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E D IT O R IA L
I am  h ap p y  to  p lace  in  you r h a n d s  th e  first is su e  o f Vol. 3 0 , No. 1, 1 9 9 3  of 

th e "Journal o f  Food S cien ce  and Technology" w ith  a n ew  look  an d  form at. I h op e  
th a t you  will ap p reciate an d  w elcom e th e  ch a n g es  w ith  p leasu re.
The follow ing are th e im portant ch a n g es  :
* P u b lica tion  o f p ap ers u n der th e  h ead  'Rapid C om m unication" on  innovative  

research  fin d in gs or im p act-m ak in g  in d u str ia l p ractices.
* P u blication  o f critical an d  authoritative review s on  'State o f th e  A rt’ in  Food  

S cien ce , T ech n ology  an d  E ngineering, in clu d in g  M ethodologies for th e  a n a ly ses . 
To b egin  w ith , th ese  are by in v itation  only.

* R éin trodu ction  o f 2 5  com p lim en tary rep rin ts w ith  w indow  cover for ea ch  paper.
* U se o f b igger sized  letters an d  th e  type, w h ich  is  h igh ly  p lea sin g  to  eyes.
* A bbreviation  of th e  title s  o f all sc ien tific  p eriodicals for c itin g  in  R eference  

S ection , w ill b e  a s  in  C h e m i c a l  A b s t r a c t s ,  B io lo g ic a l  A b s t r a c t s ,  A n n u a l  B I O S I S  
L i s t  of S e r i a l s  an d  S e r ia l  S o u r c e s  f o r  t h e  B I O S I S  D a t a  B a s e .

* In troduction  o f keyw ords for all p ap ers p u b lish ed .
* A doption  o f H arvard sy stem  for arranging referen ces a lp h a b etica lly  in  the  

R eference S ection .
* C h an ges in  th e  fo rm a t/s ty le  to facilitate b etter  appeal an d  u tility  to  th e  read ers.

A u th ors are, therefore, req u ested  to follow th e g u id e lin es  stip u la ted  in  th e  
"Instructions to  Authors" (pu b lished  in  th e  first is su e  o f each  volum e) in  order  
to  avoid d ela ys in  p rocessin g  their m an u scrip ts .

The Editor, th e  Editorial B oard M em bers, C entral E xecutive C om m ittee M em bers  
an d  S ta ff o f AFST (I) w ish  yo u  all a H appy an d  P rosp erou s New Year 19 93 .

B.K. LONSANE
E D IT O R



O U R  E D I T O R

Dr. B.K. L onsane, S c ien tist E-II, F erm en tation  T ech n ology  
an d  B ioengineering D iscip lin e, C entral Food T ech n olog ica l 
R esearch  In stitu te , M ysore, h a s  ta k en  over the ed itorsh ip  of 
the J o u rn a l of Food S c ien ce  an d  T ech n ology from  J u ly  1992 . 
The im p rovem en ts h e h a s  brou ght ab ou t, in  term s o f clarity, 
brevity, sp e e d in e ss  and utility  v a lu es  have b een  w itn e sse d  by  
all in  th e J u ly , S ep tem b er an d  N ovem ber is s u e s  o f 19 92 . H is  
d eep er involvem ent an d  ten acity  in  gettin g  the th in g s  d on e h ave  
resu lted  in  a tota lly  new er and attractive look, im proved print  
quality  and en h an ced  u tility  of th e jou rn a l to  th e  read ers.

It is  m y privilege to  in trod u ce ou r d ynam ic editor to  th e  m em b ers, su b scr ib ers  
an d  read ers o f th e Jo u rn a l o f  Food S c ien ce  and T echnology.

B o m  on O ctober 12, 1941 at N andura, B u ld an a  D istrict, M aharashtra, h e  h ad  
h is  early ed u cation  in  N andura and Nagpur. He ob tained  h is  M .Sc. degree w ith  
I C lass in  B ioch em istry  from  N agpur U niversity in  19 64  an d  w a s  p laced  seco n d  
in  order of m erit. He w orked in  N ational E nvironm ental E n gin eerin g R esea rch  
In stitu te , N agpur, from A u g u st 1 9 6 4  to  May 1968  an d  th en  m oved, o n  p rom otion al 
tran sfer to N ational B otan ica l R esearch  In stitu te , Lucknow . S u b seq u en tly , h e  m oved  
to R egional R esearch  Laboratory, Jorh at, in  J u ly  19 64 . He got h is  P h .D . in  
M icrobiology from  G au h ati U niversity in  1974 , w h ile  w orking in  RRL, Jo rh at. He 
la ter jo in ed  F erm en tation  T ech n ology D iscip lin e at C entral Food T ech n olog ica l 
R esearch  In stitu te , M ysore in  O ctober 1977 . He is  con tin u in g  in  CSIR for th e  la st  
2 8  years.

Dr. L onsane h a s  w ide experience in  variou s area s su c h  a s  fruit p rocessin g , 
food ferm entation , e th a n o l p roduction , ap p lication  and prod u ction  o f  food en zym es, 
starch  recovery an d  p rocessin g , w a ste  m an a gem en t, y ea st exp loitation , s in g le  cell 
protein  from  p etro leu m  an d  algae, san itary  m icrobiology an d  ferm entation  techn ology . 
H is exp ertise  on  solid  s ta te  ferm entation  is  recogn ized  in ternationally .

Dr. L onsan e h a s  gu ided  M .Sc. an d  Ph.D . s tu d e n ts . He h a s  con trib u ted  over  
100 research  p ap ers in  rep u ted  N ational and International jo u rn a ls . He h a s  to  h is  
credit a n u m b er o f critical review  p ap ers p u b lish ed  in  reputed  jo u rn a l ser ie s . He 
h a s  a lso  con trib u ted  invited  ch ap ters in  h is  sp ecia lized  area s in  b o o k s p u b lish ed  
b y renow ned  p u b lish ers  su ch  a s  M arcel D ekker, E lsevier S cien ce  p u b lish ers  and  
Springer-Verlag. Som e o f th e  tech n o log ies developed  by Dr. L onsane an d  h is  group  
have b een  released  to  th e  in d u str ies  for com m ercial exp loitation . He h a s  a lso  
participated  in  preparing a n u m b er o f detailed  project reports for e sta b lish m en t of 
ferm entation  an d  a lcoh ol in d u str ies.

U nder exch a n ge o f S c ien tists' S ch em e an d  O verseas (DBT) A sso c ia tesh ip  
Program m e, Dr. L onsane v isited  H ungary in  19 83  and F rance in  1991 . Dr. L on san e  
is  a lso  an  International Editorial Board M em ber o f 'Process B iochem istry', th e  
p restig iou s jou rn a l p u b lish ed  by E lsevier, E ssex , UK.

The A sso c ia tio n  o f Food S c ie n tis ts  an d  T ech n olog ists (India), M ysore is  h ap p y  
in  en tru stin g  th e  E ditorsh ip  to Dr. L onsane. On b eh a lf  o f  AFST (I), I w ish  h im  all 
the su c c e s s .

A.M. NANJUNDASWAMY
P R E S ID E N T , A F S T (I )
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REVIEW 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 . l ,  1 - 1 3

M e t h o d s  f o r  D e t e c t i o n  a n d  E n u m e r a t i o n  o f  F o o d b o r n e  
B a c t e r i a l  P a t h o g e n s  :  A  C r i t i c a l  E v a l u a t i o n

M.C. VARADARAJ
D iscip lin e of M icrobiology an d  S an ita tion  ,

C entral Food T echnological R esearch  In stitu te , M ysore-570  0 1 3 , India.
The increasing consumer awareness has laid a greater emphasis on producing microbiologically safe foods for 

human consumption. A few important foodbome bacterial pathogens are predominant in foods and thus, are responsible 
in causing serious public health hazards. In this context, it becomes necessary to subject the foods to accurate 
microbiological analysis, particularly for these dominating bacterial pathogens. This review critically analyses the methods 
of detection and enumeration of foodbome pathogenic bacteria with specific reference to the advantages and limitations 
of the methods.
Keywords : Foodbome bacteria, Bacterial pathogens, Emerging pathogens, Detection, Enumeration, Methodology 

evaluation.
In recent years, th e  co n su m er  a w aren ess h a s  

played a predom inant role in  em p h a sis in g  th e need  
for m ic r o b io lo g ic a lly  sa fe  fo o d s  for h u m a n  
consum ption . S erio u s h ea lth  h azard s d u e to the  
presence o f p ath ogen ic  m icrob es in  food s ca n  lead  
to food p o iso n in g  o u tb rea k s . T he co m m o n ly  
occurring bacteria l p a th o g en s are B a c i l l u s  c e r e u s ,  
C a m p y l o b a c t e r  j e j u n i ,  C l o s t r i d i u m  b o t u l i n u m ,  
C l. p e r f r i n g e n s ,  E s c h e r i c h i a  c o l i .  L i s t e r i a  
m o n o c y t o g e n e s .  S a l m o n e l l a  s p p . ,  S h i g e l l a  
d y s e n t e r i a e ,  S t a p h y l o c o c c u s  a u r e u s ,  V i b r i o  
p a r a h a e m o l y t i c u s  an d  Y e r s i n i a  e n te r o c o l i t i c a .

The reliability of th e  tech n iq u es  for d etection  
and en u m eration  o f food b om e p ath ogen ic  m icro
organism s h a s  a ssu m ed  critica l im portance. T h ese  
techn iqu es sh ou ld  be (a) a s  sim ple an d  rapid a s  
possible; (b) accu rate  and reproducible; and (c) 
econom ically feasib le. Traditionally, m icrobiological 
a n a ly sis  in v o lv es  iso la t io n , id en tifica tio n  and  
confirm ation of the desired  m icro -organ ism s (Speck  
1976; P ierson  and S te m  1986).

With th is  b ack grou n d , a n  attem p t h a s  b een  
m ade in th is  review to p resen t m eth o d s of d etection  
and en u m eration  o f food b om e bacteria l p a th ogen s  
of com m on occurrence. For an  ea sy  p resen ta tion  
and better u n d erstan d in g , th e  bacteria l sp ec ie s  are 
dealt w ith individually.
Guidelines for microbiological analysis

An accu rate  m icrobiological a s se s sm e n t  o f th e  
foods is  p ossib le  on ly w h en  th e  g u id e lin es given  
below are followed:
a. S a m p l i n g  : N um bers to  be drawn.
b. H a n d l i n g  o f  s a m p l e s  : E xposure o f sa m p les  to  

tim e and tem perature during tran sit i.e ., before  
exam ination.

V  •=>

c. S a m p l e  p r e p a r a t i o n  : M aceration  an d  d ilu tion s.
d. E n u m e r a t i o n  p r o c e d u r e  : C o m p ositio n  and  

p r e p a r a t io n  o f  p la t in g  m e d ia ,  p la t in g  
m ethodology , in cu b atio n  tim e-tem p eratu re and  
recording o f th e  co u n ts .

e. C o n f i r m a t io n  a n d  i d e n t i f i c a t i o n  : Iso la tion  of  
rep resen ta tiv e  c o lo n ie s , p u r e e fic a t io n  an d  
determ ination  o f sp ecific  m orphological, cu ltural 
an d  b ioch em ica l ch a ra cters  an d  n eed  for 
confirm ation  o f th e organ ism  to a sp ecific  
group.

B a c illu s  ce reu s
B a c i l l u s  c e r e u s  h a s  b een  w ell e s ta b lish ed  a s  

a m ajor c a u se  o f food p o iso n in g  ou tb reak  (Kramer 
an d  Gilbert 1989). C on seq u en tly , s tu d ie s  h ave b een  
aim ed  at d evelop ing sim p le  an d  rapid  p roced u res  
for th e  en u m eration , iso la tio n  an d  id en tification  of
B . c e r e u s .
E n u m e r a t i o n  m e d i a :  Several se lectiv e  an d  differential 
en u m eration  m ed ia  h ave b een  form ulated  to ach ieve  
m axim u m  recovery of B .  c e r e u s  from  food s. A n early  
m eth od  o f H auge (1955) in vo lves su rfa ce  p la tin g  on  
blood  agar, in cu b atio n  at 37°C  for 18 h  an d  testin g  
of th e co lon ies su rrou n d ed  b y  a c lear zon e for 
lec ith in a se  activity. Later on, a  p ep to n e-b eef extract- 
egg yo lk -agar con ta in in g  lith iu m  ch loride and  
polym yxin  B a s  se lectiv e  a g en ts  w a s  form ulated  
(D onovan 1958). Typical B . c e r e u s  co lo n ies  w ere  
su rrou n d ed  b y  a n  op aqu e zon e after 18 h at 30°C. 
A further im provem ent in  th is  m ed iu m  w a s  m ad e  
b y th e  addition  o f m an n ito l (m an n ito l-egg  yolk- 
polym yxin-agar) w h ich  en ab led  in  d ifferentiating  
n o n - B .  c e r e u s  from  m a n n ito l n ega tive  B . c e r e u s  
organ ism s (M ossel et al. 1 9 6 7 ) .  Kim an d  G oepfert
(1971) form ulated  an  eq u ally  sen sit iv e  egg yo lk  
con ta in in g  m ed iu m  (KG m edium ) w h ich  enabled
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TABLE 1. IMPORTANT CHARACTERISTICS OF FOOD RELATED BACILLUS SPECIES
Bacillus species

Characteristics 1 2 3 4 5 6 7 8
Catalase production + + + + + V + +
V-P react.on + - + - + - - +
pH in V-? broth (6.0) + V + - V - + V

Anaerobic growth + V + + + + - -
Growth a: 50°C - + + + + + + +
Growth at 65°C - - - - - - + -
Growth in 7% NaCl + V - - + - - +
Starch hydrolysis + + + - + + - +
Casein hydrolysis + V V + + - + +
Nitrate reduction + V V + + + + +
Acid from glucose + + + + + + + +
Gas from glucose - - - ■ - V + -
Mannitol fermn. - + V + + + + +

+ = Positive; -  = Negative; v = Variable; V-P = Voges-Proskauer, 1 = B. cereus; 2 = B. circulons; 3 = B. coagulons; 
4 = B. laterosporus; 5 = B. licheniformis; 6 = B. macérons; 7 = B. stearothermophilus; 8 = B. subtilis.

sp oru lation  w ith in  2 4  h . T h ese  m ed ia  led to a good  
recovery o f B . c e r e u s  from  food s con ta in in g  a large 
num ber o f oth er m icro-organ ism s. Polym yxin is  
u sed  for se lectiv ity , egg y o lk  to record lec ith in a se  
activity and low levels o f p ep ton e for sp oru lation .

H olbrook an d  A n d erson  (1980) form ulated a 
m ed iu m , p o lym yxin -p yru vate-egg  yo lk -m a n n ito l- 
brom othym ol b lu e-agar (PEMBA) w h ich  u tilised  th e  
m an n itol negative an d  lec ith in  hydrolyzing n atu re  
of B . c e r e u s .  T h is m ed iu m  su p p o rts the growth of  
even  sm all n u m b ers o f B .  c e r e u s  ce lls  an d  sp ores  
and h en ce , h a s  a w ider ap p lication  in  en u m eration  
of B . c e r e u s  from  food s. PEMBA c o n s is ts  of  
(g/1) : P eptone 1, m an n ito l 10, sod iu m  chloride 2, 
m agn esiu m  su lp h a te  0 .1 , so d iu m  pyruvate 10, 
d isod ium  hydrogen  p h osp h ate  2 .5 , p o ta ss iu m  d i
hydrogen p h osp h ate  0 .2 5 , brom othym ol b lu e 0 .1 , 
agar 15 an d  pH 7 .2 ± 0 .2 . The final m ed iu m  is  
d isp en sed  at 'h e  rate o f 9 5  m l in  g la s s  con ta in ers  
and autoclaved . Prior to  pouring into th e p la tes, 
5 m l o f ster ile  egg yo lk  an d  104 u n its  o f m em brane  
filtered polym yxin  B su lp h a te  are added  to th e  
m olten  m ed iu m , m ixed  w ell, poured  in to  pre
sterilized petri p la tes, su rface dried, in ocu lated  w ith  
appropriate d ilu tion s o f th e  sam p le  an d  in cu b ated  
at 37°C  for 3 6  to 4 8  h. B .  c e r e u s  ap p ears a s  p eacock  
blu e-co lou red  co lo n ies  su rrou n d ed  b y  a zon e of  
precip itation  c f  egg yolk. The ad v an ta ges o f PEMBA 
are its  h ighly  se lective  n atu re. The p resen ce  of 
pyruvate red u ces  th e  co lon y  size , so  that th e  
spreading ch aracter  o f spore-form ers is  restricted

an d  a lso  d e tec ts  le c ith in a se  n ega tive  iso la te s . 
C olonies of B .  c e r e u s  w ere ea sily  d ifferentiated  from  
other B a c i l l u s  sp e c ie s  w h en  PEM BA w a s  u se d  to  
en u m erate  B a c i l l u s  in  in d ig en o u s sn a c k  an d  lu n ch  
food s (Varadaraj et al. 1992).

A  la ter  m o d ifica tio n  o f PEM BA w a s  th e  
su b stitu tio n  o f b rom ocresol p urple for b rom oth ym ol 
b lu e  an d  d esig n a tion  o f th e  m ed iu m  a s  PEMPA  
(Szabo et al. 1984). T he red u ction  in  in cu b a tio n  
period to  2 2  h from  in itia l 4 8  h , reliab le co lo n y  
colou ration  an d  c o n s isten t  egg y o lk  reac tio n  are th e  
ad van tages o f th is  m ed iu m . A  few  research  p ap ers  
have d ocu m en ted  th e  ch a ra cter istic s  o f B .  c e r e u s  
an d  o th er  B a c i l l u s  s p e c ie s  for a s y s te m a t ic  
id en tification  (D eak an d  T im ar 1988; S h in ag aw a
1990). The ch ara cter istics  o f a few  im p ortan t  
B a c i l l u s  sp e c ie s  of com m on  occu rren ce  in  food are  
p resen ted  in  Table 1.
C lo s tr id iu m  b o tu lin u m

C l o s t r i d iu m  b o t u l i n u m  is  a  m etab o lica lly  d iverse  
sp ec ie s  of anaerob ic, spore-form ing, rod sh a p ed  
b acteria prod u cin g one or m ore sero log ica lly  d istin ct  
protein  n eu rotox in s. C l. b o t u l i n u m  ty p es  A, B , C ,, 
C2, D, E an d  F occu r w idely  th ro u gh ou t th e  w orld  
(Sm ith  1977; H u ss  1980). The ch a ra c ter is tic s  
of C l. b o t u l i n u m  grou p s are p resen ted  in  T able 2. 
M ost p r o c e d u r e s  do n o t  d ir e c t ly  q u a n t ita te  
C l. b o tu l in u m ,  b u t en rich m en t p ro ced u res  en ab le  
d etection  o f a  very sm all n u m b er  o f th e  organ ism . 
E n r i c h m e n t  : The en rich m en t m ed ia  w h ich  are in
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TABLE 2. CHARACTERISTICS OF CL B O TU L IN U M  GROUPS
Group Characteristics

I Type A and proteolytic strains of types B and F
II Type E and non-proteolytic strains of types B and F
III Types C and D (all are non-proteolytic)
IV Type G (all are proteolytic, but non-saccharolytic) 

Source : Smith (1977)
u se include R obertson's cook ed  m eat broth w ith  or 
w ithout added  carbohydrate (1% w /v ) , cook ed  m eat  
m edium , p ep to n e-g lu cose  broth , g lu cose-p ep ton e  
broth, fish  in fu sio n  b roth , reinforced clostrid ial 
m edium , brain-h eart in fu sio n  broth, p ap ain  broth  
and c o m  extract m ed iu m . The in cu b atio n  period  
generally is  b etw een  5 an d  10 d a y s at 2 6  to  35°C  
(Bott et al. 1968; K autter an d  Lynt 1978; H obbs  
et al. 1982; F oeged ing 1986). A n en rich m en t  
m edium  d esignated  a s  TPGYT, con ta in in g  tiyp ticase , 
peptone, g lu cose , y e a st  extract an d  tryp sin  (1 m g /  
ml), w as developed for th e  d etection  of C L  b o t u l i n u m  
type E and tox in  p rod u ction  (Lilly Jr. et al. 1971). 
The TPGYT m ed iu m  and cook ed  m ea t m ed iu m  are 
officially recom m en d ed  b y  th e  U .S . Food an d  D rug  
A dm inistration for th e  iso la tio n  o f C l. b o t u l i n u m  
from foods (Foegeding 1986). The recovery of  
C l b o t u l i n u m  is  im proved throu gh  th e  ad dition  o f  
com pounds su c h  as , lysozym e, lacta te  p lu s  L- 
alanine or b icarbonate w h ich  are k n ow n  to stim u late  
germ ination o f sp o res  (Crow ther an d  B aird-Parker
1984).
I s o la t io n :  D irect p la tin g  h a s  n ot b een  su c cessfu l, 
since C l. b o t u l i n u m  is  gen era lly  ou tn u m b ered  b y  
other anaerobic m icroorganism s. Isolation is  achieved  
by su b cu ltu rin g  a n  en rich m en t cu ltu re  on  su itab le  
agar m edia. H orse b lood  agar and egg yo lk  agar, 
with the addition  o f an tib io tics, are com m on ly  u sed  
for iso lation . A  selective  m ed iu m  d esig n a ted  a s  CB1 
agar w as developed for th e  recovery o f C l b o t u l i n u m  
and to obtain  iso la te s  w ith in  1 or 2 d ays (Dowell 
Jr and D ezfu lian  1981). T h is m ed iu m  c o n s is ts  of  
(mg/1), cycloserine 2 5 0 , su lp h am eth o xa zo le  7 6  and  
trim ethoprim  4  in  a b a se  of m odified  M cC lung- 
Toabe egg yo lk  agar. The con firm ation  o f th e  
cu ltu res is  by toxin  te s t  (m ou se b io -assay). O ther  
im portant ch ara cter istics  in clu d e anaerob ic grow th  
on blood a g a r ; c a se in  h y d r o ly s is ; lec ith in a se , 
catalase, lip ase  an d  p rotease  a c t iv it ie s ; en d  product 
an a lysis  from  grow th  on  g lu c o se  an d  in d ole  
production.
C lostrid iu m  p e r fr in g e n s

C lo s tr id iu m  p e r f r i n g e n s  c a u s e s  a gen erally  m ild  
gastro-enteritis w h ich  typ ica lly  fo llow s in g estio n  of

approxim ately  108 v iab le colon y-form in g u n its . The  
veh icle  of in fection  is  frequ en tly  th e  red m ea t or 
poultry  (W illardsen et al. 1979; C row ther and  
Baird-Parker 1984). Five ty p e s  o f  C l. p e r f r i n g e n s  
h ave b een  identified  tod ate , d is tin g u ish ed  b y  th e  
m ajor exo to x in s produced .
E n u m e r a t i o n  a n d  i s o l a t i o n  : M edia for en u m eration  
and confirm ation  o f C l p e r f r i n g e n s  h ave evolved from  
a su lp h a te-g lu co se-iro n -a g a r  m ed iu m  (W ilson and  
B lair 1924; Labbe 1983). T he m a in  prin cip le for 
C l p e r f r i n g e n s  d ifferentiation  is  its  ab ility  to  reduce  
su lp h ite  to  su lp h id e  w h ich  is  p recip itated  a s  ferrou s  
su lp h id e  in  the p resen ce  o f a n  iron  sa lt, thereb y  
form ing b la ck  co lon ies. The o th er  p rin cip les u sed  
are lec ith in a se  an d  h aem olytic  activ ities, storm y  
c lo t  f e r m e n ta t io n  a n d  a b u n d a n t  g a s  from  
ferm entation  of su gar (lactose). The m ed ia  com m on ly  
u se d  for en u m eration  an d  iso la tio n  o f C l p e r f r i n g e n s  
are  t r y p to s e -s u lp h it e -c y c lo s e r in e  (TSC) agar, 
o lean d om y cin -p o lym y x in -su lp h a d iaz in e-p erfr in gen s  
(OPSP) m ed iu m , n eom y cin -b lo od  agar an d  S h ah id i-  
F ergu son -p erfringen s (SFP) agar (S u tton  an d  H obbs  
1968; H arm on et al. 1971; S h a h id i a n d  F ergugon  
1971; H anford 1974).

The w idely  u se d  se lectiv e  en u m era tio n  m ed ia  
n am ely  TSC an d  SFP c o n s is t s  o f  p erfrin gen s agar  
b ase . T h is b a se  m ed iu m  co m p rise s  o f  (g/1), tryp tose  
15, soya  p ep ton e 5 , b ee f  extract 5 , y e a s t  extract 
5, so d iu m  m eta b isu lp h ite  1, ferric am m on iu m  
citrate 1, agar 15 an d  pH  7 .6  ± 0 .2 . T he m ed iu m  
is  autoclaved .
TSC a g a r  : To 10 0  m l. o f m o lten  b a se  m ed iu m , 
are added  4 0  m g o f m em b ran e filtered D -cycloserin e  
an d  8 jn l o f  ster ile  egg y o lk  em u ls io n  (50% in  
salin e), m ixed  w ell an d  p ou red  in to  p re-sterilized  
petri p la tes. S u rface p la tin g  o f 0 .1  m l sam p le  
d ilu tio n s are m ad e follow ed b y  overlaying w ith  egg  
yolk-free TSC agar. P la tes are in cu b a ted  a t 37°C  
for 18 to 2 4  h  in  a n  an aerob ic  jar.
S F P  a g a r  : To 10 0  m l o f m o lten  b a se  m ed iu m , are 
added m em b ran e filtered k an am y cin  su lp h a te  (1.2  
m g), polym yxin  B su lp h a te  (3 0 0 0  u n its) an d  egg  
yo lk  em u lsio n  (10 ml). T he m ed iu m  is  m ixed  w ell 
an d  poured  in to  petri p la tes . T he p ro c e ss  of  
in o cu la tion  an d  in cu b a tio n  are sa m e  a s  in  TSC.

A  n e e d  to  d e t e c t  s m a l l  n u m b e r s  o f  
C l. p e r f r i n g e n s  led  to  th e  d evelop m en t o f en rich m en t  
m ed ia  su ch  as , fluid th iog lyco lla te  m ed iu m  w ith out 
g lu co se  an d  w ith  0 .4  m g D -c y c lo se r in e /m l and  
in cu b ated  at 46°C  (D ebevere 1979). For a good  
C l p e r f r i n g e n s  en u m eration , ad eq u ate  an aerob iosis  
is  e ssen tia l w h ich  ca n  b e  ach ieved  b y  u s in g  N2,
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H2 p lu s  5% C 0 2 or N2, H2 and C 0 2 in varying  
proportions (H arm on et al. 1971; Hanford 1974; 
W illardson et al. 1979).
C u l tu r a l  c h a r a c t e r i s t i c s  : The cu ltu ral ch aracter istics  
of C l. b o t u l i n u m  an d  C L p e r f r i n g e n s  grow n in  cooked  
m eat and T S C /S F P  m ed ia , resp ectively  in c lu d e (i) 
in  cooked m eat m edium , the anaerobes (CL b o tu l in u m )  
grow deeper in  m ed iu m , sacch aro ly tic  clostrid ia  
produce acid an d  g a s  rapidly w ith  no d igestion  of  
m ea t. P ro teo ly tic  c lo s tr id ia  d e c o m p o se  m ea t  
producing foul sm ellin g  su lp h u r  co m p o u n d s and  
blackening, (ii) in  TSC and SFP m edia , C L p e r f r in g e n s  
produce large (2-4  m m  diam eter) b la ck  co lo n ies  
w ith in  the depth  o f th e  agar, w h ile  lec ith in a se  
positive cu ltu res  produce opaque zon e around  the  
colony. A few  differential ch ara cter istics  o f  three  
im portant C l o s t r i d iu m  sp ec ie s  are p resen ted  in  
Table 3.

sa lts  m ixtu re 1.5, so d iu m  ch lorid e 5 , n eu tra l red
0 .0 3 , crysta l v iolet 0 .0 0 1 , agar 15 an d  7 .1 ± 0 .2  pH. 
The m ed iu m  is  au toclaved . For ach iev in g  b e s t  
resu lts , su rface in o cu la tion  o f sa m p le  a liq u o ts  are  
carried ou t on  the p re-p oured  p la te s  o f  MCA an d  
in cu b ated  at 37°C  for 2 4 -4 8  h. C olon ies o f  E .c o l i  
appearing on  th e  su rface are p in k  to  red in  co lou r, 
sh in in g  an d  w ith  a sm oo th  m argin .
V io le t  r e d  b i le  a g a r  (V R B A )  : T h is  m ed iu m  e n a b le s  
a direct p late co u n t o f coliform  b acter ia  in  w ater, 
m ilk  an d  m ilk  p rod u cts an d  oth er food p rod u cts. 
VRBA com p rises o f (g/1) y e a st  extract 3 , p ep to n e  
7, b ile sa lt  N o.3  1.5, la c to se  10, so d iu m  ch lorid e  
5, n eu tra l red 0 .0 3 , crysta l v io let 0 .0 0 2 , agar 15 
an d  pH 7 .4 1 0 .2 . The m ed iu m  is  b oiled  to d isso lve  
th e  in gred ien ts and n o  au toclav in g  is  required. To 
ach ieve b est r e su lts , p ou r p la tin g  o f th e  sa m p le

TABLE 3. DIFFERENTIAL CHARACTERISTICS OF C L O ST R ID IU M
C lo s tr id iu m  species

Characters
C L b o tu lin u m CL p e r jr in g e n s CL b u ty r ic u m

Spores S /s S/N S /s
Motility + - +
Gelatin liquefaction + + -
Hydrogen sulphide production + + -
Indole production - - -
Nitrate reduction - + D
Acid and gas from :
Lactose - + +
Sucrose - + +
Mannitol - - D
+ = positive: -  = negative: S = Subtermina]; s = swollen; N = not swollen; Source ;: Mossel (1986)

E sch erich ia  co li
B ased  on  th e  data  from  ep idem iolog ica l s tu d ie s  

throughout th e world, E .c o l i  is  ju d g ed  to be a 
significant p ath ogen  (M ehlm an and Rom ero 1982). 
Several selective an d  d ifferential m ed ia  for the  
en u m eration  o f E .c o l i  have b een  describ ed  in  the  
literature. However, two m ed ia , w h ich  have yielded  
m axim um  recovery o f E . c o l i  from  food s are 
com m only u sed .
M a c C o n k e y  a g a r  (M C A ) : Several form u lation s o f  
MCA are provided con sid erin g  the specific ity  of 
iso lation  from different so u rces  (HiMedia 1989). 
MCA w ith  b ile sa lt  (0.15% ), crysta l violet and  
sod iu m  chloride en a b les  d etection , en u m eration  
and iso la tio n  o f coliform s an d  in testin a l p a th ogen s  
in  w a te r ,  d a ir y  p r o d u c t s ,  p h a r m a c e u t ic a l  
preparations and o th ers. T h is m ed iu m  c o n s is ts  of 
(g/1), p an creatic  d ig est o f ge la tin  17, tryptone 1.5, 
lactose 10, p ep tic  d igest o f an im al t is su e  1.5, bile

a liq u ots is  perform ed w h ich  is  over-layered  w ith  
VRBA and in cu b ated  at 37°C  for 2 4  h . C o lon ies  
of E .c o l i  ap p ear a s  dark  red su rrou n d ed  b y  red d ish  
zone.
C o n f i r m a t o r y  m e d i u m  f o r  E . c o l i  : C onfirm ation  o f
E .c o l i  is  carried ou t b y  streak in g  th e  su sp e c te d  
co lon ies from MCA an d  VRBA on to  p re-p oured  
p la tes  o f eosin -m eth y len e  b lu e-a g a r  (Levine). T h is  
m ed iu m  c o n s is ts  o f (g/1), p ep to n e 10, d ip o ta ss iu m  
p h osp h ate  2 . la c to se  10, eosin -Y  0 .4 , m eth y len e  
b lu e  0 .0 6 5 , agar 15 an d  pH 7 . 1±0.2. T he m ed iu m  
is  au toclaved  (HiM edia 1989). After a n  in cu b a tio n  
period of 3 6  h at 37°C , co lo n ies  o f E .c o l i  ap p ear  
a s  green  w ith  m eta llic  sh e e n  an d  th e c o lo n ie s  o f  
c lo se ly  related E n te r o b a c t e r  a e r o g e n e s  ap p ea r  a s  
pink.
R a p i d  t e c h n i q u e s  : The sta n d a rd  p roced u re o f  
en u m eration  an d  iso la tio n  o f E .c o l i  from  food s ta k es  
nearly 4  to 6  d ays. R esearch  w ork  a im ed  at
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achieving rapidity in d etectin g  th e  p resen ce  o f E .c o l i  
in  m ixed p op u la tio n s o f food and w ater led  to th e  
developm ent of fluorogenic m eth o d s  (Feng and  
H artman 1982).

A bout 97% of E .c o l i  p rod u ce p -g lu cu ron id ase, 
an extracellu lar en zym e th a t h yd ro lyses su b stra te s  
such  as, 4 -m eth y l um belliferyl-D -glucuronide (MUG) 
resulting in  a flu orescen t end  product w h ich  cou ld  
be detected  w ith in  2 4  h  at 37°C  (H artm an et al.
1986). To d etect th e  en zym e, MUG is  added to  
m edia selective  for enterob acteriaceae. F en g and  
Hartman (1982) d escrib ed  MPN te s ts  w ith  lauryl 
tryptose (LTJ-MUG broth  an d  plate c o u n ts  on  VRB- 
MUG agar. The va lu e  o f LT-MUG broth  and VRB- 
MUG agar w a s  confirm ed in  d iscrim in atin g  seafood  
sam p les w ith  h igh  tota l coliform  a n d /o r  E .c o l i  
cou n ts (Alvarez 1984).
S a lm o n e lla  spp.

Five s tep s  are com m on  to  m ost cu ltu re m eth o d s  
for iso lation  and id en tification  o f S a l m o n e l l a e  in  
foods, i.e ., (i) p re-en rich m en t o f th e  food sam p le  
in a n u tritiou s, n o n -se lec tiv e  broth; (ii) se lective  
enrichm ent in  a broth th a t a llow s S a l m o n e l l a e  to 
grow, b u t su p p r e sse s  the growth of com p etin g  
bacteria; (iii) iso la tion  o f S a l m o n e l l a  b y  streak in g  
onto se lec tiv e  p la tin g  agar; (ivj b io -ch em ica l  
characterisation  o f iso la tes; and (v) serolog ical 
confirm ation of b ioch em ica lly  ch aracterised  iso la tes  
(Andrews 1985). The p roced u res lead in g  to th e  
detection of positive p resu m ptive S a l m o n e l l a  iso la tes  
in food sa m p les  w ould  give an  in d ica tion  ab ou t th e  
presence or a b sen ce  of S a l m o n e l l a  in  a food. 
I s o la t io n  : D ifferent s te p s  involved are sch em atica lly  
represented in  Fig. 1. T he com p osition  o f the  
different se lective  en rich m en t and p la tin g m ed ia  are 
well d ocu m en ted  in  th e  literature (HiMedia 1989). 
The differential co lon y  ch ara cter istics  o f  S a l m o n e l l a  
on the selective p la tin g  m ed ia  are im portant for 
proper isolation of positive S a lm o n e l la  co lon ies. T hese  
ch ara cter istics  are b a se d  on  th e  b io ch em ica l 
reactions of the organ ism  in  relation  to the sp ecific  
substrate(s) p resen t in  the resp ective  m ed ia  w h ich  
are reflected du e to th e pH in d icators incorporated  
in  the m edia. S a l m o n e l l a  co lo n ies  ap p ear a s  p in k ish  
w hite su rrou n d ed  b y  b right red m ed iu m  in BGA; 
b lack  w ith  m eta llic  sh e e n  in  BSA; o p a q u e /  
transparent pale p in k  co lo n ies  (uncoloured) in SSA; 
colourless co lo n ies  w ith  su rrou n d in g  b la ck en in g  in  
deoxycholate citrate agar (DCA); red co lo n ies  w ith  
black  centre in  xy lo se  ly sin g  deoxych olate agar  
(XLDA) and co lo u r less  co lo n ies  in  MCA. Red sla n t

w ith  yellow  b u tt and b la ck  p recip itate at the  
ju n c tio n  o f slop e an d  b u tt  are th e  reaction s  
exh ib ited  by p ositive S a l m o n e l l a  iso la te s  in  the sla n t  
an d  b u tt o f TSLA. The reac tio n  is  red d ish  purple  
s la n t w ith  the sa m e co lou r  b u tt or ye llow  colour  
b u tt in  LIA. T he p ositive p resu m p tive  iso la te s  are 
su b jected  to  b ioch em ica l ch a ra cter istic s  for final 
confirm ation.
R a p i d  t e c h n iq u e s  f o r  i d e n t i f i c a t io n  : Standard  cultural 
m eth o d s for iso la tio n  o f S a l m o n e l l a  in  food s are 
lab ou r-in ten sive  and gen era lly  require 4  to  5 d ays 
for p resu m p tiv e  id en tifica t io n  o f S a l m o n e l l a e .  
A ttem p ts at greater m eth o d  brevity h ave resu lted  
in  the u se  o f se lectiv e  en rich m en t cu ltu r e s  a s  te st  
m ateria l for sh ort im m u n olog ica l t e s t s  (D'Aoust
1984). In an  im m u n o-flu o rescen t an tib od y (FA) 
tech n iq u e, portion  o f a n  en rich m en t cu ltu re  is  
fixed, and sta in ed  on  a g la s s  s lid e  an d  th e  reaction  
b etw een  som a tic  a n d /o r  flagellar a n tig en s  and  
con ju gated  flu orescen t an tib o d ie s  is  v isu a lised  by  
flu orescen ce  m icroscop y. T he sen sitiv ity  o f the  
tech n iq u e is  over-sh adow ed  b y  a h igh  in cid en ce  of 
fa lse-p ositive  reac tio n s an d  n eed  for w ell-tra ined  
a n a ly sts  (T hom ason 1981). In en r ich m en t serology  
(ES) procedure, p ortio n s o f se lec tiv e  en rich m en t 
c u ltu res  are p o st-en rich ed  for 6  h  in  a n o n -se lec tiv e  
M broth; floccu la tion  from  a m ix tu re  o f Spicer- 
E dw ards flagellar an tisera  an d  M broth  cu ltu re  is  
ind icative o f S a l m o n e l l a .  Prolonged  in cu b atio n  (24
h) o f th e  M broth reported ly in crea se s  m eth od  
sen sitiv ity . T he ES p rocedure com p a res favourably  
w ith  con v en tio n a l cu ltu re  te c h n iq u e s  an d  th e  
p resum ptive identification  o f S a l m o n e l l a e  is  obtained  
one day earlier to th a t o f s ta n d a rd  cu ltu ra l m eth od  
(Sperber an d  D eibel 1969; B oothroyd  an d  Baird- 
P arker 1973; H ilker 19 75 ). In en zym e-lin k ed  
im m u n o so r b e n t  a s s a y  (ELISA), a  sa m p le  o f  
en rich m en t cu ltu re  is  p laced  in  th e  w ell o f  a  m icro
titration  p late and reacted  w ith  rabbit polyvalent 
flagellar (H) antisera; u n b o u n d  an tiseru m  is  rem oved  
b y  rep eated  w a sh in g s. A  goat an ti-rab b it g lob u lin  
cou p led  to a lk aline p h o sp h a ta se  is  th e n  ad d ed  to  
th e  w ell an d  in cu b ated  for 1 h  at room  tem perature; 
u n b o u n d  g lob u lin  is  rem oved b y  w a sh in g . In th e  
p resen ce  of S a l m o n e l l a ,  th e  ad d ition  o f  alkaline  
p h o sp h a ta se  su b stra te  p ro d u ces  a  v isib le  colou r  
r e a c t io n  t h a t  c a n  b e  q u a n t i t a t e d  
sp ectrop hotom etrically . T h is tech n iq u e  perform ed  
w ell in  identify ing n atu ra lly  con tam in a ted  food 
sa m p les  w ith  S a l m o n e l l a  (M innich et al. 1982).

B esid es th e  short im m u n ological a ssa y s , several
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Fig. 1. Schematic representation of S a lm o n e l la  isolation

a
Phage typing

n on -im m u n ologica l d iagn ostic  tech n iq u es  b a sed  on  
en rich m en t cu ltu res  h ave b een  p roposed  for th e  
rapid iso la tio n /id en tifica tio n  o f S a l m o n e l l a .  The 
ly s in e-iro n -c iy stin e-n eu tra l red (LICNR) broth is  a 
n on -se lective  m ed iu m  th a t provides for a 2 4  h

p resu m ptive id en tification  o f S a l m o n e l l a  th ro u gh  
developm ent o f typ ica l co lou r rea c tio n s (H argrove  
et al. 1971). S a l m o n e l l a  d eco lo u r ises  th e  red b roth  
m ed iu m  to yellow  w ith  a co n co m ita n t b la ck en in g  
of th e m ed iu m . T h is proced u re h a s  a w id er
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TABLE 4. DIFFERENTIAL CHARACTERISTICS OF ENTEROBACTERIACEAE GENERA
G enera

Characteristics E s c h e r i
c h ia

E n te r o 
b a c te r

S a lm o -
n e lla

S h ig e l la P ro te u s

Motility V + + - +
Indole production + - - V V

Methyl red + - + + +
Voges-Proskauer reaction - + - - -

Citrate utilization - + V - V

Urease production - + - - +
Malonate utilization - V - - -
KCN utilization 
Phenylalanine

- + - - +
deaminase production 

Gas from :
“ — — — +

Glucose + + + V V

Lactose + V - V -

Mannitol + + + V V

Sucrose V + - V V

Dulcitol V

+ = positive; -  =
V

negative; v
V

= variable.
V -

application in  d a ily  p rod u cts. The lim itation  for its  
u se  in  other food s is  th e  in teraction  w ith  oth er food  
com ponents.

T he d ifferen tia l c h a r a c te r is t ic s  o f  a  few  
important genera o f enterobacteriaceae are presented  
in Table 4.
S t a p h y l o c o c c u s  a u r e u s

In th e  prevailing con d itio n s o f h yg ien e and  
san itation  in  food p rocessin g , h an d ling , storage and  
distribution a s  w ell a s  aided  by th e  tropical c lim atic  
conditions o f our cou n try . S t a p h y l o c o c c u s  a u r e u s  
is  an  im portant food b om e p ath ogen  an d  th e  
th erm o sta b le  e n te r o to x in s  e la b ora ted  b y  th is  
organism  is  o f  ser io u s  con cern  to  p ublic  h ea lth  
aspects.
E n u m e r a t io n  : Several se lectiv e  and differential 
m edia have b een  developed  m ak ing  u se  o f th e  
im portant cu ltu ral an d  b ioch em ica l ch a ra cter istics  
of S. a u r e u s  to  achieve h igher iso lation  o f pathogen ic  
stra ins (Varadaraj and R a n ga n a th a n  1985). The  
im portant n on -te llu r ite-b ased  m ed ia  in  u se  are 
Staphylococcal No. 11 0  (SM : 110), SM :110  w ith  
the addition of egg yo lk  and m annitol agar (Chapm an  
1946; Carter 1960; W ard et al. 1981). C olonies of
S. a u r e u s  are m an n ito l-p ositive  an d  produce a zon e  
of precipitation. In c a se  o f te llu r ite-b a sed  m edia , 
colon ies o f S. a u r e u s  are b lack-co lou red  d u e to  
reduction of tellurite sa lt to e lem en ta l tellurium . 
Few im portant m ed ia  in  th is  category in clud e  
tellurite-lith ium  chloride agar; m od ification  o f th is  
m edium  w ith  addition  o f g lycine an d  pH indicator;

egg y o lk -te llu r ite-g lyc in e-p yru va te-ag ar  (ETGPA); 
ETGPA w ith  su p p lem en ta tio n  b y  su lp h am eza th in e , 
acriflavine, po lym yxin  an d  su lp h on am id e; and  
su b stitu tio n  o f egg yo lk  w ith  pork  p la sm a  in  ETGPA 
(Ludlam 1949; Zbovitz et al. 1955; V ogel and  
J o h n so n  1960; B aird-Parker 1962; S m ith  and  
Baird-Parker 1964; G iolitti an d  C an ton i 1966; 
D evriese 1981). O ther m ed ia  in  u s e  are fibrinogen  
m ed iu m , p h en o lp h th a le in  p h o sp h a te  agar w ith  
polym yxin  and sod iu m  azide (D eneke an d  B lobel 
1962; Trinko 1971; S ch leifer an d  K ram er 1980).

A m ong the variou s m ed ia  in  u s e , there is  a 
d istin ct advantage in  favour o f  u s in g  ETGPA and  
it is  a lso  th e  official AOAC m eth o d  for th e  
en u m eration  an d  iso la tio n  o f S . a u r e u s  (Baer 1971). 
ETGPA c o n s is ts  o f (g/1), tryptone 10, b ee f  extract 
5, y ea st extract 1, g lycine 12, so d iu m  pyruvate 10, 
lith iu m  chloride 5 , agar 2 0  a n d  pH 7 .0 ± 0 .2  (HiMedia
1989). The m ed iu m  is  d isp en sed  in  9 5  m l a m o u n ts  
an d  autoclaved . Prior to  p ou rin g  th e  p la tes , 5  m l 
of sterile  egg yo lk  (50%  em u lsion ) an d  0 .3  m l of  
3.5%  m em brane filtered p o ta ss iu m  tellu rite  are 
added to th e  m olten  m ed iu m , m ixed  w ell, poured  
in to  p la tes  an d  su rface-d ried . S am p le  a liq u ots are 
su rface-in ocu lated  and p la tes  are in cu b ated  at 
37°C  for 2 4 -4 8  h. C olon ies o f  S . a u r e u s  o n  ETGPA 
are b lack , sh in in g , w ith  a su rro u n d in g  h alo  
(lecith in ase positive) an d  a c learin g  zon e o f egg yolk. 
T h is m ed iu m  en ab led  in  recording stap h y lococca l 
c o u n ts  o f 106 to  108 c f u /g  in  sa m p les  o f m arket 
k h o a  com p risin g  o f a  m ix ed  m icroflora (Varadaraj 
an d  N am budripad 1982).
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S t a p h y l o c o c c u s  a u r e u s  is  a Gram positive cocci 
occurring in  irregular c lu sters; non-sporu lating;  
non-m otile; ca ta la se  positive; producing go lden  
yellow  p igm entation  in  th e  p resen ce of 7.5%  NaCl 
and acid from  g lu cose  and m an n ito l u n d er  aerobic  
and anaerobic conditions; positive for production  
of p h osp h atase , aceto in , am m onia, coa gu la se  and  
therm ostable d eoxyrib on uclease (TDNase); gelatin  
liquefaction; and nitrate reduction .
Vibrio p a ra h a e m o ly tic u s

T h e s u c c e s s f u l  i s o la t io n  o f  V i b r i o  
p a r a h a e m o l y t i c u s  f r o m  sea -fo od s d ep en d s u p on  the  
organism 's sen sitiv ity  to  cold  s tre ss  an d  h alophilic  
growth a s  w ell a s  survival requirem ent. To avoid  
cold stress, sam p les are to b e exam ined  im m ediately  
after receipt w ith ou t allow ing for storage u n der  
refrigeration tem p era tu re  or frozen  con d itio n . 
Preferably, the cu ltu re m ed ia  sh o u ld  con ta in  NaCl 
(about 3%) and all d ilu en ts sh ou ld  a lso  con ta in  
2 to 3% NaCl, in  v iew  of th e  in activation  of
V .p a r a h a e m o l y t i c u s  in  d istilled  w ater (Lee 1972; 
Clark 1977).

Pre-enrichm ent o f sa m p les  in  a n on -se lective  
m edium  h a s  been  recom m ended for detecting injured  
V .p a r a h a e m o l y t i c u s  in  refrigerated or frozen seafood s  
(Ray et al. 1978). S u ch  sa m p les  are first cu ltu red  
overnight at 35°C  in  tryp ticase  so y  broth con ta in in g  
3% NaCl an d  th en  transferred  to  a se lective  
m edium  su c h  as, g lu co se-sa lt-teep o l broth for 
overnight at 35°C. Follow ing enrichm ent, th e  cu lture  
is  streaked  onto th iosu lp h ate-c itra te-b ile  sa lts-  
su crose  (TCBS) agar w h ich  com p rises of (g/1), y ea st  
extract 5, proteose p ep tone 10, sod iu m  th iosu lp h ate  
10, sod iu m  citrate 10, oxbile 8 , su cro se  2 0 , sod iu m  
chloride 10, ferric citrate 1, brom othym ol b lu e  0 .0 4 , 
thym ol b lue 0 .0 4 , agar 15 an d  pH 8 .6 ± 0 .2  (HiMedia
1989). The final m ed iu m  is  h ea ted  to d isso lve  th e  
ingredients, cooled  to 50°C, poured  in to  petri p la tes  
and allow ed to solid ify. T he m ed iu m  is  not  
autoclaved. TCBS agar in h ib its  m o st o f th e  other  
bacterial sp ec ies  due to th e  p resen ce  of b ile sa lts  
and th e h ighly a lk aline pH (8.6). V .c h o le r a e  and  
V .a lg i n o l y t i c u s  ferm ent su cro se , produce yellow  
colon ies, w hile V .p a r a h a e m o l y t i c u s  d oes not ferm ent 
su crose  in  TCBS agar and h en ce  p rod u ces a b lu ish  
or b lu e-green  colony.
C a m p y lo b a c te r  je ju n i

In recent years, there h a s  b een  a sign ifican t 
increase in  th e incidence of food poison ing outbreaks  
cau sed  by C a m p y l o b a c t e r  j e j u n i  It is  view ed a s  
pathogena of "emerging p ublic  h ealth  significance"

d u e to its  u b iq u ito u s n atu re , to leran ce  to  adverse  
con d itio n s and typical ch aracter istic  o f b e in g  ab le  
to survive an d  even  m u ltip ly  in  refrigerated food s  
(Blaser 1982; Patel and  S an n ab h ad ti 1991). Isolation  
p roced u res for recovering v e iy  low  n u m b ers of 
C a m p y l o b a c t e r  j e j u n i  from  food s in v o lv es four  
im portant critica l a sp ec ts .
i) C o n d i t i o n s  f o r  h a n d l i n g  a n d  s t o r a g e  o f  s p e c i m e n s :  
T h is is  an  im portant factor d u e to  th e  fragility o f  
the organ ism  w h ich  is  in flu en ced  b y  tem p eratu re  
an d  atm osp h eric  0 2. The d eath  of C . j e j u n i  at 25°C  
is  8  tim es rapid th a n  th a t at 4°C, w h ile  th e  su rviva l 
is  greater in  0 2-free environm ent (100%  N2). B es id es , 
addition  of 0 .01%  sod iu m  b isu lp h ite  to  m ed iu m  
e n h a n ces  survival. A  com b in ation  o f 4°C storage  
in  0 2-free m ed iu m  c o n ta in in g  0 .01%  so d iu m  
b isu lp h ite  m a k es th e  survival o f  C  j e j u n i  lon ger b y  
10 tim es.
ii) E n r i c h m e n t  p r o c e d u r e s  : It is  a v ita l n e c e ss ity  
con siderin g  th e occu rren ce o f very low  n u m b ers of
C. j e j u n i  in  foods. A  few  im portant en rich m en t  
p roced u res are sh o w n  in  Fig. 2 . T h ese  m ak e u se  
of one of th e m an y  en rich m en t m ed ia  (Doyle 1986). 
P reston  en rich m en t m ed iu m  (Bolton an d  R ob ertson
1982) w h ich  detected  46.5%  C a m p y l o b a c t e r  p ositive  
sa m p les  com p rised  o f Oxoid n u tr ien t b roth  No. 2 
w h ich  is  su p p lem en ted  w ith  ly sed  h o rse  b lood  (5%), 
polym yxin  B (5 IU /m l), rifam picin  (10  p g /m l), 
trim ethoprim  (10 p g/m l) an d  actid ion e (100  p g /m l). 
R osef (1981) enrich m en t m ed iu m  sh ow ed  40.2%  
higher iso la tio n  frequency th a n  th a t involving direct  
plating. The m ed iu m  co n sisted  o f O xoid "Lab lemco"  
powder, pep tone, y ea st extract, so d iu m  ch loride, 
resazurin , van com ycin  (10 p g /m l), trim eth oprim  
lacta te  (5 p g/m l) and p olym yxin  B (2 .5  IU /m l). 
E nrich m en t m ed iu m  o f D oyle an d  R om an  (1 9 8 2  b) 
gave a h igher iso la tio n  rate. The m ed iu m  com p rised  
of B rucella  broth w h ich  is  su p p lem en ted  w ith  ly sed  
h orse blood (7%), sod iu m  su cc in a te  (0.3% ), cy ste in e  
hydrochloride (0.01% ), va n com ycin  (15 p g /m l), 
trim ethoprim  (5p g/m l), polym yxin  B (20  IU /m l) and  
cycloh exam id e (50 p g /m l).
Hi] S e l e c t i v e  p l a t i n g  m e d i a  : F our se lectiv e  p la tin g  
m ed ia  en ab led  a good recovery o f th is  organ ism  
from  enrich m en t cu ltu re  b roth s (Doyle 1986). The  
Skirrow’s  m ed iu m  (Skirrow 1977) co m p rise s  of 
blood  agar b a se  or B ru ce lla  ag a r  w h ic h  is  
su p p lem en ted  w ith  ly sed  h o rse  b lood  (5-7% ), 
V ancom ycin  (10 p g /m l), polym yxin  B  (2 .5  IU /m l)  
an d  trim ethoprim  (5 p g /m l). The B utzler's m ed iu m  
(Lauwers et al. 1978) c o n s is ts  o f  C olu m b ia  agar or 
blood agar b a se  w hich  is  su p p lem en ted  w ith  sh eep  
blood (5-7%), b acitracin  (25 IU /m l), n ovob iocin
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Sample 
(10 or 25 g)

Washing in 
nutrient broth

Filteration through 
cheese cloth

I
Centrifugation

Sample 
(50 or 40 g)

I

Dilution in enrichment 
broth (1:10)

I

Held at 4°C for 12h 
followed at 42°C for 48 h

J

Sediment retained Planting on selective agar

I
Enrichment culture

I
Membrane filtration 

(0.65 um)

I
Plating onto 

Skirrow's agar
in an anaerobic incubator or under 
a constant flow of 5% Oa, 10% COa, 
85% Na (5 to 7 ml/min) bubbled 
into broth.

I

Suspension in enrichment 
broth under

microaerobic environment* 
(48 h at 42°C)

Sample 
(10 or 25 g )

I

Inoculation

I

Enrichment medium #

!

Incubation at 42°C 
16-18 h Microaerobic 

agitation
(100 gyrations/min)

I

Plating onto 
Campy-BAP medium

# enrichment medium is taken in 
250 ml sidearm od capped 
Erlenmeyer flask, evacuated 3 times 
at 20 in. Hg, replaced with the 
microaerobic gas mixture.

Fig. 2. Enrichment procedures for the isolation of C . je ju n i

(5 p g/m l), actid ion e (50 p g /m l), co listin  (10 u n its /  
ml) and cep h alo th in  or cep h azo lin  (15 p g /m l). 
Blaser W ang's or C am py BAP m ed iu m  (B laser  
et al. 1979) com p rises of B rucella  agar or b lood  
agar b ase  w h ich  is  su p p lem en ted  w ith  sh eep  blood  
(10% ), v a n c o m y c in  ( 1 0  p g / m l ) ,  t r im e t h o p r im  
(5 p g/m l), polym yxin  B  (2 .5  IU /m l), am p h otericin  B  
(2 pg/m l) an d  cep h a lo th in  (15 p g /m l). B rucella  
agar- b ase  com p rises of (g/1), tryptone 10, p ep tone  
10, y ea st extract 2 , dextrose 1, sod iu m  chloride 5, 
sodium  b isu lp h ite  0 .1 , agar 15 and pH 7 .0± 0 .2 . 
The blood agar b a se  c o n s is ts  of (g/1), p roteose  
peptone 15, liver d igest 2 .5 , y ea st extract 5 , sod iu m  
chloride 5, agar 15 an d  pH 7 .4 ± 0 .2 . C olum bia agar  
b ase com prises o f  (g/1), sp ecia l p ep ton e 2 3 , c o m

starch  1, sod iu m  ch loride 5, agar 15 an d  pH  
7 .3 ± 0 .2  (Him edia 1989).

O n th e p lating m ed ia , after su ita b le  in cu b ation  
period, typical C a m p y l o b a c t e r  co lo n ies  are sm ooth , 
convex, tran slu cen t, co lo u r less  to  cream -colou red , 
p in -p o in t to  2 -4  m m  in  d iam eter an d  often  sh ow  
con flu en t growth. C .je ju n i  is  a m otile, G ram  negative, 
c a t a l a s e  a n d  o x id a s e  p o s i t iv e ,  o b l ig a te  
m icroaerophilic vibrio requiring sm all a m o u n ts  of 
Oz (3-6%) an d  C 0 2 (10%). It grow s b e s t  at 42°C, 
b u t not at 25°C. Growth a lso  occu rs  in  th e  p resen ce  
of 1% glycine and 1% ox-gall, b u t  n ot at 1.5% NaCl. 
It ca n  hydrolyse h ip p u rate, red u ce nitrate and  
produce a lk aline p h o sp h a ta se .
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L i s t e r i a  m o n o c y t o g e n e s

It is  y e t an oth er  p a th ogen s o f em erging p ublic  
h ealth  sign ificance. R ecent review s h ave focu ssed  
on th e various m eth o d s an d  m ed ia  to iso late  and  
enum erate L i s t e r ia  m o n o c y t o g e n e s  from  variou s  
so u rces in clud in g food s (D onelly 1988; C assid ay  
and Brackett 1989).
E n r i c h m e n t  : Early en rich m en t p roced u res involved  
in cu b ation  o f th e  sam p le  for 2 4  h  in  a n u trient 
broth con ta in in g  one o f th e  selective  ag en ts  su ch  
as, gu anofuracin , lith iu m  chloride, nalid ixic acid , 
acriflavin (trypaflavin) an d  cyclohexam ide. P lating  
is  done on  a non-selective or selective agar containing  
the sam e inhib itory agent (Gray et al. 1950). O ther  
effective enrich m en t m ed ia  u se d  are : (i) tryptose  
p h osp h ate  broth con ta in in g  10 ppm  of furacin  
(McBride an d  Girard 1960) an d  (ii) tiyp aflavin-  
nalidixic acid-cyclohexam ide broth (TNCB) con sistin g  
of bacto tryptose b roth  (Difco) 2 6  g p er 1 0 0 0  m l 
w ith 10 m g trypaflavin d isso lved  in  5 m l w ater, 
4 0  m g nalid ixic acid  d isso lved  in  4  m l o f 0 .0 5  N 
NaOH and 5 0  m g cycloh exam id e d isso lved  in  5 m l 
of 40% eth an ol (Northolt 1989). The advantage of  
a fluid m ed iu m  is  th e  sem i-an aerob ic  con d ition  
w h ich  e n h a n c e s  m u ltip lica tio n  o f facu lta tive ly  
anaerobic L i s t e r ia  spp .
S e l e c t i v e  p l a t i n g  m e d i a  : M cBride Listeria Agar (MLA) 
en ab les iso la tion  o f L .m o n o c y t o g e n e s  from  m ixed  
cu ltu res. The m ed iu m  com p rises o f p h en y l eth an ol 
agar b ase  (Difco), lith iu m  chloride, g lycin e and  
blood (McBride and Girard 1960). In the m odified  
MLA (MMLA), t h e  b lo o d  is  r e p la c e d  w ith  
cyclohexam ide to in h ib it th e  growth of m o ld s  
(Lovett et al. 1987) and th is  m ed iu m  is  presen tly  
u s e d  b y  U n ite d  S t a t e s  F o o d  a n d  D r u g  
A dm inistration. In a la ter m odification  o f the  
m edium , k n ow n  a s  A R S-m odified M cBride agar  
(ARS-MMA), n a lid ix ic  a c id , m o x a la c ta m  an d  
bacitracin  are added to  the m ed iu m  (B u ch an an  
et al. 1987). A nother com m on ly  u sed  m ed iu m  is  
the trypaflavine-nalid ixic ac id -seru m -agar (TNSA), 
the selectiv ity  o f w h ich  is  en h an ced  by th e  addition  
of polym yxin B  (C assiday an d  B rackett 1989).

The procedure for iso la tin g  L .m o n o c y t o g e n e s  
from m ilk  and dairy p rod u cts (Lovett et al. 1987), 
p resently  u sed  by the FDA (US), involves enrichm ent 
of the sam p le  for 4 8  h  at 30°C  in a broth co n sistin g  
of trypticase soy  broth , y ea st extract, acriflavine  
HC1, nalid ixic acid  an d  cycloh exam id e and th is  is  
followed b y  streak in g  on to  MMLA. B esid es , 1 m l 
of the en rich m en t m ixtu re is  added  to 9 m l of

0.5%  KOH, m ixed  briefly, th en  streak ed  on to  
MMLA. P la tes are in cu b ated  at 35°C  for 4 8  h . 
P resum ptive L. m o n o c y t o g e n e s  co lo n ies  are v iew ed  
through  a d issec tin g  m icroscop e, w h erein  th e  light 
reflects o n  th e bottom  o f th e  petri p la te  a t a 45°C  
angle. The co lon ies ap p ear p ea r lescen t b lu e  w h e n  
observed  in  th is  m an n er. E xten d in g th e  in cu b a tio n  
period in  th e  en rich m en t broth to  7 d ay s a llow s  
b e tte r  reco v ery  o f  e n v ir o n m e n ta lly  s t r e s s e d  
organ ism s (H ayes et al. 1986).

The FDA p rocedure w a s  m odified  to  iso la te
L .m o n o c y t o g e n e s  from  raw m ilk  an d  soft c h e e s e s  
(B eckers et al. 1987). In th is  c a se , th e  sa m p le  is  
enriched  for 2 4  h  at 30°C  in  tryp tose  b roth  
su p p lem en ted  w ith  trypaflavine HC1, n alid ix ic  acid  
and cyclohexam ide. A  loopful o f th is  m ixtu re is  th e n  
streak ed  on to  TNSA p la tes, w h ile  th e  rem ain in g  is  
in cu b ated  a t 4°C and p lated  on to  TNSA after 1 an d  
2 w eek s and 1 an d  2 m o n th s. TNSA p la te s  are  
in cu b ated  m icroaerophilica lly  in  a n  a tm osp h ere  o f 
5% 0 2, 10% C 0 2 an d  85%  N2 at 37°C  for 4 8  h . 
R esu lts  in d icated  th a t co ld  en rich m en t in  b roth  
gave a  h igher recovery o f L .m o n o c y t o g e n e s .  In 
an oth er  s tu d y  (Northolt 1989), en rich m en t in  TNCB  
an d  p lating on  TNSA resu lted  in  th e  d e tectio n  of 
low  n u m b er o f L .m o n o c y t o g e n e s  in  sa m p le s  o f m ilk , 
w hey, G ouda ch e e se  an d  sm eared  c h eese .

O n TNSA m ed iu m , L i s t e r i a  sp p . p rod u ce b lu ish -  
green  co lon ies w ith  ch aracteristic  u n ev en ly  g littering  
su rface. L .m o n o c y t o g e n e s  is  a m otile . G ram  p ositive , 
o x id a se  n eg a tiv e , c a ta la se  p o s it iv e  a n d  n o n -  
sp oru lating  rod. It h a s  a w ide ran ge o f grow th  
tem perature from  3  to 45°C  w ith  a n  op tim u m  of  
30-37°C . Growth is  en h an ced  u n d er  d ecreased  0 2 
con cen tration  an d  w ith  su p p lem en ta tio n  o f C 0 2.
Y e r s i n i a  e n t e r o c o l i t i c a

It is  a lso  k n ow n  a s  a p a th o g en  o f em erging  
p ublic  h ea lth  sign ifican ce. The p rocedure to  d etect  
Y e r s i n i a  e n t e r o c o l i t i c a  prim arily fo c u sse s  o n  iso la tio n  
an d  identification  o f v iru len t s tra in s  in  foods. T h is  
is  ach ieved  by th e  en rich m en t treatm en t w h ich  
prom otes grow th o f very sm all n u m b ers  o f th e  
organ ism  an d  a lso  en ab le  reco v e iy  o f injured ce lls  
(Doyle 1986).
E n r i c h m e n t  : The alkali p ost-en r ich m en t trea tm en t  
is  accom p lish ed  in  a n o n -se lec tiv e  m ed iu m  su c h  
as, ph osp h ate-b u ffered  sa lin e  (PBS) for 2 -4  w e e k s  
at 4°C. A  4-fold  in crease  in  th e  reco v e iy  o f  
Y . e n te r o c o l i t i c a  an d  elim in ation  o f bther b ack g rou n d  
con tam in an ts b y  sam e folds are achieved  b y  exp osin g
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cu ltu res grow n in  en rich m en t broth  to 0.5%  
p otassiu m  hydroxide prior to p lating (Aulisio et al.
1980). A 2 -4  w eek  cold  en rich m en t procedure is  
not am enable to routine testin g  o f foods. T h is led  
to the developm ent o f a 1-3 day en rich m en t, KOH 
p ost-enrichm ent treatm ent w h ich  gave effective  
recovery of Y .e n te r o c o l i t ic a  (Doyle and H ugdahl 1983). 
In th is  procedure, 1 g sa m p le  of food is  enriched  
in PBS at 25°C for 4 8  an d  72  h  an d  2 5  g  sam p le  
for 2 4  an d  4 8  h. After in cu b ation , 0 .5  m l of 
enrichm ent cu ltu re is  treated  w ith  4 .5  m l o f 0 .25%  
KOH for 2 m in . or 0.5%  KOH for 15 sec  and
0 .  1 m l a liq u ots o f treated  cu ltu re  are p lated  onto  
the selective agar.

The tw o -step  en r ich m en t p roced u re is  a  
prom ising m ethod  to  recover Y .e n te r o c o l i t i c a  from  
foods (Sch iem an n  1982). P re-enrichm ent of th e  
sam ple is  carried out at 4°C w ith  either PBS for 
14 days or y ea st extract-rose  b engal (YER) broth  
for 9 days. T h is is  follow ed b y  selective  en rich m en t 
in  b ile -oxalate-sorbose (BOS) broth for 5 d ays at 
22°C. In a later m odification , p re-en richm en t is  
done in  trypticase so y  b roth  for 1 d ay at 22°C and  
then  for 4  to 7 d ays at 2-4°C  follow ed b y  selective  
enrichm ent in  BO S at 22°C for 3 -5  d ays (Sch iem ann
1983).

O n th e  b a s i s  o f  s e le c t iv i t y  a n d  e a s y  
d ifferen tia tio n  o f c o lo n ie s  o f  Y . e n t e r o c o l i t i c a ,  
cefsu lod in -irgasan -n ovobiocin  (CIN) agar h a s  g iven  
best resu lts  for iso la tin g  th is  organ ism  from  food  
hom ogenates or en rich m en t cu ltu res  (Sch iem an n  
1979; D even ish  an d  S ch iem an n  1981). CIN agar  
com prises o f (g/1), p ep ton e sp ecia l 2 0 , y ea st extract 
2, m annitol 20 , so d iu m  pyruvate 2 , sod iu m  chloride
1, m agn esiu m  su lp h a te  0 .0 1 , sod iu m  d eoxych olate
0 .5 , neutra l red 0 .0 3 , crysta l v io let 0 .0 0 1 , agar 15 
and pH 7 .4 1 0 .2  (HiMedia 1989). T he m ed iu m  is  
autoclaved. Prior to  pou rin g th e  p la tes, cefsu lod in
7.5  m g, iragasan  2 m g an d  n ovobiocin  1 .25  m g  
are m ixed in  2 m l ster ile  d istilled  w ater an d  1 m l 
ethyl a lcohol an d  ad d ed  to 5 0 0  m l quan tity  of 
m olten CIN b a sa l m ed iu m .

Typical Y .e n te r o c o l i t i c a  co lon ies on  CIN agar  
are tra n slu scen t w ith  a  dark  red cen tre  "bull's eye" 
surrounded b y  tran sp aren t border an d  precip itation  
of bile. Y .e n te r o c o l i t i c a  is  a m otile, G ram  negative, 
ox id ase n eg a tiv e , c a ta la se  p o sitiv e  an d  n o n -  
sporulating ovoid rod, arranged sin g ly  or in  short  
chains. It h a s  a n  op tim u m  grow th tem perature of 
25  to 39°C and op tim u m  pH o f 7 to 8. The organ ism  
is sensitive to  NaCl (5%) an d  acid ity  (pH 4.6). Acid  
is  produced from  g lu co se , ga lactose , fructose, 
m altose, m an n ose , m an n ito l and  su cro se , b u t not

from  xy lo se , rh am n ose , raffinose an d  arab inose. 
Y .e n te r o c o l i t i c a  is  p ositive  for u rea se  an d  negative  
for p h en y la lan in e an d  tryp top han  d eam in a se .
Conclusion

A  su b sta n tia l p rogress h a s  b een  m ad e in  
developing • m ed ia  and m eth o d s  for ea sier  and  
reliable en u m eration , iso la tio n  an d  id en tification  of 
im portant food b om e b acteria l p a th o g en s. However, 
selection  o f the m ethodology is  o f critical im portance. 
There is  a  grow ing n eed  for m ore rapid, sen sitive  
an d  reliable te s ts  to  d etect th e se  p a th o g en s a s  w ell 
a s  their toxigenic properties for en ab lin g  to  overcom e  
th e  public h ea lth  hazards.
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P r e p a r a t i o n  o f  M e d i u m  F a t - S o y f l o u r  a t  S m a l l  S c a l e

L .K .  S E N H A * A N D  N A W A B  A L I
S oy b ean  P rocessin g  an d  U tilization Project

C entral In stitu te  of A gricultural E ngineering, (ICAR), N abi-bagh, B h op al - 4 6 2  0 1 8 , India
Process for partial extraction of oil using an expeller and production of flour from partially deoiled soycake has 

been developed. The process consists of cleaning, dehulling and splitting of soybean, steaming and flaking of soysplits, 
deoiling of (lakes in a screw press and grinding of edible cake to flour which has less than 6% oil and about 50% 
proteins. The process is potential for producing oil as well as protein-rich flour on a small scale.
Keywords : Soybean, Soybean processing, Medium fat soyflour, Proximate analysis, Storage of flour, Organoleptic 

evaluation
T hough soy b ean  is  rich  in  p rote in s an d  low  

in  oil con ten t, a s  com pared  to other o ilseed s, it is  
m ain ly  being utilized  in  India for prod u cin g oil 
through solvent extraction. The deoiled m eal obtained  
after extraction  is  exported to  foreign cou n tr ies  for 
feed p u rposes. N ow adays, great em p h a sis  is  b ein g  
placed on  th e  u se  of soy b ean , n ot on ly for its  oil 
b u t a lso  for its  p rotein s for h u m a n  con su m p tion . 
T his aim  ca n  b e ach ieved  if  soy b ean  is  partially  
extracted for its  oil, u s in g  a screw  p r ess  an d  th e  
protein-rich cake is  converted  in to  ed ib le product 
for h u m an  con su m p tion . A s screw  p r e sse s  are u sed  
w idely in  India at village an d  sm all sca le  levels for 
extraction of oil from  o ilseed s oth er th a n  soyb ean , 
m ech an ica l deoiling o f soy b ean  w ou ld  b e a b etter  
option for extraction  o f oil an d  p rod u ction  o f edible  
grade cake for further p rocessin g  to ob ta in  m ed iu m  
fat soyflour. U se o f w h eat and m ed iu m  fat soyflour  
blend for m ak ing  trad itional food item s ca n  offer 
an  u n iq u e opportunity for com b atin g  protein -calorie  
m alnutrition  prevailing am on g ou r m a sse s . K eeping  
th is  in  view, a  p ro cess w hich  co n s is ts  o f condition ing  
soy  sp lits  for partial oil extraction  through  an  
expeller an d  p rod u ction  o f flour from  th e  ed ib le  
grade cake for m ak ing  m ed iu m  fat soyflour on  sm all 
sca le  h a s  b een  developed.
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 , v a r ie t y  'J S - 7 2 4 4 ' ,  g r o w n  a t  
experim ental farm  o f Central Institu te o f A gricultural 
E ngineering, B hopal, w a s u sed  in  th e  p resen t  
experim ent. W hole an d  sou n d  soyb ean s w ere cleaned  
w ith a sw in gin g  type m an u ally -op erated  double  
screen  grain  c lea n er  an d  d eh u lled  m an u a lly  to  get 
clean  sp lits . The sp lits  w ere th en  stea m ed  for 18 
m in. at atm osp h eric  p ressu re  w h ich  w a s  optim um  
for flaking in  a sm all cap acity  roller flaking m ach ine. 
The flak es w ere expelled  in  a m ech an ica l screw
* C o r re sp o n d in g  A u th o r

p ress  to  get ed ib le grade soy cak e an d  oil in  th ree  
p a sse s . T he cak e w a s  grou n d  in to  flour o f d esired  
particle s ize  u s in g  a grinder. T he p ro cess  flow  ch art  
for m ak ing  m ed iu m  fat soyflou r o n  sm a ll sca le  is  
sh ow n  in  Fig. 1.

RAW SOYBEAN
I

CLEANING — > Impureeties
1

DEHULLING — »  Hulls
1

STEAMING
I

FLAKING
1

OIL EXPELLING — > 0il
1

GRINDING
1

SOYFLOUR
Fig. 1 Process flow chart for making medium fat-soyflour

The flour w a s  stored  in  m eta llic  co n ta in ers  
an d  in  4 0 0  gau ge p olyeth y len e b a g s  for fou r  
m on th s. Free fatty a c id s  (FFA), m o istu re  a n d  in se c t  
in festa tion  w ere m ea su red  at m o n th ly  in terva ls. 
Soyflour w a s  an a lysed  for v a r io u s co m p o n en ts , viz. 
protein , fat, fibre, a sh , FFA an d  m o istu re  a s  p er  
AOAC (1984) m eth o d s. N itrogen so lu b ility  in d ex , 
urease activity an d  w ater absorption  w ere determ ined  
b y AOCS (1975) m eth o d s. B len d s o f  w h ea t flour  
an d  m ed iu m  fat soyflour at 10 an d  15% lev e ls  w ere  
u sed  for preparation  o f trad itional food s viz. c h a p a t i ,  
p u r e e  e tc ., T h ese  p rod u cts w ere eva lu a ted  for 
sen so ry  ch a ra cter istics  b y  BSI (1975) m eth o d s.
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Particle size d istr ib u tion  w a s  m ea su red  according
to the procedure d escribed  b y  S a h ay  (1984). table  2. particle siz e  d istr ib u tio n  o f  m ed iu m  fat

R e s u l t s  a n d  D i s c u s s i o n
P r o x im a te  a n a l y s i s  : T en  kg o f so y b ea n  p rod u ces
7.5 kg of edible grade m ed iu m  fat soyflour. The  
quality o f th e  flour is  in  accord an ce w ith  th e  
standards prescribed  by the BSI (1975b). The  
proxim ate a n a ly sis  o f  th e  flour revealed  th a t it

TABLE 1. COMPOSITION OF MEDIUM FAT
SOYFLOUR

Parameter Value
Protein content, % 49.8
Oil content, % 5.0
Moisture content, % 6.3
Ash content, % 5.8
Fibre content, % 2.5
Water absorption, % 284.0
Average particle size, mm 0.3
Nitrogen solubility, % 17.5
Urease activity, change in pH unit Nil

Sieve
No.
ISS

Sieve
aper
ture

Particle 
size on 

sieve
Wt. of 

particles 
on sieve

% of 
particle 

on sieve 
by wt.

% of wt. 
finer than 

sieve 
aperture

100 1000 1096 0.0 0.00 100.00
70 708 842 0.0 0.00 100.00
50 500 595 1.0 0.99 99.01
40 420 458 22.0 21.87 77.14
30 296 353 10.0 9.94 67.20
20 211 250 64.0 63.62 3.58
15 157 182 1.0 1.59 1.59

Pan - 140 2.0 1.99 _

Geometric mean particle = 294p, Geometric standard 
deviation = ± 0.99, Feeding rate = 10 kg/h, 

Rotor speed = 1800 rpm.

TABLE 3. MEAN SCORE OF SENSORY PANEL JUDGES FOR 
THE CHARACTERISTICS OF MEDIUM-FAT SOYFLOUR

Blending of traditional food with 
medium-fat soyflour

con tains ab out 50%  protein , 5.4%  oil and 6.3%  
m oisture; other co n stitu e n ts  a cco u n tin g  for th e  
rem aining 38.3%  of th e  flour (Table 1). Particle size  
distribution a n a ly sis  a s  sh o w n  in  Table 2 in d ica tes  
that th e tota l flour p a s s e s  throu gh  5 0  m esh  size. 
C om parison o f particle size  of m ed iu m  fat soyflour  
with that o f  w h eat a t t a  (ISI 1968) in d icated  th a t  
flour obtained  h a s  finer p artic les th a n  w h eat a t t a .  
The w ater ab sorption  cap acity  o f th e  m ed iu m  fat 
soy flour is  284% , thereb y in d icating  th a t its  b lend  
with w heat flour w ou ld  absorb  m ore w ater. 
S to r a b i l i ty  o f  t h e  f l o u r  : The m ed iu m  fat soyflour  
w as stored in  m etallic  con ta in ers an d  p olyethylen e  
bags for a period o f 4  m o n th s u n d er  room  
conditions. The m in im u m  an d  m ax im u m  room  
tem peratures during th e  period w ere 6 .2 °  and  
43.4°C , respectively , w h ile  the relative h u m id ity  
fluctuated from 12 to  93%. The average tem perature

Characteri
stics

B h q jia  from 
chickpea

P u r e e  from 
wheat flour

C h a p a t is  from 
wheat flour

10% 15% 10% 15% 10% 15%
Taste 7.78 6.89 7.89 6.67 7.11 6.22
Flavour 7.67 7.44 7.33 6.67 7.56 7.11
Feel 7.11 7.00 7.56 6.89 7.56 7.33
Colour 7.67 7.33 7.33 7.33 7.22 7.22
Appear
ance 7.56 7.56 7.89 7.44 7.44 7.22
General
accepta
bility 7.56 7.45 7.33 7.00 7.89 6.78

an d  relative h u m id ity  w ere 26 .9°C  an d  40% , 
respectively. A n a lysis  of th e  sa m p les  in d ica ted  n o  
appreciable variation  in  FFA an d  m o istu re  co n ten ts. 
T h ese sam p les w ere a lso  free from  in sec t  in festation .

TABLE 4. ANALYSIS OF VARIANCE OF THE TEST PANEL SCORES FOR THE CHARACTERISTICS OF DIFFERENT 
MEDIUM-FAT SOYFLOUR-BASED PRODUCTS

Mean score of square
Source of Degree of
variation freedom Taste Flavour

(df)n-1
Products 5 3.75 1.19
Judges 8 0.59 0.74
Error 40 0.48 0.94

Feel Colour Appear
ance

General
acceptability

0.73 0.24 0.43 1.42
0.80 1.98 0.94 0.96
0.55 0.98 0.60 0.68
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TABLE 5. COMPARISON OF WHEAT FLOUR WITH MEDIUM 

FAT ■ SOYFLOUR AND THEIR BLEND FOR PROTEIN 
CONTENT AND OTHER VALUES.

Constituents/
values

Wheat
flour

Medium
soyflour

Wheat- 
medium 
fat soy

flour blend 
(10:90)

% increase 
in value 

of soywheat 
blend over 

wheat flour
Protein, % 12.1* 49.8 15.9 23.8
Fat, % 1.7 5.4 2.1 26.1
Fibre, % 1.9 2.5 2.0 12.8
Cost, Rs. 5.5** 9.5“ 5.9 7.3
Approximate 
cost of 1 kg 
protein (Rs.) 45.5 19.1 42.9 H  5.7

* Gopalan et al. (1987)
** Bhopal based

O r g a n o le p t ic  e v a l u a t i o n  : The quality  ch aracters and  
general acceptab ility  o f trad itional food item s viz. 
c h a p a l i  p u r e e  e tc ., b lended  w ith m edium -fat soyflour  
were above th e m in im u m  acceptab le  score o f five 
(Table 3) on  H edonic sca le . T h is in d ica tes th a t th e  
products have b een  liked  by th e  ju d g es . A n a lysis  
of variance o f th e te s t  p an el sco res  for each  
characteristic  o f  different p rod u cts, m ad e from  
m edium -fat soyflour, revealed  th a t th e  difference  
am ong the treatm ent is  sign ifican t on ly  for ta ste

am ong the p rod u cts and n ot for oth er ch aracter istics  
an d  general acceptab ility  (Table 4). T he b len d  of 
10% m ed iu m -fat soyflour and 90%  w h ea t flour m a y  
b e u se d  for m ak ing  accep tab le  trad ition al food s. 
C o s t  o f  p r o t e i n : M edium -fat soyflour is  a n  econ om ical 
sou rce o f protein  a s  com pared  to  w h ea t flour (Table
5). M ixing o f w h eat flour w ith  10% m ed iu m -fat  
soyflour in crea ses  th e  protein  co n ten t of th e  b len d  
to 15.9%  at a n om in a l in crea se  in  price. T he  
protein-rich  m ed iu m -fat soyflou r c a n  b e  u se d  in  
trad itional food s to  com b at protein  m aln u trition .
R e f e r e n c e s
AOAC (1984) Official Methods of Analysis, Association of Official 

Analytical Chemists, Chicago
AOCS (1975) Official and Tentative Methods, American Oil 

Chemists' Society, Chicago
BSI (1968) Specifications for Wheat Atta IS: 1155-1968. Bureau 

of Indian Standards, New Delhi
BSI (1975 a) Guide for Sensory Evaluation of Foods, IS: 6273, 

1975-Part III. Statistical Analysis of Data. Bureau of Indian 
Standards, New Delhi

BSI (1975 b) Specifications for Medium-Fat Soyflour, 
IS: 7835-1975, Bureau of Indian Standards, New Delhi
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Value of Indian Foods. National Institute of Nutrition, 
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S t u d i e s  o n  M i l l i n g ,  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 ,  N u t r i e n t  
C o m p o s i t i o n  a n d  D i e t a r y  F i b r e  C o n t e n t  o f  M i l l e t s

N .A . H A D IM A N I  A N D  N .G .  M A L L E S  H I*
C ereal S cien ce  an d  T echnology D iscip lin e  

C entral F ood T echnological R esearch  In stitu te , M ysore-570  0 1 3 , India.
Pearl millet and small millets were studied for milling characteristics and the milled fractions were analysed 

for chemical composition and dietary fibre content. The milled grains were also evaluated for cooking quality. The 
yields of milled grains, bran and husk varied from 63.2 to 90.0%, 5.0 to 11.0% and 1.5 to 29.3% respectively. Milled 
grains contained about 90 and 70% of the grain protein and grain fat, respectively. The oil contents of the bran 
from pearl, finger and other small millets were 15, 3 and 23-27%, respectively. The total dietary fibre contents of 
milled grains ranged from 9-16% out of which 32-50% was soluble dietary fibre. Milled millet grains cooked soft within 
a short period when added to boiling water. The Brabender visco-amylograms of milled millet flour indicated a 
gelatinisation temperature of about 75 ± 2DC, peak viscosity of 220-560 BU, breakdown viscosity of 20-120 BU and 
cold paste viscosity of 340-1120 BU.
Keywords : Millets, Milling, Physico-chemical properties, Nutrient composition, Dietary fibre, Cooking time.

Pearl m illet ( P e n n i s e t u m  a m e r ic a n u m )  an d  sm all 
m illets, viz., finger m illet ( E l e u s i n e  c o r a c a n a ) ,  proso  
m illet ( P a n ic u m  m i l ia c e u m ) ,  kodo m illet ( P a s p a l u m  
s c r o b ic u la tu m ) ,  foxtail m illet ( S e ta r ia  ita lic a ) , barnyard  
millet (E c h in o c h lo a  c o lo n a )  and  little m illet ( P a n ic u m  
m ilia re )  are c lassified  a s  coarse  gra in s and cu ltivated  
m ostly  in  A sian  an d  A frican cou n tr ies . The tota l 
production o f m ille ts  in  th e  W orld an d  in  India  
during 1 9 9 0  w a s  3 0  an d  1 0 .5  m illio n  MT, 
respectively (FAO 1991).

M illets are sm all-sized  gra in s, con ta in in g  large 
proportions o f h u sk  an d  b ran , require d eh u sk in g  
and debranning prior to  co n su m p tio n  (H ulse et al.
1980). The nutritive va lu e  o f m ille ts  is  com parable  
to other cerea ls, som e of th em  are even  b etter  w ith  
regard to average protein  an d  m in era l co n ten ts  
(Gopalan et al. 1989). M illets were earlier decorticated  
at h ou seh old  level b y  h an d  p ou n d in g , b u t are 
currently m illed  in  rice m illing m ach in ery  w ith  a 
slight m odification  o f th e  p rocess. The m ille ts  are 
m ostly pow dered in  p late m ills  and  the w hole m eal 
is u sed  for traditional food p rep aration s (D esikachar
1975).

A lthough m ille ts  are n u trition ally  superior, the  
non-availability of refined an d  p rocessed  m ille ts  in  
ready-to-use form  h a s  lim ited  th eir  w ider u se  and  
acceptability. M illets are, therefore, con fin ed  to  
traditional co n su m ers an d  a lso  to  th e  peop le of 
lower econom ic stra ta  (D esik achar 1977). H ence, 
there is  a n eed  to develop su itab le  m illing sy s te m s  
to obtain  m illed m illet gra in s at h o u seh o ld  and

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

sm a ll-sca le  in d u str ia l lev e ls  w ith  a v iew  to  facilitate  
their  ea sy  availab ility  in  rea d y -to -u se  form . In th e  
p resen t paper, th e  r e su lts  o f  th e  s tu d ie s  on  
d eh usk ing and debranning o f m illets u sin g  laboratory  
sca le  rice m illing m ach in ery , th e  p h ysico -ch em ica l 
properties, n u tr ien t com p o sition  an d  d ietary fibre 
con ten t of the m illed  fraction s o f m ille ts  are 
reported.
M a t e r i a l s  a n d  M e t h o d s

The pearl m illet sam p le  w a s  ob ta in ed  from  the  
A gricultural R esearch  S ta tion , G ulbarga, an d  the  
sm all m ille ts, viz., finger, foxtail, proso, little, kodo  
an d  barnyard m ille ts  w ere p rocured  from  th e  
U n iv e r s ity  o f  A g r ic u ltu r a l S c ie n c e s ,  H eb b a l, 
Bangalore.

The sm all m ille ts  w ere d eh u lled  in  a centrifugal 
sh eller  (Sm ith 1955) an d  d eb ran n ed  in  a  laboratory  
sca le  McGill Mill No. 1. The y ie ld s  o f g lu m e s /h u s k ,  
b ran  an d  debranned  m ille ts  w ere recorded. In ca se  
of finger m illet, m o ist con d ition in g , grinding and  
siev in g  tech n iq u es  w ere follow ed an d  th e  y ield  of 
th e  -6 0  m esh  fraction  w a s  recorded  a s  d eb ran n ed  
flour (M alleshi and D esik a ch a r  1981). The pearl 
m illet w a s  d eglum ed  an d  d eb ran n ed  in  th e  McGill 
Mill. T h ou sa n d  k ern el w eigh t an d  vo lu m e o f w hole, 
d eh u sk ed  and d eb ran n ed  m ille ts  w ere determ ined  
u sin g  a N um igral G rain C ou nter (Tecator) and  
B eck m an  Air C om parison  P ycon om eter (Model 930), 
respectively.

The h a rd n ess  of w h o le  an d  m illed  gra in s w a s  
m easu red  u sin g  a B rabender h a rd n ess  and structure  
tester; a 5 0  g sam p le w a s  grou n d  in  th e h ard n ess
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tester  w ith  a c learan ce ad ju sted  to 0 .5  m m  (1 .5  
m m  in  ca se  of pearl m illet an d  finger m illet) and  
the torque developed  during grinding w a s  plotted  
b y the in stru m en t ag a in st tim e ax is  and th e  area  
covered b y  the p eak  in  sq  cm  w a s  tak en  a s  th e  
h a rd n ess  in  B rabender u n its  (BU).

D ehusked  an d  debranned m illets w ere powdered  
in  a Udy cyclon e m ill an d  th eir  defatted  flou rs w ere 
analysed  for their  n u tr ien t com p osition  b y  stan dard  
AACC (1983) proced u res. Total an d  so lu b le  dietary  
fibre con ten t o f debranned  m ille ts  and th a t o f bran  
w a s estim ated  b y  th e  enzym atic m ethod  (Asp et al.
1983). The cook ing tim e o f m illed  gra in s w a s  
determ ined by dropping th e  gra in s in to  boiling  
water and cooking till the  grains becam e translucent. 
The tran slu cen ce  w a s  tested  periodically b y  p ressin g  
b etw een  tw o s lid es . P astin g  ch a ra cter istics  o f  
debranned flour (10% slurry) w a s  stu d ied  in  a  
Brabender v isco-am ylograph (Hallic an d  Kelly 1959).
R e s u l t s  a n d  D i s c u s s i o n

The h u sk s  of p roso , foxtail, kodo, little  and  
barnyard m ille ts  w ere sep arated  effectively in  a  
centrifugal sheller. T he yield  o f h u sk  from  sm all 
m illets ranged from  1 6 .0  to  29.0%  (Table 1), th e  
h igh est b ein g  from  kodo m illet (29.0% ). Pearl m illet 
g lu m es accou n ted  for on ly  1.5% of the m illet and  
w ere easily  rem oved in  th e  M cGill Mill. The

D esik ach ar 1985).
The th o u sa n d  k ernel w eigh t an d  vo lu m e o f th e  

m illets  ranged  from  2 .3  to  7 .1  g  an d  1 .4 -5 .1  m l. 
respectively, w h ile  th eir  d en s it ie s  ran ged  from  1 .3 7  
to  1 .64  g /m l (table 1). T h o u sa n d  k ern el w eigh t an d  
vo lu m e o f m illed  gra in s ranged  from  1 .9 -5 .8  g and
1 .3 -3 .8  m l, respectively. A s exp ected , th e  d en s ity  
of m illed  gra in s ranged from  1 .4 0 -1 .8 0 , w h ich  w a s  
higher th a n  w h ole  gra in s. The h a r d n e ss  v a lu e s  o f  
w hole an d  m illed  pearl m illet gra in  at 1 .5  m m  
clearan ce w ere 5 6  an d  4 3  BU , resp ectively . U n d er  
sam e c learan ce, th e  h a rd n ess  o f  finger m illet w a s  
4 6  BU. H owever, b e c a u se  o f th e  sm a ll s ize  o f  o th er  
sm all m ille ts, th e  h a rd n ess  w a s  m ea su red  at low er  
clearan ce (0 .5  m m ). H ard n ess varied  from  4 4 -1 4 4  
BU for w hole gra in s an d  5 3 -6 7  BU  for m illed  
m illets. A m ong th e  sm all m ille ts, th e  h a rd n ess  o f  
w h ole  kodo m illet w a s  h ig h est  (1 4 4  BU), w h erea s  
am on g th e  m illed  m ille ts, foxtail exh ib ited  h ig h est  
h a rd n ess  va lu e  (67 BU). From  th is , it m a y  b e  
inferred th a t th e  seed  coa t (h u sk  an d  bran) o f  
m illets  con trib u te  su b sta n tia lly  to  th e  h a r d n e ss  o f  
gra in s .

The n u tr ien t com p o sition  o f d eh u sk ed  an d  
debranned  gra in s, an d  th e  d ietary fibre c o n ten ts  
of m illed  g ra in s a n d  b ra n  are p r e sen ted  in  
Table 2 . The protein  c o n te n ts  of th e  d eh u sk ed

TABLE 1 : MILLING YIELD, PHYSICAL PROPERTIES AND COOKING TIME OF MILLED MILLETS
Millet Milling yield, % 1000 kernel 1000 kernel Density Hardness, Cooking

Milled Bran Husk
weight, g volume, ml B.U. time, min

grain w D M w D M W D M W M M
Pearl 90.0 10.0 1.5 6.0 5.8 5.2 4.3 3.9 3.6 1.39 1.48 1.44 56* 53* 9
Finger 89.0 11.0 - 2.9 - - 2.1 - - 1.38 - - 40* - 6
Proso 78.8 5.0 16.2 7.1 6.1 5.8 5.1 4.3 3.8 1.39 1.42 1.46 56 60 4
Foxtail 77.2 6.0 16.8 2.6 2.2 2.1 1.9 1.8 1.5 1.37 1.22 1.40 69 67 4
Kodo 63.2 7.5 29.3 6.7 4.4 4.2 4.8 3.3 2.8 1.38 1.33 1.50 114 58 3
Little 77.0 6.1 17.0 2.3 2.0 1.9 1.4 1.2 1.3 1.64 1.66 1.46 44 59 3
Barnyard 77.5 6.0 16.5 3.3 2.6 2.7 2.4 1.9 1.5 1.37 1.37 1.80 83 62 4
W : Whole grain; D; Deglumed; M: Milled; - : Not available; • At clearance 1.5 mm, all others at 0.5 mm

debranned m ille ts w ere w h ite  in co lou r and m illets varied b etw een 8.7% (kodo m illet) an d
resem bled  rice, excep t in  c a se  of foxtail m illet, 
w hich  h ad  light go ld en  yellow  colour. B ran yield  
w a s around 10% for pearl m illet an d  5 .0  to  7.5%  
for sm all m illets. M oist con d ition in g , grinding and  
sieving o f finger m illet y ield ed  89%  debranned  flour. 
From  Table 1, it cou ld  b e  se e n  th a t th e  y ield  of 
m illed grain  w a s  low est for kodo m illet (63%) and  
h igh est for pearl m illet (90%). The m illing y ield  data  
are in  agreem en t w ith  th o se  reported in  th e  
literature (Kadkol et al. 1954; M allesh i an d

13.8%  (pearl m illet), w h erea s  in  c a se  of m illed  
gra in s, it varied  from  5.8%  (finger m illet) to  12.7%  
(pearl m illet). The fat co n ten t o f d eg lu m ed  m ille ts  
ranged  from  1.1% to  5.0% . M illed g ra in s co n ta in ed  
nearly  70%  of to ta l fat o f th e  w h o le  se e d s . T he  
ca lc iu m  an d  p h o sp h o ru s c o n te n ts  o f m illed  m ille ts  
varied from  2 .3  mg% to 1 6 2 .8  mg% an d  10 5  mg%  
to  4 2 5  mg%, resp ectively . M illing rem oved  n early  
50% ca lc iu m  an d  ab o u t 65%  of p h o sp h o ru s  of 
w hole seed s . The bran  fraction  from  sm a ll m ille ts,
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other th an  finger m illet, con ta in ed  23 .0 -27 .0%  oil, 
w hereas pearl m illet bran  con ta in ed  15% oil.

The tota l d ietary fibre con ten t o f debranned  
m illets ranged from  9 .0  to  16.0% . T h is in d ica tes

rice an d  w h eat (W isker et al. 1981). T h is in d ica tes  
th a t th e  sm all m ille ts  form  a n  im portant sou rce  
of so lu b le  d ietary fibre. It m a y  b e  m en tion ed  here  
th a t so lu b le  fraction  o f th e  d ietary fibre h a s

TABLE 2.: NUTRIENT COMPOSITION AND DIETARY FIBRE CONTENT OF MILLED FRACTIONS OF MILLETS

Millet Protein, 
g %

Fat 
g %

D M D M B

Pearl 13.8 12.7 5.2 4.3 15.0
Finger 9.4 5.8 1.1 0.8 3.0
Proso 11.0 10.2 4.5 2.1 27.3
Foxtail 13.7 10.5 4.8 2.3 23.2
Kodo 8.7 8.3 3.8 1.1 25.2
Little 11.4 9.5 5.4 3.1 25.6
Barn
yard 11.5 11.0 5.5 4.5 24.9

D : Deglumed; M : Milled; B : 3ran

Ash, Calcium, Phosphorus
g % mg % mg %

D M D M D M

1.8 1.5 64.7 30.0 395.0 300.5
2.8 1.0 454.1 162.8 327.9 127.2
1.4 0.6 7.8 4.5 411.9 194.7
1.5 1.4 28.2 19.1 384.5 280.9
1.1 0.3 8.1 2.3 280.4 105.5
1.6 0.9 13.1 4.4 412.4 262.7

1.9 1.6 20.5 5.5 458.4 425.3

Dietary fibre, g %
milled Bran

Solu
ble

Inso
luble

Total Solu
ble

Inso
luble

Total

6.0 10.2 16.2 6.5 42.5 49.0
6.5 5.3 11.8 3.0 31.8 40.8
4.4 9.0 13.4 7.2 36.0 43.2
3.4 6.2 9.6 2.4 40.2 42.6
5.2 6.4 11.6 5.7 42.5 48.2
5.7 10.2 15.9 3.7 45.0 48.7

6.2 8.7 14.9 5.9 31.2 37.1

that m illets, even  after rem oval o f  h u sk  and m ajor  
portion of bran , con ta in ed  appreciab le a m o u n ts  of 
dietary fibre. The so lu b le  d ietary fibre con ten t of 
m illed m illet w a s  32-50%  o f th e  to ta l dietary fibre, 
w hich rep resen ts a fairly h igher proportion a s  
com pared to  th e so lu b le  fibre v a lu es  reported for

TIME ( min)
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Fig. 1. Visco-amylograms of millet flours.

ben efic ia l effect in  rats (R anhotra et al. 1990). The  
m illet bran , b e s id e s  co n ta in in g  con sid era b ly  h igher  
prpportion o f oil, ap p ears to  b e  a good  sou rce  of 
dietary fibre. T he d efatted  b ra n  con ta in ed  37-49%  
tota l d ietary fibre, ou t o f w h ich  10-15%  w a s  so lu b le  
fraction . In v estig a tio n  w ith  regard  to  h yp er-  
ch o lesterem ic effect o f m ille ts  m ay  reveal u sefu l 
in form ation for d iversified  u s e s  o f th e ir  bran.

The cook in g tim e for th e  sm a ll m ille ts  ranged  
from  3 -6  m in u te s  an d  for pearl m illet, it w a s  9  
m in u tes . Q u ick  h ydration  an d  so ften in g  property  
of m ille ts  m ay  b e  ad v an ta geo u s for th e  developm ent 
of flaked p rod u cts an d  q u ick  cook in g  cerea ls . The  
B rabender v isco-am ylogram s o f m illet flou r (Fig. 1) 
in d icated  th a t th e  g e la tin isa tio n  tem p eratu re of 
m illet starch  w a s  arou n d  73 -7 7 °C  excep t for little  
m illet (80°C), w h ile  th e  p ea k  v isc o s ity  w a s  h ig h est  
for p roso m illet (560  BU) and lo w est for foxtail (220  
BU). The low  breakdow n v isco sity  during co n tin u o u s  
h eatin g  p h a se  at 95°C  in d ica tes  th e  sta b ility  of 
cook ed  starch  an d  su itab ility  o f  m ille ts  for u se  in  
porridges. The cold  p a ste  v isc o s ity  (at 50°C) w a s  
high  (1 1 2 0  BU) for kodo m illet an d  low  (3 4 0  BU) 
for finger m illet. T he v isco g ra m s are gen erally  
sim ilar to  rice, m aize  an d  sorg h u m  v iscogram s.

T he p rese n t  s tu d y  c lea r ly  in d ica ted  th a t  
d eh u sk in g  in  cen trifu gal sh e ller  an d  d eb ran n in g  in  
h u ller  type m a ch in e  m ay  b e  ad opted  to  get m illed  
gra in s an d  pu re bran, a lth o u g h  th ere  is  a n eed  to  
develop exclu sive  m ills  for m illin g o f  sm all m illets. 
Milled gra in s hydrate q u ick ly  an d  coo k  to soft
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texture in  a sh ort tim e. T h is sh o w s the p ossib ility  
of their u se  a s  q u ick  cook in g cerea ls. Milled m illet 
ca n  a lso  serve a s  a n  exten d er to  rice or w heat  
sem olin a  for con ven tion a l Indian  food p reparations  
like id l i  and  d o s a .  The b ran  from  m ille ts  c a n  be  
explored for its  u se  a s  an  exten d er to rice b ran  
for oil extraction s an d  th e  defatted  b ran  a s  a sou rce  
of dietary fibre.
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S t u d i e s  o n  L o w - F a t  S o f t  D o u g h  B i s c u i t s
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B aking T echnology D iscip lin e

C entral Food T echnological R esearch  In stitu te , M ysore-570  0 1 3 , India.
Studies on reduction in fat from 20 to 7.5%, in soft dough biscuits, indicated decrease in spread from 5.5 

to 5.15 cm and increase in hardness from 0.9 to 1.3 kg/biscuit. In addition, the overall quality score decreased 
from 48.5 to 30.0. Further reduction in fat adversely affected machinabillty of the dough. The adverse effects were 
considerably lower with bakery shortening as compared to other fat or oil. Lecithin at 0.5% was found to be most 
effective for improving the overall quality of low-fat biscuits. The crispness of low-fat biscuits could also be improved 
by incorporating flaked rice flour at 5% level.
Keywords : Low fat biscuits, Fat levels, Additives, Crispness, M a id a , Breaking strength.

Bakery p rod u cts h ave b ecom e p opular In India, 
as evidenced by two-fold in crease in  their production  
in the la st five years. A m ong th e se , b iscu it  form s  
the m ost popular item . Soft d ough  b isc u its  accou n t  
for over 70% of tota l prod u ction  in  India. T h ese  
types o f b isc u its  norm ally  con ta in  h igh  a m o u n ts  
of fat ranging from  15 to  25%  (SIB 1981). A s a 
result, fat alone con tr ib u tes  to ab o u t 50%  of total 
raw m aterial co st. It h a s  b een  reported th a t  
incorporation o f som e o f th e  recen tly  developed  
su rfactants cou ld  rep lace u p to  8% of fat in  coo k ies  
(Tsen et al. 1973). H ow ever, th e  in form ation  on  th e  
p ossib ilities of red u cin g  fat in  b isc u its  is  lim ited  
(Nisbet et al. 1986). H ence, the p resen t s tu d ie s  w ere  
undertaken  to  find out th e  p o ssib ilit ies  o f red u cin g  
fat in  b iscu its .
M a t e r i a l s  a n d  M e t h o d s

Refined w h eat flour ( m a id a ) ,  m illed  in  a flour  
mill of 2 0  to n n es  cap a city  at International S ch oo l 
of M illing T ech n o lo g y  a t CFTRI, w a s  u se d .  
Com m ercially available h yd rogen ated  fat, refined oil 
and bakery sh orten in g  w ere em ployed. D ifferent 
rice p roducts like puffed rice, flaked rice, parboiled  
rice and raw rice w ere procured from  local m arket  
and ground in  a K am as h am m er m ill u s in g  0 .8  
m m  sieve.
F lo u r  c h a r a c te r i s t i c s  : M oisture, dry g lu ten , tota l a sh  
and Zeleny's sed im en ta tion  va lu e  o f flour w ere  
determ ined according to  AACC (1962) proced u res. 
Sweet b iscu its  w ere prepared accord ing to th e  
procedure o f H aridas Rao an d  S h urp alek ar (1976). 
C on sisten cy  of b iscu it d o u g h s w a s  m easu red  a s  
extrusion  tim e u s in g  "Research" w ater absorption  
m eter and m ain ta in in g  th e  tim e at 6 0  ± 5 sec  by
* C o rre sp o n d in g  A u th o r

a d ju st in g  th e  lev el o f  w a ter  (C h a n d ra sh ek a r  
et al. 1986). B iscu its  w ere a lso  m ad e u s in g  different 
ad d itives, like g lycery l-m on o-stearate , so d iu m -2-  
s t e a r o y l  la c t y la t e ,  l e c i t h in  a n d  p o t a s s iu m  
m etab isu lp h ite  a s  w ell a s  d ifferently p ro cessed  rice 
flours. P h ysica l ch a ra cter istics  su c h  a s  spread , 
th ic k n e ss  an d  w eigh t w ere m ea su red  for 5  b iscu its  
an d  th e average v a lu es  are reported. B reaking  
stren gth  of b isc u its  w h ich  reflects th e  texture  
(G reethead 1969) w a s  m easu red  in  Instron  U niversal 
tester  u n d er  th e  follow ing co n d itio n s  : c r o ss  head  
sp e e d -2 0 0  m m /m in , ch art sp eed  5 0 0  m m /m in  and  
load  o f 5  kg. V arious q u ality  p ara m eters like colour, 
cr isp n ess , ta ste  etc. w ere eva lu ated  b y  a p an el of 
sem i-tra in ed  ju d g es .
R e s u l t s  a n d  D i s c u s s i o n

F lo u r  u s e d  h a d  t h e  fo l lo w in g  q u a li ty  
ch ara cter istics  exp ressed  o n  14% m o istu re  b asis:  
m oistu re  12.69% , dry g lu ten  9.24% , sed im en ta tio n  
va lu e  2 0  m l, co lou r grade v a lu e  3 .1 . Low v a lu es  
of g lu ten , sed im en ta tio n  va lu e  an d  co lou r grade  
va lu e  in d icated  its  su ita b ility  for b isc u it  m ak ing  
(Yam azaki and Lord 1971).
E f f e c t  o f  l e v e l  a n d  t y p e  o f  f a t  : T he w ater requirem ent 
of d ough  in crea sed  w ith  red u ctio n  in  th e  level of 
fat (Table 1). The in crea se  is  ab o u t 1% for every  
2.5%  reduction. Bakery sh orten in g  an d  hydrogenated  
fat at a n y  level required n early  sa m e a m o u n t of 
w ater to m ak e the d ou gh  o f op tim u m  co n sisten cy . 
H owever, w h en  oil w a s  u se d , th e  req u irem en t of  
w ater w a s still higher. At 20%  level, dough containing  
h ydrogenated  fat, bakery sh o rten in g  an d  refined oil 
required 2 7 , 2 7  and 26%  w ater, respectively. 
L o w e r in g  t h e  le v e l  o f  b a k e r y  s h o r t e n in g ,  
hydrogenated  fat an d  refined  oil red u ced  th e  spread

21
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TABLE 1. EFFECT OF DIFFERENT LEVELS OF SHORTENING ON BISCUIT QUALITY

Level of Water Spread Thick Surface chara Colour, Crispness, Taste and Overall Breaking
shorten ness cteristics scale of 10 scale of 20 mouthfeel, score, strength,
ing, % % W, cm T, cm scale of 10 scale of 10 scale of 50 kg

Hydrogenated fat
20.0 27 5.40 0.50 9.5“ 9.6“ 19.3“ 9.3“ 47.7 -
12.5 30 5.36 0.54 8.9b 7.9b 16.7b 7.9*° 41.4 -
10.0 31 5.30 0.58 6.9“* 6 4C 13.1“ 6.7a 33.1 -
7.5 32 5.16 0.62 5.9® 5.5d 11.9f 5.9rf 29.2 1.35

Bakery shortening
20.0 27 5.50 0.50 9.6“ 9.8“ 19.6“ 9.5“ 48.5 0.90
12.5 30 5.35 0.53 9.0b 8.2b 17.2b 8. l b 42.5 1.09
10.0 31 5.30 0.57 7. ld 6.6C 13.8d 6.8d 34.3 1.10
7.5 32 5.15 0.61 6.2f® 5.5d 12.2r 6.1' 30.0 1.30

Refined oil
20.0 26 5.20 0.58 9.2“b 9.6“ 19.1“ 9.0“ 46.9 -
12.5 29 5.10 0.60 7.6C 8.0b 16.0C 7.5C 39.1 -
10.0 30 5.08 0.62 6.5rf 6.3C 12. l f 6.1' 31.0 -
7.5 31 5.04 0.64 5.2h 5.2d 10.7« 5.4f 26.5 1.48

SEm (df = 52) ± 0 .1 1 ±0.13 ± 0.12 ± 0 .1 1
Means of the same column followed by different superscripts differ significantly (p<0.05) according to Duncan's Multiple Range test
of b iscu its  (Table 1). W ith red u ction  in  fat levels, 
the raise o f  b iscu its  gradually  in creased  and th e  
spread d ecreased  w ith  th e u s e  o f all ty p es  o f fa ts  
u sed , w hile the effect w a s  m in im u m  w ith  bakery  
shorten ing. Spread ratio recorded a gradual fall 
w ith red u ction  in  fat level. R ed u ction  in  all th e  
typ es o f fa ts stu d ied  affected th e  cru st colou r w hich  
ch an ged  from  go ld en  brow n to u n d esirab le  w h itish  
colour. Surface ch ara cter istics  w ere a lso  affected  on  
reduction  of fat.

In agreem ent w ith  th e  observations o f G reethead
(1969), reduction  of fat had  m o st sign ifican t effect 
over cr isp n ess  of b iscu it, a s  it b ecam e hard, 
irrespective o f th e type o f fat u sed . The observation  
m ade by subjective eva lu ation  in  th is  regard, w a s  
w ell supported  b y  objective m ea su rem en ts  o f th e  
breaking strength . B iscu its  m ade w ith  hydrogenated  
fat or bakery sh orten in g , at 12.5%  level, w ere crisp  
and acceptab le, w h ile  th o se  con ta in in g  low er levels  
yielded harder b iscu its . B reak ing strength  for the  
norm al b iscu it con ta in in g  20%  sh orten in g  w a s  0 .9  
kg an d  it in creased  by 14.4%  w h en  the sh orten in g  
w a s lowered from  2 0 .0  to  12.5% . F urther reduction  
by ju s t  2.5%  in creased  th e  break ing strength  by  
21.4% . B urt an d  T hacker (1981) h ave a lso  reported  
37%  in crease  in  h a rd n ess , w h en  sh orten in g  in  
linco ln  b isc u its  w a s  red u ced  by 30% . Type of 
sh orten in g  u sed , a lso  had  a bearing on  the breaking  
strength . B iscu its  con ta in in g  7.5%  hydrogenated  fat

h ad  a b reak in g stren gth  o f 1 .35 , w h ile  th a t m ad e  
w ith  refined  oil h ad  a b reak in g  s tre n g th  o f
1 .48  kg.
U s e  o f  a d d i t i v e s  : A ddition  o f different ad d itives  
sligh tly  so ften ed  th e  d ou gh , a s  in d ica ted  b y  th e  
low er extru sion  tim e (Table 2). H en ce, th e  w ater  
requirem ent to get th e  d ou gh  o f d esired  c o n s is te n c y  
red u ced  from  3 2  to  31%  on  in corporation  o f  v a r io u s  
ad d itiv es. In c lu s io n  o f v a r io u s  a d d it iv e s  h a d  
b en eficia l effect o n  different p h y sica l ch a ra cter is tic s  
of low -fat b iscu its . In general, th ey  in crea sed  th e  
spread , and red u ced  th e  th ic k n e ss  o f b is c u its  
(Table 2). M axim um  sp read  w a s  ob ta in ed  in  
b iscu its  con ta in in g  lec ith in  or lec ith in  an d  glyceryl- 
m on o-stearate .

C risp n ess of low -fat b isc u its  w a s  im proved  
con siderab ly  w ith  ad d itives an d  th e  m o st sig n ifican t  
effect w a s  fou n d  w ith  lec ith in  a s  in d ica ted  b y  
se n s o iy  a s  w ell a s  objective eva lu ation . B reak in g  
strength  o f low -fat b iscu it  d ecreased  from  1.3  to
1 .09  kg, w ith  in c lu s io n  o f 0.5%  lec ith in  an d  th e  
sam e w a s  com parable to th a t con ta in in g  12.5%  
sh orten in g . A ddition o f 0.5%  g lycery l-m on o-stearate  
a lso  im proved th e  c r isp n e ss  con sid era b ly  a n d  th e se  
b isc u its  recorded b reak in g  stren g th  o f 1.11 kg. 
P o tassiu m  m etab isu lp h ite  w a s  fou n d  to  b e  le a s t  
effective. A dding lec ith in  in  co m b in a tio n  w ith  
glycery l-m on o-stearate d id  n ot h a v e  a n y  furth er  
b en eficia l effect.
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U s e  o f  r ic e  p r o d u c t s  : C o n sisten cy  o f d ou gh s  
containing 5% flaked or puffed rice flour w a s  found  
to be sim ilar. The d ough  con ta in in g  parboiled  and  
raw rice flour h ad  softer co n s is te n c y  a s  in d icated  
by low er ex tru sion  v a lu es  (Table 3). In clu sio n  of 
various p rocessed  rice flou rs red u ced  th e  spread  
of low-fat b iscu its . E xten t o f ch an g e in  sp read  at 
any particular level w a s  sim ilar, irrespective o f th e  
type o f flour u sed . T he th ic k n e ss  o f  b isc u its  w a s

n ot affected w h en  2.5%  of rice flou rs p rocessed  
differently, w ere added. H ow ever, a t h igher levels, 
sligh t ch an g e  in  th e  above p aram eter w a s  observed. 
A ddition o f 2.5%  o f differently p ro cessed  rice flours  
h a d  no sign ifican t in flu en ce over th e  b iscu it  texture. 
H owever, h igh er level o f  in corporation  im proved th e  
cr isp n e ss  o f  b iscu it. A ddition  o f flaked  rice flour  
at 5% w a s  fou n d  to  b e  m o st b en efic ia l in  im proving  
th e  cr isp n e ss  of b iscu its . T h is  w a s  a lso  confirm ed

TABLE 2. EFFECT OF DIFFERENT ADDITIVES ON QUALITY OF LOW-FAT BISCUITS
Additives Extrusion* Spread, Thickness, Breaking Crispness

time. w T strength. sensory
sec kg score of 20

Control (7.5% Marvo) 68 5.15 0.61 1.30 12.2“
Glyceroyl-mono-stearate (0.5%) 56 5.15 0.60 1.11 16.1”
Sodium stearoyl lactylate (0.5%) 62 5.14 0.62 1.21 13.7»
Potassium meta bisulphite (0.05%) 42 5.20 0.62 1.22 14.2d
Lecithin (0.5%) 43 5.24 0.59 1.09 16.9C
SSL (0.25%) + CMS (0.25%) 60 5.20 0.62 1.17 14.0*
Lecithin (0.25%) + GMS (0.25%) 55 5.24 0.62 1.22 16.5^

Means of the same column followed by different superscripts differ significantly (p<0.05) according to Duncan's Multiple 
Range test. SEm (df = 28) for crispness sensory score = ± 0.18. ‘Water = 37%

TABLE 3. EFFECT OF DIFFERENT RICE PRODUCTS ON QUALITY OF LOW-FAT BISCUITS

Level of 
incorpo
ration 
of fat, %

Extrusion
time,

%
Spreadw,

cm
Thick

ness 
T, cm

Surface 
character, 

scale of 10
Colour, 

scale 
of 10

Crispness
sensory
score,

scale of 20

Taste and 
mouthfeel, 

scale of 10
Total
score,

scale of 50
Breaking
strength

kg

Control
7.5 68 5.15 0.61 6.2“ 5.5“ 12.2“ 5.9“ 29.8 1.30

Flaked rice flour
2.5 60 5.10 0.61 7. l d 6.5' 14.2' 7.1d' 34.5 -
5.0 65 5.08 0.58 7.3' 6.7e 16.8h 7.4' 37.4 1.00
7.5 69 5.08 0.58 6.8bcd 5.7“b 13.1° 6. l “b 31.7 -

Puffed rice flour
2.5 60 5.12 0.62 7.0cde 6.4de 13.5d 6.9d 33.8 -
5.0 69 5.12 0.58 7.1de 6.5' 15.3« 7.2de 36.1 1.16
7.5 80 5.06 0.58 6.7bcd 5.8Bbc 12.6b 6.0“ 31.1 ' -

Rice flour
2.5 47 5.13 0.59 6.9bcdc 6.5' 12.9bc 6.0“ 32.3 -
5.0 47 5.09 0.62 7 .0 các 6.1“* 15.2* 34.7 1.09
7.5 49 5.09 0.62 6.5“b 5.7“b 12.0“ Soin 30.0 -

Parboiled rice flour
2.5 41 5.13 0.64 ö-ö*0 5.8abc 12.7*“ 6.2obc 31.3 -
5.0 42 5.11 0.60 7.0cdc 6.0bc 14.6f 6.5' 34.1 1.18
7.5 58 5.09 0.60 6.5‘b Ô-Ô 10.91 6.0“ 29.4 -

SEm (df = 52) ± 0.12 ± 0 .1 1 ± 0.13 ± 0.12
Means of the same column followed by different superscripts differ significantly (p<0.05) according to Duncan's Multiple 
Range test._____________________________ _____________________ _________________________________________________________
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by the b reak in g stren gth  w h ich  d ecreased  from  1.3  
to 1.0 kg. Incorporation of 7.5%  of va rio u s rice 
flours, y ie ld ed  sligh tly  harder b iscu its , w h ich  w ere 
fragile in  nature.

The s tu d ie s  su g g est th e  p ossib ility  of reducing  
the level of fat in  short d ough  b iscu its . The quality  
of su ch  b iscu its  cou ld  be Improved by incorporating  
either 0.5%  lec ith in /g ly cery l m on ostearate  or 5% 
flaked rice flour.
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F u n c t i o n a l  P r o p e r t i e s  o f  T w o  P o l l u t a n t  G r o w n  G r e e n  A l g a e

S .  D U A " , M . K A U R  A N D  A .S .  A H L U W A L IA
B otan y  D ep artm en t, Panjab U niversity, C h a n d igarh -160 0 1 4 , India.

S c e n e d e s m u s  o b l iq u u s  and K le b s o r m id iu m  J la c c ld u m  (filamentous) were predominant algae collected from polluted 
areas. Studies on the functional properties of their proteins showed that the isoelectric point of these proteins was 
in acidic range. Their solubility decreased In sodium chloride and ammonium sulphate solutions, while relative viscosity 
decreased in the presence of urea and sodium lauryl sulphate. Foaming capacity and emulsifying activity were minimum, 
while emulsion stability was maximum around isoelectric point. The viscosity, foaming and emulsification properties 
of S c e n e d e s m u s  protein were more than K le b s o r m id iu m  protein at equal protein concentration (0.4%).
Keywords : Green algae-pollutant grown, S c e n e d e s m u s  o b l iq u u s , K le b s o r m id iu m  J la c c id u m , Algal protein, Functional 

properties, Potential applications
The yield  o f  protein  from  algae is  m u ch  high  

a s  c o m p a r e d  to  o t h e r  a g r ic u l t u r a l  c r o p s  
(Venkataram an 1991). A lgae form  the m ajor flora 
of polluted fresh  w ater b o d ies  in  rural an d  u rb an  
areas, b u t our know ledge regarding th e se  algae is  
lagging far b eh ind . Therefore, the p resen t s tu d ie s  
were u n dertaken  to  fo cu s  on  som e o f th e  fun ction a l 
p rop erties (so lu b ility , v is c o s ity , fo a m in g  an d  
em ulsification) o f p rote in s o f two algae collected  
from polluted  areas, w ith  a view  to  find their  
su itab ility  for incorporating in  food form u lation s  
and for exten d in g trad itional foods.
M a t e r i a l s  a n d  M e t h o d s

S c e n e d e s m u s  o b l i q u u s ,  iso la ted  from  th e Satluj 
river at Nangal (India) and K l e b s o r m i d i u m  J l a c c i d u m  
(C h lorop h yta), c o l le c te d  from  R o ck  G ard en , 
Chandigarh, w ere m a s s  cu ltu red  in  BG 11 m ed iu m  
(Stanier et al. 1971) an d  th e  algal m a ss  w a s  su n -  
dried. Algal pow der (10%) w a s  h om ogen ized  in  
distilled w ater (pH 6.8) an d  centrifuged  at 4 0 0 0  rpm  
for 10 m in  at 4°C. P rotein s w ere p recip itated  from  
the su p ernatan t w ith  70-75%  solid  am m onium  
su lphate, centrifuged  a t 1 0 ,0 0 0  rpm  at 4°C for 15 
m in and d ia lysed  a g a in st d istilled  w ater for 4 8  h . 
Clear extract con ta in in g  so lu b le  p rotein  w a s  tak en  
for various estim ation s.

Isoelectric point w a s  determ ined  b y  floccu la tion  
and n itrogen-so lub ility  m ethod . The floccu la tion  
w as perform ed at different pH v a lu es  w ith  0.2%  
sodium  lauryl su lp h ate . The n itrogen  con ten t at 
different pH v a lu es  w a s estim ated  b y  m icro-K jeldahl 
m ethod (M ckenzie an d  W allace 1954). The h ig h est  
pH value above w h ich  floccu la tion  cea sed  and th e  
pH va lu e w here so lu b ility  o f protein  w a s  m in im u m  
were tak en  a s  isoelectric  p o in ts. Effect o f pH and  
tem perature on  th e  protein  so lu b ility  w a s  stu d ied  
by keeping th e  protein  so lu tio n  at th ese  sp ecific
* C o rre sp o n d in g  A u th o r

con d itio n s for 3 0  m in . To s tu d y  th e  effect o f  sa lts , 
k n ow n  con cen tration  o f protein  so lu tio n  (0.4%) w a s  
treated  w ith  different co n cen tra tio n s (0.1 M -1.0  M) 
of p o ta ss iu m  iodide, so d iu m  ch loride, am m on iu m  
su lp h a te , sod iu m  citrate an d  am m o n iu m  nitrate  
so lu tio n s. The su p ern a ta n t, after cen trifu gation  w a s  
te sted  for protein  co n ten t (Lowry et al 1951). 
V i s c o s i t y  m e a s u r e m e n t  : T im e o f flow  o f protein  
so lu tio n  (0.4%) w a s  determ in ed  u s in g  O sw ald 's  
viscom eter. D en sity  w a s  m ea su red  w ith  th e help  
of b icapillary pyk n om eter an d  w a s  ca lcu la ted  by  
th e follow ing form ula.

Weight of protein solution
D = --------------------------------------  x Density of distilled water

Weight of distilled water — -
R elative v isco s ity  w a s  ca lcu la ted  b y  th e  equation: 

q t d
rel n0 t0 d0

W here T|, t, d are coeffic ien ts  o f  v iscosity , tim e o f  
flow an d  d en sity  o f protein  so lu tio n  respectively. 
T|0, t0, d0 are corresp on ding v a lu e s  o f pure solvent.

Effect of urea an d  so d iu m  lauryl su lp h a te  
(0.1 M -0.5  M) on  v isco s ity  w a s  stu d ied  b y  treating  
the protein  so lu tio n  (0.4%) w ith  th e se  d en aturatin g  
a g en ts  for 1 h  and tim e o f flow  o f ea ch  so lu tio n  
w a s noted . F oam  cap a city  (FC) an d  foam  stab ility  
(FS) w ere m easu red  (Law hon et al. 1972; A hm ed  
an d  S ch m id t 1979). E m u lsify in g  activ ity  (EA) and  
em u lsio n  stab ility  (ES) w ere determ in ed  according  
to th e procedure em ployed  b y  Y a su m a tsu  et al.
(1972).
R e s u l t s  a n d  D i s c u s s i o n

The isoelectric  p o in ts  o f S c e n e d e s m u s  and  
K l e b s o r m i d i u m  p rotein s w ere arou n d  3 .6  an d  4 .0  
respectively, a s  fou n d  b y  floccu la tion  an d  n itrogen  
so lu b ility  m ethod . T h ese  v a lu e s  are com parable to 
th o se  for algal p rote in s (Devi an d  V enkataram an
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TABLE 1. EFFECT OF pH. PROTEIN CONCENTRATION.
SODIUM LAURYL SULPHATE AND UREA ON 
RELATIVE VISCOSITY OF S C E N E D E S M U S  AND 
K L E B SO R M ID IU M  PROTEIN.

Attribute Relative viscosity
S c e n e d e s m u s K le b s o r m id iu m

pH Value
2 1.24 1.27
4 1.15 1.13
6 1.18 1.23
8 1.20 1.24

10 1.30 1.32
12 1.35 1.41

Protein concentration, %
0.1 1.16 1.08
0.2 1.26 1.15
0.3 1.28 1.17
0.4 1.36 1.27
0.5 1.40 1.32

Sodium lauryl sulphate (M)
0 1.36 1.27

0.1 1.03 1.02
0.2 1.10 1.08
0.3 1.18 1.13
0.4 1.22 1.14
0.5 1.28 1.20

Urea (M)
0 1.36 1.27

1.0 1.22 1.18
2.0 1.20 1.16
3.0 1.15 1.16
4.0 1.13 1.13
5.0 1.11 1.10

A ll r e s u l t s  a re  m e a n o f  th r e e  r e p lic a te s

1984) and som e o f th e  o ilseed  p rotein s (B laicher  
et al. 1983; Zhou et al. 1990). S in ce th e  isoelectric  
p oin ts are not th e  sa m e, th e  b in d in g  properties of 
different p rotein s in  a g iven  sy stem  w ill a lso  be  
different. D ata  o f protein  so lu b ility  a s  a fu n ction  
of pH in d icated  th a t so lu b ility  of protein  from  both  
the algae w a s high at extrem e pH v a lu es  an d  lea st  
at pH 4  (Fig. la ,  b). At th is  pH, w h ich  is  near th e  
isoelectric point, there is  n o  n et charge on  protein  
m olecu les. Therefore, so lu b ility  is  m in im u m  at th is  
pH. The protein-solvent in teraction  favours solub ility  
at extrem e pH v a lu es. T he so lu b ility  o f both  the  
p rotein s in creased  at 35°C  an d  80°C  an d  d ecreased  
w ith in creasin g  con cen tra tion s o f sod iu m  chloride, 
am m onium  nitrate, am m onium  su lp h ate  and sod iu m  
citrate (Fig. 1), an d  w a s  m in im u m  w ith  am m on iu m  
su lp h ate . T he lower so lu b ility  w ith  th ese  sa lts  m ay  
be due to  sa ltin g -o u t effect at th ese  con cen tration s.

^  pH

Fig. 1. Effect of different anions :(— • —•   sodium
chloride, —q —q — ammonium nitrate, —A—A— sodium  
citrate, A  A — potassium iodide, —Q —D — ammonium 
sulphate and pH — —) on the solubility of
(a) S c e n e d e s m u s  (b) K le b s o r m id iu m  proteins.

However, so lu b ility  o f b oth  the p ro te in s in crea sed  
w ith  the ad dition  of different co n cen tra tio n s of  
p o ta ss iu m  iodide, probably d u e to  sa ltin g -in  effect. 
T h ese algal p rotein s differ from  leg u m e p ro te in s  
w here so lub ility  in crea ses  in  th e  p resen ce  o f so d iu m  
chloride (Sh en  1976).

Relative v isco sity  o f both  th e  p ro te in s  w a s  h igh
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TABLE 2. EFFECT OF pH, AND SODIUM CHLORIDE ON FOAM CAPACITY, FOAM STABILITY, EMULSIFYING ACTIVITY AND 
EMULSION STABILITY OF S C E N E D E S M U S  AND K L E B S O R M ID IU M  PROTEIN.

Foam capacity Foam stability at 120 min Emulsifying activity Emulsion stability
S c e n e d e s m u s

pH
K le b s o r m id iu m S c e n e d e s m u s K le b s o r m id iu m S c e n e d e s m u s K le b s o r m id iu m  S c e n e d e s m u s K le b s o r m id iu m

2 90.0 75.0 31.5 28.3 48 46 40 33.6
4 60.0 50.0 25.0 Foam collapsed 46 45 61 59.1
6 80.0 65.0 30.0 25.0 54 50 54 57.5
8 125.0 100.0 44.4 32.5 57 52 56 52.0
10 160.0 140.0 52.0 41.6 60 58 58 54.0

Sodium
Chloride

M
0.1 110.0 110.0 40.0 25.5 55.0 50.5 47.0 48.5
0.4 180.0 125.0 30.0 35.0 51.0 45.9 49.0 52.0
0.6 112.0 108.0 25.0 22.1 53.0 47.0 48.0 50.0
0.8 110.0 100.0 23.0 20.0 54.0 48.9 47.5 51.0
1.0 98.0 90.0 Foam

collapsed
Foam

collapsed
54.5 47.7 47.8 50.5

at pH 2 and 12 an d  m in im u m  at pH 4 .0  (Table 1). 
It increased  sligh tly  w ith  in crea se  in  con cen tration  
of protein and sod iu m  la u iy l su lphate; bu t d ecreased  
w ith the u se  o f urea. Lower v isco s ity  in  th e  
presence o f urea an d  sod iu m  la u iy l su lp h a te , in  
relation to control, in d ica ted  a gradual ch an g e d u e  
to unfold ing or sw ellin g  o f protein  m olecu les. O nly  
few stu d ies  are reported on  p ollu ted  or fresh  w ater  
algae (V enkataram ari 19 8 0 ), a lth o u g h  o ilseed  
proteins are w idely ch aracterised  for th ese  properties  
(Mahajan 1990; Ju n ich iro  et al. 1989).

Foam  cap acity  (FC) o f b oth  th e  p rote in s w a s  
high at extrem e acid ic an d  alk aline pH and  
m inim um  at pH 4  (Table 2). F oam  stab ility  w a s  
m inim um  at pH 4  an d  foam  from  S c e n e d e s m u s  
p ro te in  w a s  m o r e  s t a b le  t h a n  t h a t  fro m  
K le b s o r m id iu m .  The EA v s  pH p attern  sh ow ed  lea st  
em ulsification  at pH 4  an d  it resem b led  so lu b ility  
v s  pH profile, in d icating  direct correlation  b etw een  
nitrogen so lub ility  an d  EA. S im ilar ty p es  o f ch a n g es  
have b een  observed  w ith  so y  an d  rap eseed  proteins. 
ES show ed  m ax im u m  va lu e  at isoelectric  point in  
both the p rotein s (Table 2). In sod iu m  chloride  
solution , FC in crea sed  u p to  0 .4  M con cen traton  
and d ecreased  thereafter, sh ow in g  a m in im u m  
value at 1 .0  M con cen tration . S c e n e d e s m u s  protein  
show ed h igh  FC v a lu es . S a lts  probably affect 
fo a m in g  b y  e n h a n c in g  s o lu b i l i t y  a t  lo w e r  
concentrations an d  v i c e  v e r s a  (K insella 1976). The 
foam collapsed  after 2 h  in  b oth  th e  p rotein s, on  
addition of 1 M so d iu m  chloride. EA w a s red u ced  
to  51%  a n d  4 5 .1 %  in  S c e n e d e s m u s  a n d

K l e b s o r m i d i u m  p rotein s, resp ectively , u p to  0 .4  M 
con cen tration  o f sod iu m  ch loride (Table 2), w hile  
ES w a s  m ax im u m  at th is  sa lt  con cen tration . The  
b en efic ia l effect o f low  con cen tra tio n  o f sa lt  h a s  
b een  reported b y  severa l w ork ers (Volkert a n d  K lein  
1979; D ev an d  M u k h eijee  1986) an d  th is  p oss ib ly  
is  d u e to  the sa ltin g -in  effect o f NaCl.

No sign ifican t d ifferen ces ex ist  in  variou s  
fu n ction a l prop erties o f  th e se  tw o p o llu ta n t grow n  
algae and som e of th e  fresh  w a ter  algae reported  
b y D evi and V en k ataram an  (1984). A lth ou gh  no  
toxicological prop erties are s tu d ied  in  th e  p resen t  
in vestigation , th e se  tw o alga l p ro te in s h ave th e  
p oten tia l to  find u se  in  m eat, ice  cream , b a k e iy  
an d  oth er food p rod u cts d u e  to  com p aratively  good  
foam ing an d  em u lsifica tion  prop erties. T he in crea se  
in  th e  so lu b ility  o f th e se  p ro te in s w ith  in crea se  in  
tem perature is  a u se fu l criterion  for a ccep ta n ce  in  
food. The relatively h igh  so lu b ility  o f  th e se  p rotein s  
in  th e  acid ic range m ay  p resen t op p ortu n ities  for 
u se  in  carb on ated  beverages.
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Respiration and Ethylene Evolution of Certain Fru its and 
Vegetables in Response to Carbon dioxide in Controlled

Atm osphere Storage

R.K. PAL* AND R.W. BUESCHER** 1
D ivision  o f F ru its an d  H orticultural T echnology  

Indian  A gricultural R esearch  In stitu te , New D e lh i-110 0 1 2 . India.
Respiration was depressed by 10-30% C02 in ripening bananas, pink tomatoes and pickling cucumbers; increased 

by 20-30% in carrot roots and unaffected by COa exposure in guava, orange and onion bulb. Changes in respiration 
seldom coincided with changes in CaH, evolution. Evolution of C2H4 from guavas and tomatoes was substantially reduced 
by all levels of COa. However, 30% COa, accelerated CaH4 evolution in bananas, carrot roots, cucumbers, onions and 
potatoes which may have been due to an early injury response.
Keywords : Fruits, Vegetables, Respiration, Ethylene evolution, Elevated C02 atmosphere, Short time exposure to 

elevated COa.
A tm osphere en rich ed  w ith  C 0 2 Is generally  

assu m ed  to reduce resp iration  o f h arvested  fru its  
and vegetab les (Kader 19 86 , 1987; W ills et al.
1989). T h is gen era lised  con cep t h a s  prim arily  
evolved from resu lts  o f  s tu d ie s  that exam ined  th e  
com bined in flu en ce of elevated  C 0 2 an d  reduced  
0 2, w hich  m ay n ot h ave b een  so le ly  reflected  the  
independent action  o f COz on  resp iration . The 
influence o f C 0 2 on  eth y len e  evo lu tion  is  a lso  
reported to vary am ong different com m od ities (Kader 
et al. 1989; G roschel et al. 1966). However, on ly  
a few stu d ie s  have exam in ed  th e effects o f  elevated  
C 0 2 on  ethy len e evo lu tion  in  n on -lim itin g  0 2 
atm ospheres. The p resen t stu d y  w a s con d u cted  to  
exam ine short-term  r e sp o n ses  o f elevated  C 0 2 on  
respiration and eth y len e  prod u ction  by certain  
fruits and vegetab les in  a n on -restrictive level of 
0 2 (2 0  ±  2 % ).

Materials and Methods
S o u r c e  a n d  p r e p a r a t i o n  : B a n a n a s ,  g u a v a s  
(Californian Feijoas), yellow  on ion  b u lb s, naval 
oranges, ru sset p otatoes, p in k  tom atoes and pickling  
cucum bers w ere se lec ted  on  th e b a s is  o f  uniform  
size, sh ap e, colour an d  free from  d efects. Individual 
fruits or veg eta b les w ere u sed  for exp osu re to air  
or elevated C 0 2 atm osp h ere. E ach  com m od ity  w a s  
se p a r a te d  in to  u n ifo r m  lo t s  c o n s i s t in g  o f
8 -10  fruits or vegetab les, an d  each  lot w a s  w eighed  
into air-tight co n ta in ers  equ ipped  w ith  in let and  
outlet ports. G u avas, cu cu m b ers or th e other  
com m odities w ere h eld  in  0 .9 5 , 8 .0  or 3 . 8 1 
containers, respectively. Three con ta in ers (replicates)
* C o rre sp o n d in g  A u th o r
1 P re se n t a d d r e s s  : D e p a r tm e n t  o f  F o o d  S c ie n c e , U n iv e r s ity  o f  
A r k a n s a s .  F a y e tte v ille , A r k a n s a s ,  U SA

of each  com m od ity  w ere prepared for exp osu re to  
the atm osp h ere treatm en ts.
T r e a t m e n t  a n d  a s s a y  : A tm osp h eres co n s istin g  of  
air, 10, 2 0  or 30%  C 0 2 w ith  2 0  ± 2% 0 2 and N2 
b alan ce  w ere created  an d  delivered throu gh  th e  
con ta in ers h eld  at 14 ± 1°C b y  th e  sy stem  describ ed  
b y S h aw  and K attan (1971). T he co n ta in ers  w ere  
co n tin u o u sly  purged w ith  a ir or C 0 2 en rich ed  
atm osp h eres at a flow  rate o f 3 .6  1/ h for a t lea st  
2 4  h u n til a sta b ilized  d esira b le  a tm osp h er ic  
c o m p o sitio n  w a s  a ch iev ed . S u b se q u e n tly , th e  
con ta in er  p orts w ere sea led  an d  in itia l a s  w ell a s  
tim ed  interval sa m p les  o f th e  air sp a ce  w ere  
a ssa y ed  for 0 2 an d  eth y len e  co n ten ts . T he am ou n t  
of tim e required to  m ea su re  th e  ra tes of 0 2 
d epletion  and ethy len e a ccu m u la tion  w a s  d ep en den t  
on  the com m odity . A m in im u m  a m o u n t o f tim e in  
th e sea led  con ta in er  (0 .5  to  4  h) w a s  u se d  to 
determ ine th e  rates o f ch a n g e s  in  0 2 an d  ethy len e  
to  avoid  r e sp o n se s  c a u s e d  b y  th e  ch a n g in g  
atm osp h eres.

G as sa m p les  w ere ob ta in ed  w ith  N2 flu sh ed  
syrin ges. O xygen  co n su m p tio n  (respiration) w a s  
assa yed  by F isher-H am ilton  g a s  partitioner equipped  
w ith  a therm al con d u ctiv ity  d etector, m olecu lar  
sieve (13x), u s in g  DEH S c o lu m n s  a n d  sp ectra  
P h ysics 4 2 9 0  integrator. E th y len e  evo lu tion  w a s  
a s s a y e d  b y  a H e w le tt  P a c k a r d  5 8 9 0  g a s  
chrom atograph equipped  w ith  a flam e ion ization  
detector, ch rom osorb  101 8 0 /1 2 0  m esh -p a ck ed  
co lu m n  an d  HP integrator. Injector, co lu m n  and  
detector tem p era tu res w ere 150, 10 0  an d  200°C , 
respectively. T he pH o f th e  com m o d ities  w as  
m easu red  u s in g  a pH m eter. S u rface co lou r w as  
determ ined  b y  a G ardener X L -10 C olour Difference
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Meter (CDM) standard ized  w ith red coloured  (L=26.0; 
a = 28 .0 ; an d  b  = 13.3) p late for tom atoes and  
w hite p late (L=92.87; a= -0 .8 4 ; b = -0 .5 6 ) for b an an as.
S t a t i s t i c a l  A n a l y s i s  : The data rep resen t th e  m ean  
of three rep licates per treatm ent w ith each  replicate  
co n sistin g  of 10 fru its or vegetab les. D ata w ere 
sta tistica lly  evalu ated  b y  a n a ly sis  of variance, and  
the m ean s w ere sep arated  by D u n ca n 's  m ultip le  
range te st procedure o f the S ta tistica l A n a lysis  
S ystem  (SAS 985) program m e.
Results and Discussion

D ata on  the effect o f sh ort-tim e exp osu re of  
fruits and vegetab les to COz on  th e  pH and colour  
va lu es are p resen ted  in  Table 1. Large d ifferences  
in  resp o n ses  to  elevated  C 0 2 a tm osp h eres on

TABLE 1. EFFECT OF SHORT-TIME EXPOSURE TO C 02 ON 
pH AND COLOUR OF FRUITS AND VEGETABLES

Fruits/
Vegetables Ambient 10% c o 2 20% C02 30% CO.
Cucumber 5.4' 5.8» 6.0» 6.2»
Onion 5.5» 5.6» 5.7» 5.7»
Potato 5.8C 5.8» 5.8» 6.0»
Tomato 4.2» 4.4» 4.4» 4.4»
Banana 4.9» 5.0»» 5.0» 5.0»»
Orange 3.3» 3.4» 3.3» 3.1»
Guava 3.1* 3.3» 3.1» 3.1»

Colour
Tomato
(a-value)

23.2* 17.2» 17.6» 14.6»
Banana 
(b-value)

34.8* 34.5»» 33.6» 33.6»
Means in each row with different superscripts differ significantly.
resp iration  an d  C2H4 evo lu tion  w ere observed  
betw een  the different com m od ities. R esp iration  w a s  
reduced in  ripening b a n a n a s, tom atoes and p ick ling  
cu cu m b ers b y  C 0 2 (Fig. 1 and 2). C on cen tration s  
of 10 to 30%  C 0 2 w ere sim ilarly effective in  reducing  
th e  r e sp ira tio n  o f  th e s e  th ree  co m m o d itie s . 
R espiration o f cu cu m b ers, b a n a n a s  and tom atoes  
w as reduced  b y  ab out 2 5 , 3 0  an d  45% , respectively, 
in  resp on se  to th e  sh ort-term  exp osu re  to th e C 0 2- 
enriched atm osp h eres. R educed  C2H4 evolution  from  
ripening tom atoes in  C 0 2 enriched  atm osp h eres  
w a s also  reported earlier (B u esch er 1979). The 
low est level of C 0 2 (10%) a lso  red u ced  C2H4 
production  in  cu cu m b ers. H owever, cu cu m b ers  
exposed  to 30%  C 0 2 an d  b a n a n a s  exp osed  to  2 0  
or 30%  COz exp erien ced  in creased  C2H4 production .

R espiration  o f gu a va s, on ion  b u lb s  an d  oranges  
w a s u n affected  b y  elevated  C 0 2 (Fig. 2 , 3 , 4). 
H o w ev er , C2H 4 e v o lu t io n  fro m  g u a v a  w a s  
su b stan tia lly  red u ced  b y  in crea sin g  con cen tra tion s

of COa (Fig 2). In con trast, C2H4 evo lu tion  from  
oran ges w a s  sligh tly  red u ced  b y  2 0  an d  30%  COz 
(Fig. 4), w h ile  th e se  co n cen tra tio n s of C 0 2 c a u se d  
a sign ifican t in crea se  in  C2H4 p rod u ction  b y  o n io n s  
(Fig. 3).

Resimi 0 2 /K g /h ) Eth(uL C2H4/Kg/h)

(% c c g

Fig. 1. Respiration and ethylene evolution of tomato and 
cucumber.
----:—  Res. tomato ---- 1—  Res. cucumber
— *— Eth. tomato —B— Eth. cucumber
Res - Respiration, Eth - ethylene

Fig. 2. Respiration and ethylene evolution of banana and guava
----:—  Res. banana ----1—  Res. guava

* Eth. banana Q— Eth. guava
R e s  - R e s p i r a t io n ,  E t h  - e t h y l e n e
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A lthough 10% C 0 2 h ad  n o  in flu en ce  on  

respiration or C2H4 evolution  b y  p otatoes, respiration  
w as accelerated  b y  2 0  an d  30%  C 0 2 , an d  C2H4 
production w a s  en h an ced  b y  30%  0 O 2 (Fig. 3). 
Respiration o f carrots exh ib ited  a different pattern  
in resp on se to C 0 2 th a n  did the oth er com m od ities  
(Fig. 4). E xposure to 10% C 0 2 reduced  resp iration ,

Res(ml 0 2 /K g /h ) Eth(uL C2H4/Kg/h)

(% COj)
Fig. 3. Respiration and ethylene evolution of potato and 

onion— :—  Res. potato I Res. onion
— *— Eth. potato —■ — Eth. onion

Res - Respiration, eth - ethylene
Hes(ml 0 2 /K g /h ) Eth(uL C2H4/Kg/h)

Fig. 4. Respiration and ethylene evolution of orange and 
carrot
— :—  Res. orange -----1—  Res. carrot
— *— Eth. orange —B— Eth. carrot
R e s  - R e s p i r a t io n ,  E t h  - e t h y le n e

an d  30%  C 0 2 en h an ced  it. A lso , th e  30%  C 0 2 
treatm ent in crea sed  C2H4 evo lu tion  from  carrot 
roots.

T h ese r e su lts  revealed  th a t resp iration  and  
C2H4 evolution  m ay be d ecreased  or in crea sed  or 
u n affected  by C 0 2 d ep en ding  o n  th e  fru it/vegetab le  
an d  C 0 2 co n cen tra tio n . F u rth er , c h a n g e s  in  
resp iration  in d u ced  b y  C 0 2 w ere n o t n ecessa r ily  
accom panied  by parallel ch a n g es  in  C2H4 production. 
O nly ripening tom atoes provided th e  expected  
resu lts  by having both  resp iration  and C2H4 evolution  
su p p ressed  by C 0 2. H ow ever, in  ripen ing b a n a n a s  
and cu cu m b ers, 30%  COz m ain ta in ed  a su p p ress io n  
of resp iration , and eth y len e p rod u ction  in creased . 
The resp on se  of g u a va s to  COz w a s  particu larly  
su rp risin g  s in ce  large red u ctio n s in  C2H4 evolution  
occurred  and resp iration  w a s  un affected .

Certain fru its and v eg eta b les  are injured by  
exp osure to  elevated  C 0 2 a tm o sp h eres  (Lougheed  
19 8 7 , B ufler 1984). A lth ou gh  p h y sica l injury  
sym p tom s w ere n ot v isu a lly  observed  in  a n y  o f th e  
com m od ities treated  b y  C 0 2 in  th is  stu d y , the  
detection  o f accelerated  C2H4 p rod u ction  in  b an an a s, 
carrots, cu cu m b ers, on io n s an d  p o ta to es  ca u sed  by  
exp osure to 30%  C 0 2 m a y  h ave b een  d u e to an  
early resp on se  to p h ysio log ica l injury. B ufler (1984) 
reported th a t C2H4-in d u ced  ACC (1 -am inocyclo-  
propane-1-C arboxylic acid) sy n th a se  in  ap p les w a s  
su p p ressed  b y  C 0 2. S in ce  C2H4 from  n on -w ou n d ed  
an d  w ou nd ed  p lant t is s u e s  ap p ears to  originate  
through  a com m on  p ath w ay involving ACC sy n th a se  
(Yu an d  Yang 1980), C 0 2 sh o u ld  h ave su p p ressed  
C2H4 production  even  th o u g h  it c a u se d  in ju iy . 
A ssu m in g  th a t in creased  C2H4 p rod u ction  ca u sed  
b y C 0 2 w a s a n  injury re sp o n se , th e n  our data  
su p port previou s ob servation s th a t C 0 2 d oes not 
su p p ress  w o u n d -in d u ced  C2H4 p rod u ction  (B uescher
1979).

In su m m ary, relatively sh ort tim e exp osu re  of 
fru its and veg eta b les to  e levated  C 0 2 (10-30% ) and  
2 0  ± 2% Oz a tm osp h eres red u ced  resp ira tion  a n d /  
or ethy len e evo lu tion  o f so m e, b u t n o t all th e  fru its  
an d  vegetab les.
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Biochem ical E ffects o f Diallyl Disulphide 
in Ethanol Fed R ats

H.S. VTRUPAKSHA, V. NIRMALA AND P.K. JOSEPH** 1
St. Jo h n 's  M edical C ollege, B a n g a lo re-5 6 0 0 3 4 , India.

Rats fed with ethanol and high lipid diet (HLD) exhibited higher levels of triacylglycerols, total cholesterol and 
total lipids in the serum and liver, as well as lower serum albumin and higher levels of a and y  globulins. When 
different doses of diallyl disulphide (DADS) were fed along with ethanol to HLD fed rats, all the above lipid levels 
were reduced. The optimum dose of DADS for producing the hypolipidemic effects appears to be 0.66 m g /100 g body 
weight, when there was also an improvement in the serum albumin and a globulin levels.
Keywords : Ethanol-fed rats, Diallyl disulphide, High lipid diet, Triacylglycerols, Total cholesterol, Hypolipidemic effect.

Increasing co n su m p tio n  o f e th an ol an d  th e  
consequent in cid en ce o f liver d isea se  is  v iew ed  w ith  
great con cern  in  all p arts o f th e  world. Efforts to  
relieve fatty liver in  a lcoh o lics  u su a lly  fail b eca u se  
of con tin u in g  a lcoh ol ab u se . A lcoholic fatty liver 
could not be prevented  b y  a h igh protein  diet, 
lipotropic factors like ch o lin e  or m eth ion in e , a n ti
oxidants or drugs like chloftbrate or anaebolic  
steroids (Lieber 19 73 , Lieber et al. 1965 , Lieber and  
Rubin 1968). It w a s reported in  a prelim inary  
com m unication  th a t garlic oil cou ld  red u ce the  
triacylglycerols an d  tota l ch o lestero l in  ethan ol-fed  
rats (Bobboi et al. 19 84 , S h o eta n  1984). Garlic oil 
chiefly co n ta in s  diallyl d isu lp h id e  an d  sm aller  
quantities o f diallyl tr isu lp h id e a s  w ell a s  diallyl 
polysu lp h id es (R aghavan et al. 1982). T he p resen t  
in v e s tig a t io n  w a s  u n d e r ta k e n  to  s tu d y  th e  
biochem ical effects o f  diallyl d isu lp h id e , th e  active  
principle o f garlic oil.
Materials and Methods

Male albino rats, 6 -8  m o n th s old an d  w eigh in g  
2 0 0 -2 5 0  g, w ere divided in to  eight gro u p s of s ix  
each. R ats of gro u p s 1-7 w ere fed a d  l ib i tu m ,  a h igh  
lipid diet (HLD) con ta in in g  20%  w h ole  m ilk  pow der, 
50% whole w h eat flour, 30%  hydrogenated  vegetable  
oil, 0 .1 2  mg% th iam in e, 0 .2  m g % riboflavin and
0 .3  mg% niacin . T h is d iet h ad  a calorific va lu e  of
5 .7  C a ls/g . Control ra ts  of group 1 co n su m ed  an  
average of 6 -7  g o f  th is  d iet per day. G roup 2 rats  
were fed intragastrically , 3  m l o f 30%  eth an ol 
(v/v) per 100 g b ody w eigh t daily, w h ich  correspond  
to the con su m p tion  o f 40%  of th e  calorie in take  
of a norm al rat. T h is m ay  corresp on d  to  th e  
con su m p tion  o f ab o u t 4 0 0  m l o f w h isk y  or rum  
by an  average ad u lt p er day. R ats o f  grou p s
3-6  were fed th e  sa m e d ose  o f e th an ol m ixed  w ith

variou s d o se s  (0 .6 6  m g, 1 .0  m g, 1 .5  m g an d  2 .0  
m g / 100 g b ody w eigh t, respectively) o f diallyl 
d isu lp h id e (DADS, F luka).

Control rats o f  group 7 w ere fed  daily  w ith  
3  m l of 52% (w /v) g lu co se  so lu tio n , w h ich  is  
isocaloric w ith  th e  above d o se  o f e th an ol, b u t  
w ith ou t an y  DADS. G roup 8 ra ts  w ere fed a d  l ib i t u m  
sto ck  laboratory d iet (Gold M ohur).

After 3 0  d ays, all th e  ra ts  w ere sacrificed  b y  
d ecap itation , 4  after th e  la st  d o se  o f e th a n o l or 
isocaloric g lu co se  feeding. L ipids in  th e  liver w ere  
extracted  u s in g  ch loroform  : m eth a n o l (1:1 v /v )  
m ixture (E ntem an 1957), T riacylglycerols (W ybenga 
et al. 1974), tota l ch o lestero l (Abell et al. 1958) and  
tota l lip id s (Chow dhary 1989) w ere estim a ted  both  
in  th e  seru m  an d  in  th e  ex tra cts  o f  liver. Serum  
p rote in s w ere sep ara ted  e lectrop h oretica lly  on  
W hatm an No 3  filter p ap er (Varley 1975) an d  each  
fraction w a s  extracted and estim ated  colorim etrically.

A bout 5 p th ick  se c t io n s  w ere cu t from  the  
liver an d  sta in ed  w ith  h em atoxy lin  an d  eosin . To 
determ ine the interference o f DADS w ith  the  
in testin a l ab sorp tion  of e th a n o l, on e group  of rats  
w a s  fasted  for 8  h  an d  fed in tragastrica lly , 2 m l 
of 30%  (v/v) e t h a n o l /100  g b od y w eigh t. A nother  
group o f rats w a s fed sim ilarly  w ith  th e  sa m e d ose  
of eth an ol m ixed  w ith  1 m g D A D S /10 0  g  b ody  
w eight. B lood w a s  co llected  b y  tran sretin a l b leed in g  
at 3 0 , 6 0 , 120, 150, 180  an d  2 4 0  m in  an d  eth an ol 
level w a s  estim ated  (B o n n ic h se n l9 6 3 ) . S ta tistica l 
a n a ly sis  of r e su lts  w a s  carried ou t accord ing to 
s tu d e n ts  ’t' te st  (R am achandran  1962).
Results and D iscussion

Group 1 ra ts  w h ich  w ere fed w ith  HLD and  
group 2 ra ts  fed w ith  HLD an d  eth an ol, exhibited  
significantly (p<0.01) h igher lev els  o f triacylglycerols, 
tota l ch o lestero l and tota l lip id s in  th e  seru m  and

* C o rre sp o n d in g  A u th o r
1 P re se n t a d d r e s s  : S .N . I n s t i tu te  o f  D en ted  S c ie n c e s ,  

H c s s a n -5 7 3  2 0 1 , K a r n a ta k a , I n d i a
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liver (Table 1) a s  com p ared  to control ra ts  o f group grou p s 3  to  6 , all th e  above lipid  lev e ls  w ere
7. A lcohol fed rats of group 2 h ad  seru m  an d  liver sign ificantly  red u ced  (p<0.01). S eru m  a lb u m in  lev els
TABLE 1. BIOCHEMICAL EFFECTS OF DIALLYL DISULPHIDE (DADS) IN RATS FED WITH ETHANOL AND HIGH LIPID DIET (HLD)

Serum triacyl-

HLD-fed
rats

HLD, and 
ethanol- 
fed rats

HLD, ethanol 
and 0.66 mg 
DADS-fed 
rats

glycerols, mg/dl 
Liver triacyl-

148 ± 22 176 ± 26 86 ± 5.8*
glycerols, m g/g  
Serum total

19.1 ± 3.2 23 ± 2.9 14.2 ± 0.9*
cholesterol, mg/dl 
Liver total

152 ± 7.3 186 ± 8.7 86 ± 9.1*
cholesterol, mg/g 
Serum total

26 ± 2.1 32 + 2.1 9.6 ± 0.7*
lipids, mg/dl 
Liver total li

562 + 33 667 + 32 412 ± 23
pids, mg/g 
Serum albu

670 ± 90 760 ± 95 422 ± 42*
min, g / 1 
Serum a -

46 + 3.2 32 ± 2.8 38 ± 2.9*
globulins, % 
Serum 0-

19.8 ± 2.4 31.9 ± 1.9 25.3 ± 1.9*
globulins, % 
Serum y-

16.8 ± 2.3 13.1 ± 1.7 15.8 ± 1.9
globulins, % 17.7 ± 2.3 23 ± 2.5 20.6 ± 2.1

p<0.01 compared tc the rats fed with ethanol and HLD. All 
group is 6.

cholestero l levels sign ifican tly  (p<0.05) h igher th a n  
th ose  o f HLD fed rats o f group 1, b u t not 
triacylglycerol levels (p<0.05). W hen DADS w a s  
m ixed w ith  ethan ol an d  fed to HLD-fed rats of

Fig. 1. Photom icrograph show ing a portal tract with 
macrovasicular fatty change in the peripheral hepatocytes 
of group 2 rats fed daily with 3 ml of 30% (v/v) ethanol/ 
100 g body weight for 30 days and a high lipid diet 
a d  lib itu m . (H  &  E  x  2 0 0 )

HLD, ethanol 
and 1 mg 
DADS-fed 
rats

HLD, ethanol 
and 1.5 mg 
DADS-fed 
rats

HLD, ethanol 
and 2 mg 
DADS-fed 
rats

HLD and 
isocaloric 
glucose-fed 
rats

74 ± 7.0* 75 ± 8.0* 56 ± 7.0 * 46 ± 5.2*
13.2 ± 1.1* 14.3 ± 1.3* 12.1 ± 1.6* 12.4 ± 0.9

81 ± 7.2* 82 ± 5.2* 76 ± 3.5* 76 ± 3.6
12 ± 1.1* 13 ± 1.2* 10 ± 0.9* 10.5 ± 0.9

440 ± 27* 416 ± 23* 396 + 19* 300 ± 10
410 ± 40* 396 ± 52* 352 ± 26* 480 ± 10
33 ± 2.6* 28 ± 2.3 27 ± 2.5 52 ± 3.6

23.7 ± 1.5* 32 ± 2.0 23.8 ± 1.5* 17.8 ± 1.3
21.2 ± 1.9 20 ± 1.8* 22.7 ± 2.0* 13.6 ± 1.1
22.1 ± 2.1 20 ± 1.9 26.6 ± 2.2 16.6 ± 1.2

results are expressed as Mean ± SD. Number of animals in each

w ere sign ifican tly  (p<0.01) d ecreased  in  a lcoh ol fed  
ra ts  o f group 2. G roup 3  ra ts  w h ich  w ere fed w ith
0 .6 6  m g D A D S /1 0 0  g b o d y  w e ig h t, sh o w e d  
s ig n ifica n tly  h ig h er  se r u m  a lb u m in  le v e ls  a s

Fig. 2. Photomicrograph showing portal tract and columns of 
hepatocytes with no evidence of fat in the rats fed daily 
with 3 ml of 30% ethanol (v/v) and 0.66 mg diallyl 
disulphide/100g body weight for 30 days. (H & E x 200)
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o_o Rats Fed 2ml. 30% (v/v) Ethanol containing 1 mg DADs
per 100 g Body Wt.

• — *  Rats Fed 2ml. 30% (v/v) Ethanol per 100 g Body Wt.
Fig. 3. Blood ethanol levels in rats fed with 2 ml of 30% 

(v/v) ethanol with or without 1 mg diallyl disulphide/ 
100 g body weight.

com pared to  ethan ol-fed  ra ts  o f group 2 (p<0.01), 
but h igher d o se s  o f  DADS did n ot in crease  th e  
serum  alb um in  levels, a  and y-globulins levels w ere  
significantly in crea sed  in  a lcohol-fed  rats of group  
2 a s  com pared to group 1 ra ts  (p<0.01), b u t th ey  
were reduced  in  ra ts  o f gro u p s 3 , 4  an d  6  w hich  
were fed DADS alon g w ith  eth an ol. G roup 8  rats, 
w hich w ere fed w ith  on ly  sto ck  laboratory diet and  
no ethanol or isocaloric g lu co se  so lu tio n , exhibited  
sim ilar resu lts  o f  all th e  above estim a tio n s sim ilar  
to the control ra ts  of group 7. Isocaloric g lu co se-  
fed rats co n su m ed  on ly  2 -2 .5  g H L D /day. T h u s, 
the lower con su m p tion  o f lip ids m ight b e resp on sib le  
for the norm al lipid lev els  in  th e  seru m  an d  liver 
of th ese  rats.

Alcohol feeding is  k n ow n  to in crea se  the  
b iosyn th esis o f fatty  a c id s  and ch olestero l and  
decrease their ox id ation  (Lieber and R ubin  1968), 
thereby resu ltin g  in  their  accu m u la tio n  in  th e liver. 
Diallyl d isu lp h id e u n d ergoes exch an ge reaction s  
with thiol grou p s o f en zym es and p rotein s (Black  
1962, J o se ly n  1972) a s  follow s.
C3H5-S-S-C 3H5 + X -SH  -> C3H5-S-S -X  + c 3h 5-s h  
Where X-SH rep resen ts an  en d o g en o u s th iol group  
protein or enzym e. D iallyl d isu lp h id e  and CoA 
disulphide are k n ow n  to in h ib it HMG CoA red u ctase  
reaction in  v itro , p ossib ly  b y  su ch  exch an ge reactions  
(Gilbert and Stew art 1981; L inn 1989). T h u s, DADS  
m ay inhibit fatty acid  an d  ch o lestero l b io sy n th esis , 
producing hypolip idem ic effects. The op tim u m  d ose  
of DADS to be u sed  for hypolip idem ic effects in  
ethanol-fed rats, w h ich  w ere a lso  fed w ith  HLD, is
0 .6 6 m  g /1 0 0  g b od y w eight daily. G roup 3  rats,

w h ich  w ere fed w ith  HLD an d  eth a n o l sh ow ed  focal 
m acro and m icrovesicu lar fatty  ch an g e (Fig. 1). 
G roup 3 -6  rats, w h ich  w ere fed w ith  eth an ol, HLD 
an d  DADS, sh ow ed  focal n ecro s is , K upfer cell 
p rom inence an d  lym phocyte in filtration  o f s in u so id s  
(Fig 2). No evid ence o f fatty ch a n g e  w a s  observed  
in  th e  liver o f th e se  rats.

The blood levels o f  e th a n o l in  ra ts  fed w ith  
eth an ol a lon e or eth an ol m ixed  w ith  DADS w ere 
n ot sign ifican tly  d ifferent (p<0.05) till 4  h  after  
feeding (Fig. 3). T h u s, D A DS h a s  n o  effect on  
eth a n o l ab sorp tion  from  th e  in te stin es .

T h u s, it m ay b e con clud ed  th a t diallyl d isu lphide  
p o s s e s s e s  hypolip idem ic effects in  ra ts  fed w ith  
eth an ol and h igh  lip id s d iet an d  th e  op tim u m  d ose  
ap p ears to b e 0 .6 6  m g / 10 0  g  b od y w eight.
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In v itro  D igestibility of Protein and Starch  o f E n ergy Food
and Its Bulk Reduction

PRAJWALA MOULISWAR, SOMA KURIEN, V.A. DANIEL
N.G. MALLESHI AND S. VENKAT RAO*
D epartm ent of N utrition an d  Food Safety,

C entral Food T ech n ological R esearch  In stitu te , M ysore-570  0 1 3 , India
Energy food had an apparent viscosity of 35,200 centipoise units (cpu) at 25% slurry concentration and this 

decreased to 260 cpu when it was blended with 10% malted wheat and cooked. Toasting of various ingredients such 
as wheat or maize, Bengalgram or peanut cake, did not have any marked effect on reducing apparent viscosity of 
energy food. I n  v itro  protein and starch digestibility of energy food were 80 and 98% respectively.
Keywords : Energy food, Bulk reduction, In  v itro  digestibility of protein and starch, Viscosity profile, Malt flour, 

Germinated wheat.
To com bat m alnutrition  in  children , a nu tritiou s  

food su p p lem en t, popularly  referred to a s  energy  
food, is  b ein g  produced  on  a large sca le  by  
governm ent ag en cies and su p p lied  to  soc ia l w elfare  
departm ents in  India. Energy food is  a ready-to- 
eat su p p lem en ta ry  food  for ch ild ren  an d  is  
conven ient for u se  in  feed in g program m es d u e to 
its  ea se  in  preparation. The m ajor in gred ien ts of 
energy food are w h eat or m aize , B engalgram , soya  
or p ean u t cak e and ja g g e iy , w hich  are b len d ed  after 
heat treatm ent. The dry energy food, w h en  m ixed  
w ith w ater or m ilk  prior to  feeding, b eco m es v isc o u s  
and bulky. A s a resu lt, ch ildren  are u n ab le  to 
con su m e th e desired  q u an tities  due to  lim ited  
stom ach  capacity. C onsequently , a daily su p p lem en t 
of 4 0  g o f energy food is  fed, at p resen t, to w ean ed  
in fants a s  a  15% slurry for providing a calorie  
d en sity  of 0 .6  c a l /g , w h ich  is  far below  th e  
recom m ended  level o f 1.1 c a l /g  for a p re-sch ool 
child  aged 2 -3  years (Svanberg 1987).

A ddition o f a sm all q u an tity  of m alted  barley  
flour is  k n ow n  to red u ce con sid erab ly  th e  v isco sity  
of w ean in g  foods due to its  h igh  am ylase  con ten t  
(Rajalakshm i 1974; H ellstrom  et al. 1981). The 
p ossib ility  of u sin g  m alted  w h eat for red u cin g  th e  
v iscosity  o f energy food and th e  effect o f  toastin g  
the m ain  in gred ien ts o f energy food on  the v isco sity  
and d igestib ility  are reported in  th is  paper.
Materials and Methods

All th e  in gred ien ts of th e  energy food w ere 
procured from  th e  local energy food factory. It 
co n sisted  o f th e  b len d  o f w h eat 56% , extru d ed  soya  
8%, defatted p ea n u t 7%, to a sted  B engalgram  5%, 
jaggery 35% , ferrous su lp h a te  0.4%  an d  ca lc iu m
* C o r re sp o n d in g  A u th o r

c a r b o n a te  1%, a lo n g  w ith  v i ta m in  p r e m ix  
(P ra san n ap p a  et al. 19 76 ; P r a sa n n a p p a  an d  
J a g a n n a th  1985).

W heat procured  from  local m ark et w a s  te s te d  
for its  germ in ation  and tw o-d ay  germ in ated -w h ea t  
w a s  u sed  to prepare m alt on  sem i-p ilo t sca le  
(S u h asin i et al. 1992). T oastin g  ad op ted  at en ergy  
food factory for w h eat w a s  a HTST trea tm en t at 
2 0 0  to 230°C  for 1 to  l ‘/ 2 m in  in  a rotary electric  
heater. B engalgram  and p ea n u t w ere to a ste d  at 8 0  
to 85°C for 2 0  to  2 5  m in . The to a sted  p rod u cts  
w ere ground  to  p a s s  throu gh  a 6 0  m e sh  B S S  sieve.
A n a l y t i c a l  m e t h o d s  : T he a m y la ses  o f  germ in ated  
w h eat m alt w ere extracted  in  a ce ta te  buffer for th e  
a ssa y  of am y la se  activ ities (B em feld  1955). For 
apparent v isco sity  m ea su rem en t, 2 0  to  30%  slu rry  
of th e ingredient w a s  su sp en d ed  in  co ld  w ater, 
cooked  o n  a b oiling w ater b a th  for 2 0  m in , b o iled  
over a n  op en  flam e for a few  m in u te s  w ith  
co n tin u o u s  stirring, coo led  to ab o u t 40°C  an d  th e  
apparent v isco s ity  w a s  m ea su red  in  a B rookfield  
viscom eter  (RVT m odel) u s in g  appropriate sp in d le s  
at 5 0  rpm.

I n  v i t r o  protein  d igestib ility  w a s  d eterm in ed  
according to W alter an d  M ark (1964), w ith  th e  
following m od ifica tion s : slurried  sa m p les  co n ta in in g  
100 m g protein  w ere treated  w ith  1 2 .5  m g o f p ep s in  
(1:2500) in  5 0  m l o f 0 .1  N HC1 at 37°C  for 3  h . 
After n eu tra liza tion  w ith  0 .5  N NaOH, 6  m g  of 
p an creatin  (USP x  3) d isso lved  in  2 5  m l of 
p h osp h ate  buffer (pH 8.0) w a s  ad d ed  an d  th e  
d igestion  con tin u ed  for 2 4  h  at 37°C . T he vo lu m e  
w a s th en  m ad e u p to  10 0  m l an d  a 5 0  m l a liq u ot 
w a s treated  w ith  10% TCA overnight to  p recip ita te  
th e  p rotein s. T he s u sp e n s io n s  w ere cen tr ifu g ed  at 
6 0 0 0  rpm . T he u n d ig ested  m ateria l w a s  a ssa y ed
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for protein by m icro-K jeldahl m eth od  an d  protein  
digestibility w a s  ca lcu la ted .

For determ in ing in  v i t r o  starch  digestib ility , th e  
slurry of th e  food m ateria l (2%) w a s  cooked  on  a 
boiling w ater b ath  for 15 m in . Thirty m l of 0 .2  M 
glycine -HC1 buffer (pH 2.0) con ta in in g  10 m g of  
pepsin (1:2500) w a s  added to 5 0  m l slurry, incubated  
at 3 7 ° C  for 2 h , n eu tra lized  w ith  0 .2  N NaOH and  
the volum e w a s  m ad e u p  to 100 m l. Five m l of
0 .5  M p h osp h ate  buffer con ta in in g  15 m g o f  
pancreatin (USP x  3) and 15 m g am ylog lu cosid ase  
(3000 u n its /g )  w ere ad d ed  to 10 m l aliquot and  
incubated for 2 h  at 37°C . The reaction  w a s  stop ped  
at desired in tervals b y  h ea tin g  for 5 m in  in  boiling  
water bath . A liquots o f 0 .5  m l o f the sa m p les  w ere  
m ixed w ith  2 m l o f d in itrosa licy lic  acid  reagent for 
determ ining red u cin g  su g a rs  (G anesh  K um ar and  
V enkataram an 1976). G lu cose w a s  u sed  a s  a 
standard, w hile sta rch  eq u ivalen t w a s  ca lcu la ted  
u sin g th e  con version  factor o f 0 .9 .
Results and D iscussion

T he v is c o s ity  p rofile  o f  g erm in a ted  a n d  
u n g e r m in a te d  w h e a t  a t  d if fe r e n t  s lu r r y  
con cen tration s an d  germ in ation  period ind icated  
that the germ inated  sa m p les  h ad  very low  v isco sity  
a s com pared to  control at corresp on ding slurry  
con cen tration s (Fig. 1). The c o n s is te n c ie s  of s lu rries  
from germ inated  sa m p les  w ere free-flow ing at 25%  
concentration . The am y la se  activ ities o f w h eat on  
progressive germ in ation  at 2 4  h in tervals, exp ressed  
a s m g of m a lto se  re lea sed  per g o f sam p le , w ere  
1280, 2 6 8 2 , 3 6 5 2  an d  3 8 5 2 , respectively . E nzym e  
activities in creased  rapidly on  first two d a y s and  
slowed dow n on  further germ ination . A lthough th e  
am ylolytic activ ity o f 2 4  h -germ in ated  sam p le  w a s  
high and its  s lu n y  v isco s ity  w a s  low, w h eat m alt 
from 2 day-germ inated  sam p le  w a s preferred a s  th e  
developm ent o f am ylolytic activ ity is  d ep en d en t on  
variety and even  a poor m altin g  variety on  2 day- 
germ in ation , co u ld  p o s s e s s  su ffic ien t activ ity . 
G erm ination for longer p e r io d s . resu lted  in  h igher  
lo ss o f dry m atter  and very often, th e  w heat  
suffered m ou ld  attack . L o sses  of 8  an d  21-34%  dry 
m atter have b een  fou n d  to occu r in  w h eat u p on  
germ ination u p to  48  an d  7 2 -9 6  h, respectively.

The energy food h ad  a cook ed  p a ste  apparent 
v is c o s ity  o f  3 5 ,2 0 0  c p u  a t a 25%  s lu r r y  
concentration. A ddition o f m alt at variou s levels  
exerted a profound in flu en ce  on  b u lk  red u ction  
(Fig. 2). A ddition o f 5% m alt brou ght dow n th e  
apparent v isco sity  to  ab ou t 1 0 0 0  cp u  w h ich  w a s  
further reduced  to 4 0 0  cp u  b y  in crea sin g  the m alt

Fig. 1. Apparent viscosity profile of wheat germinated for different 
intervals at different concentrations of slurry. - - - - -
ungerminated wheat; O—O wheat germinated for 24 h; • ----- •
wheat germinated for 48 h; □ ------□  wheat germinated for 72
h; A----- A wheat germinated for 96 h.
to 7.5% . H owever, in crea sin g  th e  m alt to  10% had  
v e iy  m inor effect on  v iscosity .

The effect o f ad d ition  o f m a lt flour o n  b u lk  
red u ction  prop erties o f th e  w ea n in g  food prior to 
cook in g  an d  after cook in g  sh ow ed  th a t th e  ad dition  
of 10% m alt prior to  cook in g  an d  h ea tin g  th e  slurry  
red u ced  th e  v isco s ity  from  3 5 ,2 0 0  to 2 6 0  cp u  at

TADLE 1. APPARENT VISCOSITY PROFILE OF ENERGY FOOD 
WITH ADDITION OF MALT BEFORE AND DURING 
COOKING.

Apparent viscosity (cp units)
Food material _____ at slurry concentration *

25% 30% 40%
Energy food 35,200 70,400 80,000
Energy food with 
wheat malt prior 
cooking

10%
to 260 750 4,000

Energy food with 
wheat malt added

10%
after 780 1.400 6,400

cooking
* Values are averages of duplicate determinations.

25%  slurry con cen tration  (Table 1). D u rin g  cook ing, 
enzym e activity is  acce lerated  in  th e  in itia l period  
u p to  ab out 55°C an d  cu lm in a ted  in to  a h igher  
h yd ro lysis o f starch . H ow ever, w h en  th e  m alt flour  
is  added to th e  h o t p a ste  slu rry  (above 80°C), th e  
enzym e activity d im in ish ed  d u e  to  h igh  tem peratu re  
of the slurry, thereb y resu ltin g  in  a m od erate  
red u ction  of ap p arent v isc o s ity  a s  com p ared  to  a 
high red u ction  w h en  m alt flou r is  added  prior to 
cooking. H ence, b len d in g  th e  w ea n in g  food with  
m alt before cook in g  w ill b e  ad v isab le  for effectively  
red u cin g  the b u lk  d en sity .
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P e r c e n t  o f  w h e a t  m a l t
Fig. 2. Minimum level of wheat malt required for effective 
thinning of energy food gruel.

V iscosities  of raw a s  w ell a s  to a sted  w h eat, 
m aize and B engalgram  w ere h igh  (8 0 ,0 0 0  cpu) at 
25% slurry con cen tration , thereb y resu ltin g  in  a 
dough-like co n s isten cy  (Fig. 3). T he ad d ition  of 10% 
m alt reduced  th e  v isco sity  sign ifican tly  in  all the  
ca ses . The v isco sity  w a s  ab ou t 7 0 0  cp u  an d  the  
slurry w a s free-flow ing. M alt h ad  a lm ost th e sam e  
effect on  raw a s  we'J a s  toasted  m ateria l, except 
in  the ca se  of toasted  w h eat w h ich  sh ow ed  a 
slightly h igher v iscosity . The v isco s it ie s  of protein- 
rich m ateria ls like soy a  an d  p ean u t cak e flours  
were con siderab ly  lower (2 8 ,8 0 0  cpu) th a n  cerea l 
flours an d  addition  o f m alt h ad  ben efic ia l effect on  
peanut flour, b u t not on  soy a  flour.

The data on in  v i t r o  protein  an d  carbohydrate  
d igestib ilities o f raw an d  toasted  m ateria ls and th e  
energy food are p resen ted  in  Table 2. T oastin g  had  
beneficial effect on  carbohydrate d igestib ility , th e  
h igh est in crease in  d igestib ility  va lu e  having b een  
o b ta in e d  w ith  to a s te d  w h e a t . M o st o f  th e  
carbohydrates w ere fou n d  to be d igested  w ith in  th e  
first 3 0  m in  o f d igestion  an d  later, the rate slow ed  
down. In con trast, no m arked d ifferences w ere  
observed in  protein  d igestib ility  w ith  regard to raw  
an d  toasted  in gred ien ts of energy food except in  
ca se  of w heat. The p ean u t cak e flour and soy a  flour 
sh ow ed  arou n d  90%  digestib ility  w h erea s m aize  
and w h eat sh ow ed  som ew h at low er d igestib ility.

Fig. 3. Effect of toasting on the apparent viscosity profile cf 
the ingredients with and without addition of 10% wheat malt 
at 25% hot paste slurry HjU raw, QTTT] toasted; |'///A  raw + 
10% malted wheat; E---(toasted + 10% malted wheat.
C arbohydrates in  the energy food w ere a lm ost  
c o m p le te ly  d ig e s te d , a s  c o m p u te d  from  th e  
digestib ility  v a lu es  o f  its  in gred ien ts. It c a n  b e  
con clu d ed  that w h ile  toastin g  o f th e  in g red ien ts o f  
energy food had n o  effect on  red u cin g  th e  v isco sity , 
it h ad  d efin ite ly  a b e n e fic ia l e ffec t o n  th e  
digestib ilities of carb oh yd rates an d  p rotein s.

The p rocess ad opted  for p rep aration  o f energy  
food is  HTST treatm en t for w h ea t an d  m aize and  
toastin g  of oth er in gred ien ts. B y th is  p ro cess , th e  
cereal in gred ien ts get gelatin ized  an d  a lso  get 
partially sterilized, thereb y rendering th em  to  a 
read y-to -eat form . B u t, w h e n  en ergy  food is  
recom m en d ed  for in fan ts, it is  d esirab le  th a t th e
TABLE 2. EFFECT OF TOASTING ON THE IN  V IT R O  PROTEIN 

AND CARBOHYDRATE DIGESTIBILITIES OF THE 
INGREDIENTS OF ENERGY FOOD*

Protein Digestibility of starch* %
Sample Digesti

bility 30 60 90 120
% min min min min

Raw wheat 66 58 58 67 67
Toasted
wheat 78 79 79 100 100
Raw maize 62 22 63 63 63
Toasted maize 62 83 94 94 94
Raw Bengal 
gram 86 61 65 71 75
Toasted 
Bengal gram 87 69 71 78 79
Raw ground
nut flour 87 40 48 49 64
Toasted grou
ndnut flour 91 63 87 87 92
Extruded soya 91 - - - -
Energy Food 80 77 79 97 98

+ Values are averages of duplicate determinations.
* Calculated from values for the content of starch ;reported by Kamath and Belavady (1980).
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food is  fu lly  cook ed  an d  sh o u ld  h ave softer  
consistency. The p resen t s tu d ie s  sh o w  th a t addition  
of 10% m alted  w h eat an d  cook ing th e  energy food  
not only h e lp s in  com p lete gelatin lzation  o f starch y  
ingredients, b u t a lso  red u ces  th e  b u lk  d en sity , 
thereby in creasin g  th e n u tr ien t c o n ten ts  in  resp ect  
of calories and protein  an d  rendering it su itab le  
for feeding m aln ou rish ed  children .
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Studies o f Som e Assam  R ice Varieties for Cooking, 
Organoleptic and V isco-elastic Properties

L. SAIKIA1* and G.S. BAINS2
'A ssam  A gricultural U niversity, J o rh a t-1 3 , India, 2Punjab A gricultural U niversity, L u d h ian a , India.

Studies of cooking, organoleptic and visco-elastic properties of three varieties of Assam rice revealed comparatively 
higher cooking time, water-uptake and elongation ratio for brown and milled rice. 'Jaha', a scented variety, scored 
highest in aroma but was inferior in terms of non-cohesiveness, integrity, alkali spreading and clearing. 'Monoharsali' 
and 'Prosadbhog' gave higher peak viscosity and 'Jaha' lowest gelatinization time. Correlation co-efficients between 
amylose, fat and orotein with water-uptake and elongation ratio were estimated.
Keywords'. : Assam rice varieties, Cooking characteristics, Organoleptic evaluation, Visco-elastic properties.

New rice varieties n eed  eva lu ation  for their  
su itab ility  for specific  en d  u s e s  in  com m ercial 
ap p lication s and co n su m er  p referen ces (M undy
1989). Rice varieties h ave sp ecific  m illing , cook ing, 
eatin g  an d  p ro cess in g  ch a ra cter istic s  an d  a n  
agronom ically su p erior long-grained  cu ltivar m ay  
be u n accep tab le  for trad itional long-grain  cooking  
and p rocessin g  (Webb 1985). Therefore, variou s  
cooking and v isco -e la stic  p roperties n eed  to  be  
stu d ied  for a s se s s in g  th e  quality o f rice (Del M undo
1979). A ssam  grow s variou s i n d i c a  an d  j a p ó n i c a  
type rice varieties. The cook ing, organoleptic and  
v isco-e lastic  properties o f th ese  varieties are not 
stu d ied  so  far an d  therefore, th is  w ork  w a s  
undertaken .

Paddy sa m p les  of th e  rice varieties w ere  
co llected  from  R ice R esea rch  S ta tio n , A ssa m  
Agricultural U niversity, Jorh at. Cooking tim e, w ater- 
uptake-ratio , e lon gation  ratio and organoleptic  
evaluation  w ere done according to  m eth o d s of 
Sidhu et al. (1975). S p litting an d  curling o f cooked  
rice in  w ater w a s  done follow ing th e  m eth od  of 
K eneaster. The exten t of alkali sp read in g  and  
clearing w a s  scored  b y  the 7 -p oin t sca le  of Little 
et al. (1958). A h igher stren gth  of 3% KOH w a s  
used . Rice sa m p les  w ere ground  in  F alling N um ber  
Mill and am ylograph cu rves w ere developed u sin g  
5 0  g rice pow der in  a B rabender am ylograph se t  
to 1.5°C rise in  terr.perature/m in .

The cooking ch ara cter istics  o f brow n and  
m illed rice (4% polish ing) are sh ow n  in Table 1. 
Significant variation  in  cook ing tim e, w ater u p take  
ratio and elon gation  ratio of brow n an d  m illed  rice  
were noted. Brow n rice took  longer tim e for cooking  
than  m illed  rice. S len d er gra ined  fine variety 'Jaha' 
had tak en  low est tim e for cook in g  am ong brow n
* C o r re sp o n d in g  A u th o r

TABLE 1. COOKING CHARACTERISTICS OF BROWN AND
MILLED RICE

Variety Cooking Water-uptake Elongation
time, min ratio,

g water/g
ratio

rice
Brown rice

'Jaha' 20.5 2.21 1.10
'Monoharsali' 23.5 2.25 1.06
'Prosadbhog' 21.5 2.37 1.14
SEM ± 0.2520 ± 0.0716 ± 0.0354
C.D. at 0.05 1.0735 0.3050 0.1508
C.D. at 0.01 2.0210 0.5742 0.2839

Milled rice (4% polished)
'Jaha' 20.0 3.09 1.22
Monoharsali' 22.5 3.29 1.35
'Prosadbhog' 21.0 3.26 1.25
S.EM ± 0.1791 ± 0.0340 ± 0.0207
C.D. at 0.05 0.8396 0.1444 0.0882
C.D. at 0.01 1.5807 0.2719 0.1660

rice varieties (2 0 .5  min) an d  m illed rice sa m p le s
(20 .0  m in). S ignificant varia tion  in  th e  w a ter-u p ta k e  
ratio an d  elon gation  ratio o f m illed  rice w a s  n oted . 
H owever, h ig h est w ater u p ta k e  an d  e lo n gatio n  ratio  
w ere ob tained  for 'M onoharsali' m illed  rice. T he  
fin d in gs are sim ilar  to  th o se  reported  b y  S id h u  
et al. (1975) an d  B a tch er  et al. (1956). 'Jaha' 
d isp layed  exten sive  sp littin g  an d  cu rling , w h erea s  
'M onoharsali' an d  'Prosadbhog' d id  n o t sh o w  an y  
sp littin g  or curling.

O rganoleptic sco res  for ap p earan ce , arom a, 
n o n -co h es iv en ess  an d  integrity o f cook ed  rice are  
sum m arized  in  Table 2 . 'M onoharsali' h ad  h ig h est  
overall score for ap p earan ce, n o n -c o h e s iv e n e ss  an d  
in tegrity o f  k ern els. H ow ever, 'Jaha' h ad  th e  h ig h est  
score for arom a (3 .4 2  ± 0 .7 5 ), b u t  its  score  for 
a p p e a r a n c e  (1 .5 0  ± 0 .5 0 ) , n o n - c o h e s iv e n e s s  
(1 .92 ± 0 .76 ) an d  in tegrity  (2 .0 8  ± 1.64) w ere th e  
low est am ong the te ste d  varieties.

4 0
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TABLE 2. ORGANOLEPTIC QUALITY SCORES OF COOKED 
RICE.

Mean score ± S.D.
Variety Appearance Aroma Non-cohe-

siveness
Integrity

Jaha' 1.50±0.50 3.4210.75 1.9210.76 2.0811.64
'Monoharsali' 2.58±0.64 2.0810.85 2.8310.55 2.7510.59
'Prosadbhog' 2 .17±0.69 2.00+0.71 2.5010.76 2.3310.64
* Scores : 1 = Poor, 2 = Fair, 3 = Good and 4 = Excellent

The alkali score v a lu es  sh ow ed  that, excepting  
for 'Jaha', th e  other varieties w ere fou n d  to be  
resistant to 1.4% alkali even  w h en  kep t for 2 4  h . 
W hen the k ern els of different varieties w ere treated  
with 3% KOH so lu tion , th ese  w ere com pletely  
gelatinized, thou gh  som e resista n ce  w a s d isp layed  
by 'M onoharsali' rice, th e  tra n slu cen t, short-grained  
variety. It w a s  fou n d  th a t, th e varieties w ere fairly 
resistan t to alkali reactio n s excep t for 'Jaha'. It is  
difficult to correlate th e alkali te st elaborated  by  
several investigators w ith  th e  cook in g  te st w h en  
num ber o f varieties tested  are fewer.

Correlation co-effic ien ts for w a ter-u p tak e and  
elongation ratio developed  (Saikia an d  B a in s  1990) 
with am ylose, fat an d  protein  v a lu es  o f rice are 
presented in  Table 3 . A m ylose con ten t w a s inversely  
and significantly correlated  w ith  th e  v a lu es  for fat

TABLE 3. CORRELATION COEFFICIENTS BETWEEN VARIOUS 
PARAMETERS OF QUALITY OF RICE.

Parameter r"
Amylose V s . fat -  0.89

Protein -  0.033
Water-uptake ratio 0.85
Elongation ratio 0.81

Fat V s. protein 0.08
Water-uptake ratio -  0.90
Elongation ratio -  0.80

Protein Vs. water uptake ratio -  0.22

content (r = -  0 .8 9 ), p ositively  correlated w ith  
elongation ratio (r = + 0 .8 1 ) and m ore p ositively  
correlated w ith w ater-u p tak e ratio (r = + 0 .85). 
Correlation b etw een  fat w ith  w ater-u p take ratio, 
protein, elongation  ratio an d  protein  w ith  w ater- 
uptake ratio w ere fou n d  to  be negative.

The effects o f variety and m illing on  am ylograph  
curve characteristics and peak  v iscosity , tem perature  
at peak  v isco s ity  an d  ge la tin iza tion  tim e are 
presented in  Table 4. Increase in  p eak  v isco sity  
varied w ith  degree o f m illing d ep en ding  on  th e  
variety of rice. In general, gelatin iza tion  tim e and  
tem perature, at p eak  v iscosity , d ecreased  w ith  
degree of m illing. H ighest gelatin ization  tim e (10.8

TABLE 4. EFFECT OF VARIETY AND MILLING ON THE 
AMYLOGRAPH CHARACTERISTICS 

Polish removed
Nil

Variety (Brown 4% 8%
rice)

Peak v iscosity  (B.U.)
’Jaha’ 298 405 470
'Monoharsali' 630 725 940
'Prosadbhog' 540 745 860

Gelatinization tim e (min)
'Jaha' 6.5 6.5 6.5
Monoharsali' 10.8 10.8 12.0
'Prosadbhog' 14.5 8.8 8.5

Temperature at peak v iscosity  (°C)
Jaha' 72.8 66.0 68.3
'Monoharsali' 66.0 69.0 67.5
Prosadbhog' 76.5 69.0 68.3
min) w a s  exh ib ited  b y  'M onoharsali' rice p olish ed  
at 4% level a g a in st th e  lo w est va lu e  o f 6 .5  m in  
for 'Jaha'. T em perature at p eak  v isco s ity  w a s  h igher  
(69°C ) for  4% p o l is h e d  'M o n o h a r sa li '  a n d  
’Prosadbhog' varieties. Low p ea k  v isco s ity  and  
gelatin ization  tim e of 'Jaha' w ere fou n d  to b e  
a sso c ia ted  w ith  its  poor cook in g  an d  lo w est am ylose  
con ten t. The resu lts  of am ylograph ch ara cter istics  
are in  agreem ent w ith  th e  fin d in gs o f H alick  and  
Kelly (1959); H alick  et al. (1960); J u lia n o  et al.
(1969) and J u lia n o  an d  Perez (1976).
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E ffect of H arvesting Tim e and Handling Period on 9 uaHty
of Apple

VISHAL SINGH BARWAL* 1
R egional H orticultural R esearch  S tation , M ashobra, S h im la -1 71  0 0 7 , India.

Fruits from 4 promising cultivars ('Hardeman', 'Red Spur Delicious', Topred' and "Vance Delicious') were picked 
on 3 dates between 110 and 125 days after full bloom and their physical and organoleptic characteristics were studied 
upto 21 days of handling period under ambient conditions. Harvesting dates had no significant effect on the diameter 
of fruits of 'Hardeman', 'Red Spur Delicious' and Topred'. There was significant increase in organoleptic acceptability 
of fruits of all cultivars. Decrease in firmness and physiological weight loss (PWL) was found in late harvesting. During 
handling, organoleptic acceptability was at par upto 14 days in all the cultivars excepting 'Vance Delicious'.
Keywords : Apple quality, Harvesting time, Handling period, Fruit characteristics, Physical characteristics, Organoleptic

acceptability.

M aturity for h arvestin g  apple h a s  b een  b ased  
on ground colour, size , ea se  of p ick ing, d ays after 
full b loom  (DAFB), firm n ess, starch  test, seed  
colour, so lub le so lid s concentration , acidity, internal 
ethylene con ten t and resp iration  rate for apple  
fruits, w ith ou t an y  con sid era tion  to  its  effect on  
fruit quality  during p ost-h arvest h an d lin g  (Haller 
and Sm ith 1950; Louton an d  H am er 1983; K rishna  
Prakash et al. 1985; A dhikari et al. 1988; Ingle and  
D 'Souza 1989; K nee an d  Sm ith  1989). H arvesting  
period, generally, sp a n s  for 15 d ays and su b seq u en t  
g ra d in g , p a c k in g  a n d  tr a n s p o r ta t io n  ta k e s  
approxim ately 2 0  d ays for m arketing of fruits. T h is  
period m ay  adversely  affect th e fruit quality  and  
th u s  their m arketing. The p resen t in vestigation  w a s  
carried ou t w ith  a view  to define op tim u m  pick ing  
and h an d lin g  tim e required for en su rin g  good  
d essert quality  of fruits.

P hysiologically  m atu re, ap p les of 4  cu ltivars  
viz. 'Hardeman', 'Red S p u r D elicious', Topred' and  
V a n ce D elicious' w ere h arvested  on  5 th  (H,, 110  
DAFB), 12th (H2, 117  DAFB) an d  19th (H3, 125  
DAFB) A u g u st, 1991 from  th e  orchard o f R egional 
H orticultural R esearch  S tation , M ashobra, located  
at la titude 31 .1°N , lon gitu de 77 .1°E  an d  2 2 8 6  m  
above m ean  sea  level in  the S h im la  H ills of 
H im achal P radesh. The fru its o f  each  cu ltivar w ere  
collected  random ly from  5 trees, labelled  and  
an alysed  on  th e  sa m e day  and after 7, 14 an d  21 
days of am bient storage (m ean  m ax. tem p. 21 .4°C  
and m in. tem p. 13.5°C).

The d iam eter w a s  m easu red , u s in g  Vernier  
calip ers and w eigh ed  b y  Harvard trip b alan ce. The
* C o r re sp o n d in g  A u th o r , ' P r e s e n t  A d d r e s s  : D e p a r tm e n t  o f  
P o s th a r v e s t  T e c h n o lo g y , Dr. Y  S  P a r m a r  U n iv e r s ity  o f  H o r tic u ltu re  
&  F o re s tr y , N a u n i, S o la n - 1 7 3  2 3 0 , In d ia

fruit firm n ess w a s  m easu red , u s in g  a M a gn ess  
Taylor (MT) p u n ctu re  te ster  w ith  a p lu n ger  of  
5 / 1 6  in ch  (0 .8  cm) diam . P h ysio logica l w eigh t lo s s  
(PWL) w a s  recorded by tak in g  p ercen tage  o f red u ced  
w eight of each  m arked  fruit. T he fru its  w ere  
eva lu ated  organoleptically  for overall accep tab ility  
on  a 5 point grading sca le  b y  a p an el o f 5 ju d g e s . 
O rganoleptic m ea n  scores, 5 = exce llen t, 4  = very  
good, 3 = good, 2 = fair an d  1 = poor. S ta tistica l  
a n a ly sis  o f the data  w a s d on e accord in g  to  th e  
random ized b lock  an d  sp lit p lot d e s ig n s  (P an se and  
S u k h atm e 1967).

The d iam eter of fru its o f all th e  cu ltiva rs  
in creased  in  late h arvestin g  (Table 1). T he in crea se  
w a s sign ifican t on ly  in  'Vance D elic iou s', w h ere H ; 
differed sign ifican tly  from  H3. T he w eigh t o f  th e  fruit 
h ad  a lso  in creased  sign ifican tly  in  la te  h arv estin g  
in  all th e  cu ltivars excep tin g  'H ardem an' (Table 1). 
A dhikari et al. (1988) have a lso  recorded  sim ilar  
in crea ses  in  d iam eter an d  w eigh t o f th e  fru its.

Fruit firm n ess d ecreased  p rogressive ly  w ith  
late h arvestin g  and su b seq u en tly  in  h a n d lin g  (Table
2). D ecrease  in  firm n ess b ecam e sig n ifican t a t H2 
an d  H3 s ta g es  in  'Red S p u r D elic iou s' an d  V a n ce  
D elicious' and at H3 stage in  ’H ardem an’ and 'Topred'. 
S u ch  a p h en o m en o n  h a s  a lso  b e e n  reported  
previously  (Adhikari et al. 1988; Ingle an d  D 'S ou za
1989). S ta tis tica lly , th ere  w a s  n o  s ig n ific a n t  
difference in  firm n ess o f fru its u p to  7 d ay s of 
h an d ling  period in  'Red S p u r D elicious' an d  'Topred'. 
From  7 to 14 d ay s o f storage, f irm n ess  o f fru its  
rem ained  n on -sign ifica n t in  'H ardem an' an d  V a n ce  
D elicious'. After 14 d a y s of storage, fru its  o f  all 
cu ltivars w ere sign ifican tly  softer. It m ig h t b e  d u e  
to in crease in  so lu b le  p ectin  an d  d ecrea se  in  
insoluble pectin  (Bartley an d  Knee 1982). H arvesting
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TABLE 1. EFFECT OF HARVESTING TIME ON PHYSICAL CHARACTERS OF FRUITS
CULTIVARS

Harvesting 'Hardeman' 'Red Spur Delicious' Topred' Vance Delicious'
dates Diam, Weight, Diam, Weight, Diam, Weight, Diam, Weight,

cm g cm g cm g cm g
5.8.91 (H,) (110 DAFB) 6.2 107.5 6.3 102.2 6.5 112.7 6.2 108.6
12.8.91(H2) (117 DAFB) 6.5 117.1 6.3 110.0 6.7 134.2 6.4 111.9
19.8.91 (HJ (125 DAFB) 6.5 128.1 6.5 133.3 6.8 139.5 6.6 128.2
CD (p<0.35) NS NS NS 26.3 NS 18.2 0.4 15.8

Diam = Diameter, D.AFB = Days after full bloom, NS = Non-significant

TABLE 2. EFFECT OF HARVESTING TIME AND HANDLING PERIOD ON FRUIT CHARACTERISTICS
CULTIVARS

Particulars 'Hardeman' 'Red Spur Delicious' Topred' Vance Delicious'
FN PWL OA FN PWL OA FN PWL OA FN PWL OA

Harvesting time
H, 19.8* 4.1a 3.5* 20.2* 3.0* 3.1* 20.2* 3.1* 3.6* 20.3* 3.7* 3.1*
H, 19.2a 4.0* 3.8» 18.8» 3.0* 3.8» 19.1*» 2.6» 3.9» 18.0» 3.2» 3.7»
h3 18.3b 3.5» 4.4C 18.3» 3.0* 4.3* 18.1» 2.6» 4.4* 17.5» 2.8* 4.5*

Handling Period 
days

0 21.0* - 4.2* 21.8* - 3.8* 21.4* - 4.2* 20.8* - 4.2*7 19.5» 1.8* 4.3* 20.2* 1.6* 4.0* 20.1* 1.4* 4.2* 19.6» 2.0* 4.1*»14 18.9» 4.3» 4.1* 18.8» 3.2» 4.0* 18.3» 3.0» 4.2* 18.6» 3.3» 3.7»21 16.9C 
Interaction between

5.5C 3.1» 15.7* 4.3° 3.2» 16.7* 3.9* 3.3C 15.4* 4.5* 3.1*
harvesting timeand handling period * ** • *« NS • ** • ** NS • ** • *• NS • ** • **
NSMean with same superscript in each column do not differ significantly (p<0.05).
* Interaction between harvesting time and handling period, *,** Significant at p<0.05 or 0.01 respectively.
FN = Firmness lb /in 2, OA = Organoleptic acceptability (score out of 5), PWL = Physiological weight loss, %, NS = non - significant. 
Hj, Hj, H3 = Harvesting timings as given in Table 1.
dates had  a sign ifican t effect on  fruit firm n ess of 
'Hardeman' and 'Red S p u r D elicious' during handling  
period. P hysiological w eigh t lo s s  w a s  m ore in  early  
harvested fruits. H arvesting d a tes  for PWL w ere  
non-sign ificant in  'Red S p u r D e lic io u s’ b u t h ighly  
sign ifican t in  'V ance D elic iou s' (Table 2). In  
'Hardeman' H3 stage and in  Topred' H, stage w ere 
found significant. PWL in creased  sign ificantly  during  
handling period for all th e  cu ltivars d u e to évap o
transpiration an d  resp iration  (Siddiqui et al. 1991).

O rganoleptic acceptab ility  (OA) sco res  in creased  
significantly w ith  h arvestin g  date (Table 2). OA 
increased probably d u e to  in crease  in  so lu b le  so lid s  
concentration . Knee an d  S m ith 4 have a lso  reported  
an increase in  accep tab ility  w ith  la ter harvest. 
During h an d lin g  period, m ea n  OA sc o res  rem ained  
non-sign ificant u p to  14 d ay s in  'H ardem an', 'Red 
Spur D elicious' an d  T o p r e d . After 14 days, m ea n  
scores for OA differed sign ifican tly  in  all th e  
cultivars.
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E ffect of Different H arvesting Periods on Shelf-Life and
Quality of Kinnow Fruits

P.K. NAGAR
B iotechn ology D ivision , CSIR C om plex. P a lam p u r-176  0 6 1 , India.

The Kinnow mandarin fruits were harvested at different periods and stored at ambient temperature (15-20°C) 
to evaluate their shelf-life and quality. Delaying harvesting beyond second week of January was found to result in 
greater loss of fresh weights than the fruits harvested earlier. While the fruits harvested in the last week of December 
and middle of January showed 11.60 and 13.10% losses during 25 days of storage, the corresponding losses in fruits 
harvested in 3rd and 4th week of January were 20.60 and 25%, respectively. Total soluble solids and sugars gradually 
increasec during storage irrespective of harvesting dates and storage. Ascorbic acid and juice contents decreased sharply 
during storage ir. fruits harvested after 2nd week of January.
Keywords: Kinnow mandarin, Harvesting period, Shelf-life, Chemical changes, Ambient temperature storage, Packing

in wooden boxes.
K innow  m an d arin  ( C i t r u s  n o b i l i s  x  C i t r u s  

d e l ic io s a )  h a s  becom e p opular am ong fruit grow ers  
of low h ills  and  va lleys o f H im achal P radesh . The 
vigorous grow th ch ara cter istics  an d  h igh  yield ing  
potentia l of the tree, cou p led  w ith  good fruit quality, 
endear it to b oth  grew er and con su m er. For storage  
and long d istan ce  transport, th e  fruit is  generally  
harvested  on  a date w h en  quality criteria ca n  b est  
be satisfied . F ru its h arvested  la te in  se a so n  or too  
early, do n ot keep  w ell during transport. A ppearance  
of fruit, sugar, acid  an d  ascorb ic acid  co n ten ts  are 
the key co m p o n en ts th a t con trib u te  to the quality  
of c itru s fruit (Ryall an d  Pentzer 1974). Effect of 
growth regu lators, ripen ing retard an ts, fu n g icid es  
a n d /o r  w axing on  som e of th ese  p aram eters have  
b een  reported earlier for K innow fru its (B hullar et 
al. 1981; Jaw an d a et al. 1978; Nagar 1991); b u t  
know ledge about th e  effect of different h arvestin g  
periods on  the sh elf-life  and quality  o f K innow  
m andarin  is  lack ing Therefore, the p resen t stu d y  
w a s u n dertak en  to eva lu ate  the effect of h arvestin g  
d ates on  the shelf-life and quality o f K innow  
m andarins.

F u lly  m a tu r e d  a n d  w e ll-r ip e n e d  K in n ow  
m andarin  fruits w ith  w ell developed  colour, 7 .0 -
7 .5  cm  diam  an d  1 5 5 -1 6 0  g w eigh t w ere h arvested  
in  1 9 8 8 -8 9  se a so n  o n  D ecem b er 3 0 , J a n u a ry  7, 
15, 2 3  and 31 from  8 year  old trees o f  horticu lture  
orchard o f H.F. K rishi V ishva V idyalaya. S ix ty  fru its  
from each  h arvestin g  date w ere collected , 3  fru its  
were an a lysed  im m ed iately  an d  th e  rest w ere u sed  
in  storage stu d ies . The fru its w ere w a sh ed , air  
dried, p ack ed  sep ara tely  in  perforated w ooden  
b oxes (2x1x1 ft.) lined  w ith sh red d ed  paper and  
stored at am bient tem peratu re (15-20°C . RH, 50%). 
The data  on  w eight lo ss , ju ice  con ten t and ch em ica l

ch a n g es  w ere recorded at 5, 10, 15, 2 0  an d  2 5  day  
in tervals. Total so lu b le  so lid s  (TSS) w ere m ea su red  
b y h an d  refractom eter. The fru its  w ere a n a ly sed  for 
titratable acidity, red u cin g  su g a rs  an d  ascorb ic  acid  
a s  per the m eth o d s d escrib ed  b y  R a n ga n n a  (1986). 
All th e  data w ere an a lysed  s ta tistica lly  u s in g  
random ised block  d esign  (RBD) an d  m ea n s  com pared  
u sin g  lea st  sign ifican t d ifferen ces (LSD) at 5% level 
for in teraction s (Gom ez and G om ez 1984).

D elay in g  h a rv estin g  b eyo n d  2 n d  w eek  of 
Ja n u a ry  in creased  lo s s  o f  fresh  w eigh t (Table 1). 
The fru its h arvested  in  th e la st w eek  o f D ecem b er  
and 2n d  w eek  of J a n u a iy  sh ow ed  1 1 .6 0  and  
13.10%  w eigh t lo sse s , resp ectively , after 2 5  d ay s  
of storage. The corresp on ding  lo s s e s  for th e  fru its  
h arvested  in  th e 3rd an d  4 th  w eek  o f J a n u a iy  w ere
2 0 .6  an d  25.0% , respectively. G enerally , severe  
lo s se s  are reported w h en  c itru s  fru its are stored  
at am bient tem p eratu res, d u e to  tran sp iration  from  
fruit su rfaces, thereb y lead in g  to sh rivelling  an d  
poor m arketab ility  (S ad ash ivan  et al. 1972).

The ch em ica l ch a n g es  in  fru its rela ted  to  
different h arvestin g  p eriods during storage are 
sh ow n  in Table 1. Total so lu b le  so lid s  an d  red u cin g  
su ga rs gradually in creased  irrespective of h arvestin g  
periods and storage. A sim ilar  in crea se  w a s  a lso  
observed earlier in  K innow  m an d arin  follow ing  
variou s trea tm en ts (Jaw arda et al. 1 9 7 8 ., N agar
1991). The in crease w a s  probably d u e to th e  
h yd ro lysis of p o lysacch a r id es an d  con cen tra tio n  of 
ju ic e s  a s  a resu lt of dehydration. No sign ifican t  
effect of different h arvestin g  p eriod s w a s ob served  
on T SS or red u cin g  su ga rs. T he titra tab le  acid ity  
d ecreased  irrespective o f h arvestin g  p eriods. Like 
other c itru s fru its (Echeverria and V alich  1989; 
Echeverría an d  Ism ail 1987), th e  d ecrea se  in
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TABLE 1. EFFECT OF DIFFERENT HARVESTING PERIODS ON 
THE QUALITY ATTRIBUTES OF KINNOW MANDARIN 
FRUIT

Harvest date
Days after storage

0 5 10 15 20 25

30 December
Weight loss (%)

2.4 5.4 7.8 10.5 11.6
7 January - 2.7 5.7 8.0 11.5 12.4

15 January - 2.5 5.9 9.1 12.5 13.1
23 January 2.9 7.6 11.3 14.3 20.6
31 January - 4.0 9.8 12.8 16.7 24.9
LSD at 5% (txs) 
SEm
30 December 2.6

Reducing
3.1 3.4

Sugar
3.5

(%)
3.6 3.7

7 January 2.7 3.1 3.6 3.7 3.7 3.8
15 January 2.9 3.2 3.4 3.7 3.8 3.9
23 January 2.9 2.9 3.0 3.2 3.3 3.4
31 January 2.9 3.0 3.1 3.2 3.3 3.4
LSD at 5% (txs) 
SEm

Ascorbic Acid (m g /100 mg F.wt.)
30 December 31.5 28.1 26.7 23.3 21.8 19.7

7 January 31.8 26.4 24.5 22.5 21.9 20.0
15 January 32.0 27.1 26.2 23.3 22.7 20.2
23 January 31.4 27.6 24.7 22.4 20.2 19.2
31 January 31.2 26.3 24.5 21.9 19.2 18.1
LSD at 5% (txs) 
SEm
30 December 13.6 13.6

T.S.S.
14.8

(°Brix)
15.2 15.7 16.1

7 January 13.5 13.6 14.7 15.2 15.5 16.1
15 January 13.8 14.1 14.4 15.4 15.7 16.0
23 January 14.0 14.8 15.2 15.8 16.0 16.1
31 January 14.4 14.8 15.4 16.0 16.1 16.2
LSD at 5% (txs) 
SEm
30 December 1.6

Titratable acidity (%)
1.6 1.5 1.4 1.4 1.4

7 January 1.6 1.5 1.5 1.4 1.4 1.4
15 January 1.5 1.5 1.4 1.4 1.4 1.4
23 January 1.5 1.5 1.4 1.4 1.3 1.3
31 January 1.5 1.4 1.4 1.4 1.3 1.3
LSD at 5% (txs) 
SEm
30 December 34.2

Juice (%)
34.0 32.4 30.7 29.7 28.1

7 January 34.5 34.0 32.4 30.6 28.8 27.5
15 January 34.9 32.0 30.0 29.4 28.0 27.1
23 January 34.4 32.5 29.1 27.9 26.6 24.7
31 January 33.8 32.1 28.5 26.8 25.2 22.8
LSD at 5% (txs) and SEm ranged between 0.33-2.16, and
± 0 .11 - 0.76, respectively.
titratable acid ity m igh t b e du e to th e  u tiliza tion  of 
acids in  resp ira to iy  p rocess.

A sh arp  an d  sign ifican t d ecrease  in  ascorb ic  
acid con ten t w a s  evid ent during storage w hich

further d ecreased  during third (38.8% ) and fourth  
(42.0% ) w eek  of J a n u a ry  (Table 1). The lo s s  m ight 
be attr ibuted  to th e  ox id ation  reaction  m ed iated  b y  
ascorb ic acid  ox id ase  (M apson 1970). T he b etter  
reten tion  o f extractab le ju ic e  before 2n d  w eek  of 
J a n u a ry  in d icated  a slow er rate o f  dehydration.

The stu d y  sh ow ed  th a t K innow  m an d arin  fruits  
h arvested  b eyond  2 n d  w eek  o f J a n u a ry  deteriorated  
faster  during storage th a n  th e  fru its h arvested  
earlier. The ch a n g es  in  ch em ica l com p o sition  in  
fru its during storage are in terrelated  an d  p lay  an  
im portant role in  determ in in g fruit q u ality  (M eredith  
et al. 1989). T h u s, it cou ld  b e  recom m en d ed  that  
th e  K innow  m an d arin  fru its sh o u ld  b e h arvested  
u p to  m iddle o f J a n u a ry  w h en  th e se  are to be  
tran sp orted  to  long d is ta n ces .

The au th or is  th a n k fu l to  D irector, C.S.I.R. 
C om plex, Palam pur, for n e cessa ry  fac ilities an d  to 
Mr. Om P rakash  for tech n ica l a s s is ta n c e .

References
Bhullar JT, Khokkar, UV, Agnihotri RP (1981) Storage Behaviour 

of Kinnow Mandarin, Punjab Hortic J 21: 27-31
Echeverria E, Ismail M (1987) Changes in sugars and acids of 

citrus fruits during storage, Proc Fla State Hortic Soc 
100: 50-52

Echeverria E, Valich J (1989) Enzymes of sugar and acid 
metabolism in stored 'Valencia' oranges. J  Am Soc Hortic 
Sci 114: 445-449

Gomez KA, Gomez AA (1984) Statistical procedures for Agricultural 
Research, John Willey & Sons Inc, New York

Jawanda JS, Singh R, Vij VK (1978) Studies on extending 
postharvest life of Kinnow mandarin. Punjab Hortic J 18: 
149-153

Mapson CW (1970) In : Vitamins in fruits, Hulme AC (ed) 
Biochemistry of Fruits and their Products, Vol 1, Academic 
Press Inc, London

Meredith FI, Robertson JA, Horvat S (1989) Changes in 
physiological and chemical parameters associated with 
quality and postharvest ripening of harvester peaches. J 
Agric Food Chem 37: 1210-1214

Nagar PK (1991) Shelf-life extension in Kinnow mandarin fruits 
by some new ripening retardants. Indian J Plant Physiol. 
34: 401-405

Ranganna S (1986) Manual of Analysis of Fruit and Vegetable 
Products, 2 ed. Tata McGraw Hills, Bombay

Ryall AL, Pentzer WT (1974) Handling, Transportation and 
Storage of Fruits and Vegetable, AVI, Westport, Conn

Sadashivan R. Muthuswami S, Sunder Raj JS, Vasudevan V 
(1972) Storage studies with s a th g u d i  fruits. South Indian 
Hortic 20:37

R e c e i v e d  4  D e c e m b e r  1 9 9 1 ;  r e v i s e d  3  J u l y  1 9 9 2 ;  a c c e p t e d  1 7  A u g u s t  1 9 9 2 .



J .  F o o d  S e t  T e c h n o L ,  1 9 9 3 ,  V o l  3 0 ,  N o . l ,  4 6 - 4 7

Internal Atm osphere of Som e Fruits and Vegetables

ZOSANGLIANA1 AND P. NARASIMHAM*
P osth arvest T ech n ology Laboratory, Fruit an d  V egetab le T echnology D isc ip lin e  

C entral Food T ech n olog ica l R esearch  In stitu te , M ysore - 5 7 0  0 1 3 , India
The volume of Interstitial gases or the internal atmosphere of 8 types of fruits and 7 different vegetables was 

determined. Internal volume of gas varied from 1.2 m l/100 g in grapes to 43.8 m l/100 g in pineapple. The oxygen 
content of the internal air of the fruits and vegetables held under ambient conditions ranged between 14.0 and 19.2%. 
Keywords: Fruits and vegetables, Internal atmosphere, Interstitial gas volume, 0 2 content of internal gases, Hypobaric

treatment, Simple gas sampling method.
The internal atm osphere of fruits and vegetab les  

com p rises th e  in terstitia l g a ses , a s  w ell a s  th e  g a se s  
dissolved  in  th e  cytop lasm  o f th e  cells . The vo lu m e  
of the d isso lved  g a se s  is  negligib le u n d er  am bient 
con d ition s a s  their  so lu b ility  is  low. T he vo lu m e  
and com p osition  o f in terstitia l g a se s  p lay a vital 
role in  the storage o f fru its and veg eta b les u n der  
m odified (MA) or controlled  atm osp h ere (CA) 
storage (W illiam s an d  P a tterso n , 1962; B en -  
Y ehoshua et al; 1963; Peleg, 1985).

D ifferent m eth o d s have b een  em ployed  for the  
determ ination  o f th e  in tern al g a se s  of different 
fruits and veg eta b les (Bayer an d  M organ, 1940; 
B lanpied, 1971; C am eron and Yang, 1982; B an k s, 
1983, 1988; Calbo an d  Som m er 1987). U nder CA 
storage, com p o sition  o f in tern al atm osp h ere of 
fruits an d  v eg eta b les ch a n g es  gradually d u e to  
resp iration  an d  exch an ge o f g a se s  w ith  external 
atm osphere. In certa in  fru its like ap p les, b etter  
exten sion  o f storage life is  ach ieved  b y  initially  
storing th em  u n d er very low 0 2 (1.0-1.5% ) or very  
high C 0 2 level, later sh iftin g to norm al CA con d ition s  
(3.0% 0 2 + 3  or 5% C 0 2) (Sharpies and M unoz, 
1974; Lidster et al, 1981; Little et al, (1982). 
However, im m ature fru its o f  som e cu ltivars of 
ap p les are su scep tib le  to C 0 2 injury (Lau et al,
1977). M onitoring th e  in tern al a tm osp h ere and  
rapidly esta b lish in g  the desired  in ternal atm osp h ere  
(low 0 2 and C2H4, an d  h igh  C 0 2, all w ith in  tolerable  
lim its) offers p o ssib ilit ies  to exten d  the storage life 
of fru its an d  veg eta b les either u n d er  CA or MA 
storage. K eeping th is  in  view , in v estig atio n s w ere  
un dertak en  on  th e  in tern a l a tm osp h ere of som e  
fruits and vegetab les. The ob jectives of th is  stu d y  
are (i) to  fix th e  d u ration  o f evacu ation  (hypobaric 
treatm ent) o f g a se s  from  in tact fruit or vegetab le  
for su b seq u en tly  filling th e void  sp a ce  w ith  th e  
desired  m ixtu re o f g a se s  (C 0 2, 0 2 an d  N2) an d  (ii) 
to standard ize a s im p le  an d  rapid m eth od  for g a s
* C o r re sp o n d in g  a u th o r , ' P r e s e n t  a d d r e s s  : F o o d  T e c h n o lo g is t, 

M izo ra m  F o o d  a n d  A ll ie d  I n d u s tr ie s  C orp ., A iz a w a l ,
M izo ra m  -7 9 6  0 0 1

sam p lin g  to  d eterm ine th e  co m p o sitio n  o f g a se s  
in sid e th e  t is su e  b y  th e  u s e  o f c u t  p ieces.

F resh  fru its an d  v eg eta b les  u se d  in  th is  stu d y , 
w ere obtained  from  local m ark et (w ithin  2 4  h , after  
harvest). T heir w eight an d  vo lu m e w ere d eterm in ed  
an d  th e  sp ecific  gravity w a s  ca lcu la ted . 
D e te r m in a t io n  o f  in te r n a l  a t m o s p h e r e : Earlier w orkers 
h a v e  e m p lo y e d  d if fe r e n t  m e t h o d s  fo r  t h e  
determ ination  of in tern al g a se s  (Bayer an d  M organ, 
1970; B lanpied , 1971; C am eron an d  Yang, 1982; 
B a n k s, 19 82 , 1988; Calbo an d  S om m er 1987). T he  
m ethod  em ployed  in  th is  s tu d y  w a s  b a sed  on  th e  
principle u sed  b y  B ayer an d  M organ (1940).

A  sim ple ap p aratu s w a s a ssem b led , c o n s ist in g  
of an  evacu ation  ch am b er (20  1 v a cu u m  d esiccator) 
con n ected  to a v a cu u m  p u m p  provided w ith  a  
v a cu u m  gau ge. W ater w a s  filled u p to  3 / 4 t h  level 
in  the d esicca tor  an d  th e  air d isso lv ed  in  it w a s  
rem oved b y  applying va cu u m . T he sa m p le  w a s  k ep t  
su b m erged  in  w ater an d  covered  w ith  th e  g a s  
collection  flask , fitted  w ith  a sto p -co ck . In terstitia l 
g a se s  w ere extracted  from  th e  sa m p le  b y  th e  
ap p lica tion  o f v a cu u m  o f 0 .9  ± 0 .1  k g /c m 2 
(26 ± 1”) to th e  d esiccator. T he p ressu re  grad ien t  
ca u sed  th e  g a se s  to  e sca p e  from  th e  t is s u e  and  
collect in  th e  co llection  fla sk  b y  d isp la c in g  th e  
w ater. W hen th e  extraction  is  com p lete  (i.e. w h en  
there is  no further evo lu tion  o f g a s  b u b b le s  from  
sam ple), the v a cu u m  is  re leased  before o p en in g  th e  
d esicca tor lid. A  grad u ated  m ea su r in g  cylin d er, 
filled w ith  w ater w a s  inverted (keeping th e  th u m b  
on its  m ou th  u n til it g o e s  b elow  th e  level o f w ater  
in  the desiccator), over th e  s to p -co ck  o f th e  
collection  fla sk  and th e  s to p -co ck  is  op en ed  to allow  
the p a ssa g e  o f extracted  g a se s  from  th e  co llec tio n  
fla sk  in to  th e  m ea su r in g  cylinder (d isp lacing  th e  
w ater in sid e  th e  m ea su r in g  cylinder). T he co llected  
g a s  w a s  m easu red , corrected for w ater vap ou r an d  
expressed  a s  m l / 100 g  fresh m aterial. The percentage  
of 0 2 in  the collected  sa m p les  w a s  m ea su red  u s in g  
a g a s  p h ase  oxygen  an a lyser  (range 0 .1  to 100% ,
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TABLE 1. INTERNAL ATMOSPHERE OF SOME FRUITS AND 
VEGETABLES

Commodity Ex trac- Weight Initial Internal Oxygention incre- speci- gases con-
time, ase, fie ml/lOOg tent,

FRUITS
min % gravi

ty
fresh

weight
%

Apple-whole
Banana-whole,

15 0.4 0.814 17.3 ND
green 10 5.3 0.967 13.0 NDGrape-berries
Grape-berries

40 0.1 1.078 1.2 16.2
with stalk 40 Nil 1.039 2.2 NDLime-whole
Mango-whole

40 1.1 0.948 9.3 ND
green 240 16.4 0.968 23.8 16.5
Mango-cut 15 20.3 0.990 19.4 NDMosambi-whole 20 0.2 0.886 11.7 15.9
Mosambi-cut 20 32.3 0.882 23.1 ND
Mandarin-whole 15 0.1 0.889 13.5 16.7
Mandarin-cut 15 51.6 0.784 24.4 NDPineapple-core 40 ND 0.987 49.5 ND
Pineapple-pulp 40 ND 0.987 43.8 NDPineapple-peel
VEGETABLES
Ashgourd-cut 

(skin + flesh +

40 ND 0.987 30.8 ND

spongy tissues) 
Ashgourd-

15 27.1 0.915 18.8 ND
spongy tissues 
Ashgourd-skin

15 20.2 ND 30.4 ND
(3/16" thick) 15 3.8 1.073 3.5 ND
Beetroot-cut 20 27.1 1.027 11.0 19.2Carrot-cut
Cucumber-cut

15 23.0 1.023 11.8 14.0
(skin + Seed) 
Mangalore cu-

15 15.7 0.961 10.4 15.8
cumber-cut 
Mangalore cu
cumber-cut (seed

15 31.6 0.879* 20.0 ND

& spongy tissue) 15 12.2 0.879* 37.7 ND
Potato-whole 60 1.1 1.041 1.7 ND
Potato-cut slice 60 27.6 1.032 3.9 ND
Radish-cut 20 22.0 0.096 7.4 15.6
Each value represents mean of 3 independent determinations.
Standard errors ranged between 3 and 10% of mean value
* Specific gravity of whole fruit. ND - Not Determined.

m o d e l 2 6 0 8  o f  O r b isp h e r e  L a b s , G e n e v a ,  
Switzerland). All m ea su rem en ts  w ere m ad e at 2 8  
± 1°C, u sin g  three in d ep en d en t sa m p les  for each  
type o f fruit or vegetab le.

The in ternal vo lu m e o f g a se s  ranged  b etw een
1.18 m l / 100  g for grap es an d  4 3 .8  m l / 100  g in  
pineapple (Table 1). T he tim e ta k en  for th e  com p lete  
evacuation  o f g a se s  from  w hole fruit or vegetab le  
varied d u e to the h isto log ica l ch ara cter istics  o f th e  
com m odity, its  size , sh a p e  an d  th e  res ista n ce  of  
sk in  and t is su e  to  d iffu sion  of g a se s . In ca se  of 
m ango, w hile a 15 m in  eva cu ation  w a s  ad eq u ate  
to remove all g a se s  from  cu t sam p les , it required  
about 4  h w h en  w h ole  fruit w a s  u sed . V olum e of

in tern a l g a s e s  o f  s e v e n  co m m o n  v e g e ta b le s , 
cu cu m b er  (gherkin type an d  yellow , elliptical-type), 
potato , a sh  gourd , rad ish , carrot an d  beet-root 
ranged  b etw een  1 .74  an d  2 0 .0  m l / 100  g. Further, 
cu cu m b er  (both types) an d  a sh  gourd  show ed  
m arked d ifferen ces in  th e  vo lu m e o f in tern a l g a se s  
p resen t in  different p arts. T he in crea se  in  w eight 
of th e  sam p le (after su b jectin g  to  v a c u u m  an d  th en  
releasing), d u e to  ab sorp tion  o f w ater, w a s  very  
m u ch  le s s  in  w hole fruit or vegetab le  th a n  in  cu t  
p ieces , due to  sk in  re s is ta n ce  for m o istu re  p ick 
up. The con cen tration  o f Oa in  th e  in tern al g a se s  
from  different fru its an d  veg eta b les ranged  b etw een
1 4 .0  and 19.2% .

The au th ors are gratefu l to  Dr. B.L. A m la  
(Retired Director), Sri B .S . R am ach an d ra (Area C o
ordinator) an d  Dr. W .E. E ip eson , (S cien tist, Fruit 
an d  V egetable T ech n ology  D iscip line) for help fu l 
su g g estio n s  in  th e  p rep aration  o f th e  m an u scrip t.
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Studies on the Changes in the Volatile Arom a Com position of 
A lph on so  Mango Pulp as A ffected by Arom a R ecovery Process

R .S. RAMTEKE*, K.N. GURUDUTT AND W.E. EIPESON
C entral Food T echnological R esearch  In stitu te , M ysore-570 0 1 3 , India.

Aroma distillates of fresh mango pulp, obtained by vacuum distillation and by using aroma recovery unit, were 
analysed by GC-MS. A total of fourteen components were identified in vacuum distillate, of which ten were carbonyls, 
three alcohols and one hydrocarbon (i-myrccne. Concentration of 2-methyl propan- 1-al, 2-methyl propan-l-ol and 
myrcene were lower in aroma concentrate obtained by using aroma recovery unit.
Keywords: Alphonso mango pulp, Aroma components, Vacuum distillation, Aroma recovery unit, Volatile aroma

composition.
Ever sin ce  fruit arom a reco veiy  p ro cess w a s  

developed by Millivllle (1944) for apple ju ice , 
con siderab le d evelop m en ts have tak en  place in  the  
d esign  of fruit arom a recovery eq u ip m en t to su it  
specific req u irem en ts (Bom ben et al. 1973; Sarosi 
1977; Horesji 1977; H uor et al. 1980; S u lc  1984). 
D espite th ese  d evelop m en ts, th e  com p osition a l 
ch a n g e s  are k n o w n  to  o ccu r  in  th e  arom a  
concentrate d u e to h igh ly  com p lex  n atu re of arom a  
com p ou n d s in  different fruit ju ic e s  (T hijssen 1970). 
In th is  com m u n ica tion , d ifference in  com p osition  
of m ango arom a con cen trate  prepared in  pilot p lant  
m od el (H o lste in  a n d  K ap p ert, G m bH , 4 6 0 0  
D ortm und, Germany) arom a recovery u n it (involving 
fractional d istillation) an d  vo la tiles recovered by  
rotary flash  evaporation  are reported.

Fully ripe 'Alphonso' m a n g o es  w ere p u rch ased  
from local m arket, w a sh ed  u n d er  ru n n in g  tap  
water, th e  stem  p o r tio n /a n y  su rface b la ck  sp eck s  
rem oved and p u lp ed  in  APV p u lp er fitted  w ith  0 .6  
m m  diam  sieve. M ango pulp (500 g) w a s concentrated  
to 50% volu m e in  ro ta iy  flash  evaporator (Superfit, 
Model PB U -6 C ontinental In stru m en ts, Bom bay) at 
62°C and 178 m m  p ressu re  w ith  co n d en ser  cooled  
by ch illed  w ater (8°C). V olatiles w ere collected  in  
two trap s con n ected  b etw een  th e  co n d en ser  and  
vacu u m  pum p and cooled w ith  ice-com m on  sa lt 
m ixture and w ith solid  carbondioxide, respectively. 
D istilla tes (250  ml) and co n ten ts  of th e trap s w ere 
com bined  and referred a s  th e  tota l arom a vo la tiles  
of m ango pulp.

In ca se  of u se  o f arom a recovery u n it, m ango  
pulp (50 kg) w a s  d ilu ted  w ith  w ater to 2 0 0  kg, 
heated  to 98°C , flash ed  in  a vap ou r separator and  
the vap ou rs p a ssed  through  a d istillation  co lu m n , 
cooled to 8°C to  ob tain  2 .9  1 of arom a concentrate. 
Arom a con cen trate  (29 ml) from  arom a recovery
* Corresponding A uthor

TABLE 1. RELATIVE PERCENTAGE OF VOLATILE 
COMPONENTS IN VACUUM DISTILLATE AND 
AROMA CONCENTRATE OBTAINED IN AROMA 
RECOVERY UNIT

Vacuum distillate Aroma concentrate
Compound ----------------
identified Retention Relative Retention Relative

time per- time per-
min centage min centage

2-Methyl 
propan-1-al* 7.64 2.0 - -
2-Methyl 
propan-l-ol 17.26 0.4 - -
2-Pentanone* 20.78 7.8 20.76 7.1
p-Myrcene 22.0 0.6 - -
2-Methyl- 
2-pentanal * 23.86 0.9 23.82 1.0
l-Penten-3-ol* 23.94 2.3 23.90 2.0
2-Ethyl
Hexen-l-ol* 24.94 22.5 24.92 22.9
Trans-
pent-2-en- 1-al* 25.86 1.3 25.84 1.5
Hexan-3-one* 26.84 24.6 26.80 24.5
2, 5-Dimethyl -
4-hydroxy
2H-furan-3-one 27.02 1.2 26.98 1.10
Cyclopentanone* 27.78 1.0 27.74 1.0
3-Methyl-
butan-2-one* 28.60 19.7 28.56 22.4
2,5-Dimethyl-
4-methoxy
2H-furan-3-one 29.26 0.6 29.22 0.6
Pent-2-enal* 29.54 0.6 29.54 0.6

* Compounds are detected for the first time

u n it w a s  d ilu ted  to 2 5 0  m l w ith  d istilled  w ater a s  
w ell a s  2 5 0  m l of arom a c o n d en sa te  from  rotary  
flash  evaporator w ere in d iv id u ally  sa tu ra ted  w ith  
sod iu m  chloride an d  extracted  four t im e s  w ith  
2 0  m l fraction s o f ch illed  m eth y len e  ch lorid e. 
C om bined extracts w ere dried over a n h y d ro u s  
sod iu m  su lp h a te  an d  con cen trated  b y  d istilla tio n  
(0 .25  m  V igreux colum n) to  0 .4  ml.

4 8
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Fig. 1. Ion exchange chromatogram of 'Alphonso mango' pulp
(a) Vacuum distillate
(b) Aroma concentrate

A H ewlett Packard 5 9 9 5 B  G as chrom atograph  
- m a ss  spectrop hotom eter fitted w ith  fu sed  silica  
cap illa iy  co lu m n  (12 m  lon g  x  0 .2  m m  i.d iam  x
0.2  pm film  th ick n ess , coated  w ith  m eth y l silicon e  
fluid) w as u sed . The o th er analytica l p aram eters  
em ployed in clud e : carrier g a s  He; flow  rate, 1 m l 
per min; sp lit le ss  in jection  m ode; sam p le size, 1 pi; 
tem perature o f injector 250°C , transfer line 280°C , 
colum n tem perature program m e 6 0  (1 0 )-6 °/m in -  
150(10)°C; El, 7 0  eV; m a ss  range 4 0  to 8 0 0  am u  
at 2 sc a n s  per sec . The id en tities o f 14 co m p o n en ts  
of arom a w ere b a sed  on  com p arison  w ith  stan dard  
reference sp ectra  an d  in  som e c a s e s  by m a ss  
fragm entation pattern . The data  sh ow ed  th a t ten  
com ponents w ere carb on yls, three a lcoh ols  an d  one  
hydrocarbon p- m yreen e (Table 1). The co m p o n en ts

like 2-m eth yl-prop an - l-o l , p-m yreene, 2 .5 -d im eth y l-
4-hydroxy 2H furanone and 2 , 5-d im ethyl-4-m ethoxy  
2H  fu r a n -3 -o n e  h a v e  b e e n  rep orted  a s  th e  
co n stitu en ts  of 'Alphonso' m an go  pu lp  (H unter et 
al. 1974; M acleod 1985). The rem ain in g  com p on en ts  
have b een  reported for th e  first tim e in  'A lphonso  
m ango'.

Som e d ifferen ces w ere observed  b etw een  the  
chrom atogram s o f th e  v a cu u m  d istilla te  and that 
of arom a con cen trate  o f arom a recovery u n it  
(Fig. 1). 2 -m eth y l propan-1-al, 2 -m eth y l p ro p a n -l-o l  
an d  m yreene w ere a b sen t in  the arom a con cen trate  
probably du e to lo s se s  o f m ore vo latile su b sta n ces . 
T hey do not s ign ifican tly  con trib u te  to th e  typical 
flavour o f 'Alphonso' m an go. The co n cen tra tio n s of 
2 -p e n ta n o n e  an d  2 .5  -d im eth y l-4 -h y d ro x y  2H  
furanone w ere a lso  low er in  th e  con cen tra tes  
prepared in  the arom a recovery u n it.
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Microbial Quality o f Whole Egg Powder
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D efen ce Food R esearch  Laboratory, M ysore-570  O i l ,  India

The applications of good manufacturing practices In the preparation of freeze-dried and foam-mat-dried whole 
egg powders and packing in three package systems resulted in obtaining a microbiologically safe and good quality 
product which could be stored for considerably longer periods of time.
Keywords: Whole egg powder, Microbial quality, Good manufacturing practices, Freeze-dried, Foam-mat-dried,

Packing, Storage.
Egg and egg p rod u cts are prone to m icrobial 

con tam in ation  at variou s s ta g es  of p rocessin g , 
particularly w ith  a h igh er in ciden ce o f S a l m o n e l l a e  
(Prost and R iem an n  1967; Trailer 1976). P rocessin g  
param eters su c h  a s  freezing or drying m a y  not 
render th e se  p rod u cts free from S a l m o n e l l a e .  To 
m in im ise th e  problem  o f S a l m o n e l l a e  con tam in ation  
in  spray-dried egg pow der, u se  of fresh  an d  c lea n  
eggs h a s  b een  recom m en d ed  (Solow ey et al. 1946). 
A  reduction  in  th e  viab le bacteria l cou n t an d  a 
com plete d estru ction  o f coliform s, S a l m o n e l l a e  and  
S ta p h y l o c o c c i  w ere ach ieved  b y  h ea tin g  liquid  eggs  
to 60°C for 3  m in  (G ibbons et al. 1946). W ith th is  
background, a n  attem p t w a s  m ad e to prepare  
m icrobiologically sa fe  an d  acceptab le quality  o f egg  
p o w d e r  f o l lo w in g  t h e  p r in c ip l e s  o f  g o o d  
m an u factu ring  p ractices.

E ggs of W h ite  Leghorn' b ird s procured  from  
the local m arket w ere w a sh ed  w ith  w ater, followed  
w ith Tw een 8 0  to  rem ove th e  adhering ex tran eo u s  
m aterials. The c lea n ed  eggs w ere soak ed  in  2% 
b leachin g pow der so lu tio n  for 3 0  m in , w a sh ed  w ith  
w ater an d  su rface dried at am bient tem perature. 
The eggs w ere th en  broken by h an d  an d  in sp ected  
visua lly  for a n y  spoilage. The w hite an d  yolk  
portions w ere hom ogen ized  an d  th e  m ixtu re w a s  
filtered through  m u slin  clo th . D esu garin g  of egg  
m elange w a s carried ou t, a s  d escrib ed  in  a n  earlier  
stu d y  (Satyanarayana R ao an d  M urali 1985), u s in g  
6 0 0  mg. o f B aker's w et y ea st per 100 g o f m elan ge, 
followed by p asteu rization  at 64°C for 3  m in  in  a 
w ater b ath  an d  im m ed iate coo ling  to 4°C. The freeze  
dried (FD) an d  foam -m at-dried  (FMD) egg pow ders  
were prepared accord ing to  th e m eth o d s d escribed  
in  earlier s tu d ie s  (Satyanarayana Rao et al. 1987; 
Satyanarayana R ao and M urali 1989). Spray-dried  
(SD) egg pow der w a s  procured  from  a com m ercial 
firm (M /s. F oods & In n s, Bom bay).

The three ty p es  o f egg pow ders w ere packed  
in  (i) a lu m in iu m  fo il-p o lyeth y len e  la m in ate  (a 
lam in ate co n s istin g  o f  6 0  g brow n ca sin g  (BC)
* Corresponding Author

paper, 0 .0 2  m m  a lu m in iu m  foil p o lyeth y len e  o f 150  
gau ge (ii) h igh  d en sity  p o lyeth y len e (HDPE), 3 0 0  
gau ge and (iii) c a n s  (with an d  w ith o u t air). T he  
p ack ed  egg p ow ders w ere stored  at 55 , 4 2 , 3 7 , 
1 9 -2 7  (am bient tem perature) an d  4°C (control) 
tem p eratu res for on e  yea r  and a n a ly sed  at an  
in terval o f 6  m on th s.

The above stored  sa m p les  in c lu d in g  th e  sam p le  
prior to  p ack in g  w ere an a lyzed  for th e  c o u n ts  of 
viab le tota l bacteria  (standard  p la te  cou n t), y e a s ts ,  
m o u ld s an d  coliform s an d  for th e  p resen ce  of 
S a l m o n e l l a  (APHA 1966). For th e  p u rp o se  of 
resu sc ita tio n  of injured b acteria , 10 ' d ilu tio n s o f  
the sam p le  prepared in  0.1%  p ep to n e w a ter  w ere  
allow ed to  sta n d  for 1 h  before p la tin g  th e  
appropriate d ilu tio n s . M icrobial co lo n ies  ap p earin g  
on  th e  in cu b ated  p la tes w ere cou n ted  an d  exp ressed  
a s  colony-form ing u n its  p er g  (cfu /g ) product. 
M oisture co n ten t of th e  sa m p le  w a s  a lso  determ in ed  
(AOAC 1960).

The m icrob ial profile of p ack ed  freeze-dried  
w h ole egg pow der d u rin g  storage a t different 
tem p eratu res over a period o f on e  y ea r  is  g iven  in  
Table 1. S a l m o n e l l a e  an d  coliform s w ere a b se n t  in  
all th e  sam p les. W ith reference to  th e  m icrob ia l 
co u n ts , spray-dried  an d  foam -m at-d ried  egg pow der  
sam p les revealed no sign ificant co u n ts . The m oistu re  
co n ten ts  o f SD , FD and FMD egg p ow d ers w ere
2 .1 5 , 1 .86  an d  1.70% , resp ectively .

The in itia l c o u n ts  o f to ta l v iab le b acter ia  (SPC) 
in  raw liquid egg w a s  in  th e  range o f 1 0 .9  x  102 
to  12 .5  x  103 c f u /g  an d  th a t o f coliform s w ere
1.5 x  102 c fu /g . P asteu rization  b rou g h t ab o u t a 
drastic  red u ction  o f th e se  c o u n ts . S a l m o n e l l a e  w ere  
a b sen t in  the liquid  egg itself, h en ce  w ere n ot  
d etected  in  th e egg pow der. T he d ifferen ces observed  
in  th e  m icroflora o f FD, SD  an d  FMD egg p ow d ers  
w ere very low  an d  m ay b e d u e to  th e  p ro cess in g  
param eters. The m icrobial co u n ts  o f th e  egg p ow ders  
recorded in  th e  p resen t s tu d y  w ere on  a low er sid e  
a s  com pared  to th a t in  a n  earlier s tu d y  (G oresline
1951). T h is m ay  be th e  resu lt o f im proved  h yg ien ic
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TABLE 1. MICROBIAL COUNTS OF FREEZE DRIED WHOLE EGG POWDER PACKED IN DIFFERENT PACKAGING MATERIALS DURING 
STORAGE

Storage _______ CANS______ PEP LaminatePeriod
(days)
Initial

Storage
temp.

(°C)
n2 pack Air pack n2 pack Air pack HDPE

SPC Y/M SPC Y/M SPC Y/M SPC Y/M SPC Y/M
- 6x10' Nil - - - - - - - -

90 55 9x10' 6x10" 1.5xl02 6 x l0 ‘ 2 x l0 2 8x10' 2X102 - 8x10' Nil
180 42 5x10' 5x10' 2.2X102 Nil 5x10 1 8x10' 7x10* Nil 5x10' Nil
365 42 4x10' Nil 4x10' 5x10 1 5x10 1 Nil Nil Nil NU Nil
180 37 Nil Nil Nil 3x10* 5 x l0 ‘ Nil lxlO2 1.101 - -
365 37 6x10' lxlO 1 Nil Nil lxlO2 Nil 5x10’ lxlO 1 - -
180 19-27 lxlO 1 Nil 5x10' 1.10* 2 .5xl02 Nil 5x10' Nil Nil Nil
365 19-27 6x10’ Nil lxlO 1 lxlO 1 1.6xl02 Nil 3x10' Nil Nil Nil
180 4 4x10' Nil 4x10> Nil 1.2xl02 Nil 2x10' Nil - -
365 4 Nil Nil 4x10 1 Nil Nil Nil 5x10’ Nil - -

SPC = Standard plate count. : Y/M = Yeast & Moulds; N2 - Nitrogen pack; HDPE = High density polyethylene

practices follow ed in  se lec tio n  an d  h an d lin g  o f raw  
m aterials. B esid es, th e  q u an tity  o f egg liquid  
handled an d  p rocessed  o n  a p ilot p lant sca le  will 
give le s s  scop e for m icrobial con tam in a tion  from  
external sou rces. M oreover, th e  tim e gap b etw een  
breaking o f eggs an d  d ehydration  w a s  le ss . A  
sim ilar observation  w a s  m ad e in  a com parative  
s tu d y  b e tw e e n  e x p e r im e n ta lly  p rep a red  an d  
com m ercial sa m p les  (Bartram  1943).

The tota l viab le bacteria l co u n t o f FD egg  
powder w a s  sligh tly  h igher a s  com pared  to  th a t of  
SD and FMD egg pow ders. T h is m a y  be due to rapid  
cooling (G ibbons an d  F u lton  1943). A s the storage  
period in creased , there w a s  a d ecrease  in  th e  
m icrobial co u n ts , a factor attr ibuted  to  th e  storage  
tem perature and period (G oresline 1951; G ibbons  
and F ulton  1943; Iyengar et al. 1 9 6 9  a; Iyengar  
et al. 1969  b). The type o f p ack agin g  u sed  did not 
influence the m icrobial c o u n ts  to an y  great exten t  
(Table 1). H owever, th e  type of storage atm osp h ere  
did influence th e  survival o f m icroorganism s.

The au th ors are gratefu l to  Dr. T.R. Sharm a, 
Adviser, Life S c ien ces  an d  Dr. K.S. Jayaram an , Dy. 
Director, D efence Food R esearch  Laboratory, M ysore, 
for their in terest an d  en cou ragem en t.
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Prevalence o f S h ig e lla  D ysen triae  Group A  Type in Fresh
Water Fishes and Seafoods
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Antibiotic sensitivity pattern of seven S h ig e l la  d y s e n tr ia e  group A strains, isolated from 185 fresh water fish 

and seafood samples, showed that chloramphenicol, norflox, ampicillin, gentamicin, streptomycin, doxacillin, furadentin 
and ledermycin were effective in controlling in v itro  growth. All the strains were resistant to septran, but only three 
to nalidixic acid.
Keywords: Fishes, Seafoods, Fresh water fishes, S h ig e l la  d y s e n tr ia e .  S h ig e l la  sp., Antibiotic sensitivity pattern.

S h ig e l la ,  a cau sa tiv e  agen t o f b acteria l en teritis  
of h u m an  an d  su b -h u m a n  p rim ates, is  excreted  in  
sto o ls  o f in fected  p erson s. The con tam in ation  of 
lak es, rivers, p on d s and s e a s  w ith  excreta  of th ese  
p atien ts lea d s to con tam in a tion  of fish  and seafoo d s  
w ith S h ig e l la .  It is , therefore, not su rp risin g  th a t 
S h ig e l l a  h a s  b een  iso la ted  from  f ish e s  co llected  from  
sea , estu ary  an d  freshw ater esp ecia lly  the sh ellfish , 
praw n and m u sse ls  (Dartevelle an d  D esm et 1975; 
Lam and H wee 1978: C antoni et al. 1980; Skovgaard  
1984; S axen a  1985). In S ingapore, ab ou t 10% 
sa m p les  o f sh e llfish  an d  p raw n s w ere found  
con tam in ated  w ith  S h i g e l l a  (Lam an d  H wee 1978). 
In India, ab out 2.9%  fresh w ater fish  w ere reported  
to be con tam in a ted  w ith  S h ig e l l a ,  in  con trast to

fresh  w ater m o llu sc s  w ere sw ab b ed  u s in g  ster ile  
sw ab s. T h ese w ere im m ed iately  transferred  to  Cary  
an d  Blair transport m ed iu m  v ia ls, stored  u n d er  ice  
an d  brought to  laboratory for iso la tio n  of S h ig e l l a .  
S w a b s w ere resu sc ita ted  in  0.1%  p ep to n e w a ter  for
6 -8  h  a t 3 7 °C . T h e is o la t io n , b io c h e m ic a l  
ch aracterization  an d  id en tification  o f S h i g e l l a  w a s  
done a s  per stan d ard  m eth o d s  (Sp eck  1976;  
C ru ick sh an k  et al. 1975). All th e  S h i g e l l a  iso la te s  
w ere tested  for antib iotic  sen sitiv ity  b y  th e  p ap er  
d isc  m eth od  o f WHO (1961).

A  total of 7 iso la te s  o f S h i g e l l a  d y s e n t r i a e  w ere  
iso la ted  from  185 sa m p les  o f sea foo d s. A  to ta l of 
4 , 2 and 1 sa m p les  o f fresh  w ater f ish e s , m arin e  
f ish e s  an d  m arine p raw n s w ere p ositive  for S h ig e l l a ,

TABLE 1. ANTIBIOTIC SENSITIVITY PATTERN OF S IIIG E L 1 A  D Y S E N T R IA E  GROUP A STRAINS ISOLATED FROM FRESH
WATER FISH AND SEAFOODS

Source of Antibiotics tested
isolation ---------------------------------------------------------------------------

CH NI DO ST SP LE NO NF AM GM
Degree of inhibition

Fresh water fish +++ ++ +++ ++ - ++ +++ ++ +++ +++
Fresh water fish +++ ++ +++ ++ - ++ +++ ++ ++ +++
Fresh water fish +++ ++ +++ ++ - + +++ ++ +++ +++
Fresh water fish +++ ++ +++ ++ - + ++ + ++ +++
Marine fish +++ - +++ +++ - ++ +++ + +++ +++
Marine fish +++ - +++ +++ - + +++ + +++ ++
Marine prawn +++ - +++ ++ - ++ +++ + ++ ++
-  = No inhibition, + = Zone of inhibition less than 2 mm, ++ = Zone of inhibition between 2 and 5 mm,
+++ = Zone of inhibition more than 5 mm, CH = Chloramphenicol, NI = Nalidixic acid, DO = Doxacillin, ST = Streptomycin, 
SP = Septran, LE = Ledermycin, NO = Norflox, NF = Furadentin, AM = Ampicillin, GM = Gentamycin.

about 10% of f ish es  from  com p osite  sew age receiving  
p on d s (Saxena 1985).

In th e  p resen t s tu d ie s , th e  slim e from  gills or 
su rfa ces of 9 6  freshw ater f ish es , 3 7  m arine fish es , 
13 fresh  w ater p raw n s, 13 m arine p raw n s an d  26
* Corresponding Author

respectively. H owever, S h i g e l l a  w a s  a b sen t in  2 6  
an d  13 sa m p les  o f fresh  w ater m o llu sc s  and  
praw ns, respectively. All th e sev en  iso la te s  of 
S h ig e l l a  w ere able to ferm ent on ly du lcito l, b u t n ot 
la c to se , m an n ito l, su cro se  an d  xy lo se . T h ese  w ere, 
therefore, c la ssified  into group A  type S h .  d y s e n t r i a e  
a s  the other sp ec ie s  of S h i g e l l a  ferm ent m an n ito l.
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The resu lts  of antib iotic  sen sitiv ity  p attern  
(Table 1) sh ow  that all the iso la te s  w ere resistan t  
to septran, b u t on ly three to nalid ixic acid. In 
contrast, all the iso la tes  w ere found  to be sen sitive  
to ch loram phenicol, norilox, am picillin , gen tam icin , 
streptom ycin, doxacillin , furad entin  an d  lederm ycin.

T hese en tero p ath o gen s like S h i g e l l a  m ostly  
spread by tra n sm iss io n  from  p erson  to p erson  and  
affect ch ildren o f low  socio-econ om ic group prim arily 
on accou n t of their poor p erson al h yg ien e. Several 
Seafood-borne outbreaks have b een  recorded recently  
(Cantoni et al. 1980; S p reek en s an d  V on 1985; 
Tauxe et al. 1987). The iso la tio n  o f th ese  p a th o g en s  
from  th e  s a m p le s  is  p ro b a b ly  d u e  to  th e  
contam ination  o f n atu ra l w ater so u rces  (rivers, 
ponds, lak es and ocean) w ith  h u m a n  excreta. 
S h ig e l la  appears to  survive longer in  w ater a s  
indicated by their iso la tio n  in  th e  p resen t stu d y. 
Therefore, th e fish  p ro cess in g  in d u stry  sh o u ld  take  
th is into con sid era tion  to  give su ffic ien t therm al 
processing to kill S h  d y s e n t r i a e .  The fish  con su m ers  
sh ou ld  be cau tion ed  ab ou t it, w hile h an d lin g  and  
con su m in g raw fish . It is  a lso  im portant to develop  
decontam ination  tech n iq u es  to safegu ard  p ublic  
health.

A u th ors are th an k fu l to  D irector, IVRI; H ead, 
D ivision  o f V eterinary Public H ealth; and Jo in t  
D irector (Academy), IVRI, for providing financia l 
a ss is ta n c e  an d  laboratory facilities.
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Lipid Com position of Som e Seeds of Central India
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Total lipid contents of A c a c ia  c a te c h u , L e p id iu m  s a t iv u m , N ig e lla  s a t i v a  and S w e te n i a  m o h a g a n i i  seeds were 5.7, 

13.8, 31.8 and 59.4%, dry weight on respectively. Neutral lipids were found to be predominant, while the glycolipids 
and phcspholipids were present in lower quantities. Glycolipids consisted of monogalactosyl diglyceride, 
digalactosyldiglyceride, acylatedsterylgalactoside and sterylgalactoside, while the phospholipids comprised of phosphatidyl 
ch oline, p h osphatid yleth anolam in e, ph osp h atid ylin osito l, candiolip in  and ph osphatid ylg lycerol. 
Lysophosphatidylethanolamine and lysophosphalidylcholine were present in small amounts.
Keywords: Seeds, Total lipid content, Glycolipids, Phospholipids, A c a c ia  c a te c h u , L e p id iu m  s a t i v u m , N ig e lla  s a t iv a ,

S w e te n i a  m o h a g a n ii .

A c a c i a  c a t e c h u  (Legum inosae), L e p i d i u m  s a t i v u m  
(Cruciferae), N ig e l la  s a t i v a  (R anunculaceae) and  
S w e t e n i a  m o h a g a n i i  (M eliaceae) se e d s  are found  in  
ab u n d an ce in  C entral India. S om e w ork o n  p h y sico 
chem ical properties Including fatty  acid  a n a ly s is  of 
th ese  seed  o J s  h a s  b een  reported (Kapoor et al.
1979). T h is com m u n ica tion  reports, for th e  first 
tim e, the lipid com p o sition  of th ese  seed s .

The seed s , p u rch a sed  from  loca l dea lers, w ere 
cru sh ed  to  pow der form  an d  w ere extracted  by  
chloroform  : m eth a n o l (2:1, v /v )  to obtain  th e  total

sep arated  into n eu tra l lip id s (NL), g lyco lip id s (GL) 
an d  p h osp h o lip id s (PL) b y  silic ic  acid  co lu m n  
ch rom atography u s in g  chloroform , a ceto n e  an d  
m eth an ol. The GL fraction  w a s  sep ara ted  in to  m ajor  
ind ividual co m p o n en ts  b y  preparative TLC u s in g  
th e so lven t sy stem  chloroform  : m eth a n o l : am m on ia  
(28%) (70:20:2  v /v ) . V isu a liza tion  o f sp o ts  w a s  d on e  
b y periodate-b en zid in e reagen t. T he R,. v a lu e s  w ere  
com pared  w ith  th o se  o f a u th en tic  sta n d a rd s  an d  
th e sp o ts  d etected  by different s ta in in g  rea g en ts  
(K ulkam i et al. 1991). S u gars w ere id en tified  b y

TABLE 1. MAJOR LIPID CLASSES OF SEEDS AND THEIR FATTY ACID COMPOSITION
Fatty acids (wt. %)b

Seed Lipid Weight“
classes % 14:0 16:0 18:0 18:1 18:2 18:3 20:0

A c a c ia  c a te c h u TL 5.7 0.2 28.4 2.7 38.9 35.7 1.0 -
NL 86.3 0.2 26.7 2.5 37.8 35.9 4.0 -
GL 7.8 0.3 29.5 2.0 26.2 36.2 1.3 -
PL 6.2 0.2 25.4 2.2 29.7 28.6 1.5 -

L e p id iu m  s a t i v u m TL 13.8 0.3 7.1 2.0 22.8 12.6 34.5 13.3
NL 86.7 0.4 8.1 3.0 24.9 13.7 33.8 13.0
GL 7.7 0.4 26.7 4.5 31.5 18.7 12.0 1.0
PL 5.8 0.2 27.5 3.2 31.8 15.8 18.2 1.5

N ig e lla  s a t i v a TL 31.8 0.2 12.4 1.8 24.5 57.6 0.6 0.2
NL 87.2 0.2 12.8 1.7 23.7 55.4 0.8 0.2
GL 6.7 0.2 14.6 1.0 30.7 48.6 0.4 0.1
PL 6.3 0.2 15.2 0.8 32.5 45.6 0.3 0.1

S w e te n ia  m o h a g a n ii TL 59.4 0.1 14.3 11.2 28.9 29.3 15.6 -
NL 87.1 0.2 14.8 12.3 27.6 28.3 14.8 -
GL 6.7 0.2 12.5 15.2 29.7 27.8 10.7 -
PL 5.8 0.2 12.7 13.4 30.5 28.5 10.7 -

TL-Total lipids, N L-Neutral lipids, GL-Glycolipids, PL-Phospholipids; a: On wt. of seed, dry basis; b: Means of triplicate analysis; 
- : means acids could not be detected.
lip ids (TL) (Folch et al 1957). S tandard  lip id s and  
fatty acid  m ethyl esters w ere procured from A nalabs, 
USA, w hile th e  chrom atographic grade so lv en ts  
w ere double d istilled  before u se . T he TL w ere
* Corresponding A uthor

th e  m eth od  of M alkin an d  Poole (1953). T he PL w a s  
fractionated  u sin g  ch loroform  : m eth a n o l : am m on ia  
(25%) (65:15 :4  v /v )  an d  ch loroform  : m eth a n o l : 
acetic acid : w ater (170 :25:25 :6  v /v )  in  tw o d irection s  
respectively. T he sp o ts  w ere d etected  b y  sp ec ific
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TABLE 2. GLYCOLIPIDS OF SEEDS AND THEIR FATTY ACID 
COMPOSITON

Seed Glyco- Weight“ Fatty acids wt. %“
liaid com- %

ponent 16:0 18:0 18:1 18:2 18:3
A c a c ia MGDG 23.5 28.7 1.8 27.5 38.3 1.4
c a te c h u DGDG 40.5 26.5 1.7 27.5 36.4 1.8ASG 25.7 22.5 1.5 26.9 37.0 2.0
L e p id iu m MGDG 24.0 27.2 4.8 30.7 22.7 10.5
s a t iv u m DGDG 38.7 25.4 6.8 28.5 24.6 10.8

ASG 28.8 26.5 5.7 29.2 23.8 0.4
N igella MGDG 21.3 10.8 8.3 36.5 40.5 2.4
s a tiv a DGDG 39.5 10.0 10.3 34.5 38.5 1.2ASG 30.0 10.6 9.5 35.7 39.8 -
S w e te n la MGDG 22.8 23.8 31.5 24.8 14.9 _
m o h a g a n ii DGDG 41.7 22.7 29.5 26.3 16.1 -

ASG 25.5 21.8 30.6 28.4 15.2 -
MGDG-monogalactosyldiglyceride, DGDG-diagalactosyldiglyceride ASG - acylated stcrylgalactoside
SG - sterylgalactoside (10.3, 8.5, 9.2, 10.0%, respectively for 
the seeds).
a means of triplicate analysis. -  = could not be detected.

sta in in g  rea g en ts  (K u lk am i et al. 1991) an d  
confirm ed b y  com paring w ith  Rj v a lu es  o f au th en tic  
stan dard s. P h o sp h o ru s w a s  estim a ted  b y  th e  
procedure o f Harris an d  Popat (1954). The hydrolytic  
products, glycerol an d  in o sito l w ere estim ated  by  
the m ethod of M alkin an d  Poole (1953). The fatty  
acid m ethyl e s te rs  o f  th e lipid c la s se s  w ere prepared  
according to K u lk am i et al (1992) and an a lysed  by  
gas-liquid  ch rom atography (Perkin-Elmer) u sin g  
flam e ion ization  detector at 280°C  an d  a s ta in le ss  
steel colum n containing 15% EG SS-X  on  chrom osorb  
W (40-60  m esh). The con d itio n s o f GLC w ere:chart 
sp eed , 6 0  c m /h ;  in jec tio n  port an d  co lu m n  
tem perature: 3 0 0  an d  200°C ; n itrogen  flow rate, 6 0  
m l/m in ; and sam p le size , 0 .2  pi. Identification  of  
fatty acid s w a s  done b y  com paring the retention  
data with au th en tic  sta n d a rd s an d  q u an tita tion  
u sin g the areas o f the p eak s.

Total seed  lip ids con sisted  o f NL a s  predom inant 
fraction w ith  m in or a m o u n ts  o f GL an d  PL. The  
major fatty a c id s p resen t in  th em  w ere 16:0, 18:0, 
18:1, 18:2 and 18:3 a c id s (Table 1). The GL and  
PL fractions did n ot co n ta in  14:1 and 16:1 a c id s  
w hich w ere p resen t in  traces in  TL. T he fatty acid  
com position  o f NL an d  TL w a s  n early sim ilar. 18:2  
and 18:3 a c id s co n stitu ted  th e  m ajor fatty a c id s  
of TL fractions of N ig e l la  s a t i v a  and L e p i d i u m  s a t i v u m  
seeds.

The GL fraction con ta in ed  MGDG, DGDG, ASG

TABLE 3. PHOSPHOLIPIDS OF SEEDS AND THEIR FATTY 
ACID COMPOSITION.

Seed Phospho- Weight“ Fatty acids wt. %“
lipid com

ponent
%

16:0 18:0 18:1 18:2 18:3
A c a c ia PC 36.0 29.2 20.1 25.1 20.2 2.1
c a te c h u PE 25.8 19.8 10.7 47.8 17.9 2.8PI 21.8 13.9 20.1 43.0 22.0 -

CL 9.0 17.1 17.3 44.7 19.8 -
PG 7.4 25.4 19.5 28.7 18.2 -

L e p id iu m PC 33.5 19.4 18.8 29.1 30.1 _

s a t i v u m PE 29.7 14.5 16.2 34.9 30.1 -
PI 26.0 10.9 16.1 34.1 37.9 -
CL 6.8 15.1 11.9 36.8 29.8 4.3PG 4.0 14.2 12.1 34.7 30.5 3.2

N ig e lla PC 32.8 40.1 16.9 29.8 11.1 1.1
s a t i v a PE 28.5 30.3 11.2 46.3 11.7 -

PI 25.4 20.1 21.8 40.3 11.7 -
CL 7.2 22.0 20.9 40.8 13.1 2.1PG 6.1 21.4 20.0 40.3 12.8 2.5

S w e te n i a PC 31.5 28.3 25.7 34.0 3.1 1.1
m o h a g a n ii PE 28.9 22.1 20.9 40.3 5.2 1.0PI 28.2 22.3 20.7 35.4 14.8 2.0

CL 5.8 28.3 12.5 47.2 2.1 2.0
PG 5.6 25.7 20.5 41.3 1.8 3.6

PC -phosphatidylcholine, PE-phosphatidylethanolam ine, 
PI - phosphatidylinositol, CL-Cardiolipin, PG-phosphatidylglycerol. 
a : means of triplicate analysis. -  = could not be detected.
an d  SG a s  m ajor co m p o n en ts  (Table 2). The five 
m ajor co m p o n en ts  o f th e  PL w ere PC, PE, PI, CL 
an d  PG, w h ile  lysoPC an d  lysoP E  w ere p resen t in  
m inor q u an tities  (Table 3). T h ese  fin d in gs w ere  
su p ported  by th e  ob serv ation s on  S a r a c a  in d ic a ,  
R itha, K enaf an d  M yrobalan s e e d s  (K u lk am i et al. 
1992; M oharir et al. 1990; K u lk am i et al. 1991).
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Chem ical and Microbial Changes in Full-Fat Soyflour  
During Storage in Different Packaging M aterials

K RISHNA JHA* AND P.C . BARGALE
C entral In stitu te  of A gricultural E ngineering (ICAR), B h op al -4 6 2  0 1 8 , India.

The changes in total bacteria, lipolytic bacteria, yeast and mould counts, moisture and free fatty acids of full- 
fat soyflou- (FFSF), when stored at 38°C and 90% RH in jute cotton bags, metal containers (tins), low density polyethylene 
and laminated aluminium foil packs, have been studied. Moisture impermeable metal containers and laminated 
aluminium foil packs gave maximum protection to FFSF under above conditions, while jute and cotton bags were 
found to be unsuitable.
Keywords : Full-fat soyflour, Packing materials, Storage, Chemical changes, Microbial profile, Soybeans.

Increased  u se  o f soy b ea n  in  h u m a n  diet is  of 
im portance in  view  o f the prevalent protein-calorie  
m alnutrition. A m ong va rio u s so y  p rod u cts, th e full- 
fat soyflour (FFSF) h o ld s prom ise. B ein g  rich in  fat, 
it is  h ighly prone to sp oilage lead in g  to deterioration  
in  quality during storage u n d er  tropical con d ition s.

The FFSF is  produced  from  b la n ch ed  an d  dried  
soysp lits (G anchi et al. 1984). The p rocess e lim inates  
the h eat labile an ti-n u trition a l factors like trypsin  
inhibitors, lip oxygen ase, p rotease  in h ib itors etc. 
The spoilage :n FFSF, is  therefore, not likely to  
occu r a s  a resu lt o f  th e  in h eren t en zym es, b u t it 
m ay occur d u e  to m icrobial con tam in a tion  of FFSF  
during grinding, h an d lin g  an d  packaging. The  
presen t in vestigation  is, therefore, an  attem p t to 
stu d y  the ch a n g es  in  ch em ica l and m icrobial 
qualities of FFSF during storage at 38°C  and 90%  
RH in ju te  and co tton  b ags, m eta l con ta in ers (tins), 
low d en sity  p olyethy len e (LDPE-lOOp), p o lyester  
(1 2 p )/p o ly u re th a n e /a lu m in iu m  foil (9p )/p o lyu re-  
than e/L D P E  (3 7 .5p) lam in ated  p ack s w ith  a view  
to identify su itab le  pack agin g  m ateria ls. T he FFSF  
p repared  from  b la n c h e d  an d  dried  so y sp lit s  
('JS-7244') w as packed  in  5 0 0  g lo ts  in  all the above  
packages. The ju te  an d  co tton  b ags w ere thread- 
stitched , w hile th e  LDPF an d  a lu m in iu m  foil p ack s  
were h ea t-sea led . The m eta l t in s  w ere c lo sed  w ith  
air-tight lid s. The LDPE p a ck s w ere stored  at 
38±1°C  an d  9 0  ± 2 % RH in  a controlled  h u m id ity  
cab inet and a lso  u n d er  am bient con d itio n s a s  a 
control. Initially an d  after every 15 d ays, the  
sam p les w ere an a lysed  for total b acteria l p late  
co u n ts  (Speck  1976), lipolytic co u n ts  (C ollins and  
Lyne 1976), y ea st and m ou ld  c o u n ts  (ISI 1969), 
m oistu re c o n ten ts  (AOAC 1975) and free fatty ac id s  
(AACC 1969).

The fresh ly  prepared FFSF h ad  40%  protein , 
19.4%  fat and 21.3%  tota l carbohydrates. The total 
viable bacteria l co u n ts , lipolytic c o u n ts  an d  y ea st
* Corresponding /.u thor

an d  m ou ld  c o u n ts  w ere 5 .0 x l 0 3, 1 .33  x  103 and
1 .23  x  102 per g, resp ectively , w h ile  th e  coliform s  
and S a l m o n e l l a  w ere n ot d etected . T he c h a n g e s  in  
FFA and m oistu re  c o n te n ts  (wb) o f p ack ed  FFSF  
during storage are p resen ted  in  Fig. 1 an d  2.

S T O R A G E  P E R I O D ,  D AYS

Fig. 1. Changes in free fatty acid values of full fat soyflour 
packed in different packaging materials and stored at 
accelerated (38°C/90% RH) and ambient conditions of 
storage.
Accelerated environment Ambient (Control)

(38°C/90%RH) (27.4°C/28.8% RH)
O : Jute, □ : Cotton, A : Metal container, V: LDPE, 
x  : Laminated Al Foil.

Initially, th e  FFA in creased  in  a11 th e  five p a ck a g es  
u n d er both  th e  storage co n d itio n s  w h ich  w a s  
follow ed by flu ctu atin g  tren d s. The FFA v a lu e s .
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Fig. 2. Changes in moisture contents of full-fat soyflour 
packed in different packaging materials and stored at 
accelerated (38°C/90% R1I) and ambient conditions of 
storage.

Accelerated environment Ambient (Control) 
(38°C/90%RII) (27.4°C/28.8% Rll)

O : Jute, □  : Cotton, A : Metal container, V: LDPE, 
x : Laminated A1 Foil.

however, rem ained  below  acceptab le lim its (M ustaka  
and Griffin 1964) in  all the p a ck a g es u n d er  both  
environm ents. The ch a n g es  in  m oistu re  of FFSF in  
various p ack a ges during storage are sh o w n  in  
Fig. 2. In ju te  and co tto n  b ags, the m oistu re  
con ten ts w ere 10 .91 % an d  1 1 .1 0  %, respectively  
and crossed  the accep tab le  lim its  of 9.0%  se t by  
Bureau of Indian S ta n d a rd s on  15th  day. In LDPE 
packages, th is  lim it w a s  cro ssed  after 4 5  d ays of 
storage. U nder am b ient co n d itio n s, how ever, th e  
m oisture rem ained  b elow  7 % in all th e  p ack a ges  
upto 60  days.

The m icrobial a n a ly sis  revealed  th a t the growth  
of the y e a s ts  and m o u ld s w’ere so  heavy in  ju te  
and cotton b ag s th a t th e  ou ter  su r fa ces  o f th e  b ags  
becam e green ish  d u e to fungal sp o res  on  3 0 th  day. 
The cou n ts in  FFSF p ack ed  in ju te  an d  cotton  b ags

at th is  sta ge  w ere 6 .3 0  x  106 and 4 .1 7  x  105/g ,  
respectively. T h ese co u n ts  w ere a lso  h igher th an  
the accep tab le  lim its (ISI 1975) of 5 .0  x  104/g . The 
total bacteria l co u n ts  in  th ese  sa m p les  w ere around
5 .7 5  x  103/g . U nder am b ien t con d itio n s, th e FFSF  
h ad  a tota l b acteria l c o u n ts  o f 1 .6 6  x  104 and  
9 .3 1 x l0 4/ g  in  ju te  an d  co tto n  b a g s, respectively. 
The lipolytic c o u n ts  w ere qu ite low  w ith  a m ax im u m  
va lu e  o f 7 .0 8 x l0 3/ g  in  c a se  o f co tton  b ag s after 
6 0  d ays storage. The tota l b acter ia l c o u n ts  in  LDPE 
stored  flour at 38°C  an d  90%  RH w ere 2 .6 9 x l0 4 
an d  5 .1 3 x l0 4/ g  after 4 5  a n d  6 0  d a y s storage, 
respectively. The c o u n ts  w ere, how ever, qu ite low  
in  th e sa m p les  stored  at am b ien t co n d itio n s, the  
m axim u m  va lu e  of tota l b acteria l co u n t being  
2 .4 6 x l0 4/g . The m ax im u m  tota l b acteria l c o u n ts  in  
t in s  an d  lam in ated  a lu m in iu m  fo ils w ere 1 .7 7 x l0 4 
an d  2 .0 7 x l0 4/g ,  resp ectively  u n d er  accelerated  
con d itio n s o f storage. T he t in s  an d  lam in ated  foil 
p ack a ges p rotected  the flour for a period o f over 
6 0  days. S in ce th ese  p ack ages protected the m aterial 
from  m oistu re in gress, th e se  m ay  protect th e  FFSF  
for longer p eriods a s  w ell.

A u th ors are gratefu l to  Dr. N aw ab Ali, Project 
Director, S oybean  p rocessin g  an d  U tilization  project, 
and Dr. N S L  Srivastava, D irector, C entral In stitu te  
of A gricultural E ngineering, B h op a l, for exten d in g  
the n ecessa ry  facilities for co n d u ctin g  th e  p resen t  
stu d y. T h an k s are a lso  d u e to  M /s  India F oils Ltd., 
C alcutta , for su p p ly in g  th e  lam in ated  foil p ack ages.
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E fficacy  o f Tricalcium  Phosphate on The Storage 9 uality
o f Sorghum  Flour

ANJU RAO AND V. VIMALA*
D ept, o f  F oods an d  N utrition, P.G. an d  R esearch  C entre, A.P. A gricu ltural U niversity ,

H yd erab ad -500  0 3 0 , India
The efficacy of tricalcium phosphate (2%) as pre-storage treatment in whole and dehulled sorghum flour has 

been studied. Treatment with tricalcium phosphate controlled insect infestation and associated changes in fat acidity, 
alcoholic acidity, and lipase activity. A positive correlation between fat acidity and lipase activity was observed. Dehulling 
prior to milling contributed to better storage quality.
Keywords: Sorghum flour, Storage quality, Tricalcium phosphate treatment, Whole and dehulled flours, Insect

infestation, Lipase, Acidity.
In India, sorg h u m  is  ex ten sive ly  co n su m ed  in  

the form o f r o ti  w h ich  is  prepared from sorgh u m  
flour. D eh u llin g  of th e  grain  follow ed b y  m illing  
w ould, therefore, p rod u ce an  attractive flour w hich  
cou ld  be u sed  for m ak in g  r o t i  thereb y im proving  
its  b ak in g  q u ality  an d  c o n su m er  a ccep ta n ce . 
Sorghum  flour is  h ighly  su scep tib le  to  storage  
deterioration w h ich  is  acce lerated  b y  m oistu re , 
tem perature, in sec t p e s ts , fu n g i and bacteria . Of 
th ese , in sect in festa tio n  is  th e m o st ser io u s threat 
to storage quality. A lthough  a variety  of n on -tox ic  
grain p rotectan ts are available for u se  a s  pre
storage treatm en ts, th e se  are n o t o f m u ch  help  in  
flour. U n d er th e s e  c ir c u m sta n c e s , tr ica lc iu m  
p h osp h ate  is  ideal, h a rm less  to h u m a n s, and m ay  
actu ally  be beneficia l in  view  o f th e w idely  prevalent 
calcium  deficiency in  developing cou n tries. Moreover, 
it can  b e m ixed  w ith  flour directly.

Sorghum  (whole grain  - variety  'S.P.V. 462') 
w as procured from  N ation al R esearch  C entre for 
Sorghum , H yderabad. A tota l of 2 6 .5  kg o f th e  grain

6 0  m esh  sieve. B oth  w h ole an d  d eh u lled  so rg h u m  
flours w ere treated  w ith  tr ica lc iu m  p h o sp h a te  (2%) 
an d  stored  in  d u p lica tes  in  p o lyeth y len e  b a g s  
(6 2 .5p) for a period o f 3  m o n th s  from  F ebruary to  
April 1990 . Control sa m p les  w ith o u t trea tm en t w ere  
a lso  stored  in  p olyethy len e b a g s u n d er  id en tica l 
con d itio n s. T he k eep in g  q u ality  o f  sto red  so rg h u m  
flour w a s  a s s e s s e d  b y  th e  c h a n g e s  in  m o istu re  
co n ten t, in sec t co u n t, u ric acid , a lcoh o lic  acid ity , 
fat acid ity  and lip a se  activity.

W ide flu ctu ation s w ere observed  in  th e  m oistu re  
con ten t o f all stored  sa m p les , w h ich  m a y  h av e b een  
d u e to th e prevalent h u m id ity  an d  tem p era tu re  
con d itio n s (S inha an d  W atters 1985). T he in itia l 
m oistu re  co n ten t (8%) in  all sa m p le s  recorded  a 
sign ifican t (P<0.05) d ecrease  (7.8%) in  treated  w h o le  
flour and (7.9%) in  treated  d eh u lled  flour. U n treated  
flour sa m p les , how ever, recorded  a n  in crea se  to  
8 .0 3 %  (whole) an d  8.17%  (dehulled) at th e  en d  of  
th e  storage period.

The in sec t co u n ts  an d  a sso c ia te d  uric acid

TABLE 1. CHANGES IN INSECT COUNT, TOTAL URIC ACID CONTENT AND ALCOHOLIC ACIDITY IN STORED WHOLE AND 
DEHULLED SORGHUM FIXXIR

Whole flour Dehulled flour
Parameters Initial Period of storage, days Initial Period of storage, days
(Mean values) value 45 90 45 90

A B A B A B A B
Insect count, in sects /100 g 0 2 0 7 1 1 1 7 1
Total uric acid, mg/lOO g 1.0 2.1 1.8 3.9 2.8 1.6 1.5 3.8 3.1
Alcoholic acidity ml of H2SO4in 90% alcohol by wt. 0.1 0.3 0.2 0.4 0.3 0.2 0.1 0.3 0.2
A : Untreated, B : Treated. Standard error was ± 0.03 - 0.4
w a s d eh ulled  in  d eh u llin g  m a ch in e  N uH ull 2 0 0 0 . 
The d eh u lled  gra in s (4 .5  kg) an d  w hole grain  (4.2  
kg) w ere th en  grou n d  in to  flour an d  p a ssed  through

* Corresponding Author

co n ten ts  o f  control sa m p les  w ere h ig h er  th a n  th o se  
of treated  sa m p les  (Table 1). A  low er in se c t  co u n t  
an d  u ric acid  con ten t in  treated  flou rs h av e  b een  
attributed  to th e  arrest o f b reed in g  d eve lop m en t of 
in se c ts  b y  tricalciu m  p h o sp h a te . S im ilar  r e su lts
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Fat acidity Cmg/ioog)
Fig. 1. Relation between fat acidity and lipase activity of 
Untreated ( 0 —0) and treated (0-0) whole flour and unteated 
(A-A) and treated (x- x) dehullcd flour)
have been  reported in  w h ea t flour (Calderon and  
Carmi 1978). The activation  o f en zym es d u e  to  
in sect in festa tion  r e su lts  in  the d egradation  o f  
protein and am ino acid s, con tr ib u tin g  to w h at is  
referred to a s  a lcoholic  acid ity . The a lcoh olic  acid ity  
increased  sign ifican tly  (P<0.05) in  all sam p les. The 
treatm ent w ith  trica lciu m  p h o sp h a te  and low er  
m oisture c o n ten ts  in  w h o le  an d  d eh u lled  flour  
sam p les seem  to  lead  to  low er acid ity  v a lu es  
(Table 1). W hole flou rs w ere fou n d  to  register a 
higher alcoholic acid ity th a n  d eh u lled  flou rs ow ing  
to the breakdow n o f p h ytin -rich  b ran  in  th e form er.

Correlation coeffic ien ts w ere ca lcu la ted  b etw een  
lipase activity an d  fat acid ity  in  stored  flour (Fig. 1). 
Significant positive correlations w ere observed  in  
w hole flour (r = 0 .9 8 5 6 )  an d  d eh u lled  flour  
(r= 0 .9913), w h erein  in crea se s  in  fat acid ity w ere  
thought to reflect th e en zym e activ ity (Clayton and  
Morrison 1972). The in crea se  in  fat acid ity  m ay  b e  
attributed to lip o lysis or oxidative degradation  of 
u n satu rated  g lycerid es (Prem avalli et al. 1973). 
Sim ilar in crea ses  h ave b een  d ocu m en ted  in  stored  
jowar and w h eat flour (Prasad an d  M andokhot

1982; Chitra 1985). W hole flou rs w ere found  to  
record (P<0.05) h igher fat ac id ity  v a lu es  w h en  
com pared to dehulled  flours. T h is cou ld  b e  attributed  
to th e  p resen ce  o f lip a se-r ich  b ran  in  the form er  
(Galliard and Tait 1988). D eh u llin g  re su lts  in  th e  
rem oval of the lipase-rich  bran , thereb y  con trib u ting  
to a low ered lip ase  activ ity  an d  a sso c ia ted  le sser  
fat acid ity va lu es.

Treated w hole and d eh u lled  flour sa m p les  
registered  le sser  in crea se s  in  lip a se  activ ity  an d  fat 
acid ity  v a lu es  in  com p a rison  to control. The toxic  
action  o f tricalciu m  p h o sp h a te  s e e m s  to  h ave  
controlled  in sec t d evelop m en t an d  therefore, an  
a sso c ia ted  le sse r  in sec t lip a se  con tr ib u tion  to lipid  
deterioration. Lower m oistu re  co n ten t cou ld  yet be  
an oth er reaso n  for th e  le s se r  v a lu e s  in  treated  
sa m p les . The p aram eters u sed  to a s s e s s  th e  efficacy  
of trica lc iu m  p h o sp h a te  (2%) a s  a pre-storage  
treatm en t in d icated  a  p ositive  role by controlling  
in sec t activity. D eh u llin g  co n tr ib u ted  to le sse r  lipid  
deterioration  a s  reflected  b y  th e  low er fat acid ity  
v a lu es. From  th e  r e su lts  ob ta in ed , it c a n  be  
co n c lu d ed  th a t th e  trea tm en t w ith  tr ica lc iu m  
p h osp h ate  proved b en efic ia l in  th e  storage of 
sorg h u m  flour.
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Products of Rice
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B re e d in g  p o te n tia l  o f  Tribolium castaneum Rhyzopertha dominica a n d  Sitophilus oryzae in  s a l te d  parm al p u ffed  
r ice  a n d  b e a te n  r ice  sh o w e d  th a t  m o r ta li ty  o f  a d u l t  in s e c ts  w a s  neg lig ib le  d u r in g  3 w e e k s  in  a ll p r o d u c ts  e x c e p t  fo r 
fu ll m o r ta li ty  o f  S. oryzae o n  b e a te n  r ice  in  2 w e ek s . L arv a l d e v e lo p m e n t o f  T. castaneum  w a s  s ig n if ic a n tly  s lo w e r  
in  sa lte d  parmal a n d  phulian a s  c o m p a re d  to  t h a t  in  ra w  rice . T h e  la rv a e  o f  R. dominica to o k  s ig n if ic a n tly  lo n g e r  
tim e  to  develop  in  s a l te d  parm al T. castaneum  p ro d u c e d  lo w es t p ro g e n y  in  s a l te d  parmal a n d  s w e e te n e d  phulian, 
w h e re a s  R. dominica p ro d u c e d  m a x im u m  p ro g e n y  in  p la in  a n d  s w e e te n e d  phulian c a u s in g  2 7 .9  a n d  19 .5 %  lo s s  in  
w e ig h t re sp e c tiv e ly  d u r in g  3  m o n th s .  T h e  rice  w eevil, S . oryzae, c o u ld  n o t  b re e d  in  a n y  o f  th e  t r a d i t io n a l  p r o d u c ts  
o f  r ice  te s te d  in  th is  s tu d y .
K e y w o rd s : S to ra g e  in s e c t  p e s ts ,  PufTed rice , B e a te n  r ice , S a lte d  parmal. R aw  r ice , Tribolium castaneum, Rhyzopertha

dominica, Sitophilus oryzae.
Traditional products such as pulled rice (plain 

or sweetened p h u l i a n ) ,  expanded rice (salted p a r m a l )  
and beaten rice ( c h i w r a )  are manufactured on cottage 
scale in various States of India from parboiled 
coarse varieties of paddy. The dried parboiled paddy 
is processed into p h u l i a n  which is sweetened at will 
later on. For making salted p a r m a l ,  the dried 
parboiled paddy is milled and brown rice (unpolished 
rice) is used for its preparation (Chinnaswamy and 
Bhattacharya 1983). Beaten rice is also prepared 
from parboiled rice, which is flattened while it is 
wet, either mechanically or manually (Ali and 
Bhattacharya 1976). These products are consumed 
by millions all over India as a breakfast item or 
in social/religious functions. During a market 
survey at Ludhiana (Punjab), a few samples of these 
products were found infested with the rust red flour 
beetle, T r i b o d u m  c a s t a n e u m  (Herbst) and lesser 
grain borer, R h y z o p e r t h a  d o m i n i c a  (F.). There are 
no reports or. the infestations of such products by 
storage insects and hence the present study was 
conducted to determine the feeding and breeding 
ability of T. c a s t a n e u m ,  R .  D o m i n i c a  and the rice 
weevil, S i t o p h i l u s  o r y z a e  (L.) on the traditional 
products of rice.

Fresh samples of polished rice, salted p a r m a l ,  
plain/sweetened p h u l i a n  and c h i w r a  were procured 
locally, cleaned to remove extraneous matter, 
thermally disinfested by keeping for 1 h in oven 
at 60°C and conditioned in desiccators (70% relative 
humidity) for 2-3 weeks to bring the moisture 
content to about 12%. To determine the feeding and 
breeding abili.y of three insect species, 30 g of each 
sample were taken in 100 ml glass jars. Polished 
rice was taken as control. The experiment was 
replicated four times and 20  unsexed adults (10
* Corresponding Author

days old) were introduced in each replicate. Mortality 
counts were recorded at weekly intervals for three 
weeks, after which the insects were discarded. The 
samples were incubated at 30°C and the emerging 
F, progeny was scored every other day till complete 
emergence. Productivity (progeny/adult - day) of the 
test insects in each product was calculated according 
to Kazmaier and Fuller (1959). To. estimate the loss 
of weight caused by insect pests in various products, 
40 g of each product was taken in glass jars, 
inoculated with 20  insects per replicate and 
incubated at 30°C for three months. The total 
progeny emerged and the amount of material lost 
due to feeding and breeding were calculated and 
the data were statistically analysed by ANOVA 
employing two-tailed test.

There was no significant adult mortality of
T. c a s t a n e u m  in any of the products. Progeny 
emergence and productivity was significantly low 
in salted p a r m a l  and sweetened p h u l i a n  compared 
to the values obtained for raw milled rice (Table 1). 
The developmental period was prolonged in plain 
and sweetened p h u l i a n  (35.5 and 40 days, 
respectively) and in salted p a r m a l  (55 days) compared 
to that in milled or beaten rice. There was negligible 
mortality of R .  d o m i n i c a  in the products. Larval 
development was prolonged significantly only in 
salted p a r m a l  (43 days). The insect produced 
significantly more progeny in p h u l i a n  (plain/ 
sweetened) and lowest in salted p a r m a l  compared 
to that in raw milled rice. Complete mortality of
S. o r y z a e  adults occurred in beaten rice within 2 
weeks, while they survived for 3 weeks in other 
products. None of the products supported any 
progeny of the rice weevil.

Results of the weight loss experiment (Table 2) 
revealed that during 3-month infestation period.
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TABLE 1. ADULT SURVIVAL, ADULT E M E R G E N C E  AND PRODUCTIVITY (PR O G EN Y /A D U LT - DAY) O F  T. CASTANEUM AND R. 
DOMINICA IN M ILLED R IC E  AND D IFFE R E N T  TRADITIONAL PR O D U C TS O F  PA RB O ILED  BRO W N R ICE.

T es t p ro d u c t  T. castaneum R. dominica
A d u lt D a y s  o f P ro d u c ti A d u lt D a y s  o f P ro d u c ti

m o rta li ty f ir s t v ity m o rta li ty f ir s t v ity
a f te r  21 e m e rg e n c e a f te r  21 e m e rg e n c e

d a y s . o f  F, d a y s , o f  Fj
% p ro g e n y % p ro g e n y

W hite  rice 1.3 30.0» 0 .0 5 b 7 .5 3 3 .8 “ 0 .1 2 b
S a lte d  parmal 0 5 5 .0 ° 0 .0 1 “ 8 .8 4 3 .0 b 0.04*
Phulian (plain) 0 35.5» 0 .0 4 “b 1.3 3 1 .8 “ 0 .5 8 d
Phulian (S w eetened) 1.3 4 0 .0 b 0.01* 6 .3 3 0 .8 “ 0 .4 5 c
B ea te n  rice 0 2 8 .3 “ 0.04*b 3 .8 3 1 .8 “ 0 .0 8 “b
C.D . a t  5%  d f  = 19 - 4 .6 0 .0 4 - 3.1 0 .0 5
All v a lu e s  a r e  m e a n s  o f  fo u r  re p lic a te s ,  e a c h  in fe s te d  w ith  2 0  u n s e x e d  a d u l t s .  V a lu e s  follow ed b y  th e  s a m e  le tte r(s )  d o  n o t  d iffer 
s ig n ifican tly  (p> 0 .05).
plain or sweetened p h u l i a n  supported 340.7 and
272.3 progeny of R .  d o m i n i c a ,  respectively, thereby 
causing weight loss of 27.9 and 19.53%. The low 
progeny development of R .  d o m i n i c a  in white rice, 
salted p a r m a l  and beaten rice reflected in low 
weight losses. T. c a s t a n e u m  could not cause 
significant weight loss in any of the products during 
the 3-month infestation period. Poor progeny 
development of T. c a s t a n e u m  in salted p a n n a l  could 
be due to the hard external texture that might have
TABLE 2. P E R  C E N T  W E IG H T  L O S S  C A U S E D  BY 

T.CASTAPfEUM AND R. DOMINICA IN VARIOUS RICE 
PR O D U C TS DURING 3  M ONTHS O F  INFESTATION.

T es t p ro d u c t T. castaneum ' R. dominica
T o ta l n u m  w e ig h t T o ta l n u m  w e ig h t

b e r  o f  a d u l t s lo ss , b e r  o f  a d u l t s lo ss ,
em e rg e d % e m e rg e d %

W hite  rice 2 5 .0 1 .5 0 c 4 3 .7 2 .1 8 “
Parmal (salted) 1 3 .7 1 .0 1 “b 2 0 .3 2.75*
Phulian (plain) 3 2 .0 1 .1 9 bc 3 4 0 .7 2 7 .0 9 d
Phulian
(sw eetened) 2 0 .0 0 .97*b 2 7 2 .3 1 9 .5 3 c
B ea te n  rice 2 9 .7 0 .79* 6 6 .3 8 .0 3 b
All v a lu e s  a r e  a v e ra g e s  o f  th r e e  re p lic a te s .  In  e a c h  re p lic a te , 
4 0  g o f  th e  te s t  m a te r ia l  w a s  in fe s te d  w ith  2 0  u n s e x e d  a d u l t  
in se c ts . M ean s  follow ed b y  th e  s a m e  le t te r  d o  n o t d iffe r 
sig n ifican tly  (p> 0 .05 )
offered resistance to feeding by first instar larvae. 
Hard textured parboiled rice is also not fed upon 
by insects successfully (McGaughey 1974). The 
flattened product (beaten rice) probably did not 
provide enough space for the developing larvae of
R .  d o m i n i c a  besides offering resistance to boring 
by the first instar larvae, thereby reducing the 
progeny emergence. It was observed that only
R .  d o m i n i c a  could breed veiy well in plain or 
sweetened p h u l i a n ,  causing heavy losses in weights 
of the products as the adults and the developing 
larvae produced a lot of powdeiy frass.

It is reported that the parboiled rice, because 
of its comparatively harder texture than that of raw 
milled rice, is not suitable for growth of the insect 
pests (McGaughey 1974; Singh 1980). The presently 
studied products are made from parboiled paddy. 
However, these lose their characteristic compact 
texture because of processing and thereby, become 
more suitable for growth of R .  d o m i n i c a  and
T. c a s t a n e u m .  Plain p h u l i a n  and beaten rice (for
T. c a s t a n e u m )  and both the p h u l i a n  products (for
R .  d o m i n i c a ) ,  gave equivalent or higher values of 
productivity (progeny/adult per day) than those in 
the raw milled rice (white rice). These products are 
made from brown rice (intact rice bran layer), which 
is known to be nutritionally better for several 
storage insect pests than the polished white rice 
having most of the bran removed during milling. 
It does explain the trend of the results obtained.

Though not stored for longer durations, these 
products may suffer heavy lo sses , besides  
degradation of the q u a lity /accep tab ility , if 
accidentally infested with these storage pests. 
Therefore, better storage conditions, coupled with 
the use of insect proof packaging, may be desirable 
to preclude their infestation.
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R e c g ra m  (Cyanus cajan, L) s e e d s  w e re  a n a ly s e d  fo r t iy p s in  a n d  c h y m o try p s in  in h ib i to r  a c tiv ity  a n d  th e  e ffec ts  
o f  h e a t  t r e a tm e n t  a s  w ell a s  UV e x p o s u re  o n  th e  a c t iv i t ie s  o f  th e s e  a n t i -n u t r i t io n a l  fa c to rs . H e a t  t r e a tm e n t  a n d  UV 
e x p o s u re  d e c re a s e d  th e  a c tiv itie s  o f  b o th  t iy p s in  a n d  c h y m o try p s in  in h ib ito rs .  P ro te in a s e  in h ib i to r s  o f  r e d g r a m  w e re  
fo u n d  to  b e  h e a t  lab ile .
K e y w o rd s : R e d g ra m , T ry p s in  in h ib ito r , C h y m o try p s in  in h ib ito r , H e a t  t r e a tm e n t ,  UV e x p o s u re  t r e a tm e n t ,  T re a tm e n t

p e rio d .
Redgram ( C a j a n u s  c a j a n ,  L.), also called as 

pigeonpea, is a valuable source of protein, minerals, 
vitamins and occupies a veiy important place in 
human nutrition in many developing countries 
(Singh 1988). The nutritive value and protein 
digestibility o: legumes are improved by processing 
or cooking, thereby leading to destruction of heat 
labile anti-nutritional factors (Lienev 1976). Tiypsin 
and chymotrypsin inhibitors have been studied in 
detail (Stoilova 1990). Effects of heat and germination 
on anti-nutritional factors in pulses have been 
reported (Liener 1980). However, little information 
is available on this aspect in redgram, one of the 
most important pulse crops of India. In this 
communicaticn, the effects of UV and heat on 
trypsin and chymotrypsin inhibitors of redgram are 
reported.

Redgram grains were procured from Pulse 
Research Station, Gulbarga. Trypsin (Type III,
E .C .3 .4 .2 1.4) an c  chym otrypsin  (Type II, 
E.C.3.4.21.1) from bovine pancreas were from 
Sigma Chemical Company, U.S.A. Casein was from 
Wilson Lab., Bombay. The UV radiation was done 
in the UV7 instrument (Tempo Instruments and 
Equipments Pvt. Ltd., Bombay).

Inhibitor extract was prepared by homogenizing 
2 g of sample in 30 ml of 0.1 M phosphate buffer 
(pH 7.6). Then, it was centrifuged at 12,000 x g  
for 20 min. The supernatant was dialysed against
0.05 M sodium phosphate buffer (pH 7.6) for 6 h. 
The dialysed extract was used for assay of trypsin 
and chymotrypsin inhibitors. The extracts of raw 
redgram seeds, overnight soaked seeds and the 
defatted meal were subjected to heat treatment 
(heating in bciling water bath at 100°C) and UV 
radiation for various time intervals, cooled and 
assayed for residual inhibitory activity against
* Corresponding Author

trypsin and chymotrypsin. The assay of trypsin and 
chymotrypsin inhibitor activities was carried out by 
casein digestion method (Sumathi and Pattabiraman
1977). This consists of taking 10 pg of enzyme, 0.8 
ml of inhibitor extract and 0.1 ml of 0.1 M sodium  
phosphate buffer (pH 7.6), and this mixture was 
pre-incubated for 10 min at 37°C. The reaction was 
initiated by adding 1 ml of 1 % casein and stopped 
exactly after 20 min by adding 3 ml of 5% TCA. 
The solution was centrifuged at 3,000 x  g  for 20 
min. Clear supernatant (0.5 ml) was analysed by 
the method of Lowry et al. (1957). One unit of 
inhibitor activity is the amount of inhibitor that 
suppressed one unit of proteolytic activity.

From the data presented in Table 1, it is observed 
that the inhibitory activity decreases as the time 
of exposure increases. Higher reduction is observed 
when the soaked seeds are exposed to UV radiation. 
It is further observed that tiypsin and chymotrypsin 
inhibitor activities decrease with increase in the 
time of heating the defatted meal, the raw seeds 
and the soaked seeds. Liener (1980) has reported 
that proteinase inhibitors are thermo-labile. Batra 
et al (1986) have reported that heat treatment 
decreased trypsin inhibitor activity in lentil and 
pigeonpea. Pre-soaking followed by dry heat 
treatment resulted in partial inactivation of the 
trypsin inhibitor activity (Singh 1988). This may be 
due to the fact that high moisture content favours 
rapid cooking, thereby bringing about increase in 
heat susceptibility causing inactivation. Heat 
treatment is known to improve nutritional quality 
of plant proteins because of total or partial 
inactivation of proteinase inhibitor (Rackis and 
Gumbman 1981). Heat treatment alters nutritive 
value and products derived from them. The proteins 
in raw soybeans have low nutritive value and 
various heat treatments cause an improvement of 
this value and loss of trypsin inhibitor activity 
(Kakade et al. 1974).
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TABLE 1. E F F E C T  O F  UV RADIATION AND HEAT TREATM ENT ON TRYPSIN AND CHYM OTRYPSIN IN H IB ITO R  ACTIVITIES IN 
REDGRAM

T ry p s in  in h ib i to r  u n i t s C h y m o try p s in in h ib i to r  u n i t s
A ttr ib u te s M eal T IU /g  s a m p le M eal C lU /g  s a m p le

S e e d s S o a k e d S e e d s S o a k e d
s e e d s s e e d s

R ad ia tio n  e x p o s u re UV R a d ia t i o n
tim e, m in

3 0 1 4 4 .6 6 4 .8 8 0 .7 2 1 1 .8 9 6 .1 4 5 .7
6 0 1 3 0 .6 4 1 .8 2 0 .2 1 8 3 .7 8 5 .0 1 9 .7
9 0 1 2 5 .8 3 3 .4 Nil 1 1 0 .6 7 0 .8 Nil

120 8 4 .6 2 8 .3 Nil 3 2 .5 2 0 .2 Nil
150 1 0 .2 Nil Nil 8 .7 Nil Nil

M ean 108.1 5 3 .7 4 2 .4 1 2 7 .5 8 1 .6 4 7 .2
SD ± 0 .3 ±  0 .3 ±  0 .1 ± 0 .2 ±  0 .2 ± 0 .2

H ea tin g  tim e , m in H e a t T r e a t m e n t
1 1 2 5 .5 1 2 7 .8 9 8 .8 1 9 8 .8 2 0 0 .0 1 6 5 .8
2 1 0 1 .8 1 0 2 .0 3 5 .6 1 6 5 .5 1 7 1 .8 1 2 5 .8
3 8 9 .7 9 3 .7 15.2 1 2 5 .8 1 3 0 .7 6 3 .7
4 6 5 .2 7 0 .0 Nil 97 .1 1 0 0 .8 2 0 .8
5 3 5 .1 4 0 .5 Nil 6 3 .1 8 1 .0 Nil

M ean 9 5 .2 9 7 .9 5 3 .1 1 4 4 .7 1 5 0 .3 5 1 .4
SD ± 0 .8 ± 1.2 ±  0 .6 + 0 .4 ±  1 .4 ±  0 .6

In itia l try p s in  a n d  c h y m o try p s in  in h ib i to r  a c tiv itie s  in  a ll th e  m a te r ia ls  s tu d ie d  w e re  1 5 3 .9  a n d  2 1 8 .0  u n i t s / g  s a m p le , resp ec tiv e ly .

In conclusion, it may be stated that trypsin 
and chymotrypsin inhibitor activity in redgram 
seeds are decreased by UV and heat treatment. The 
trypsin and chymotrypsin inhibitor activities of 
soaked redgram seeds are eliminated completely on 
exposure to UV for 90 min. Similarly, the trypsin 
and chymotrypsin inhibitor activities are eliminated 
completely on heating the soaked seeds in boiling 
water for 5 min.

The work was supported by a grant from 
Gulbarga University, Gulbarga. S. Paramjyothi is 
thankful to Gulbarga University for the financial 
assistance.
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W hey  p ro te in  c o n c e n tra te  (5% so lid s) in c o rp o ra te d  khoa sh o w e d  im p ro v ed  s e n s o ry  c h a r a c te r i s t ic s  o v e r th e  c o n tro l  
co w  m ilk  khoa a n d  c o m p a re d  w ell w ith  th e  c o m m e rc ia l o n e . L ow er to ta l  s o lid s  c o n te n t  in  w h e y  p ro te in  c o n c e n t r a te  
in c o rp o ra te d  khoa w a s  n e c e s s a ry  to  c o u n te r  a d v e r s e  e ffec t o f  w h ey  p ro te in  c o n c e n tra te  o n  th e  in s t r o n  te x tu re  p a ra m e te r s .
K e y w o rd s : C ow  m ilk  khoa, W hey  p ro te in  c o n c e n tra te  in c o rp o ra tio n . In s tro n  te x tu re  p ro file  o f  khoa  S e n s o ry  p ro file

o f  khoa
K h o a  is one of the most important heat 

dessicated products in India. Buffalo milk k h o a  
serves as a base and a filler for the preparation 
of various milk-based sweets. Cow milk k h o a  is 
generally not favoured due to its excessive smooth 
and pasty body, slight sandy texture and salty taste 
(Rajorhia and Srinivasan 1979). Whey protein 
concentrates (WPC) are highly nutritious and known 
for their good functional properties (DeWit and 
DeBoer 1975). Our experience with WPC 
incorporation in buffalo milk k h o a  showed that 
grains in k h o a  grew with added WPC. The present 
investigation was undertaken to develop desirable 
grainy texture in cow milk k h o a ,  and study the 
effect of WPC addition during its manufacture.

Fresh cheddar cheese whey in 100 1 quantity 
was collected from the experimental Dairy of the 
Institute, clarified through cream separator at 28°C, 
pasteurized at 72°C for 15 sec. and held at this 
temperature for 30-40 min prior to ultrafiltration 
at 50°C using the laboratory module of hollow fibre 
membrane (Romicon, England, polysulphone 
membrane, type PM 50), with inlet and outlet 
pressures of 1.8 and 0.5 kg/cm 2, respectively. The 
WPC so obtained had 27.40% TS, 71.11% protein/ 
TS, 9.12% fat/TS, 3.37% ash/TS and pH 6.22.

Pooled cow milk was procured from the 
Experimental Dairy of the Institute. The WPC was 
added at 0, 5 and 8% levels to cow milk, and the 
fat/TS ratio adjusted to 5 .5 /14  by adding 60-70% 
fat cream. K h o a  was prepared in a stainless steel 
steam kettle employing an iron stirrer ( k h u n t i ) .  
Samples were drawn at three different moisture 
levels during the last stages of k h o a  preparation. 
Last sample was that of fully prepared k h o a .  All 
the samples were collected in plastic trays and
* Corresponding Author

tempered at 20°C for 12 h. All the experimental 
samples were analysed for total solids, fat and 
protein. For comparative studies, a commercial 
k h o a  sample was procured fresh from the 
Experimental Dairy of the Institute and tempered 
at 20°C for 12 h similar to other k h o a  samples. 
Cylindrical samples of k h o a  (19 mm dia, 20 mm 
height) were subjected to texture profile analysis, 
using an Instron Universal Testing Machine (Model 
4301) fitted with a 100 N load cell and operated 
in a two bite compression (20%) mode with a cross 
head speed of 50 m m /m in and chart speed of 
100m m /m in. Various Instron texture profile 
parameters were worked out from the force-distance 
curve as described by Bourne (1978).

Last sam ple from each batch of k h o a  
representing fully prepared product, alongwith the 
commercial sample, was evaluated for sensory 
qualities by a panel of 8 experienced judges using 
a 9 point Hedonic scale.

It is apparent from Table 1 that the control 
cow milk k h o a  was graded much inferior to 
commercial k h o a  in all sensory characteristics. 
With the incorporation of WPC, all the sensory 
parameters showed considerable improvements, 
making cow milk k h o a ,  though at lower total solids 
content, comparable with the commercial k h o a .  The 
WPC, having the property of gel formation on 
heating (Schmidt et al. 1984), might be producing 
a desired grainy texture in the WPC incorporated 
k h o a .  Further, whey proteins contain greater 
amounts of sulphur containing amino acids. During 
heat processing, these proteins become denatured 
and sulfydryl groups are released to impart a 
heated or cooked flavour on heating (Parry 1974). 
These flavours might be enhancing the flavour of 
k h o a .  Additional browning was also observed in the 
WPC incorporated k h o a  which partly masked the
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TABLE 1. SE N SO R Y  MEAN S C O R E S  ON 9  PO IN T HED O N IC  
SCALE O F  D IFFE R E N T  KHOA SAM PLES.

A ttr ib u te s C o n tro l cow  
m ilk  Khoa

C o m m e r
c ia l khoa

W PC  in c o rp o 
ra te d  Khoa

5% 8%
F lav o u r 6 .1 0 7 .4 5 7 .6 8 7 .4 5
B ody a n d  te x tu re  6 .1 2 7 .2 4 7 .3 2 7 .2 2
A p p ea ran ce 6 .4 2 7 .2 0 7 .1 0 7 .2 5
C o lour 6 .5 2 7 .3 4 7 .1 0 7 .3 2
O verall a c c e p ta b ili ty  6 .3 8 7 .3 8 7 .31 7 .2 4
L im its : 5 .6 -6 .5  = L ike s lig h tly , 6 .6 -7 .5  = L ike m o d e ra te ly , 
7 .6 -8 .5  = Like v e ry  m u c h . S .D . v a lu e s  ra n g e d  b e tw e e n  ± 0 .2 1  
a n d  ± 0 ,3 5 _________________________________________________________

undesirable yellowish colour of cow milk k h o a .  
However, WPC at 8% level did not give any better 
quality k h o a  than at 5% level, indicating that it 
was unnecessary to add more than 5% WPC in cow 
milk k h o a  for its improvement.

levels in k h o a .  At lower total solids, WPC incorporated 
k h o a  had comparable gumminess with that of 
control cow milk k h o a .  Springiness in the product 
showed the opposite trend. However, the chewiness 
value (a product of gumminess and springiness) of 
the product increased with the increase of total 
solid and WPC levels. A high chewiness value in 
k h o a  is undesirable, but it could be lowered with 
reduced total solids content. This would also be 
helpful in case of other texture parameters like 
h ard n ess, c o h e s iv e n e ss  and gu m m in ess. 
Adhesiveness of control samples showed a sharp 
decline with the increase of total solids content, 
while WPC incorporated k h o a  exhibited substantial 
increase in this value. This might be due to the 
inherent interaction of added whey proteins in the 
system.

Based on this study, it can be concluded that

TABLE 2. C HEM ICAL CO M PO SITIO N  AND INSTRON T EX TU R E PR O FIL E  O F  D IF F E R E N T  KHOA SA M PL E S
A ttr ib u te s C o n tro l co w  m ilk khoa Khoa w ith  5%  W PC Khoa w ith  8 %  W PC

1 2 3 1 2 3 1 2 3
T otal so lid s , % 7 6 .9 7 7 .6 8 0 .0 6 7 .5 7 4 .6 7 6 .8 6 3 .1 6 4 .7 6 6 .8
F at, % 3 0 .0 3 0 .3 3 1 .2 2 5 .8 2 8 .6 2 9 .2 2 3 .2 2 4 .2 2 5 .0
P ro te in , % 1 7 .5 17 .6 18.2 15.9 17 .6 18.3 1 5 .7 16.1 1 6 .6
H a rd n e ss , N 0 .0 4 6 4 0 .0 6 9 6 0 .1 1 4 8 0 .0 2 8 3 0 .0 6 9 8 0 .0 8 9 3 0 .0 3 4 3 0 .0 5 9 8 0 .1 0 8 0
C o h es iv e n ess 0 .2 2 8 4 0 .2 0 3 8 0 .1 9 7 7 0 .2 5 6 5 0 .1 9 1 4 0 .1 7 2 5 0 .2 4 5 0 0 .2 3 7 0 0 .1 9 6 1
G u m m in e ss , N 0 .0 1 0 6 0 .0 1 4 9 0 .0 2 2 0 0 .0 0 7 3 0 .0 1 3 2 0 .0 1 5 4 0 .0 0 8 4 0 .0 1 4 2 0 .0 2 1 2
S p rin g in e ss , m m 4 .0 0 3 .2 5 3 .0 0 4 .0 0 3 .5 0 3 .2 5 4 .5 0 4 .2 5 4 .0 0
C h ew in ess , N -m m 0 .0 4 2 4 0 .0 4 6 1 0 .0 6 7 8 0 .0 3 0 4 0 .0 4 6 7 0 .0 5 0 6 0 .0 3 7 8 0 .0 6 0 3 0 .0 8 4 7
A d h esiv en ess , N -m m 0 .0 0 5 2 0 .0 0 2 5 0 .0 0 0 1 0 .0 0 4 6 0 .0 0 7 3 0 .0 1 0 0 0 .0 0 3 9 0 .0 0 5 9 0 .0 0 7 2
1, 2 a n d  3 d e n o te  s a m p le n u m b e r s g iven  b a s e d  o n  m o is tu re lev els  o f  khoa.

Instron texture profile indicated that the higher 
were the total solids and WPC levels, the greater 
was the hardness in k h o a  (Table 2), which might 
mostly be due to the reduction of free moisture 
content and the increase of protein proportion in 
the product. Whey proteins are known for their 
water-binding property (Mangino 1984). For 
achieving the same hardness value, the WPC 
incorporated k h o a  needed to be concentrated to a 
lower total solids level compared to control cow milk 
k h o a .  not only conserved heat energy, but also 
gave higher yields of the product.

Contrary to hardness, cohesiveness in k h o a  
decreased substantially with the increase of its total 
solid and WPC contents. This might be due to the 
decreased free moisture content in the resultant 
product. Rajorhia et al. (1991) also observed that 
an increase in total solids was accompanied by a 
decrease in cohesiveness of k h o a .  Gumminess, which 
is the product of hardness and cohesiveness, 
decreased with the increase in WPC and total solid

a good quality k h o a  with reduced total solids content 
can be prepared by incorporating 5% WPC in cow 
milk k h o a  during its preparation. It will help in 
producing k h o a  at places where buffalo milk is not 
available.

Authors are grateful to Volkswagen Foundation 
of Federal Republic of Germany for funding 
this study.
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T h e  v isc o s ity  o f  c h i to s a n  s o lu t io n s  in  1% a c e tic  a c id  o f  v a r io u s  c o n c e n tra t io n s  (0 .2 5 -1 .0 %  b y  w e ig h t o f  c h ito s a n )  
w a s  m e a s u re d  b y  L ig h t s c a t te r in g  m e th o d . T h e  d a t a  w e re  f itted  to  M a rk -H o u w in k  e q u a t io n  a s
ri1 = 4 .7 4  x 10“2 IM J 0 723 w h ic h  h e lp s  e v a lu a te  th e  a v e ra g e  m o le c u la r  w e ig h t (w eig h t av erag e) o f  c h i to s a n  s a m p le s  
w ith  a  k n o w led g e  o f  th e ir  in t r in s ic  v isco s ity .
K e y w o rd s :  C h i to s a n  s o lu tio n s ,  V is c o s ity -m o le c u la r  w e ig h t r e la t io n s h ip , M a rk -H o u w in k  co e ffic ien ts .

Chitosan [(1,4) -2-amino-2-deoxy-j3-D-glucan), 
a deacetylated product of chitin, is used for various 
industrial applications because of its polycationic 
nature (Muzzaralli 1977). Most of the industrial 
applications are dependent upon its solubility and 
viscosity which are, in turn, a measure of its 
molecular weight. The higher the molecular weight, 
higher is its viscosity and hence, better is its grade 
(Filar and Wirick 1978). Therefore, there is a need 
to measure the molecular weight of various soluble 
fractions present in the deacetylated product. 
Molecular weight distributions of chitosan were 
measured by various techniques viz., HPLC 
(Wu et al. 1976), laser light scattering at 632.8 nm 
with a Malvern system 4700-c instrument using a 
He-Ne Spectraphysics 35 mw Laser and an Olivetti 
M-24 Computer (Muzzaralli et al 1987) and gel 
permeation liquid chromatography (Mima et al.
1983). In the present investigation, the average 
molecular weight was measured by light scattering 
technique because of its ease and simplicity in 
apparatus (Spectrophotometer and a refractometer), 
as compared to laser light scattering method.

Chitosan samples were made from prawn 
waste by CFTRI process which is almost akin to 
the one reported earlier (Mooijani et al. 1975). Their 
solution viscosities and molecular weights were 
measured and they were related by Mark-Houwink 
equation (Allcock and Lampe 1981). Chitosan 
solutions of known concentrations (0.25-1.0% by 
weight) were prepared by dissolving chitosan in a 
2% solution of acetic acid (v/v) and making it up 
to the volume with distilled water (Filar and Wirick
1978). The solutions were stirred for 30 min and 
undissolved chitosan particles were removed by 
squeezing the solution through a cloth. The viscosity 
of the solutions was measured by Cannon-Fenske

viscometer by noting the time taken by solutions 
to pass through the capillaiy tube maintained at 
30°C ± 1°C. The refractive indices (RI) of various 
chitosan solutions were measured by a refractometer 
using a mono-chromatic source of sodium vapour 
lamp ( X  =  5893A°)

The intensity of light scattered through chitosan 
solutions was measured as the percentage of light 
transmitted through chitosan solutions as compared 
to 1% acetic acid solution by spectrophotometer 
(Bausch and Lamb, Spectronic 20). The experimental 
measurements were made at three concentrations 
viz., 0.25, 0.5, 1.0 gm per 100 ml of 1% acetic 
acid and the results are presented in Table 1. The 
turbidity ( y ) of the solution was measured as the 
decrease in intensity of light because of scattering 
(Allcock and Lampe 1981). The average molecular 
weight of the polymer (MJ can be calculated by 
equation 1 :

1 Lt. HC—  = C->0 —  ..................................  (1)
M w 7

32 7i3n02 (n~n0)2Where H = ------------------  ;3 A.4 N0 C
Mw = average molecular weight (weight average); 
n0 = RI of the solvent (1% acetic acid ) = 1.322; 
n = RI of solution; X  =  wave length of light =
0.5983 x lO^cm; N0 = Avagodro No.= 6.023 x 1023; 
C = Concentration of polymer in solution, gm /m l 
of solution; y = 1- (I/I0); I/I0 = fraction of light 
transmitted through 1 cm length of solution, Mw 
was measured by plotting HC/y vs. C and 
interpolating to zero concentration and noting the 
value of intercept. The reciprocal of the intercept 
is the weight average of molecular weight. (Allcock 
and Lampe 1981) The results are presented in 
Table 1.

6 6
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TABLE 1. DATA FO R  CALCULATING AVERAGE M OLECULAR W E IG H T  AND INTRINSIC VISCOSITY

P ro p e rty
S a m p le  No. 

2 3
C o n c e n t r a t i o n  o f  s o lu t i o n s

0 .2 5 0 .5 1.0 0 .2 5 0 .5 1.0 0 .2 5 0 .5 1.0
RI, n 1 .3 3 6 1 .3 3 8 1 .3 4 6 1 .3 3 6 1 .3 3 9 1 .3 4 6 1 .3 3 6 1 .3 3 9 1 .3 4 6
T ra n sm iss io n , % 9 3 .0 9 0 .4 9 1 .5 9 0 .0 8 2 .5 7 4 .0 7 8 .8 6 5 .0 4 7 .2
T u rb id ity  y 0 .0 7 0 0 .0 9 1 0 .1 8 5 0 .1 0 0 0 .1 7 5 0 .2 6 0 0 .2 1 2 0 .3 5 0 0 .5 2 8
H x 104 1 .5 8 3 4  1.1 7 4 5 1 .4 7 2 3 1 .5 8 3 4 1 .5 8 3 3 1 .4 7 2 3 1 .5 8 3 4 1 .5 8 3 3 1 .5 8 3 4
H C /y x  106 5 .5 6 5 6 .4 8 2 7 .9 5 8 3 .9 5 9 4 .5 2 3 5 .6 6 3 1 .8 7 2 2 .2 6 0 2 .9 9 9
D en sity  g /m l 0 .9 9 0 0 .9 8 1 0 .9 6 2 0 .9 9 0 0 .9 8 1 0 .9 6 2 0 .9 9 3 0 .9 8 5 0 .9 7 0
tj , sec 1 1 .6 2 5 .2 7 5 .0 13 .8 3 4 .0 1 0 7 .3 2 7 .0 7 6 .3 2 7 3 .0
\ 2 .7 6 6 .0 1 8 .0 4 3 .3 8 .3 4 2 5 .8 6 .7 0 1 8 .8 6 4 .3
% 1 .7 6 5 .0 1 7 .0 4 2 .3 7 .3 4 2 4 .8 5 .7 1 7 .8 6 3 .3
n s p / c ^ /ß 7 0 4 10 0 0 1 7 0 4 9 2 0 1 4 6 8 2 4 8 0 2 2 8 0 3 5 6 0 6 3 2 5
% 3 4 0 4 2 8 7 6 5

2 .0 4 6 x 10s 3 .0 7 6  x  10s 6 .5 7 4  x 105
The Intrinsic viscosity of solution (t̂ ) is 

given by

C
Where risp = specific viscosity = rjr— 1 ; r|r = relative 

viscosity = tjdj/t^; t,= time taken by solution in 
secs, for flow in Cannon-Fenske viscometer; t̂  = 
time taken by solvent (1 % acetic acid) for flow In 
Cannon-Fenske viscometer = 4.2 sec; d,= density 
of polymer solution in gm/ml.

chitosan solutions in 1 % acetic acid solvent alone, 
which limits the applicability of these coefficients. 
The reported parameters (of Mark-Houwink equation) 
would help determine the average molecular weight 
of chitosan samples simply by measuring its 
intrinsic viscosity.

The author thanks the Area Coordinator 
(Regional Centres) for encouragement and the 
Director, CFTRI, Mysore for the facilities and 
permission to publish.
References

The average molecular weight of the polymer 
and its intrinsic viscosity in a solution are related 
by the Mark-Houwink equation (Allcock and Lampe
1981).

Tl, = K (MJa ..................... .........................  (3)
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R eg re ss io n  m o d e ls  to  p re d ic t  r e la t io n s h ip  b e tw e e n  %  f is s u re d  k e rn e ls  a n d  co o k in g  c h a r a c te r i s t ic s  o f  r ice  h a v e  

b e e n  fo rm u la te d . G ru e l so lid  lo s s  a n d  a lk a li  s p re a d  v a lu e  w e re  c o rre la te d  po sitiv e ly  to  f is s u re d  k e rn e ls  w ith  c o rr e la t io n  
co effic ien ts  o f  0 .6 6  to 0 .9 3  a n d  0 .9 4  to  9 .6 , re sp ec tiv e ly , fo r  v a r io u s  v a rie tie s . W a te r  u p ta k e  a n d  c o h e s iv e n e s s  s c o re s  
w e re  c o rre la te d  n e g a tiv e ly  to  %  f is s u re d  k e rn e ls  w ith  c o rre la t io n  c o e ffic ien ts  in  ra n g e s  o f  0 .7 1  to  0 .8 6  a n d  0 .6 5  to
0 .8 1 , resp ec tiv e ly .
K e y w o rd s  : R ice, F is s u re d  k e rn e ls .  C ook in g , R eg re s s io n  m o d e ls .

The subject of Assuring in rice has been 
extensively investigated in relation to moisture 
variation (Kunze 1977; Kunze and Hall 1965; 
Nguyen and Kunze 1984; Srinivas et al. 1977; 
Srinivas et al. 1978 and Singh et al. 1990), varietal 
factors (Stermer 1968; Kunze and Prasad 1978), 
milling (Kunze and Hall 1965; Velupillai and 
Pandey 1990), drying (Nguyen and Kunze 1984), 
storage and cooking characteristics (Desikachar 
and Subrahmanyan 1961). The present study was 
conducted to obtain more information on the 
relationship of fissured kernels with cooking 
characteristics of rice by preparing regression 
models.

Represented samples of 'Jaya', 'PR-106', 'PR- 
103', Basmati Pusa No. 1’ and 'PR-108' obtained 
from breeders were used in this study. To induce 
fissures in the grains, V / 2 kg rough rice of each 
variety was soaked in water at 30°C, in triplicate, 
for 6 h. After draining water, the samples were 
dried to original grain weight in a forced air cabinet 
drier at 30°C. Weighed samples (150 g each) of 
unsoaked and soaked paddy were dehusked and 
polished uniformly (6% degree of polish) as described 
earlier (Singh et al 1990). Head rice and brokens 
were separated using a laboratory rice-sizing device 
(Burrows Equipment Co., Evanston, IL, USA). 
Fissured kernels were, then, manually separated 
from the milled rice (Bhattacharya 1969) and were 
then blended with the non-fissured head rice 
kernels (obtained from unsoaked sample) at 10 , 2 0 , 
30, 40 and 50% levels. Cooking, gruel solid loss, 
% water uptake and cohesiveness scores were 
determined by standard methods (Batcher et al. 
1957; Bhattacharya and Sowbhagya 1971). Alkali
spreading values were determined by the method
* Corresponding Author

of Little et al. (1958) using 1.5% potassium  
hydroxide. All the values reported are average of 
three replicates except for cohesiveness and were 
subjected to linear regression analysis on HP-1000 
Computer system.

The fissured kernels required lesser cooking 
time than their sound counterparts. The cooking 
times for sound kernels of 'Jaya', 'PR-106', 'Pusa 
No. 1', 'PR-103' and 'PR-108' were 20.5, 22.0, 28.9
TABLE 1. LINEAR M O D EL S SH O W IN G  T H E  E F F E C T  O F 

BLENDING F IS S U R E D  K E R N E L S IN M ILLED R IC E  
ON VARIOUS COOK ING C H A R A C TER ISTIC S.

V a rie ty L in e a r  m o d e ls R 2
G ru e l  s o l id  lo s s

'J a y a ' Y = 2 .7 4  + 0 .0 4 7  X 0 .9 3
'P R -106 ' Y = 1 .2 0  + 0 .0 2 5  X 0 .9 1
'P u s a  No. 1 Y = 2 .1 0  + 0 .0 2 5  X 0 .8 8
P R -1 0 3 ’ Y = 1 .5 5  + 0 .0 1 5  X 0 .6 6
PR  108' Y = 1 .47  + 0 .0 1 5 X 0 .8 4

W a te r  u p t a k e
J a y a ' Y = 5 .7  + (-0 .0 2 0 )  X 0 .8 1
P R -106' Y = 3 .4  + (-0 .0 1 5 ) X 0 .8 6

'P u s a  No. 1 Y = 2 .8  + (-0 .0 1 5 ) X 0 .7 4
P R -103' Y = 3 .5  + (-0 .0 1 5 )  X 0 .7 1

'P R -108' Y = 2 .8  + (-0 .0 1 4 )  X 0 .7 4
A lk a l i - s p r e a d in g  v a lu e

J a v a ' Y = 3 .0  + 0 .0 5 8  X 0 .9 4
P R -106 ' Y = 2 .3 0  + 0 .0 5 9  X 0 .9 6
P u s a  No. 1 Y = 2 .0 0  + 0 .0 3 4  X 0 .9 4
P R -103' Y = 2 .3 0  + 0 .0 4 9  X 0 .9 6
P R -108' Y = 2 .1 5  + 0 .0 4 6  X 0 .9 6

C o h e s iv e n e s s  s c o r e
'J a y a ' Y = 8 .1 5  + ( -0 .0 6 8 8 )  X 0 .6 1
P R -106' Y = 8 .8 2  + (-0 .0 7 0 2 )  X 0 .8 1
'P u s a  No. 1 Y = 8 .3 3  + (-0 .5 6 7 )  X 0 .7 7
P R -103' Y = 7 .9 8  + ( -0 .0 4 7 2 )  X 0 .6 7
'P R -108' Y = 7 .6 5  + ( -0 .0 4 6 5 )  X 0 .6 5

X = P e rc e n t f is s u re d  k e rn e ls ,  Y = C h a r a c te r i s t ic s
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25.5 and 26.0 min., respectively, whereas for 
fissured kernels, these were 19.5, 20.6, 26.2, 24.0  
and 24.0 min., respectively. The presence of fissures 
might have facilitated easy penetration of water in 
the kernels, thus reducing the cooking time. The 
other possible factor could be the reduction in grain 
hardness due to Assuring (Singh et al. 1990).

The gruel solid loss showed a positive relation 
with the extent of Assuring (Table 1). A unit 
increase in fissured kernels resulted in an increase 
of 0.047, 0.025, 0.025, 0.025, 0.016 and 0.015 of 
gruel solid loss, in 'Jaya', 'PR-106', 'Pusa No. 1', 
'PR-103' and 'PR-108', respectively. A higher gruel 
solid loss in fissured kernels has also been reported 
earlier (Desikachar and Subrahmanyan 1961; Singh 
et al. 1990). Water uptake in all the varieUes 
exhibited a negative correlation (0.84 - 0.90) to % 
fissured kernels. 'Jaya' exhibited highest and 'PR- 
108' least reduction in water uptake as expressed 
by regression equation (Table 1).

Alkali-spreading in all the varieAes increased 
with the increase in the number of fissured kernels. 
Spreading was highest in 'Jaya' and lowest in 'Pusa 
No. 1'. The correlation between cohesiveness and 
Assuring was highly significant in all the varieUes 
(Table 1). As the % fissured kernels increased, the 
sample became more prone to disintegration on 
cooking. The cohesiveness score showed highest 
reduction in 'Jaya' and lowest in 'PR-108' with a 
unit change in fissured kernels. A high score for 
cohesiveness of cooked rice indicated that the 
kernel did not clump (Batcher et al. 1956, 1957). 
A negative correlation coefficient between alkali
spreading and clearing value and cohesiveness has

also been reported earlier (Little et al. 1958).
This study establishes the strong effect of 

Assuring in rice kernels on cooking characteristics.
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It was a pleasure for me to go through the 
book which is the outcome of Silver Jubilee 
Celebrations of Nutrition Society of India which 
dealt with a broad range of subjects in clinical, 
experimental and public health nutrition. The 
publication is a result of expert opinions emanating 
from world authorities on topics of major social 
issues for third world countries in the field of 
nutrition. The book is a kind of monograph which 
reflects the current inform ation  on the  
interdisciplinary nature of the field of Nutritional 
Sciences. Speakers of national and international 
eminence covered a wide range of topics such as 
new dimensions of nutrition problems; energy 
metabolism and requirements; modem methods of 
assessm ent for measuring nutritional status; 
nutritional modulations of cancer and the newer 
approaches for solving public health problems and 
on the impact of changing dietary patterns and life 
styles on health and nutrition.

The changing profile on national nutrition has 
clearly indicated that the time has come when 
nutrition scientists must turn their attention away 
from intellectual exercises that merely seek to 
assess the precise magnitude of the problem of 
hunger in the country and instead, concentrate on 
a consideration of what is practicable and feasible 
with current resources to mitigate the problem. 
Presentations are made in great detail on the 
measure of population growth on a whole range 
of public services. Female literacy holds the key 
to the success of health, nutrition, family planning 
and education programmes in all developing 
societies. The other notable contribution is that 
kwashiorkor and marasmus were not two different 
problems calling for entirely different strategies for 
their prevention and control. Instead, these two 
factors are just one and the same central problem 
of PEM requiring identical approaches for their 
solution. Thus, changes in the profile of under
nutrition are enlightened very clearly. The report 
provides a flood of information on various deficiency 
diseases. Prof. J.E. Dutra-de-Oliveira pointed out 
very rightly that there is a greater interest in 
malnutrition than in nutrition.

The book deals with the information on

nutritional aspects of palm oil in terms of fatty acid 
composition and the effect on blood cholesterol 
level. The hypocholesterelomic and beneficial effects 
of palm oil are mainly due to lack of lauric acid 
(12:0) and myristic acid (14:0) as well as moderate 
levels of oleic and linoleic acids. Prof. J.C. Waterlow 
has done a commendable job of going through, in 
detail about all specific theories on challenges and 
controversies of PEM. Trends in global undemutrition 
and poverty are being discussed at length. The 
responsibility of the scientific nutritional community 
to set the desired intervention strategy to alleviate 
undemutrition of the poor is emphasised.

Vitamin-A deficiency continues to be a 
significant health problem in many developing 
countries. Role of vitamin-A in immuno-competence 
is discussed well. Dr. K.N. Agarwal has stressed 
that the deleterious effects of iron deficiency are 
seen earlier than the anaemia stage. The latest iron 
deficiency is likely to be made widespread and 
changes induced in placenta, brain etc., are mostly 
irreversible.

Endemic goitre is widespread, but varies in 
prevalence. The clear possibility exists that, 
nutritional iodine deficiency and socio-economic 
backwardness are usually interlocked in a vicious 
cycle. Attention has been focussed on the technology 
for double fortification of edible salt with both iron 
and iodine. This fortified salt contains 1 m g/g  iron 
in the form of ferrous sulphate, 40 m g/g iodine 
as KI or KI02 and a new polyphosphate iron 
chelating agent which acts as both stabilizer and 
iron absorption promoter. This will be a challenge 
in reducing both iron deficiency anaemia and 
goitre.

Dr. P.S. Setty focussed on the intimate 
relationship between the energy restricted state and 
sympathetic nervous system (SNS) activity. The 
energy deficiency results in a reduction in SNS 
drive enabling conservation of energy by diminishing 
metabolism and heat production. The SNS, thus, 
modulates many physiological functions during 
situations when energy intake is deficient and 
thereby, helps to maintain energy homeostasis.

It is rightly pointed out by Drs. S.K. Nair and
E.T. Poehlman that protein turn-over is a 
determinant of energy expenditure in humans. It 
may account for 20% of resting metabolic rate 
(RMR) and valuable proportion of thermic effect of 
a meal (TEM) and thermic effect of activity (TEA).
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Protein turn-over is a major contributor of TEM 
after a protein meal but it contributes none after 
a carbohydrate meal. It is necessary to gather 
accurate information on the energy expenditure of 
typical occupational groups in the country before 
revising the energy allowances for Indians. During 
the last decade, significant refinement has occurred 
in evaluation of iron status in different disorders. 
Limitations of many earlier investigations have been 
realised.

The review focusses attention on assessment 
of essential fatty acid status in Indians (1) by 
comparing intake with requirement and (2 ) by 
measuring functional indices of EFA from plasma 
lipid fatty acid composition. Dietary, bio-chemical 
and histological methodologies have been developed 
for assessing vitamin-A nutritional status in human 
at sub-clinical levels of nutriture. The application 
of the preparative technique to the analysis of 
cholesterol synthesis using deuterium oxide is 
illustrated. It is also pointed out that cancer 
primarily is a nutritionally determined disease.

Changing trends in community nutrition 
indicate that there has been a significant reduction 
in the production of "severe" and "moderately 
malnourished" rural pre-school children, thereby 
indicating an improvement in their nutritional 
status; but the food consumption pattern remained 
essentially similar.

The chapter on rapid and participatory appraisal 
for health and nutrition outlines some of the 
history, principles and methods of rapid assessment 
or appraisal and actual and potential applications 
in health and nutrition. Three intermingling streams 
of activities can be identified, i.e., rapid rural 
appraisal (RRA), rapid assessment procedures (RAP) 
and participatory rural appraisal (PRA).

The research papers on breast feeding, 
diarrhoeal disease, growth and development during 
infancy, effect of mango consumption on vitamin-A 
nutrition, impact of income generation by women 
on family nutritional improvement and finally, the 
fourth Silver Jubilee Lecture on the agricultural 
future are very interesting.

The editors have done a commendable job in 
compiling different papers and bringing out this 
volume. The quality of each chapter is high and 
the book would be of practical use to the 
nutritionists. As it happens in most edited books.

the style of writing in this compilation varies from 
article to article; text book style from one end to 
research publication style to other end. The book 
would be an useful addition in the university 
libraries and research institutes which offer various 
courses in the field of nutrition.

The book has a vast bibliography containing 
about 600 references which will be useful to the 
scientist engaged in clinical, experimental and 
public health nutrition and for policy planners for 
developing programmes to overcome malnutrition.
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C O L L E G E  O F  H O M E  S C IE N C E
(APAU), B A PA TLA  - 5 2 2  1 0 1 ,  A .P .
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' H a n d b o o k  o f  A p p l i e d  M y c o l o g y - M y  c o t o x i n s  i n  
E c o l o g i c a l  s y s t e m s '  Vol. 5, by D. Bhatnagar, E.B. 
Lillehoj and D.K. Arora (Eds), Marcel Dekker Inc 
New York 10016, 1992; pp 464; Price: US $ 150

The discovery of mycotoxins dates back to 
1940s. Their involvement in the etiology of human 
and animal health drew more and more attention 
after the discovery of aflatoxins in England in 1960. 
The research on various facets of mycotoxin problem 
gained momentum, once the toxicity of the mould 
metabolites was established. As a result, thousands 
of research papers appear every year. Among these, 
reports on aflatoxins are most pivotal due to their 
higher toxicity and wide prevalence. The involvement 
of F u s a r i u m  toxins in biological warfare and their 
recognition as causative factors in certain human 
and animal diseases is a revelation of the research 
work by various scientists. The ramification of the 
work is so wide that it will become difficult for a 
student or a research worker to go through different 
journals, whenever an information on a specific 
topic is required. The editors, who themselves are 
the experts working on mycotoxins, have reduced 
the burden very much by writing on multifarious 
aspects of research in a nutshell. The book covers 
the most modem topic such as "A molecular 
approach tow ards u nd erstan d in g  aflatoxin  
production", "Development and use of Immunoassays 
in the D etection of Ecologically Important 
Mycotoxins". It also deals with the biochemistry 
and biosynthetic mechanism involved in the 
synthesis of aflatoxins and other F u s a r i u m  toxins, 
their tracing in detail and the steps involved in 
biosynthesis. The enzyme responsible in biosynthesis
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of aflatoxin at every stage has been discussed. The 
discussion on DNA-adduct formation which is the 
basis of carcinogenic ability of aflatoxin has been 
included. The chapter on "Species and diet-related 
differences in aflatoxin biotransformation’ focusses 
on the biotransformation as determined by the 
species and dietary factors which, in turn, modulate 
the extent of toxicity of mycotoxins. There was 
always a confusion about the stage at which the 
problem of mycotoxin and A .  J i a v u s  starts. This has 
been very much cleared by reviewing all the 
research work done in this context under the title
"Aflatoxin in maize....." and "Insect interactions with
mycotoxin-producing fungi and their hosts". The 
topic "Aflatoxins: Their biological effects and 
ecological significance" exposes the seriousness of 
the aflatoxin problem.

Surprisingly, the book has not reviewed the 
work on detoxification methods of aflatoxins and 
other mycotoxins, which is extremely important to 
the industrialists, food and feed manufacturers and 
the research workers for improvising the existing 
methods.

The book is well edited. It is recommended for 
libraries of the Universities and research institutions 
which have "Environmental problems" and 'Food 
safety' in their curricula.

T . SH A N T H A  
C .F .T .R .I . ,  M Y SO R E .

" I n t e r n a t i o n a l  F o o d  D a t a  B a s e s  a n d  I n f o r m a t i o n  
E x c h a n g e "  C o n c e p t s ,  P r i n c i p l e s  a n d  D e s i g n s .  A.P. 
Simopoulos and RR. Butrum (Eds) Published by
S. Karger, AG Basel. Allschwilerstrasse 10, P.O. 
Box Postfach, CH-4009, Basel, Switzerland XII 
+ 160 pp, 22 figs, 21 tabs., hard cover 1992; 
Price : US $ 149.00, S. Fr 186.

The concept of generating food composition 
tables is not new and every food research laboratory 
will have evolved its own data on surveys of food 
consumption of communities or societies or will try 
to generate their own source-tables. Doctors and 
nutritionists, depend on such tables to assess the 
sufficiency or otherwise of nutrients of diets. 
Demographers use them for studies of national food 
policies.

But it is unfortunate, that such data are not 
freely available. We have only a few sources which 
provide the information. Food composition tables

prepared by FAO, for different regions of the world, 
have been the source for many surveys and studies. 
These have been compiled, on the information 
provided by many laboratories all over the world. 
A similar compendium prepared by ICMR. "Nutritive 
Value of Indian Foods" is more restrictive, but 
provides data on diverse components of food. 
However, the information available on recipes and 
local food preparations, or even on packaged foods 
is very meagre. The reasons are obvious. The task 
of compilation of data on such diverse products is 
indeed colossal, and no one laboratory or institution 
can ever hope to complete such a task. It is in 
this context, that computerization of collected data, 
becomes relevant.

The book under review, provides basis for a 
classification system under which all foods, both 
raw materials and prepared foods, could be 
computerized. If the data are placed on such a 
system, retrieval of data becomes easy and end 
users, i.e., the food and nutrition researchers, the 
food processors and manufacturers, food analysts, 
demographic surveyors and governments could be 
benefitted.

The book is divided into 8 chapters and each 
one is written by different set of authors. The first 
chapter by one of the editors, Dr. Butrum, presents 
the scope of the subjects covered and more 
specifically defines the end users of such data. For 
example, apart from those mentioned earlier, 
international agencies, which provide food aid, need 
to know the nutrients available in the target 
country, as also, the constituents of the food that 
they are supplying. The composition of foods in the 
local market may not be available in any published 
data. Moreover, even the names of foods and raw 
materials used in the making of the foods may be 
in the language of the country and not recognized 
elsewhere. An international system of codifying 
foods, thus, becomes manifest.

The second chapter by Srivastava and Butrum, 
deals with international food data base. The factors 
which have to be considered in preparing an 
international data base and in choosing the software 
which could meet these and other considerations 
(The chosen software is "Oracle") are described in 
detail.

This is further amplified in the next chapter 
by Southgate and Greenfield. Factors for 
consideration in choosing foods to be included in

J. Food Sci. Technol, 1993, Vol 30 , N o .l
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the system, are discussed. The nutrients to be 
included in the system are divided into categories 
like, high priority, desirable or for future 
development. The constituents for categorization 
are the proximate composition, the vitamins, the 
minerals, fatty acid composition, sugar composition, 
trace elem ents, vitam ins and other minor 
constituents.

In defining the function of computers in 
nutrition sciences, Feinberg et al., observed: 
"Computer Science also indicates fruitful and 
scientific ways to organize and improve information 
management. Nutrition is deeply related to social 
and cultural habits; this, in turn, influences food 
science. Computer science provides possible 
methodological approaches to a more rigorous way 
of reasoning". Feinberg et al. discussed the data 
collection and validation of the same, for developing 
computer models. Standardization of analytical 
methods amongst different laboratories has first to 
be achieved before any useful computerization of 
data is possible. Codification of characteristics of 
foods and criteria for classification are well 
exemplified by selecting some foods, both raw and 
processed. "Langual" which can be translated to 
mean the language of food, developed by US FDA, 
to retrieve data on food, is further described in 
some detail by Hendricks.

The historical development and present status 
of codifying and recording of food data in Nordic 
Countries (Anders Moller), in Latin America and 
Caribbean Islands (Bressani and Flores), and in 
East European Countries (Dobrzycki, J.H. and 
Maria LosKuczera), are dealt with, in the following 
chapters. Perhaps, paucity of information with the 
editors, has been the excuse for not including any 
of the Asian or South East Asian Countries in any 
part of the discussion.

For a country like India, where foods have a 
wide diversity, based on regional, cultural and 
ethnic considerations, the data available are very 
meagre. We have only the "Nutritive Value of Indian 
Foods" published by the NIN, as the source book. 
Even this deals more with raw materials than 
ready-to-serve foods. Computerization and the use 
of computers in eveiy-day life, are now catching 
up. Considering the variety and plethora of foods 
available in the countiy, it is necessary to prepare 
such data base tables on Indian foods. But when, 
preparing such tables, or even when collecting such

data, it is necessaiy to follow international methods 
of collections, codification and means of retrieval 
so that the information will be of universal 
acceptance.

The book under review, provides an excellent 
guide for such a system. The authors of the 
different topics have discussed the subject matter 
in easily understandable manner, giving concrete 
examples. The book is a very desirable addition to 
libraries in food research institutes, home science 
colleges and even industrial food laboratories, 
where food analytical data get generated. It is 
invaluable for those who want to create food 
analytical data banks, from data generated in other 
laboratories.

It is needless to comment on the excellent get- 
up and editing of the book. The price of the book 
is a deterrent for individuals, but considering the 
value of information contained in the book, libraries, 
national and international organizations, and 
research institutes can ill-afford not to possess the 
book.

M .R . C H A N D R A SE K H A R A  
5 3 ,  1 3 T H  C R O S S  R O A D , 
M ALLESW AR A M , 
B A N G A L O R E -5 6 0  0 0 3 .

I s o b e n z a n  : Published under joint sponsorship of 
the United Nations Environment Programme, the 
International Labour Organisation and the World 
Health Organisation (WHO) as a part of the IPCS 
(International Programme on Chemical Safety); 
World Health Organisation, Geneva, 1992; pp 
62; Price: Sw.Fr. 10 and Sw. Fr. 7 in developing 
countries.

The book is mainly concerned with the 
environment, health hazards and toxicological effects 
of the insecticide, Isobenzan. It is a publication of 
International Programme on Chemical Safety (IPCS) 
under the series: Environmental Health Criteria 
129, published jointly by above agencies. This is 
a small monograph of 40 pages of running matter 
with about six pages of various references (88 in 
number) at the end. I am particularly delighted to 
read the sum m ary, c o n c lu s io n s  and  
recommendations in a nutshell at the beginning of 
the text running over three pages with its translation 
into two international languages at the end.

Isobenzan is a chlorinated cyclodiene insecticide,
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which was marketed under the trade mark Telodrin. 
It was manufactured by Shell in Netherlands during 
1958-65 and was used for several years thereafter 
from the existing stocks. At present, the only major 
source of exposure is believed to be the original 
waste disposal sites of industrial wastes or dredgings 
from contam inated sedim ents. However, no 
isobenzan was detected in the rivers of Netherlands 
during 1979-80 and the only source feared to be 
existing might be root crops.

It seems that all efforts were made to present 
the data as accurately as possible in the book. 
Studies were made for the toxicological effects on 
rats, mice, dogs, domestic fowl and cattle. The 
studies were extended to two or three generations 
in case of rats, mice and dogs. The milk of the 
cattle grazing in the pastures treated with isobenzan, 
and eggs of the leghorn hens were considered to 
be potential sources of contamination and were 
analysed for isobenzan.

Data on human beings were limited to studies 
on workers and operators exposed to isobenzan in 
manufacturing and formulation plants. No cases of 
skin irritation and carcinogenicity were reported. 
No data are available on the levels of isobenzan 
in the blood or adipose tissues of general population. 
Poisoning incidents or untoward effects of long term 
exposure of general population have not been 
reported. The monograph concludes with the words 
that the available information on the hazards of 
isobenzan is incomplete but is adequate to say that 
no human or environmental exposure of this 
substance, used as an insecticide or for any other 
purpose, should be allowed.

Though the toxicological effects of isobenzan 
may not be persistent today, the information 
contained in the book is a manifestation of hazardous 
nature of organo-chlorinated insecticides, and the 
histological or clinical tests one has to carry out 
to evaluate the hazardous nature after making any 
such insecticide or pesticide. Hence, the book is 
useful for organochemical industry, research workers 
engaged on chlorinated insecticides and to those 
organic chemists and Government officials involved 
in formulating the regulatory aspects of pesticides 
and insecticides.

D .G . R A O ,
C .F .T .R .I .  R EG IO N A L C E N T R E ,
H Y D ER A B A D .

S a f e  U s e  o f  P e s t i c i d e s  : WHO Technical Report Series 
813; WHO, Geneva-1991; pp. 28; Price: SW fr.6 
SW. fr 4.2 in developing countries.

This booklet is the fourteenth report of the 
WHO Expert Committee on Vector Biology and 
Control and contains recent developments (till
1990) in the toxicology of pesticides used in vector 
control. The information is presented under 11 
titles; Introduction, Trends in pesticide use, 
International activities for promoting pesticide safety, 
The WHO Pesticide Evaluation Scheme (WHOPES), 
Current research on pesticides for use in public 
health. Aircraft disinfection, Exposure of the public 
to pesticides. Classification of pesticides, Education 
and training, Poisoning by pesticides. Conclusions 
and Recommendations. This is followed by 
Annexure 1, wherein details of treatment of poisoning 
due to organophosphorus, carbam ate and 
organochlorine in se c tic id e s , a n ti-co ag u la n t  
rodenticides and paraquat are given.

Som e of the m ain  c o n c lu s io n s  and  
recommendations of the expert committee include
a) chemical pesticides will continue to play a 
dominant role in disease vector control in the near 
future, b) the pyrethroid insecticides seem to be 
free from adverse effects if normal precautions are 
taken, c) permethrin added to drinking water as 
a larvicide at a concentration of 15 pg/1 is 
considered safe. Substituted urea larvicides should 
not be added to drinking water until the possibility 
of the diabetogenic side effect has been excluded,
d) the testing of pyrethroids other than already 
recommended for aircraft disinfestation should be 
encouraged, e) non-absorbent containers of active 
ingredients of pesticides and formulations in Hazard 
class III can be reused after a serial washing for 
purpose other than storage of food, drink and 
animal feed, f) the problem of acute pesticide 
poisoning is serious in some countries and urgent 
action is required and g) poison control centres 
should be strengthened so as to have information 
available on poison control and to deal with 
pesticide poisoning at all times.

In addition to these general recommendations, 
there are recommendations made to WHO. A simple 
toxicological study to test for the synergism between 
deet and permethrin and biomonitoring that may 
lead to new methods for measuring exposure to 
pesticides and its effects are recommended for 
future research. The booklet has 24 references of 
importance and a list of selected WHO publications 
of related interest.
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In view of the diverse and authentic Information 
covered In the document, there is no doubt that 
it is a ready reckoner on vector control and useful 
for research workers, pesticide handlers and policy 
makers.

N .G .K . KA RA N TH
C .F .T .R .I . ,  M Y S O R E -5 7 0  0 1 3

S t a r c h  H y d r o l y s i s  P r o d u c t s  : W o r l d  W i d e  T e c h n o l o g y  
P r o d u c t i o n  a n d  A p p l i c a t i o n s  : by F.W. Schenck 
and RE. Hebeda (Eds), VCH Publishers, Inc. 
New York, 1992, pp: 650, Price: £  84

This book presents complete up-to-date details 
on various aspects of starch hydrolysis products 
and covers aspects such as production, analysis, 
quality control, metabolism, regulatory aspects, 
downstream processing, plant design, industry, 
economics and waste treatment. This book is the 
first in the Food Science and Technology series to 
be published by VCH publishers. Hydrolysis products 
of starch are mainly sweeteners and many articles 
and books have been published on specific hydrolysis 
products, manufacturing process and the equipment 
used for their production. This is the first book 
where complete coverage of all facets of this 
complex industry has been nicely brought out. This 
book written by international experts contains 
extremely useful information on hydrolysis products 
of starch. It gives enough details in terms of 
principles and actual methodologies involved and 
fulfils the objectives set and the target groups for 
which it is meant.

The contents of the book are organized in 21 
chapters. The opening chapter gives an excellent 
introductory survey on the history of starch 
hydrolysate production, along with a worldwide list 
of starch hydrolysate products. Chapter 2 deals 
with sources, production and chemistiy of starch. 
Various commercial enzymes used for the hydrolysis 
of starch for the production of specialized products 
such as glucose syrups, maltose syrups, high 
fructose com  syrup and cyclodextrins are described 
in chapter 3 followed by the details of the processes 
and equipments used in the hydrolysis of starch 
in chapter 4. Chapters 5 to 11 deal with individual 
products of starch hydrolysis. In each of these 
chapters, a general introduction to the product, 
description of the production methodology, flow 
diagram, the physico-chemical and physiological 
properties of the product, their commercial 
applications in various industries and practical 
aspects of storing, shipping and handling of the

product are described in good detail.
Chapter 12 deals with various analytical 

methods involved in the quantitative analysis of 
hydrolysed products of starch. The metabolism and 
metabolic effects of products of starch hydrolysis, 
with special reference to absorption and digestion 
in animals and humans are described in chapter 
13. Toxicological and physiological effects of 
hydrolysis product on ingestion are also briefly 
mentioned in this chapter.

In many countries, starch-derived products for 
various applications have become, subject to 
requirements of law. Few people are aware of the 
existence of government regulatory organizations to 
enforce laws relating to the use of these products. 
The legal aspects covering the governmental 
regulations that make these products uniform 
around the world are described in chapter 14. The 
economic aspects of manufacture are covered in 
chapter 15, while chapter 16 gives the details of 
production facility, design and construction.

The next 4 chapters deal with downstream 
processing aspects involved in the production of 
starch hydrolysate products. All the equipments 
involved in clarification, concentration, refining and 
chromatographic separation are described in detail, 
with illustrations, design and flow charts. Waste 
water treatment and disposal are of critical 
importance in any industrial set up. The last 
chapter gives an overview of waste treatment, as 
it applies to the manufacture of starch hydrolysis 
products. The generation of starch hydrolysis- 
related waste water and the available waste water 
disposal operations, treatment applicable to the 
starch hydrolysis industry and sludge handling and 
solid waste disposal are described in this chapter. 
The book ends with an appendix wherein worldwide 
suppliers of equipment, ingredients and services 
are listed.

The book covers all major aspects and is well 
presented. The extensive references given at the end 
of each chapter are comprehensive. In conclusion, 
I would like to emphasize that this book is a 
valuable source of information of immense practical 
interest, It may also remain as a very useful 
reference book for many years. I strongly recommend 
this book to all scientists and technologists who 
would be interested in getting a quick and 
authoritative glimpse of the products of starch 
hydrolysis.

M . R A M A K R ISH N A
C .F .T .R .I . ,  M Y S O R E -5 7 0  0 1 3
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SPECIAL ANNOUNCEMENT
3rd International Food Convention  

IFCON 93
7-11 September, 1993 at Mysore

Your are already aware from our first circular that the IFCON 93 was scheduled to be held between
5-9 July, 1993. As this period coincides with many important National and International Conventions, 
the National Steering Committee after deep consideration, has postponed IFCON 93 to 7-11 September 
1993. Please make a note of the revised dates for registration, which are indicated below:

Class of Registration Registration
Registration Fee upto late fee upto

31-3-1993 31-8-1993
AFST Rs. 300 Rs. 500
Members
Non-
Members Rs. 600 Rs. 800
International
Participants US $ 250 US $ 350
Students Rs. 200 Rs. 300

No Registration fee will be accepted after 1st September 1993.
The Registration Form is attached herewith for the convenience of those who have not received the 

folder. Please send the duly filled registration form along with the requisite fee in the form of DD/cheque 
drawn in favour of IFCON-93 to the Secretary, AFST(I), CFTRI Campus, Mysore-570 013 (India) at the 
earliest. The second circular, giving the details of technical sessions, format for submission of poster 
presentations, reservation of accommodation, travel, etc., will be issued during March'93.

REGISTRATION FORM
Name (in Capital Letters) Prof./Dr./Mr./Mrs./Ms.
Affiliation ...........................................................................
Postal Address...................................................................
City .....................................................................................
State/Province .................................................................
Name of Spouse/Guest(s) ..........................................
Telephone (Office) ..........................................................
Telex ...................................................................................
Registration
Spouse/Guest(s)

Title

Postal Code 
Country ....

(Res.)
Fax.......... .
US $/R s. 
US $/R s. 
Total

Enclosed DD/Cheque No..........................................................
Date ................................................................................................
for US $ /R s..................................................................................
Payable to IFCON-93.
Date ................................................................................................

I intend to present a paper in the Poster Session

Bank

YES NO
Signature



FOR ALL PROBLEMS RELATING TO 
WATER POLLUTION CONTROL 

C O N T A C T

THE COROMANDEL ENGINEERING CO. LTD. 
POLLUTION CONTROL DIVISION

R E G D  O F F I C E  :

TIAM HOUSE ANNEXE, 2  JEHANGIR STREET  
MADRAS 6 0 0  0 0 1

PHONE: 512060, 511591 TLX: 041-8109 COEN IN 041-6223  
COEN IN FAX: 91-44-510378

S A L E S  O F F I C E  :
86 , BAZULLAH ROAD, T. NAGAR, MADRAS 600 017, PH: 8251184

SHRIRAM ENGINEERING CONSTRUCTION COMPANY PVT. LTD.
GUNA BUILDINGS, 6TH FLOOR, 304 /305 , ANNA SALAI 

TEYNAMPET, MADRAS 600 018, PH: 454081
We Are Also Suppliers of Original High Speed Floating Aerators,

Low Speed Aerators, Flash Mixers, Flocculators, Clarifiers, Clariflocculators 
And Turnkey Projects for Water, Effluent and Sewage Treatment.

WITH B E S T  C O M P L I M E N T S  T O  R  8 l  D  S C I E N T I S T S /  
T E C H N O L O G I S T S / E N G I N E E R S

FROM
S A K T H I  B E V E R A G E S  L I M I T E D

101, MOUNT ROAD, GUINDY, 
MADRAS : 600  032

Phone : 23 5 0 6 5 6  & 2350938  
Gram : "SAKTHIBEV"
Telex : 041-8967  SSL-IN

F R O O T I A P P Y P I N G O

M a n u f a c t u r e d  b y  :
A B T  I N D U S T R I E S  L T D .

and
M a r k e t e d  b y  :

S A K T H I  B E V E R A G E S  L T D .

The retention of Natural Taste and Flavour in 
these Products is the Hall-Mark of Developments 
in Food Science and Technology.

W e  T a k e  P r i d e  I n  O u r  E x c e l l e n t  A c h i e v e m e n t .



Reg. No. 2 4 9 1 8 /6 4

The Genesis Freeze D iyer
Genesis offers you more options than any other freeze diyer 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.

J U S T  A S K
a x i o m :

IX  T H E  

W O R L D !
i l^ g¡SKT?

SRC Sublimators
± 1 °  p e r f o r m a n c e  m a t c h e d  f r o m  s h e l f  a n d  c h a m b e r  
t o  c h a m b e r  -  f r o m  p i l o t  p l a n t  t o  fr ill p r o d u c t i o n  u p t o  
1 4 4  S q . f t ,  o f  s t o p p e r i n g  s h e l f  s p a c e  a n d  5 0 0  lb  
c o n d e n s e r  ic e  c a p a c i t i e s .

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 gents in India:

S P I N C Q  B IO T E C H  P V T  L T D
S P IA T O  35, VAIDYARAM STREET T. NAGAR MADRAS-600 017

” ”  PHONE: 440174 □  GRAMS: BIOSPINCO □  FAX: 044-442731

BANGALORE-BOMBAY-CALCUTTA-HYDERABAD-LUCKNOW-NEW DELHI

Published by the Secretary AFST (India) CFTRI, Mysore-570 013 and Printed at 
M /s. Jwalamukhi Job Press, 4 4 /1 , K.R. Road, Bangalore-4.
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