 
or their com binations in m eat products would not 
affect the sen so iy  properties of final product.

The authors gratefully acknowledge the help 
rendered by the the Director, Hungarian Meat 
Research Institute, Budapest, in conducting this 
experiment.
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Lipid C om position of W ith an ia  so m n ife ra t 
Phoenix sy lv e s tr is  and Indigofer a  e n u a lp h y lla  

Seeds of Central India
H . A . B H A R A R E » , R .  R .  K H O T P A L  A N D  A - S .  K U L K A R N I

Department of Oil Technology, Laxminarayan Institute of Technology,
Nagpur University, Nagpur - 440  010, India.

T o ta l lip id s  o f  Withania somnífera (S o lan ace a), Phoenix sylvestris (Palrnacc) a n d  Indigojera enualphylla (L eg u m in o sae) 
s e e d s  w e re  14 .0 , 10 .2 , a n d  4 .4 % , a n d  c o n s is te d  o f  n e u t r a l  lip id s  (8 7 .7 -9 0 .2 % ), g iy e o lip id s  (5 .8 -7 .3 % ) a n d  p h o s p h o lip id s  
(3 .6 -5 ..0 % ). N e u tra l lip id s  c o n s is te d  o f  tr iacy lg ly ce ro ls  (8 7 .0  - 88 .5% ) w ith  s m a ll  a m o u n ts  o f  m o n o a c y lg ly c e ro ls , 
d iacy lg ly cero ls , free  fa tty  a c id s ,  free  s te ro ls ,  s te ro l  e s te r s  a n d  h y d ro c a rb o n s . T h e  g iy e o lip id s  w e re  p r e d o m in a n t ly  
d ig a lac to sy lg ly ce ro l, a n d  a c y la lc d -s te ry lg lu c o s id e  w ith  sm a ll  q u a n t i t ie s  o f  s le ry lg lu c o s id e  a n d  m o n o g a la c to sy lg ly c e ro l. 
T h e  p h o s p h o lip id s  (PL) c o n s is te d  o f p h o sp h a tid y lc h o lin e !  PC), p h o s p h a t id y le th a n o la m in e  (PE), p h o s p h a t id y l  in o s i to l  (PI), 
a n d  c a rd io lip in  (CL) w ith  tr a c e  a m o u n ts  o f  ly s o p h o sp h a lid y le h o lin e  (LPC) a n d  ly s o p h o s p h a l id y le th a n o la m in e  (LPE). T h e  
fa tty  a c id  c o m p o s itio n  o f  a ll th e  lipid m a te r ia l  sh o w e d  th e  p r e p o n d e ra n c e  o f  p a lm itic  a n d  o le ic  a c id s .
K e y w o rd s  : S e e d s , T o ta l lip id s , N e u tra l lip id s , G iy eo lip id s, P h o sp h o lip id s  Withania somnífera. Phoenix sylvestria,

Indigojera enualphylla.

Wilhania somnifera (Aswagandh), Phoenix 
sylveslris (Kharjuf, and Indigojera enualphylla  
(Indigo) seeds are found scattered in Central India. 
The oils from these seed s are rich in palmitic, oleic 
and linoleic acids. Fatty acid com position of these 
seed oils has been reported (Bhakare et al. 1992, 
Kulkami et al. 1992), but little information is 
available on the lipid com position of these seeds. 
These are reported in th is com m unication.

The seeds were purchased locally. Authentic 
lipids and fatty acid m ethyl ester standards were 
procured from Sigma Chemical Co. (St. Louis, MO, 
USA). Only analytical grade solvents were used. The 
total lipids from (triplicate) 10 g sam ples of crushed  
seeds were extracted by blending with 300  ml of 
Folch reagent (Folch et al. 1957) consisting of 
chloroform and m ethanol (2:1, v/v) for 4 m in at 
room temperature. The extract w as concentrated by 
a rotary evaporator. A m easured portion of the 
purified extract w as used for gravimetric estim ation  
of lipid c lasses and fatty acids analysis.

The total lipids (TL) were fractionated into 
neutral lipids (NL), giyeolipids (GL) and phospholipids 
(PL) by silicic acid colum n chromatography (Rouser 
et al. 1967), eluting with chloroform, acetone and 
m eth a n o l su c c e s s iv e ly . NL w ere e stim a ted  
gravimetrically, while GL and PL were quantitated  
by estim ation of total sugars (Dubois et al. 1956) 
and total phophorus (Harris and Popat. 1954),

* Corresponding Author

respectively using appropriate factors (25.0, 26 .2 ,
25.0, 29.2 , 26.3 , 17.5 and 16.0% of total phosphorus 
for PL, PC, PE, PI, CL, LPC and LPE, respectively 
(Williams et al. 1966).

NL were separated by TLC using hexane- 
diethyl ether-acetic acid (80:20:1, v /v). Individual 
com ponents of NL were identified by com parison  
of Rj values with authentic standards and quantified  
by photodensitometry (Blank et al. 1954). Individual 
com ponents of GL and PL were separated by TLC 
u sin g  ch lo ro fo rm -m eth a n o l-a ce tic  a c id -w a ter  
(65:15:10:4, v/v) and identified by specific spray 
reagents and com parison of the Rj values of the 
standards. Individual GL and PL were extracted  
with chloroform-methanol-water (10:20:8, v /v) and 
quantified by sugar and phosphorus estim ations as  
in GL and PL.

Fatty acid m ethyl esters of the lipids were 
prepared according to Moharil et al. (1990), and 
analyzed on a Perkin-Elmer 870 0  GLC with a flame 
ionization detector at 280°C, S. S. colum n packed  
with 15% EGSS-X on Chromosorb-W (40-6-m esh) 
at 200°C and N2 flow rate 60 m l/m in .

The peak area and relative percentage of the 
m ethyl esters were obtained by an integrator 
coupled to the system  and a programmed computer. 
The com ponent of each peak w as identified by 
retention time data comparing with the standards. 
Mean values of triplicate determ inations were 
reported. The results are reported in Tables 1-3.
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TABLE 1. TOTAL LIPIDS AND NEUTRAL LIPID S O F  S E E D S  AND T H E IR  FATTY ACID C O M PO SITIO N
S eed Lipid F a tlv  a c id s  (Wt %) *

c o m p o n e n ts Wt.* % 16:0 1 8 :0  18:1 18:2 18:3 O th e r s
Wühania TL 14 .0 1 3 .7 3 .6  2 1 .5 6 0 .0 1.2 -
somnífera NL 8 7 .7 12.8 2 .9  2 3 .1 5 9 .1 2.1 -

TG 8 5 .4 12.8 3 .2  2 0 .5 5 8 .7 2 .8 2 .0
MG 0 .8 2 0 .7 6 .7  18 .5 4 2 .1 3 .2 8 .8
DG 1.0 1 6 .8 7 .2  2 7 .5 4 0 .3 5 .0 7 .2
FFA 6 .3 18 .8 6 .5  2 4 .6 3 8 .5 5 .6 6 .0
S E 2 .5 17 .5 5 .0  2 8 .8 3 7 .7 4 .0 7 .0

Phoenix TL 10.2 3 0 .7 10.1 4 0 .2 15.1 1.8 2 .0
sylvestris NL 8 9 .8 2 8 .7 11 .2  4 1 .3 1 4 .8 1.2 2 .8

TG 8 8 .5 2 8 .5 11 .2  3 8 .8 17.1 2 .0 1.4
MG 0 .9 3 2 .7 1 2 .2  3 0 .4 13 .2 6 .5 5 .0
DG 1.5 3 0 .7 1 8 .7  2 9 .5 14 .3 1.2 4 .6
FFA 5 .2 2 8 .9 1 8 .8  2 7 .8 15 .4 3 .3 5 .8
SE 2 .7 2 9 .2 1 6 .0  3 0 .5 1 6 .5 3 .0 4 .0

Indig ojera TL 4 .4 18 .9 1.2  8.1 5 6 .5 8 .5 6 .8
enualphyUa NL 9 0 .2 17 .5 0 .8  7 .8 5 1 .7 5 .7 6 .5

TG 8 7 .0 1 6 .7 2 .7  10.2 6 0 .8 8 .0 1.6
MG 0 .7 2 3 .8 0 .4  1 5 .4 5 0 .7 6 .5 3 .2
DG 1.7 2 0 .8 1.7  1 4 .8 5 2 .8 5 .7 4 .2
FFA 7.1 1 5 .8 1.8  12.8 5 9 .7 4 .8 5.1
S E 2 .3 18 .4 3 .6  1 8 .7 4 5 .8 6 .7 6 .8

* = M e a n s  o f  tr ip lic a te  a n a ly s is ,  TL  -  T o ta l lip id s , TG -  T riacy lg ly cero l, MG -  M o n o acy lg lycero l, S E  
FFA -  F ree  fa tty  a c id s ,  S  -  (S tero ls), II (h y d ro c a rb o n s )  (1 .0 , 1.2, 1.2% ), NL -  N e u tra l lip id s , DG -  
'O th e rs ' m e a n s  14:0 , 2 0 :0  a n d  2 2 :0  a c id s , a  -  o n  w t. o f  s e e d s , d ry  b a s is

-  S te ro l e s te r s .  
D iacy lg ly céro l

S ee d
TABLE

G lycolip id
2 . GLYCOLIPIDS O F  S E E D S AND T H E IR  FATTY ACID C O M PO SITIO N  

F a tty  a c id s  (Wt %) *
c o m p o n e n ts W t.* % 16:0 18:0 18:1 18:2 18:3 O th e r s

GL 7 .3 2 0 .8 2 .0 4 0 .2 3 0 .1 1.2 6 .6

WUhania M GDG 21.1 2 4 .0 18.4 2 8 .9 1 9 .0 4 .0 5 .7
somnjera D G DG 4 5 .2 28 .1 2 5 .0 2 7 .8 1 9 .7 - -

ASG 2 3 .5 2 6 .2 18 .2 2 7 .2 2 9 .2 - -

Phoenix GL 5 .8 3 5 .4 5 .4 3 5 .7 18.1 1.1 4 .3
sylvestris M GDG 2 4 .1 2 7 .0 8 .0 2 8 .0 3 6 .1 0 .9 -

D G D G 4 0 .7 3 0 .2 11 .4 2 7 .0 3 0 .9 - 0 .5
ASG 2 6 .7 2 6 .5 10.0 2 5 .1 3 5 .3 2 .7 -

Indigofera GL 6 .2 3 0 .1 6.1 2 5 .7 2 8 .7 3 .8 5 .6
enualphyUa M GDG 2 2 .2 2 9 .0 1.8 2 7 .0 3 8 .8 1.4 2 .0

D G DG 3 8 .7 2 6 .8 1.7 2 7 .0 3 6 .9 1.8 5 .9
ASG 2 7 .6 2 2 .6 1.5 2 6 .9 3 7 .0 2 .0 -

* -  M ean s  o f  tr ip lic a te  a n a ly s is ,  G L -  G ly co lip id s, M GDG - M ono g aJac to sy ld iacy lg ly cc ro l, D G D G  -  D ig a lac to sy ld iacy lg ly ce ro l 
ASG -  A c y la te d s te rly g lu c o s id e . SG  -  S tc ry lg lu c o s id e  (10 .2 , 8 .5 , 11.5% ), 'O th e rs ' m e a n s  14:0 , 2 0 :0  a n d  2 2 :0  fa tty  a c id s
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TADLE 3 . PH O SPH O L IPID S O F  S E E D S  AND T H E IR  FATTY ACID CO M PO SITIO N

S eed P h o sp h o lip id F a tty a c id s  1[Wt %) *
c o m p o n e n ts W t.* % 16:0 18:0 18:1 18:2 18:3 O th e r s

PL 5 .0 2 1 .7 2.1 3 8 .7 3 1 .5 2.1 3 .9
Wiihania PC 3 4 .0 2 0 .0 2.1 3 0 .0 4 0 .1 5 .0 2 .8

somnífera P E 2 2 .4 2 3 .1 3 .0 3 7 .4 3 2 .2 3 .0 1.3
PI 2 4 .8 2 5 .5 4 .0 2 9 .4 4 1 .1 - -
CL 1 7 .8 2 2 .6 6 .3 3 5 .7 3 5 .4 - -

PL 4 .4 3 7 .6 3 .8 3 8 .8 12 .9 1.0 5 .9
Phoenix PC 3 8 .7 4 0 .1 16 .9 1 9 .8 12.1 1.1 -
sylvestris PE 2 0 .7 3 0 .8 11.2 4 6 .3 1 1 .7 - -

PI 2 7 .2 2 1 .2 2 1 .8 4 0 .3 1 6 .7 - -
CL 12.7 2 3 .1 2 0 .9 4 0 .3 1 3 .4 2.1 -

PL 3 .6 2 8 .2 1.8 2 8 .5 2 8 .5 8.1 4 .9
Indigofera PC 3 7 .5 3 0 .4 20 .1 2 5 .1 2 0 .2 2.1 2 .6

enualphylla PE 2 5 .7 2 0 .8 10 .7 4 7 .8 17 .9 2 .8 -
PI 2 9 .5 14 .9 2 0 .0 4 3 .1 2 2 .0 - -
CL 8 .7 18 .3 17 .0 4 5 .0 19 .8 - -

* -  M ean s  o f  tr ip lic a te  a n a ly s is , PL -  P h o sp h o lip id s ,, PC - P h o sp h a tid y lc h o lin e , PE  - P h o s p h a t id y le th a n o la m in e
PI -  P h o sp h a tid y lin o s ito l, CL -  C a rd io lip in , LPC -  L y s o p h o s p h a tid y lc h o lin e  (0.7, 0 .4 , 0 .4% ),
LPE - L y s o p h o s p h a tid y le th a n o la m in e  (0 .5 , 0 .3 , 0 .2% ), 'O th e rs ' m e a n s  14:0 , 2 0 :0  a n d  2 2 :0  a c id s .
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Microflora o f Fresh Cut Vegetables Stored  
at Refrigerated and Abuse Temperatures

N E E L I M A  G A R G 1*, J .  J .  C H U R E Y 2 A N D  D . F .  S P L I T T S T O E S S E R 2
1 Central Institute of Horticulture for Northern Plains, Lucknow-226 016, India, 

d ep artm en t of Food Science and Technology, Cornell University, Geneva, NY 14456, USA.
T h e  m ic ro f lo ra  o f  c o m m e rc ia lly  p a c k a g e d  s p in a c h ,  ca u lif lo w e r a n d  c a r r o ts  w a s  c o m p a re d  a f te r  s to ra g e  for 7  d a y s  

a t  3 .3  a n d  15°C. S to ra g e  a t  15°C p ro d u c e d  s ig n if ic a n tly  h ig h  a e ro b ic  c o u n ts  in  s p in a c h ,  c a u lif lo w e r f lo re ts  a n d  c a r r o t  
s tic k s , b u t  n o t  in  c a u lif lo w e r h e a d s  a n d  w h o le  c a rro t .  P s y c h ro tro p h ic  s p e c ie s  m a d e  u p  a  s ig n if ic a n t  p ro p o r t io n  o f  
th e  m ic ro flo ra  a t  b o th  th e  te m p e ra tu re s .  L ittle  g ro w th  o f  co lifo rm  a n d  la c tic  ac id  b a c te r ia  w a s  o b s e rv e d  a t  e i th e r  
te m p e ra tu re .

K ey w o rd s : M icroflo ra , F r e s h  c u t  v e g e ta b le s , S to ra g e , R e frig e ra ted  te m p e ra tu re ,  A b u se  te m p e r a tu r e ,  S p in a c h ,
C au lif lo w er, C a rro t.

Fresh cu t v eg eta b les  are p opular with  
consum ers in the United States because these  
require little labour in their use and m inimal or 
no waste is generated in the kitchen. However, the 
cutting, peeling and removal of outer leaves result 
in exposed surfaces, which support the growth of 
microorganisms (Maxcy 1982). It is critically 
important, therefore, that the fresh cut produce be 
stored at the lowest refrigeration tem peratures to 
prevent the physiological damage to the plant 
tissue (King and Bolin 1989). In th is study, the 
microflora of produce stored at 3.3°C w as compared 
with that stored at an abuse temperature of 
15°C.

Packaged fresh cut vegetables were collected 
from J. C. Brock Company, Buffalo, New York. 
These were transported to the laboratory (at Geneva, 
NY) over ice and stored at desired incubation  
temperatures. The spinach w as packaged in 1.25 
gauge polypropylene with 4 holes, while the carrots 
and cauliflower were sealed in 1.75 gauge linear 
low density polyethylene (3% EVA) packages. The 
vegetables were cultured after 1 and 7 days of 
storage. Approximately, 20  g were diluted (10 1 w /  
w) in water and then homogenized for 1 m in in 
a Waring blender. Subsequent decimal dilutions 
were made in 0.1% peptone water. Pour plates of 
plate count agar (Difco, Detroit, MI) were prepared 
from aerobic plate counts and the enumeration of 
psychrotrophs. The former were incubated for 2 
days at 30°C, while the latter were incubated for 
10 days at 3.3°C. Coliforms were enumerated on 
Difco violet red-bile-agar plates incubated for one 
day at 35°C. Lactobacilli MRS agar (Difco), containing
0.02% sodium azide, w as used to determine lactic
* Corresponding Author

acid batería at 30°C for 2 days (Mundt et al. 
1967).

The response of aerobic plate count to the 
abuse storage temperature varied with the type of 
produce (Table 1). Spinach stored for 7 days at 
15°C yielded population, which is about 100 - folds 
higher than those obtained at 3.3°C. The cauliflower 
heads and whole carrots, on  the other hand, 
showed som ewhat lower counts, w hen stored at 
higher tem perature. C on tam in ation  of th ese  
vegetables would be primarily on their surface and 
it is possible that dehydration of the surface at the 
higher temperature restricted the microbial growth 
(Brackett 1987). The am ount of growth w as  
proportional to the am ount of exposed surface of 
different products. Thus spinach, carrot sticks and 
cauliflower florets showed higher counts when  
stored at both 3.2° and 15°C. A significant proportion 
of the aerobic population consisted of psychrotrophic 
bacteria. Our earlier study (Garg et al. 1990) as  
well a s the observations of others (Brocklehurst et 
al. 1987; King and Bolin 1989; M agnuson et al.
1990) have show n that these are primarily the 
species of Pseudom onas and other oxidative Gram 
negative rods. The proportion of psychrotrophs 
changed little following storage at 3 .3  and 15°C, 
thereby indicating that these organism s competed  
well at both storage tem peratures.

With the exception of spinach, there w as little 
increase in coliform counts on violet red-bile agar. 
This indicated that either these vegetables were 
not good growth media for coliforms even w hen held 
at the higher temperature or som e sub-lethal injury 
h as occurred to the cells during storage in ice, 
thereby leading to their non-resuscitation. The 
lactic acid bacteria can inhibit certain foodbome

385



386

TABLE 1. M ICROFLORA O F V EG ETA B LES S T O R E D  AT 3 .3 °  AND 15°C

V eg etab le  T e m p e ra tu re ,  S to ra g e , _____________________________________ P la te  c o u n t / g
°C d a y s A ero b es P s y c h ro tro p h s C o lifo rm s Lactobacilli

S p in a c h , 1 0 1.2  x 104 7  x: 104 4 8  x 103 0

3 .3 1 3 0  x 104 3 6 X 104 5 8  x  103 0

7 5 8  x 10s 3 5 X 10s 9 5  x 107 5 0  x 1 0 ’
15 7 5 2  x 107 5 2 X 107 5  x 104 6 5  x 107

S p in a c h , 2 0 1.4 x 104 11 X 104 3 8  x 103 0

3 .3 1 19 x 104 15 X 104 4 3  x 103 0

7 8 3  x 10« 4 0 X 106 6 5  x 107 15 x 1 0 ’
15 7 5 2  x 108 16 X 108 5 5  x 104 4 0  x 107

C auliflow er, 0 11 X 103 3 0 X 107 < 1 0 1 0

h e a d 3 .3 1 13 x 103 3 8 X 107 < 1 0 1 0

7 5 4  x 104 3 0 X 104 < 1 0 1 5 0
15 7 16 x 104 18 X 104 < 107 8 0  x 107

C au liflo w er 0 18 x 103 4 5 X 107 < 10 ’ 0

flo re ts 3 .3 1 2 3  x 103 5 5 X 107 < 1 0 1 0

7 11  X 105 9 9 X 104 < 1 0 ' 5 0
15 7 2 6  x 10« 17 X 10« 2 0  x  101 3 5  x 1 0 '

C a r ro t  w h o le 0 5 6  x 103 41 X 103 19 x  107 0

3 .3 1 6 9  x 103 4 7 X 103 21  x  107 0

7 2 5  x 105 15 X 10s 2 0 2 2  x 107

15 7 8 6  x 104 4 9 X 104 2 5  x 107 < 10  x  107

C a rro t s tic k s 0 9 6  x 103 4 4 X 103 7 0  x 1 0 1 0

3 .3 1 9 8  x 103 51 X 103 8 5  x 10 ' 0

7 9 4  x 105 16 X 106 3 0 5 0
15 7 16 x 10G 16 X 10G 15 x 1 0 1 9 5  x 107

pathogens and spoilage bacteria through their 
ability to produce bacteriocin, hydrogen peroxide, 
and organic acids (Gilliland and Speck 1975; Price 
and Lee 1970; Spelhaug and Harlender 1989; 
Visser et al. 1986).

The work was partially funded by INDO-USAID 
project.
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A dvances in Baking Technology : Edited by B. S. 

Kamel and C. E. Stauffer, Published by Blackie 
Academic and Professional, an imprint of 
Chapman and Hall, W ester Cleddens Road, 
Bishopbriggs, Glasgow G 64 2NZ, UK, pp 408, 
Hardcover 1993, Price £ 7 9 .0 0

Wheat is the stdple food for almost 35% or 
more of the world's population, in a s  m any as 43 
countries and is the m ost important foodgrain of 
the world. Mainly, wheat is  consum ed in the form 
of bread and other baked products. The transition  
of the b read  m a k in g  p r o c e s s e s  from  th e  
conventionally considered 'art' to a 'technology' has  
occurred unnoticed. The advances in baking  
technology, which took place in the past decades 
have been presented by the editors in 14 chapters 
contributed by professionals. It covers bread and 
other wheat flour-based bakery products, their 
quality, ingredients used, processes and processing 
machinery.

The chapter on wheat, presented at the very 
beginning, very lucidly brings out the different 
terms used in the wheat industry and distinguishes 
the different varieties grown in the world at different 
geographical locations and in different seasons.

Technology of bread making has been very 
elaborately handled by Brown, a practical bakery 
technologist. In J iis chapter, besides presenting the 
basic bread m anufacturing processes, he goes on 
to describe the newer developm ents in machinery, 
processing and the ingredients recommended for 
use in bread manufacture to provide technological 
advantages and improvement in product identities. 
The different types of ovens and their m erits and 
demerits have been d iscussed  at length.

In the bread making process, the technology 
aspects demand certain m inim um  quality standards 
for inputs. The specific test m ethods to evaluate 
the dough characteristics are d iscussed  in the 
chapter contributed by Rasper on 'Dough rheology 
and physical testin g  of dou gh ’. The recent 
developments employing advanced rheometric 
techniques are described elaborately leaving you  
with the question : Will they prove to be more 
suitable for quality testing work than the popular 
empirical and imitative test?

Product quality m easurem ents such  as sensory  
evaluation, instrum ental m ethods of texture 
measurement etc., have been covered in separate 
chapters.

Topics such as enzym es, dough improvers, 
emulsifiers, lecithin etc., are presented separately

and would provide the scientific understanding of 
various additives, now being used  by the baking 
industry. Benefits derived by u se  of these additives 
have been presented. The chapter on 'Emulsifiers 
in baking' presented by Kamel and Ponte and 
'Lecithin and phospholipids in baked goods' by 
Silva takes the reader to the b asics of em ulsifiers 
and reveals their beneficial effects to the bakery 
products. Such treatises on specialized topics 
directed to the target group, 'the bakery technologists' 
can seldom  be seen  elsewhere.

D e v e lo p in g  a lte r n a te  te c h n o lo g ie s  to 
conventional baking like microwave technology, 
extrusion technology etc., and the new product 
preference such as low calorie, high fibre, low fat, 
low sodium  etc., have been included. They provide 
insights into the future of the baking technology  
with respect to processes and product quality.

In short, it is a "book written by an International 
team of authors from the industrial and academic 
sectors who review recent advances in baking 
industry with particular em phasis on developm ents 
in ingredients and processes" as claim ed by the 
publishers.

This book is a m ust to the baking industry 
personnel, be it in production, research or 
teaching. The editors and the contributing authors 
deserve sincere appreciation for their efforts in 
bringing out this volume.

At the end of going through the book, one will 
be tempted to go back and read the preface by 
the authors. 'Fundamentally, baking m ay seem  to 
be a rather static topic: mix flour, water, leavening 
and various flavouring m aterials and heat the 
mixture to gelatinize starch and denature the 
protein'. But, the dynamic developm ents in the past 
decades brought out in this volum e m ake u s  
change this view.

C .P .S . M ENON 
R  & D  C E N T R E , 

B R IT A N N IA  IN D U S T R IE S  L T D ., 
M A D R A S -6 0 0  0 5 0 .

Food Taints an d  OJJ-Flavours : Edited by M. J.
Saxby, Blackie Academic Professional, Wester 
Cleddens Road, Bishopbriggs, G lassgow G 64 2 
NZ, UK. 1993: pp. 260; Price : £69 .

The problem of taints and off-flavours in foods 
is a major concern not only to food processing  
industry, but also to all other agencies involved in 
the production of raw m aterials, packaging, 
transportation, distribution and sale of foods. While
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taints are generally caused through contam ination  
by a malodorous substance totally alien to all foods, 
oiT-flavours result through the formation of 
com pounds having undesirable taste and aroma 
through chem ical or biochem ical reaction of food 
constituents or by microbial degradation. Because  
of commercial importance of taints and off-llavours 
in foods, these have been investigated widely and 
a number of reviews and books have been published  
mainly on the causative reactions and kinetics 
involved in off-flavcur development, major factors 
which influence the rate of formation of off-flavours 
and the nature of com pounds formed during these  
reactions. Since a very large num ber of volatile and 
non-volatile products have been isolated and 
ch aracterised , p rogress on  id en tifica tio n  of 
com pounds actually reponsible for off-flavours and 
concentrations at w hich off-flavours becom e  
perceptible has been rather slow. Only recently, 
sim ultaneous anlaysis of volatile com pounds by 
GC-MS and sniffing and other sensory tests have 
enabled identification of som e of the character 
impact com pounds involved in imparting taints 
and off-flavours to foods and packaging materials.

The present book entitled "Food taints and off- 
flavours' edited by M. J. Saxby has tried to present 
the information on the sources of taints and off- 
flavours, threshold concentration of com pounds 
necessaiy  for perception of taints and off-flavours, 
chemical and biochemical interaction involved and 
some of the m ethods employed in characterising 
taints and off-flavours and som e guidelines for their 
prevention.

The book contains nine chapters; the first 
chapter providing information on definition of taints 
and off-flavours and various sensory tests employed 
for their detection and quantification. The second  
chapter reviews information on various chem icals 
and their transformations in imparting taints and 
off-flavours in food, water and packaging materials. 
The third chapter describes various techniques 
employed for isolation and characterisation of 
com pounds causing taints and off-flavours. The 
fourth chapter describes off-flavours associated  
with potable water, their probable sources and the 
efficacy of various water purification treatm ents on  
the removal of taints. The fifth chapter describes 
the various types of undesirable flavours in dairy 
products and provides considerable information on  
flavour descriptions normally encountered in sensoiy  
testing and the origin of these flavours.

Autoxidation of lipids whether brought about 
by atmospheric oxygen or through enzym es is a 
major cause of off-flavours formed during processing 
and storage of a large num ber of foods. Sixth

388
chapter d escrib es briefly th e  m ech a n ism  of 
autoxidation of polyunsaturated fatty acids, their 
reaction products along with som e of the off- 
flavours associa ted  w ith a ld eh yd es, k eton es, 
hydrocarbons, alcohols and acids. Seventh chapter 
provides useful information on taints associated  
w ith the packaging m a ter ia ls , sen so ry  and  
instrum ental techniques employed to m easure these  
taints and the cau ses of taints in paper and plastic  
packaging m aterials, including the role of printing 
inks and adhesives. This chapter provides very 
useful information to all those who are involved in  
development and quality control of packaging for 
food and beverage industry.

The eighth chapter describes the role of retailers 
in dissem inating the information about outbreak of 
taints and off-flavours in branded products, while 
ninth chapter highlights the off-flavours derived as  
a result of microbiological and enzymic actions in  
foods. The information, though not exhaustive, does 
provide the nature of taints and off-flavour that 
can arise as a result of microbial action.

The book provides veiy  extensive literature 
survey, which can form a b asis  for future research  
for people working in academ ic and research  
institutions, while to those involved in com m ençai 
marketing and quality control in food and beverage 
industry, it gives useful information on how foods 
can become tainted, and how to design protocols 
to prevent the problem of taints and off - flavours 
during m anufacture and storage.

Though the present volum e has covered taints  
and off-flavour problems associated with dairy 
products, water, packaging m aterials and to a 
certain extent in fats and oils, information on taints 
and off - flavours encountered in m eat, fish and 
poultry and fruits and vegetable industries h as not 
been provided.

Overall, the information h as been presented in 
an expertly and precise m anner and the present 
volume is a useful addition in  the field of flavour 
analysis of foods.

S . S . ARYA
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

The Miracle o f G erm inated C ereal P ow ders : 
Proceedings of the International W orkshops and 
Publications, by Tara Gopaldas and Suneeta  
Deshpande (Eds), Daya Publishing H ouse, Delhi- 
110 035, 1992: pp. 281, Price : Rs. 6 0 0 /-

This book presents a com prehensive account 
of work conducted in the area of developm ent of 
weaning foods, utilising germinated cereal powders.

J. Food Sci. Technol, 1993, Vol 30, No.5



The book is organized into four sections. The first 
section contains the proceedings and papers 
presented by invited experts at the international 
workshops on am ylase-rich foods (ARF) held at 
Seoul and Baroda, respectively. Section II contains 
twelve research publications on studies conducted  
on ARF from 1980 onwards at the Department of 
Foods and Nutrition, the Maharaja Sayajirao 
University of Baroda. Section III com prises abstracts 
of dissertation work or work in progress of four 
Doctoral and eighteen Masters' students of the 
sam e department on ARF, Section IV tells the 
reader 'How to m ake ARF' and 'How to m ake simple 
weaning gruels'. The authors have illustrated the 
book with photographs, illustrations and sketches.

Four papers presented at the Seoul workshop, 
review the role of traditional foods such as fermented 
and malted foods, for feeding weaned infants. It 
was reported that reduction of viscosity of cereal 
gruels by addition of sm all quantities of ARF 
increased energy intake and growth of children in 
community feeding studies. This workshop made 
a number of recom m endations for further work on  
malted foods to improve their consum er acceptability 
and safety to the consum er. In the second workshop 
held at Baroda, dem onstrations and d iscussion s on  
the use of ARF in reducing the viscosity of weaning 
foods were given more em phasis than the theoretical 
formal lectures. The need w as stressed to undertake 
further work on ARF technology to other nutrition  
and health - related applications, where high 
viscosity and dietary bulk might pose problems.

J. Food Set Technol, 1993, Vol 30, No. 5
A major part of th is book is devoted to the 

presentation of research publication from the 
Department of Foods and Nutrition, University of 
Baroda, emanating from investigations on ARF from 
1980 onwards. Two publications present data on 
the superiority of m alted cereal-pu lse-o ilseed  
formulations over their roasted counterparts, as 
observed from enhanced intake of the malted m ixes 
by children and also their higher nutritional quality, 
as revealed by animal experim ents. Seven other 
papers describe in detail, how sm all quantities of 
ARF can effectively reduce the bulk of weaning 
gruels based on wheat, rice, maize, jowar or soya- 
fortified bulgur wheat. The potential for commercial 
production of ARF and making it available at low 
cost to low income group fam ilies with weaning age 
children, appears promising from another study on 
the transfer of ARF technology from laboratory to 
urban slum s. Well controlled feeding trials conducted 
over a period of six  m onths on slum  children, 
reported in two other papers, dem onstrate how a 
low bulk wheat gruel containing ARF, can greatly 
enhance the food energy intake and growth 
performance during the weaning period.

This book will be of im m ense interest to 
paediatricians, R&D sc ien tis ts  and n a tio n a l/ 
in tern ation a l a g en c ie s  engaged  in n u trition  
programmes, as it contains detailed suggestions on 
the urgent problem of providing adequate nutrition 
to weaned infants and preschool children in 
developing countries of the world and to prevent 
malnutrition in th is section of population. It will 
prove an excellent addition to any library.

S . VENK AT RAO
CENTRAL FO O D TECHNOLOGICAL R E SE A R C H  INSTITUTE,

M YSORE - 5 7 0  0 1 3 .
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The Genesis Freeze Dryer
Genesis offers you more options than any other freeze dryer on the market today. Plus enormously powerful features to help you get your job done more easily, more efficiently, more reliably than ever before.

Supra Chamber 24
Offering dramatically increased shelf area and shelf clearance, the Supra Chamber 24 incorporates a space-saving rectangular vacuum chamber design. This versatile bulk/stoppering unit combines a wide variety of shelf area and shelf clearance options.

SRC Sublimators
±1 ° performance matched from shelf and chamber to chamber -  from pilot plant to full production upto 144 Sq.ft, of stoppering shelf space and 500 lb condenser ice capacities.

FCP III Freeze Dryer Control System
If you don't know about the FCP III yet -  you should. Because it is the most advanced computerised control system ever to be unleashed. The most powerful. Most flexible. Most reliable.

Exclusive A g en ts  in India:

35, VAIDYARAM STREET, T. NAGAR MADRAS-600 017

PHONE: 440174 □  GRAMS: BIOSPINCO □  FAX: 044-442731

BANGALORE-BOMBAY-CALCUTTA-HYDERABAD-LUCKNOW-NEW DELHI
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