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RESEARCH PAPERS

Protein Quality Evaluation o f  Popped Barley Grains (S a ttu J
S. R . Chatterjee and Y . P. Abrol

N u clear  R esearch  L ab oratory , In d ian  A gricu ltu ral R esearch  Institu te, N ew  D e lh i 110012

M anuscrip t R eceived  14 Sept. 19 77: R evised  7 N ov. 1977

Protein quality evaluation of the popped barley grains of normal and high lysine cultivars/lines revealed that the processing of 
the grains caused non-avaiiability of the amino acids; dye binding capacity (D B C ) method could be used to evaluate this non- 
a vaila lity; the high lysine lines with a greater content of free amino acids were more prone to damage; threonine content in 
the sattu  material increased due to a change in the relative composition of the amino acids; and since the eating quality of satin  is 
improved when it is  taken in  combination with roasted Bengal gram flour the biological value of the combination w ill be high.

O ne o f  th e  several form s in  w h ich  barley  is  con su m ed  
in  Ind ia  is  sattu. It is  a sieved  flour o f  roasted  (p op p ed )  
barley grains. T h is is co n su m ed  either in  th e  fo rm  o f  
a drink co n sistin g  o f  th e flavou r, w ater, fresh  lem o n  and  
sugar ad d ed  in  th e  required  p rop o rtio n s, or in  the  
form  o f  a d o u g h  co n sistin g  o f  sattu  and  flour o f  roasted  
B engal gram  w ith  sa lt  add ed  to  taste . T he p revalen t 
b e lie f  is  th at sattu is a  va lu ab le fo o d  and  w hen  con su m ed  
a lon g  w ith  B engal gram  it  form s a w h o leso m e diet. 
H ow ever, there is  n o  in fo rm a tio n  availab le regard ing  
th is aspect. E va lu a tion  o f  the nu trition a l quality  o f  
sattu  is , th erefore , o f  relevance.

In th e present stu d y , th e  sattu  prepared  from  norm al 
and  h ig h  lysin e barley grains w as evalu ated  and  co m 
pared w ith  q u a lity  characters o f  th e w h ole  m eal prepared  
from  u n p op p ed  grains.

M ateria ls and M eth ods
Grain material: G rain s o f  e leven  n orm al barley  

cu ltivars v iz . ‘Clipper’, ‘C  164’, ‘R S  6’, Ratna, Vijaya, 
D L  3, DL  69, RD  31, N P  113, DL  70 an d  Jyoti, and  
fo u r h igh  ly s in e  lin es v iz . 1098-2, 1098-7, Notch 1 and  
Notch 2  w ere g ro w n , in  th e  experim enta l fields o f  the  
Ind ian  A gricu ltu ral R esearch  In stitu te, under reco 
m m en d ed  cu ltu ral p ractices.

Preparation o f  sattu: C lean  river bed  san d  w as 
tak en  in  an  iro n  vessel an d  p laced  over a  gas o v en  regu 
la ted  to- m ed iu m  h e a t .-  Prelim inary in vestigation s  
indicated- th a t 5 m in . w ere sufficient to  bring th e  sand  
to  th e  required tem perature. T rip licate sam ples o f  
grain s o f e a c h  cu ltivar, w eigh in g  4 0  g  each  w ere roasted  
(popped)“ separately . P relim inary in v estig ation s sh ow ed  
th a t 30  se c  o f  roastin g  gave p o p p ed  grains o f  th e  best  
ta ste  a n d  flavou r. T he taste and  th e flavour w ere a sse
ssed  by req u estin g  p erson s a t th e  Institu te w h o  hail 
from  tra d itio n a lly  barley  grow in g  reg ion s o f  B ihar,

U P  and  H aryan a  to  m ake an  ev a lu a tio n  b y  ta stin g  the  
p o p p ed  grain s p rocessed  fo r  different period s.

Grinding o f  unpopped and popped grains: R ep resen 
ta tive  sam ples o f  each  cu ltiva r/lin e  w ere grou n d  to  60  
m esh  size u sin g  a  ham m er m ill.

Determination o f  moisture: M o istu re  w as determ ined  
in  th e u n p o p p ed  grain  w h o le  m ea l and  'sattu’ flour by  
ta k in g  a k n o w n  quantity  a n d  dryin g  to  a  con stan t w eigh t 
at 105°C  in  a h o t  a ir oven .

Determination o f  crude protein: N itro g en  percen t 
w as determ ined , in  d u p licate, in  each  o f  th e  sam ples by  
u sin g  th e  T ech n icon  A u toa n a ly ser1. P rote in  p ercen tage  
w as th en  com p u ted  by m u ltip ly in g  b y  th e  con version  
fa cto r  o f  6.25.

Dye binding capacity {D BC): T he D B C  valu e o f  the  
sam ples w as determ ined  b y  th e  procedu re described  
earlier2. F o r  co m p a riso n  b etw een  sam ples, op tica l 
d en sity  valu es its e lf  w ere used .

Amino acid spectra: O ne rep resen tative sam ple o f  th e  
norm al and  all th e fo u r h igh  lysin e barleys w ere an a lys
ed. A m in o  a cid  co m p o sitio n  w as determ ined  o n  th e  
a cid  hyd ro lysate o f  th e sam p les u sin g  a  T ech n icon  S eq u 
en tia l M u ltisam p le A m in o  A c id  A n a ly ser3.

Estimation o f  tryptophan: T ryp top h an  w as d eter
m in ed  co lorim etrically4.

Free amino acid content: A  k n o w n  a m o u n t o f  grou n d  
m aterial w as extracted  w ith  ch illed  80 percen t eth an o l 
a n d  cen trifuged  for  15 m in . a t 10,000 rpm  to  get a  clear  
supernatant. T he ex traction  w as rep eated  4-5  tim es. D ie  
p o o led  supernatant w as dried o n  a  rotary  flash  ev a p o 
rator. T he residue w as d isso lv ed  in  0.01 N  HC1 and  
m ade to  a k n ow n  v o lu m e. T h e am in o  N itro g en  w as  
estim a ted  fo llo w in g  R o sen ’s m eth o d 5.

Amino acid score: D ie  F A O  reference p attern  w as  
u sed  to  ca lcu late th e am in o acid  score and  to  determ ine  
th e lim itin g  am in o  acid s6.

1 4 7 ______



248 JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 14, NOVEMBER-DECEMBER 1977
A ll th e  va lu es have b een  presented  o n  m oistu re  free  

basis.

Results
Protein content and DBC value o f  unpopped and 

popped barley grains: T here w ere n o  sign ifican t d if
ferences in  th e crude p rote in  con ten t o f  u n p op p ed  and  
p o p p ed  barley grains (T ab les 1 and  2). H o w ever , th e  
D B C  valu e o f  th e  sam p les sh o w ed  so m e in terestin g  
differences. In  th e case o f  barley  gra in s o f  norm al 
cu ltivars, th e differences in  D B C  valu e o f  u n p o p p ed  and  
p o p p ed  on es w as n o t o f  large m agn itu d e, excep t in  th e  
case o f  N P  113 w here th e red u ctio n  in  D B C  va lu e  o f  
p o p p ed  grains over th at o f  th e  u n p op p ed  grain s w as 13 
per cen t. In  o th er varieties, th e  red u ction  varied  from  
2  to  6 per cent. T h e variety , Vijay d id  n o t sh o w  any  
ch an ge a t all.

In  th e  case o f  th e  h ig h  lysin e lin es , 1098-2  and  1098-7  
o b ta in ed  in  a  breed in g  program m e u sin g  Hiproly2, and  
Notch  1 an d  Notch 2 o b ta in ed  b y  in d u ced  m u ta tio n 7, 
th e  crude p ro te in  co n ten t d id  n o t sh o w  a  sign ifican t 
ch an ge (T able 2). H ow ever , o n  th e  b asis o f  th e  am o u n t  
o f  a m in o  acid s recovered , th e  p ro te in  co n ten t sh o w ed  
a  red u ctio n  o f  9 ,8 ,18  an d  2 2  per cen t, resp ectively  in  
1098-2 , 1098-7 , Notch- 1 an d  Notch-2 (T ab le 3).

T h e D B C  va lu e varied  con sid erab ly  in  th e  h ig h  lysin e  
lin es  (T ab le 2). Sattu, p rep ared  fro m  th e  gra in s o f  
1098-2 an d  1098-7  sh o w ed  a  red u ctio n  o f  7  a n d  6 per  
cen t, resp ectively , over  th e  D B C  va lu e  o b ta in ed  fo r  
th e  u n p o p p ed  grain s. Notch  1 an d  Notch 2 sh ow ed  
a  greater decrease b e in g  17 an d  21 per cen t, resp ectively .

Amino acid composition o f  unpopped and popped 
grains (sattu): P o p p in g  b arley  gra in s cau sed  destru
c tio n  an d  n o n -av a ilab ility  o f  a lm o st a ll th e  am in o  
acid s. H ow ever , th e  ex ten t o f  red u ctio n  varied  w ith  
th e  a m in o  acid . T h is resu lted  in  a  ch an ge in  th e  relative  
p ro p o rtio n  o f  am in o  acid s in  sattu  as com p ared  to  th a t  
in  th e  u n p o p p ed  grain s (T able 3). F o r  in stan ce , th e

p ro p o rtio n  o f  essen tia l am in o  a d d s , lysin e , h istid in e  
and  argin ine decreased  w h ile  th e  p ro p o rtio n  o f  the  
essen tia l a m in o  acid s, th reon in e , v a lin e , m eth ion in e  
a n d  iso le u d n e  increased .

T h e free a m in o  a cid  co n ten t in  u n p o p p ed  grain s an d  
sattu  sh ow ed  m arked  differences (T ab le 4). T h e n orm al 
b arley  sam p le h ad  less free am in o  a d d s  as com pared  
to  th e  h ig h  lysine o n es. A m o n g  th e  h igh  lysin e lin es ,

T a ble  1. p r o t e in c o n t e n t  (n  x  6.25) AND DBC VALUE
UNPOPPED AND POPPED BARLEY GRAINS (SATTU )

Cultivar Protein % DBC Value
(NX6.25) (Optical Density)

M ean-j-SD . M ean-J-S.D.
Clipper 13 .0± 0 .2 0.210±0.002

(12.8-j—0.3) (0.200-J-0.004)
C  164 12.5-{-0.2 0.185-1-0.002

(12.2-1-0.3) (0.180-1-0.004)
RS 6 11 .4 ± 0 .2 0.205-{-0.002

(11.4-1-0.2) (0.195 ¿0 .0 0 3 )
R atna 13.7-1-0.2 0 .200¿0 .002

(13.8-1-0.4) @ .^ ¿ 0 .0 0 3 )
Vijay ll.O-j-O.2 0 . 2 ^ 0 . 0 0 2

(11 .0± 0 .3) (0 .2 1 (^0 .0 0 4 )
D L  3 1 2 .0 ^ 0 .2 0.205 ¿ 0 .0 0 1

(12.0-1-0.4) @ ^ ¿ 0 . 0 0 3 )
D L  69 11.8-1-0.2 0 . 2 ^ 0 . 0 0 2

(11.7-1-0.2) ( 0 .2 ^ 0 .0 0 4 )
R D  31 13.2-1-0.2 0.203 ¿ 0 .0 0 2

(1 3 .0^0 .2 ) @ .^ ¿ 0 .0 0 3 )
N P 113 13.1 ¿ 0 .3 0.213 ¿ 0 .0 0 2

(13.0±0 .3) @ .^ ¿ 0 .0 0 3 )
D L  70 12 .0± 0 .2 0.180 ¿0 .0 0 2 )

(11.8±0 .2) @ .^ ¿ 0 .0 0 3 )

E ach mean is from  three observations.
Figures in the parentheses are the values for popped grain.

T able  2 . p r o t e in  c o n t e n t  a n d  d b c  v a lu e  o f  n o r m a l  a n d  h ig h  ly sin e  b a rley  u n e o f p e d  a n d  p o p p e d  g r a in s  (Sa t t u )

Characters
Jyoti 1098-2

Variety/Line* 
1098-7 N otch 1 N otch 2

Protein % 
(N X 6.25)

1 3 ^ 0 . 2
( 1 3 .^ 0 .3 )

1 5 ^ 0 . 3  
(15.3 ¿ 0 .4 )

1 5 ^ 0 . 3  
(15.3 ¿ 0 .4 )

1 6 ^ 0 . 4
( 1 6 ^ 0 . 5 )

1 6 ^ 0 . 4  
(16.8-J—0.5)

Protein %
(actually recoverable)* *

1 2 ^ 0 . 3
( 1 2 ^ 0 . 3 )

1 4 ^ 0 . 4
( 1 3 ^ 0 . 4 )

1 4 ^ 0 . 4  
(14.1 ¿ 0 .4 )

1 6 ^ 0 . 5
( 1 3 ^ 0 . 4 )

16.1 ¿ 0 .5  
(13.3 ¿ 0 .4 )

DBC Value 
(Optical density)

0.200 ¿ 0 .0 0 2  
@ . ^ ¿ 0 . 0 0 3

0 .285¿0 .002  
(0.265 ¿ 0 .0 0 4 )

© ^ ¿ 0 . 0 0 3  
(0.255 ¿ 0 .0 0 4 )

0 .280¿0 .003
@ ^ ¿ 0 . 0 0 4 )

0.290¿0.003 
(0.228 ¿0 .0 0 4 )

•Average value and standard deviation o f three separate estimations.
* *upDlicate estimations were m ade in  this case. Figures in parenthesis are for popped grains.
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T able 3. p r o p o r t io n  o f  t h e  a m ino  a c id s  in  th e  pr o t e in  of n orm al  and  h ig h  lysine barley  u n p o pp e d  a nd  p o p pe d  g rains  (s a t t u )

A m ino  ac id  A m ino  ac ids (%  o f  th e  to ta l  reco v e red ) in  th e  in d ica ted  v arie ty /lin e

Jyo ti 1098--2 1098 -7 N o tc h  1 N o tch  2
a b a b a b a b a b

L ysine 3.07 2.99 4.11 3.89 3.67 3.53 4.02 3.51 4.01 3.64
H istid in e 2.32 2.06 2.35 2.29 2.78 2.53 2.40 1.98 2.62 2.11
A rg in in e 5.20 4.45 4.67 4.14 4.99 4.62 5.39 3.71 5.39 3.62
A sp artic  acid 6.62 7.55 6.82 7.60 6.43 7.71 6.52 7.46 6.70 7.68
T h reon ine 2.75 3.03 2.89 3.06 2.80 2:90 3.08 3.14 3.09 3.15
Serine 3.60 4.17 4.26 4.05 4.37 4.03 3.82 4.37 3.47 4.38
G lu tam ic  acid 25.67 23.08 23.51 23.39 25.04 22.89 25.42 23.68 24.37 21.53
P ro lin e 11.38 10.30 9.51 10.46 9.73 10.00 9.75 10.37 10.28 9.16
G lycine 4.01 3.71 4.21 4.02 4.11 3.88 4.23 4.38 4.22 4.42
A lan ine 4.43 4.62 5.12 4.86 4.61 4.83 4.37 4.89 4.64 5.12
C ystine 2.23 3.04 2.19 2.44 2.18 1.82 1.90 2.24 2.30 2.35
V aline 4.57 5.47 5.18 5.57 5.16 5.93 5.11 6.12 5.05 6.74
M eth io n in e 1.80 2.31 1.78 1.97 1.72 1.95 1.76 2.09 1.69 2.20
Iso leu c in e 3.89 4.15 3.83 4.45 3.63 3.78 3.58 3.82 4.04 4.97
L eucine 6.87 6.99 7.03 6.89 6.53 6.81 6.55 7.42 6.63 7.83
T yrosine 3.22 3.16 3.26 2.27 2.78 3.70 3.38 2.36 3.24 2.61
P heny la lan ine 5.21 5.14 5.48 4.85 5.58 5.44 4.89 4.76 4.52 4.64
T ry p to p h an 1.16 1.18 1.20 1.20 1.14 1.15 1.07 1.10 1.08 1.09
A m m o n ia 2.00 2.60 2.60 2.60 2.50 2.50 2.60 2.60 2.69 2.69
R ecovery 97 96 96 91 97 92 95 82 96 78
( % o f  c ru d e  p ro te in ) 
A m ino  ac id  sco re  % 56 55 72 71 67 64 73 64 73 66
1st lim iting  am ino  

acid Lys L ys T h r Lys Lys Lys Lys Lys Lys Lys
A m ino  ac id  sco re  (% ) 69 76 72 76 70 73 77 79 77 79
2 n d  lim iting  am ino  

ac id T h r T h r Lys T h r T h r T h r T h r T h r T h r T h r

a: average value o f  d u p lica te  estim ations o f  u n p o p p e d  grains. 
b: average value o f  d u p lica te  estim ations o f  p o p p ed  grains.

T able  4. to ta l  free  a m in o  a c id  c o n t en t  in  norm al  and  
h ig h  ly sin e  barley  u n p o p p e d  a n d  p o p pe d  GRAINS (SATTU )

V ariety /L ine T o ta l free  am ino  
P o p p e d

ac ids (m g/100 g flour) 
U n p o p p e d

Jy o ti 110 10
1098-2 175 12
1098-7 155 5
N o tc h  1 215 10
N o tch  2 240 9

•A verage v a lu e  o f  th ree  sep ara te  estim ations.

1098-2 and  1098-7 h ad  a  low er co n ten t o f  free am in o  
acid s as com p ared  to  Notch  1 a n d  Notch  2 . T here w as  
con sid erab le  red u ction  in  th e  co n ten t o f  free am in o  
a cid s in  th e  sattu  sam ples.

D iscu ssion
In  cereal p rotein  w h erein  lysin e  fo rm s th e  m ost  

lim itin g  a m in o  acid , th e  D B C  m eth o d  has fo u n d  p o p u 
lar accep tance. T h e p rin cip le  o f  th e  m eth o d  is  th at at 
lo w  p H  va lu e  th e  a zo -su lp h o n ic  g ro u p s o f  th e  d ye  
O range G  react w ith  th e  b a sic  im id a zo l, gu an id in e and  
a m in o  g ro u p s o f  th e  p rotien s. T h ese  groups chiefly  
origin ate fro m  th e  b asic  am in o  acid s, h istid in e, arginine
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and lysine . S om e secon d ary  m ech an ism s cou ld  a lso  
be in v o lv ed 8. C orrelation  co-efficient o b ta in ed  betw een  
D B C  valu e and  the b a sic  am in o  acid s or lysine a lon e  
are h igh ly  sign ifican t9*10. S ign ificant p ositive corre
la t io n  has b een  o b ta in ed  a lso  b etw een  D B C  valu e  
an d  p ro te in 10*11. M oreover, th e  D B C  m eth od  un lik e  
th e  K jeld ah l n itrogen  va lu e, d oes n o t m easure th e  n o n 
p ro te in  n itrogen . In th e case o f  lysin e it m easures  
o n ly  th e n u trition a lly  availab le sites. E vidently , i f  th e  
b io log ica l va lu e o f  a  fo o d  p rote in  is  lim ited  by its c o n 
ten t o f  a  b a sic  am in o acid , its D B C  va lu e sh o u ld  corre
late w ith  th e  resu lts from  p ractical feed in g  trials.

F rom  th e resu lts o f  th e  present stu d y  it is  ev iden t 
th at p rocessin g  o f  grains to  y ie ld  ‘sattu’ causes a certain  
a m o u n t o f  n on -a va ila b ility  o f  am in o acids. T h is, 
h ow ever , d oes n o t get reflected  in  th e crude p rotein  
valu e ob ta in ed  by con v en tion a l procedu re o f  n itrogen  
determ in ation . O n  th e o th er h an d , th e D B C  value is  
in d icative  o f  th e  lo ss  o f  av a ilab ility  th at occurs. 
Since th e D B C  m eth od  is faster an d  ch eaper th an  the  
b io lo g ica l m eth o d s o f  estim a tio n  o f  p rotein  quality, 
an d  sin ce it  is fa irly  reliab le, it can  be u sed  to  evalu ate  
th e lo ss  o f  p rote in s due to  fo o d  p rocessin g .

T h e ch em ical ch an ges occu rring  in  th e  gra in  p rotein  
du ring  p rocessin g  app ears to  be irreversible as ev id en ced  
fro m  th e  low er recovery  percen tage o f  am in o  acids  
fro m  h yd ro lysis o f  p o p p ed  grains.

D ifferen ce in  the ex ten t o f  d am age due to  p rocessin g  
co u ld  be due to  variab ility  in  the ch em ical m ak e u p  o f  
th e gra in s o f  the different varieties and  th e h igh  lysine  
lin es. T h e b ioch em ica l m ech an ism s op erative in  the  
h ig h  lysin e lin es resu lts in  an  en h an cem en t in  th e c o n 
ten t o f  free am in o  acids and lysine rich p rotein s in  the  
gra in s .7*12.

T h e ch em ical score o f  th e  sattu  m ateria l sh ow ed  a 
d ecrease, lysine b e in g  the first lim itin g  am in o  acid .

H o w ever , since th reo n in e , w h ich  is  th e  seco n d  lim i
tin g  am in o acid , sh o w s an in crease, th e ch em ical score  
o f  th e p rote in  in  a co m b in atio n , w here sattu  is  m ixed  
w ith  B engal gram , w o u ld  be h igh . T he lo w  co n ten t o f  
lysin e  in  sattu w ill be ad eq u ately  com p en sated  for  by th e  
h igh  con ten t o f  th e  am in o acid  in  B engal gram .
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Microbiological Aspects of Sangak Bread
M a h in  A z a r , N . T e r -S a r k iss ia n , H ossein  G h a v if e k , T om  F e r g u s o n ,* H . G h assem i**

F o o d  and  N u tr itio n  Institu te o f  Iran , P .O . B ox  3234, T eh ran , Iran
M an uscrip t rece ived  4  July  1977: revised  4 O ct. 1977

Sangak bread is a sour dough type bread which is nutritionally improtant in Iranis. Eighteen samples o f sour dough starter and 
fresh dough were collected from fourteen bakeries in the Tehran area, and analysed for their total yeast and bacteria. Yeast and 
bacteria were isolated and taxonomically characterized. Morophology of yeast and bacteria is discussed.
Seventy seven per cent o f the total bacteria found in the starter were Leuconostoc and L actobacillus species, which are essential 
in fermentation of Sangak dough, for giving the desirable flavour and sour taste. The small number of yeasts present in the 
starter is responsible for leavening of the dough.

San gak  is a  sour d ou gh -typ e bread w hich  is nu tri
tion a lly  im p ortan t in  Iran.

It is a lon g , th in  sou r d ou gh  bread, th e starter or the  
leaven in g  con sistin g  o f  a p o rtio n  o f  d ou gh  from  previou s  
batches. T his starter is ad d ed  to  th e  n ew ly  prepared  
d ou gh  and after 1-1 or 2 hr relaxation , a  ball o f  400-500  g  
o f  d ou gh  is spread  o n  a  w ide w o o d en  p ad d le and p laced  
o n  th e floor o f  an o v en  w h ich  is covered  w ith  gravel. 
T he bread is baked o n  th is  h o t gravel for  2-3 m in 1.

T h e basis o f  th e san g a k  p rocess is the starter w hich  
co n ta in s the yeast an d  bateria n ecessary to  leaven  the  
bread and  p rod u ce th e ch aracteristic  flavour. In  Iran  
starter is  ca lled  “ T o rsh ”  w h ich  m ean s sou r, an d  co n 
sists o f  d o u g h  from  a p rev iou s batch  h eld  for 5 to  10 hr  
in  an  o p en  con ta in er. It w as fo u n d  th at m eth od s o f  
starter prep aration  and  d ou gh  form u la tion  varied  
w id ely  from  area to  area  d ep en d in g  o n  th e facilities  
availab le in  th e sh o p  and  th e  m eth o d s th e  baker has  
learned. B ut th e  starter is im p ortan t regardless o f  w hat 
m od ifica tion s th e baker has m ade in  th e process. I f  a 
baker desires to  start m a k in g  sa n gak  he u su a lly  goes  
to  an  estab lish ed  baker to  get an  in itia l starter. T his  
starter p rov id es th e large in ocu lu m  o f  m icroorgan ism s  
n ecessary to  accom p lish  th e ferm en ta tion  in  th e short 
tim e (1-^— 2 hr) a llo w ed  and  red uces th e p H  o f  the  
bread d o u g h  (a b o u t p H  4 .1 -4 ,6 ). T he acid ic  en v iro n 
m en t th en  inh ib its th e grow th  o f  a ll but acid -to leran t  
sp ec ies o f  m icroo rg an ism s.

T he nature o f  th e p rocess su ggests th e presence o f  
specific bacteria  and  yeasts w hich  p rod u ce th e chara- 
ch teristic  flavou r o f  th e p rod u ct. A  system  o f  th is  k ind  
has been  describ ed  for  an A m erican  so u r-d ou gh  F rench  
bread p rocess2.

In th is p ap er the m icroorgan ism s fou n d  in  the S an gak  
d ou gh  and  starter are characterized .

M ateria ls and M ethods
E igh teen  sam ples o f  sou r d o u g h  starter and  fresh  

d ou gh  w ere co llected  in  sterilized  p la stic  contain ers from  
fou rteen  bakeries in  T ehran area. T o  iso la te  and  en u 
m erate the m icroorgan ism s in  th e sam p les, 22 g  o f  d ou gh  
w ere asep tica lly  m ixed  for 2 .5  m in. in  a  sterile W aring  
blender w ith  sterile 0 .25  M  p h osp h a te  buffer.3 Serial 
d ilu tio n s w ere m ade and  p o u r  p la tes prepared u sin g  the  
ap p rop riate d ilu tion .

T ota l yeast cou n ts rep orted  here w ere m ade o n  steri
lized  S ab ourau d  M a lto se  A g ar (D ifc o ) w ith  1.5 m l o f  10 
per cen t sterile c itric acid  (sterilized  at 45  °C) per 100 m l 
o f  m edia . P lates w ere in cu b ated  a t 2 0°C  (ro om  tem p e
rature) for  72 hr. Y ea st cu ltu res iso la ted  from  th ese  
p lates w ere carried o n  Sab ourau d  M a lto se  A g ar slants  
and  h eld  at 4 -5 °C. T ransfers w ere m ade on ce  in  every  
tw o  w eek s.

T o ta l bacterial cou n ts w ere m ade u sin g  Lactobacillus 
se lectio n  A gar (B .B .L .) w ith  1 per cen t fresh  yeast  
extract (F Y E ) added. T he F Y E  w as prepared  as described  
by K lin e et al,4 In cu b ation  w as at 30°C  for 27 hr. B acterial 
iso la tes w ere carried o n  L B S A gar or N u trien t A gar  
slan ts dep en d in g  o n  th e nature o f  th e  organism .

M o rp h o lo g y  o f  bacteria  from  L B S or N u tr ien t A gar  
slan ts w as exam in ed  after 72 hr o f  in cu b a tio n  a t 30°C  
under gram  stain . Y east m o rp h o lo g y  w as stu d ied  using  
w et m ou n ts from  cu ltures grow n in  yeast ex tract-p ep ton e-  
glu cose  (Y P G ) C o m p o sit io n : G lu co se  2 .0 0 ; Y ea st ex t.
1 .00; P ep to n e  0 .5  g  and  w ater 99.5  m l.

C ycloh ex im id e (U p jo h n  C o m p a n y , K a la m a zo o , 
M ich iga n ) to lerance w as tested  u sin g  W .L . D ifferen tia l 
A gar M ed iu m  (B B L ). C om parative grow th  tests  w ere  
d on e u sin g  a com m ercia l bak er’s active dry Star). 
Pure cu ltures o f  Saccharomyces cerevisiae were iso la ted  
from  th is dry yeast prod u ct.

* Peace corps volunteer.
** Head of the Institute of Nutrition sciences and Food Technology.
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F o r  th e id en tification  an d  grou p in g  o f  bacterial iso la tes  

dextran form ation  on  sucrose agar, T ryp to n e , 1 % yeas-  
tra l, 0 .5  %, K 2 H P O 4 0 .5  %, a  a m m on iu m  citrate, 0 .5  % 
an d  sucrose, 5% . L itm us m ilk  reaction  and  ferm en tation  
o f  d ifferent sugars w ere carried o u t as fo llo w s: 2 m l. o f  
30 per cen t sterile sugar so lu tion s w ere ad d ed  to  tu bes  
co n ta in in g  sterile nutrient broth  to  g ive a  5 per cent 
sugar so lu tion , u sed  p h en o l R ed  as in d icator.

T yp ica l co lo n ies  from  each  grou p  w ere characterized  
acco rd in g  to  th e  p roced u re o u tlin ed  by R o g o sa  and  
S h arp e5 an d  B read  et alfi T he a b ility  o f  L. plantarum 
to  g ro w  in  N a C l 5 .5  per cen t w ere ex am in ed , th e  b asa l 
m ed iu m  b ein g  yeast g lu cose  b roth . T h e grow th  after  
2 days a t 30 °  C  w as con sid ered . T h e tem p erature test  
w as carried o u t in  nutrient b roth  in cu b ated  at different 
tem peratures (1 5 °— 45°C ) and cu ltu res ob served  daily  
fo r  on e  w eek .

Leuconostoc w as c lassified  o n  th e  basis o f  its  ab ility  
to  ferm ent different carb oh ydrate sou rces, accord in g  
to  th e p roced u re o u tlin ed  b y  G arv ie7.

T h e m eth o d s o f  G a sw ell and  B u rn ett8 and  L od der9 
w ere used  fo r  th e stu d y  o f  m o rp h o lo g y  an d  id en ti
fica tion  o f  yeast sp ec ies an d  th eir  ro le  in  th e  learn ing  
process. F o r  com parative p u rp oses a stand ard  cu lture  
o f  Torulopsis w as u sed  to  leaven  S an gak  bread.

R esu lts
A ll th e bacteria  iso la ted  fro m  S an gak  starters fell 

in to  th ree general grou p s excep t fo r  fou r Alcaligenes 
sp ec ies in  tw o  sam ples. T h e b acteria  p resen t w ere  
G ram  p o sitive  lac tic  typ es, and  cou ld  be g rou p ed  as
(a) dextran -form in g  Streptococci, (b) Lactobacillus-
type. and  (c) co cc i o r  terrads (T able 1).

T h e Streptococci w ere th e  m o st co m m o n  typ es i s o 
lated . T h ese organ ism s varied in  shap e from  cocci to  
o v a l form s in  pairs to  coccob ac illi. T h ey  ferm ented  
th e s ix  sugars bu t p rod u ced  n o  rea ctio n  in  litm u s m ilk .

T a b l e  2 . c h a r a c t e r is t ic s  u s e d  t o  c l a s s i f y  3 1 b a c t e r ia

ISOLATES FROM G RO UP “ a ” — AS LEUCONOSTOC M ESEN TERO ID ES

Species L euconostoc m esen tero ides
Garvie Group -----------------------------------------

III V VI
Litmus milk — — Slight acid
Growth at 37°C + + +
Dextran — + +
Acid from : Arabinose + — +

Xylose ± + +
Sucrose + + +
Lactose ± ± ±Trehalose + + +

* As described by Garvie (Dextran formation was tested on 5 % 
Sucrose Agar).

— = —ve R eaction,+  = +ve Reaction,-L = Variable Reaction.

T h e m o st ch aracteristic reaction  o f  th e  g ro u p  w as  
form atio n  o f  dextran  o n  5 per cent su crose  agar. T h ey  
w ere id en tified  as Leuconostoc mesenteroides G arvie  
g ro u p  V  a n d  V I (T able 2).

T h e species iso la ted  from  Lactobacillus ty p e  orga 
n ism s w ere Lactobacillus plantarum and Lactobacillus 
brevis. T h e h om o-ferm en tative  strep to b acter iu m ,
L. planatarum  w as recogn ized  b y  its  to leran ce  o f  5 .5  per  
cen t N a C l a n d  ferm en tation  rea ctio n s a n d  h etero -  
ferm entative strep tob acteriu m , L. Brevis w as reco 
g n ized  b y  its  p ro d u ctio n  o f  b o th  a cid  a n d  ga s (T ab le 3)

T h e h om oferm en ta tiv e  cocc i w h ich  w ere fo u n d  in  
sm all num bers w ere id en tified  as Pediococcus cervisiae 
w ith  an o p tim u m  tem perature o f  18 to  2 5°  C , a n d  h igh  
sa lt to lera n ce (grou p  C  T ab le 1).

Y ea sts  w ere d iv ided  in to  tw o  grou p s o n  th e  b asis  o f  
m o rp h o lo g y  in  y ea st ex tract-p ep ton e-g lu cose  (Y P G )  
and  m a lto se  ferm en ta tio n  (T able 4). T h e p red om in an t

T a b l e  1 .  g r o u p i n g  o f  b a c t e r i a  is o l a t e s

No. o f Dextran Fermentation
Bacteria M orphology isolates 

in this 
group

formation 
on Sucrose 

Agar

Litmus
milk Glucose Sucrose M altose Lactose Arabinose Xylose

G roup  A Gram  + v e 
Streptococci or 
Cocoobacilli

31 + N.R. + + + ± ± +

G roup B G ram + ve 
R od usually 
short

23 — variable -h + + + ± ±

G roup C G ram + ve 
Cocci Tetrads

8 — Acid 0 0 0 0 0 0

Key; 0 - N o t  Tested, +  = + v e  Reaction, -j- -  Variable Reaction, N .R .- N o  Reaction.
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g ro u p  (grou p  2)  w as u n ab le  to  assim ila te lac to se  bu t 
utilized  g lu cose , su crose  an d  m altose  even  in  th e  p re
sen ce o f  cy c lo h ex im id e . T h e o th er g ro u p  (grou p  1) 
w as u n able to  assim ila te m a ltose  an d  lac to se  b u t u ti
lized  g lu cose  a n d  su crose  v igorou sly . A  strain o f  bak er’s 
y ea st w as a lso  tested  fo r  com p arative p u rp oses. T he  
san gak  yeast ce lls  w ere ov a l sh o w in g  m u ltip o lar  
bu d d in g; p seu d o m y celiu m  w as ab sen t and  n o  a sco - 
spores, en d osp ores or b a llistosp ores w ere form ed . N o  
pigm en ts w ere p rod u ced  and  th ey  ferm ented  som e  
carb oh ydrates. T h ese characteristics p lace th em  in  
genu s Torulopsis. T he sp ec ies id en tified  w ere Torulo- 
psis Candida an d  Torulopsis colluculcsa (grou p  2  T ab le 4) 

T h e ro le  o f  th e  Torulopsis yeast w as su ggested  by  
h o ld in g  starters a t refrigerator tem peratures until th e

Table 3. characteristics used to classify 23 bacterial
ISOLATES FROM GROUP “ b ”  AS LACTOBACILLU S PLAN TARU M  

AND LACTO BACILLU S B R E V IS*

L actobacillu s p lan taru m Lactobacillus
brevis

Gram  + v e  Rods, Small Gram  +  ve Rods
M orphology rounded ends under Opt 

conditions
or Coccobacilli

Growth a t 15°C + +
Growth a t 45°C ± —

% Acid in M ilk 
Fermentation o f

0.3-1.2 0

Arabinose ± +  +
Lactose + +
Melibiose + +
Raffinose ± —

Sucrose + +
Xylose ± +

* as described by R ogosa e t  a ls 
0 N ot tested 
+  + v e  Reaction
--------ve Reaction
+  + Vigorous Reaction

n u m ber o f  v iab le y ea st becam e very  lo w  a n d  a  test  
d ou gh  w as p rod u ced  b y  th is  starter. T h en , starter help  
fo r  12 days a t ap p rox im ately  4 °C  lo st th e ab ility  to  form  
sufficient CC>2 bu t a c id  p ro d u ctio n  w as norm al. S o  the  
yeast m ust be resp on sib le fo r  m o st o f  th e leaven in g  
pow er.

T h e nu m ber o f  bacteria  in  n ew ly  in o cu la ted  d ou gh  
varied from  l x l O 7 t o  2 x l 0 7 ce lls  per gram , a n d  in  
fu lly  d eve lop ed  starter th e  num ber in creased  to  10x l 08 
organism s per gram  o f  w h ich  Leuconostoc Sp , Lacto
bacillus sp  and  Alcaligenas S p  com p rise 48 per cent, 
19 per cen t a n d  2  per cen t resp ectively .

In  so m e sam ples th e  Leuconostoc sp ec ies m ad e u p  
85 per cen t o f  th e bacterial p o p u la tio n  b u t th is  varied  
w idely . A fter  five or six  h ou rs, th e  m icrob ia l cou n t  
sto p p ed  increasing.

Y ea sts  w ere p resen t in  m u ch  sm aller num bers. 
F resh ly  in o cu la ted  d o u g h  co n ta in ed  a b ou t 4 x l 0 6 
cells  per gram  an d  starters co n ta in ed  1.1-1.3 X 107 
y ea st per gram  after several h ou rs in cu b a tio n  in  w hich  
Torulopsis C a n d id a  w as 50 per cen t o f  th e  yeast p o p u 
la tio n .

D iscu ssion
U n b lea ch ed  sa n ga k  flour u su a lly  co n ta in s 8 to  12,000  

bacteria  per g ram 1». T he sp ec ies present are varied, 
b u t Leuconostoc a n d  Lactobacillus are u su a lly  n o t  
iso la ted . T h e iso la tio n  o f  a  certain  species o f  bacteria  
fro m  a ferm ented  fo o d  p rod u ct d o es  n o t p rov e the  
organ ism  is in v o lv ed  in  th e ferm en tation . H ow ever , 
th e  large num ber o f  Leuconostoc species and  Lacto
bacillus species in  S an gak  d o u g h  (an d  th e ab sen ce o f  
oth ers) su ggests th ey  m u st be essen tia l in  th e  ferm en
ta tio n .

T h e in cid en ce o f  Alcaligenas sp ec ies w as very  lo w  
so  th ey  m a y  h ave b een  con tam in an ts Lactobacillus 
sp ec ies fo u n d  w ere difficu lt to  cu lture. A m o n g  th o se  
iso la ted , L. plantarum  is  h om oferm en ta tiv e  a n d  L. brevis 
is  h etero-ferm en tative p rod u c in g  b o th  acid  ga s w hen  
ferm en tin g  carb oh ydrates and  th ese  tw o  sp ec ies are o ften

Table 4. grouping  of yeast isolates

Yeast M orphology on YPG*
N o. o f isolates in 

in group
Grow th in presence 

o f 100 mcg/g of 
Cydoheximide

Ferm entation o f
Glucose Sucrose M altose Lactose

Group 1 Small ovals, may form  Pellicle 2 + +  + +  + --- —
Group 2 Larger ovals 16 + + + +  —

♦ Morphology and Ferm entation reactions determined using the method of Lodder9. 
+  + v e Reaction 
+  + Vigorous Reaction 
-------ve Reaction.

♦ This is, however, not enough to produce the desirable fermentation.
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iso la ted  from  the sam e sources as L. mesenteroides11 
T h ese lac tic s  share th e  sam e o p tim u m  tem perature o f  
30°C  and  are capab le o f  p rod u cin g  b oth  C 0 2 and  
acid ity  n ecessary  in  a  San gak  bread* an d  th e yeasts  
are resp on sib le  for th e  leaven in g  pow er.

A s  m en tio n ed , after s ix  hou rs th e  m icrob ia l cou n t  
sto p s increasing. T h is is  due to  th e  d ep letio n  o f  nutri
en ts and th e accu m u lation  o f  acid . T h e ferm entable  
carb oh ydrates m ake u p  ap p rox im ately  2 per cen t o f  the  
flour and  con sist o f  g lu co se , fru ctose and large am oun ts  
o f  lo w  m olecu lar  w eight g lu co fru ctan ce2. T h e bacteria  
and yeasts present in  th e d ou gh  co m p ete  for th ese  
sugars.

A  specific sy m b io tic  re la tion sh ip  o f  o n e  yeast species  
an d  on e  bacterial sp ec ies has n o t b een  form ed  in  the  
san gak  p rocess, as w as described  fo r  som e sou r d ou gh  
breads4-12 bu t rather, a  g rou p  o f  co m p atib le , low -  
tem perature lactic  bacteria  have b een  estab lish ed  in  a 
system  fav ou rin g  grow th  o f  Torulopsis yeasts. T he  
unique feature o f  th ese  yeasts seem s to  be their cyclo- 
hexim id e insistence. T he yeast iso la ted  grew  in  the  
p resen ce o f  100 m eg  o f  cycloh ex im id e per gram  and  
th is ind icates th ey  m ay  co -ex ist w ith  th e  sour d ou gh  
b acteria  b ecau se o f  their resistance to  an  an tib io tic  
sub stan ce p rod u ced  b y  the lac tic  org a n ism s12.

C om m ercia l bakers yeast is n o w  availab le to  sa n ga k  
bakers and  there is in terest in  u sin g  th is  dry yeast for  
sangak . Prelim inary stud ies sh o w  th a t b ak ers’ yeast 
can  be u sed  to  leaven  san gak  bread, bu t the d istinctive  
flavour is  n o t deve lop ed . F erm en tation  w ith  B ak ers’ 
y ea st p rod u ces a  few  flavou r com p ou n d s. Bacteria  
p rod u ce  m an y  su ch  as d iacety l, a ld eh yd es, iso -a lco h o ls ,  
acid s and  their ester. T o  p rod u ce sa n gak  bread, th e  
un iqu e balance o f  yeasts and bacteria  is  n ecessary and  
an y  a ttem p t at d eve lo p in g  th is p rocess w ill require  
close  a tten tio n  to  th e  ferm en tation .

T he occu rren ce o f  a typ ica l low -tem perature lac tic  
flora in  san g ak  starter suggests a  s im ilarity  w ith  E u ro 
p ean  rye bread. T h ese low -tem perature lactics  (Lacto
bacillus plantarum, Lactobacillus brevis an d  Leuconostoc 
mesenteroides) are a m o n g  th e species ad d ed  as pure  
cu ltures to  p rod u ce th e desired acid ity  and  flavour  
in  rye breads. A  stud y o f  E u rop ean  sour d ou gh  bread  
and o f  th e  use o f  prepared  pure cu ltu res (as are used  in  
yogu rt p rod u ction ) w ill p rov id e usefu l in fo rm a tio n  fo r  
th e d eve lo p m en t o f  th e san gak  bread process.
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Evaluation of Bajra ( P e n n i s e t u m  t y p h o i d e s )  for Malting and
Brewing

D . P. Sin g h  a n d  P. T a u r o
D ep artm en t o f  M icro b io lo g y , H aryan a A gricu ltu ral U n iversity , H issar, Ind ia  

M an uscrip t rece ived  16 A u g. 1977: rev ised  26 O ct. 1977

Bajra (Pennisetum  typh o ides), has been evaluated for malting and brewing purposes under standard conditions used for barley 
malting. Optimum steeping time at 17°C for 92% germination was 8 hr. Compared to barley malt, bajra malt has a  lower amylo- 
lytic activity and the wort prepared from such malt has a  low reducing sugar content which is inadequate for brewing purposes.
I t is concluded that bajra, although rich in starch and low in proteins, is unsuitable for brewing purposes.

Bajra, is  a  crop  th at is  cu ltiva ted  under ra in fed  co n d i
tio n s  during th e sum m er m on th s in  th e State o f  H aryan a, 
Ind ia . A t present, it  is  m o stly  u sed  as a  fod d er  crop. 
W ith  th e in creasin g  dem an d  fo r  th e  lim ited  qu an tity  
o f  barley  m a lt a va ilab le , i t  w as desired  to  evalu ate  
th is surp lus gra in  fo r  b rew in g  pu rp oses. B e in g  rich in  
starch  an d  lo w  in  p ro te in s , it  ap p eared  to  be id ea l 
for  brew ing. S h eora in  an d  W a g le1 an d  P al et al.2 
have rep orted  th e  p o ssib ility  o f  m altin g  th is  grain . 
H ow ever, con d itio n s em p lo y ed  fo r  m altin g  w ere n o t  
id ea l to  derive con c lu sion s. T h is paper rep orts our  
stud ies carried o u t to  prepare B ajia  m a lt under standard  
con d ition s u sed  fo r  m a ltin g  barley  an d  to  exam in e its  
su itab ility  for  brew ing purposes.

Materials and Methods:
B arley, variety  ‘C -164 ’ and  bajra, variety  ‘H B -3 ’ 

u sed  in  the p resent stu d ies are com m ercia lly  grow n  
varieties and  w ere from  th e  D ep a rtm en t o f  P lan t B ree
d in g , H aryan a A gricu ltu ral U n iv ersity , H issar. T hese  
gra in s w ere an alysed  fo r  variou s ingred ients by the  
m eth o d s describ ed  b y  A O  A C 3. T o ta l n itrogen  w as
estim ated  as describ ed  by th e  C ereal L ab oratory  
m eth o d s4. T h e starch  co n ten t w a s  d eterm in ed  b y  th e  
m eth o d  o f  H a ssid  and  N u e fe ld 5.

Germination studies: Seeds (100  g ) w ere w ashed  
in  ta p  w ater to  rem ove a ll th e  ex tran eou s m aterials  
and  so ak ed  in  d istilled  w ater (500 m l) a t 17°C  fo r  8 hr 
(bajra) or 48 hr (barley). T h e seed s w ere th en  a llo w ed  
to  germ inate a t 17 dC  in  B O D  in cu b ator in  petridishes  
(8 in . d iam eter) spread  o n  w et filter paper. Sam ples  
(5g) w ere w ith d raw n  at in terva ls o f  24  hr u p to  120 hr 
du ring  germ in atio n  fo r  analysis.

T o ta l am ylases w ere extracted  and  assayed  accord in g  
to  th e  m eth o d  o f  N a son «  and  °< -a m y la se  activ ity  w as  
m easured b y  th e  m eth o d  o f  Sw ain  and  D ek k er7. E n zym e

a ctiv ity  is  exp ressed  as m g  o f  m a lto se  released /m l 
en zym e extract a t 3 7°C  in  3 m in .

Preparation o f  malt: G rain s w ere germ in ated  as 
a b ov e  an d  th o se  sh o w in g  o p tim u m  germ in a tion  (acro- 
spire 1 /2 -3 /4  o f  th e len gth  o f  gra in ) w ere sorted  o u t  
m a n u a lly  a n d  k iln ed  at 45  °C  fo r  24 hr and  th en  at 
5 5°C  for  8 hr. T h e cu red  grain s w ere screen ed  to  
rem ove th e ro o tle ts , co o le d  a n d  sto red  in  a  co o l dry  
place (25 °C). T he m alted  grains w ere co arsely  groun d  
in  a  coffee grinder a n d  a n a lyzed  b y  th e  m eth o d  o f  
A O A C 3.

Analysis o f  wort: W ort w as prepared  accord in g  to  
th e procedu re describ ed  b y  W eissler8. T h e sam ples  
w ere eq u ilib rated  at 20° C  and  filtered th rou g h  W h at
m an  N o . 1 filter paper b e fo re  analysis.

Specific gravity  w as d eterm ined  u sin g  a  b o o t type  
pycn om eter8 (50  m l cap acity ) at 20°C . E xtract con ten t  
o f  w o rt w as ca lcu la ted  fro m  th e  p la to  tab les o f  the  
A m erican  S o c ie ty  o f  brew ing C hem ists9 and  relating  
to  th e specific gravity o f  th e w ort.

T o ta l red ucin g  sugars in  th e  w o rt w ere estim ated  as  
m a lto se  by th e d in itrosa licy lic  acid  m eth o d 10. T he  
p H  o f  w o rt w as determ ined  u sin g  an  E lico  p H  m eter  
M o d el L i-1 0  and  th e to ta l ac id ity  o f  w o rt w as deter
m in ed  as per cen t la c tic  a c id  b y  w eigh t acco rd in g  to  
th e  procedu re described  b y  H o rtw itz9. C o lou r o f  w ort 
w as estim ated  b y  th e  S p ectrop h o to m etic  m eth o d  o f  
W eissler8 a n d  to ta l p ro te in  co n ten t b y  th e  M icro-  
kjeldahl m eth o d  as describ ed  by P ip er11.

Results and Discussion
Chemical composition: G rain s u sed  for  brew in g  m ust 

have a  lo w  p ro te in  co n ten t b u t sh ou ld  be rich  in  starch . 
T h e ch em ical co m p o sitio n  o f  th e varieties o f  barley an d  
bajra u sed  in  th ese stud ies are sh o w n  in  T ab le 1. T h e  
starch  con ten t o f  th ese grains varied  sligh tly . H o w ever ,

2 5 5
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Table 1. chemical composition OF BAJRA* AND BARLEY

Bajra Barley
M oisture (%) 9.2 10.1
Crude protein (% ) (N x6 .25) 12.5 8.8
Ether extract ( %) 4.4 2.0
Starch (% ) 50.0 55.8
Germination (% ) (at 17°C) 92.0 99.9
1000 grain wt. (g) 6.4 50.9

♦ dry wt. basis.

th e  crude p ro te in  and  ether ex tractives w ere m ore in  
bajra.

Effect o f  temperature and time on amylase content 
o f  bajra: S ince it  w as necessary  to  d eterm ine the  
tim e p er io d  for germ in ation  and  a lso  to  determ ine th e  
sta ge a t w h ich  th e  grain s h av e m ax im u m  am ylo ly tic  
a ctiv ity , germ in ation  stu d ies w ere con d u cted  at 17°C  
(o p tim u m  tem perature fo r  barley) an d  a t 35 “C 1. The  
to ta l am ylase activ ity  in creased  rap id ly  a t 35 °C  ger
m in a tio n  (F ig  1) an d  reach ed  a m ax im u m  at a b ou t  
30 hr a fter w h ich  it  declin ed . O n  th e other han d , x  - 
am ylase a c tiv ity  reach ed  a  m axim u m  at 18 hr an d  th ere
after, rap id ly  declin ed . A s  com p ared  to  th is , a t 17°C , 
th e  in crease in  b o th  to ta l an d  X -am ylases is  gradual 
a n d  reach es th e m ax im um  va lu e in  a b o u t 120 hr. T he  
a m o u n t o f  to ta l and  x  -am ylase activ ity  in  grains  
germ in ated  a t 17°C  w as 2  an d  4  tim es m ore resp ecti
vely , th a n  a t 35°C . T h e grain s h a d  a tta in ed  a m oistu re  
co n ten t o f  35 .6  per cen t a t th is  s tage. T h e germ ination  
w as term in ated  a t th is  stage sin ce th e  gra in s h a d  a tta ined  
th e  a p p ro p ria te  germ in ation  stage.

Amylase content o f  bajra and barley: T h e am ylase

Table 2. amylase formation during  germination of bajra
AND BARLEY

Total amylases* o<-amylase*
Time (hr) -

Bajra Barley Bajra Barley
0 11.6 4939.0 10.2 371

24 18.2 4218.5 15.6 752
48 38.4 7118.5 28.4 822
72 114.8 12912.5 72.2 1263.5
96 260.0 27981.2 120.0 2801.6

120 390.0 34119.0 250.0 3415.5
*Units/g dry wt.

co n ten t o f  m a lt is  a m ajor param eter in  b rew in g  and  
a g o o d  m a lt m u st h ave a  h igh  am ylase co n ten t. The  
a m y lo ly tic  a civ ity  in  b o th  bajra an d  barley  w h en  ger
m in ated  a t 17°C  in creased  co n tin u o u sly  d u rin g  th e  
five d ay s o f  g erm in ation  (T ab le 2). T h e in crease  in  
a m y lo ly tic  activ ity  in  bajra is  a b o u t 40  fo ld s  over  th e  
u n germ in ated  grain  w h ile  in  barley  it  is  o n ly  a b o u t  
7 fo ld s . H o w ever , barley  h ad  a  very h ig h  in itia l and  
final en zym e lev el com p ared  to  bajra.

M alt composition: T he m a lt prepared  fro m  barley  
and  bajra w ere  an a lyzed  for  variou s co m p o n en ts  su ch  
as m o istu re , crude p rotein , ether extractives a n d  starch  
(T ab le 3). T h e over a ll co m p o sitio n  o f  th e  m a lts  w as  
sim ilar to  th a t o f  th e  grains. B o th  m alts h a d  a  sa tis
fa c to ry  flavou r and  desirab le taste .

Wort analysis: T o  exam in e w hether th e  a m y lo 
ly tic  activ ity  in  bajra m a lt is  a d eq u ate fo r  its  use in  
brew in g, w o rt w as prepared  as describ ed  b y  W eissler8 
a n d  analysed . T h e m ajor p aram eters w h ich  finally  
reflect in  th e  q u a lity  o f  beer are ferm en tab le sugars, 
th e  to ta l p ro te in  co n ten t ( o< a m in o  N ) ,  p H , to ta l  acid ity  
and  co lo u r  o f  th e  w o rt. T a b le  4  sh o w s th e  an a lysis  
o f  th e bajra a n d  b arley  w orts. R ed u cin g  sugars w hich  
p la y  a n  im p o rtan t ro le  in  esta b lish in g  th e  q u a lity  an d  
id en tity  o f  b eer, are to o  lo w  ( 1.6 per cen t) in  th e  bajra  
w o rt w hile  th e  o ther in gred ien ts are com p arab le  to  
th at o f  barley w o rt a n d  are w ith in  th e  ran ge o f  average  
A m erica n  w o rt8. T h e p H  o f  bajra w o rt w as higher  
th a n  barley  w o rt w h ile  th e  to ta l a c id ity  w as low er

Table 3. chemical composition* OF BARLEY AND BAJRA MALTS

Bajra malt Barley malt
M oisture ( %) 6.9 8.1
Crude protein (% ) (N x6.25) 14.3 9.8
E ther extract ( %) 4.9 2.4
Starch (% ) 43.6 48.5

♦ dry wt. basis



DEVENDRA KUMAR et al.: STUDIES ON A .F.D . GOAT MEAT CHUNKS 2 5 7

T a b l e  4 .  a n a l y s is  o f  b a j r a  w o r t  a n d  b a r l e y  w o r t

Bajra
wort

Barley
wort

Av range American 
barley wort

Sp. gr. 1.051 1.0358 1.0476 — 1.0497
Extract (0 Plato) 12.62 8.98 11.80 — 12.30
Colour 12.29 8.13 3.00 — 5.00
Total acidity (%) 0.06 0.12 0.11 — 0.12
Reducing sugars (%) 1.60 8.19 7.00 — 8.50
Protein (% ) 0.40 0.48 0.38 — 0.50
pH 6.12 5.55 5.20 — 5.80

and b eyon d  th e  accep tab le range fo r  average A m erican  
barely  w ort. T h e co lo u r  o f  the bajra w o rt w as a lso  
darker than B arley  w o rt and  th e  extract o f  bajra w ort  
w as h igher th an  th e  b arley  w ort.

T he red ucin g  sugar co n ten t o f  bajra w ort is  to o  
lo w  and  th is is perhap s due to  th e lo w  am y lo ly tic  a c ti
v ity in  bajra. T h is is  in ad eq u ate  to  p rod u ce th e  m in i
m um  am o u n t o f  a lco h o l (3 .1 0 -3 .9 0  per cen t by w eigh t)  
prescribed  for b eer12. T h ese  experim ents have been  
rep eated  several tim es. I t is ,  h en ce , co n c lu d ed  th at  
bajra m alt a lo n e, b ecau se o f  its  lo w  a m y lo ly tic  activ ity  
ca n n ot be used  fo r  b rew in g  p u rp ose . H ow ever , as 
rep orted  e lsew h ere13, bajra starch  can  be effective ly  
used  as an adju nct in  a sso c ia tio n  w ith  B arley m alt 
for  brew ing.

R eferences
1. Sheorain, V. S. and Wagle, D. S., J . F d  S ci. Techno!., 1973,

10, 184.
2. Pal, A., Wagle, D . S. and Sheorain, V. S., J. F d S ci. Techno!.,

1976, 13, 75.
3. O fficial M eth od s o f  A nalysis, Association of Official Analytical

Chemists, Washington D. C., 11th Ed., 1970.
4. C ereal L abora tory M eth ods, American Association of Cereal

Chemists St. Paul., 6th Ed., 1957.
5. Hassid, W. Z. and Nuefeld, E. F ., M eth od s in Carbohydrate

C hem istry, Vol. 4, 1964, 33.
6. Nason, A. in M eth ods in E n zym ology, by Colowick, S. P. and

K aplan N. D., Academic Press Inc., New York, Vol. 1, 
1955, 62.

7. Swain, R. R. and Dekker, E. E., B iochem . B iophys. A c ts .,
1966, 122, 87.

8. Weissler, H. H ., in E ncyclopedia  o f  Industrial Chem ical
A nalysis, Snell, F. D. and Hilton, C. L. (Ed), Inter Science 
Publishers, U.S.A., Vol. 7, 1968, 475.

9. Hortwitz, W., in O fficia l M eth od s o f  A nalysis, Association
of the Official Analytical Chemists, 11th Ed. 1970.

10. Sumner, J. D. and Howell, S. F . , / .  biol. C hem ., 1935,108, 51.
11. Piper, C. S., S o i and  P la n t A n a lysis , In ter Science Publishers

Inc. N . Z. 1950.
12. Prescott, S. C. and Dunn, C. G ., Industria l M icrob io logy,

M cGraw Hill Book Co. Inc., Japan, 1959.
13. Dhamija, S. S., Evaluation o f  various starch  m ateria ls  a s m a lt

a d jin cts  fo r  brew ing, thesis submitted to  Haryana Agricul
tural University, Hissar, 1977.

Biochemical, Physical and Organoleptic Studies on Production 
of Enzyme Tenderized A. F. D. Goat Meat Chunks

D e v e n d r a  K u m a r , T . R . S h a r m a  a n d  H . N a t h  
D efen ce  F o o d  R esearch  L ab oratory , M ysore

M anuscrip t rece ived  29 A p r il 1977: rev ised  13 O ct. 1977

A study was carried out to commercially produce improved quality, enzyme tenderized accelerated freeze dried (AFD) mutton 
chunks. Tenderization was measured in terms of (a) protein extractability, (b) total volatile nitrogen (TVN), (c) extract release 
volume (ERV), and (d) juice expressed by press fluid method. Products were evaluated both organoleptically and by chemical 
analysis. All the enzyme treated products were found better than their controls prior to freeze drying. Ficin tenderized AFD mutton 
chunks were found to be the best in overall quality and uniformity of the tenderness. Enzymatic tenderization resulted in reduction 
of cooking time by half an hour at 5 p.s.i.

T end erizin g  effect o f  en zym es is  k n ow n  for  a  lo n g  
t im e1. T h e en zy m es im p o rta n t to  m eat ten d er iza tio n  
are p ro tea se s .2'3 T h e m a in  com m ercia l sources o f  p lant 
enzym es are p a p a in  from  p ap a ya , b rom elin  from  p in e
apple and ficin fro m  figs.4 A  c lo se  re la tio n sh ip  b etw een  
enzym e ten d er iza tion  and  ten d ern ess -o f  m eat h a s  been

rep o rted .5 T h e en zym es can  be ap p lied  to  m eat either  
b y  d ip p in g , spraying  or in jectin g  m eth o d6 bu t th e u n i
fo rm  d istr ib u tion  o f  en zym e depends u p o n  m an y  
fa c to rs .2 A p p ro x im a tely  5 to  7 m m  d eep  p en etration  o f  
en zym e has b een  rep orted  in  ‘d ip p in g ’ p rocess and  h en ce  
its  use is  lim ited  to  rela tive ly  th in  cu ts o f  m ea t.8
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In  th e  present pap er resu lts o f  th e attem p ts m ad e to  
exp lore  th e feasib ility  o f  the p rod u c tio n  o f  en zym e  
ten derized  accelerated  freeze dried m eat ch un ks using  
plant proteases nam ely  ficin, brom elin  and p ap a in  have  
been reported .

Materials and Methods
(a) Goat meat: T h e m eat carcasses o f  g o o d  quality  

w ere o b ta in ed  from  local m arket. O n ly  m ale g oats  
fro m  tw o  to  tw o  and a  h a lf  years in  age w ere used . 
A ll th e carcasses w ere a lm ost o f  th e  sam e w eight. 
Im m ed iately  o n  receip t (ap p rox im ately  4  to  6 hr p ost  
slau ghter) th e superficial fa t o f  th e carcasses w as trim m ed  
o ff  and  each  carcass w as an ter iop oster io sly  d iv ided  
in to  tw o  sim ilar h alves w h ich  form ed  th e test and  
co rresp o n d in g  con tro l group . T he m eat w as d eboned  
and cu t in to  10 to  15 m m  cu bes and  h an d  m ixed . F o r  
prelim inary experim ents th e m eat w as d ivided  in to  six  
gro u p s for  stand ard izing  the o p tim u m  co n d itio n s  for  
en zym atic  action . Su b seq u en tly  fo r  p rod u ctio n  o f  
en zym e treated  batches and their co n tro l o n  p ilot 
p la n t sca le , tw o  to  th ree carcasses w h ich  w ere lo n g i
tu d in a lly  d iv ided  in to  tw o  eq ual h a lves, con stitu ted  
on e g ro u p  as con tro l and th e o ther for  en zym e treat
m ent. A ll op eration s w ere d on e under strict h ygien ic  
co n d itio n s.

(b) Enzymes: A ll th e en zym es u sed  w ere o f  com m er-  
cia l/lab o ra to ry  grade. F ic in  and  B rom elin , E .M erck  
G erm any and P apain , P .C .I. D e lh i, Ind ia  and sod iu m  
ch lorid e L .R . B D H  w ere used .

(c) M ethod o f treatment and cooking: E nzym e treat
m ents w ere carried o u t fo r  30 m inu tes fo llo w in g  5 
m in p rein cu b a tion  at 60°C  and p H  6.1 ±  0 .2  in  0 .5  per 
cen t sa lin e broth . T he p H  o f  the m eat chunks was 
n o t a ltered . E nzym es w ere used  at d ifferent levels  
from  0.001 to  0 .25  per cent (w /w ) on  dressed  m eat 
basis in  saline during p relim inary experim ents. R atio  
o f  th e  dressed m eat to  saline broth  w as kept 2:1 (w /v). 
A fter  the actio n  w as over, the m eat w as co o led  to  room  
tem perature in  w ater. Sam ples w ere draw n for analysis, 
th ese con tain ed  corresp on d in g  m uscles from  con tro l 
and  treated  m eat, as w ell as ran d om  sam p lin g  w as 
d on e. T he en zym e b roth  w as d iscard ed  and  m eat w as  
co o k ed  a lon g w ith  respective co n tro ls  at 5 psi fo r  45 
m in as again st 75 m inu tes required d u rin g  norm al 
co o k in g  at th is  pressure9. T he gravy w as concentrated  
in  op en  pan s over flam e and m ixed  w ith  respective  
m eat. The co o k ed  sam ples w ere curried and o rg a n o 
lep tica lly  eva lu ated  to  select th e  o p tim u m  enzym e  
level fo r  fu rther experim ents.

B ased  o n  the results o f  above prelim inary  experi
m en ts the o p tim u m  con cen tration  o f  en zym es (0.001 
per cent) w as used  under th e experim enta l con d ition s  
fo r  p rod u ctio n  o f  full load  (app rox. 12 kg w et m aterial)

o f  ten derized  m u tton  and  their co n tro ls  fo r  further  
stud ies. Sam ples in  trip lica te w ere draw n at a ll stages  
for  analysis i.e . after treatm en t, after c o o k in g  and  
after freeze drying.

(d) Analysis o f  the samples: T he ch em ical an a lysis  
o f  th e  sam ples in  tr ip licate w as carried o u t as per 
A O A C 10 m eth ods. D eterm in atio n  o f  p rote in  ex tracta -  
b ility  w as d on e as per th e  m eth od  o f  H erring et 
n/.11 T he sam ples w ere h o m o g en ized  m ech an ica lly  
fo r  10 m in . in  0.1 M  KC1 in  1:10 ratio  u sing  T h om as  
(T eflon ) tissu e  grinder h av in g  clearance 0 .005  to  0 .007  in . 
E xtracted  p rote in  w as determ ined a ccord in g  to  the  
m eth o d  o f  L ow ry et al.n

T o ta l vo la tile  n itrogen  (T V N ) w as determ ined  as a  
m easure o f  the degree o f  p rote in  b reak d ow n  and  the  
extract release vo lu m e (E R V ) w as d eterm ined  for  
exp lorin g  the accep tab ility  o f  th e p rod u ct as per th e  
m eth od  o f  p ea rso n .13 H igher th e T V N  va lu e , h igher  
bein g  th e accep tab ility  o f  th e prod uct.

E xp ressed  ju ice  m easurem ent w as d o n e  as a m easure  
o f  ju ic in ess accord in g  to  th e  p rocedu re o f  W ierbicki and  
D ea th era g e14 o n  10 rep licates using  th e T exture T est 
System , TP-1 o f  the F o o d  T ech n o lo g y  C o rp o ra tio n 15,
U .S .A . (A  p atent o f  K ram er Press). 0 .5  gm  sam ples  
w ere used  on  a 9 .0  cm  dia . W hatm an N o . l  filter paper  
and 100 lb  force  w as app lied  for on e m in u te. T h e  
relative h u m id ity , m oisture con ten t o f  the paper and  
regression  coefficien t o f  w ater w ere determ ined  acco r
d ingly.

R eco n stitu tio n  tim e, reh ydration  ratio  and  per cent 
m oistu re w ere ca lcu lated  and SH  con ten t o f  th e m eat 
p rote in  w as determ ined as per the m eth od  o f  J o ze f and  
R a y m o n d 16 u sing  E llm an ’s reagent.

(e) Evaluation o f  the products: T he p rod u cts in  
trip licate w ere evalu ated  by a lab oratory  p an el o f  six  
ju d ges on  a n ine p o in t h ed o n ic  scale and  graded in  the  
order o f  ch oice.

Results and Discussion
R esults o f  the prelim inary experim ents have been  

presented  in T ab le 1. It is seen  th at th e m axim u m  
en zym atic  a ction  is over at 0.001 per cent en zym e  
con cen tration  under th e experim ental co n d itio n s  and  
further increase in the enzym e con cen tration  d o es n o t  
p rod u ce any  app reciab le change in  T V N  or E R V . 
A t th is en zym e level p H  o f  the b roth  a lso  rem ains  
unaffected . H igher en zym e con cen tration s in  ficin  
treatm ent prod uce p H  sh ift tow ard s acid ity  w hereas  
in  p ap ain  treatm ent tow ard s m ild  a lk a lin ity  a n d  lead  
to  o verten d er iza tio n /so gg in ess in  the prod u ct. T ota l 
so lid s in th e broth  are n o t affected  as a result o f  en zym e  
a ction . T he gravy p rod u ction  rem ains as m u ch  as in  
con tro l m eat o r  becom es sligh tly  less. 0.001 p er  cen t 
con cen tration  o f  en zym es w as ch osen  fo r  fu rther exp eri-
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T a b l e  1. e f f e c t  o f  v a r y in g  e n z y m e  c o n c e n t r a t io n  u n d e r  t h e  e x p e r im e n t a l  c o n d it io n s  u p o n  t e n e e r iz a t ic n

Enzyme used
Enzyme 

concn. (% , 
W /W to mu 
ton in the 

broth

pH

Before
action

After
action

Total 
solids in 
bro th  (%)

Total volatile N  in 
(ml. of std .H 2SO4/10g or ml)

Broth M utton

Gravy
released
cooking
volume
(% )

Extract
release

Organoleptic
quality

Ficin 0.001 6.4 6.4 0.05 0.40 0.8 - 16.94 26.0 Good/tender
0.01 6.4 6.3 — 0.45 0.85 — 24.0 V. tender
0.1 6.4 6.1 _ 0.5 1.0 — 15.5 Over tender 

little soggy
Control N il 6.4 6.4 0.05 0.3 0.7 18.17 24.0 slightly hard
Bromelin 0.001 6.0 6.0 0.065 0.4 0.7 10.4 16.0 Good/tender

0.01 6.0 6.0 — 0.45 0.7 — 12.5 Very tender
0.1 6.0 6.0 — 0.5 0.75 — 6.5 Over tender

Control N il 6.0 6.0 0.06 0.3 0.65 14.5 9.5 slightly hard
Papain 0.001 6.0 6.1 0.045 0.6 0.8 19.75 19.5 Good/tender

0.01 6.0 6.1 — 0.8 0.8 — 18.5 Over tender
0.1 6.0 6.1 — 0.9 0.8 — 18.5 Over tender

Control N il 6.0 6.0 0.045 0.6 0.7 20.64 19.0 Slightly hard

—N ot determined

m ents as it  gave an  organ o lep tica lly  g o o d /ten d er  p r o 
du ct w ith  h igh est E R V  an d  slig h tly  h igher T V N  values  
over con tro l m ean in g  th ereb y  o p tim u m  p rote in  b reak
d o w n  an d  a ccep ta b ility13 in  re la tion  to  organ o lep tic  
quality . T h ese find in gs corre la ted  w ith  organ o lep tic  
eva lu a tion  o f  th e freeze dried  p rod u cts a lso . Effect 
o f  en zym es treatm en t u p o n  p ro te in  ex tractab ility  have  
been sh o w n  in  T ab le 2. M ax im u m  p rote in  b reak d ow n  
is  ob served  in  case o f  ficin treatm ent as has been  
rep orted  a lso 17. It resu lted  in  22 .34  per cen t excess  
extractab le p ro te in  over con tro l. Su b seq u en tly  u p o n

T a b l e  2. e f f e c t  o f  e n z y m e  t r e a t m e n t  u p o n  p r o t e in

EXTRACTABILITY OF MEAT

% extractable protein
------ --------- ----------------------------- —  % gain

Product Before % gain After cooking over
cooking over and freeze control

control drying
Ficin treated 43.50 37.0
meat 22.34 20.1
Control 21.16 17.1
Bromelin treated 29.16 23.1
meat 8.00 6.1
Control 21.16 17.0
Papain treated 23.64 17.0
meat 5.64 0.5
Control 18.00 16.5

co o k in g  and freeze d ryin g  th e  ex tractab ility  o f  the  
p rote in s  w as low ered  slig h tly  p o ssib ly  due to  h eat  
den atu ration . B rom elin  an d  p a p a in  treatm ents p ro 
du ced  8 .0  a n d  5 .64  per cen t excess extractab le p rote in  
over con tro l, resp ectively . U p o n  co o k in g  a n d  freeze  
dryin g  th e p rote in  extractab ility  in  case o f  p ap a in  
treated  m u tto n  w as u n ex p ected ly  red uced  to  0 .5  per  
cen t over  con tro l. P o ssib ly  it  is o n e  o f  th e causes o f  
its  lo w  accep tab ility  as ju d g ed  b y  p o o r  ju ice  exp ression  
and  o rga n o lep tic  score.

D a ta  o n  th e effect o f  en zym e ten d er iza tion  u p on  
ju ice  exp ression  have been  p resen ted  in  T ab le 3. It w ill 
be seen  th at ficin treatm en t p rod u ced  14.4 per cent 
extra  ju ice  over co n tro l, as a g a in st 7 .2  per cen t in  case  
o f  p ap a in  after freeze drying. S ince ficin is th e  m ost  
p ow erfu l p ro teo ly tic  en zy m e17 a m o n g  th ese and  d e
grades b o th  co lla g en  as w ell as m u scle  p ro te in s , it  
p rod u ced  o p tim u m  p rote in  b reak d ow n  w h ich , it  appears  
h elp ed  in  form in g  a  m ore exp an d ed  gel u p o n  recon sti
tu tio n  w ith  reten tion  o f  h igher a m ou n t o f  “ im m ob i
liz ed ” w ater and th erefore h igher degree o f  sw ellin g  
an d  ju ic in ess18.

R eh yd ra tion  ratio  o f  th e  ficin ten d er ized  A F D  m eat 
ch un ks w as fo u n d  to  be co m p a ra tiv ely  h igh er ( 1 :2.52) 
th an  brom elin  or p a p a in  ten derized  A F D  m eat chunks  
w h ich  w ere 1.88 an d  1.98 resp ectively . N o  difference  
in  S H  grou p s co n ten t w as ob served  as a  resu lt o f  en zy 
m atic  ten d er iza tio n  in  any  o f  th e  grou p s. T h e freeze  
d ried  ten d er ized  m eat co u ld  be recon stitu ted  b y  sim m er
in g  it in  b o ilin g  w ater for  15 m inu tes.
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T a b l e  3 . e f f e c t  o f  t e n d e r iz a t io n  u p o n  ju ic e  e x p r e s s io n  u n d e r  t h e  e x p e r im e n t a l  c o n d it io n s *

M eat treated/control A fter enzyme treatment After cooking

A fter freeze dry
in g  and reconsti

tution

E J A  (sq cm) %  extra ju ice  over 
control

E J A  (sq cm) %  extra ju ice  over 
control

E J A  (sq cm) %  extra ju ice  over 
control

F ic in 22.53 16.03 11.60 24.58 7.0 14.4

Control 19 .19 6.88 4.0

Brom elin 22.01 15.74 12.01 17.90 6.0 7.2

C ontro l 18.73 8.26 4.0

Papain 20.95 19.6 10.75 10.32 4.1 1.44

Control 16.75 8.60 3.8

* R H  6 0 % ,  M oisture content of the filter paper 6 .7 -j-0 .1  %  and regression coefficient of water 60.95 mg/sq cm. 

E J A —Average expressed ju ice  area i.e . (average total area— average meat film  area)

R esu lts o f  th e  organ o lep tic  ev a lu a tion  h ave been  
presented  in  T ab le 4. T h ou gh  th e  p ap a in  treatm en t re
su lted  in  con sid erab le p rote in  b reak d ow n  as in d icated  
by T V N  an d  E R V  valu es su ggestin g  ten d er iza tio n  
h ow ever , a fter co o k in g  an d  freeze drying it  h ad  low  
preferen ce due to  p o o r  ju ice  exp ression . T h e reasons  
are n o t w ell u n d erstood . B rom elin  treated  freeze dried  
m u tton  w as fo u n d  to  be com p aratively  m ore tender  
a n d  ju icy . T h e ficin  treatm en t gave b est p rod u ct w h ich  
w as graded first in  th e order o f  ch o ice . T hese findings  
agree w ith  th e  d ata  o n  ju ice  exp ression  and  p rotein  
extractab ility  o f  th e  treated  m eats.

C onclusion: T he stu d y  in d ica tes th a t th e  ficin  
treatm ent b e in g  th e  b est can  be used  in  m eat ten d er iza 
tio n  w ith  a lim ited  ch un k  size fo r  p rep aration  o f  m eat  
o r  m eat b ased  co n ven ien ce fo o d s.

T a b l e  4 .  o r g a n o l e p t ic  e v a l u a t io n  o f  t h e  d if f e r e n t  e n z y m e
t e n d e r i z e d  m e a t CHUNKS

Parameter F ic in Brom elin Papain Contro l

C o lo u r 6.3 6.1 5.7 6.1
Flavo u r 5.3 5.8 5.5 5.7

Juiciness 5.3 4.5 3.7 3.3

Tenderness 5.5 4.0 2.7 2.5

To ta l score 22.4 20.4 17.6 17.6

Rem arks — — SI. hard —
G rad in g I I I I V I l l

(Average score out of 10)
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Development and Application of Fungistatic Wrappers in Food 
Preservation. Part II. Wrappers Made by Coating Process

K . G . G h o s h , A . N . Sr iv a t s a , N . N ir m a la  a n d  T . R . S h a r m a  
D efen ce  F o o d  R esearch  L ab oratory , M ysore

M anuscrip t received  27 A p ril 1977; revised  26 S ep t. 1977

An effective fungistatic wrapper can be economically made by coating grease proof paper with an aqueous dispersion of sorbic acid 
in 2 % carbaxymethyl cellulose solution. A simple technique is described whereby foods which are generally amenable to spoilage 
by mould attack can be preserved for short periods of minimum 10 days by simply wrapping them with the sorbic acid treated 
paper and then enclosing in a polyethylene bag.

A  fu n g ista tic  w rapper d eve lop ed  fo r  fo o d  preservation  
can have w ide ap p lica tio n  i f  it  is  eco n om ica lly  and  
co n ven ien tly  m ade an d  can  a lso  be u sed  at all p laces  
w ith o u t n eed in g  a n y  specia l tech n o lo g ica l facilities for  
its  ap p lica tion . T h e w rapper and  its m eth od  o f  use  
p rev iou sly  d escr ib ed1 d o  n o t fu lly  co n fo rm  to  these  
requirem ents sin ce its  m anu facture requires th e use o f  
a lco h o l w h ich  raises its co st and  th e m eth od  a lso  requires 
p o st p ack ag in g  h eat treatm en t o f  th e fo o d  in  th erm o sta ti
cally  con tro lled  oven s. In vestigation s w ere, th erefore, 
undertaken to  find o u t w hether in stead  o f  a lco h o l w ater  
based  so rb ic  acid  fo im u la tio n  co u ld  be u sed  fo r  co a tin g  
paper to  g ive  an eq u a lly  effective w rapper and  a lso  i f  
under su itab le s itu a tion s th e w rapper co u ld  be u sed  w ith 
o u t n eed in g  su b seq u en t h ea t p rocessin g  o f  th e p ack aged  
fo o d  in  an  oven . A s  a resu lt a n ew  co a ted  fu n g ista tic  
w rapper w as d eve lo p ed  and  a  new  and sim ple tech n iq u e  
fo r  its ap p lica tio n  w as evo lved .

M ateria ls and M eth od s
Grease proof paper: Super w h ite  grease p r o o f  paper  

o f  45 g /sq  m  su b stan ce, in d igen o u sly  m anufactured .
Sorbic acid: Sorb ic acid  (E  M erck) o f  99 per cen t  

purity .
Carboxymethyl cellulose: “ C ek ol H V P ” brand, p ro 

du ced  by M /s  C ellu lose P rodu cts o f  Ind ia  Ltd.
T h e co a tin g  fo rm u la tio n  w as co m p o sed  o f  Sorb ic  

acid , 30 g ; C arb oxym eth yl ce llu lose , 20  g ; E m b a n o x -6,
0 .8  m l; an d  W ater, 11

Sorb ic acid  w as a d d ed  little  b y  little  to  carb oxym eth yl 
cellu lose so lu tio n  and  m ixed  th o rou g h ly  u sin g  a  m ech a n i
cal stirrer. A n tio x id a n t, “ E m b an ox-6” w as finally  
ad d ed  and  th e  h o m o g en o u s  m ixture w as u sed  u p  w ith in  
2  to  3 hrs.

Coating method: T h e co a tin g  co u ld  be carried o u t 
on  a lab ora tory  m o d e l, tw o  ro ller co a tin g  m ach in e, one  
o f  the rollers actin g  b o th  as p ick  u p  and  ap p lica tor  roller

and  the o ther b y  su itab le adju stm ent o f  th e  n ip  acting  
in  effect as a  d o ctor  (F ig . 1). T h e co a ted  paper w as 
a llo w ed  to  dry under ro o m  co n d itio n s  b y  lay in g  on  a  
flat c lean  surface. T h e exa ct th ick n ess o f  th e  coatin g  
to  g ive th e con cen tration  o f  so rb ic  acid  per square m eter  
o f  the co a ted  pap er to  1.8 to  2.2 g  w as su ita b ly  adjusted.

T he p rocess can  be carried o u t m ore efficiently  and  on  
a large scale in  a co n tin u ou s co a tin g  m achin e p rovided  
w ith  drying channel and  u n w ind  a n d  rew ind  ro lls  (F ig  2) 
T he drying w as carried o u t a t a  ch an nel tem perature o f  
55° to  60°C .

Estimation o f  sorbic acid: F o r  rap id  estim a tion  o f  
sorb ic  acid  in  co a ted  paper a  10 c m x l O  cm  p iece w as  
cu t in to  sm all bits, so ak ed  in  a  stop p ered  flask w ith  50  
m l o f  fresh ly  b o iled  and  co o le d  d istilled  w ater, add in g  
20 m l o f  N /1 0  N a O H  so lu tio n  a n d  b ack  titratin g  the  
excess a lk a li w ith  a standard N /1 0  o x a lic  acid  so lu tion  
to  p h en o lp h th a lin  in d icator. Sorb ic acid  transferred  
to  th e fo o d  m aterials w as estim ated  b y  th e m eth od  o f  
S ch im d t.2

T h e fo llo w in g  fo o d  m ateria ls w ere u sed  in  th e preser
v a tion  experim ents.

(i)  B reads, b o th  ord in ary  M o d ern  B akery breads and  
ordinary loca l bakery b r ea d s: M oistu re  con ten t varied  
betw een  30 to  33 per cent an d  w ater activ ity  betw een
0 .90  to  0 .94. (n ) P uries, m ade o u t o f  g o o d  q u a lity  w heat  
flour ad d in g  2 per cen t sa lt o n  th e w eigh t o f  th e flour and

R oll used as D octor

Pickup and Applicator Roll 
Fig. 1. Two roller coating

261



2 6 2 JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 14, NOVEMBER-DECEMBER 1 9 7 7

Fig. 2. Continuous coating, drying and rewinding machine

u sin g  hyd rogen ated  o il or refined grou n d n u t o il for  
fry in g  in  th e usual m anner. M oistu re co n ten t w as  
ap p rox im ately  25 per cent and  w ater activ ity  betw een
0 .8 6  and  0 .90. E ach  puri w as o f  40  g  w ith  d iam eter o f
5.5. in ch es, (in) C hap aties, m ade from  g o o d  quality  
w heat atta  ad d in g  6 per cent o il hyd ro  an d  2 per cent 
sa lt o n  th e  w eig h t o f  th e atta, b ak in g  an d  puffing in  
th e  norm al m anner. T h e m oistu re con ten t w as a p p ro x i
m ately  30 per cent. E ach  chapati w as o f  45  g  and  o f  6 
in ch es in  d iam eter. T h e w ater activ ity  o f  different batches  
varied betw een  0 .8 6  and  0 .90. (iv) A gra  p eth a , ob ta in ed  
from  local m arket w ith  sugar syrup  o f  75° Brix. The  
w ater activ ity  varied betw een 0 .80  and  0 .86. (v) K h o a , 
fresh ly  m ade from  fu ll cream  m ilk  to  a m oistu re con ten t  
o f  27 per cent and w ater activ ity  betw een  0 .8 6  and 0 .90. 
(vt) Interm ediate m oistu re fru it sa lad  prepared  from

banana slices by th e p rocess o f  o sm o tic  d eh y d ration3 
using  gradu ally  increasing  con cen tration  o f  sugar syrup  
till th e final syrup stren gth  w as 75° Brix.

R esults and D iscussion
Paper fo r  coating process: In  a co a tin g  process  

using an  aq u eou s form u la tion  o f  so rb ic  acid , the paper  
to  be used  sh ou ld  be ligh t and  at th e sam e tim e stron g , 
en ou g h  to  run o n  a  co a tin g  m achin e. I t sh o u ld  a lso  be  
n o n p o ro u s as far as p o ssib le  so  th a t it d o es  n o t so a k  
w ater im m ed iate ly  o n  b e in g  coa ted  a n d  th ereb y  lose  
stren gth  and  d im en sion a l sta b ility  w hile it is  ru nn in g  
o n  the m achin e. G rease p r o o f  paper o f  45  g  sub stan ce  
has b een  fo u n d  to  be sa tisfa cto ry  from  th ese p o in ts  o f  
v iew  and  in  fact, has p resen ted  no p rob lem  o n  a c o n ti
n u ou s coa tin g , dryin g  and  rew in d in g  m achin e. T he  
paper is a lso  su itab le for use in  co n ta c t w ith  fo o d  m a te 
rials.

Coating formulation: C laciu m  sorb ate w as p rev io u sly  
rep orted  to  have been  used4 in  co a tin g  co m p o sitio n . 
F o r  reason s o f  con ven ien ce , e co n o m y  a n d  storage  
prop erty , h ow ever th e use o f  sorb ic a cid  its e lf  w as  
favoured . A s  b in d in g  and  d ispersin g  agent h ig h  v isc o 
sity  grade carb oxym eth yl ce llu lose  p rov ed  to  be qu ite  
sa tisfactory . U sin g  a 3 percent d isp ersion  o f  sorb ic  acid  
in  a  2 percen t so lu tion  o f  carb oxym eth y l ce llu lo se  so lu 
tio n  and  adjusting the coa t th ick n ess p rop erly  it w as 
fo u n d  th at sorb ic  acid  con cen tration  in  th e coa ted  pap er  
cou ld  be adjusted  to  2+ 0.2 g  per square m eter w ith ou t  
m uch difficulty. A s in  case o f  a lcoh o lic  so lu tio n , in  the  
coa tin g  co m p o sitio n  a lso  E m b an ox-6 w as ad d ed  to  the  
exten t o f  0.8 m l per litre to  m in im ise o x id ative  ch an ges  
in  sorb ic  acid . T he coa ted  paper w as fo u n d  to  release

T a b l e  1 . s t o r a g e  s t a b i l i t y  o f  v a r io u s  f o o d s  w r a p p e d  w i t h  c o a t e d  f u n g i s t a t i c  w r a p p e r  a n d  s u b s e q u e n t l y  h e a t  p r o c e s s e d
AFTER PA CK A G IN G

Food items
Period of

Details o f packaging heating at
90-95°C (min)

Shelf life based on 
microbiological sta

bility (months)

Shelf life based on 
organoleptic ac

ceptability (weeks)
Unsliced M odern Bakery 

Bread, 400 g
Individually wrapped and enclosed in 

lam inated paper/polyethylene bags
30 > 4 4

Chapaties 5 nos wrapped together and enclosed in a 
paperfoil-polyethylene lam inated pouch

30 > 3 8

Puri fried in refined groundnut 
oil »» 30 > 3 4

Banana fru it salad 50 g made into a  disc shape of 2 cm thick
ness, wrapped and enclosed in lam inat
ed foil pouch

30 - > 2 6

Agra petha 30 g wrapped and enclosed in laminated 
foil pouch

30 > 6 > 2 4
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so rb ic  a c id  read ily  o n  b eatin g  at 9 0 ° -1 0 0 °C . T h e cost  
o f  p rod u c in g  th e  co a ted  pap er in  th e ab ov e  m ann er  
w o rk s o u t to  be con sid erab ly  cheaper th a n  th e  im p reg
n a ted  pap er m ad e fro m  a lc o h o lic  so lu tio n  o f  sorb ic  
acid . T h e co a ted  p ap er is  a lso  m ore stab le. A fter  
storage fo r  4  m o n th s a t am b ien t co n d itio n s  th e  co n cen t
ra tion  o f  so rb ic  acid  w as fo u n d  to  be red uced  fro m  1.95  
to  1.88 g  per square m eter.

Effectivity o f  the coated wrapper: T o  verify  th e effec- 
tiv ity  o f  th e  co a ted  pap er, it w as u sed  fo r  p reservation  
o f  breads, ch ap a ties, pu ries an d  A gra  p eth as a n d  b an ana  
fru it sa la d  in  th e  sam e m an n er as p rev iou sly  describ ed
i.e . b y  first w rap p in g  an d  su b seq u en tly  h eat p rocessin g  
o f  th e w rap p ed  an d  p a ck a g ed  item s a t 90°  to  9 5 °C  fo r  
30 to  60 m in . T he resu lts o f  storage stu d ies o f  th ese  
pack ages are g iv en  in  T ab le 1 fro m  w h ich  it  w ill be seen  
th at th e co a ted  paper is  as effective in  preservation  
again st m icro b io lo g ica l sp o ila g e  as th e  p ap er m ad e by  
so a k in g  w ith  a lc o h o lic  so lu tio n . T h e actu al s h e lf  life  
o f  fo o d s  th us p reserved  is  determ ined  b y  o th er form s o f  
d eterioration . In  case o f  breads an d  pu ries th e  o n se t o f  
o ff  flavou r, in  case o f  ch ap aties, th e on set o f  b itter taste  
a n d  in  case o f  b a n an a  fru it sa lad , in ten se  b row n in g  
restrict th e sh e lf  life  o f  th ese p rod u cts u p to  1 to  2 
m on th s. In case o f  A gra  peth a , w h ich  d o es  n o t d eve lo p

d isco lou ra tio n  or rancid ity  a  very lo n g  s h e lf  life , i.e . 
b eyo n d  6 m o n th s is  ach ieved .

Elimination o f  post packaging heat process: The  
d istin ctly  separate ro les  o f  h e a t p rocessin g  a n d  o f  the  
fu n g ista tic  w rapper in  th e p reservation  o f  th e  p ack aged  
fo o d  w as clearly  b rou gh t o u t in  th e  earlier p a p er1. 
H ow ever , it  w as rea lised  th at th e  necessity  fo r  heat 
p rocessin g  o f  th e p ack aged  fo o d  un der con tro lled  co n d i
tio n s  con sid erab ly  restricts th e read y  a p p lica tio n  o f  th e  
m eth o d . In  a  b id  to  m a k e  th e  m eth o d  sim p ler, it  w as  
th o u g h t th at th is  s tep  co u ld  b e e lim in ated  w ith o u t any  
detrim enta l effect, i f  th e  fo o d  du ring  its p rep aration  is  
sub jected  to  sufficiently  h ig h  tem p erature to  b r in g  d ow n  
its  m icro b io lo g ica l lo a d  to  an  in sign ifican t level an d  is 
a lso  availab le fo r  w rap p in g  w ith , fu n g ista tic  w rapper  
im m ed ia te ly  after th e  h eatin g  p rocess is  over w ith o u t  
a llo w in g  it  to  c o o l d o w n  b y  n orm al a tm osp h eric  e x p o 
sure. E xp erim ents w h ich  w ere carried o u t in  th is  co n 
n ectio n  p rov ed  th at th is  co n ten tio n  is  in d eed  correct. 
4 0 0  g  lo ca l bak ery  b reads w h ich  w ere w rap p ed  w ith in  
1 to  2 m in  a fter  rem oval from  o v en  a n d  th en  p ack ed  in  
200 gau ge p o lyeth ylen e bags rem ain ed  free fro m  m o u ld  
a n d  y ea st a n d  ro p e  form ers after 12 d ays. P uries w ere  
a lso  sim ilarly  w rap p ed  in  g ro u p s o f  five w ith in  1 to  2 
m in u tes o f  their rem oval fro m  th e  fry in g  p a n  a n d  w ere

T a b l e  2 .  s t o r a g e  s t u d i e s  o f  h e a t  p r o c e s s e d  f o o d s  p r e s e r v e d  b y  f u n g i s t a t i c  w r a p p e r  u n d e r  d i f f e r e n t  c o n d i t io n s  o f  w r a p p i n g

W rapper used Time lag Microbiological condition on am bient storage Useful
F ood item  ---------------------------------------------- in wrapp- for shelf life

Papei Sorbic acid Treatment ing (min) ------------------------------------------------------------------  (days)
type in  paper (gsm) m ethod 7 days 10 days > 1 0  days

Unsliced M odem  Bakery 
Bread, 800 g

Crepe 1.5 Soaking 2-3 Good 2%  spoiled by 
m ould attack

M ouldy after 15 
days

—

Unsliced local breads, 800 g ” 99 99 6-7 20 % spoiled 
by mould 
attack

—

JJ JJ 2 99 6-7 Good 25 % spoiled by 
mould attack

— —

Unsliced M odern Bakery 
Breads, 800 g

JJ 99 99 2-3 Good Good M ould free for 
>  1 m onth

15

» Grease
proof
paper

99 Coating Max. 4 JJ JJ A  few spoiled by 
m ould after 20 
days

15

Unsliced local breads, 400 g 99 » 99 JJ JJ JJ N o mould spoilage 
upto  3 wks

15

Puries fried in hydrogenated 
oil

99 99 ” M ax. 2 JJ 99 M ould free for 
> 2  months

Chapaties » 99 JJ JJ JJ „ „ 30
K hoa » 99 JJ JJ JJ 99 M ould free for 

>  2 wks
10

N o te :—The outer packaging used for the wrapped items was 200 gauge polyethylene in all cases except for puries and chaptaties where 
paper/foil/polyethylene pouch was used.

3
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su b seq u en tly  p a ck ed  in  p a p er-fo il-p o lye th y len e lam in ate  
p ou ch . T h ese a lso  rem ain ed  free from  m o u ld  and  yeast  
up to  90 days and  th e to ta l p la te  cou n t at 55 CC increased  
in itia lly  from  0  5 to  30 -5 0 /g  a t th e  en d  o f  th e 90-day  
p eriod . A t  the p rocessin g  tem perature o f  ab ou t 100°C  
or m ore th e o n ly  surving organ ism s are th e  th erm op h yls  
an d  under a ero b ic  co n d itio n s  o f  storage, their sub sequ ent 
grow th  in sid e th e p ack ages d oes n o t p o se  either sp o ilage  
or health  hazard s i f  th e storag e  life is  lim ited  to  o n e  to  
tw o  w eek s. I t w as a lso  ob served  in  th ese  experim ents  
th at th e am o u n t o f  sorb ic acid  transferred  to  fo o d  from  
th e  w rapper is w ell w ith in  the lim it o f  0.1 percent 
a llo w ed  b y  th e sta tu tory  au th orities.

F o r a d o p tin g  th e ab ove sim p le tech n iq u e for  m in im u m  
10 d ays, tw o  m ore facts  h ad  to  be ascerta in ed  v iz ., 
w h eth er th e o p tim u m  con cen tration  o f  2 g sm  o f  sorb ic  
acid  in  the w rapp er p rev iou sly  estab lish ed  w as still 
v a lid  fo r  th is  m eth o d  a lso  and seco n d ly , w hether the  
tim e lag  b etw een  th e stop p ag e o f  h eatin g  p rocess o f  th e  
fo o d  an d  its  w rap p in g  co u ld  be relaxed  and , i f  so , to  
w hat ex ten t. L arge scale experim ents u sin g  200 bread  
loaves in  each , w ere carried o u t in  w h ich  sorb ic  acid  
treated  w rappers h ad  con cen tration s o f  b o th  2 g sm  and
1.5 gsm . T h e tim e gap  o f  b o th  3 m in  an d  6 to  7 m in  
betw een  th e rem oval o f  th e bread fro m  th e b ak in g  o ven  
an d  their w rap p in g  w ere used . T he resu lts are g iven  in  
T ab le 2. It can  be co n c lu d ed  from  th ese resu lts, th at  
ev en  fo r  sh ort p eriod s o f  p reservation  o f  3  to  4  w eeks, 
sorb ic  a cid  co n cen tration  in  th e w rapper can n o t be 
low ered  b eyo n d  2 g  per square m eter and  it w ill be 
eq u ally  u n safe to  increase th e tim e gap  o f  w rapping  
after th e h eatin g  stage to  m ore th an  4  m in u tes in  case  
o f  th e breads used , th e  m axim u m  tim e gap  perm issib le  
in  o th er cases clearly  d ep en d in g  u p o n  facto rs su ch  as 
size , w eigh t etc ., o f  th e item s.

T ab le 2  a lso  sh ow s th e  resu lts o f  a p p lica tion  o f  the  
sim p le tech n iq u e o n  o th er fo o d s  such  as pu ries, ch ap aties  
and  K h o a . T h e a p p lica tion  to  k h oa  w as esp ecia lly  
carried o u t in  v iew  o f  th e current in terest in  its preser
v a tio n 5. A fter  10 days th e  k h oa  w as still fo u n d  to  p ossess  
g o o d  arom a and  flavour. A fter  20 days th o u g h  n o  m o u ld  
grow th  w as ob served  a  d istin ct rancid  off-flavou r w as  
p ercep tib le.

T he ab ove sim p le tech n iq u e, because o f  th e p o ssib ili
ties o f  m icro b io lo g ica l con tam in a tio n , h ow ever , sm all

e sp ec ia lly  in  large scale m an u al o p era tio n , can  ev id en tly  
be lo o k ed  u p o n  as a m eth o d  o f  preservation  fo r  sh ort  
p eriod s n o t exceed in g  10 to  15 days. B u t even  th is  sh ort  
p erio d  o f  p reservation  can  be o f  im m en se u tility  in  
certain  s itu a tion s w hen a fo o d  item  prepared  a t o n e  
p lace h as to  be used  at som e tim e afterw ard s, p rob ab ly  
at a d ifferent and  d istan t p lace . A lso , in  m a n y  cases a  
to o  lo n g  p erio d  o f  preservation  again st m icro b io lo g ica l  
d eteriora tio n  d o es  n o t serve an y  usefu l p u rp ose since  
th e o n set o f  o th er  typ es o f  deter ioration s such  as sta lin g, 
off-flavou r due to  rancid ity , b row n in g  e tc ., m igh t restrict 
th e s h e lf  life  to  a  m uch  sh orter period .

In co n c lu sio n , it m ay be p o in ted  o u t th at th e m eth o d  
o f  p reservation  o f  fo o d s  by fu n g ista tic  w rapper is  su itab le  
o n ly  to  th o se  w h ich  are p ron e  to  fu n ga l sp o ilag e , th at is  
fo o d s  w ith  a  w ater activ ity  o f  gen era lly  less th an  0 .90  
(or  eq u illib riu m  relative h u m id ity  o f  less th an  90 per  
cent)6 a lth o u g h  so m etim es fo o d s  (e .g ., bread) w ith  w ater  
activ ity  h igher th an  0 .90  can  a lso  be preserved . S in ce a  
h eatin g  p rocess is  in vo lv ed  in  b o th  th e lo n g  term  an d  th e  
sh o rt term  preservation  m eth od s, th e  fo o d s  so  pre
served m ay  be ta k en  to  be free fro m  p a th o g en s and  under  
aerob ic  co n d itio n s  o f  storage th ey  can  a lso  be ta k en  to  be 
sa fe  again st to x in  p rod u cin g  bacteria.
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Determination of Iron Particle Content of Black Tea
S. N . S t e p h e n  T h a n a r a j a n d  S. R a m a sw a m y  

T ea T ech n o lo g y  D iv is io n , U P A S I  T ea  R esearch  S ta tio n , C in ch o n a , C o im b a to re , Ind ia .
M anuscrip t rece ived  17 M a y  1977; revised  26 S ep t. 1977

Four different methods involving both colorimetric and gravimetric procedures were tried to find out a  suitable method for 
estimation of iron particles in black tea. Direct ashing of the sample before and after magnetic separation of free iron particles 
by magnet, acid digestion o f the residue and ammonium thiocyanate colorimetric method seem to be relatively simpler in 
procedure and more reproducible than other methods.

It is  w ell k n ow n  th at d u ring  b lack  tea  m an u factu re  
so m e q u antity  o f  m eta llic  iro n  p articles due to  wear  
and  tear o f  m ach in aries are im p arted  to  tea  an d  th ese  
are a lm ost en tirely  rem oved  by m ean s o f  pow erfu l  
m agnets at a ll stages o f  m an u factu re. H o w ev er , it 
becom es n ecessary to  determ ine th e exact q u an tity  o f  
iro n  particles th at are retained  in  tea  b y  fo llo w in g  
certain  a ssa y  p roced u res.

S tandard m eth od s are availab le fo r  d eterm in in g  the  
different co n stitu en ts o f  b lack  te a 1. H ow ever , n o  
standard m eth o d  is so  far availab le fo r  th e d eterm in ation  
o f  m eta llic  iro n  co n ten t o f  b lack  tea . T h e A O A C  
recom m en d  gravim etric2, p erm an gan im etric3 an d  c o lo 
rim etric m eth o d s, th e  la test in v o lv in g  orth op h en an - 
th ro lin e4 an d  a m m on iu m  th io cy a n a te5 reagen ts fo r  
d eterm in ing  iro n  in  ash ed  sam p les o f  fo o d  m aterials. 
In  th e present in v estig a tio n  b o th  co lor im etric  and  
gravim etric m eth od s w ere tr ied  to  find  o u t a  su itab le  and  
relatively  sim p ler and  m ore rep rodu cib le m eth o d  to  
estim ate th e iro n  p artic le  co n ten t o f  tea .

Materials and methods
F o r  th e  p u rp ose  o f  com p arative  stud ies o n  ana lysin g  

iro n  p article  co n ten t o f  tea  b y  fo u r  d ifferent m eth od s  
in v o lv in g  gravim etric an d  co lor im etric  p roced u res, tw o  
grades o f  C T C  (C rush , T ear and  C url) p rocessed  tea  
sam ples, v iz ., B rok en  O range P ek o e— a le a f  grade and  
Super F in e  D u s t— a d u st grade, w ere ob ta in ed  from  on e  
o f  th e  tea  garden  factories  in  S ou th  Ind ia .

Preparation o f  sample: T ea  sam p les w ere grou n d  
in  a  g lass m ortar a n d  p estle  to  p a ss  th rou g h  500  m icron  
m esh  sieve an d  m ixed  th o ro u g h ly  to  g e t  a  h o m o g en eo u s  
sam ple.

Moisture: F iv e  gram s o f  prepared  sam ples w ere  
d ried  to  co n sta n t w eigh t a t 1 0 0 + 2 ° C  over n igh t. T he  
lo ss  in  w eig h t as m o istu re  w as recorded .

Method I
Ashing, acid digestion and analysis: F ive  gram s o f

th e  sam ples w ere dry ash ed  at 525 + 2 0 ° C  fo r  30 m in. 
A sh  o f  th e residues w as treated  w ith  30 m l o f  iron-free  
1 :1 (v /v ) H C l-w ater, b o iled  for 20 m in . co o le d  and  th en  
th e vo lu m e m ade to  50 m l w ith  d istilled  w ater. T he  
iron  co n ten t o f  the so lu tio n  w as estim ated  by fo llo w in g  
th e  a m m on iu m  th io cy an a te  co lor im etric  m eth o d 6.

Magnetic separation2 Iron  particles fro m  5 g  o f  
sam ple w ere rem oved  by p la y in g  a p ow erfu l m agn et  
several tim es a t 1 cm  h e igh t over  u n ifo rm ly  spread  
sam ple o n  a  w h ite  grease-free g lazed  pap er, covering  
an  area o f  25  cm  x  25 cm .

T h e iron  particle-free sam p les w ere ashed , acid  
d igested  and  a n a lysed  fo r  th eir  residu al iro n  con ten ts  
b y  u sin g  th e a b ov e  m en tion ed  th io cy a n a te  m eth o d 6. 
T h e difference in  va lu es o f  iro n  co n ten ts  o f  sam ples  
b efore a n d  after rem oval o f  iro n  p articles w as reported  
as free iro n  particle  content.

Method II
Floating o f  tea in carbontetrachloride: T o  10 g  o f  

w ell m ixed  g rou n d  sam p les in  a  2 50  m l beak er, 150 m l 
o f  carb on  tetrach lorid e w a s ad d ed , a n d  th e  m ixture  
a llo w ed  to  stan d  fo r  30 m in u tes w ith  o cca sio n a l stirring. 
T ea an d  carb on tetrach lorid e w ere d ecan ted  leavin g  
h eavy  residue o f  san d  an d  iro n  in  th e  beaker. T hree  
successive p o rtio n s o f  carb on tetrach lorid e w ere used  
u n til p ractica lly  a ll tea  w as floated  o f f  and  separated  
b y  d eca n ta tio n . T h e residual so lv en t w as evap orated  
b y  k eep in g  th e beak er o n  a  h o t  p la te  fo r  5  m in . and  
co o led .

Estimation o f  total iron: A fter  a cid  d ig estio n  th e  
to ta l iron  co n ten t in  th e  residu e w as estim a ted  by  
th io cy an a te  co lor im etric  m eth o d 6. S im ilarly , after  
m ag n etic  sep aration  o f  iro n  particle  from  th e  residue  
th e n o n -m a gn etic  p art o f  th e  residu e w as acid  d igested  
a n d  estim ated  co lorim etrically  fo r  its  to ta l non -m agn etic  
iron  con ten t. T h e d ifference in  iro n  co n ten t o f  the  
residue b efore  and  after m ag n etic  sep aration  w as  
reported .

265
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T a b l e  1. i r o n  p a r t ic l e  c o n t e n t  o f  c t c -b o p  a n d  c t c -s f d  t e a  s a m p l e s  b a s e d  o n  f o u r  d if f e r e n t  m e t h o d s  o f  e s t im a t io n

Method I
Iron content (ppm)

Method II
Total iron content (ppm)

Magnetic 
Method III

iron content 
Method IV

Sample Trial Magnetic separation Magnetic Magnetic separation Magnetic
No.* Before After iron content Before After iron content (ppm) (ppm)

Ci c 2 (ppm) Cr C2 FC, f c 2 (PPm)FCj-FC2 FG G
BOP 1 168.61 125.60 43.01 30.88 13.33 17.55 243.90 530.83

2 165.00 129.04 35.96 42.02 13.33 28.69 121.95 592.27
3 175.49 130.76 44.73 25.73 10.75 14.98 365.85 730.58
4 151.41 130.76 20.65 27.44 12.90 14.54 132.11 354.80

Mean — — 36.09 — — 18.94 215.95 552.12
S.D. — — 9.50 — — 5.75 98.89 134.95

SFD 1 145.11 108.84 36.27 42.15 13.39 28.76 234.69 193.00
2 162.39 1 2 2 . 6 6 39.73 42.15 9.07 33.08 153.06 81.63
3 169.30 1 2 2 . 6 6 46.64 29.25 8 .2 1 21.04 275.51 243.90
4 141.66 105.38 36.28 24.95 12.09 1 2 . 8 6 397.96 335.37

Mean — — 39.73 — — 23.94 265.31 213.48
S.D. — — 4.23 — — 7.71 88.37 91.63

♦ Figures given under each trial are average values of four determinations.

Method in
Floating o f tea in carbontetrachloride and weighing 

the residue: The weight of the solvent-free residue 
obtained after floating 10 g of well mixed ground tea 
samples in carbontetrachloride was determined by 
weighing the beaker containing the residue. The mag
netic iron particles from the same residue were removed 
by magnet and again weighed. The difference in weight 
was noted for magnetic iron particle content of 
the residue.
Method IV

Direct weighing of tea sample before and after magne
tic separation of iron particles: About 10 g of ground 
sample was accurately weighed in a watch glass. Iron 
particles from the weighed sample were removed by 
magnet and the weight of the residue determined. The 
difference in weight was the quantity of magnetic iron 
particles present in the tea sample.

Correction for moisture absorption: Correction for 
moisture absorption was effected by finding out the 
increase in moisture content of the sample when it 
was allowed to absorb moisture within the stipulated 
time of weighing.
Results and Discussion

The scheme of four different methods for determi
nation of iron particles in CTC-BOP and CTC-SFD 
grade tea is given in Fig 1 and the results obtained on 
the basis of four methods are presented in Table 1.

On comparing the magnetic iron particle content 
of CTC-BOP and CTC-SFD tea samples as determined

by the four different methods (Table 1), the results 
obtained from method IV shows higher values of 
magnetic iron particle content than that obtained by 
methods III, I and II. The higher values obtained by 
method III and IV can be explained on the basis that 
both the methods are gravimetric in nature and a change 
in third decimal during weighing causes an error to an 
extent of 100 ppm. In method IV, particularly, ana
lysts find often a serious problem of moisture absor
ption by tea samples during weighing (Table 2). How
ever judicious and fast the assay may be, a correction 
factor to this source of exaggerated values is not easily 
possible. On the other hand, in methods I and II such 
problems are not encountered since a very sensitive
T a b l e  2 . m o is t u r e  a b s o r p t io n  o f  c t c -b o p  a n d  c t c -s f d  t e a  

s a m p l e s  d u r in g  w e ig h i n g  a n d  m a g n e t ic  s e p a r a t io n

by METHOD IV

Sample Trial No*
Sample wt 

(g)
Moisture
absorbed

(g)
BOP 1 11.303 0.030

2 10.299 0.028
3 10.676 0.029
4 9.301 0.025

SFD 1 10.533 0.018
2 1 0 .0 2 1 0.018
3 10.024 0 . 0 2 2
4 9.776 0 . 0 2 2

♦ Figures given under each trial are average values of four
determinations.
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F i g . 1. s c h e m e  o f  d if f e r e n t  m e t h o d s

technique of colorimetric method is employed. The 
lower value of iron particle content as shown by method 
II is explained by the fact that during floating of tea 
with carbon tetrachloride, very fine particles of meta
llic iron stick to tea and as a result of this the actual 
iron particle content in the residue goes down. The 
same thing is reflected in method III and in this method 
while removing the magnetic iron by magnets, sili- 
ciceous materials also come along with the iron parti
cles showing a very high value of the magnetic iron 
particles.

Of the two colorimetric methods, viz., Method I and 
Method II, the former seems to be relatively simpler in 
procedure, more reproduceible and less expensive than 
the latter. The gravimetric methods in toto are not 
suitable for determination of iron particles in tea.
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Fatty Acid Composition of Marine Fish Body Fat
K. G. Ramachandran Nair and K. Gopakumar 

Central Institute of Fisheries Technology, Cochin-682029.
M a n u sc r ip t rece iv ed  18 O ct. 1977: rev ised  5 D ec . 1977

The fatty acid composition of the body fat of 11 species of marine fish was determined. Lipids were found to be rich in 20:5 and 
2 0 : 6  polyunsaturated fatty acids, 18:1 is generally the dominating monounsaturated acid and saturated acids account for over 
40 percent of the total. Lipids of squid and cuttlefish are distinctly different from marine fish lipids in fatty acid composition.

The fatty acid composition of marine lipids isimpotant 
from the point of view both of nutrition and of 
processing of these fish. This report presents the fatty 
acid composition of a number of marine fish, most of 
which are not commercially exploited so far, and are 
obtained as a by-catch from shrimp trawlers.
Materials and Methods

Lipids were extracted from edible meat of the fish 
with a mixture of chloroform-methanol (2:1 V/V) 
following the method of Bligh and Dyer1.

Preparation o f methylesters: The extracted lipids 
were saponified by the AOCS method2 in an inert 
atmosphere of nitrogen. The fatty acids recovered were 
esterified with methanol-HCl reagent under nitrogen, 
concentrated, filled in sealed ampoules under nitrogen 
and kept at—15°C before analysis.

Gas-liquid chromatography: Fatty acid methyl esters 
were analysed in a gas chromatograph equipped with 
flame ionisation detector, temperature controller and 
stripchart lecorder (10 mv) (Toshniwal India, Model 
KL04/04). A stainless steel column 6 ft X1/4 in (O.D) 
packed with Chromosorb W (60-80 mesh, acid-washed)

coated with 15 per cent DEGS was used. The samples 
were analysed at a column temperature of 196°C (iso
thermal), detector temperature of 275°C and an injection 
port temperature of 250°C using nitrogen at 40 ml/min 
as carrier gas.

Fatty acid esters of fish oils were identified, as earlier 
described3, against reference standards either provided 
by National Institute of Health, U.S.A. (unsaturated 
esters) or from A. G. Fluka, Switzerland (saturated 
esters). Peak areas were determined by triangulation 
and results expressed as area percentages.
Results and Discussion

Details of the fish species analysed and their lipid 
contents are given in Table 1. The fatty acid composition 
of the fish lipids is listed in Table 2. The total amount 
of saturated fatty acids (37-61 per cent) is slightly higher 
than for other marine oils3-5. The 14:0 acid shows wide 
variation, from 1.6 (skate) .to 10.0 per cent (gizzard shad), 
as does also the 16:0 acid levels (16.3 to 31.5 per cent). 
All species contain significant proportion (1.6 to 9.3 per 
cent) of oddchain 13:0, 15:0 and 17:0 acids.

Total monounsaturated acids (15.0 to 31.9 per cent)
T a b l e  1. f is h  s t u d ie d  a n d  t h e ir  b o d y  f a t s

Common name Species Lipids(g/100 g wet tissue) I. V. of lipids
Cuttle fish S e p ia 0.6 178
Squid L o lig o 0.8 213
Kalava S erra n u s  h e x a g o n a tu s , Day 0.5 162
Ribbon fish T rich u ru s  sa va la , Cuvier 0.7 145
Skate (granulated short noseray) R h in o b a to s  g ra n u la tu s , Cuvier 0.6 148
Knobby fiathead S u g g ru n d u s  tu b ercu la tu s , Cuvier 0.7 100
Rusty smalltoothed jobfish A p h a r e u s  ru tila n s , Cuvier 0.22 175
Shortnose gizzard shad A n o d o n to s to m a  ch a cu nd a , Hamilton Buchanan 2.25 90
White pomfret S tr o m a te u s  s in e n s is , Day 0.5 143
Silver jewfish (young ones) J o h n iu s  a rg e n ta tu s , Houttuyn 0.35 116
Madura anchovy T h r isso c le s  K a m m a le n s is , Bleeker 0.6 150

2 6 8
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T a b l e  2. f a t t y  a c id  c o m p o s it io n  o f  b o d y  f a t s  o f  e l e v e n  m a r in e  f is h

Cuttle fish 

Saturated acids

Squid Kalava Ribbonfish Skate Knobby flat head Job fish Gizzardshad Whitepomfret Silver Jew fish (Young ones)
Maduraanchovy

13:0 1.7 0.9 0.9 0.5 0.4 1.8 2.3 — — — —
14:0 3.3 5.9 2.6 4.9 1.6 6.4 4.0 10.0 8.1 4.6 8.0
15:0 1.7 — — 1.2 1.5 2.2 0.3 0.8 1.0 1.6 1.2
16:0 16.3 18.0 18.0 19.5 18.8 22.8 23.7 31.5 20.8 27.3 28.8
17:0 5.9 0.9 1.1 2.0 0.4 2.0 1.5 0.8 1.0 0.7 0.9
18:0 11.8 11.4 13.6 12.8 15.7 11.9 4.6 17.6 14.1 21.0 9.4
19:0 — 0.3 0.2 — 0.4 0.6 0.6 0.6 1.0 0.8 0.6
Total 40.7 

M ono unsaturated acids

37.4 36.7 40.9 38.8 48.4 37.0 61.6 46.0 56.0 48.9

13:1 — — — 0.2 — 1.2 1.4 — — — —
14:1 0.5 0.9 0.6 0.5 2.5 0.7 0.2 5.5 1.0 2.1 1.8
15:1 — — — — — — — — — — —
16:1 3.1 1.6 2.0 4.2 1.4 2.8 1.9 3.0 1.5 3.2 5.3
17:1 — — 0.5 0.9 0.7 1.7 — — — — —
18:1 8.3 4.6 16.6 18.0 14.0 15.6 16.3 7.5 13.5 9.0 4.0
20:1 9.8 5.9 9.0 4.6 10.0 3.5 — 0.6 4.0 0.7 4.0
22:1 0.3 1.5 — — 0.7 0.9 3.0 8.3 1.0 — 1.8
24:1 — 1.8 — — 2.6 4.3 — — — — —
Total 22.0 16.3 28.7 28.4 31.9 30.7 22.8 16.9 21.0 15.0 16.9

Polyunsaturated Acids
18:2 0.7 0.5 0.6 2.7 0.7 3.5 2.9 2.6 3.9 2.2 3 5
18:3 0.3 1.6 2.0 1.5 — 0.7 3.7 0.7 2.5 2.3 2.2
18:4 0.9 1.6 1.5 2.2 . 0.4 0.7 0.7 0.6 4.0 0.9 2.0
20:2 — — — — — — — 0.7 — — —
20:3 0.5 — 0.8 — — — 0.9 0.9 1.9 0.7 0.8
20:4 3.5 1.1 1.4 1.0 1.4 2.3 1.8 4.3 1.0 7.0 1.0
20:5 10.3 11.5 3.2 5.7 3.5 2.9 4.2 4.9 8.0 7.1 11.8
22:2 0.2 0.5 — 0.3 0.3 0.3 — — — 0.5 —
22:3 0.6 0.5 2.6 1.2 1.3 — — 0.7 0.7 0.5 0.3
22:4 0.7 0.7 4.9 1.7 1.5 0.9 1.0 0.7 0.9 0.5 0.3
22:5 1.9 1.1 1.6 1.9 2.1 0.9 11.0 3.5 1.6 6.0 0.3
22:6 17.7 27.2 16.0 12.5 18.1 8.7 14.0 1.9 8.5 1.3 12.0
Total 37.3 46.3 34.6 30.7 29.3 20.9 40.2 21.5 33.0 29.0 34.2

Unsaponifiable
matter
lipids. 4.6 7.6 4.0 6.0 10.0 10.0 8.0 0.5 3.5 4.9 3.3
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are lower than for the marine body fats earlier reported3*4 
but similar to that in prawn lipids. The chief constituents 
are 18:1, 20:1 and 16:1 acids.

Total polyenoic acids constitute 20.9 to 46.3 per cent 
o f the body fats, 22:6 and 20:5 being the major consti
tuents. Jobfish, a common trashiish, is quite distinct 
from other marine fish body fats in having an 
exceptionally high level (11.0 per cent) o f 22:5 acid.

A  significant feature o f the present fats is the low 
values of the 18-C acids. It has been pointed out6-7*8 
that with increasing depth o f water there is a correspond
ing increase in the quantity o f 18-C fatty acids in marine 
organisms. The present results support this hypothesis, 
since the species are all from shallow waters.

The composition o f squid and cuttlefish fats, with 
high contents o f 18:1 and 20:1 and 20:5 and 22:6 fatty 
acids, is different from the marine fish species. The 
present tropical squid fat is similar in composition to 
Atlantic squid studied by Japanese workers9, but with 
higher levels o f 18:0 and 18:1 and slightly lower levels 
of 20:5 and 22:5 acids. The cuttlefish lipid now studied 
closely resembles that reported by the same workers9.

The composition o f the present fats from by-catch 
fish is similar to that o f shrimp. This could reflect

the effect o f food and environment on fatty acid 
make-up.
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Influence o f Maturity and Pretreatments on Quality o f Canned 
Okra ( A belm oschus esculen tus) (L.) Moench)*

K. P. G opalakrishna  Rao an d  U. V. Sulladm ath
Division of Horticulture, University o f  Agricultural Sciences, Gandhi Krishi Yignana Kendra, Bangalore, India.

M anuscript received 20 A p ril 1977: revised 5 Sept. 1977
The okra cultivars-Pusa Sawani and D w arf Green Long Pod  were best suited for canning on the seventh day from the tim e o f  
flowering. The canned product from the former was comparatively better than the latter. O f the various pretreatments, cutting 
the pods into pieces 3.75 to 5 .0  cm long, blanching in boiling water for 2  min and calcium firming for 30 min in 0.5 per cent 
calcium chloride solution was found to be the best. The mucilage content o f  the covering liquid and the drained weight decreased 
with maturity and in addition, depended on pretreatment.

Okra (Abelmoschus esculentus (L.) Moench) is a 
popular vegetable grown throughout the country and 
successfully raised all through the year in southern parts 
o f India. Okra pods, canned in brine, become soft in 
texture and mucilaginous making the covering liquid 
thick and viscous1. Ranganna and Siddappa1 found 
calcium treatment to be effective somewhat in reducing 
the mucilage o f the covering liquid. The actual maturity

stage and variety o f the okra pods used for their study 
were, however, not defined. The firness and texture o f  
vegetable products vary with maturity and processing 
operations1*2.

In this paper, are presented the findings o f an in
vestigation carried out to study the effect o f maturity and 
pretreatments on the quality o f canned product o f two 
okra cultivars, Pusa Sawani and D w a rf Green Long Pod.

♦ Part of M.Sc. (Agri.) thesis submitted by the first author to the University o f Agricultural Sciences, Hebbal, Bangalore.
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Materials and Methods
The pods of two okra cultivars, Pusa Sawani and 

Dwarf Green Long Pod obtained from the crop raised in 
Gandhi Kiishi Vignana Kendra, Bangalore, during 
January-April were used for this study. The experiment 
was laid out in a split split plot design. The flowers from 
the two cultivars were tagged in late March and the 
pods 6, 7, 8 and 9 days after flowering were used for 
canning. The following different treatments were used. 
Whole pods blanched in water for 2 min, cut into pieces 
(3.75-5.00 cm long) and canned (ti). Pods cut into 
pieces (3.75-5.00 cm long), blanched in boiling water 
for 2 min and canned (t2). The cut pieces were soaked 
in calcium chloride (0.5 per cent) solution for 30 min, 
blanched in boiling water for 2 min and canned (t3). 
Same as 3 except that caloium treatment was given after 
blanching (t4). The cut pieces were blanched in 0.5 per 
cent calcium chloride solution for 2 min and canned (t5). 
The treatments were replicated thrice.

The pieces of pods treated with calcium chloride were 
washed well with water to remove traces of calcium 
chloride. Canning was done in plain cans of 301 x309 
size. In each can, 125 g of the prepared vegetable was 
filled and covered with 200 g of hot 2 per cent brine. 
The cans were exhausted to can centre temperature 
of 82°C, sealed, processed for 30 min at 116°C and cool
ed in water1. The canned product was stored at room 
temperature for four months and then examined. The 
cans of each replication were examined on successive 
days in the order they were canned.

Drained weight was determined by pouring the con
tents of the can on to a sieve and allowing to drain for 2 
min. To determine the mucilage content, 20 ml of the 
drained liquid was mixed with 60 ml of absolute alcohol 
and the precipitate formed was dried and weighed3.

A panel of five judges evaluated the canned product. 
The quality was adjudged adopting the following score 
card.

Q u a li ty S c o re

Fibrousness 30
Mucilage 20
Aroma 15
Colour and appearance 15
Taste 15
Seediness 5

Lower score values were assigned to greater fibrous
ness, higher mucilaginous nature, higher seediness and 
product with split and disintegrated pods. Higher 
scores were given to freshness in colour, soundness in 
appearance of the vegetable pieces and taste. Between 
each tasting, the judges washed their mouth and chewed 
a piece of bread to overcome the fatigue of tasting. The

scoring by judges was analysed statistically by the 
method of co-efficient of concordance utilizing the 
rankings based on the mean scores4.
Results and Discussion

Maturity of pods and pretreatments given had signifi
cant effect on mucilage content and drained weight 
(Tables 1 and 2). The two cultivars did not differ signifi
cantly between themselves in their response to the pre
treatments. When the drained weight was less, the pods 
were less mucilaginous and more firm and crisp.

Among the pretreatments, okra pods blanched whole 
and cut into pieces thereafter (tj), recorded the highest 
mucilage content in the drained liquid (Table 1) and 
caused an increase in the drained weight (Table 2) of 
the product. Apparently, these changes were due to the 
higher amount of mucilage retained in the vegetable 
during blanching which leached out when cut and 
canned. On the contrary, when the pods were cut 
before blanching, some amount of mucilage evidently 
leached out into the blanching water, resulting in bring
ing down the mucilage content of covering liquid and 
the drained weight of canned product. Ranganna and 
Siddappa1 made similar observations. They reported 
that the covering liquid became more viscous with an 
increase in the mucilage content, which resulted in the 
lowering of the quality of the canned product.

Treatment with calcium chloride reduced the mucilage 
content and produced a firm product (Tables 1 and 2). 
Of the pretreatments studied, blanching of cut pieces

Table 1. mucilage content in drained liquid of canned
OKRA AS INFLUENCED BY MATURITY OF PODS AND PRETREAT

MENTS0 (MEAN OF CULTIVARS P U SA  S A W A N I  AND D W A R F  
G R E E N  LO N G  P O D )

Mucilage content (g/100 ml of drained liquid) inPretreat- different maturity pods (days after floweing) ments ----------------------------------------------------------6 7 8 9 Mean*
‘l 1.329 0.978 0.905 0.737 0.990<*
*2 0.909 0.934 0.780 0.634 0.814e
ts 0.905 0.843 0.638 0.580 0.742*
U 0.713 0.733 0.544 0.505 0.626°
tj 1.066 0.921 0.700 0.613 0.825e

Mean 0.984C 0.8846c 0.715 a o 0.614° 0.799
M a tu r i ty  o f  p o d s  P re tre a tm e n ts

S.Em -¿0.066 J-0.023
C.D. at 1 % 0.203 0.061

a) examined after 4 months of storage
b) Means not having a common letter are significantly different at 1 per cent probability level.
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T a b l e  2 . d r a i n e d  w e i g h t  p e r  c e n t  o f  c a n n e d  o k r a  as
INFLUENCED BY MATURITY OF PODS AND PRETREATMENTS« 

(MEAN OF CULTIVARS P U S A  S A W A N I  AND D W A R F  G R E E N  
L O N G  P O D ).

Drained wt % in different maturity of pods Pretreat- (days after flowering)ments 6 7 8 9 Mean*
Drained weight per cent

tl 68.01 61.88 56.76 48.94 58.904
l2 61.72 57.24 55.47 46.14 55.14c
*3 58.27 56.48 51.38 43.76 52.43*
*4 57.05 54.09 45.95 41.19 49.57«
*5 60.51 57.93 51.64 44.83 53.7C be

Meant* 61.094 57.52c 52.24* 44.97« 53.95
M a tu r i t y  o f  p o d s P re tre a tm e n ts

S.Em ±0.941 ±0.729
C.D. at 1 % 2.875 1.933

a ) Examined after 4 months of storage
b) Means not having a common letter are significantly different at 1 per cent probability level.

T a b l e  3 . o r g a n o l e p t ic  e v a l u a t i o n  o f  c a n n e d  o k r a  p o d s  

OF DIFFERENT m a t u r i t y  s t a g e s

Mean score and rank for different maturity Stages (days after flowering)
Pusa Sawani Dwarf Green Long Pod

6 7 8 9  6 7 8 9
Mean score 55.80 63.00 52.40 31.00 56.80 61.00 48.40 24.40
Rank 3 1 5 7 4 2 6 8

W (Coefficient of concordance) -  0.831)

and soaking thereafter in calcium chloride (0.5 per cent) 
for 30 min yielded canned product having lower drained 
weight and less mucilage in the covering liquid (Tables 
1 and 2).

In the canned product, the drained weight and the 
mucilage content of the drained liquid decreased with 
maturity from 6 to 9 days, but the fibrousness increased 
(Tables 1 and 2). The canned product prepared from
7-day old pods was adjudged as the best in organoleptic 
evaluation (Table 3). The 6-day old pods though 
younger and more tender got the second ranking as 
they were more mucilaginous. The product of 8-and
9-day pods got lower scores because they were more 
fibrous. Between the two cultivars, Pusa Sawani secured 
better ranking owing to its better appearance, texture, 
less pronounced ridges and less mucilage. From these 
studies it may be inferred that the 7-day old pods of 
Pusa Sawani and Dwarf Green Long Pod okra cultivars, 
cut and blanched in boiling water for 2 min and soaked 
in calcium chloride solution (0.5 per cent) for 30 min 
gave a less mucilaginous and fiimer canned product.
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RESEARCH NOTES

HISTOCHEMICAL LOCALIZATION OF LIPASE 
IN THE RICE GRAIN

Histochemical study of the rice grain indicated that the bulk 
of the lipase activity was present in the testa layer in both 
raw and parboiled rice and to a smaller extent in the 
pericarp layers. The oil is distributed in the aleurone and 
in the testa and in the bran layers to some extent. It is 
concluded that since the lipid and the lipase are spatially 
distributed in aleurone and testa layers respectively in intact 
rice grain, there is more stability of the oil in the intact 
rice grain.

Earlier we reported that lipase was present mostly in 
the bran layers of the paddy grain, although rice germ 
was also a good source1. The present note pertains to 
its histochemical localization.

Paddy grain was dehusked by hand and the grain was

soaked in sterile distilled water for 24 hr at room tempe
rature. Then 10 thin sections (of the mid-portion of the 
grain) were made and incubated for 5 hr at 25 °C in a 
lipase-assay medium (containing 1 ml sodium taurocho- 
late (containing 8.5 mg/ml), 5 ml of emulsified j8-naph- 
thyllaurate in 50 mM phosphate buffer (pH 7.4) con
taining 0.1 mg of the substrate/ml). They were then 
washed with water and 2 ml of diazonaphthanil blue B 
(4 mg/ml) were added to the sections and incubated for 
30 min. The sections were then washed with water and 
observed under a microscope (Fig IA and IB). Fig IA 
corresponds to raw rice and Fig IB corresponds to par
boiled rice. The testa layer had a deep pink colour; the 
mesocarp layer also had pink colour, but the endo-and 
epicarp layers had very much less pinkish colour: the 
aleurone layer had none. Thus 'the bulk of lipase activity 
seems to be present in the testa layer of both raw and

Fig. IA—Cross-section of hand dehusked rice stained for lipase activity
1. Epicarp; 2. Mesocarp; 3. Endocarp;
4. Testa; 5. Aleurone; 6. Endosperm.

Fig. IB—Cross-section of parboiled rice stained for lipase activity 
6. Endosperm; 7. Bran layer (Endo, Meso and Epicarp)

H A  U B
Fig. ILA—Cross-section of hand dehusked rice stained for fat Fig. I1B—Cross-section of parboiled rice stained for fat 4, 5, 6, 7 are as in IA and IB 6 and 7 are as in IB.

2 73
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parboiled rice and also distributed, though to a much 
less extent, in the pericarp layers; parboiled rice had 
much less lipase.

When fresh sections were treated with Sudan Black-4 
for 3-4 min, the testa layer as well as the aleurone layers 
appeared red (Fig. 2A). In the case of parboiled rice 
(Fig. 2B), fat is distributed into all layers because of 
partial gelatinization and spread due to parboiling. In 
order to ascertain whether the lipid was free or bound 
to protein, 10 to 20 g of intact hand-dehusked grain was 
first soaked in a mixture of petroleum ether (60-80 °C) 
and ethanol (1:1 v/v) and gently agitated overnight to 
remove free lipids. It was then washed twice with water 
and soaked in distilled water overnight. Sections were 
made as before and stained with Sudan Black 4 and ob
served microscopically. Even here the testa layer was 
coloured indicating that it contained bound lipids while 
the other layers hardly had any fat.

These results indicate that most of the lipase activity 
seems to be confined mainly to the testa layer of the grain 
whereas oil is distributed mostly in the aleurone and 
in the testa and the bran layers to some extent. Whether 
the lipase of the testa layer will act on the bound lipids 
and whether the minor quantities of lipid in the mesocarp 
layer (bran) is in intimate contact with lipase in the same 
layer are doubtful and no definite information is 
available. In any case the bulk of the lipid (aleurone 
layer) and most of lipase (testa layer) seem to be spatially 
separated in the intact grain. This explains the higher 
stability of rice oil in the intact paddy and also the rela
tively higher stability of the oil in brown rice obtained 
from rubber roller shellers as compared with disc 
shellers2. During milling in disc shellers, the different 
layers are damaged and the enzyme and the oil come into 
contact, leading to quicker deterioration of the oil both 
in the bran and in the rice grain. A detailed study of the 
lipid and enzyme content of each layer and of the fatty 
acid composition also may yield more definitive results.

We wish to thank Drs. H. S. R. Desikachar and T. 
Srinivas of the Rice and Pulse Technology Discipline of 
this Institute for discussions of the work and other 
courtesies.
Discipline of Biochemistry a n d  B. S. Sa s t r yApplied Nutrition, M. R a m a k r is h n aCentral Food Technological M. R. R a g h a v e n d r a  R a oResearch Institute, Mysore 570 013 India.
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APPLICATION OF IN-PACKAGE DESICCATION
(EPD) TECHNIQUE FOR ENHANCING THE 
STORAGE STABILITY OF AFD BEVERAGE 

POWDER
AFD beverage powder, being extremely hygroscopic, 
picks up moisture quickly during packaging and thus losses 
its storage stability under tropical conditions. Use of sea- 
shell lime as in-package desiccant over ccmes this pro
blem. It helps in reducing the moisture content to a safer 
level and also enables to reduce the running cost of the 
plant by stopping the drying process at a moisture content 
of about 2% as against less than 1 %.

Work has been carried out earlier in this laboratory 
on the production of fruit juice powders by freeze 
drying1-2. One great advantage of this method over 
the vacuum puff-drying method3, viz., superior quality 
of the product with a very low moisture content is 
partially lost since the product with low moisture con
tent is extremely hygroscopic and has a tendency to pick 
up moisture quickly from the sorrounding atmosphere 
during the process of packing thus losing the storage 
stability under tropical conditions. The technique of 
in-package desiccation was tried not only as a solution 
to this problem but also as a means of cutting down 
the cost of running the freeze drier as the finished 
product can be preserved at a higher moisture level.

Freeze dried pineapple jucie powder was prepared as 
previously described1 and adjusted to a moisture con
tent of 2.5 per cent. Forty grams of this product was 
packed in pouches of 60 g paper/0.04 mm foil/150 gauge 
polyethylene laminate together with a gussetted grease
proof paper bag containing 6g regenerated sea shell

Fig. 1 Effect of inpack desiccant on rate of browning of AFD pineapple beverage powder stored at 37°C.
—, sample with IPD;----- , sample without 1PD.
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T a b l e  1. s t o r a g e  s t u d ie s  o f  a f d  p in e a p p l e  p o w d e r  w i t h  o r  w it h o u t  d e s ic c a n t  u n d e r  a c c e l e r a t e d  (37°C) a n d  a m b ie n t

TEM PERATU R E

With desiccant Without desiccant
Storage condition Storage period (months) Moisture

(%)
Browning (OD at 375 ju.) Organolepticrating Moisture

(%)
Browning Organolepfic (OD at 375 fx  ) rating

Initial 2.49 0.195 Like very much .— .  - _
37°C 1 0.96 0.205 „ 2.94 0.220 Like moderately
Ambient 2 0.76 0.210 99 3.15 0.210 9937°C 2 0.92 0.200 99 3.69 0.250 Indifferent
37°C 3 0.89 0.220 J» 3.43 0.260 99Ambient 4 0.83 0.220 » 2.65 0.230 9937°C 4 0.75 0.220 M 3.26 0.290 Dislike slightly
37°C 5 0.73 0.230 Like moderately 3.42 0.310 99Ambient 6 0.75 0.230 99 2.96 0.340 Do not like at all
37°C 6 0.58 0.240 „ 3.84 0.360 99

lime. These packs were stored both under ambient 
temperature (25°-30°C) and at 37°C. Some control 
samples o f the beverage powder packed as above but 
without desiccant were also stored similarly. Moisture4, 
browning5, pH and organoleptic rating were determined 
periodically (Table 1) upto 6 months.

It may be observed from the Table that moisture 
content is reduced within 1 month from 2.5 to 1 per cent 
and thereafter the reducion is slower bringing it down to
0.6 per cent in 6 months. Browing is also considerably 
retarded (Fig. 1). pH did not vary much during the sto
rage period. After 6 months storage at 37°C the product 
with IPD system remained organoleptically acceptable 
whereas the samples without the desiccant were disliked 
even after 4 month’s storage either at 37°C or at 
ambient temperature.

It is necessary that an active form o f desiccant should be 
used as has been previously shown that calcined marine 
shell is an efficient and convenient form o f lime which 
can be used as desiccant especially for dehydrated 
foods6. It is always advisable to regenerate a lime 
desiccant by heating in a muffle furnace before use.

In a pilot plant equipment with a load capacity o f 10 
kg normally the time required to bring fruit juice o f 20° 
Brix to a solid powder o f 1.0 per cent moisture is 13 hr. 
This time can be reduced by 1̂ - to 2 hr if  the moisture 
content is brought to 2.5 per cent. Hence, the IPD 
technique in conjunction with freeze drying technique can 
be used to bring about the triple advantages o f (i) high 
quality product, (n) economy, and (Hi) storage stability 
under tropical conditions.
Defence Food Research Laboratory, Mysore-10 
R ec e iv ed  1 J u n e  1977 
R e v is e d  29 S e p te m b e r  1977
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MINIMISING DRY MATTER LOSS IN MALTING 
OF SORGHUM AND MAIZE

Development of rootlets and acrospires during germination 
of Maize and Sorghum leads to a loss in the yield of malt.
The seeds steeped in 0.3 % ammonia showed higher mois
ture absorption and prevented the formation of rootlets and 
arrospire and thus would minimise the loss during malting.

As germination progresses, rootlets and coleoptile or 
acrospire develop which are produced at the expense o f  
material from original seeds1. Since rootlets are removed 
from malt after kilning, the total dry matter loss is 
approximately 8-10 percent2. The earlier observations 
on regulation o f malt root2 in the brewers barley indi
cated that gibberellic acid in various combinations with 
various doses o f  NaCl, H2S 0 4, CaCl and KBrOj, 
limited the growth o f malt roots but not acrospire 
growth. But the results o f Tahara3 showed that am- 
moniacal solution used during malting did inhibit 
germination and showed normal amylase activity in
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T a b l e  1. p r o x im a t e  a n a l y s is  o f  t h e  s e e d s

Maize Sorghum
Chemical composition ( % ) Contol

Malted Water Am- Control
Malted Water Am-monia monia

Moisture 10.77 4.61 04.82 10.10 6.12 6.83
Crude portein 11.91 9.52 10.88 11.32 9.37 9.54
Crude fibre 01.94 2.23 02.00 01.58 1.93 1.57
Crude fat 03.61 4.11 04.54 02.10 3.15 3.25
Ash 01.42 1.76 01.62 01.44 1.76 1.62
Carbohydrates (By diff.) 70.35 77.77 76.14 73.36 77.67 77.19

Starch 66.10 61.00 65.40 63.44 48.21 52.81
Red. sugars 01.09 04.50 03.68 03.50 07.14 05.65

barley. Hence, in the present work maize and sorghum 
were treated with ammoniacal solution and allowed to 
germinate.

The ‘Deccan’ variety of maize and ‘CSH T variety 
of sorghum seeds purchased from the local market 
were used. A batch of 100 each of the two varieties 
after washing in running tap water and then in distilled 
water was steeped in water and the other in 0.3 per cent 
ammoniacal solution. At intervals of 8 hr the wet grains 
were surface dried by dry filter paper and Weighed and 
the moisture absorbed calculated. In another experi
ment the washed Wet grains were allowed to germinate 
at 32±2°C in glass petridishes having moist cotton 
wool bed, in a closed wooden cup-board. Germination

- —  HOURS ——
Fig. 1. Moisture absorption curve for maize at 30 -J- 2°C 

— O —, 0.3% Ammonia; — A — Water

FIG.2; MOISTURE ABSORPTION CURVE FOR SORGHUM 
AT 3 0 - 2 ° C

-o- ,0.3%  AMMONIA , -b - WATER
was continued for varying periods lasting upto 96 hr. 
After the specified period of germination the seeds were 
thoroughly dried in an oven at 50°C for 8 hrs and 
ground in a domestic grinder cum mixer. The powdered 
samples were analysed for starch and reducing sugars,4 
protein and moisture according to the AOAC methods5.

The moisture absorption characteristics of sorghum 
and maize are presented in the Fig. 1 and 2. The rate 
of moisture absorption was more in the initial period 
of steeping. The maximum moisture gain was observed 
at 40 hr in maize and at 16 hr in sorghum. However, 
the moisture retention was higher in the seeds steeped 
in 0.3 per cent ammoniacal solution. The effect may be 
due to the ammonia present acting as scalding agent. 
Hence 40 hr. for maize and 16 hr for sorghum were 
selected as the steeping periods. Control samples indicate 
the development of acrospires and rootlets but the 
ammonia treated do not show these during the four 
days of germination. The percentage of rootlets and 
acrospire formed seeds in the ammonia treated samples 
was less than 5 per cent even on the seventh day of 
germination.

The results of the proximate analysis of malted and 
unmalted seeds are presented in Table 1. The decrease 
in the quantity of protein and starch but increase in 
reducing sugars in the malted sample indicate the for
mation and development of the malt enzymes even in the
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ammonia treated sample. This means that the ammonia 
treatment, has no effect on the formation o f malt 
enzymes but prevents the formation o f rootlets and 
acrospire which minimises the dry matter loss and 
increases the malt yield.

The authors thank Dr. C. V. N. Rao, and Dr. B. Y. 
Rao, o f the Institute for encouragement and facilities.
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LABORATORY TRIALS ON BREWING USING 
BARLEY GRAIN, DEGERMED MAIZE AND 

INDUSTRIAL ENZYMES
The present studies show that barley malt can be replaced 
by barley grain upto 50 per cent and a brew with acceptable 
characters can be obtained by making use of commercial 
microbial enzymes such as bacterial proteinases and alpha 
amylases. Conditions have been standardised in the labo
ratory to obtain a wort with desirable characters that 
could be fermented smoothly. Alpha amino nitrogen content 
of the microbial enzyme treated wort was more and the 
quality of wort resembled in colour and flavour that of all
malt wort. The per cent original extract was also more in 
the former than in the latter.

The cost difference between barley grain and barley 
malt being very wide, technologists all over the world 
are considering alternate ways o f producing beer using 
minimum quantity o f  malt and a larger quantity o f  
adjuncts. Any deviation made from the traditional 
practice o f  brewing should not, however, affect the 
quality o f  wort or beer. Though considerable progress 
has been made in determining the composition o f wort, 
a complete picture o f  it still remains obscure. However, 
some o f the chemical constitutents o f  wort which form 
nutrients to yeast have been identified and attempts 
hnve been made to find these in wort derived by un
conventional methods.

A large quantity o f  adjuncts like barley grain, maize, 
etc. are used in the unconventional method o f brewing 
for producing wort. Mashing is, done by microbial

enzymes like proteinasses and amylases1-8. Depending 
upon the nature and character o f the enzymes used, 
suitable modifications o f mashing process have to be 
made to obtain wort o f  desirable characters. Rao and 
Narasimham9 have brought out the importance o f  
enzymes in brewing. Wieg7 obtained an acceptable 
quality brew using 75 per cent adjuncts (60 per cent 
barley and 15 per cent corn or 75 per cent barley) 
with 25 per cent barley malt employing wet-milling and 
using different enzymes for wort production. Hansen5 
successfully employed 55.7 per cent adjuncts (35.6 per 
cent barley and 20.1 per cent maize) and 40.4 per bent 
malt for the production o f wort o f  desirable characters 
using bacterial proteinases and amylases. Pfenniger, 
et aft. adopted wet-milling technique to mash 75 per 
cent barley and 25 per cent malt along with the use of 
Brew-N-Zyme (a trade enzyme). Wort derived either 
by infusion or by decoction process could be fermented 
smoothly. By using microbial proteases and amylases, 
Crisp and East4 obtained wort resembling normal wort 
in most characters. Bley, et a ll conducted full scale 
brew trials using barley grain (upto 65 per cent) along 
with proteinases and amylases. By suitable modifi
cation o f equipments, particularly mash tun and by 
using special malts to control aroma and colour, they 
stated that high proportions o f barley grain could be 
used in brewing.

Studies conducted on the quality o f  wort and o f  
fermented brew derived from mixtures o f  (i) barley grain 
and barley malt and (ii) degermed maize barley grain 
and barley malt with the aid o f microbial enzymes like 
proteases and alpha amylases have been reported.
Materials and Methods

Mashing: Barley grain and barley malt in different 
proportions were mashed by infusion process according 
to the method of Enevoldsen10 with suitable modi
fications.

To a mixture o f milled barely grain and barley malt 
was added four times its volume o f water along with 
proteases and maintained at 30°C for 30 min. The 
temperature was gradually raised to 52°C at the rate o f  
1°C per min and alpha amylases was added. After 
30 min, the temperature was again raised to 63 °C at 
the same rate and after allowing it for 60 min at 6T°C, 
the temperature was further raised to 75 °C and main
tained there for 10 min and then boiled for 10 min. 
Commercially available (Indian proprietory brands) 
fungal protease (activity: 672 p g  tyrosine released 
by 1 mg proteases acting upon 1 per cent casein solution 
at 37°C/30 min at pH 7.0) and bacterial << - amylases 
activity: 666.7 mg of pure soluble starch digested by 
1 mg of the bacterial << -amylases at 70°C/60 min at 
pH 6.8) at 100 and 200 mg per cent level respectively
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were used as reported11 earlier. Barley malt, barley 
grain and degermed maize (30:20:50) were mashed in 
the following ways :

M eth od  1. Gélatinisation o f starch in ground barley 
grain and degermed maize was carried out at 80°C. 
After cooling to 70°C, °< -amylase was added. It was 
then cooled to 30°C after the reaction, and, malt grist 
and proteases (50 mg per cent) were added. Proteolysis 
and saccharification were completed in the normal way.

M ethod  2. Gélatinisation o f starch in ground deger
med maize alone was completed at 80°C and then cooled 
to 70°C. The temperature o f pretreated ground barley 
grain-barley malt mixture with protease (50 mg per 
cent) at 42°C was gradually raised to 70°C and added 
to gelatinised degermed maize. °< -amylase was added 
at this stage and saccharification was achieved in the 
normal way.

M ethod  3. Mashing of barley malt, barley grain and 
degermed maize (50:30:20) was done as follows:

Mixture o f powdered grains with water and proteases 
(200 mg per cent) was allowed at 30°C for 30 min and 
the temperature was raised to 42° and maintained for 
30 min before raising to 52°C. «; -amylase was added 
at 52°C and allowed for 30 min and again the tempera
ture was raised to 62°C and after allowing for 30 min 
raised to 70°C at which temperature it was maintained 
for 70 min. This was followed by boiling for 10 min.

Specific gravity, pH, total carbohydrates and «: -amino 
nitrogen were determined as reported11 earlier.

Apparent extract, real extract, original extract and 
ethyl alcohol were determined according to standard 
methods12-13.
Results and Discussion

During germination o f barley, various enzymes are 
formed and liberated, chief amongst them being pro- 
teinsases, amylases, g-glucanases, cellulases and pento- 
sanases. Some o f these enzymes are partially inactivated 
during kilning but are completely inactivated during 
wort boiling. The presence of ff-glucanases would be

advantageous to a brewer when larger percentages of 
adjuncts like barely grain are mashed, as otherwise 
lautering would be difficult. With a view to utilise these 
enzymes, green malt was wet ground to get an extract 
and was used at 20 per cent level during mashing o f  
raw barley. The resulting wort had low << -amino nitro
gen perhaps due to lack o f enzymes; the wort had raw 
and husky flavour.

Experiments were, therefore, conducted to mash 
barley grain and barely malt mixture using fungal 
proteases and bacterial amylases. The characters of 
wort derived are given in Table 1. Controls in the 
different combinations o f barley grain and barley malt 
mixtures did not receive extra microbial enzymes. 
Wort characters o f all-malt were also included as a 
standard for comparison.

It is seen from the Table that the volume o f the 
extract was generally more in the enzyme treated mixture 
than in the control. However, a reduction in the volume 
of the extract was noticed with the increase in 
content o f barley grain. With the increased level o f  
barley grain, ff-glucan content also increases and this 
may be responsible for lesser yield as it is known to affect 
easy filtration. The colour o f the wort compared well 
with the standard wort except in the case o f wort derived 
by using 60 per cent barley grain. The specific gravity 
and the pH were practically same whether barley-malt 
mixture was treated with or without added enzymes. 
The mixture treated with microbial enzyme gave a wort 
with greater amount o f °< -amino nitrogen, indicating 
the usefulness o f added proteases. Wort had normal 
flavour except in the mixture o f barley-malt (60:40) 
which had slightly raw flavour. The maximum amount 
of barley grain that could replace barley malt was found 
to be 50 per cent and the wort resembled all-malt wort 
in colour and flavour.

The qualities o f wort derived by the first two methods 
in the case of barley malt-barley grain-degermed maize 
mixture indicated no significant differences. It was, 
however, observed that the amount o f °< -amino nitrogen

T a b l e  1 . p h y s ic o - c h e m ic a l  c h a r a c t e r s  o f w o r t

Ratio of barley to malt Sp gr pH e< -amino N (mg/lit.)
20:80 with enzyme 1.047 5.5 250No „ 1.046 5.5 18530:70 with enzyme 1.043 5.5 230No „ 1.046 5.5 16040:60 with enzyme 1.044 5.5 210No „ 1.047 5.5 14050:50 with enzyme 1.041 5.5 175No „ 1.044 5.5 12060:40 with enzyme 1.047 5.7 150No 1.047 5.8 100All malt 1.047 5.5 185

Total CHO 
(g %)

Volume (ml) Colour Flavour
8.33 600 Brownish Y Normal8.30 540 i t8.33 600 a i t8.40 540 a i f8.33 600 » i t8.40 510 » t t8.33 500 a a8.40 465 a10.10 450 Yellowish brown Slightly raw10.01 400 i t i t11.11 570 Brownish yellow Normal
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T a b l e  2 . p h y s ic o -c h e m ic a l  c h a r a c t e r s  o f  w o r t

Ra\V material Protease Sp. gr pH Total CHO o< -amino N Vol. Colour Flavourcone. (mg%) (g%) (mg/lit) (ml)Malt : Barley : Maize 100 1.045 5.5 9.44 110 600 Pale yellow Raw30: 20 : 50 150 1.046 5.6 10.00 125 600 J J200 1.045 5.7 9.44 150 600 i fAll malt — 1.047 5.7 9.20 151 570 Brownish yellow NormalMalt : Barley : Maize 200 1.044 6.0 11.60 175 550 j j i fAll 50: 30 : 20
was inadequate (90 mg/lit.) to meet the nutritional 
requirement of yeast during subsequent fermentation. 
It was possible that the amount of enzyme added was 
inadequate to act upon protein or it was likely that the 
combined enzymes (added proteases and the one present 
in barley malt) were not potent enough to act upon 
proteins of barley grain, barley malt and of degermed 
maize. The level of added protease was, therefore, 
increased and the qualities of wort derived are indicated 
in the Table 2.

It is evident that the desired level of N -amino nitrogen 
was achieved by adding 200 mg of fungal proteases during 
mashing of barley malt-barley grain-maize combination.

Clear unhopped worts derived from (i) barley grain 
and barley malt (50:50) mixture and (//) barley malt, 
barley grain and degermed maize (50:30:20) mixture 
were fermented with a strain of bottom yeast (Sac- 
charomyces carlsbergensis) at 10°C and the qualities of 
the fermented brew are given in Table 3.

T a b l e  3. a n a l y s is  o f  t h e  f e r m e n t e d  b r e w  

Raw Material

Physico-chemical Barley grain Barley malt All-Malt
Barley malt Barley grain degermed maizecharacters (50:50) (50:30:20)

Apparent extract 4.5 2.5 3.8
Real extract, % 4.1 4.3 4.8
Ethyl alcohol,wt. % 4.4 3.5 3.0
Original extract, % 12.6 11.1 10.65
Apparent degree of fermentation, % 64.2 97.5 64.5
Real degree of fermentation, % 67.4 61.3 55.1
pH 5.0 4.2 4.9
Colour Normal Normal Normal
Saccharification Normal Normal Normal

The apparent extract was more in the experimental 
brews than in the standard brew, contrary to the results 
obtained by Olesen2. The real ex:ract was practically 
same in all the cases similar to the findings of Olesen2. 
Apparent degree of fermentation was less than that of the 
standard brew. Perhaps this could be corrected by

incorporating suitable enzymes during fermentation 
which are capable of splitting non-fermentable sugars. 
Alcohol content was slightly more in the experimental 
barley grain-barley malt brew and slightly less in the one 
brewed along with the degermed maize as compared to 
the standard brew. This may be attributed to the higher 
original extract in the first experimental brew. The 
colour and flavour of the brews were practically similar. 
These preliminary laboratory studies indicate that 
cheaper raw materials could be used in brewing there by 
reducing the production cost as well as capital outlay. 
However, pilot plant trials are necessary to arrive at a 
definite conclusion.
Central Food Technological Research Institute,Mysore-570 013 
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RAPID METHOD FOR DETECTION OF 
ADULTERATION OF TOMATO KETCHUP WITH 

RED PUMPKIN
The rapid thin layer chromatographic method for the 
detection o f adulteration o f tomato ketchup with red 
pumpkin is based on the difference in their carotenoid com 
position. Red pumpkin contains a pigment, tentatively 
identified as an esterified xanthophyll, which is absent in 
tomato.

Tomato ketchup is occasionally adulterated with 
cheaper raw materials like pumpkin, ashgourd, papaya, 
apple, sweet potato, etc.1 While sweet potato in ketchup 
could be specifically detected by the presence of matose2, 
for the other adulterants, a quantitative estimation of 
lycopene has been suggested3. The present study pro
poses a rapid method for detection of adulteration of 
tomato ketchup by red pumpkin based on the difference 
in their carotenoid composition.

Ripe tomato (Lycopersicon esculentum) and red 
pumpkin (Cucurbita maxima) brought from local market 
were used.

Tomato and pumpkin carotenoids were extracted by 
the method of Tomes.4 The extract was filtered, dried 
over anhydrous sodium sulphate, evaporated to dryness 
in vacuum and redissolved in hexane. This was applied 
as a thin band on. 5 mm thick, activated silica gel G 
plates. The plates were developed with 5 per cent 
acetone in hexane solvent at 25 C. The colour and Rf 
of the separated bands were recorded.

Tomato ketchup was prepared by concentrating the 
fresh tomato juice in an open jacketted kettle followed 
by addition of sugar, salt and vinegar so as to adjust the 
total soluble solids to approximately 32-35 per cent.

P T P+T
Fig. 1. Thin layer chromatographic separation profile of carotenoids extracted from fresh pumpkin and fresh tomatoes. P -  Pumpkin carotenoids; T = tomato carotenoids; P + T = Pumpkin and tomato carotenoids; OR«»Orange colour; PK = Pink colour; LY = Lemon yellow colour.

For the preparation of adulterated ketchups, red pump
kin pulp was made by macerating the pieces with 10 
per cent water in a waring blender. This pulp was boiled 
for 10 min to inactivate the enzymes and reduce the 
flavour and then mixed with the tomato ketchup in 
concentrations of 10, 40, 50 and 60 per cent of the weight 
of the final product. Clove, onion, garlic, pepper and 
cinnamon were added to the control and adulterated 
samples to impart desirable flavour. 500 ppm of sodium 
benzoate was added as preservative, filled hot into 250 
ml bottles, corked, dipped in molten wax and cooled. 
The bottles were stored at ambient temperature. It was 
observed that homogenised red pumpkin pulp could be 
added upto a level of 40 per cent of the weight of the 
ketchup without appreciably affecting the colour. Red 
pumpkin, besides contributing to the colour also im
proves the viscosity of the ketchup. The mild flavour of 
the pumpkin is masked by the vinegar and spices added 
to the ketchup.

Preliminary studies on the carotenoid composition of 
fresh tomato and red pumpkin by TLC indicated to 
differ with respect to atleast on pigment of pumpkin 
which was absent in tomato. This qualitative difference 
in the composition of the carotenoids has been explored 
to detect the possible adulteration of tomato ketchup 
with red pumpkin.

The prepared samples of control and adulterated 
ketchups were stored for 0, 1, 2 and 3 months and 
analysed for carotenoid profile by TLC. In the case of 
stored samples, considerably more pigment loading was

OR + PKMarker—LY —»

TK + 40%P TK + 10%P TK
Fig. 2. Thin layer chromatographic separation profile of carotenoids extracts from three month old sample of pure and adulterated tomato ketchups.TK = tomato ketchup; TK + 10% P = Tomato ketchup adulterated with 10% pumpkin; TK+40% P-Tomato ketchup adulterated with 40% pumpkin; OR + PK -  Orange + pink colour.
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necessary for the separation o f marker probably due to 
partial loss o f pigments. The carotenoid marker o f  
pumpkin was visible even after 3 months o f storage and 
separates as a band in the vicinity o f R f=0.78-0.80 
(Fig. 2). The appearance o f this band on silica gel TLC is 
a clear indication o f the adulteration o f tomato ketchup 
with red pumpkin. This marker has a distinct lemon 
yellow colour and differs from the nearest bands of 
carotenes (orange) and lycopene (pink red) which appear 
as merged or individual bands between a R f o f 0.95 
and 0.99 (Fig 1 & 2). The presence o f lycopene and 
carotenes have already been well established in tomatoes5.

This marker carotenoid band was scrapped off from 
TLC plates, eluted with acetone: hexane (5:95), evapo
rated under vacuum, and redissolved in hexane. The 
unsaponified pigment was completely epiphasic in 
hexane and had a decreased affinity on silica gel TLC 
plates. These characteristics indicated the pigment to 
be esterified a xanthophyll6’7. After saponification, 
partitioning o f the pigment in different concentrations 
of methanol was:

H:95 per cent Me-18:82; H:85 per cent Me-45:55; 
H:80 per cent Me-70:30; H:75 per cent Me-95:5; 
H:70 per cent Me-100:0 (H:Hexane, Me:Methanol). 
These results indicate the esterified nature o f the pigment. 
The pigment had absorption maxima at 423, 451 and 
475 nm. From a comparison o f the partition coefficient 
data8 and spectral properties, the pigment appeared to 
be an esterified xanthophyll containing one OH group.

The TLC method described above could be adopted 
to detect the adulteration o f the tomato ketchup by red 
pumpkin. The procedure is simple, convenient and the 
time required is 2 to 3 hr.
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EFFECT OF DANSYL CHLORIDE ON THE 
RENNET SUSCEPTIBILITY OF THE 

CASEIN MICELLES
Casein micelles isolated from buffalo and cow milk on 
treatment with DNSCI (at 2 % level) exhibited reduced ren
net susceptibility. Results indicate that DNS-CI treatment 
had more drastic effect on the bovine micelles. The rate 
of release of sialic acid, NPN and GMP by rennet was less 
compared to the buffalo micelles. The turbidity formation 
by rennet was also considerably diminished in the bovine 
micelles due to dansylation. However, DNS-CI treatment 
did not alter the electrophoretic patterns of the casein micel
les. Dansylated micelles in acetone medium on chromato
graphy through Sephadex G-100 gel, resolved into two 
prominent protein peaks whereas in isopropanol media, 
micelles eluted as a single peak.

Ashoor1 has investigated the internal structure o f the 
casein micelles by treatment with dansyl chloride 
(l-dimethylamino-naphthalene-5-sulphonyl chloride). 
Treatment o f micelles with dansyl chloride (DNS-CI) 
led to a rapid labelling o f all three main casein fractions, 
suggesting their uniform distribution throughout the 
micelles.1'2 In addition, DNS-CI has been found to be 
a very effective reagent for functional group analysis o f  
casein micelles and casein fractions. Ashoor eta l.3 
have indicated that dansylation o f the functional groups 
o f /c-casein has drastic effect on its stabilizing power 
towards °< s-and ¿-casein. However, Hill and Cracker4 
have reported that stabilizing ability o f ¿-casein decreas
ed only 15 per cent after treatment with 6 per cent DNS- 
CI. Hill and Cracker4, and Ribadeau-Dumas and 
Gamier2 have also observed that dansylating 2-3 lysyl 
residues in ¿-casein prevented clot formation after the 
action o f rennin. Such observations are, however, 
lacking with respect to the micellar form o f casein. 
Hence, in the present investigation an attempt has been 
made to examine the effects o f  dansylation on the casein 
micelles from cow and buffalo milk, in relation to its 
susceptibility to rennet action.

Composite milk samples were collected from Murrah 
breed o f buffalo and three breeds o f cow, namely, 
Sahiwal, R ed  Sindhi and Tharparkar maintained at the 
Institute’s herd. Milk was skimmed at 1000X g i n  a 
Alfa-Laval cream separator. The skimmed milk thus 
obtained was used for the isolation o f casein micelles
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by centrifuging at 105,00 x g in a Beckman Model L 
preparative ultracentrifuge following the procedure of 
Gupta and Ganguli.5

The casein micelles were treated with DNS-C1 in the 
following manner: 250 mg dry casein micelles were 
dispersed in 10.0 ml NaHC03 solution (0.1 M). 5.0 ml 
acetone containing 5.0 mg DNS-C1 was added. The 
control sample contained all components as the experi
mental sample but without DNS-C1. All the samples 
were incubated for one hour at room temperature 
(30°C) with frequent stirring. After one hour, a little 
quantity of (3 to 4 ml) 0.1 N NaOH was added to solu
bilize the micelle suspension. In case of cow micelles, 
the NaOH addition was not required since the addition 
of acetone to the micelle suspension in NaHCOj 
brought it to an almost clear solution, a characteristic 
observation in contrast to the buffalo micelles. The pH 
of the casein micelle solution was brought to 6.5 with 
IN HC1 and the final volume was made up to 25.0 ml 
with maleate buffer (0.2 M, pH 6.5) in each case. Rennet 
action was assessed by evaluating the release of sialic 
acid, non-protein nitrogen, and glycomacropeptides 
and also by the turbidity formation, according the pro
cedures described earlier.6

For starch gel electrophoresis, the DNS-C1 treated 
casein micelle solution was dissolved in veronal buffer 
pH 8.6, containing 7M urea. The Petri-dish technique 
for starch gel electrophoresis devised by Ganguli and 
Majumder7 was used. For the assessment of gel filtra
tion pattern, the DNS-C1 treated casein micelle solu
tion was first dialysed against 0.2M KC1 solution for 
36 hr to remove excess DNS-C1 and reaction product 
(DNS-OH). In some of the experiments, isopropanol 
was used instead of acetone to serve as the vehicle for

o—o BMC (Control)

Fig. 1. Rate of turbidity development in casein micelles by rennet before and after DNS-C1 treatment.
DNS-C1. These were then passed through the Sephadex 
G-100 (Pharmacia) gel column (45 x 2.6 cm) according 
to the method of Yaguchi and Tarassuk8 using 0.02 M 
sodium phosphate buffer (pH 8.6) containing 6M urea. 
The effluents were continuously monitored by means 
of a Lkb-Uvicord at 254 nm.

The effect of dansylation of the casein micelles towards 
rennet susceptibility was studied by treating the casein 
micelles with DNS-C1 at 2 per cent level. The results 
shown in Table 1 on the release of sialic acid, non- 
protein nitrogen (NPN) and glycomacropeptides (GMP) 
by rennet from the DNS-C1 treated casein micelles of 
buffalo and cow milk clearly indicate that the rate of 
release of these components by rennet was significantly 
diminished (P <  0.01) in both buffalo and cow casein 
micelles as a result of DNS-C1 treatment. The average

T a b l e  1. r e n n e t  s u s c e p t ib il it y  o f c a s e in  m ic e l l e s  a f t e r  tr e a t m e n t  w it h  d a n s y l  c h l o r id e

Release of components from micelles*Source of casein Treatment Sialic acid Non-protein N Glycomacropeptidemicelles (%) (% of total N2 (Klett readinĝ
Buffalo Milk Control 68.59 0.926 32(66.86-70.02) (0.880-0.970) (30-35)

DNS-Ct** 62.27 0.751 25(60.78-66.00) (0.705-0.783 (24-27)
76.00 1.540 133Cow Milk Control (75.00-77.00) (1 362-1.801 (124-138)

DNS-C1 ** 67.76 1.200 122(65.00-70.00) (1.022-1.460 (112-127)
Figures in parentheses indicate range of variation 

*The number of samples analysed in each case was five 
**The samples were treated at 2% level of DNS-G1.
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Fig. 2. Effect of DNS-C1 treatment on the gel filtration pattern of the casein micelles (acetone medium) A, B-DNS-C1 treated buffalo and cow micelles ; C, D -  control buffalo and cow micelles.

Fig. 3. Same as in fig. 2 in isopropanal medium. A & B refer to DNS-C1 treated buffalo and cow micelles, respectively.

release of sialic acid from DNS-C1 treated buffalo casein 
micelles was 62.27 per cent as against 68.59 per cent 
from the untreated (control) buffalo micelles. In bovine 
micelles, these values were 67.76 and 76.00 per cent 
from treated and control samples, respectively. The 
average values for released NPN (as per cent of total 
N) were 0.751 and 1.200 as against 0.926 and 1.540 
from treated and untreated buffalo and cow casein 
micelles, respectively. The average values (Klett read
ings) for released GMP from DNS-C1 treated samples 
were 25 and 122 as against 32 and 133 from untreated 
samples of buffalo and cow casein micelles. Statistical 
analysis indicates that the DNS-C1 treatment has signi
ficantly greater (P <  0.01) drastic effect on the cow 
casein micelles than the buffalo casein micelles. The 
rate of turbidity formation by rennet was significantly 
lowered in both buffalo and cow casein micelles, as a 
result of DNS-C1 treatment (Fig. 1.) The cow casein how
ever, exhibited much lower rate of turbidity formation 
than the buffalo casein micelles. Electrophoretic patterns 
of the casein micelles treated with DNS-C1 at 2 per cent 
did not reveal any change. Electrophoretic patterns as 
well as electrophoretic mobilities of the treated casein 
micelles were the same as controls.

Gel filtration of DNS-C1 treated casein micelles gave 
certain interesting results. When acetone was used as 
carrier for DNS-C1, considerable interference was
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recorded in the elution pattern, since DNS-C1 as well as 
acetone absorb strong U.V. light in the same regions 
as those of proteins. Hence, treated samples were dia
lysed exhaustively against 0.1 M KC1 solution to remove 
excess DNS-C1 and its reaction product (DNS-OH) 
before passing through the gel column. The molecular 
sieve chromatograms thus obtained (Fig. 2A and B) 
illustrate that both buffalo and cow casein micelles 
resolved into two prominent protein peaks. An addi
tional small peak was also observed towards the termi
nating edge of the second peak in case of cow micelles. 
Since the casein micelles after treatment with DNS-C1 
in acetone were dialysed against 0.1 M KC1 solution, 
there was possibility that some of the calcium was 
released from the micelles and thus diffused out of the 
dialysis tubing. Hence, for comparative assessment, 
the casein micelles were treated in similar manner, but 
without any DNS-C1 and dialysed against 0.1 M KC1 
and passed through the gel column exactly in the same 
manner as for the treated micelles. The molecular sieve 
chromatograms (Fig. 2C and D) for both buffalo and 
cow casein micelles, exhibited one main protein peak 
and a shoulder appearing with a small peak and consi
derable trailing of the terminal edge. It, therefore, 
seems likely that the reason for the emergence of the 
second peak in DNS-C1 treated micelles may be partly 
due to the release of calcium as a result of dialysis.

In another experiment, where isopropanol was used 
as a vehicle for DNS-C1 instead of acetone, the casein 
micelles eluted as a single peak in both buffalo and cow 
casein micelles (Fig. 3). However, it was interesting to 
note that a considerable heightening of the peak resulted 
in this case. The dialysis was omitted in this experiment, 
since isopropanol does not absorb U.V. light and DNS- 
C1 eluted out much later.

The drastic effect of dansylation of functional groups 
of k-casein on its stability and stabilizing power as 
reported by other workers2-3-4 may be responsible for 
the decrease in the rate of release of sialic acid, NPN 
and GMP as observed in the present investigation, 
since all these components originate from the k-casein 
of the casein micelles. A significant reduction in the 
rate of turbidity formation in dansylated casein micelles 
by rennet indicates further that the secondary phase 
of rennet action, which is purely a physical phenomenon, 
is also adversely affected.

Abolishing the charge on the e  -amino groups of a 
limited of number lysine residues by dansylation3-9 
apparently was not sufficient to affect the electrophoretic 
mobility of the casein components. It has also been 
shown by starch gel electrophoresis2 that all the caseins 
bind DNS-C1 even at low concentration of the reagent. 
There was no preferential binding to any of the three 
main casein sub-units.

It has been reported that DNS-C1 increases the hydro- 
phobicity of the casein fractions3-10 which may cause 
aggregation of the micelles. The erratic gel filtration 
behaviour of the casein micelles obtained in the two 
different assay systems may be due to differences in 
the effects exerted by these two systems, since the DNS- 
C1 in acetone has been found to be more effective than 
in isopropanol.4
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BOOK REVIEWS

Radiation Chemistry of Major Food Components: Eds.
P. S. Elias and A. J. Cohen, Elsevier Publishing Co.,
Amsterdam, 1977, pp. xii+220.
The effects of radiation at various energy levels on 

individual chemicals occurring in foods as well as on 
the major food components and eventually on combi
nations of foods have been studied fro many years. 
Many factors apart from the nature of the food, such as 
irradiation temperature, atmosphere, medium, dose and 
dose rate, post-irradiation conditions and methods of 
analysis, will influence the type and extent of chemical 
changes which may occur as a result of the irradiation 
of food. The collection of detailed quantitative data for 
each situation would be impractical and is also unneces
sary, since an understanding of the general mechanisms 
by which these changes may arise, as gained from studies 
with individual food components and information on the 
influence of different parameters on these changes, 
should suffice in the extrapolation of results from one 
situation to another.

When ionising radiation is absorbed by a product 
irradiated, a certain number, depending on the radiation 
energy deposited, of primary reactive species—Solvated 
electrons, hydrogen and hydroxyl ions, etc.—are gene
rated. Upon reaction with matter, these primary radicals 
give rise to secondary radicals which are eventually 
stabilized in the form of reaction products. Reactions 
involving macromolecules are detectable at very low 
dose levels while reactions involving smaller molecules 
require substantially higher dose levels in order to be 
detected. The combination of the important role of 
DNA and its size account for the lethal effects of low 
doses of radiation on living organisms; this fortunate 
circumstance therefore enables the destruction of un
desirable spoilage micro-organisms in an almost selective 
manner and without any great changes in the food. Thus, 
the absorption of energy in the irradiation process for 
foods is approximately 11 Kcals/g for sterilization or 
radappertization dose and the amount of radiolytic 
products formed is also correspondingly small; e.g., 
about 700 ppb. in beef radappertized at -40°C, 4.5 Maid 
dose. It is frequently not realized that the nature of the 
decomposition products formed during irradiation and 
by heat treatment are mostly similar, although, however, 
far more of these have been identified in thermally pro
cessed foods than in irradiated foods.

This book presents a critical review of the radiation 
chemistry of carbohydrates, lipids, proteins and vitamins,

with emphasis on the nature and concentration of the 
radiolytic products formed. In general, each review 
compares the response of the food component following 
irradiation in the dry state, in aqueous solution, in model 
systems, in composite mixtures and in whole food 
products. The various reviews provide evidence of the 
great similarity in radiolytic products in related foods 
treated with radiation doses up to the megarad range. 
The reactions of the food constituents to radiation 
display a remarkable uniformity. Most of the radiolytic 
products identified in irradiated foods are also those 
generated in foods by other conventional processing 
techniques. Their concentrations are confined to ppm 
ranges with radiation doses normally employed and 
these concentrations fall off considerably as the dose 
ranges are reduced. The available data on the 
chemical structure of the radiolytic products in foods 
and the very low concentrations in which they have 
been detected suggest that they pose negligible health 
hazards.

Radiation preservation of foods has been extensively 
studied for over two decades now and there exists a 
voluminous amount of literature on the wholesomeness 
of irradiated foods from the nutritional, microbiological 
and toxicological angles. On the basis of all available 
information, various national and international agencies 
have cleared a large number of irradiated foods for 
human consumption. Notwithstanding the efforts that 
have been expended on the development of this techno
logy, practical applications have been extremely limited 
to date. The concern about the hazards of radiation 
generally is appraently reflected in the prevailing appre
hensions over irradiated foods. Insistance in some 
quarters on additional methods of safety evaluation 
which are obiously both unrealistic and unsound espe
cially in the context of present-day environmental 
problems has also to some extent been hampering 
progress. Reassurances of the kind presented in 
these reviews as to the safety of the process of food 
irradiation from the point of view of the radiolytic 
products formed should help to achieve general 
acceptance of the process. Major hurdles that need 
to be convincingly cleared relate to demonstration of 
techno-economic feasibility, intra—and inter-country 
legislative aspects and, importantly, consumer attitudes 
and resistance.

A. Sreenivasan  
B o m b a y

2 8 5
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Sweetners and Enhancers 1977: by Nicholas D.
Pintauro, Published by Noyes Data Corporation, Park
Ridge, New Jersey 07656: pp. 390; Price: $ 39.
The Noyes Data Corporation publishes almost every 

year patent data filed in U.S.A., in specialised areas of 
food technology. Current controversies regarding the 
use of cyclamates and saccharin as sweetners in various 
foods have particularly stimulated search for new 
natural and synthetic sweetners. The present book on 
“Sweetners and Enhancers”, which deals with several 
hundred U.S. Patents is timely. The diversity of com
pounds is illustrated as proteins like Monellin, Miraculin, 
various aspartyl peptides, dihydrochalcones, tryptophan 
derivatives, substituted tetrazoles etc., are covered. 
Methods of preparation of many of these compounds 
and their use in specific formulations are also given in 
these patents. In addition almost forty pages are devoted 
to various saccharin combinations and special formu
lations. Processes for increasing the bulk of mixes 
containing sweetners, preparation of drinks, jellies, 
desserts, baked goods, with artificial sweetners are also 
given. A very extensive field is covered in these patents.

The usefulness of patent information either in the 
actual manufacturing process or as a starting point for 
further investigation is debatable and it is interesting to 
note what the different view points are in this area 
(P. Sperber in Chem. Tech., I. 225 (1977)).

The present book on U.S. Patents dealing with 
sweetners and enhancers will be mostly useful to R & D 
Organisations in food industries and research institu
tions involved in food science and technology.

D. Rajagopal Rao 
C.F.T.R.I., M y s o r e

Recipe and Process Development for Canners: by 
Maxwell Philip, Food Trade Press, England, 1976, 
pp. 163; Price £ 9.
The book is covered in four sections, namely (z) 

developing the product, (z'z) developing the process, 
(in) quality control of the process and (zv) cost control 
of the production process. Brief summaries are given 
at the end of each section.

The first section dealing with the development of a 
product lays stress on formulating a correct recipe. A 
product containing various ingredients, like thickeners, 
meat and vegetables is more complex and requires care
ful control. With this in view, typical examples are 
given for the recipe, preparation and processing of

products, such as pork luncheon meat, spaghetti in 
cheese and tomato sauce, tomato soup, etc. Containers 
(cans) required for such products and choice of enamels 
for cans are briefly covered. The section also deals with 
the essentials of Food laws of United Kingdom which 
the canner should be aware of, particularly those relating 
to labelling, preservatives, colouring matter, canned 
meat regulations, emusifiers and stabilizers, limits of 
mineral contaminants, etc. Theimal process evaluation, 
which is a must for canners, is covered briefly.

The second section on developing the process relates 
to the transfer from laboratory scale to the factory 
scale, which involves several unit operations to be 
performed in food canning, like ingredient preparation 
and inspection, blanching, mixing and batching of in
gredients, emulsification, heat transfer, pumping, filling, 
can seaming, product sterilization, assessment of quality 
standards, yield assessment, hygiene of the plant and 
avoidance of waste, etc. Emphasis is laid on technical 
principles underlying some typical operations rather 
than on surveying various types of equipment used in 
food canning.

The third section deals with quality control of the 
process. In the control of raw material quality of filled 
weight, testing and inspection of the finished product 
and product hygiene, the statistical methods given will 
certainly be of help irrespective of the size of the factory.

The last section deals with cost control of the pro
duction process. Budgetary control and standard costing 
systems, though recognised as being aids to economy 
in manufacturing process, may not be applicable in 
small canneries. The subject matter is dealt under 
production budget, production personnel budget, 
standard costing systems, etc.

On page 80, the percentage overlap for a good seam 
is mentioned as 45 per cent (minimum) which is accord
ing to the recommendation of the Metal Box Company. 
However, Hersom and Hulland (Ref. Canned Foods, 
6th Edition (1969), p. 295) point out that it is more 
advantageous to set the minimum overlap as 55 per 
cent. This aspect may be given some thought, since the 
recipe products indicated arc of the low acid type. 
Formula for calculating the per cent overlap and a 
table giving common seam defects and their diagonsis 
should have also been included.

The get up of the book is good and it contains a lot 
of information for the canner of the type of products' 
indicated. However, the price of the book is on the high 
side.

S. Ranganna
C.F.T.R.I., M y s o r e
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Theileriosis: report of workshop held in Nairobi,
Kenya, 7-9 December 1976, by Henson J. B. and
Compbell, M., Ottawa, IDRC, 1977, pp. 112.
“Theileriosis” is a compilation of papers presented 

in a workshop held at Nairobi, Kenya during 7th to 9th 
Dec. 1976 on the topic. Dr. J. B. Henson, Director, 
International Laboratory for Research on Animal 
Diseases has taken great pains to edit the title in colla
boration with Marilyn Compbell, senior Technical 
Editor, International Development Research Centre, to 
arrange the contents in a manner so that the attention 
of the readers is directed towards the importance of 
the problem.

Theileriosis, a protozoan disease caused by several 
members of the genus Theileria such as T. pdrva, T. 
lawrencei, T. annulata and T. mutans spread through 
ticks. The disease has assumed international importance 
and is prevalent in several countries. At persent, it has 
gained foot hold in India, fifteen African and seven 
Middle east countries affecting their cattle population. 
Recent studies have shown that wild-life and buffaloes 
act as a reservoir for this disease and unless an effective 
control is planned to prevent the malady it might bring 
about a set back to the livestock production programme 
envisaged by most of the developing countries. There
fore, it is quite appropriate to have a compilation on 
this subject at this critical juncture.

The contents of the title are divided into reports 
presented by various workers about the status of the 
problem in different countries, views of specialists and 
Institutions on the issue and recommendations from 
four different committees with specific guidelines on the 
subject.

It is a nice attempt to focus global attention on this 
important disease complex, to bring in more inter
national coordination in handling research programmes, 
relating to the area.

P. C. Panda
H a r y a n a  A g r ic u l t u r a l  U n iv e r s it y , H issa r

1975 Evaluations of Some Pesticide Residues in Food:
WHO Pesticide Review Series No. 5, World Health
Organisation, Geneva- 1976, pp. viii+409.
This volume is a report of the joint meeting of the 

FAO Working Party of Experts on Pesticide Residues 
and the WHO Expert Committee on Pesticide Residue 
held in Geneva in Nov-Dec. 1975. It includes 
monographs on thirty-seven pesticides, out of which 
four are new. Only those information that have become 
available in recent years are included on conventional

pesticides, but reference is made to earlier publications 
which could be consulted by readers who wish to obtain 
a complete evaluation of the compound.

Comprehensive treatment is given on newer pesticides 
including their chemical and physical properties, use 
pattern, acute and chronic toxicity, methods of residue 
analysis and levels of residues in agricultural and food 
products. Information is also presented on the fate of 
residues in experimental animals and in food products. 
Based on the infoimation available to the committee, 
some of which were unpublished, recommendations 
have been made for the tolerance limit of residues in 
different types of foods. Specific recommendations have 
also been made on the t>pe of additional data that are 
required and desirable in evaluating these compounds 
for extensive use.

Amongst the new compounds, Bioresmethrin, a 
synthetic pyrethroid is one of the most effective broad 
spectrum contact insecticide currently available. Because 
of its long (8 to 20 week) biological-half life under 
storage conditions it shows good promise of becoming 
a major insecticide for use in the control of stored 
product pests. It is not only 16 times more effective than 
pyrethrins, but also effective against several insect species 
resistant to other insecticides No tolerance limits have 
yet been established and the recommended rate of appli
cation to raw cereals is 1 to 4 mg/kg

Sec-butylamine has been shown to have good fungi
cidal and fungistatic properties, which make it suitable 
for several fruits including those of citrus family. Maxi
mum residue limits vary from 50 mg/kg for dried citrus 
pulp to 0.5 mg/kg in citrus juice.

The remaining two new insecticides are chlorpyrifos- 
methyl and Cynofenophos and both are organophos- 
phorus compounds with broad spectrum activity. 
Dosage rates of Chloropyrifos-methyl vary from 0.1 
to 2.0 mg/kg under field conditions and from 2.5 to 
10 mg/kg in grain storage, and its maximum residue 
limits vary from 20 mg/kg on bran to as low as 0.01 
mg/kg in milk.

Cynofenophos, is reported to be moderately persistent 
and therefore, offers a possible alternative to persistent 
organochlorine compounds. Temporary maximum 
residue limits vary from 2 mg/kg on cabbage to 0.95 
mg/kg on commodities like cucumber, ginger and onions.

Annexure I includes the recommendations concerning 
acceptable daily intakes and residue limits of all the 
pesticides reported in the volume. These recommenda
tions are additional, or ammendements to those recorded 
in earlier reports and thus provide a ready source of 
reference.

Except for a few typographical errors and repeated
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mention o f various committees, I feel that WHO 
Pesticide Series No 5 is valuable addition to the library.

P rem La t a  Bhatnagar-Thomas 
B.A.R.C., B o m b a y

Rheology and Texture in Food Q uality: Ed. by J. M.
DeMan, P. W. Voisey, V. F. Rasper and D. W.
Stanley; The AVI Publishing Company, Inc., West-
port, Conn; 1976; pp. 588.
The decade o f 1960 saw the understanding o f texture 

as a comprehensive primary food property and the 
decade o f 1970 is seeing the development o f defining 
the subjective and objective aspects o f food texture. 
As a consequence a distinct area of scientific endeavour 
with its own journal, symposia-seminars, and committee 
efforts at a standardisation o f definitions and conditions 
of measurements, have emerged. Rapid developments 
in a number o f concerned areas as basics o f  rheology, 
instrumental measurement o f mechanical properties, 
psychophysical, measurements o f sensory textural pro
perties make discussion and review o f the developments 
very important. Though not expressly stated the book 
under review appears to have been developed out o f 
the presentations at the University o f  Guelph symposium 
on ‘Advances in Food Texture’ in 1974. It is a welcome 
addition to the recent books on texture and rheology 
o f foods.

The chapters, on the rational development o f instru
ments to measure individual or simpler combinations 
of effects in the complex changes perceived as food 
texture, developments o f total texture test systems and 
choice. These will be much appreciated by the students 
and technologists for whom the book is intended. A  
chapter on ‘Interpretation o f force curves from instru
mental texture measurements’, is particularly welcome 
for emphasis on first establishing correct conditions of  
obtaining force-time/distance curves and then an 
exposition o f the complexity o f the curves, obtained with 
different foods. The importance o f visual observations 
o f the foods under stress, to determine the changes 
occurring to validly interpret the different parts o f  the 
texture profile curves and study c f  varied interpretations 
for correlation with sensorily perceived texture is em
phasised. Two general chapters on basic concepts on 
mechanical behaviour o f foods and relation between 
microstructure and texture o f foods are written crisply 
and clearly for giving confidence to the student and 
novice researcher.

Other chapters that follow deal with different classes 
o f  foods such as fruits and vegetables; dough, pasta

and baked products; fats and fat products; dairy pro
ducts, meat and chocolate. Pleasing features o f  these 
chapters are the comprehensive treatments from the 
structural, physiological changes on storage and pro
cessing and their effect on texture, appropriate instru
ments extensively used for the individual types o f foods 
and good electron micrographs to illustrate microstruc
ture and textural changes. The behaviour o f natural 
and modified starches and emulsions as food additives 
are discussed in three chapters expertly, with very good 
illustrations.

A  chapter briefly outlining the spinning and extrusion 
process for ‘Engineering’ for food texture, appears odd 
in this collection. T wo rather brief chapters deal with 
sensory measutement o f food texture and texture profile 
which do not give guidance on how to choose the best 
and efficient methods or the difficulties o f conducting 
the profile method. The last chapter is an excellent 
research paper on psychophysical relations in texture 
which recommends the newer applications o f magnitude 
estimation and multidimensional analysis.

Each chapter has an excellent selection o f bibliography 
for further reading and the book has a good subject 
index. The book as is usual with AVI, is excellently 
produced.

The reviewer congratulates the editors on assembling 
an expert group of reviewers to cover the different aspects 
of this complex new field. He would, however, like to 
point out that adequate justice has not been done on the 
word ‘quality’ in the title o f the book. This could be 
done only through a more extensive coverage o f sensory 
texture evaluation o f different foods and their correla
tion to the objective measurements in the different 
chapters dealing with individual foods. This would have 
emphasised the great need for much more intense work 
on defining denotative terms, mathematical procedures 
for relating the rheological measurements and the 
sensory texture o f the stimuli as shown in the thematic 
beginning chapter, ‘How far can studies o f  food texture 
be scientific’.

A  few points for consideration o f the editors in future 
editions are: While on page 187 the efficacy o f Armour 
tenderometer in predicting cooked meat tenderness is 
reported not very good, on page 420 it is reported to 
correlate well. Figs 6.8 and 18.1 and 6.11 and 18.2 
are unnecessarily repeated and could be omitted in 
chapter 18. Is there a semantic problem in the titles o f  
the chapters ‘Starch Texture’, ‘Rheology o f chocolate’, 
‘Textural characteristics o f  Food Emulsions’?

V. S. G ovindarajan  
C.F.T.R.I., M y s o r e
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Evaluation o f Proteins for Humans: Ed. C. E. Boodwell;
AVI Publishing Company Inc., Westport, Connecticut
USA.
The proceedings o f  a symposium on “Evaluation of 

proteins for humans” sponsored by the nutrition division 
o f IFT are published with a view to update the current 
information on proteins in human feeding.

In the introductory section Scrimshaw and Young 
succintly highlight the need for expanding food and 
protein production, the importance o f nutritional 
evaluation and the lacuna in the present knowledge on 
the precise human energy and protein requirements. 
They have emphasised that there is a special need for 
studies on determination o f protein requirements in 
various age groups in populations and under conditions 
relevant to developing countries. The effects o f  amino 
acid disproportions on modifying the utilization of  
dietary protein must be taken into consideration in 
relation to evaluation o f protein quality. The urgent 
need to explore and devise functional measures o f  protein 
nutritional status in long term metabolic studies in 
human subjects is rightly emphasised (page 48).

In Section II the methodological aspects o f  protein 
quality evaluation have been elaborated. These include 
the animal bioassays,, in vitro tests, nitrogen balance 
studies in humans and other proposed biochemical 
indices. In vitro indices such as chemical score based 
on amino acid composition, available lysine test by 
carpenter’s method or modification microbiological 
methods using and dye binding techniques etc. at best 
provide an approximate idea o f the nutritional quality 
o f protein but are subject to several limitations such 
as the unreliability o f  such in vitro tests to reveal diffe
rences in biological availability o f  amino acids and the 
lack o f a single chemical procedure for predicting protein 
quality for all proteins specially in processed foods. 
A critical review o f the conventional animal assay 
procedures such as PER, B and NPR is given by 
Simmonds and Hegsted. They have proposed a modified 
slope assay ratio (relative protein value) for proteins 
and stress that the proposed RPV tests protein showed 
less inter laboratory variation unlike in other methods. 
Miller and Lachance however in their review o f tech
niques in rat bioassays indicate that the RPV method 
is relatively new and more complete and specific proto
cols seem necessary to improve its reproducibility 
(Chapter 7, page 156). Bresoani (Chapter 5) has compared 
the relationship between human and animal protein 
quality assay and points out that the agreement between 
human and rat assays can be good especially when the 
assay technique used is similar. Several biochemical 
indices for protein quality are listed and reviewed by 
5

Bodwell. Studies on changes in postprandial plasma 
urea nitrogen as a possible index o f protein quality 
appears to have potential as a short term and less 
expensive test.

Jansen has briefly reviewed the conflicting literature 
on possible beneficial effects on fortification o f cereals 
with lysine and notes (page 182) that the practical value 
o f lysine fortification in human nutrition has not yet 
been conclusively demonstrated.

Breasanni (Chapter 10, p. 230) notes that for deve
loping countries where the availability o f  protein sources 
(such as animal proteins) is relatively low and socio- 
economical conditions and food distribution are far 
from ideal, better nutrition may be accomplished by 
promoting planned production o f  legumes and cereals. 
Proper mixtures o f  the cereals and pulses could provide 
the required protein nutritive.

Chemical changes in food proteins processing and 
possibilities o f  chemical modification o f protein for 
producing texturized proteins, effects o f  different types 
o f processing on the bioavailability o f the limiting and 
the non-limiting amino acids in a protein, have also been 
discussed (Chapter 11 and 12). In particular the nephro
toxic effects o f lysinoalanine (LAL) has been discussed 
at length and the authors based on their data conclude 
that free LAL and not protein bound LAL impart 
Nephrotoxic properties. Further, the possibility that 
peptide linked LAL in small protein fragments may be 
nephrotoxic and that such renal changes may be species 
specific need to be further investigated.

A  brief and succint review by Liener on protease 
inhibitors and hemagglutinins in legumes is followed 
by a chapter (Martine) on other antinutritional factors 
such as gossypol (cotton seed) glucosinolates (in seeds 
o f  mustard family) and phytates in cereals etc. Further 
research on the effect o f phytates and phytic add on 
trace mineral availability and development o f appro
priate methods o f extraction and assay o f phytates are 
suggested.

In essence this volume provides an excellent 
summary o f human protein nutrition aspects. This book 
is a welcome addition to the library o f nutritionists/ 
food technologists.

P. B. Rama RaoC.F.T.R.I., M y s o r e

Sausage Products Technology: by Endel Karmas, Noyes 
Data Corporation Park Ridge, New Jersey, USA, 
1977, pp 316, price 39 U.S. $.
The book is a collection o f U.S.Patents on the topic 

interspaced with discussions. The volume is divided

1
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into two main parts—I. Emulsion Ingredients, II. Pro
duction methods. The first part includes emulsion 
additives from the view point cf colour and flavour 
development and stability of emulsion and ingredient 
control. The second part deals with all aspects of 
sausage processing. The chapter on emulsion ingre
dients has been dealt with under four sub-headings— 
accelerated development of colour and its stability, 
flavouring and colouring additives, prevention of 
rancid flavour and fermented flavours. Discussion of 
patents covering the addition of soluble calcium salts, 
organic acids, nitric oxide gas, cell free bacterial cultures, 
coated turmeric acid, treatment of casings with ascorbic 
acid, sorbitol and many more. Particular mention could 
be made of use of nicotinic acid derivatives to reduce 
the level of N 02 in the emulsion. Use of cured blood
pigment, oleoresins from spices, whole mustard---- is
also catalogued.

Use of antioxidants to prevent rancidity and pro
duction of fermented sausages are also discussed.

The second section deals with improving the texture, 
flavour and stability of sausages. Texturizing agents 
like citrus peel meal, casein calcium phosphate gels, 
calcium casine modified skim milk powder, alkali 
treated milk, milk powder and enzymes, methyl cellu
lose, heat treated mustard powder. The use of mustard 
powder reduces the incidence of Jelley pockets and also 
the mucilagenous principles of mustard facilitate peeling 
operation. Bovine blood plasma concentrate and salt 
soluble protiens are also discussed. Beneficial effects 
of magnesium ions, polymeric phosphates, mixture of 
phosphates, carbonates, organic acids, alkali, and 
trivalent metal phosphates are reported.

The chapter on proteinaceous ingredients deals with 
separation of lean meat and fat, low temperature ren
dering of fat and separation of meat from bones.

The chapter on product control methods emphasises 
the importance of quality control of ingredients and the 
final product. To achieve this end, composition control, 
testing the emulsion stability, iapid method of esti
mation of fat, moisture and protein, colorimetic sepa
ration of lean fat, the use of tracers like maltol, EDTA, 
souble tin salts have been discussed.

In Part II Chapters on emulsion processing; stuffing, 
linking and forming methods; cooking and related 
methods; casing removal methods and various modified 
products are dealt with. The Chapter on stuffiing, 
linking, forming methods deals with many patents on 
machinery to improve the production of uniform quality 
product and uniform average wt. per link.

In the Chapter on cooking and related methods 
the functions of cooking have been described and 
patents concerning different methods of cooking are 
given.

Next Chapter is on casing removal methods. The two 
aspects-casing releasing agents—casing removal and 
related machinery are dealt with separately.

The last Chapter on modified products deals with 
collagen encased fresh sausages, cooked sausages which 
could be reheated in 5-8 min, prior to consumption. 
Manufacture of annualar sausages, ribbon sausages 
filled frankfurters and multicoloured sausages have also 
been covered.

Company index, inventor index, U. S. Patent number 
index provided at the end facilitate the selection of the 
specific topic.

It is a useful book to those engaged in manufacture of 
comminuted meat products.

S. B. Kadkol 
C.F.T.R.I., M y s o r e



ASSOCIATION NEWS

Southern Regional Branch 
Proceedings

The Annual General Body meeting of the Southern 
Region, was held on 17th December ’77 in Madras.

The president welcomed Dr. Balagopal Raju, invitees 
and all members to the Second Annual General Body 
Meeting and requested Dr. Balagopal Raju to address 
the members.

1.1 Dr. Balagopal Raju, Former Director, Institute 
of Child Health and Hospital for Children, Madras-8, 
then addressed the members on nutritional aspects of 
child health and the avenues where Food Scientists 
could help the paediatricians by making available safe 
and nutritious food products. He dealt with the various 
types of cheap nutritious foods developed by different 
organisations all over the country.

The Annual Report for 1977 was adopted after duly 
proposed by Shri K. L. Radhakrishnan and seconded 
by Shri K. S. Kannan.

The audited statement of accounts was presented by 
the Treasurer Shri S. Mylvaganan. After clarifying some 
points raised by the members the statement of accounts 
was adopted.

The General Body with the recommendation of the 
Executive Committee adopted the following office 
bearers for 1978:

Shri S. Subrahmanyan .. President
Shri A. Govindan .. Secretary
Shri K. S. Kannan Vice-president
Shri H. S. Jayadevaiah .. Jt. Secretary
Shri M. Sreekrishna .. Treasurer
Shri S. Rajagopalan .. Editor-Newsletter
Shri S. T. Chari .. Member
Shri V. Koteeswara Rao .. Member
Shri S. P. Malik .. Member
Shri R. N. Ramani .. Member
Dr. T. S. Santhanakrishnan .. Member
Shri T. V. Subramanyan .. Member
Mrs. E. Sunderrajen .. Member
Shri T. C. Sunder Rajen .. Member
The President-elect Shri S. Subrahmanyan thanked

the members for having reposed their confidence in him 
and assured that the activities of AFST(SRB) will be 
kept up for which he sought their cooperation.

The Secretary proposed a hearty vote of thanks and 
the meeting adjourned for dinner.
Eastern Regional Branch

Dr. S. Pedlington, Unilever Research Laboratory, 
England, on 29th September 1977, delivered a talk on 
“Some aspects of Tea Research”.

Dr. P. Chattopadhyay, of the Department of Food 
Technology and Biochemical Engineering, Jadavpur 
University, gave a talk on “Cryogenic Freezing of 
Food” on 23rd December 1977.

Ordinary Members
Dr. Kamalakar Vishwanath Shankhapal, Lecturer, 
Department of Biochemistry and Microbiology, Laxmi- 
narayan Institute of Technology Premises, Nagpur-10
Mr. K. T. Vergheese, Modern Bakeries (India) Ltd. 
Adyar, Madras-600 020.
Mr. G. Sundararajan, T. N. Agro Industries Corpo
ration Ltd, Agro House, Madras-32.
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