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RESEARCH PAPERS

Nutritive Value o f  Soy Idli*
A k o l k a r  P . N .1 a n d  P a r e k h  L. J.

D ep artm en t o f  B io ch em istry , F acu lty  o f  S c ien ce , M .S . U n iv ers ity  o f  B arcda
B arod a -39 0  002 , In d ia .

M anuscript received  28 October 1981; revised  30 A p ril 1982

Nutritive value of soy idli was studied using rat growth experiment. Weaning albino rats were fed diet consisting 
wholely of either unfermented, cr fermented soy idli supplemented with lime powder and fenugreek leaves. The control 
group was fed 20% casein diet. Fermented soy idli was found superior to unfermented soy idli in terms of body- 
weight gain, hepatic protein and vitamin content and femur composition. Supplementation of fermented soy idli with 
lime and fenugreek leaves further improved the growth, liver and femur composition and was comparable with the 
control group (20% casein diet) thereby indicating that fermented soy idli along with lime and greens can form a
good supplement for undernourished children.

It is w ell k n ow n  th at leg u m es form  a va lu ab le  su p p le
m en t to  cerea l d ie t e sp ec ia lly  w hen the d iet is  lack in g  in  
an im al p r o te in s1-*. A lth o u g h  soyb ean  is su p er ior  w ith  
regard to  nu trien t con ten t com p ared  to  legu m es used  
in  o u r  cou n try , it is  n o t u sed  in  any  ap p recia b le  
a m o u n ts. T he sp ec ia l p ro cess in g  n eed ed  to  rem ove  
th e  to x ic  fa cto r  an d  bean y  flavou r p resen ts a prob lem . 
In Far E ast, ferm en ted  fo o d s  prepared from  soyb ean  
are popularS'7. T h ese  fo o d s  are m a in ly  ferm ented  by  
m o ld s w h ich  im part a ch racteristic  flavour n o t qu ite  
fa m ilia r  to  th e  In d ia n  palate. O n th e  o th e r  hand, 
ferm en ted  fo o d s  o f  In d ia  such  as id li khaman an d  dhokla 
are p op u la r and  in v o lv e  o n ly  sh ort and s im p le  p rocess  
o f  ferm en ta tio n .

P rev iou s stu d ies  have sh ow n  t.ia t ferm en ta tio n  brin gs  
ab ou t ch an ges in  th e  fo o d  w h ich  im p ro v es  ta ste , te x 
ture4"7, n u tr ien t co n ten t such  as B  v ita m in s8"14 and also  
n u tritive  value and d igestib ility^  8,15-19.

R ep lacem en t o f  tra d itio n a l in gred ien ts w ith  less  
p op u la r cerea ls /m ille ts  and  legu m es has b een  su cces
sfu lly  ach iev ed  in  th is  lab o ra to ry 4,2*1. W e have b een  
su ccessfu l in  su b stitu tin g  soyb ea n  fo r  th e  tra d itio n a l 
b lack  gram  in  th e  prep aration  o f  id li w ith  im p ro v ed  
ch em ical c o m p o s it io n 21. Present stu d ies w ere th erefore, 
carried  ou t to  d e term in e  th e  nutr t iv e  value o f  ferm ented  
s c y  id li as com p ared  to  u n fe r n e n te d  so y  id li b y  rat 
g ro w th  ex p er im en t. In co rp o ra tio n  o f  lea fy  vegetab le  
ar.d lim e  p o w d er (a m ix tu re  o f  C a C 0 3, C aO  and  
Ca (O H )2 p r o v id in g  60%  ca lc iu m , co m m o n ly  k n ow n  as  
chum) in  a c id  fo o d s  su ch  as ferm en ted  fo o d s  h as b een  
show n to  g iv e  g o o d  a v a ila b ility  o f  ca lc iu m  and v itam in

A 20,22. T he effect o f  su ch  in co rp o ra tio n  o n  nu tritive  
valu e o f  so y  id li w as a lso  s tu d ied .

M a te r ia ls  a n d  M e th o d s
T h e exp erim en ta l d ie ts  w ere prepared as fo llo w s:  

1000 g  o f  co arsely  g rou n d  r ice  flour, 500 g  o f  finely  
g rou n d  soyd a l flour and  50 g  o f  co m m o n  salt w ere m ixed  
th o ro u g h ly  w ith  2500 m l o f  w ater. Id lis  w ere prepared  
b y  stea m in g  fo r  5 m in  in  an  id li steam er b o th  w ith  
u n ferm en ted  batter and  batter ferm en ted  at 3 0 °C  for  
16 hr. O ne b a tch  o f  ferm en ted  batter w as sup plem en ted  
w ith  330 g  o f  ch o p p ed  fen u g reek  leaves a n d  5 .0  g  o f  
lim e  p ow d er  (co m m erc ia lly  a vailab le  chrna p ow d er  
u sed  w ith  betel leaves w h ich  is a m ixtu re o f  C a C 0 3, 
C aO  and  Ca (O H )2) .  A d d itio n  o f  lim e  p o w d er  d id  n o t  
ra ise  th e  p H  b eyo n d  6 .5  and  co n tr ib u ted  225 m g cal- 
c iu m /1 0 0  g  o f  so y  id li m ix . T h e sam p les w ere freeze  
dried . T h ese prep aration s fo rm ed  the en tire  d ie t w ith 
o u t an y  su p p lem en ta tio n . T h e co n tro l d ie t  o f  20  per cent 
ca se in  w as prepared  as d escrib ed  earlier23.

W ean in g  a lb in o  rats o f  C harles F o ster  stra in  were 
used  in  th ese  stu d ies. E qual n u m ber o f  a n im als o f  b o th  
th e  sexes w ere u sed  in  each  g rou p . T h e rats w ere d iv id ed  
in  to  s ix  g ro u p s and  fed  fo llo w in g  d ie ts  ad libitum fo r  4  
w eek s. (I) 20  p er  cen t ca se in  d ie t, (II) u n ferm en ted  
so y  id li, (III) ferm en ted  so y  id li, (IV ) ferm ented  so y  
id li su p p lem en ted  w ith  fen u g reek  leaves and  lim e , (V )  
d ie t III fed  a lo n g  w ith  g ro u p  II  (P a ir -fed ) and  (V I) d ie t  
IV  fed  a lo n g  w ith  g rou p  II (P a ir -fed ). D a ily  fo o d  in tak e  
and w eek ly  g a in  in  b o d y  w e ig h t w ere recorded .

A t th e  en d  o f  fo u r w e e k  feed in g , th e  an im als w ere

Part o f these studies was presentee at 47th Annual Meeting of Society of Biological Chemists (India) at Delhi, October, 1978. 
Present Address: Biological Chemistry Division, Cancer Research Institute, Tata Memorial Centre, Parel, Bombay-400 012.
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k illed  by d e ca p ita tio n  un der ligh t w ith  e th er an esth esia . 
T h e a b d om en  w as op en ed , th e  liver  w as rem oved  q u ick 
ly, freed  o f  a d h er in g  b lo o d  and  co n n ectiv e  tissu es , 
w eig h ed  and  ta k en  for th e e stim a tio n  o f  p ro te in , th ia m in , 
r ib o fla v in  and v ita m in  A .

L iver p r o te in  w as d eterm in ed  by th e m eth od  o f  L ow ry  
et al.24 and  th ia m in , r ib o flav in  and  n ia c in  b y  th e m eth od s  
d escr ib ed  b y  th e  A sso c ia tio n  o f  V ita m in  C h em ists25 
V itam in  A  w as estim a ted  by th e  m o d ified  m eth od  o f  
G a llu p  and  H o e fer25.

T he fem u rs w ere rem oved  fro m  b o th  th e  s id es  and  
freed  o f  a d h er in g  co n n ectiv e  t is su es  and  m u scles and  
used  for th e  a n a lysis  o f  m o istu re , fa t, ash  and ca lc iu m  
co n ten t b y  A .O .A .C . m eth o d s27.

R esu lts  an d  D iscu ssion
T h e data  o n  fo o d  in ta k e  and  b od y  w eig h t ga in  are  

g iv en  in T ab le 1. T h e g rou p  fed ferm en ted  so y  id li 
sh o w ed  in creased  fo o d  in ta k e  over  th e  g rou p  fed u n 
ferm en ted  so y  id li in d ica tin g  increased  accep tab ility  
o f  th e  form er. T he fo o d  in tak e w as fu rther increased  
b y  in co rp o ra tio n  o f  fen u greek  leaves and  lim e . T he  
rats fed  ferm en ted  soy  id li sh ow ed  h igh er b o d y  w eigh t  
gain  th an  th o se  fed  u n ferm ented  so y  id li. T h e increase  
in  b o d y  w eigh t w as further im p rov ed  b y  in corp ora tion  
o f  lea fy  v egeta b le  and lim e. W eigh t ga in  per gram  
p ro te in  w as h ig h er  in  rats fed  ferm ented  so y  id li as 
com p ared  to  th at o f  rats fed  u n ferm en ted  so y  id li. Even  
th e  pa ir-fed  g rou p  show ed  h igh er w eigh t ga in  per gram

Table 1. FOOD INTAKE AND BODY WEIGHT GAIN IN RATS FED SOY IDLI DIET

20% Unfermented Fermented Fermented soy idli -i- diet I I I+ II diet IV + 1II
casein soy idli soy idli greens +  lime

a ) (ID (III) (IV) (V) (VI)
No. of animals 9 9 8 9 9 9
Protein in diet (g) 20.0 19.5 19.5 19.9 19.5 19.9
Dietary intake/4 Wk

Food (g) 222.0 ±  4.0 117.0 i  2.0 177.0 i  2.0“ 222.0 ¿ 3 . 0 117.0 i  2.0 117.0 i  2.0
Energy (Cal) 912.0 ¿ 1 5 .0 426.0 i  7.0 610.0 i  6.0“ 755.0 i  9.0 403.0 i  6.0 399 i  10
Protein (g) 44.0 ±  1.0 23.0 i  0.4 34.0 i  0.3“ 44.0 i  0.5 23.0 i  0.4 23.0 i  0.3

Body Wt. gain* (g)
for 4 Wk 73.0 ±  3.5 19.0 i  0.9 40.0 i  1.7“ 70.0 i  2.0 26.0 i  0.7“ 33.0 i  0.8*
per 100 Cal. 8.1 ±  0.28 4.6 i  0.18 6.6 i  0.23“ 9.2 i  0.16 6.2 i  0.16“ 8.5 i  0.21*
per g protein 1 .6 7 ±  0.06 0.87 i  0.03 1 .1 9 Ì  0.04“ 1 .6 0 Ì  0.03 1.11 i  0.03“ 1.47 i  0.40*

Values are mean ¿ S .E .
*Initial body weight ranged between 45-50 g.
“Values significantly different from group II values (p .<0 .002)
*Va!ues significantly different from group V values (p<0 .002)

T able 2. liver composition of rats fed soy idli diet

20% Unfermented Fermented Fermented soy idli + Diet III + II Diet 1V + II
casein soy idli soy idli greens + lime
(I) (II) (III) (IV) (V) (VI)

Final Body wt. (g) 120.00±3.6 66 .00¿1 .5 8 7 .0 0 Ì1 .6 “ 117 .00Ì2 .3 7 3 .0 0 i l .3 “ 81.00 ¿ 1 .5
Liver wt. (g) 4 .30± 0 .20 2 .1 0 Ì0 .2 9 3 .5 0 Ì0 .1 2 “ 4.60 ¿ 0 .2 2 2 .6 9 i0 .1 2 “ 3 .0 0 i0 .0 8
Protein (g)* 20 .80^0 .47 1 4 .30 i0 .4 7 1 8 .3 0 i0 .4 3 “ 2 0 .1 0 i0 .3 3 1 6 .4 0 i0 .2 5 “ 17.90 i0 .21*
Vitamin A (mg)* 10.10i0 .31 4 .9 0 Ì0 .1 6 6.20 ¿ 0 .2 3 “ 1 0 .60 i0 .3 9 5 .1 0 i0 .2 1 6 .8 0 i0 .2 9 *
Thiamin (mg)* 1.10 ¿ 0 .0 5 5 0.49 ¿ 0 .0 2 6 1 .05Ì0 .064“ 1.11 ¿0 .0 8 8 0.69 ¿  0.028“ 0.79 ¿ 0 .0 4 4
Riboflavin (mg)* 3 .3 9 Ì0 .1 2 1 .62 Ì0 .14 3 .1 1 Ì0 .1 7 “ 3 .3 4 Ì0 .2 6 2.49 ¿0 .0 8 7 “ 2.51 ¿0 .0 8 3
Niacin (mg)* 2. 5 7 ¿ 0.12 1.39 ¿0 .0 6 3 2.85 ¿ 0 .0 5 “ 3.11 ¿ 0 .4 0 2 .0 4 i0 .0 6 7 “ 2.29 ¿0 .0 7 3

♦ Values are for 100g liver; values are M e a n iS .E .
“Values significantly different from group II values (p<0 .002)
^Values significantly different from group V values (p <0.001)
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Table 3. femur composition of rats fed soy idli diet

20% Unfermented Fermented Fermented soy idli + D iet I1I +  II Diet IV +  III
casein

0)
soy idli 

(IT)
soy idli

(HI)
greens+ li me 

(IV) (V) (VI)
Wet wt. (mg) 357 .0±6 .2 233 .0±6 .9 278.0 ± 6.6 337.0±9.5 236 .0±3 .3 278.0 ±4.7=
Dry wt. (mg) 191.0±2.4 114.0±2.1 145.0±2.0 176.0±2.8 129 .0±2 .2a 141.0±1.1=
Fat free dry wt. (mg) 182.0±1.9 104.0±2.9 137 .0±  1.7 167.0±2.6 121.0± 2.2a 133.0±1.0=
Ash wt. (mg) 88 .0± 4 .0 48.0 ± 4 .1 71.0±1.1 91 .0 ± 2 .6 5 9 .0 ± 2 .5 a 70.0 ±1.2=
Calcium (mg) 43.4 ± 0 .7 8 17.5 ± 0 .6 0 26 .7±0.37 41.6±0 .85 22.0±0.56i> 27 .6± 0 .84¿
Calcium (mg 100 g 

body wt.) 36.2 ± 1 .2 2 26.4±0.67 30.1 ± 0 .4 8 35.4±-1.14 30.5±1.08* 3 3 .9 ±  \.2 1 d
Values are m ean± S .E .
Values significanlly different from group II values, a is p <0 .001 and b is p < 0 .0 1  
Values significantly different from group V values, c is p < 0 .0 0 2  and d is p < 0 .0 5

p r o te in  th an  th o se  fed  u n ferm en ted  so y  id li. T h is  sh ow s  
th at ferm en ta tio n  im p ro ves th e  n u tr itiv e  va lu e o f  so y  
id li. S im ila r  ob serva tion s o n  ferm en ted  fo o d s  have b een  
m ade b y  o th er  in v estig a to rs8.19-19. S u p p lem en ta tio n  w ith  
green s an d  lim e  fu rther im p rov es th e  n u tr itive  va lu e o f  
so y  id li. T he w e ig h t g a in  p er  gram  p ro te in  o f  so y  id li 
su p p lem en ted  w ith  green s a n d  lim e  w as com p arab le  
w ith  20 per cen t c a se in  d ie t. T h e su p p lem en tary  effects  
o f  p r o te in s  fro m  green s have b een  sh o w n  b y  P h an salk ar  
et a /28. A p art fro m  th is , th e  green s a lso  p rov id e  
oth er  n u trien ts su ch  as caro ten e  an d  iro n 4. C hildren  
g iv en  a  su p p lem en t o f  dhokla c o n ta in in g  green s  
and lim e p o w d er  have sh o w n  t o  g a in  m ore w e ig h t  
th an  th o se  rece iv in g  dhokla w ith o u t an y  su p p le
m en t20.

L iv er  w e ig h ts  o f  rats fed  ferm en ted  so y  id li w ere  
h igh er th a n  th o se  fed  u n ferm en ted  so y  id li (T ab le 2). 
L ver w e ig h t o f  th e  rats fed  ferm en ted  so y  id li w ith  
green s an d  lim e  sh o w ed  fu rth er im p rovem en t an d  w as  
co m p a rab le  w ith  th a t o f  rats fed  2 0  per cen t ca se in  d ie t. 
L iver status o f  th e  an im a ls  as ju d g ed  by p ro te in , v ita m in  
A , th ia m in , r ib o flav in  and  n ia c in  co n ten ts  w as better  
in  case o f  a n im a ls  fed  ferm en ted  so y  id li. L iver  v itam in  
A  o f  th e  a n im a ls  fed  ferm en ted  so y  id li w ith  green s and  
lim e w as h igh er th a n  th o se  rece iv in g  d ie ts  w ith o u t su ch  
su p p lem en t. T h e a v a ila b ility  o f  v ita m in  A  fro m  greens  
have b een  sh o w n  ea rlier4. Im p rov ed  liv er  sta tu s o f  th e  
rats fed  ferm en ted  id li an d  khaman has b een  sh ow n  in  
p rev io u s s tu d ies  in  th is  la b o ra to ry 8. T h e b io ch em ica l 
status o f  th e  p r e -sch o o l ch ild ren  g iv e n  su p p lem en t o f  
dhokla an d  dhokla w ith  g reen s  and  lim e  w as m u ch  
su p er io r  to  th at o f  c o n tr o ls 29.

C o m p o s it io n  o f  th e  fem u r o f  th e  rats fed  so y  id li is  
g iv e n  in  T able 3. T he rats fed  ferm en ted  so y  id li sh o w ed  
better b on e  status th an  th o se  fed  u n ferm en ted  so y  id li.

In co rp o ra tio n  o f  lim e fu rth er im p ro v es th e  fem ur  
w eig h t, a sh  and  ca lc iu m  co n ten t. T h is  in d icates that 
v a riou s n u trien ts su ch  as ca lc iu m , p h o sp h o ru s and  v ita 
m in s have g o o d  a v a ila b ility  in  d ie t su p p lem en ted  w ith  
lim e  and  g reen s. In co rp o ra tio n  o f  lim e  in  fo o d s  w ith  
a c id ic  p H  have b een  a ch iev ed  su ccessfu lly  in  earlier  
stu d ies  in  th is  lab o ra to ry 23.

E arlier stu d ies  have sh o w n  th at th e  ferm en tation  
im p ro v es th e  p h y sico -ch em ica l ch aracristics o f  so y  id li21. 
P resen t stu d ies  have fu rther sh o w n  th at ferm en tation  
a lso  im rp o ves th e  b io lo g ic a l va lu e as w ell as th e  a va ila 
b ility  o f  so m e  o f  th e  v ita m in s. F erm en ted  so y  id li 
su p p lem en ted  w ith  g reen s a n d  lim e  can  b e  u sed  as ch eap  
su p p lem en t to  p re -sch o o l ch ild ren  th ro u g h  feed in g  
p rogram m es. U se  o f  su ch  ferm en ted  fo o d s , apart from  
u sin g  loca lly  av ailab le  m ateria ls w ill p ro v id e  fo o d  
a ccep tab le  to  th e  lo ca l pa la te. E arlier  s tu d ies  h a ve sh ow n  
th at su ch  ferm en ted  fo o d s  are m o re  accep tab le  th an  
h ig h  p ro te in  b iscu its29. P relim in ary  feed in g  tria ls have  
sh o w n  th a t ferm en ted  so y  id li in co rp o ra ted  w ith  lim e  
an d  lea fy  v egeta b les is h ig h ly  accep tab le  to  p re-sch o o l  
ch ild ren  and  is  w ell to lera ted  by ch ild ren  suffering  from  
p r o te in -ca lo r ie  m a ln u tr ition .
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Comparative Studies on Atta (Whole Wheat Flour) and Resultant 
Atta A By-Product of Roller Flour Milling Industry*

P. H a r id a s  R a o , K . L e e l a v a t h i a n d  S. R . S h u r p a l e k a r  
C en tra l F o o d  T e ch n o lo g ica l R esea rch  In stitu te , M y so re-5 7 0  013.

M anuscrip t received 3 Ju ly  1981; revised 4 June 1982

Tbe resultant a tta  from roller flour mills contained lesser protein, ether extractives and ash than the whole wheat 
flour (atta) processed in ch a kk! (disc mill). The starch damage in whole wheat a tta  (13.3 to 19.1%) was nearly 
double than that in resultant a tta  and indicated greater severity of grindling in chakki. The chapati water absor
ption as well as Farinograpl water absorption and the dough development time were significantly higher in 
atta . The dough based on -esultant atta  had more resistance to extension and extensibility than the dough
based on atta . The chapatis made from atta  were better than those from resultant a tta  with respect to eating 
quality as well as flavour.

M o re th an  10 p er cen t o f  th e  36 m illio n  to n n es  o f  
w heat p rod u ced  in  In d ia  is  p rocessed  in  ro ller flour  
m ills to  o b ta in  refined w heat flour (m aid a) and sem o 
lin a  (so ji)  as m a in  p rod u cts an d  resu ltan t atta and  bran  
are o b ta in e d  as b y  p ro d u cts. T h e resu ltan t atta, w h ich  
is  a lso  k n ow n  as ‘m ill atta’ in  th e  tra d e , a cco u n ts  fo r
5-15 per cen t o f  th e  to ta l m illed  p rod u cts  an d  c o n t
a in s d ifferen t stream s o f  fine bran , sh orts , clears and  
ta il fines in  variou s p r o p o rtio n s . T h is  b y  p rod uct 
is  ch ea p er th a n  atta. R esu lta n t atta  is  g en era lly  used  
fo r  th e  p rep a ra tio n  o f  ch ap ati in  restau ran ts and  
in d u str ia l ca n teen s, bu t rarely used  in  h o u seh o ld s . 
R esu ltan t atta  w as fo u n d  to  be su p er io r  to  atta 
n u tr itio n a lly  and  it  co n ta in s  a b o u t tw ice  as m u ch  
th ia m in  an d  o n e  an d  h a lf  tim es as m uch  r ib o fla v in  and  
ly s in e  as com p ared  to  w h o le  w h e a t1,2. H o w ev er , n o  
in fo rm a tio n  is  av a ila b le  o n  th e ch em ica l and  d o u g h  
ch aracter istic s  as w ell as ch ap a ti m a k in g  q u a lity  o f  
resu ltant atta. R esu lts  o b ta in ed  o n  th ese  asp ects  are 
p resen ted  in  th is  paper.

M a te r ia ls  a n d  M e th o d s
Sam p les (J ,M ,K ,C ,W , and  F ) o f  resu ltan t atta  and  

th e w heat g r ist u sed  to  o b ta in  th e  sam e, w ere p rocu red  
from  s ix  d ifferen t ro ller  flour m ills  s itu a ted  in  d ifferent 
parts o f  th e  co u n try  h a v in g  ca p a cities  ran g in g  from  30  
to  150 m etric  to n s  per day. T h e w heat grist w as m illed  
in  a  chakki (d isc  m ill)  to  o b ta in  atta. T he sam ples  
o f  b o th  resu ltan t atta  and  atta  p ack ed  in  a ir  tig h t  
co n ta in ers  w ere stored  in  a  c o ld  ro o m  (4°C ) till  
used  fo r  a n a ly sis .

Physical characteristics: B u lk  d e n s ity  o f  atta  and  resu l
ta n t atta w as d e term in ed  b y  m ea su rin g  th e  v o lu m e o f  500  
g o f  atta  in  a m ea su rin g  cy lin d er . S ieve an a lysis w as 
carried  o u t u sin g  200  g  atta  sam p les in  a  B u hler p lane  
sifter . T h e o v er ta ilin g  o n  d ifferen t s ieves a fter ru n n n ig  
th e  s ifter  fo r  5 m in . w ere w e ig h ed . T h e co lo u r  o f  th e  
atta sam ples w as m easured  in  a  P h o to v o lt R eflectan ce  
M eter u s in g  tr istim u lu s green  filter.

Chemical characteristics: M o istu re , a sh  and  eth er
ex tra ctiv es w ere d e term in ed  a cco rd in g  to  standard  
A A C C  m eth o d s3. N itr o g e n  co n ten t (N )  w as d eterm in ed  
b y  m icrok je ld ah l m eth od  a n d  p r o te in  w as ca lcu la ted  as  
N x 5 .7 .  A O  A C  m eth o d 4 w as u sed  to  e s tim a te  th e  free 
fa tty  a c id  (F F A ).

Rheological characteristics: W ater a b so rp tio n  o f  
atta  and  resu ltant atta  fo r  ch ap ati m a k in g  w as m easured  
u sin g  R esea rch  W ater A b so rp tio n  M eter  as per th e  
m eth o d  stan d ard ised  by H arid as R a o  et al$. F arin ograp h  
ch aracteristics w ere d eterm in ed  b y  u s in g  B rabender  
F a rin o gra p h 6 at a ch ap ath i d o u g h  co n s is ten c y  o f  600 B U  
a n d  at lever p o s it io n  o f  1 :3. E x ten so grap h  ch aracteis-  
t ic s  o f  ch ap ati d o u g h  m ade in  H o b a rt m ix er  (m od el 
N -5 0 ) u s in g  w ater eq u iv a len t to  ch ap ati w ater a b so r
p t io n , w as determ in ed  u s in g  B rab en der ex ten sograp h . 
O nly 75 g. o f  th is  ch ap ati d o u g h  w as u sed  fo r  stretch in g  
in stea d  o f  th e  usu al 150 g  used  fo r  b read  d o u g h , s in ce  th e  
ch ap ati d o u g h  w as stiffer. H o w ev er , th e  rem a in in g  
w eig h t w as co m p en sa ted  b y  k e ep in g  75 g  w e ig h t a lo n g  
w ith  th e  d o u g h  w h ile  stre tch in g . T he ex ten sog ra m s w ere  
draw n at 0  and  1 hr re s tin g  p e r io d s , and  w ere evalu ated  
as per th e  stan d ard  A A C C  m eth o d 3.

* Presented at the Symposium on ‘By Products from Food Industries; Utilization and Disposal’ held at Central Food Technological 
Research Institute, Mysore, on May 19-30, 1980.

5



6 J O U R N A L  O F  F O O D  S C I E N C E  A N D  T E C H N O L O G Y , V O L . 20, JAN./FEB. 1983

Preparation o f  chapati: C hapati w as m ade from  a
d o u g h  o b ta in ed  b y  m ix in g  lO O g n tta a n d  resu ltant atta 
w ith  p re-d eterm in ed  qu an tity  o f  w ater fo r  3 m in . The  
d o u g h  w as ro lled  in to  a sh eet o f  2 .0  m m  th ick n e ss  w ith  
a w o o d en  roller p in  o n  a  sp ec ia lly  d esign ed  a lu m in iu m  
p la tfo rm  and cut in to  circu lar  shap e o f  15 cm  d iam eter . 
T h e ch ap ati w as th en  b ak ed  (each  s id e ) on  a h ot  
p late  m a in ta in ed  at 4 0 0 °F  fo r  45 sec. fo llo w ed  by  
puffing in a gas tandoor fo r  10 sec  each  s id e . A fter  
c o o lin g , th e  ch ap ati w as evalu ated  by a pan el o f  6 
ju d g es  fo r  its  arom a, ta ste  and  e a tin g  q u a lity . The  
co lo u r  o f  ch ap ati w as m easured  in  a P h o to v o lt  reflec
tan ce  m eter u s in g  tr istim u lu s green filter.

R esu lts  an d  D iscussion
P h ysica l and  ch em ica l ch aracteristics o f  atta and  

resu ltan t atta  are g iv en  in  T ab le 1.
Physical characteristics: R esu ltan t atta  w as m ore  

w h itish  as sh ow n  b y  th e h igh er reflectance value, than  
th e  co rresp o n d in g  atta w h ich  in d ica tes  low er bran or  
h ig h er  en d osp erm  co n ten t in th e  resu ltan t atta. T h ey  
w ere m u ch  coa rser  th a n  atta  as in d ica ted  by th e p ercen 
ta g e  o v erta ilin g s o n  a  1 0 x x ( .1 3 0 p )  sieve . T he h igher  
b u lk  d en sity  o f  th e  resu ltant atta m ay be due to  its  
so m ew h a t u n ifo rm  p artic le  s ize  h ig h er  am o u n ts  o f  
d en ser en d o sp erm  and  lesser bran fraction .

Chemical characteristics: T h e m o istu re  co n ten t in  
th e  resu ltan t atta  w as 4-5  per cent h ig h er  th an  th e  atta 
due to  th e  c o n d itio n in g  o f  w heat w h erein  th e  m oistu re  
co n ten t o f  th e  g ra in  is  ra ised  to  ab ou t 15 per cen t. O n  
th e  contrary, th ere w as a lo ss  o f  m o istu re  in atta  d u rin g  
chakki m illin g  d u e to  fr ic tio n a l heat d eve lop m en t. 
H ig h er  m o istu re  con ten t in  th e  resultant atta  m ay be 
o n e  o f  th e  reasons fo r  its  p o o r  k eep in g  qu ality .

A lth o u g h  th ere w as con sid era b le  v aria tion  in th e  ash  
co n ten t o f  d ifferent resu ltan t atta  sam ples (0 .5 8 -1 .39  
per cen t) th e  valu es w ere still co n sisten tly  low er th an  
th e  co rresp o n d in g  atta sam ples. T h is in d ica ted  a, low er  
co n ten t of bran in  the resu ltan t atta sam ples.

L ow er fat co n ten t in resu ltant atta in d ica ted  th e  p re
sen ce  o f  lesser  am ou n ts o f  germ , as m ost o f  th e fat in  
w heat kernel is con cen trated  in  germ . T h e p resen ce o f  
lo w  a m ou n t o f  germ  w as a lso  su b stan tia ted  b y  low er  
p rotein  co n ten t, as germ  co n ta in ed  ab ou t 3 t im es  th e  
p ro te in  as com p ared  to  en d osp erm . H ig h er  F F A  in 
resu ltan t atta  m ay  be due to  h ig h er  m o istu re  co n ten t, 
w h ich  accelerates th e  h y d ro ly sis  o f  fat.

Physico-chemical characteristics: T he d am aged  starch  
con ten t in  atta  w as m ere th an  d ou b le  as co m p a red  to  
resu ltant atta (T ab le 1). T h is  in d ica ted  h ig h er  sev er ity  
o f  g r in d in g  in  d isc  ty p e  grind er (chakki)  as com pared  
to  ro ller ty p e m ill. A s dam aged  starch  has h igh er  w ater  
a b so rp tio n  cap a city  th an  th e  natu ral starch , it is  log ica l 
to  exp ect h ig h er  ch ap ati w ater a b so rp tio n  fo r  atta. 
It w as ob served  th at th e  ch ap ati w ater a b so rp tio n  
in creased  w ith  th e  in crease in  th e  dam aged  starch  
con ten t.

Farinograph characteristics: T he farin ogram s o f  d if 
ferent resu ltant atta  and th e  corresp o n d in g  atta  (F ig . 1) 
sh ow ed  h ig h er d o u g h  d eve lop m en t tim e  and d o u g h  
stab ility  for  atta. T he ex cessive ly  h igh er  d o u g h  d e v e lo p 
m en t tim e  m ay be due to  th e  p resen ce o f  h ig h er  am ou n t  
o f  bran p artic les  in  atta w h ich  m ay in terfere in th e  
q u ick er d eve lop m en t o f  g lu ten . A lso , preferenctia l 
a b so rp tio n  o f  w ater by som e co n stitu en ts o th er  th an  
glu ten  m igh t a lso  co n tr ib u te  to  th e  lon ger  d ou gh  d e v e 
lo p m en t tim e .

Extensograph characteristics: T he e x te n s ib ility  as

T able 1. physicochemical characteristics of resultant a t t a  (r . a t t a ) and a t t a

J M K C W F
Characteristics*
Overtailings of 

10X xsieve (% )
R. atta  

71.1
A lia

31.3
R. a tta  

74.5
A tta

23.9
R. atta  

14.7
A tta

26.7
R. a tta  

78.2
A tta

27.7
R. a tta  

58.1

A tta

27.7
R. atta  

53.4
A tta

21.8
M oisture (% ) 10.2 8.2 11.1 8.1 9.0 6.0 10.4 7.6 12.4 8.4 13.4 6.6
Ash (% ) 0.84 1.55 0.58 1.58 1.24 1.70 1.10 1.50 0.96 1.59 1.39 1.73
Ether extract (%) 1.47 2.10 1.24 1.90 2.12 2.24 1.72 1.96 1.85 3.30 2.46 2.60
Protein (N x5 .7) (%) 9.05 9.66 9.05 9.66 9.46 9.92 8.80 9.46 9.27 10.40 10.40 10.65
Free fatty acids (%) 173.6 123.2 210.0 126.0 86.8 81.2 93.2 S2.4 78.4 58.8 100.8 67.2
Damaged starch (%) 6.6 14.1 5.9 13.3 10.2 13.9 6.4 19.1 7.4 15.0 6.3 13.7
Chapati water 

absorption (% ) 60.0 69.5 56.5 68.0 61.0 71.0 61.0 72.0 65.0 85.0 60.0 80.0
♦ Colour values (% ) measured in photovolt reflectance meter using tristimulus green filter ranged between 62 and 70 for R. a tta  and 60 

and 64 for A tta . Similarly, density (g/cc) ranged between 0.49 and 0.58 for R. a tta  and 0.46 and 0.51 for A tta .
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f i g . 1. Farinogram s of resultant atta  (RA) and 
a tta  (WMA)

w ell as th e resistan ce  to  e x ten s io n  w ere h igh er  for  
resu ltan t atta as com p a red  to  atta (F ig . 2). T h is  is 
p o ssib ly  due to  th e p resen ce o f  h ig h er  am ou n t o f  en 
d o sp erm  fra c tio n , w h ere in  a ll th e  g lu ten  fo rm in g  p r o 
te in s  are co n cen trated . T h is  is a lso  reflected  by strength  
as in d ica te d  b y  th e area  o f  th e  ex ten sog ra m s. Atta 
form s very  s t i f f  d o u g h  as sh o w n  b y  h ig h er  ra tio  figure. 
T h o u g h  th e resistan ce to  e x te n s io n  w as h ig h er  fo r  d ou gh  
based o n  resu ltan t atta, at 0  hr, rest p er io d , it w as o f

f ig . 2 . Extensograms o f resultant a tta  (RA) and 
atta  (WMA)

in terest to  n o te  that o n  restin g  for 1 hr, it drastica lly  
d ecreased  and w as o n  par w ith  th at o f  atta d ou gh , 
rested  fo r  th e  sam e p er io d . T h e h ig h e r  rate o f  so ften in g  
o f  resu ltant atta d u rin g  restin g  w as p o ss ib le  d u e to  th e  
presence o f  h ig h  a m o u n t o f  p r o teo ly tic  en zym es. T h is  
in d ica ted  th at restin g  th e  d o u g h  m ade from  resu ltan t 
atta  im p rov ed  its ro llin g  ch aracteristic s

Chapati making quality: T he q u a lity  o f  ch ap ati 
m ade from  resu ltan t atta  an d  th e  co rresp o n d in g  atta 
are g iv en  in  Table 2. T h e ch ap a ti m ade fro m  resu ltan t 
atta w as m ore w h itish . T h e ch ap ati m ade fro m  resu ltan t 
atta  w as m ore lea th ery  a n d  ch ew y  th an  th at m ade from  
atta. T h is  can  be a ttr ib u ted  to  th e p resen ce o f  h igh er  
a m o u n ts  o f  g lu ten  as th e  resu ltan t atta  co n ta in ed  m ore  
o f  g lu ten  co n ta in in g  en d o sp erm  fra ctio n s. T h e exten t 
o f  lea th er in ess in  ch ap ati m ade from  d ifferent resu ltant 
atta sam ples d ep en d ed  gen era lly  o n  th e ir  a sh  co n ten t. 
C hapati m ade fro m  J. M . an d  W  sam p les o f  resu ltan t 
atta w ere m ore lea th ery  as th ey  had very  lo w  bran  
co n ten t w h ich  is in d ica ted  by th e ir  lo w  a sh  co n ten ts .

Table 2. quality evaluation of chapati made from resultant a t t a  and a t t a .

Characteristics J M K C W F
R. atta A tta R. atta A tta R. a tta A tta R. atta A tta R. atta A tta R. atta A tta

Colour value* (%) 50.0 40.0 57.5 40.5 49.5 41.0 42.0 38.0 45.0 41.5 48.0 44.5
Wheaty aroma Mild Good Mild Good Fairly

good
Good Fairly

good
Good Mild Fairly

good
Mild Fairly

good
Chewing Quality Leathery Normal Leathery Normal Slightly

leathery
Normal Slightly

leathery
Normal Leathery Norm al Leathery Normal

T ase Bland Sweet Bland Sweet Slightly
sweet

Sweet Bland Sweet Bland Sweet Bland Slightly
sweet

Measured in photovolt reflectance meter using tristimulus green filter.
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In co n tra st ch ap atis m ade from  K , C  and F  sam ples o f  
resu ltan t atta w ere less lea th ery , as th ey  had co m p a ra ti
ve ly  h ig h er  bran co n ten t. H ow ever , very  litt le  d ifference  
w as o b serv ed  in th e ea tin g  q u a lity  o f  ch ap a tis  m ade  
from  d ifferen t atta sam p les sh o w in g  th ereb y  th e  s im ila 
r ity  in  th e  q u a lity  o f  w heat used  in  d ifferent m ills.

T h e b land  ta ste  o f  ch ap ati m ade from  resu ltan t atta 
as com p ared  to  sw eet taste  o f  ch ap ati m ade from  atta 
w as p o ss ib ly  due to  th e  form ation  o f  less sugar d u ring  
restin g  o f  th e  d ou g h , as it co n ta in ed  lesser am ou n t o f  
d am ag ed  starch . A u stin  and  R am 7 a lso  ob served  that 
flour w ith  h ig h er d ia sta tic  activ ity  produced sw eet 
ch ap a tis. It is  a lso  o f  in terest to  n o te  th at th e  typ ica l 
w h eaty  arom a ob served  in chapati m ade from  atta, w as 
n o t fo u n d  in ch ap ati m ade from  resu ltan t atta. T he  
better flavou r o f  ch ap ati m ade from  atta is  p rob ab ly  
d u e to  th e  d eve lo p m en t o f  flavour due to  fr ic tio n a l heat 
p rod u ced  d u rin g  g r in d in g  in  chakki.
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Protein Quality of Chaisathi (Tea Whitener)
Su n d e r  G u jr a l  a n d  N a in a  R a jg o r

D ep artm en t o f  F o o d s  an d  N u tr it io n , F acu lty  o f  H o m e S c ien ce , M .S . U n iv ersity  o f  B aroda.
B arod a-390  002 , Ind ia .

M anuscript received  9 M arch  1981; revised 1 M arch  1982

The protein quality of chaisathi, a vegetable-protein based milk, was evaluated against that of low fat milk, skim 
milk and casein. The protein and fat content of chaisathi powder were 35 and 18 per cent respectively. Using growth 
rate, Protein Efficiency Ratio (PER), Biological Value (BV) and Net Protein Utilization (NPU) as the indicators, the 
chaisathi protein was found comporable with that of low fat milk, skim milk and casein. Chaisathi seemed to be
a good substitute for dairy milk.

Chaisathi is  b e in g  p rod u ced  by th e  N a tio n a l D a iry  
D ev e lo p m en t B oard  (N D D B ) o f  In d ia  to  p rov id e  less 
ex p en sive  m ilk  to  so c io  eco n o m ic ia lly  p o o r  p o p u la tion . 
I t’s cu rren t p r o d u c tio n  is 3000L /d ay and is b e in g  sold  
in  lo w  in co m e areas at B arod a . Chaisathi co n ta in s  10.5 
per cen t to ta l so lid s , o f  w h ich  2 .0  per cen t is fat. It p ro 
v id es  3 .8  per cen t p ro te in .

T h e ob jective  o f  th e  presen t stu d y  w as to  evaluate  
p rote in  q u a lity  o f  chaisathi aga in st p rote in  o f  lo w  fat 
m ilk , sk im  m ilk  and  ca se in .

M a te r ia ls  an d  M e th o d s
T h e sam p les o f  chaisathi, lo w  fat m ilk  and  sk im  m ilk  

p o w d er  w ere o b ta in e d  from  N D D B . C asein  w as pur
ch ased  from  A m u l D a ir y , A n an d . T h e p ro te in  and fat 
co n ten t o f  th e  p o w d ers  are g iv en  in  T able 1.

T he p rote in  ev a lu a tio n  w as based o n  g row th  rate, p rote in  
efficien cy  ratio , net p rote in  u tiliza tio n  and b io lo g ica l  
value. T he d ie ts  based  o n  d ifferent sou rces o f  m ateria ls  
co n ta in ed  10 per cent p rote in  (T able 2). F o r  g ro w th  
rate and  P E R 3 d eterm in a tio n s, th e m ale w ea n in g  rats

T a b l e  1. p r o t e in  a n d  f a t  c o n t e n t  o f  chaisathi
AND MILK BASED SAMPLES

Samples Protein
(%)

Fat
(% )

Chaisathi 35 18
Low fat milk 35 18
Skim milk powder 40 <1
Casein 92 <1
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w eig h in g  b etw een  35 an d  40g  w ere d iv id ed  in to  4  group s  
o f  10 ea ch  an d  fed  d ifferen t d ie ts  fo r  28 days.

F o r  B V 3 and  N P U 4 d e term in a tio n s , rats w e ig h in g  
b etw een  40  and  50g w ere d iv id ed  in to  5 grou p s o f  6 
each . O ne g ro u p  w as p laced  o n  p ro te in  free d ie t and  th e  
rem a in in g  grou p s o n  exp er im en ta l d iets  fo r  a p erio d  
o f  10 d ays. D u r in g  th e  last th ree  days o f  th e  ex p er im en 
tal p e r io d , th e  rats w ere p laced  in  m eta b o lic  ca ges to  
co llect u r in e  an d  feca l m ateria l. U r in e  w as co llected  
under to lu en e . T h e feca l p e lle ts  w ere co llec ted , a ir  and  
ov en  d r ied  an d  sto red  u n til a n a ly sis . T h e rats w ere  
eth er a n a esth etized , th e  g a stro in testin a l tract from  
card iac  to  anal en d  w as rem o v ed  and  d iscard ed . T he  
carcasses w ere w e ig h ed , and  fro zen  sto red . T h e u r in e , 
feca l a n d  carcass w ere an a lysed  fo r  n itro g en  b y  m icro k -  
je ld h a l2 p roced u re an d  p ro te in  is  ca lcu lated  b y  N  x 6 .2 5 .  
T he carcasses w ere pressu re co o k ed  and  th e  h o m o g en ate  
w as prepared  acco rd in g  to  th e  m eth od  o f  M ick e lso n  
et al.5 fo r  n itro g en  d e term in a tio n . N P U  and B V  o f  th e  
p r o te in  w ere ca lcu lated .

S tu d en t’s ‘t ’ test w as u sed  :o find ou t sign ifican t  
differences b etw een  th e  tw o  m ean s. A ll tests  w ere  
co n sid ered  at 95 per cen t o f  s ig n ifica n ce6.

R esu lts  an d  D iscu ss ion
T he d a ily  fo o d  in ta k e  an d  co n seq u en tly  w e ig h t gain  

d id  n o t a p p reciab ly  vary  a m o n g  th e  grou p s a lth o u g h

T able 4. per, NPU AND BV OF CHAISATHI AND OTHER MILK BASED 
SAMPLES

Source PER
M ean ± S .E .

N PU
M ean ± S .E .

BV
M ean± S .E .

Chaisathi 2.58 ±0 .146 81 ±  4.80 73 ±2.081
Low fat milk 2.58±0.126 7 6 ±  5.406 69 ±1 .995
Skim milk 2.45 ±0 .092 86±11.108 84±3.602
Casein 2.96±0.147 8 0 ±  6.929 81 ±3.921

ca se in  fed  g rou p  ten d ed  to  g a in  rela tive ly  m ore w eigh t  
(T ab le 3). T h e chaisathi fed  g ro u p  w as as efficien t in  
fo o d  u tiliz a tio n  as th e  lo w  fat m ilk  a n d  ca se in  fed  
grou p s. T h e fo rm er ten d ed  to  be m ore efficien t in  fo o d  
u tiliza tio n  th an  th e  sk im  m ilk  p r o te in  fed  grou p (T ab le3).

T h e m ean  va lu e fo r  P E R  o f  chaisathi p ro te in  w as 
com p arab le to  th o se  o f  lo w  fat m ilk  and  sk im  m ilk  
p ro te in s  (T able 4). L ik ew ise , th e  m ean  valu es fo r  B V  
and  N P U  o f  d ifferen t p rote in s  d id  n o t vary appreciably . 
T h e valu e fo r  N P U  o f p r o te in  o f  chaisathi w as qu ite  
com parab le w ith  th at o f  ca se in  p ro te in , w h ile  th e  BV  
o f  chaisathi p r o te in  w as a b o u t 10 per cen t low er  th an  
th at o f  ca se in . B ased  o n  its  P E R , N P U  an d  BV, it  
app ears th at chaisathi c o u ld  be a  g o o d  su b stitu te  for  
d airy  m ilk .

Table 2. composition of the experimental diets

Casein Chaisathi Low fat Skim milk Protein
Ingredients

(g) (g)
milk
(g) (g)

free
(g)

Protein source 11 29.0 29.0 25 0
Vitamin mix1 2 2.0 2.0 2 2
Salt mix2 4 4.0 4.0 4 4
Groundnut oil 10 9.5 9.5 10 10
Sago 73 55.5 55.5 59 84

Table 3. means and standard errors for food intake, growth
RATE AND FOOD UTILIZATION

Food intake Wt. gain Food intake/wt
Groups (g/day)

M ean ± S .E .
(g/day)

M ean ± S .E .
(g) gain 

M ean ± S .E .
Chaisathi fed 12.05±0.220 3.11 ±0 .187 3.98 ±0.217

Low fat milk fed 12.14±0.325 3 .12±  0.146 3.95±0.179
Skim milk fed 13.09±0.242 3.21 ±0 .116 4.50±0.399
Casein fed 12.43 ±0 .347 3.70 ± 0 .24 7 3.44±0.159
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Studies on Pectin Yield and Quality of Some Guava Cultivars 
in Relation to Cropping Season and Fruit Maturity

M . K . D h in g r a , O. P. G u p t a  a n d  B. S. C h u n d a w a t *
D ep artm en t o f  H o rticu ltu re , H aryan a A gricu ltural U n iversity , H issar-125  004. in d ia

M anuscript received  11 Septem ber 1981; revised  10 M arch  1982

Five guava cultivars (‘Banarasi Surkha’, ‘Allahabad Safeda’, ‘Tehsildar’, Apple Colour’ and ‘Sardar’) were evaluated 
for pectin contents as affected by the cropping season (rainy and winter) and stage of fruit maturity, (green mature, 
unripe and half ripe). Significantly higher amounts of crude pectin and jelly units were observed in winter season 
fruits but the pectin quality in terms of methoxyl content, anhydrogalacturonic acid content, degree of esterification 
and jelly grade was better in rainy season fruits. Although stage of fruit maturity had no marked effect, yet
half ripe fruits yielded more jelly units than unripe ones, 
but higher number of jelly units were obtained from ‘Sardar’

G u ava fru it has b een  fou n d  to  be a  rich  so u rce o f  
p e c tin 1. V ariou s facto rs lik e  stage o f  fru it m a tu r ity 1, 
cro p p in g  sea so n 2 an d  type o f  cu lt iv a r 1' 4 affected  the  
qu an tity  and q u a lity  o f  p ectin  extracted  from  th e  tissu e . 
A t p resent, p rod u c tio n  o f  p ectin  in  In d ia  is  q u ite  short 
o f  th e  req u irem en ts. G u ava is fa ir ly  rich  in  p ectic  
su b stan ces and  its cu ltiv a tion  has b righ t scop e  in  th e  
arid  zo n es  o l N o r th  In d ia . P resent stud y w as th erefore , 
un d ertak en  to  find ou t th e  effect o f  cro p p in g  sea so n  and  
ap p rop riate stage o f  fru it m atu rity  fo r  m axim u m  p ectin  
ex tra c tio n  fro m  im p ortan t gu ava  cu ltivars.

M a te r ia ls  an d  M e th o d s
F iv e  guava cu ltiv ars ‘B anarasi Surkha', ‘A llah ab ad  

S a fed a ,’ ‘T eh sild ar’, ‘A p p le C o lo u r ’ and  ‘Sard ar’ (Syn. 
‘L u ck n o w -49 ’) w ere eva lu ated  fo r  th e ir  p ec tin  con ten t. 
B o th  ra in y  and  w in ter  sea so n  crop s d u rin g  th e  year  
19 78-79  w ere in clu d ed  in  th e stu d y . F ru its  w ere h ar
v ested  at tw o  s ta g es: (/)  G reen  m ature u n rip e, and  
(70 h a lf  ripe. T o  ascerta in  th e  p rop er stage o f  harvest, 
th e  firm ness o f  guava fru its  w as d e term in ed  w ith  the  
M ig n e s s  T ay lor  pressu re typ e tester , fab rica ted  at th e  
D ep artm en t o f  A gricu ltural E n g in eerin g , H A U , H issar. 
T h e fru its  w ith  m ore th an  8 .5  k g /cm 2 p ressu re w ere  
co n sid ered  as green  m ature un ripe d u rin g  b o th  
th e  cro p p in g  sea so n s. D e p e n d in g  o n  th e  cu ltivar, 
fru its w ith  pressu re range o f  5 .108 to  6 .479 k g /cm 2 
d u r in g  ra in y  sea so n  and  o f  5 .460  to  6 .628 k g /cm 2 
d u rin g  w in ter  sea so n  w ere co n sid ered  as h a lf  ripe.

Preparation o f  Sample fo r Pectin Extraction: A fter  
th o r o u g h  w a sh in g  an d  su rface d ry in g , th e fru its w ere

*Present address: Department of Horticulture, Gujarat Agril,

Banarasi Surkha’ and ‘Sardar’ yielded high grade pectin, 
and Apple Colour’.

p assed  th ro u g h  an e lectr ic  grater and  w h o le  o f  the  
cru shed  m aterial w as h o m o g en ised . F o r ex tractio n  and  
iso la tio n , th e  proced u re d escrib ed  by M c-C read y5 
w as a d o p ted  w ith  th e  fo llo w in g  d e ta ils . F resh ly  grated  
guava p u lp  (500 g) w as b o iled  in  1.0 1. w ater. T he p H  
o f  th e  slurry w as m a in ta in ed  at 4 .0 . It w as heated  for 35 
m in . at 95 -100°C  w h ile  b e in g  stirred  con tin u o u sly . 
It w as th en  filtered th ro u g h  m u slin  c lo th  and  im m ed ia 
te ly  co o le d  b e lo w  25°C . T h e iso la tio n  o f  p ectin  w as 
d o n e  w ith  70 per cent iso -p ro p a n o l co n ta in in g  0.01 N  
H C l, fo llo w ed  b y  four w a sh in gs w ith  95 per cen t is o 
p rop an o l. T h e p rec ip ita tes o f  p ec tin , th u s o b ta in ed  w ere  
d ried  at 35°C  in  forced  draft o ven  for abou t 24 hr, till 
co n sta n t w eigh t w as ob ta in ed . T he d ried  p rec ip it
ates w ere w eigh ed  and per cent cru de p ec tin  y ield  
w as ca lcu la ted . T he d ried  lig h t brow n p ectin  w as 
g rou n d  to  pass a 60 m esh  screen  fo r  fu rther an 
a ly sis .

Characterisation o f pectin. The m o istu re  co n ten t  
w as d eterm in ed  by d ry in g  lg  o f  p ec tin  at 9 0 'C  to  a 
co n sta n t w e ig h t and th e  ash  con ten t w as estim ated  by  
a sh in g  in  a m uffle fu rnan ce at 5 5 0 -6 0 0 'C  for 5 hr.6 
T he eq u iv a len t w eig h t, m eth oxy l con ten t and  a n h yd ro
g a la ctu ro n ic  a cid  co n ten t w ere d eterm in ed  by th e  
m eth o d s o f  O w ens et alP D eg ree  o f  ester ifica tio n  w as 
ca lcu la ted  o n  th e b asis o f  m eth o xy l and a n h y d ro ga la c
tu ro n ic  a cid  co n ten ts8. T h e je lly  grade o f  th e  p ectin  
w as d eterm in ed  b y  rela tive  v isc o s ity  m eth o d 9 and th e  
je lly  u n its  w ere ca lcu lated  by m u ltip ly in g  th e je lly  grade, 
w ith  th e cru de p ectin  y ie ld  o b ta in ed  from  500 g  o f  fresh  
gu ava  fru its.

University, Navsari, Gujarat.
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R esu lts  an d  D iscu ss io n
The w in ter  sea son  guavas y ie ld ed  sign ifica n tly  h ig h er  

p ectin  th an  th e  ra in y  sea son  fru its (T able 1), w h ich  m ay  
be attr ib u ted  to  lo w  m o istu re  co n ten t and m ore co m p a ct 
cells  in  w in ter  fru its2. P resen ce o f  h ig h er  p ec tin  in  
w in ter  fru its has a lso  been rep orted  by Sachan et o / 1 o 
and G an g w ar11. A lth o u g h  h a lf  r ip e  fru its  gave better  
p ectin  y ie ld s th an  th e  u n rip e o n es , th e d ifferen ces  
w ere n o t s ig n ifican t. D ifferen t cu ltivars d id  n o t vary  
sig n ifican tly  in  th e ir  p ec tin  y ie ld s . H o w ever , ‘A pple  
C o lo u r ’ d u rin g  w in ter  season  and ‘T eh sild ar’ d u ring  
ra in y  sea so n  gave rela tive ly  h ig h er  p ectin  y ie ld .

N o  p articu lar tren d  w as n o ted  regard in g  m o istu re  
and a sh  co n ten ts  o f  th e  ex tracted  p e c tin . In general, 
p ectin  fro m  w in ter  guavas had h igh er m o istu re  con ten t  
th an  from  ra in y  sea son  (T ab le 1). T h e ash  co n ten t sh o w 
ed  n o  im p act o f  e ith e r  cro p p in g  season  o r  stag e o f  
m aturity .

D a ta  g iv en  in  T ab le 2 revea l th at cro p p in g  sea son  h ad  
n o  s ig n ifica n t effect o n  th e  eq u iv a len t w eigh t o f  th e  p e c 
tin . Further, th e  h a lf  r ip e  fru it y ie ld ed  p ec tin  w ith  
h igh er eq u ivalen t w eig h t, but th e d ifferences w ere n o t  
s ig n ifican t. A m o n g  th e  cu ltivars, ‘Banarasi Su rk ha’ and  
‘T eh sild ar’ d u rin g  ra in y  season  and ‘A p p le  C o lo u r ’ and  
‘T eh sild ar’ d u rin g  w in ter  season  gave p ectin s w ith  th e  
h ig h est eq u iv a len t w eig h ts .

P ectin s  from  ra in y  sea so n  fru its  h ad  sig n ifican tly  
h ig h er  m eth o x y l co n ten t th an  th o se  from  w in ter  crop  
(T able 2), b u t th e  sta g e  o f  fru it m a tu r ity  sh o w ed  n o  
s ign ifica n t effect. A m o n g  th e  cu ltiv a rs, ‘Banarasi 
S u rk ha’ d u rin g  ra in y  sea so n  and  ‘A p p le  C o lo u r ’ du ring  
w in ter  sea so n  y ie ld ed  p ec tin s  w ith  co m p a ra tiv ely  h igher  
degree o f  m eth o x y la tio n .

T h e a n h y d ro g a la ctu ro n ic  a c id  (A U A ) con ten t and  
degree o f  ester ifica tion  (D E ) w h ich  in d ica te  th e  p u rity  
and  p ercen tage o f  to ta l u ro n id e  carb oxy l grou p s th at 
are esterified  w ith  m eth a n o l, resp ectiv ely , w ere foun d  
to  be h ig h er  in  p ec tin  from  ra in y  season  guavas (T able 2). 
T h e ad vancem ent o f  m atu r ity  had n o  sig n ifica n t effect 
o n  A U A  o r  D E , a lth o u g h  th e  fo rm er , sh o w ed  a d ecreas
in g  tren d . T h e p ec tin  fro m  ‘B anarasi S u rk h a’ c o n 
ta in ed  th e  h ig h est A U A  co n ten t and  a lso  th e  D E .

Irresp ective o f  a ll th e  a b o v e  fa c to rs , ra iny  season  
fru its y ie ld ed  p ectin s w ith  s ig n ifican tly  h ig h er  je lly  grade  
over w in ter  sea son  fru its (T able 3). T h e h a lf  r ip e  fru its  
y ie ld ed  slig h tly  h ig h er  grade p e c tin  th an  th e  unripe on es. 
A m o n g  cu ltiva rs, ‘B anarasi S u rk h a’ a n d ‘Sardar’ y ie ld ed  
h ig h  grade p ectin s , w h ile  ‘T eh sild ar’ had th e  low est  
grade p ectin . T he je lly  grade w as fo u n d  to  be in v ersely  
p r o p o r tio n a l to  th e  cru de p ectin  y ie ld ( T able 1), bu t it 
w as d irec tly  p ro p o rtio n a l to  th e  m eth o x y l con ten t 
(T able 2) w h ich  is an  in d ex  o f  ester ifica tio n  and  an

Table 1. effect of cropping season and stage of fruit maturity on crude pectin yield, moisture and ash contents of pectin
IN various guava cultivars

Crude pectin yield (% ) M oisture (% ) Ash (% )
Cultivar Crop Green

mature
ur.ripe

Half
ripe

Mean Green
mature
unripe

Half
ripe

Mean Green
m ature
unripe

Half
ripe

Mean

Banarasi Rainy C.71 0.77 0.74 10.7 9.4 10.1 1.2 1.1 1.2
Surkha W inter 0.79 1.03 0.91 12.7 12.4 12.6 1.3 1.6 1.5
Allahabad Rainy 0.74 0.77 0.76 13.4 10.5 12.0 1.2 1.1 1.2
Safeda W inter 0.93 0.96 0.95 14.9 12.2 13.6 1.7 1.9 1.8

Tehsildar Rainy 0.66 0.91 0.79 9.8 10.1 10.0 1.2 1.4 1.3
W inter 0.97 1.00 0.99 11.8 10.4 11.1 1.3 1.6 1.5

Apple Rainy 0.69 0.87 0.78 14.4 12.4 13.4 1.7 1.9 1.8
Colour W inter 1.08 1.34 1.21 12.3 14.7 13.5 1.6 1.8 1.7
Sardar Rainy 0.74 0.79 0.77 12.1 11.7 11.9 1.4 1.7 1.6

W inter 0.90 1.05 0.98 10.2 11.0 10.6 1.5 1.8 1.7
Mean Rainy 0.71 0.82 0.77 12.1 10.8 11.5 1.3 1.4 1.4

W inter 0.93 1.08 1.01 12.4 12.1 12.3 1.5 1.7 1.6

‘f  at 5% : Difference between stages of maturity is not significant for crude pectin yield, moisture and ash. 
Difference between seasons is significant for crude pectin yield only.
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T able 2. EFFECT OF CROPPING SEASON AND STAGE OF FRUIT MATURITY ON BIOCHEMICAL CHARACTERS OF GUAVA PECTIN

Cultivar Crop
Equivalent weight

Methoxyl (Me0%) Anhydrogalacturortic 
(A sh-H 20 -fre e  basis) acid (%)

Degree of esterification 
(%)

Green Half Mean Green Half M ean Green Half Mean Green Half Mean
mature ripe mature ripe mature ripe mature ripe
unripe unripe unripe unripe

Banarasi Rainy 834.5 830.1 832.3 7.69 7.52 7.61 69.24 70.40 69.82 63.11 60.95 62.03
Surkha W inter 674.3 740.0 707.2 5.83 6.08 5.96 59.02 61.43 60.23 56.10 56.13 56.12
Allahabad Rainy 763.3 715.1 739.2 6.51 6.61 6.56 62.18 66.21 64.20 59.32 56.67 58.00
Safeda Winter 700.5 720.3 710.4 6.46 5.06 5.76 64.07 56.25 60.16 57.22 51.09 54.16
Tehsildar Rainy 747.8 837.5 792.7 5.76 6.15 5.95 59.34 59.01 59.18 55.08 59.17 57.13

Winter 829.8 810.7 820.3 5.63 6.14 5.89 56.31 59.70 58.01 56.76 58.35 57.56
Apple Rainy 639.8 785.0 712.4 7.50 6.20 6.85 72.26 59.70 65.98 58.90 58.89 58.90
Colour W inter 740.0 851.0 795.5 6.14 6.19 6.17 61.77 59.02 60.40 56.39 59.54 57.97
Sardar Rainy 646.8 713.3 680.1 7.62 6.73 7.18 72.64 65.87 69.26 59.53 57.96 58.75

W inter 756.4 767.4 761.9 5.70 5.43 5.57 58.67 56.97 57.82 55.10 54.17 54.64
Mean Rainy 726.4 776.2 751.3 7.02 6.64 6.83 67.13 64.24 65.69 59.19 58.73 58.96

W inter 740.2 777.9 759.1 5.95 5.78 5.87 59.97 58.67 59.32 56.31 55.86 56.09
‘t’ at 5% Stages N ot significant Not significant Not significant N ot significant

Seasons Not significant Significant Significant Significant

Table 3. EFFECT OF CROPPING SEASON AND STAGE OF FRUIT MATURITY ON JELLY GRADE AND JELLY UNITS OF GUAVA PECTIN

Jelly grade Jelly units/'500g fruit)
Cultivar Crop Green Half Mean Green Half Mean

mature ripe mature ripe
unripe unripe

Banarasi Surkha Rainy 184 206 195 650 778 714
W inter 157 159 158 622 817 720

Allahabad Safeda Rainy 176 162 169 655 623 639
W inter 146 151 149 666 723 695

Tehsildar Rainy 152 158 155 501 721 611
W inter 144 147 146 704 734 719

Apple Colour Rainy 189 172 181 651 744 698
W inter 129 135 132 697 906 802

Sardar Rainy 190 200 195 697 795 746
W inter 147 149 148 662 780 721

Mean Rainy 178 180 179 631 732 682
W inter 145 148 147 Ó̂ O 792 731

V  at 5% Stages Not significant Rainy season : Not singificant
Seasons Significant W inter season : Significant 

Not significant
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im p ortan t fa cto r  in  co n tro llin g  th e  se ttin g  tim e  o f  je llie s .
W in ter sea so n  fru its  y ie ld ed  m o re  je lly  u n its  th an  the  

ra in y  sea so n  o n es . In  ra in y  sea son , th e  stage o f  fru it 
m aturity  d id  n o t s ig n ifica n tly  affect th e  je lly  u n its , 
w hereas in  w in ter  cro p , th e  h a lf  ripe fru its y ie ld ed  s ig n if i
ca n tly  h ig h er  je lly  u n its  th an  th e  un ripe o n es . A m o n g  
th e  cu ltivars, ‘Sardar’ y ie ld ed  p ectin s w ith  th e  h igh est  
je lly  u n its  in  ra in y  sea son , w h ereas, in  w in ter  sea son , th e  
h ig h est nu m ber o f  je lly  u n its  w ere record ed  in  ‘A pp le  
C o lo u r ’, fo llo w ed  b y  ‘Sard ar’. T h e lo w est je lly  u n its  
in  b o th  th e  cro p p in g  sea son s w ere o b ta in e d  in  p ec tin  
from . ‘T eh sild ar’, A lth o u g h  th e  p e c tin  from  ‘B an arasi 
S u rk h a’ h ad  th e  h ig h est je lly  grad e, y et due to  lesser  
p ectin  y ie ld s, th e  je lly  u n its  w ere co m p ara tiv e ly  low er  
th an  th o se  fro m  ‘A p p le  C o lo u r ’ guavas.

F rom  th ese  resu lts, it is  clear th at th e  ra iny  sea son  cro p  
y  eld ed  p ec tin  w ith  h ig h  je lly  grade and h igh er degree  
o f  m eth o xy la tio n , but due to  lo w  y ie ld s , th e  je lly  u n its  
w ere low er w h ile  w in ter  crop  p ec tin  had lo w  je lly  grade  
and  low er m eth o x y l con ten t. D u e  to  h igh er p ec tin  
y ie ld s , th e  nu m ber o f  je lly  u n its  w as fou n d  h igh er. A lth 
o u g h  th e  sta ge o f  fru it m aturity  h ad  n o  s ig n ifica n t effect, 
yet h a lf  r ip e  fru its  gave m ore p e c tin  y ie ld . A m o n g  th e  
cu ltiv a rs, ‘A p p le C o lo u r’, ‘Sardar’ and  ‘T eh sild ar’ w ere  
fo u n d  p r o m is in g  w ith  respect to  p ec tin  y ie ld  and  je lly  
u n its .
R efe ren ces
1. Pruthi, J. S., M ookerji, K. K. and Glrdhari Lai, A study 

of factors affecting the recovery and quality of pectin from 
guava. Indian F d  P ckr, 1960, 14, 7.

2. Rathore, D. S., Effect of season on the growth and
chemical composition o f guava fruits. J. H ort. S c i., 
1976,51,41.

3. Pal, D. K. and Selvaraj, Y., Changes in pectin and PE acti
vity in developing guava fruits. J . F d  Sci. Techno!., 1979,16, 
115.

4. Verma, A. R. and Srivastava, J. C ., Pectin in guava during
growth and maturity. Indian J . H ort., 1965, 22, 318.

5. McCready, R. M ., in M ethods in F ood Analysis,
Joslyn, M.A. (Ed.) Academic Press, Inc., New York. 
1970, 565.

6. Ranganna, S., M anual o f  A na lysis o f  Fruit and Vegetable
Products, TM H Publishing Co. Ltd., New Delhi, 
1977, 21.

7. Owens, H. S., Me Cready, R. M ., Shepherd, A. D ., Schultz,
S.H., Pippen, E. L., Swenson, H. A., Miers, J. C .,Erlandsen 
R. F. and Maclay, W. D ., M ethods used at Western Re
gional Research Laboratory for extraction and analysis 
o f pectin materials, AIC-340, W estern Regional Research 
Laboratory, Albany, California, 1952.

8. Schultz, T. H ., Determ ination o f the ester methoxyl content
of pectin by saponification and titration; determination 
o f AUA content by decarboxylation and titration of libe
rated carbon dioxide. M ethods Carbohydrate Chem., 1965, 
5, 189.

9. Rouse, A. H ., Evaluation o f pectins from Florida’s citrus
peels and cores. C itrus Ind ., 1967, 48, 9.

10. Sachan, B. P., Pandey, D . and Shanker G ., Influence of
weather on the chemical composition of guava fruits var. 
‘Allahabad Safeda’. Punjab H ort. J ., 1969, 9, 119.

11. Gangwar, B. M ., Biochemical studies on growth and ripening
of guava. Indian F d  P ckr, 1972, 26, 13.

Penetration of Bacteria into Muscles of Goat, Pork and
Poultry Meat

L a l it  K . G u p t a , M . S. K a l r a , A j it  S in g h  a n d  B a l w a n t  Sin g h *
D ep artm en t o f  M icro b io lo g y , P un jab  A g ricu ltu ra l U n iv ersity , L udhiana-141 004, Ind ia
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Penetration of four pathogenic bacteria into goat, pork and poultry meat was studied. B acillus cereus and S taphy
lococcus aureus caused linear proteolysis, while Salm onella typhim urium  penetrated along the perimyseal septa in goat 
muscle. In pork muscle, B. cereus and Escherichia coli showed linear proteolysis, while S . aureus and S . typhim u
rium  produced extensive liquifaction along the peri-and endomysea! septa. In poultry muscle, proteolysis occurred 
along peri-and endomyseal septa by B. cereus, S . aureus and E . coli.

T he sp o ila g e  o f  m eat b y  p r o te o ly t ic  b acteria  is  im - th e  p rocess are u su ally  p a th o g en ic  o r  to x ig e n ic  in  nature, 
p ortan t n o t o n ly  fro m  m eat h y g ien e , b u t a lso  from  B o tto m  et al.1 and  H esen g aw a  et al.2 observed  that 
p u b lic  h ea lth  v ie w p o in t as th ese  b a cter ia  in v o lv ed  in  m uscle p r o te in  b reak d ow n  occu rred  d u ring  m icrob ia l

*Dept. of Vety. Pathology, P.A.U., Ludhiana.
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spoilage of meat. Tarrant et tf/.3 had shown that the 
onset of spoilage in pork by P. fragi coincided with 
extracellular proteolytic activity and an increased amount 
of ultrastructure damage to muscle fragments. In pure 
culture study in beef meat, Dainty et alA reported that 
proteolytic spoilage was mainly due to gram negative 
bacteria. Penetration of bacteria into meat is caused 
by proteolytic species only. Thus non-proteolytic bac
teria did not invade even w'hen associated with proteoly
tic organisms.5

The present investigation has been aimed to determine 
the extent to which food poisoning bacteria invade the 
deeper layers of different types of meat. This study is 
expected to strengthen the understanding of the spoilage 
process of meat.
M aterials and Methods

Cultures: The bacterial cultures used were Bacillus 
cereus, Staphylococcus aureus, Escherichia coli and 
Salmonella typhimurium. These cultures were procured 
from Central Research Institute, Kasauli (India). All 
cultures were maintained on nutrient agar slants and 
were grown on nutrient agar plates.

Collection of samples: The meat samples were collect
ed aseptically from the slaughter house between 6 and 7 
a.m. and analysed within 2 hr. The meat samples were 
normal and pink in colour.

Penetration o f bacteria: The muscles were cut into 
strips of meat 2 x 2 x 5  cm in size in case of goat and 
pork and 2 x2 x4 cm in case of poultry. -Meat samples 
were obtained from thigh portions of the goat and pork 
and sternal muscles of the poultry. They were dipped in 
alcohol to remove the surface microflora6. The meat 
strips were immersed in 3 per cent molten agar containing
0. 1 per cent mercuric chloride to inhibit the growth of 
surface contaminants. The solid agar was removed from 
one end of the meat strip and inoculated with the bac
teria. Two strips of meat were inoculated at the same 
time for each experiment. These inoculated strips of 
meat were hooked to the pins hanging in a stand placed 
in the jar. This ensured the incubation of the meat 
strips vertically. The jar containing the strips was placed 
at 37°C until the organisms had shown sufficient growth,
1. e. for 20 hr in case of goat and poultry meat for all the 
types of bacteria studied; 44 hr in case of pork for B. 
cereus and S. aureus and 20 hr for E. coli and S. typhimu
rium. The trials were conducted in duplicate.

After the incubation, one strip each of the meat 
inoculated with different bacteria was placed in a tube 
containing sufficient amount of 10 per cent formalin- 
saline. The tube was placed in the water bath at 56°C 
for 30 min. to fix the tissue. Pieces of 0.3 cm were 
removed from the inoculated end from a distance of 2, 3 
and 4 cm of the strips in case of goat and pork and

2 and 3 cm in case of poultry meat. The sections were 
cut by embedding in paraffin wax, stained with hemotox- 
ylin eosin stain.

Another strip of meat was cut at 2, 3 and 4 cm from 
the inoculated end and streaked on the selective media 
and incubated at 37°C for 24-28 hr. Colonies from the 
plates showing growth were further examined to confirm 
the identity of the organism.

Selective media: Mannitol egg-yolk phenol polymyxin 
agar for B. cereus, Staphylococcus medium 110 for S. 
aureus, brilliant green agar for E. coli and Salmonella- 
Shigella agar and desoxycholate citrate agar for 5. 
typhmiurium were used.
Results

Goal muscle strips: B. cereus and S. aureus penetrat
ed each to a depth of 3 cm producing linear proteolysis 
by liquefying the muscle fibres and their surrounding 
septa, whereas S. typhimurium penetrated along the 
perimyseal septa to a depth of 4 cm. E coli did not show 
any indication of penetration (Table 1, Fig. la and lb). 
The muscle strips were incubated for 20 hr when the 
organism had attained maximum growth.

T a b l e  I .  p e n e t r a t io n  o f  v a r io u s  b a c t f r ia  i n  m u s c l e s  o f

D IFFERENT SPECIES OF M EAT A N IM A LS

Source of Incubation Depth of Type of
meat Bacteria period

(hr)
penetration* proteolysis 

(cm)
Goat B . cereus 2 0 3 Linear

S . aureus 2 0 3 Linear
E . co li 2 0 — No proteolysis
S. typhimurium 2 0 4 Along muscular 

septa
Poultry- B . cereus 24 3 Along muscular 

septa
S . aureus 24 3 Around the 

muscle fibres
E . co li 24 3 Along muscular 

septa in bran
ching manner 
& in muscle 
bundles

S. typhimurium 24 3 Along muscular 
septa and 
linear

Pork B. cereus 44 4 Linear
S . aureus 44 4 Around muscle 

fibres
E . co li 2 0 4 Linear
S. typhimurium 2 0 4 Linear

*As evidenced by proteolysis and culturing.
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ug . la. Goat Muscle strip infected with B. cereus: linear 
proteolysis H. E. X 100.

fig. lb. Goat muscle strip infected with S. typhimurium: 
proteolysis along the muscular septa H. E. X 100.

Pork muscle strips: All the organisms showed a 
penetration upto 4 cm (Table 1, Fig. 2). Maximum 
growth was shown by B. cereus and S. aureus in 44 hr and
E. coli and S. typhimurium in 20 hr. B. cereus and E. 
coli produced linear proteolysis dissolving the muscle 
fibres as well asthe encircling endomyseal septa, whereas 
S. aureus and S. typhimurium produced extensive liqui- 
faction along the peri-and endomyseal septa usually 
sparing the muscle fibres.

n o . 2. Pork muscle strip infected with S. aureus: proteolysis 
around the muscle fibres H, E. X 100.

fig. 3. Poultry muscle strip infected with B. cereus: proteolysis 
along muscular septa and extending around the indivi
dual muscle fibres El. E. X 100.

Poultry muscle strips: Each of these organisms pene
trated to a distance of 3 cm along the muscular septa 
within 24 hr (Table 1 Fig. 3). The proteolysis in B. 
cereus, S. aureus and E. coli extended along the peri- 
and endomyseal septa, whereas in S. typhimurium the 
proteolysis was noticed only along the perimyseal septa.
Discussion

The penetration of meat by bacteria results from the 
breakdown of the muscle fibres as well as the associated 
connective tissue in the interstitial septae. The pattern 
of proteolysis varied depending upon the type as 
well as the animal species from which the muscle strips 
were derived.

In goat muscle strip, the linear proteolysis caused by
B. cereus and S. aureus as compared to the proteolysis 
by S. typhimurium along the perimyseal septa indicate
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that the former two organisms had comparatively more 
proteolytic activity as the linear penetration occurs due 
to the dissolution of muscle fibres as well as the peri-and 
endomysium. In pork muscle, the linear liquefaction by
B. cereus and E. coli as compared to the perimyseal 
dissolution in case of other two organisms likewise 
indicate high degree of lytic activity in case of the former 
two organisms. In poultry strips, the proteolysis by B. 
cereus, S. aureus and E. coli extended along the peri- 
and endomyseal, whereas it was only along the perimy- 
sea! septa in S. typhimurium suggesting the higher pro
teolytic activity in case of former three organisms. The 
deeper penetration in case of pork as compared to goat 
muscle indicated, that the pork muscle fibres were easily 
penetrable which might be due to relatively soft nature 
of the muscle fibres. The strip of the poultry muscle was 
only 3 cm in length and the penetration of the organism 
was observed throughout the strip, the chances of deeper 
penetration in the event of the use of the longer strip 
could not be ruled out. The variation in the penetration 
of bacteria in muscles of goat, poultry and pork reflected 
variation in the nature and extent of production of 
proteases. This could possibly be due to the variable 
nutritional conditions provided by muscle strips of dif
ferent species. The penetration had been reported to 
occur only due to proteases and the non-proteolytic

species did not invade, even when they were present 
along with proteolytic species. This was probably 
because the penetration originated in the area of growth 
of a microcolony of the proteolytic species and thus non- 
proteolytic bad era  wcic excluded5.
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Phenolics were extracted from Indian oak (Quercus .vp.), teak (Tectona grandis), red cedar (Cedrella toona) and sandal 
(Santanun album) by ethanol. Parameters like ratio of wood to ethanol, concentration of solvent, and time of contact 
for extraction of phenolics w'ere studied. Extracted phenolics were segregated into, flavanoids and non-flavanoids 
as well as soluble and insoluble fractions in solvents like chloroform, ethylacetate and amyl alcohol. The fractio
nated phenolics were estimated after removal of the solvents. Studies on organoleptic evaluation of young brandy
on addition of these fractions of phenolics (free from solvents) have indicated that some combinations of fractions 
reduce the harshness of the product.

It is an age old practice to store wine and distilled 
liquor such as brandy, whisky and rum in wooden casks. 
The type of woods used for casks are specific and they 
impart desirable characteristics to the product. The 
changes that take place during storage or “ageing" or 
“maturation” as it is called, is not very well understood. 
Apart from the interaction among the different consti
tuents of the content, the phenolics extracted from

wood have an important role in the formation of com
pounds which are directly responsible for the changes. 
Singletoni used ethanol extract and chips of oak wood 
to impart oak flavour to wine. Development of aromatic 
flavour in brandy treated with Indian oak wood chips 
was reported by Venkataramu et al2. In the present 
study, data on fractionation of phenolics from four 
Indian woods with different solvents in single stage and
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also sequentially extracted, along with extraction of 
flavanoids, and non-flavanoids and phenolics extracted 
by other solvents are presented. Effect of addition of 
some of these extracted phenolics on the taste of brandy 
is also recorded.
M aterials and Methods

Teak (Tectona grandis) and red cedar (Cedrella toona) 
woods were obtained from local timber yard. Deoiled 
sandal wood (Santanum album) was obtained from San- 
cal Wood Oil Factory, Mysore. Oak wood (Quercus 
species) was obtained from Forest Department of Hima
chal Pradesh. These woods were powdered and used.

Distilled solvents such as ethanol, ethyl acetate, 
chloroform, n-butanol and amyl alcohol and AR grade 
formaldehyde, gallic acid and trichloroacetic acid were 
used.

Total phenolics were estimated using colorimetric 
procedure oi Singleton and Rossp using spectronic 20 
(gallic acid was used as standard). Flavanoids and non- 
flavanoids were determined by the procedure of Krem- 
ling and Singleton4.

Extraction of phenolics was done using different 
concentrations of ethanol by stationary and under 
agitation (Emenvee rotary shaker, 230 r.p.m ) and sam
ples were drawn at intervals of 24 hr for analysis. In 
case of sequential extraction, wood powder was com
pletely submerged in ethanol and every 24 hr, the super
natant was removed and was replaced by fresh ethanol. 
Addition of formaldehyde and estimation of phenolics 
in the supernatant gave the value for non-flavanoids.

The difference between the total flavanoids and non- 
flavanoids was computed and the content of flavanoids 
was calculated. In case of immisible solvent system, the 
phenolics in different solvents were estimated after 
separating them.
Results and Discussion

The quantity of phenolics extracted by 45-60 per cent 
ethanol varied from 4 to 6 per cent by weight of powder
ed Indian oak, teak, red cedar and sandal woods, at 
each intervals of 24 hr, under agitation (Table 1).

The quantity of phenolics extracted per gram of wood 
was highest in red cedar followed by Indian oak, sandal 
and teak. In red cedar, the ethanol extractable phenolics 
formed nearly 28 per cent by weight of wood. This 
appears to be on the high side. It is not known whether 
this high value is due to any artefact introduced by any 
other constituent of wood which possess a similar 
reaction as phenolics with the reagent. The extraction 
of phenolics appeared to be almost complete even at 
the end of the first 24 hr, as there was no significant 
increase in the further extraction at the end of 72 hr.

Singleton et al.s have suggested that flavanoids content 
in wine matured in wooden casks can be a measure of 
maturation. Differentiation of flavanoids from non- 
flavanoids based on their solubility in formaldehyde is 
one of the recognised methods. This method was used to 
measure the formaldehyde soluble (non-flavanoids) 
and formaldehyde insoluble (flavanoids) in these woods.

The results presented in Table 2 indicate that the red 
cedar contained a high amount of flavanoids followed

T a b l e  1. PHENOLICS EXTRACTED (M G /G  D R Y W T . BASIS) FROM D IFFERENT WOODS AFTER SOAK ING  EOR D IFFERENT PERIODS IN ETH ANO L

Concn. 
o f  wood 

(%)
Concn. 
of ethyl 
alcohol 

(%)

Indian oak Teak Red cedar* Sandal
24 hr 48 hr 72 hr 24 hr 48 hr 72 hr 24 hr 72 hr 24 hr 48 hr 72 hr

4 45 146.5 146.5 155.0 24.9 23.5 23.5 269.2 271.9 56.75 61.25 67.50
50 182.5 182.5 197.5 25.0 26.0 24.5 261.0 271.9 53.75 58.75 66.25

J » 55 2 1 0 . 0 2 1 0 . 0 2 1 0 . 0 30.5 26.5 26.0 269.2 271.9 61.25 73.75 67.50
60 146.5 146.5 153.7 29.0 27.5 26.0 264.8 271.9 58.75 58.75 67.50

5 45 158.0 158.0 158.0 24.0 24.4 23.6 215.3 282.7 53.00 54.00 56.00
„ 50 182.0 182.0 188.0 25.6 25.2 23.6 215.3 282.7 53.00 54.00 60.00

55 124.0 124.0 136.0 26.0 26.0 24.4 226.2 261.0 56.00 58.00 64.00
60 152.0 158.0 164.0 26.0 26.0 25.6 2 1 2 . 1 261.0 56.00 58.00 64.00

6 45 128.3 — — 2 2 . 0 23.0 2 2 . 6 199.0 262.8 48.33 56.66 57.49
„ 50 93.3 1 0 0 . 0 103.3 23.3 23.3 23.3 199.0 253.7 56.66 57.49 59.99
„ 55 1 2 1 . 6 146.6 126.6 25.6 25.5 24.3 189.8 262.8 53.33 56.66 57.49

60 150.0 155.0 155.0 25.6 24.5 24.6 195.9 271.1 54.99 59.99 59.99
sNot estimated for 48 hr.
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Table 2. FLAVANO ID S  A N D  NON-FLAVANO IDS PRESENT IN  IN D IA N O A K , TEA K , RED CEDAR AN D  SANDAL W OODS*

1st extract 2nd extract 3rd extract
Type of Wood Initial Flavanoids Non phenolics Flavanoids (mg/g of wood) (mg) (mg)

Initial Flavanoids Non Initial Flavanoids Non phenolics Flavanoids phenolics Flavanoids (mg/g of wood) (mg) (mg) (mg/g of wood) (mg) (mg)
Indian oak 195.0 189.0 6.0 63.0 58.1 5.0 6.8 5.5 1.3
Teak 27.0 19.7 7.3 26.0 21.1 4.9 2.8 2.4 0.4
Red cedar 271.9 263.7 8.1 111.6 107.1 4.4 29.7 28.5 1.2
Sandal 60.0 57.3 2.7 10.4 8.2 2.2 — — —

*50% Ethanol extraction after 24 hr.

Table 3. fractionation of ethanol SOLUBLE PHENOLICS US ING  CHLOROFORM, A M Y L  ALCOH OL AN D E TH Y L  ACETATE

Type of wood Ethanol Chloroform Amyl alcohol Ethyl acetate
phenolics (mg/g of wood) Soluble(mg) Insoluble(mg) Soluble(mg) Insoluble(mg) Soluble Insoluble (mg) (mg)

Indian oak 182.0 23.8 152.6 141.2 37.9 54.9 122.4
Teak 25.6 5.0 15.4 17.1 6.7 9.8 14.3
Red cedar 272.7 23.9 246.5 171.6 99.7 139.3 127.2
Sandal 56.0 22.1 28.2 36.5 17.1 28.2 23.3

by Indian oak, sandal and teak as observed earlier, teak, sandal and lowest in red cedar. In case of ethyl
These data indicate that flavanoid content in red cedar 
was significantly high compared to the other woods 
analysed. Sequential extraction simulates conditions of 
extraction that would occur in reused barrels. The 
trend in concentration of flavanoids indicates that 
repeated use of barrels may extend the period of ageing. 
From economic considerations it would seem pre
ferable to transfer liquor in a few days from a new 
barrel to an used one; or the residence time of contents 
be controlled by frequent analysis to allow dissolution 
of desirable level of phenolics.

The ethanol extractable phenolics of four woods 
were fractionated using different solvents such as chloro
form, amyl alcohol, and ethyl acetate. The concentration 
of soluble and insoluble phenolics of these woods in 
these solvents are presented in Table 3.

The data indicate a general trend that the chloro
form insoluble is more than soluble phenolics. Aqueous 
soluble phenolics is more in sandal followed by teak, 
Indian oak and lowest being in red cedar. The trend 
reverses when amyl alcohol is used, where solvent 
solubles are more compared to insolubles. Aqueous 
soluble phenolics was highest in Indian oak followed by

acetate the aqueous layer had high phenolics in Indian 
oak and teak, while phenolics in solvent layer was high 
when red cedar and sandal woods were used.

The phenolic fractions of the same wood either 
singly or in combination were added to fresh/green 
brandy and subjected to sensory evaluation along with 
controls. Results indicated that combination of phenolic 
fractions of the wood when added improved the taste 
of the brandy.
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The bacteriological quality of ice cream and ice fruits sold in Hyderabad were assessed. Three hundred and one 
samples were collected from hotels, restaurants, ice cream parlours, and local vendors. These were assessed for stan
dard plate count (SPC) coliforms by MPN method and for pathogens. Only 58 (19.4%) were within ISI specifi
cations for SPC and coliform counts. Staphylococcus aureus was isolated from 20.3% samples, and Escherichia colli 
from 7% samples. The slab ice cream sold in hotels was superior to other varieties sold by local vendors.

Currently available data suggest that the foods sold 
in Indian markets are of very poor quality1-3. Ice 
cream is a popular milk product consumed by people of 
all categories. The present study was undertaken to 
assess the microbiological quality of the ice creams sold 
in Hyderabad city (India).
M aterials and M ethods

Three hundred and one samples of ice creams con
sisting of slabs (31), cups (70), bars (25), and lollies (150) 
were collected in sterile, covered containers from hotels, 
restaurants, parlours and local vendors. They were 
brought to the laboratory in ice flasks and immediately 
analysed.

Analysis: The samples were allowed to thaw and 
graded dilutions were prepared using Ringer’s solution. 
The total counts were estimated by the standard method4. 
The coliforms were estimated by the most probable 
number method using MacConkey’s broth5. Gas 
positive tubes were streaked on EMB agar and colonies 
showing greenish metallic sheen were further confirmed 
by biochemical reactions as Escherichia coli.

Staphylococci were isolated by inoculating the sample 
into mannitol-salt broth for enrichment, followed by 
streaking on milk-salt agar for isolation. The Staphy
lococci strains obtained thus were tested for their 
coagulase activity and confirmed as S. aureus.

Salmonella was tested according to the method of 
Thatcher and Clark6. Modified bile agar medium was 
used for the isolation of the vibrios, after processing 
through alkaline peptone water for enrichment?. Potas
sium tellurite medium was used for isolation of diph
theria bacillus.

The enterococci were isolated by inoculating the

sample into SF medium and then streaking on sodium 
azide medium.

The identification of isolated organisms, were con
firmed by biochemical reactions,8,9 wherever necessary.
Results and Discussion

The ISI has prescribed SPC of not more than 250000/g 
and coliform count of not more than 100/g. and the 
ice cream should be free from pathogenic organisms10. 
Out of the 301 samples studied, only 58 (19.4 per cent) 
were within the standard limits (Table 1). There was a 
definite correlation between the cost of the ice cream 
and its sanitary quality. The costlier slab ice creams 
(77.4 per cent) sold in the hotels were within the standard 
limits, when standard plate counts and coliform counts 
were considered together. Among the other varieties, 
only 12.9 per cent of the cup ice creams, 24 per cent of 
bar ice creams, 9 per cent of the cones, and 10.7 per 
cent of the lollies were within the limit specified by ISI.

Of the samples analysed, 88.7 per cent were positive 
for coliforms. The coliforms isolated included Klebsiella, 
Enterobacter cloaca, E. aerogenes and E. hafniae. How
ever, only 19.3 per cent had counts higher than ISI 
specifications. Escherichia coli was found in 7 per cent 
of the samples.

Enterococci were isolated from 44.7 per cent of the 
samples. Since raw milk and dairy products contain 
Enterococci as contaminants, their presence alone does 
not indicate the sanitary history of the product, un
less associated with other indicator bacteria.

Staphylococcus aureus was the only pathogen isolated. 
This was more frequently isolated from the cheaper 
varieties of ice creams where 20.3 per cent of the samples 
were positive for the pathogen (Table 2).

3 19
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T a b l e  I . s t a n d a r d  p l a t e  c o u n t s  a n d  c o l if o r m  c o u n t s  i n  ic e  c r e a m  s a m p l e s

Standard plate counts Coliform counts No.
Ice cream type ---------------------------------------------------------------------------------- --------------------------------within

Samples with 
< 2 5 x l0 /4g

Samples with 
> 2 5 x l0 4/g

Average count 
(log)

Samples with
< 1 0 0 g

Samples with
> 1 0 0  g

ISI

Slab 25 6 5.106 29 2 24
(80.6) (19.4) (93.5) (6.5) (77.4)

Cups 1 0 60 5.597 64 6 9
(14.3) (85.7) (91.4) (8 .6 ) (12.9)

Chacobars 9 16 5.545 21 4 6
(36.01 (64.0) (84.0) (16.0) (24.0)

Cones 5 2 0 6.572 18 7 3
(2 0 .0 ) (80.0) (72.0) (28.0) (9.0)

Lolly 2 0 130 5.793 1 1 1 39 16
(13.3) (86.7) (74.0) (26.0) (10.7)

Total 69 232 243 58 58
(2 2 .2 ) (77.8) (80.7) (19.3) (19.3)

Figures in the parenthesis indicate the percentages.

T a b l e  2. p a t h o g e n s  i s o l a t e d  f r o m  t h e  i c e  c r e a m

Ice cream Samples
Staphylococcus

aureus Escherichia coli
type collected No. of 

samples
%

samples
No. of
samples

%
samples

Slab 31 5 16.1 1 3.2
Cups 70 14 2 0 . 0 1 1.4
Cones 25 5 2 0 . 0 I 4.0
Chacobar 25 1 2 48.0 8 . 0

Lolly 150 25 16.8 16 10.7

The poor quality of the cups, cones and wrappers 
used is probably one of the factors contributing to the 
heavy load of organisms. Repeated handling and un
hygienic sorroundings is another factor for the poor 
quality of the cheap, locally sold ice creams. Small scale 
manufacturers produce low grade ice creams of substan
dard quality. The consumption of these ice creams is an 
important source of infection.
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Ten sunflower oil samples of five different varieties from irrigated and rainfed trials were studied for their keeping 
quality. Samples were withdrawn at every thirtieth day and different chemical tests were carried out. Different 
varieties behaved differently. The keeping quality of the oils obtained from crop grown under rainfed conditions was 
better than those obtained from irrigated condition.

Sunflower oil is valued highly as a source of polyun
saturated fatty acids. It has a high level (60-72 per cent) 
of the essential fatty acid, linoleic acid1. As the magni
tude of unsaturation is more in sunflower oil, it is 
susceptible for rapid autooxidation during storage 
Chapmna el al2. have reported that the fatty acid com
position of oil varies with environment. Oils obtained 
from plants grown under different environmental con
ditions may show different storage behaviour. Studies 
have been made on the storage of watermelon seed oil 
and muskmelon seed oil. Studies have shown that crude 
groundnut oil stores well in glass, aluminium and tinned- 
brass containers. But literature on studies conducted on 
the storage quality of sunflower oil is scarce under Indian 
conditions. Yousuf Alikhan et al3. have studied the 
storage of bulk quantities of raw sunflower and ground
nut oils. Storage study in small glass containers (as 
may be useful for household purposes) of crude sun
flower oil samples extracted from seeds grown under 
different climatic conditions was taken up and the 
results are reported.
M aterials and M ethods

Ten sunflower oil samples obtained from five different 
varieties (‘EC 68414’, ‘EC 68415’ SuFl, ‘Su F2’ and 
‘K 2’) grown under irrigated and rainfed conditions 
were used for this study. The oil was extracted from sun- 
dried seeds by Soxhlet fat extraction using solvent ether4. 
A jet of nitrogen gas was passed through the oils to 
remove any other matter present. Samples of oil were 
stored in small screw capped colourless bottles 3/4 th 
height filled. Oil was withdrawn every thirtieth day and 
the following analyses were carried out. Lipid hydro
peroxides which are the first compounds formed during 
the course of rancidity were measured in terms of the 
peroxide value5 and results expressed as ml of 0.02N 
sodium thiosulphate. The volatile carbonyl compounds

formed were measured by thiobarbituric acid value6 
at 400 nm and by anisidine value7 at 420 nm. The free 
fatty acids were measured using a rapid colorimetric 
method8. The oxirane compounds were measured by 
picric acid test9.
Re ults and Discussion

At 180th day, all samples had developed off-flavour 
which was confirmed by nine untrained judges. The 
toxic character ot rancid oil has been studied10.

Peroxide value: The initial peroxide values were 
found to be higher in irrigated samples than in rainfed 
samples as shown in Table 1. Several studies have 
indicated that the levels of unsaturated fatty acids and 
oils in soybeans are strongly influenced by the environ
ment2,11,’2,13. There was significant increase in peroxide 
value between the initial pericd and 180 days showing 
the O2 uptake by the oil. Although ‘peroxides’ are 
possibly not directly responsible for the taste and odour 
of rancid fats, their concentration as represented by the 
peroxide value is often useful in assessing the extent to 
which spoilage has advanced5. Among the five different 
varieties, the variety, ‘SuFj,’ had the highest mean 
peroxide value and the variety ‘K2’ the lowest with 
significant difference between them. The greater the 
magnitude of unsaturation, the greater is the liability 
of fat to undergo oxidative rancidity5. The mean 
peroxide values were significantly higher or same in all 
varieties except for ‘SuF’j, under irrigated than under 
rainfed conditions. Different varieties showed different 
peroxide values.

Free fatty acid contents: The initial FFA contents 
were also found to be higher for irrigated samples than 
for the rainfed samples as shown in Table 2. Increase in 
FFA during storage could be noticed as reported by Cox 
and Pearson5. As rancidity is usually accompanied by 
free fatty acid formation, the determination is often

21
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T a b l e  1. p e r o x id e  v a l u e *  o f  s u n f l o w e r  o i l  c o l l e c t e d  f r o m  c r o p s  g r o w n  u n d e r  i r r ig a t e d  a n d  r a in f e d  c o n d it io n s

Irrigated Rainfed
Storage p e r i o d ------------------------------------------------------------------------------------------------------------------------------------------

(days) EC.68414 EC.68415 SuFl SuF2 K2 EC.68414 EC.68415 SuFl SuF2 K2
0 3.25 2 .1 1 .8 1.9 2 . 2 1.3 0.85 1.15 1.15 0.60

30 3.50 3.0 2 . 0 2.5 3.0 5.6 3.00 5.50 3.40 2 . 0 0

60 4.00 4.0 2.7 3.5 3.8 5.9 3.90 5.60 3.80 2.80
90 4.00 4.4 3.4 4.6 4.2 6 .1 6.90 1 0 .0 0 6.70 3.45

1 2 0 6.45 10.3 7.9 7.8 6.7 6.3 6.95 10.05 7.50 4.10
150 7.00 10.4 9.2 9.1 8.5 6.4 7.70 10.30 8 . 1 0 4.25
180 7.50 1 0 .6 9.8 9.1 8.7 6.7 8 . 1 0 14.80 11.30 5.05
Mean 5.10 6.39 5.26 5.51 5.31 5.47 5.34 8 . 2 0 5.99 3.18

*ml of 0.02N sodium thiosulphate/g of oil

T a b l e  2 . f r e e  f a t t y  a c id  c o n t e n t  ( %  o l e ic  a c id  e q u iv a l e n t )  o f  s u n f l o w e r  o i l  c o l l e c t e d  f r o m  c r o p s  g r o w n  u n d e r  i r r i g a t e d

AND RAINFED CONDITIONS
Irrigated Rainfed

Storage period 
(days) EC.68414 EC.68415 SuFl SuF2 K2 EC.68414 EC.68415 SuFl SuF2 K2

0 1.24 2.09 0.96 1 .1 2 1.50 0.71 1.70 0.76 1 . 0 2 1.30
30 1.95 2.65 1.41 1.36 2.16 1 .1 2 2.23 1.05 1.53 2.44
60 5.49 4.93 1.59 1.53 3.82 2.09 3.71 1.72 2.89 4.47
90 10.80 10.62 2.75 3.23 7.64 2.41 3.71 1.81 2.89 4.47

1 2 0 10.97 1 1 . 0 0 2.82 3.40 7.64 2.57 3.71 2 . 0 0 2.89 4.55
150 1 1 .6 8 1 1 .2 2 2.99 3.51 7.64 2.74 3.82 2 . 0 0 2.89 4.55
180 1 1 .6 8 1 1 .2 2 3.35 3.57 7.81 2.74 4.35 2 . 1 0 2.97 4.61

T a b l e  3. t h io b a r b i t u r ic  a c id  v a l u e  (o .d . a t  4 0 0  n m )  o f  s u n f l o w e r  o il  c o l l e c t e d  f r o m  c r o p s  g r o w n  u n d e r

IRRIGATED AND RAINFED CONDITIONS
Irrigated Rainfed

Storage p e r i o d ----------------------------------------------------------------------- -------------------------------------------------------------
(days) EC.68414 EC.68415 SuFl SuF2 K2 EC.68414 EC.68415 SuFl SuF2 K2

0 0.03 0.06 0 .1 1 0.09 0 .1 1 0 . 0 2 0 . 1 2 0.05 0.03 0.05
30 0 . 1 0 0.13 0.15 0 . 0 2 0 .1 1 0 . 6 0.15 0 . 1 0 0.09 0 . 1 0

60 0.15 0.18 0 .2 1 0.17 0.17 0.18 0.36 0.50 0.27 0.14
90 0.19 0.31 0.23 0.25 0.40 0 . 2 0 0.42 0.51 0.44 0.18

1 2 0 0.19 0.35 0.35 0.41 0.23 0.46 0.46 0.56 0.58 0.35
150 0.35 0.50 0.36 0.55 0.56 0.29 0.49 0.65 0.61 0.36
180 0.38 0.63 0.36 0.62 0.59 0.34 0.54 0 . 6 8 0.65 0.40

used as a general indication of the condition and edible 
quality of oils5. The samples grown under irrigated con
dition showed significantly higher FFA contents than 
rainfed samples at the time of the development of off-

flavour. The different varieties shewed different FFA 
values. It has been reported in cotton seed, that both varie
ty and location significantly influence the moisture and 
FFA contents. The higher FFA content in the irrigated
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samples may be due to the higher moisture content 
available. Several studies have indicated that in soybeans 
the lipoxygenase activity appears to be genetically
co n tro lle d 2,! 1,1 2 ,1 3 .

Thiobarbituric acid value (TBA): The volatile car
bonyl compounds show up in the TBA valued. Signifi
cant increase in TBA values could be noticed between 
the initial and final periods of storage indicating the 
development of off-flavour (Table 3). The TBA values 
were found to be low in the samples analysed. The main 
volatile carbonyl compounds resulting from the autoxi- 
dation of linoleic acid are hexanal and 2,4-decadienalis. 
The concentration which could be very important in the 
formation of rancid off-flavour are very small even in a 
highly autooxidized sample'* both in irrigated and rain- 
fed grown samples.

Anisidine value: The anisidine value signals the 
presence of carboxyl compounds'*. Upto 90th day, the 
values we re zero except for three samples (Table 4). 
The mean anisidine value of irrigated samples were 
found to be higher than rainfed samples. Varietal

difference could also be noticed. Except for ‘EC-68415’, 
the mean anisidine values of the other varieties were 
significantly higher or same in irrigated than in rainfed 
conditions.

Picric acid value: Increase in picric acid value during 
the storage was observed, which indicated the develop
ment of rancidity (Table 5). The values were low as has 
been indicated by Maza'6. Varietal difference could be 
noticed. No significant difference could be noticed in 
oils obtained from irrigated and rainfed crops. The oil 
samples were grouped into irrigated and rainfed and 
the discriminant function was worked out with the five 
different chemical tests. The mean values of the results 
of the different chemical tests of both irrigated and 
rainfed samples are given in Table 6. The discriminant 
function for this is as follows: 

z=(Xj) +  (I.52X2) -  (16.17X3) +  (39.17X4) -
(243.0 8X5) where, 

XjXzXj^  and X5 stand for peroxide value, free 
fatty acid content, thiobarbituric acid value, anisidine 
value and picric acid value respectively.

T a b l e  4. a n is id in e  v a l u e  (o .d . a t  420 n m )  o f  s u n f l o w e r  o i l  c o l l e c t e d  f r o m  c r o p s  g r o w n  u n d e r  i r r ig a t e d  a n d  r a in f e d  c o n d it io n s

Irrigated Rainfed
Storage period - 

(days) EC.68414 EC.68415 SuFl SuF2 K2 EC.68414 EC.68415 SuFl SuF2 K2
90 0.013 0 0 0 0 0.034 0 0 0 0.035

1 2 0 0.038 0 0.076 0.213 0.099 0.056 0.051 0 . 0 2 2 0.099 0.046
150 0.038 0 0.087 0.235 0.099 0.056 0.081 0.058 0.133 0.046
180 0.038 0.024 0.099 0.255 0.099 0.056 0.164 0.096 0.175 0.049
Mean 0.038 0.008 0.087 0.234 0.099 0.056 0.099 0.59 0.136 0.047

Anisidine value was zero in all varieties under irrigated and rainfed conditions upto 60th day of storage.

T a b l e  5. p i c r i c  a c i d  v a l u e  (o .d . a t  4 9 0  n m )  o f  s u n f l o w e r  o i l  c o l l e c t e d  f r o m  c r o p s  g r o w n  u n d e r  i r r i g a t e d  a n d  r a in f e d

CO ND IT IO NS

Irrigated Rainfed
Storage period ------------------------------- ---------------------- ———— -----  — -------------------- —-------------- -------- —---- -—--------

(days) EC.68414 EC.68415 SuFl SuF2 K2 EC.68414 EC.68415 SuFl SuF2 K2
60 0 0 0 0 0 0.013 0.027 0.026 0.006 0.016
90 0.029 0.003 0.019 0 0 0.033 0.036 0.042 0.015 0.018

1 2 0 0.046 0.039 0.030 0.030 0.029 0.033 0.036 0.042 0 . 0 2 2 0.018
150 0.046 0.040 0.35 0.031 0.05 0.033 0.038 0.042 0.024 0.018
180 0.050 0.046 0.037 0.031 0.038 0.033 0.038 0.042 0.035 0.018
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Table 6. m e a n  values of d if f e r e n t  c h e m ic a l  tests o f  irrigated
AND RAINFED SAMPLES

Irrigated Rainfed
Peroxide value 5.540 5.637
Free fatty acid content 5.120 2.640
Thiobarbituric acid value 0.280 0.320
Anisidine value 0.093 0.079
Picric acid value 0.031 0.031

The discrimination is found to be highly significant
(P=0.01), indicating that the parameters studied were 
closely associated with the development of rancidty of 
the oil.
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Samples of groundnut oil were randomly collected from the markets in Lucknow and Sitapur District of Uttar Pradesh, 
India. Organochlorine pesticide residues were estimated by gas-liquid chromatography using an electron capture detec
tor (3H). Besides DDT, its metabolites DDD and DDE, aldrin and isomers of HCH were detected in significantly 
high levels in almost all the samples analyzed. A comparison of DDT levels in groundnut oil with that earlier 
reported in India suggests, a steady state with regard to DDT contamination of food stuffs.

The presence of persistent organochlorine pesticide 
(OCP) residues, mainly 2, 2-bis (parachlorophenyl)-l, 1,
1-trichloroethane (DDT) and 1,2,3,4,5,6-hexachloro- 
cyclohexane (HCH) in feed stuffs and body tissues in 
India, is now well accepted. Main source of these 
environmental toxicants in body tissues appears to be 
the contamination offood chain. Organochlorine insecti
cides are lipophilic in nature and therefore, an assessment 
of fatty foodstuffs for the contamination of pesticide 
residues is of relevance. Contamination of various oils 
with DDT and BHC in India has already been 
reported1,2. Our earlier studies have also shown the 
presence of DDT, BHC and Aldrin in mustard, coconut 
and vegetable oils3. Groundnut is an important oil seed 
and is consumed as kernels or as oil. It is usually 
attacked by termites and white-grubs in Punjab and 
other places, and therefore, aldrin and BHC etc. are 
recommended for the control of these pests4. Present 
study was designed to assess the pesticide contamination 
of groundnut oil collected randomly from two districts 
of Uttar Pradesh.
M aterials and Methods

Sixty samples of oil from the local market (40 from 
Lucknow and adjoining areas and 20 from Sitapur 
and adjoining areas) were collected randomly, during 
September to November, 1980, and stored at room 
temperature till analysed, which is generally within 48 hr.

Chemicals used were of Analar grade unless otherwise 
indicated and checked against ECD (electron capture 
detector) contamination. n-Hexane used for extraction 
was purified and tested for pesticide contamination. 
Other solvents used were double distilled. Care was 
also taken to avoid glassware contamination by pesti- 
c ides.

The method used for extraction of pesticides was that 
of Mills et aft. n-Hexane was first treated with 1 ml 
of distilled water in a clean test tube and placed in a 
liquid air-methanol bath to remove the traces of acetoni
trile, if any. The unfrozen phase, that of hexane, was 
further treated with cone. H2SO4 (1 ml) three times, to 
remove the fat and the cleaned hexane was collected.

Cleaned samples were then analysed by gas-liquid 
chromatograph, Varian aerograph series “2400” with 
3H+ detector, under the following operating conditions6.

Carrier gas .. Purified nitrogen passing thr
ough silica gel & molecular 
sieve to remove moisture & 
oxygen respectively.

65 p.s.i.
40 ml/min 
190°C 
180°C 
200aC
A 16, A'4

10-9 mA.
Glass spiral column length 6ft., 

internal dia 1/8" packed with 
gas chrome Q (80/100 mesh) 
coated with 1.5 per cent OV-
17-7-1.95 per cent OV-210 by 
weight.

Sample .. 1.0 -  5.0 pi
Standards used were obtained from Poly Science 

Corporation, Illinois (U.S.A.). Residues detected were 
further confirmed by thin layer chromatography.

Gas pressure 
Flow rate 
Injector temp. 
Column temp. 
Detector temp. 
Attenuation 
Current 
Column

Results and Discussion
Levels of aldrin, HCH, DDT and its metabolites 

detected in the samples are given in Table 1. A compa-
25
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T a b l e  1. o r g a n o c h l o r in e  in s e c t ic id e  resid u es  (p .p .m.) in  
GROUNDNUT OIL SAMPLES FROM LUCKNOW AND SITAPUR DISTRICTS.

Pesticides Sitapur
M ean±S.E.

Lucknow
M ean±S.E.

BHC (HCH) 1.306 ±0.135 1.340±0.319
Aldrin 0.892 ±0.255 0.290 ±0.056
p,p'—DDE 1.330±0.178 0.634±0.136
p,p’—DDD 1.158 ±0.243 0.367±0.051
p,p’—DDT 0.384 ±0.077 0.858 ±0.270
2  DDT 2.960±0.396 l.956±0.370

HCH includes e<,/3 and 7 -isomers (lindane). 
2  DDT—Total DDT equivalent.

rison of the present findings has been made with those 
of earlier ones in Table 2.

Residue level of HCH given in Table 1. comprises 
of alpha, beta and gamma-isomers, the main stereoiso
mers of hexachlorocyclohexane (HCH). Although the 
range of contamination of groundnut oil with HCH is 
more in the samples collected from Lucknow region 
(0.199-6.421 ppm) than in Sitapur region (0.296-2.360 
ppm), there is not much variation in the mean residue 
levels (1.340 and 1.300 ppm respectively).

Residues of aldrin, in Sitapur district were about 4 
times the levels found in Lucknow. It may be men
tioned here that aldrin is closely associated with dieldrin, 
an epoxidation product of aldrin, but it could not be 
detected as our analytical procedure in the study in
volved treatment of extracted samples with concentrated 
H0SO4 which precludes dieldrin7. However, since tole-

TABLE 2 DDT RESIDUES IN OILS

Commodity Place
No. of 
samples 

examined
Residue level 

(PPm)

Groundnut Delhi1 5 5 -  7.1
, , Hyderabad2 1 0 —

Mustard Delhi1 3 22.1 -25.7
, , Lucknow3 25 1.4-10.9

Sesame Delhi1 3 1 0 . 0  -  1 2 .1

Coconut Delhi1 3 9.3 -  10.6
»> Lucknow3 25 0 .3 -  1 .6

Vegetable >* 25 0.55 -  5.4
Superscripts indicate reference numbers

ranee limit fixed by the F.D.A. of the U.S.A. for aldrin/ 
dieldrin in oil and oil seeds is 0.00 ppm, the exclusion 
of dieldrin has no impact on the study.

Total DDT equivalent which represents rather com
plete exposure of crop for DDT was also higher in Sita
pur (2.960 p.p.m.) than in Lucknow (1.955 ppm). 
In Sitapur, the total DDT equivalent was contributed 
by 1.330 ppm of p,p’-DDE and 1.158 ppm of p,p’-DDD 
(TDE). Level of p,p'-DDT was only 0 384 ppm. How
ever, in Lucknow 1.95 ppm of total DDT equivalent 
was contributed by 0.634 ppm of p,p’-DDE and 0.366 
ppm of p'p’-DDD. The parent compound p.p’-DDT 
was 0.857 ppm. Therefore, it may be concluded that 
either the rate of DDT metabolism in groundnut crop 
of Sitapur was higher than Lucknow or there was 
chronic exposure.

The suggested daily intake8 of fat in the form of vege
table oils like groundnut, sunflower, etc. is 15g which 
led to about 45 jttg of total DDT equivalent 19 ju.g of 
HCH and 13 ppm of aldrin, as the daily intake in Sitapur, 
and about 30 ppm of DDT, 19 ppm of HCH and 4.5 
ppm of aldrin in Lucknow. Since pesticidies enter into 
the body mainly through food chain contamination, 
edible oils may be taken as one of the main 
sources of pesticide buildup in the body tissues of 
humans. The possibility indicated by Thakare et all. 
that the oilseeds and oil are the sources of contamination 
of human fat therefore, seems to be correct.

If we compare the present residue level in the ground
nut oil with that of the work done about 8 years 
ago in Delhi1 and Hyderabad,2 the residue level range 
of DDT seems to be in a steady state.
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Tilapia mossambica fish were exposed to sublethal concentration (0.09 ppm) of methyl parathion for 48 hr. The 
Changes in body weight and water content were not significant. The sodium, potassium and calcium ions decreased 
in all the tissues of methyl parathion exposed fishes. These results suggest that the regulation of osmotic balance is more 
effective through the operation of salt pump rather than water pump.

The indiscriminate use of pesticides can be considered 
as one of the factors which alters the environment, 
causing several imbalances in the ecosystem, especially 
to the denizens of the aquatic media1. Hence to face such 
a changed environment, the animal should certainly 
undergo changes in its body constitution agreeable to 
that of the altered environment,2,3 leading to changes 
in the physiology of the organisms. Hence, some pre
liminary investigations were conducted on the fish, 
Tilapia mossambica exposed to sublethal concentrations 
of methyl parathion in static water media. The para
meters investigated include the changes in the whole 
body weight, water content and sodium, potassium and 
calcium ion contents. Though simple, these parameters 
are of profound importance in maintaining the homeo
static balance under methyl parathion imposed stress 
condition.
M aterials and Methods

The details of the maintenance, acclimation, feeding 
and determination of LC50 value of methyl parathion to
T. mossambica were described earlier.4,5. LC50 was 
found to be 0.27 p.p.m. for 48 hr5. Hence 0.09 p.p.m. 
concentration of methyl parath on was selected, since 
it is a sublethal concentration and the fishes weighing 
8.0± 2.0 g were sorted into six batches of 10 each and 
exposed for 48 hr. The troughs containing normal and

methyl parathion exposed (MPE) fishes were aerated 
frequently to prevent hypoxic condition of the medium.

Body weight changes were determined at 12 hr inter
vals. The water content was determined by drying them 
in a hot air oven at 80°C for 24 to 48 hr. The process 
was continued till no changes in weight was observed. 
The muscle, gill, liver and brain tissues of normal and 
MPE fishes were wet ashed5 and sodium, potassium and 
calcium were estimated using Elico flame photometer. 
The results were analysed by student ‘t’, test.2
Results and Discussion

The body weight of the MPE fish showed a slight 
decrease throughout the study up to 48 hr (Table 1), 
which may be either due to the utilisation of organic 
reserves or due to the loss of body water or may be due 
to both. A similar loss of body weight was reported 
in the house sparrows treated with DDT8, fish9 and 
snails19 under sublethal concentrations of malathion 
exposure. Since the loss of weight is associated with 
susceptibility to pesticides11, the gradual decrease in the 
body weight suggests the possibility of fatality on pro
longed exposure, probably due to the loss of some body 
constituents. Since the water content showed fluctu
ations (Table 1), the progressive loss of body weight 
during methyl parathion exposure may involve the loss 
of some body constituents other than water. The un-

Present address: Department of Zoology, Sri Venkateswara University, Post Graduate Extension Centre) Kavali-524 202, (A.P.) India



J t iU R N A L  O F  F O O D  S C IE N C E  A N T ) T E C H N O L O G Y , V O L ,  2D, J A N . /  F E B . 198328

Table 1. changes in the body weight and water content of normal and methyl parathion (mpe) exposed fish for
DIFEFRENT HOURS

Constituent
1 2  hr exposure 24 hr exposure 36 hr exposure 48 hr exposure

Normal MPE Normal MPE Normal MPE Normal MPE
Body weight 

(g)
10.175

±1.138
10.095

±1.129
(-0 .8 )

10.162
±1.038

10.008
±1.096

(- 2 )

10.152
±0.988

5.932
± ,.088

(- 2 )

10.125
±1.023

9.757
±1.087

(-4)
Water content 

(g/g fish)
0.718

±0.007
0.706

± 0 . 0 1 2
(- 2 )

0.712
±0.009

0.704
±0.008

(-D

0.714
± 0 . 0 1 0

0.723 
±0.009 

( + 1 )

0.716
±0.009

0.728
± 0 . 0 1 2

( + 2 )
Values are m ean±S.D . of 6  individual observations.
None of them were statistically significant from the control.
Figures in parenthesis indicate decrease (-sign) or increase ( + sign) over eontrol.

changed water content in the MPE fishes might also 
suggest the maintenance of osmotic balance during the 
stress condition. It is likely that this osmotic balance 
is the result of salt pump rather than water pump from 
the body to the medium, aimed towards maintaining 
the structural and functional properties of the cell under 
methyl parathion exposure.

The Na+, K+ and Ca++ in the muscle, gill, liver and 
brain tissues of 48 hr MPE fishes showed a decrease 
(Table 2). Except for the K+ and Ca++ contents in 
muscle and brain tissues, the decrease in Na+, K+ and 
Ca++ contents in all the four tissues were statistically 
significant. Eisler and Edmunds12 reported a decrease 
in the Na+, K+ and Ca++ contents of the liver of fish

exposed to endrin. The decrease in the ionic content of 
MPE tissues evidently suggest the change in the permea
bility properties of different biological membrane 
systems under methyl parathion exposure. It is reported 
that under stress conditions osmotically active substances 
like amino acids and metabolites like pyruvate and lac
tate may be on the increase3, perhaps to compensate the 
loss of inorganic ions. An increase in the tissue amino 
acid and pyruvate contents were also observed in the 
same fish species13, thus corrobarating with above 
observation. In the present study, the methyl parathion 
stress might have resulted in the hypertonicity of the 
animal tissues and MPE fish seem to prefer the salt 
pump over the water pump to maintain the isoosmotic

Table 2. changes in sodium, potassium and calcium contents (ihm/g wet wt. tissue) in the muscle, gill, liver and brain tissues
OF NORMAL AND METHYL PARATHION EXPOSED (M PE) (48 HR) FISH

Muscle Gill Liver BrainConstituent Normal MPE Normal MPE Normal MPE Normal MPE
Sodium 0.0448

±0.0034
0.0380

±0.0029“
(15)

0.0729
±0.0033

0.0657
± 0 .0 0 2 0 *“

(1 0 )

0.0410
±0.0023

0.0372
±0.0026*

(9)

0.0673
±0.0033

0.0611
±0.0023“

( 1 0 )
Potassium 0.0662

±0.0073
0.0612 

±0.0045 NS 
(9)

0.0367
±0.0028

0.0333
±0.0017*

(9)

0.048
±0.0061

0.0428 
±0.0051NS 

(ID

0.0422
±0.0024

0.0410
±0.0024NS

(3)
Calcium 0.0027

±0.0005
0.0024

±0.0004NS
( 1 1 )

0.0380
±0.0027

0.0325
±0.0027“

(14)

0.0045
±0.0004

0.0038 
±  0.0003 + 

(15)

0.0043
± 0 . 0 0 1 2

0.0038 
±0.0012NS 

(13)
Values are m ean±S.D . of 6  individual observations.
‘Significant at P < 0.05; “ Significant at P < 0 .01 ; NS, not significant; +Significant at P<0.025; ‘ “ Significant at P <0.005. 
Figures in parenthesis indicate % decrease over control.
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balance and this might have resulted in a decrease in the 
ioniccontent of MPEtissues, without change inthe water 
content of the whole animal.
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RESEARCH NOTES

OXYTETRACYCLINE FERM ENTATIO N: STRAIN  
SELECTION OF STREPTOM YCES RIMOSUS FOR  

IM PRO VED PR O D U C TIO N  OF  
OXYTETRACYCLINE

Ultraviolet light and X-rays were used to improve yields of 
Oxytetracycline by Streptomyces rimosus. A rapid method 
to isolate improved strain for Oxytetracycline production 
was employed after the preliminary screening of morphologi
cal mutants, but it did not prove efficient as the colony 
which gave a greater zone of inhibition did not always 
produce a higher antibiotic titre in liquid media. UV-Iight 
at a dose level giving about 8  % survival resulted in the pro
duction of mutants which enhanced antibiotic activity and 
gave Oxytetracycline production 140% better than the 
original strain of 5 . rimosus, and was superior to other doses 
of UV-Iight and X-rays.

Mutations and selection have been used for many 
years effectively for the isolation of strains of fungi1,2 
and actinomycetes3 with improved and higher antibiotic 
production. The technique has been used for the deve
lopment of new strains with increased production of 
Oxytetracycline4,3, but without much success. The 
information is limited and there is always a demand for 
highly improved strains in the competitive field of indu
strial production. Many mutagenic agents are used for 
improved strain selection, in our present study, an 
attempt has been made to develop high yielding strains 
of Streptomyces rimosus, known to produce Oxytetra
cycline, using UV-light and X-rays as mutagens.

A strain of S. rimosus6 producing Oxytetracycline was 
maintained on tryptone-glucose yeast agar slants. 
Spore suspension was made with sterile distilled water 
and the viable spore density was adjusted to 5.5 xlO7 
counts per ml of the suspension. The mutagenic agents 
employed in this experiment were ultraviolet light 
(Philips germicidal tube, 15 Watts, 230-250 m t̂ wave 
length) and X-rays (RADON type, 110 KV-and 11.2 
mA). One ml of the spore suspension taken in a small 
petri dish was exposed to UV-light at a distance of 16 cm 
with frequent shaking. In treatment with X-rays, one 
ml of spore suspension of an improved strain selected 
after UV-radiation was taken in carrel flask, and was 
subjected to exposure with X-rays.

The treated spores were plated on the agar medium 
and the colonies on the plates were flooded with soft 
nutrient agar seeded with the test organism, Bacillus 
cereus, to measure the potency7 of the colonies, which

were morphologically different from the parent and 
selected in the preliminary screening as morphological 
mutants. The morphological mutants, selected from 
different stages of treatment, were finally tested for 
antibiotic acitivity by a shake flask process in the fer
mentation medium consisting of 1 per cent corn starch, 
1 per cent soybean meal, 0.3 per cent NaN03. 0.1 per 
cent enzyme hydrolysed casein, 0.02 per cent CaC03 
and 100 ml distilled water (pH 7.0). Each 250 ml Erlen- 
meyer flask containing 40 ml medium was inoculated 
with 2.5 per cent (V/V) seed culture of vegetative myce
lium and incubated at 28°C for 4 days on a rotary shaker 
(150 r.p.m.). The antibiotic concentration in fermenta
tion broth was determined by the conventional cup-plate 
method8 using B. cereus as the test organism. The 
mycelial growth was measured by taking the weight of 
dry cells kept at 80±5°C in an oven for 24 hr.

Exposure of spores of S. rimosus producing oxytetra- 
cycline to ultraviolet light for 60 and 90 min. giving 
about 8 per cent and 0.04 per cent survival respectively, 
resulted in the production of morphological mutants 
among the survivors, of which 20 per cent gave higher 
yields and 66 per cent exhibited activities of oxytetra- 
cycline production. An improved strain obtained from 
UV-radiation was further treated with 25 and 30 krad 
of X-rays resulting 98.1 and 99.9 per cent killing res
pectively. But none of the doses of X-rays was effective 
in producing superior colony among the morphological 
mutants from the survivors with the exception of low 
producers (33 per cent at a dose of 25 kilorads and 66 
per cent at 30 kilorads).

The zone o f inhibition of the test organism as a measure 
of the potency of the mutants: The relationship between 
zone-diameter and the antibiotic potency of some of 
the morphological mutants is shown in Table 1. 
It was observed that the colony which gave a greater 
zone of inhibition did not always give a higher antibiotic 
titre in liquid media. Some colonies which were over
grown by the sensitive organism gave maximum yield 
of oxytetracycline in the fermentation broth. The 
colony size of the isolates was more or less the same and 
their morphology d d not differ markedly from the 
parent except some pinkish shade, star-like structure, 
distinct corners with central hole, uneven surface and 
serrated edges in some of the colonies. Therefore, the 
zone-diameter in flooding technique cannot be used as 
an assured means for quick isolation of high yielding 
mutants of S. rimosus.

Effect o f ultraviolet and X-rays on cultural characters 
and antibiotic potency of S. rimosus: Effect of UV.

30
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T a b l e  1. r e l a t io n s h ip  b e t w e e n  z o n e -d ia m e t e r  a n d  a n t ib io t ic

POTENCY AMONG THE M O RPH OLO G ICAL M U TAN TS  AFTER TREATM ENT  

W IT H  U V-L IG H T  A N D  X-RAYS

UV X-ray Zone- Oxytetracycline
Mutants radiation time dose diameter in broth

(min) (Kr) (mm) ( u  g/ml)
UV-60/1 60 — 2 0 37
UV-60/2 60 — 30 37
UV-60/3 60 — 32 77
UV-60/4 60 — 18 103
UV-60/5 60 — 30 28
UV-60/6 60 — 25 43
UV-60/7 60 Nil 32
UV-60/8 60 - 24 28
X—25 /141 — 25 17 1 2 0
X-25/142 — 25 1 0 105
X-25/143 — 25 1 2 1 2 0
X-25/144 — 25 7 77
X-25/145 — 25 Nil 1 2 0
X-25/146 — 25 Nil 1 2 0

X-30/141 — 30 15 50
X-30/142 — 30 19 1 2 0
X-30/I43 — 30 18 1 1 0
X-30/144 — 30 28 1 2 0
X-30/145 — 30 Nil 38
X-30/146 — 30 13 90

light, and X-ray exposure of S. rimosus on cultural 
characters and antibiotic production is shown in Tables 
2 and 3. On treatment with ultraviolet light for 60 and 
90 min, more than hundred colonies from those surviving 
the treatment were selected as morphological mutants, 
out of which only 18 isolates were listed in Table 2, 
showing 4 as high-yielding and 9 as low-yielding types. 
On further treatment of an improved strain UV-60/14 
with X-rays, 12 colonies were selected at random from 
the morphological mutants and were tested for anti
biotic potency and cultural changes in liquid media, 
but none exhibited better activities (Table 3). Treatment 
with ultraviolet light for 60 min. produced superior 
mutants, which gave 80-140 per cent better production 
of oxytetracycline than the original strain of S. rimosus. 
There was no relationship between mycelial growth and 
oxytetracycline production, but it was noted that all the 
high-yielding mutants showed more rapid and abundant 
growth than the parent. Although the colonies of the 
mutants did not differ so far from the parent, in shake 
flask, the high-yielding mutants showed variability in 
cultural characters by granular growth and black pig
mentation, and low-producers by flaky mycelium and 
yellow pigment from the parent strain whose myce
lium was of globular type and colour of pigment was 
brown.

T a b l e  2. m u t a g e n ic  e f f e c t  o n  c u l t u r a l  c h a r a c t e r s  a n d  o x y t e t r a c y c l in e  p r o d u c t io n  b y  m o r p h o l o g ic a l  m u t a n t s  f r o m  a
PARENT STRA IN  OF S .  R I M O S U S  EXPOSED TO  U V-L IG H T

Mutants UV radiation time 
(min)

Mycelial growth 
(mg/ml)

Morphology in liquid 
media

Pigmentation 
(broth colour)

Oxytetracycline in 
broth ( ju. g/ml)

Parent 60 6 .1 globular brown 50
UV -  60/4 60 7.6 granular black 103
UV -  60/5 60 6 . 2 flaky yellow 28
U V - 60/11 60 7.4 granular black 90
UV -  60/14 60 8.3 granular black 1 2 0
U V - 60/18 60 5.4 flaky yellow 27
UV -  60/20 60 4.8 flaky yellow 32
UV -  60/24 60 6.7 globular brown 50
UV -  60/25 60 6.5 flaky yellow 37
UV -  60/28 60 6.9 granular black 105
UV -  60/36 60 8 .1 flaky yellow 40
UV -  60/39 60 7.7 granular black 67
UV -  90/1 90 4.7 flaky yellow 38
UV -  90/2 90 5.5 flaky yellow 37
UV -  90/4 90 6.9 globular brown 58
UV -  90/6 90 6 .1 flaky yellow 32
UV -  90/9 90 7.5 globular brown 57
U V -90/15 90 6 .1 flaky yellow 32
U V -90/18 90 6 . 2 globular brown 50
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T able 3. mutagenic EFFECT ON C U LTU R A L CHARACTERS AN D  A N T IB IO T IC  PRO DU CT IO N  BY  

STRA IN  U V - 60/14 EXPOSED TO-X-RAY

M O RPH OLOG ICAL M U TANTS  FROM A M U T A N T

Mutants X-ray dose (Kr) Mycelial growth 
(mg/ml)

Morphology in liquid 
media

Pigmentation 
(broth colour)

Oxytetracycline in 
broth ( ju  g/ml)

UV -  60/14 25 8.3 granular black 1 2 0

X - 25/141 25 8.9 granular black 1 2 0

X - 25/142 25 8.5 granular black 105
X -  25/143 25 8.3 granular black 1 2 0

X -  25/144 25 6 . 2 globular brown 77
X -  25/145 25 7.7 granular black 1 2 0

X -  25/146 25 6.9 granular black 1 2 0

X -  30/141 30 7.9 flaky yellow 50
X -  30/142 30 8.2 granular black 1 2 0

X -  30/143 30 7.6 granular black 1 1 0

X - 30/144 30 7.8 granular black 1 2 0

X -  30/145 30 6.4 flaky yellow 38
X -  30/146 30 7.1 granular black 90
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PH YSICO -CH EM ICAL CHARACTERISTICS AND  
FATTY ACID C O M PO SIT IO N  OF SO M E  
IM PO RTED AND IN D IG EN O U S VARIETIES OF 

R A PESEED OIL

Rapeseed (Brassica campestris) oil extracted from eight 
imported cultivars had erucic acid content ranging from 
0 to 3.8 per cent in contrast to 48.8 to 55.4 per cent in indi
genous varieties. Distinct differences in Iodine value, sapo
nification value and Bellier turbidity temperature value were 
observed between imported and indigenous rapeseed oils. 
Indigenous rapeseed varieties had 7.8 to 13.6 per cent oleic 
acid, whereas imported varieties had 55.8 to 64.9 per cent.
Poly unsaturated fatty acids were present to the extent of 
36 per cent in imported oils in contrast to 27 per cent in indi
genous rapeseed oil.

Rapeseed (Brassica campestris) oil differs from other 
vegetable oils as they contain 45-55 per cent of erucic 
acid (cis. 13-dccosencic acid)1. The use of high erucic 
acid oil in the diet may cause myocardial fibrosis2. New 
varieties of rapeseed, low in erucic acid, have been 
developed in Canada and Sweden.

The results of the analysis on the extracted oil from 
the imported and indigenous rapeseeds are presented in 
this communication.

Six rapeseed and one oil sample from Canada (var. 
‘Candle’, ‘Tower’, ‘Canola-3’, Alberta-2’, ‘Canola’ 
{B. campestris +  B. napus), ‘Saskat chewan’, and refined 
Canola’ oil), one refined rapeseed oil from Sweden, one 
rapeseed (var. ‘T-59’)and one mustard seed (var.‘RT-ll’,

S. K. Mandal 
P. K. Dey 
M. P. Singh 
D. K. Roy
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from Agricultural Research Station, Haryana (India), 
and one mustard sample from Mysore market, were 
used. The seeds were cleaned by sieving and hand 
picking. About 50 g seeds in each case was powdered 
in a waring blender. The oil was completely extracted 
using petroleum ether (40-60°C) solvent in a soxhlet 
apparatus. Solvent was removed under reduced pres
sure in arotary evaporator. The filtered oil wasusedfor

the analysis. Butyro-refractometer reading (BRR) of 
the oil samples was determined at 40°C using an oil 
refractometer (Advance Research Instruments Co., New 
Delhi). Bellier turbidity temperature (acetic acid method), 
iodine value (Wij’s), saponification value and free fatty 
acid contents were determined according to AOCS 
procedures3.

The sodium methoxide catalysed transesterification

T a b l e  1. p h y s ic a l A N D  CH EM ICAL CHARACTERISTICS OF IM PORTED A N D  IND IGENOUS RAPESEED O ILS A N D  MUSTARD SEED O IL

Butyro-refracto Refractive Bellier turbi Iodine value Saponification Unsaponifaible F.F.A
Variety meter reading at 

40°C
index dity temp. 

(°C)
t w o s ’) value matter

(%)
(as oleic acid) 

(%)
Candle 61.0 1.4667 15.5 121.3 187.3 1.50 0.96
Tower 60.0 1.4659 16.0 118.2 191.2 1.42 0 . 8 6
Canola-3 60.0 1.4659 17.0 1 2 1 . 2 182.8 1.40 1.54
Alberta-2 60.0 1.4659 16.5 121.5 190.0 1.45 1.40
Canola 60.0 1.4659 17.08 121.4 189.9 1.40 0.70
Saskatchewan 58.0 1.4646 17.0 115.7 196.0 1.42 0.45
Canola oil (refined) 60.0 1.4659 16.5 1 2 1 . 0 190.0 1 . 2 0 0 . 2 0
Rapeseed oil (Sweden) 60.0 1.4659 17.0 1 2 0 . 0 189.5 1.30 0 . 2 0
T-59 (Haryana) 58.0 1.4646 28.3 106.0 170.2 1 .0 0 0.90
RT-11 (Haryana)* 58.5 1.4636 27.1 106.0 170.5 0.97 082
Mysore sample* 59.0 1.4652 28.5 107.0 171.4 0.97 0.98

♦ Mustard oil samples

T a b l e  2. f a t t y  a c id  co m po sitio n  o f  r a pes ee d  o il  e x t r a c t e d  from  im p o r ted  a n d  in d ig e n o u s  v a r ie t ie s  a n d

variety
14:0 16:0 16:1

Candle T 3.27 0.35
Tower T 3.80 0.40
Sample-3 T 4.05 T
Alberta-2 T 3.55 T
Canola T 3.59 0.46
Saskatchewan T 4.40 0.35
Rapeseed oil 

(Sweden) T 5.90 T
Canola oil 

(refined) T 5.80 T
T-59 (Haryana) Nil 2.90 T
RT-11 (Haryana)* Nil 2.40 T
Mysore samples* Nil 2.80 T

T-Traces, <--------<0.3
♦ Mustard oil samples.

m u s t a r d  s e e d  o il

Fatty acid (%) by wt
18:0 18:1 18:2 18:3 2 0 : 0

1 .2 0 55.84 22.83 12.04 0.44
1 .2 1 64.88 16.30 12.07 0.25
0.77 53.73 24.56 11.82 0 .2 1

1 .0 1 58.87 2 1 . 1 2 13.53 0 . 2 0

0.81 53.94 24.92 11.95 0.36
0.64 59.43 23.03 9.55 0.44

1.80 58.90 2 0 . 2 0 13.20 T

1.30 61.20 14.20 13.20 T
1.80 1 0 . 1 0 14.10 10.70 0.50
0.70 7.80 15.60 1 0 . 2 0 0.56
1 . 1 0 13.60 16.50 10.50 0.60

Iodine value
2 0 : 1 2 2 : 0 2 2 : 1 Experi

mental
Theore

tical
1.35 T 2.50 121.3 1 2 1 . 8

1.18 T Nil 118.2 117.1
2.48 T 2.36 1 2 1 . 2 123.6
1.83 T 1.89 121.5 123.9
2.03 T 1.84 121.4 124.5
1.46 T 0.60 115.7 118.1

T T Nil 1 2 1 . 0 120.3

0.50 T 3.80 1 2 0 . 0 115.5
4.00 0.42 55.40 106.0 106.7
4.90 0.46 55.40 106.0 107.0
5.70 0.40 48.80 107.0 107.6
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procedure-* was followed for the preparation of fatty 
acid methyl esters. Separation of the esters was carried 
out using a ClC dual column chromatograph equipped 
with hydrogen flame ionisation detector, under the 
following conditions: Stainless steel column (5'xl/8") 
packed with 15 per cent diethylene glycol succinate on 
Chromosorb W (80-100 mesh); column temperature 
185°C isothermal; injector and detector ports adjusted 
to 240°C; carrier gas, N2 15 ml/min; H2, 20 ml/min. 
Identification of the fatty acids was made by comparison 
with standards (Sigma). Quantitation of the peaks was 
done by triangulation. Each analysis was carried cut in 
triplicate and the average is reported.

The results presented in Table 1 show that iodine 
value of the imported rapeseed oils is higher (115.7 to
121.5) than the oils from indigenous varieties of rapeseed 
and mustard oils (106 to 107). This is reflected in the 
fatty acid composition presented in Table 2. Bellier 
turbidity temperature value ranged between 15.5 and 
17.03C for imported rapeseed oils, whereas it was 
between 27.1°C and 28.5°C for indigenous rapeseed and 
mustard oils. Unsaponifiable matter was present upto
1.5 per cent in the imported rapeseed oils, in contrast 
to 1.0 per cent in indigenous rapeseed oils. In general, 
as can be seen from Table 2, low erucic rapeseed oils 
contained higher oleic, linoleic and linolenic acids. This 
is in accordance with earlier observation1. The experi
mentally determined iodine values were in agreement 
with the calculated values (Table 2). The lower Bellier 
turbidity temperature value (below 17°C) obtained for 
imported rapeseed oils may be attributed to the pres
ence of lower amounts of arachidic and behenic acids 
than in indigenous oils. Linolenic acid content in 
imported rapeseed oils ranged between 12 and 13.5 per 
cent, whereas it was 10.2 to 10.7 in indigenous oils.

We thank Mr. Kantharaje Urs, of the Institute for 
the supply of indigenous rapeseed varieties and the 
Directorate General of Health Services for procuring 
rapeseed cultivars from Canada. Thanks are also due to 
Dr. D. P. Sen, Project Coordinator, Lipid Technology 
for his valuable suggestions in the preparation of the 
manuscript and to the Director of this Institute for his 
interest in this investigation.
Analytical Quality Control 
Laboratory, C.F.T.R.I,
Mysore-570 013, India.
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A SIMPLE DROPPING METHOD FOR DETER
MINING THE TEXTURE IN PARBOILED RICES

Optimally cooked, mild to severely parboiled rice samples 
after I hr of cooking are taken in a rectangular box having 
flap doors at the bottom. On instantaneously opening the 
flap doors, the grains fall on a glass plate kept 75 cm below 
the box. The glass plate is marked with concentric circles 
of 5 cm radial difference and the grains that occupy dif
ferent circles are collected separately and weighed quickly. 
More severe the parboiling, greater was the area to which 
the cooked rice got distributed. Based on the proportion 
of grains that occupied the first two circles, the parboiled 
samples could be graded for their texture. Samples were 
graded as ‘tough’, when more than half of the grains got dis
tributed beyond 1 0  cm radius from the central point of drop.

In recent years, there is a spurt in parboiled rice pro
duction in the traditionally raw rice milling areas like 
Punjab and Andhra Pradesh resulting in flooding of the 
market with different types of parboiled rices. The 
existing specifications1 for parboiled rice do not stipulate 
any criteria for accepting rice based on its palatability 
characteristics and consequently the traders face with 
certain problems in disposing of rice in consuming areas 
like Kerala. Though certain instrumental tests2 5 for 
determining the texture of cooked rice have been deve
loped and some6,7 have been used for assessing the tex
ture of parboiled rice, the need for developing a simple 
test was felt. Hence, the following dropping method is 
proposed.

Six month old ‘IR 20’ paddy was soaked in cold (CS)8, 
warm (WS)9 and hot (HS)*o water and steamed at 0 psig 
for 10 min. One lot of ‘IR 20’—WS was steamed at 0 
psig for 20, 30 and 40 rain also. WS samples of ‘TKM 9’ 
and ‘Co 25’ were parboiled at 80, 90, 100, 110 and 120°C 
for 10 min11. One lot of paddy was soaked in water at 
room temperature for 30 min, steamed at 0 psig for 
10 min followed by 5 psig for 20 min and 15 psig for 30 
min (designated as PP). All these samples were shade 
dried, dehulled in a Satake grain testing mill and polished 
in a McGill miller No. 3 to 6^0.1 per cent degree of 
milling.

Rice was cooked in excess water to its optimal cooking 
time12. As the optimal cooking time could not be
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determined in 110°C, 120°C, and PP samples by the 
customary glass-plate opaque-ccre method, these samples 
were cooked for 2 min more than the 40-min steamed 
samples13. After the completion of cooking, the excess 
cook water was drained and the sample transferred to 
petridish containing a filter paper inside the lid. The 
petridish was placed in a water saturated chamber and 
the samples tested after 1 hr of cooking. The equili
brated moisture content of rice upon soaking at room 
temperature (EMC-S) was also determined14.

Device for dropping the cooked rice: Fifteen grams
cooked rice kept uniformly distributed in a rectangular 
sample box (A) of 4 x 4 x 4  cm made of acrylic sheet was 
momentarily dropped over a glass plate (B) of 60x60 
cm placed on the floor by releasing the bottom flaps 
(C) by turning the release lever (D) which supports the 
flaps (Fig. 1). Concentric circles of 5 cm radial distance 
are marked on the glass plate from the central point of

T a b l e  I .  d is t r ib u t io n  o f  c o o k f d  p a r b o il e d  r ic e  d r o p p e d  

FROM 75 CM HEIGHT ( % )

Treatment 1
circle

11
circle

I + II
circle

1 0  min. steamed 61.4 31.3 92.7
2 0  „ 51.3 28.4 79.7
30 „ 37.6 21.3 58.9
40 „ 24.7 12.3 37.0
Cold soaked 60.0 25.9 85.9
Warm soaked 55.1 2 2 .8 77.9
Hot soaked 25.3 29.0 54.3
Pressure parboiled 19.3 15.1 34.4

drop. The cooked grains were dropped from a height 
of 50 and 75 cm on the glass plate and the grains that 
occupied each circle were quickly collected and weighed 
separately. The test was repeated thrice.

Wide distribution of samples on the glass plate occur
red while dropping from a height of 75 cm and hence the 
results pertaining to 75 cm height alone were considered. 
The quantity of grains that remained within 10 cm radius 
from dropping point was considerably low in case of seve
rely parboiled samples (Table 1) indicating their tough 
textures. In case of 40-min steamed and PP samples, 
the grains occupying the first circle were less than 
25 per cent cf the samples taken up for the test, whereas,

T a b l e  2. c o o k e d  r ic e  f a l l i n g  w i t h i n  t h e  f ir s t  t w o  c ir c l e s

AN D  THE IR  EMC-S VALUES

Parboiling % grains EMC-S(% ,d.b.)
temp. Variety within the 1st of polished
(°C) two circles rice

Raw Co 25 91.7 41.9
TKM 9 80.4 39.6

80 Co 25 78.3 75.8
TKM 9 6 6 . 0 68.9

90 Co 25 68.9 107.7
TKM 9 65.2 83.9

1 0 0 Co 25 59.1 1 2 1 . 6
TKM 9 56.5 94.1

1 1 0 Co 25 44.4 139.6
TKM 9 50.1 109.9

1 2 0 Co 25 41.3 145.4
TKM 9 45.7 124.8

PP Co 25 28.9 167.8
TKM 9 44.2 136.1

PP: Pressure parboiling
A. Sample holder, B. Glass plate, C. Bottom flaps, D. Release
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they were more than 50 per cenr in 10- and 20-min 
steamed and CS and WS samples. Except in 40-min 
steamed 110, 120°C and PP samples, in all other cases 
the grains that occupied the first two circles formed more 
than 50 per cent cf the samples taken up for the test. 
Negative correlation (r=  -0.936**) was observed bet
ween the proportion of grains that occupied the first 
two circles and the EMC-S values (Table 2). The 
quality of the cooked rices parboiled for a longer time 
or at temperatures above 100°C was poor15. This test 
also indicates a similar pattern in quality. While testing 
optimally cooked raw samples, appreciable quantity 
stuck to the sides and the flap doors of the box. Because 
of the simplicity and rapidity of this test, this method 
would be useful in grading parboiled rice texture at 
field level.

Sincere thanks to Mr. A. N. Dyaneswaran, Project 
Head, for providingfacilities and to Mr S. Govindasamy, 
Workshop Engineer for his help in fabricating the device.
Paddy Processing Research Centre, P. P il l a iy a r

Tiruvarur-610 001, India. R .  M o h a n d o s s
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EFFECT OF HEAT TREATMENTS ON STABILITY 
OF ASCORBIC ACID IN COPPER CONTAMI
NATED MILK OF COWS AND BUFFALOES

Losses in ascorbic acid content during heating and storage 
of cow and buffalo milk contaminated with copper are re
ported. Compared to cow milk, the losses were significantly 
less in buffalow milk. During storage for 48 hr at 5 ^  1°C, 
ascorbic acid was almost completely destroyed in cow milk 
contaminated with 0.4 ppm copper; the corresponding losses 
in buffalow milk were 25-40%.

Ascorbic acid is very sensitive to light, heat and 
copper. Pasteurization destroys appreciable quantities 
of ascorbic acid in cow milk, especially when it is con
taminated with copper1-3. Earlier work4 has shown 
that in buffalo milk, copper is less detrimental to the 
stability of ascorbic acid. Losses of ascorbic acid during 
heating and storage of buffalo milk contaminated with 
copper are reported here. For the purpose of comparison, 
data on cow milk are presented.

Milk from cows and buffaloes was collected indivi
dually from four animals each, directly in brown glass 
bottles. The milk was pooled in another brown bottle 
and divided into two portions. Copper sulphate solu
tion was added to one portion to give it an added copper 
content of 0.4 ppm. Samples with and without added 
copper were further divided into four parts and subjected 
to four different types of heat treatments. These treat
ments were (.i) without heating, the samples were kept at 
room temperature, (//') heating at 63°C for 30 min in a 
thermostatic water bath (L.T.L.T. treatment) (Hi) 
heating at 71 °C for 15-20 sec (H.T.S.T. treatment), and 
O'v) heating just to boil, followed by immediately cooling 
to room temperature (27°C) with chilled water. Ascorbic 
acid was estimated immediately and after a storage 
period of 48 hr (in a refrigerator) by the method of 
Pelletier5.

The average ascorbic acid content of fresh cow milk 
was 17.1 mg/1 and that of buffalo milk was 22.8 mg/1. 
Heating reduced ascorbic acid content in cowand buffalo 
milk as shown in Table 1. The loss was 10.6, 4.7 and
6.8 per cent during LTLT, HTST and boiling, respecti
vely in cow milk. Ir. buffalo milk, the corresponding 
values were 7.4, 4.2 and 5. 4 per cent respectively.
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T a b l e  I .  a s c o r b ic  a c id  c o n t e n t  (m /g 1) o f  c o p p e r  c o n t a m i

n a t e d  R A W  A N D  HEATED  M IL K

Cow milk BufFallo milk
Treatment Uncontami

nated
Contami

nated*
Uncontami

nated
Contami

nated
Raw milk 17.1 14.8 2 2 . 8 20.5
L.T.L.T. 15.3 11.3 2 1 . 2 18.5
H.T.S.T. 16.3 13.5 21.9 2 0 . 2
Boiling 15.9 13.7 2 1 . 6 19.3

*Level of copper contamination 0.4 ppm

Presence of copper influenced the degree of loss. With
0.4 ppm copper, the milk samples lost more than 10 
per cent of its ascorbic acid content in about 2 hr. 
After LTLT, HTSTand boiling, the losses in cow milk 
were 34.0, 21.1 and 20.2 per cent and in buffalo milk 
18.9, 11.6 and 15.7 per cent respectively. The destruc
tion of ascorbic acid during heating of buffalo milk was 
less in the presence of copper.

It is reported that pasteurization of milk by LTLT 
generally results in about 20 per cent decrease of ascorbic 
acid, while the loss by HTST method is much less. In 
the present study, even though the destruction of ascorbic 
acid was less by HTST than LTLT treatment, this 
difference was not significant either in cow milk or in 
buffalo milk which are free from copper contamination. 
In copper contaminated cow milk however, LTLT 
treatment caused significantly higher destruction of 
ascorbic acid than the other two heat treatments. Un
like in cow milk, LTLT treatment—compared to the 
other two treatments-did not destroy significantly 
higher quantity of ascorbic acid in buffalo milk.

Ascorbic acid content of stored milk as influenced by 
different heat treatments is presented in Table 2. Con
siderable destruction of ascorbic acid occurred during 
storage of milk depending upon the treatments the 
samples received. In cow milk samples free from copper 
contamination, about 25 per cent of the ascorbic acid

T a b l e  2 . a s c o r b ic  a c id  c o n t e n t  (/m o /1 ) o f  c o p p e r  c o n t a m i

n a t e d  R A W  A N D  HEATED M IL K *  STORED FOR 48  HR  A T  S ^ U c

Cow milk Buffalo milk
Treatment Uncontami

nated
Contami

nated
Uncontami-

nated
Contami

nated
Raw milk 13.2 0.9 2 1 . 2 15.1
L.T.L.T. 11.9 0.7 18.7 14.1
H.T.S.T. 1 2 . 6 1 .0 19.7 17.1
Boiling 12.9 9.3 19.1 16.2

‘Ascorbic acid contents of fresh cow and buffalo milk were 17.1 
and 2 2 . 8  mg/1  respectively.

was destroyed during refrigerated storage for 48 hr, 
irrespective of the initial heat treatments given to the 
sample. In copper contaminated milk, the destruction 
of ascorbic acid was almost complete during this period 
except in boiled samples. The losses in boiled milk were 
comparatively less, probably due to the sulphydryl group 
activated during boiling^-?, which actsasanantoxidant8. 
The losses of ascorbic acid during storage was noticeably 
less in buffalo milk compared to cow milk, particularly 
in samples contaminated with copper to the same degree. 
Ascorbic acid was almost completely destroyed in 
copper contaminated cow milk during storage for 48 
hr, about 25-40 per cent losses were noticed in buffalo 
milk. This marked difference in the stability of ascorbic 
acid could be due to differences in the association of 
copper with the constituents of milk. It has been re
ported that complexing of copper alters its catalytic 
activity9. Therefore, changes in the association pattern 
of copper in milk would affect its influences on ascorbic 
acid.
Southern Regional Station. S y e d  A n w a r
National Dairy Research Institute, V . U n n i k r i s h n a n
Bangalore, India.
Received 18 June 1981 
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ABSORPTION AND RETENTION OF SULPHUR- 
DIOXIDE IN RAW MANGO SLICES DURING 

DRYING AND DEHYDRATION
Raw mango slices after blanching were sulphited by steeping 
the slices in 1.0, 2.0, 3.0 and 4.0 per cent potasaium meta
bisulphite (KMS) solution for 15 and 30 min. Absorption 
and retention of SO2  increased with increasing concentration 
of KMS solution and duration of steeping. Longer steeping 
time (30 min) helped better retention of SOj.

The presence of sulphur dioxide (SO2) in the 
dried fruit is essential to preserve natural colour, 
flavour, and palatability and to prevent nutritional 
losses, like ascorbic acid, during drying and storage. 
It is necessary to standardize conditions, whereby 
enough SO2 is taken up by the fruit for proper retention 
after drying. Sulphur dioxide treatment is done either 
by burning raw sulphur in the presence of fruits or by 
dipping the fruits in sulphite, bisulphite, or metabisul
phite solutions. The absorption and retention of SO2 
depend on variety, general condition and type of fruit1,2. 
In case of pineapple, Bhatia et ali . observed that steep
ing in 0.25 to 2.5 per cent potassium metabisulphite 
solution for 30 min was insufficient to give the desired

concentration of S02. McBean et al2, observed that 
SO2 concentration in the atmosphere surrounding the 
fruit was one of the most important factors influencing 
the uptake of SO2 and the absorption of S02 increased 
with increase in time.

To assess the possibilities of utilizing dried raw mango 
slices for preparation of mango chutney, absorption 
and retention of S02 during drying and dehydration of 
raw mango slices have been studied.

Raw mangoes of required maturity, size and shape 
were collected from market, peeled, cut into slices, 
blanched in boiling water for 2.5 min. for peroxidase 
inactivation4, and then sulphited. Sulpbitation was done 
by steeping the slices in 1.0, 2.0, 3.0 and 4.0 per cent 
KMS solution for 15 and 30 min. The ratio of weight 
of potassium metabisulphite solution to slices was 2:1. 
Sulphited slices were dried in sun and in cabinet drier 
at 57°±5°C temperature to 6 per cent moisture level. 
Absorption of S02 during sulphitation and its retention 
during drying was determined by the method of A.O.- 
A.C.5.

The amount of the S02 absorbed and retained was 
directly proportional to the concentration of KMS 
solution and the time of steeping (Fig. 1 and Table 1).

T a b l e  1. a b s o r p t io n  a n d  r e t e n t io n  o f  s u l p h u r d io x id e  b y  r a w  m a n g o  s l ic e s  a s  a f f e c t e d  b y  c o n c e n t r a t io n  o f  k m s  a n d  t i m e

OF STEEPING

Method of drying
KMS concn 

(%)
Absorption of SO, (ppm) at indicated 

periods of steeping
Retention of SO2 (ppm) at indicated 

periods of steeping
15 min 30 min 15 min 30 min

Sun-drying 1.0 1 0 0 0 1248 8800 256
(8333.30) ((10400) (93.61) (269.47)

2 . 0 1231 2 1 1 2 500 950
(10258.33) (17600) (544.68) (1 0 0 0 .0 0 )

3.0 2258 3480 1504 2288
(18866.66) (29000) (1600.00) (24.08.42)

4.0 3027 4664 2421 5472
(25225.00) (38866.66) (2575.53) (5760.00)

Cabinet drying 1.0 1 0 0 0 1248 288.00 1056.00
(8333.30) (10400) (303.15) (1111.57)

2 . 0 0 1231 2 1 1 2 1440 2816
(10258.33) (17600) (1515.78) (2964.21)

3.0 2258 3480 2764 5488
(18866.66) (29000) (2909.47) (5776.84)

4.0 3027 4664 2816 5500
(25225.00) (38866.66) (2964.21) (5789.47)

Figures in parentheses indicate values on moisture free basis.
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tf min steeping 30  «in stamping
P o tass iu m  m stcb isu lph ite  concX*M

n G .  1. Relative absorption and retention o f  Sulphur dioxide in 
mango slices.

Similar observations were made by McBean et al2. 
in apricot, peaches and pears, Long et alL and Kikon6 
in apples and Hirway? in guava. However, in cabinet 
drying, above 3 per cent concentration of KMS a corres
ponding increase in concentration of KMS did not 
help to have proportional retent on of S02. Absorption 
and retention of S02 in all the concentration of KMS 
was greater in slices steeped for 30 min than for 15 min. 
Between the two methods of drying, the retention of S02 
was more in cabinet dried slices as compared to sun-dried 
samples, irrespective of steeping time and concentration 
of KMS (Fig. 1 and Table 1).

In the present study, the maximum retention of S02 
was in those treated with 4.0 per cent KMS for 30 min.

This retention was above the upper limit prescribed by
F.P.OA Therefore, to get the maximum retention of S02 
of 2000 ppm in raw mango slices, sulphitation should 
be done for 30 min in less than 3 per cent KMS concen
tration when it is sun-dried, and less than 2 per cent 
KMS for cabinet drying. However, with 15 min steeping 
the concentration of KMS should be increased further.
Dept, of Horticulture, D. M .  K h e d k a r

Marathwada Agricultural 
University, Parbhani, India.
Div. of Horticulture and Fruit S u s a n t a  K. Roy
Technology, I.A.R.I., India.
New Delhi-17, India.
Received 5 April 1981 
Revised 29 March 1982.

References
1. Long, J. D., Mark, E. M. and Fisher, C. D., Investigation

on the sulphuring of cut fruits for drying. Calif. Agric. 
Expt. S/a. Bull., 1940, 636, 1.

2. McBean, D. M., Johnson, A. A. and Pitt, J. I., The absorption
of SO2 by fruit tissue. J. Fd Sci., 1964, 29, 257.

3. Bhatia, B. S., Amin, H. D. and Lai, G., Studies on dehydra
tion of some tropical fruits. 1. Absorption and retention 
of sulphur dioxide during sulphuring and sulphiting. Fd 
Sci., 1962, 11. 76.

4. Khedkar, D. M. and Roy, S. K., Proceedings of the 6 6 th
Session, Indian Science Congress, 1979.

5. Official Methods o f Analysis, Association of Official Analytical
Chemists. 11th Ed, 1970, Washington D. C.-20044.

6 . Kikon, Y. Y., Studies on dehydration o f apples. M.Sc. Thesis,
I.A.R.I., New Delhi, 1975.

7. Hirway, S. C., Some studies on drying o f guavas, M.Sc.,
Thesis, I.A.R.I., New Delhi. 1965.

8 . Fruit Products Order 1955, Deptt. of Food, Ministry of
Agriculture and Irrigation. Govt, of India. 1974.



BOOK REVIEWS

Developments in Food Preservation 1: Edited by Stuart
Thorne., Ail ed Science Publishers Limited, Ripple
Road, Barking Essex, United Kingdom, 1981: pp. 272
Price: £ 30.00.
The book comprises of eight chapters on different 

aspects on the scope and applications of various methods 
of food preservation.

First chapter deals with the appropriate technology 
in food preservation for the developing countries. 
Reasons for very slow progress of food processing indu
stries in the third world countries have been brought out 
with concrete suggestions for its improvements like, 
orienting food processing towards national, rather than 
western food technology; giving more emphasis on 
drying and pickling; use of solar energy and bio-mass, 
as energy sources and utilizing plastic pouches as con
tainers.

Second chapter is on cooling aspects of the horticul
tural produce. Interactions between heat generation 
during respiration and cooling effect of transpiration 
have been discussed. Various factors affecting the cool
ing process, viz., physiological stage of the product, 
skin thickness, porosity of packing material, vents in 
the package, air velocity, air temperature etc. are dis
cussed. More dependence on adiabatic temperature rise, 
rather than carbon dioxide measurement, while calculat
ing heat generation by hortciultural produce has been 
emphasised.

Latest methods employed for fruit juice concentration 
are dealt in the third chapter. Due emphasis has been 
given to exploit the ‘Reverse-osmosis’ process for pro
duction of semi-concentrates from fruit juices due to its 
inherent advantages. Due to loss of low molecular 
weight, water soluble aroma components during concen
tration decrease by this process; author has cautioned to 
restrict its use to fruits with high acidity and less aroma.

The advantages as well as limitations of microwave 
processing of foods is dealt at length in chapter four. 
Usefulness of this heating technique for enzyme inacti
vation, vegetable dehydration, fruit juice pasteurization 
and defrosting of frozen products along with its limita
tions like uneven distribution of the energy inside the 
cooker and non adjustable nature of the cooker to meet 
the energy requirements of individual produce have been 
discussed. Author is of the opinion that though at 
present, complexity of many foods and biological vari
ations do not assist the application of microwaves, 
standardization of the cookers followed by the stand-

dardization of cooking procedures in a scientific manner 
would enhance its consumer acceptance.

Chapter five deals with the principle and practices of 
freeze drying of foods, the freeze drying equipments as 
well as the economic aspects of this method of preser
vation. Merits of freeze dried products and need for the 
proper packaging and storage of such products have 
been emphasised.

Chapter six deals with ‘Extrusion processing'. This 
most complex system has been presented in a very 
simple way for proper understanding. The biopolymer 
aggregate changes are discussed ar.d effect of common 
ingredients like salt ar.d sugar has been explained using 
heuristic and hypothetical thearies. Different types of 
extruders used by the food industry are discussed and the 
difference in their functional performances are brought 
out.

The editor himself is the author of the seventh chapter 
dealing with the effect of temperature on the deteriora
tion of stored agricultural produce. The reactions and 
the processes responsible for the quality changes during 
storage of fruits, vegetables and other farm produce 
have been brought out well in this chapter. The most 
valuable information furnished by the author is the 
effect of fluctuating temperatures on the storage changes 
and the reasons for the differential behaviour of different 
commodities during storage.

The last chapter is devoted to thermal sterilization 
of foods. Microbial and enzymatic responses to this 
method of preservation are explained giving specific 
examples. Author has brought out the advantage of 
using stork continuous sterilizer (named as Hydrcmatic 
sterilizer) for thermal sterilization of foods. Drastic 
reduction in the const mption of both steam and water 
due to deployment of regenearion process is the main 
advantage of this process, and steam saving upto 60-70 
per cent is possible in .his case.

This book is very informative, comprehensive and 
upto-date. Its get up is very good with 37 tables and 99 
illustrations evenly distributed and properly presented 
making the text interesting. The brief summaries of the 
chapters give adequate idea regarding contents and uti
lity of the text to the reader. A good bibliography com
prising of 358 references on the subjects of vital import
ance in the field of food preservation will be very useful 
to not only food scientists and technologists, but also to 
the food processors.

K. L. C hadha
I n d i a n  I n s t it u t e  o f  H o r t i c u l t u r a l  R e s e a r c h . ,  B a n g a l o r e .
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Food Industry Wastes: Disposal and Recovery: Edited
by A. Herzka and R. G. Booth. (Ed) Applied Science
Publishers, London & New Jersey, 1981, pp. 246;
Prize £ 20.00.
Tnis book is the outcome of a symposium organised 

by the Association of Consulting Scientists, held in 
Norwich, U.K. from 11 to 13 Nov. 1980. It contains 17 
papers on different aspects of waste disposal and re
covery from various food Industries. The first three- 
quarters of the book deals with methods for separation 
and disposal of waste particularly solids frcm food
bearing effluents and the destruction of the solubles in 
suspension or solution by aerobic or anerobic methods. 
The latter part deals with processes for recovery of useful 
food or feed materials from effluents and the feasibility 
of such processes financially. In the first three papers 
of the book, the situation relating to legislation and 
charges for disposal to sewers are considered.

Useful practical details are given for the treatment of 
specific wastes from dairies, breweries and distilleries, 
meat and animal by-products, by processes ranging 
from dissolved air floatation to protein recovery and 
aerobic treatment of the final irreducible minimum of 
wastes.

Problems connected with high BOD (Biological 
Oxygen Demand) food effluents have received detailed 
attention in recent years, mainly due to increasing aware
ness of pollution effects, energy price trends and the 
potential of resource recovery. The two major modern 
methods of recovery of souble proteins, namely, ultra
filtration and adsorption have been described with 
sufficient details of membranes and membrane support 
systems in the case of ultrafiltration and the various 
adsorbants and methods of using them with concomit
tant advantages and disadvantages in the latter case. 
The two methods have been regarded as complimentary 
rather than competitive. One paper on, recovery of 
fru:t and vegetable waste, describes the possibility of 
converting the waste into high grade food-stufff biomass 
with 20-30 per cent protein or converting it into a fuel 
suitable for many uses.

The authors of the papers are mostly consultants with 
specialised knowledge in different food industries and 
have made realistic assessments of the problems asso
ciated with effluents. This is a very useful book on a 
subject of growing importance.

M. Kantharaj U rs 
C.F.T.R.l. Mysore

Developments in Food Carbohydrate 3..- Edited by C. K.
Lee and M. G. Lindley, Applied Science Publishers,
Londcn, 1982; pp. Xii+217. Price, £ 26.00.
This book records a comprehensive review on disac- 

charidases, the carbohydrate degrading enzymes. The 
articles, clearly written by several outstanding authors, 
are grouped into eight individual chapters with an index 
at the end.

The book begins with an article covering some of the 
recent advances on the biochemical nature, properties/ 
function, and applications of invertase from a variety 
of sources. The discussion on protein conformational 
stability cf the enzyme is beautifully dealt with. Follow
ing this, is a review of lactase, a commercially important 
enzyme in the dairy and allied industries. Lactase plays 
a major role in lactose intolerance and methods to 
alleviate the same are ably presented. The article appears 
interesting with the inclusion of industrial process 
schemes for the hydrolysis of milk and whey syrups, as 
well as several photographs. In the next chapter is 
presented a discussion on enzymes capable of hydroly
sing maltose. Such enzymes, having a very wide sub
stráete specificities, are ubiquitous in nature. Industrially 
they are of great commercial value in the production 
of glucose syrups from starch. Trehalase(s), an enzyme 
of bic-chemical interest is reviewed in chapter 4 in 
considerable length from an academic point of view. 
The physiological role of this enzyme is much debated. 
The succeeding two chapters deal with the biochemistry 
of several disaccharidases, including their physiological 
and nutritional significance. The last two chapters 
describe the varices bicchemicrl parameters cf several 
disaccharides of food origin. In addition to functioning 
as possible energy sources these disaccharides are 
very much inovlved in a variety of clinical symptoms 
manifest in humans (and animals).

In short, the book summarizes a timely and an up-to- 
date account of disaccharidases, which have not been 
covered so far in a single book of this nature. It is 
impeccably edited, nicely indexed and beautifully 
produced. It is generally free of typographical errors. 
The generous list of references, as supplements to each 
article, should make the book a useful reference volume 
to food scientists and technologists as well as biochemists 
and nutritionists. The be ok is a valuable addition to 
the library.

R. N. Tharanathan 
C.F.T.R.l., M y s o r e
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