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R E V IE W

Adjuncts in Brewing
B. A . Sa t y a n a r a y a n a  R a o  a n d  V . V . L. N a r a s im h a m *

C en tra l F o o d  T ech n o lo g ica l R esearch  In stitu te , M ysore-570013
Brewing is undergoing rapid changes. Before 1880 brewing was confined to the use of barley malt, hops, yeast and finings. M alt 
adjuncts were later allowed in brewing. Barley, maize, rice, etc. are used in brewing today with advantage. Attempts are 
being made to produce beer using microbial enzymes and suitable starchy material, without sacrificing the quality of beer. 
This is going to revolutionise the brewing industry. Several adjuncts used in brewing have been reviewed.

U n til th e m id d le  o f  th e  n in eteen th  cen tury, ingred ients  
used in  th e p ro d u c tio n  o f  beer w ere: barley  m a lt, h op s, 
yeast and  fin ings. F ro m  1880 on w ard s th e  brew er w as  
free to  use an y  u n m alted  cereals in  h is m ash tu n , p rov id ed  
they w ere n o t deleteriou s to  h ea lth 1 * *. T o d a y  m o st o f  th e  
beer is  m ade w ith  adju nct cerea ls. A n  ‘a d ju n ct’ in  b rew ­
ing  can  be defin ed  as an y  m ateria l w h ich  can  be u sed  in  
place o f  fu lly  k iln ed  m alt du ring  th e p rod u c tio n  o f  beer  
w ith  or w ith o u t th e ad d itio n  o f  en zym es. G reen  m alt, 
barley , m a ize , w h eat, sorgh u m , rice, etc . are som e o f  the  
adjuncts used.

T h e use o f  un m alted  cerea ls has b ecom e in d isp en sab le  
and  con trib u te  1 0 -2 5  per cen t o f  th e  to ta l extract in  the  
co n ven tion a l b rew in g , th e rest b e in g  b arley  m alt. T he  
a d d ition  an d  p rop o rtio n  o f  d ifferent adjuncts d ep en d  on  
th e character o f  th e beer to  be p rod u ced . F or  exam p le, 
sugars leave resid u a l sw eet flavou r even  w h en  co m p lete ly  
ferm ented . C o rn  flakes reduce th e  ten d en cy  to  early  
haze form a tio n  particu larly  i f  th e  m a lt is un der-m odified . 
A d d itio n  o f  roasted  b arley  im parts a  drier flavou r p re­
ferred by som e brew ers. W hen  m alt con ta in s h igh  n itro ­
gen ou s co n stitu en ts, it is  d ilu ted  by ad d in g  raw  grain .

I. Adjuncts w ithout added extern a l enzym es
a) Barley (H ord eu m  vu lgare L .):  In order to  u tilise

the m axim u m  a ctiv ity  o f  m a lt rich  en zym es, un m alted
barley has b een  u sed  as an  ad ju n ct up  to  25 per cen t2,3.
T o get sa tisfactory  y ie ld s un m alted  barley  has to  be
g ro u n d  very  finely . T h is has the d isad van tage o f  grind in g
th e hu sks a lso  to o  fine, w h ich  cau ses d ifficu lty during run
off. T h e exp erim en ta l w orts are s ligh tly  low er in  degree
o f  ferm en ta tion  th an  th e co n tro ls  and are 1 5 -2 0  per cent
low er in  n itrogen . B eer p o ssesses  better sh e lf  life  and  
h ead  reten tio n  th an  a ll m alt co n tro ls . T he flavour  
prop erties com p are favou rab ly  w ith  th ose  o f  com m er­
cia l sca les. M o stek  and  D y r4 u sed  finely  grou n d  barley up  
to  40  per cen t in  th e m ash  w ith  su ccess, w h ile  E nari5
cla im ed  to  h ave rep laced  m alt b y  b arley  up to  60 per cent
in  th e in fu sio n  m ash in g . T h e y ie ld  extract w as reported  
to  b e  g o o d  and sacch arifica tion  sa tisfactory . Scu lly  and

L loy d6 * su ccessfu lly  brew ed  a b ou t 20 per cen t un m alted  
b arley  togeth er w ith  18 per cen t w h eat flour. A  lo ss  o f  
extract, h ow ever , has b een  rep orted  b y  T u d eu sz  et a l?  
w hen un m alted  b arley  w as u sed  as an adjunct. T h e loss  
increases n o t on ly  w ith  th e in crease  in  th e  a m o u n t o f  
barley  used , but a lso  w ith  th e d ecrease in  th e degree o f  
grind in g. A n  increase in  v isco sity  o f  w ort and  p ro lon ged  
tim e o f  sacch arifica tion  w ere a lso  n o ticed . A d d itio n  o f  
coarse groun d  barley  decreased  th e p ro te in  con ten t, 
im p roved  th e a tten u a tio n  and in creased  th e ex tract in  the  
w ort. A  p rocess for prod u c in g  a lig h t co lou red  A m erican  
lager beer u sin g  u n m alted  barley  a n d  m alt, w ith  h igh  
a m y lo ly tic  activ ity  has b een  describ ed  b y  L ew is8.

b) Green malt: G reen  m alt is  th e  germ in ated  barley
w h ich  is n o t k iln ed  or dried. It is e co n o m ica l to  use green  
m a lt in stea d  o f  k iln ed  m a lt in  b rew in g . D r iz in ia  and  
K a lash n ik ova9 have u sed  w ith  su ccess green m alt, 
m a sh in g  it a t 4 0 °C  to  u tilise  th e a ctiv ities  o f  cy to ly tic  
en zym e effective ly . F ifty  per cen t green  m a lt h as been  
used  by M o stek  et a /.10 to  m an u factu re  10 per cen t pale  
and  dark beer w h ich  com p ared  in  qu a lities favou rab ly  
w ith  beer o b ta in ed  from  k iln ed  m alt. B eer brew ed  from  
in co m p lete ly  cru sh ed  green  m alt h ad  a  low er ferm enta- 
b ility , a  higher con ten t o f  dextrose and  b itter com p ou n d s, 
a low er con ten t o f  n itrogen , h igher a lco h o ls  and g lycerol 
besid es h a v in g  a low er a cid ity . A  su ccessfu l brew  w as 
o b ta in ed  w h en  48 per cen t green  m alt, 48  per cen t barley  
and  4  per cen t sp ec ia l m alt w as em p lo yed . Su ch  stud ies  
in d ica ted  th e effect o f  rate o f  cru sh in g  o n  th e b io ch em ica l 
p rocess an d  o rga n o lep tic  p rop erties o f  ligh t beer. Sub­
stitu tio n  o f  barley  at a h igher lev el o f  68 per cen t, resu lted  
in  a  h igh er co n ten t o f  n itrog en  in  th e brew  w ith  g o o d  
co llo id a l sta b ility  and  stab le fo a m .11 A  p rocess and  
app aratu s fo r  p rod u c in g  beer u sin g  green  m a lt has been  
describ ed  b y  Z iem an n 12. P re-treatm ent o f  green m alt to  
rem ove un desirab le a rom a tic  and flavou ring su b stan ces  
b y  a p p ly in g  vacu u m  w as n ecessary prior to  m ash in g . 
G reen  m a lt has b een  sub jected  to  h ig h  tem p erature and  
pressu re to  p rod u ce w ort sim ilar in  prop erties to  w ort 
p rod u ced  fro m  k iln ed  m alt. A  co n tin u o u s p ro d u ctio n

*M/s Hindusthan Milk Food M anufacturers Ltd., Bommuru, Rajmundhri, A.P.
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o f  w ort fro m  green  m alt o f  seven  days or  even  th ree days  
w as a ttem p ted 13.

c) Rice  (O ryza sativa  L .) : P erhaps th e  m o st co m m o n  
ad ju n ct, apart from  su gar, em p lo y ed  in  m o st o f  th e  
brew eries is  r ice , e ither in  th e  form  o f  grits (u n gela tin ised  
p rod u ct fro m  degerm ed rice kernels), flakes or  in  b rok en  
co n d itio n . G e la tin ised  grits and  th in  w h ite  flakes are 
u sed  as adjuncts. T h in n er th e flakes m ore rapid  w ill be  
th eir  con v ersio n  in  th e  m ash tu n . P reca u tion s, how ever, 
h a v e  to  b e  tak en  to  u se  flakes o f  u n iform  size  an d  free  
fr o m  brok en  fragm en ts or  du st. B rok en  rice fro m  m illin g  
a n d  p o lish in g  in d u stries can  b e  used . A n  ad van tage o f  
u sin g  rice or m aize is th at even  th o u g h  th ey  h ave p rote in  
co n ten t eq u a l to  th at o f  m a lt, p r o teo ly tic  en zym es o f  m alt 
are u n ab le  to  degrade th ese  p ro te in s . A s  su ch  no  
n itro g en  is su p p lied  to  th e  w ort. T h ey  can , th erefore , be  
regarded as n itrogen  d ilu en ts p articu larly  w h en  h igh  
n itro gen  m alts are u sed  in  brew ing.

d) Maize (Z ea  m ays L .) : E u rop ean  cou n tries a d o p t­
in g  d eco ctio n  p rocess u tilize  2 0 -2 5  per cen t m a ize , w h ile  
in  U n ited  States o f  A m erica  w here high  en zym e m alts are 
u sed  th e figure m ay  go u p to  40 per cent.

Com syrups: A m o n g  th e liq u id  adjuncts u sed  in  the  
b rew h ou se, corn  syrups have b een  recogn ised  as an  
eco n om ica l raw  m ateria l w h ich  d oes n o t require p roces­
sin g  and  th erefore , there is n o  dem an d  o n  th e m ash in g  
eq u ip m en t o f  lim ited  cap acity . C orn syrup p rod u ced  by  
acid  h yd ro lysis  suffered from  serious d efects such  as lo w  
ferm en tab le extracts, u n desirab le flavou r and b itter after  
taste . S om e o f  th ese d e fects  w ere a lso  en cou n tered  in  
beer. M a th es14 h as suggested  an im proved  m eth o d  o f  
m an u factu re o f  corn  syrup w h ich  is free from  the ab ove  
d efects , w ith  little dextrins an d  am ylo  dextrins and  
com p lete ly  d evo id  o f  protein s. B eers brew ed w ith  
m od ified  syrup required less tim e for clearing during  
storage and  sh o w ed  eq ual stability  and  w ere preferred or 
eq u ally  rated  in  ta ste  tests .

Corn grits: A  p o rtio n  o f  m a lt can  be sub stitu ted  by
coarse  and  fine corn  grits w ith  ad van tage, a lo n g  w ith  a  
b len d  o f  20 per cen t a lp h a  am ylase an d  80 per cent 
d ia stase15. P re-gelatin ised  m aize starch  has been  used  
fo r  con tin u ou s ferm en tation  u n d er co n d itio n s  o f  restraint 
y ea st grow th  and  lim itin g  n itrogen  c o n ten t16. C orn  
flak es d ig ested  w ith  m a lt w ith o u t p rev iou s bo ilin g  
h a s b een  su ccessfu lly  u sed  by M ek is17 for  brew ing. 
H a rris18 recom m en d ed  th at w h en  lau ter tu n  w as in  
op eration  th e  con v ersion  o f  m aize grits cou ld  be carried  
o u t in  a s im p le stirred converter w ith  final a ttem p eration  
secu red  by d irect a d d ition  o f  co ld  w ater. Y a k o v en k o  
et al, 19 ach ieved  m ax im u m  yie ld s and  to ta l saccharifi­
ca tio n  w h en  m a ize  grits w ere m ixed  w ith  m a lt en zym es  
and  2 5 -5 0  per cen t Aspergillus oryzae. Pure starch  from  
refined  corn  grits w as suggested  by L atim er20 as an  
ad ju n ct b u t w ith  con sid erab le  cost.

e) Wheat (T riticu m  aestivu m  L .): U se  o f  w h eat  
m alts as adjuncts du ring  brew ing p o ses prob lem s. M o u ld  
attack  o r  d am age to  th e acrosp ire du ring  m altin g  
p rod u ces u n d er-m od ified  m a lts , w h ile  h igh  p rote in  
con ten t m igh t con trib u te to  h aze  and in stab ility  in  beers. 
H o w ever , m eth od s have b een  su ggested  to  p rod u ce  
w h eat m a lt21. S tu d ies h ave been  co n d u cted  b y  H arris  
and W illia m s16 u sin g  so ft w h eat flour as an adju nct in  
brew ing. R efin ed  w h eat starch , a relative ly  pure carb o­
hyd rate h as b een  u sed , w ith  advantage, as an  adjunct. 
G eig er22 h as su ggested  a  m ash  cycle  to  o b ta in  an  overa ll 
brew  h o u se  y ie ld  increase o f  1 per cent. U s e  o f  w h eat  
starch  slurries as a practical alternative adjunct to  w h eat  
has b een  p rop osed .

/ )  Sorghum  (S orgh u m  vu lgare L.) \ W hen  brew in g  
m ateria ls b ecam e scarce during seco n d  w orld  w ar, 
sorghu m  w as u sed  as an  ad ju n ct b y  m an y  brew eries w ith  
variab le resu lts, ch iefly  attributed  to  th e varieties o f  
sorgh u m  u sed , and also  to  th e in ad eq u ate  m illin g  m eth od  
th en  in  use. S orgh u m  co n ta in s less o il and  m o re  p ro ­
tein s. A fter  th e w ar brew ers sw itched  b ack  to  th e barley  
m a lt and adjuncts w ith  w h ich  they w ere fam iliar . O f  
late there is a  renew ed interest am on g  brew ers to  se lect an  
im proved  varie ty  o f  sorgh u m  and a d o p t im p roved  m illin g  
o p eratio n s21. L ager beer m ad e from  grits co n ta in in g  60  
per cen t barley  m alt and 40 per cent sorgh u m  com pared  
w ell w ith  th e beer m ade from  barley  m a lt and  corn .

g) Oat (A v en a  sativa  L.):  S om e varieties o f  oa ts  
have b een  recom m en d ed26,27 as su itab le adju ncts b u t  
there is n o  co m p lete  agreem ent a m on g st brew ers. 
G reater h u sk  (30 per cen t) co n ten t o f  o a t lim its  its  use. 
It has been  rep orted  th at w h en  o a t is u sed  th e  beer  
exh ib ited  m od erate gu sh in g. B eca u se  o f  its  flavou r and  
nutritive p rop erties, o a t m a lt is m a in ly  u sed  in  S tou ts, 
A  pretreatm en t o f  o a t by steep in g  in  w ater is necessary  
to  rem ove un desirab le flavouring sub stan ces.

h) Rye  (S eca le cerea le L .) : R y e  h as b een  u sed  as an  
adjunct in  brew in g28. Steeped  grain s are co o k ed  at 
100°C  for  20  m in , th en  dried a t a b ou t 5 0°C  u n til the  
m oistu re  level com es d o w n  to  a b ou t 5 per cen t or less. 
T h en  th e rye grains are debran ned  and  granu lated  b e fore  
u se. T h e fo a m  characteristics o f  beer so  p rep ared  is re­
p orted  to  be g o od .

/)  Triticale: T h is m an -m ad e cross betw een  rye a n d  
w h eat p o ssesses the grain  qu a lity , p rod u ctiv ity  an d  
d isease resistance o f  w h eat w ith  th e v igou r a n d  hard ness  
o f  rye. P om eran z  et al.27 review ed th e prop erties  o f  
variou s triticale crosses and  th e resu lts o f  m icrom altin g  
o f  10 se lection s a n d  beers from  th em  w ere com p ared  
w ith  beer from  m alted  barley . B e in g  rich  in  p ro te in  
triticale m a lt sam ples y ie ld ed  w orts rich  in  n itrogen  and  
beer w ith  darker co lou r an d  h igh  p H . E x cep t fo r  th ese  
draw b acks beer com p ared  w ell w ith  th at o f  b arley  m a lt  
in  o th er  characters.
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j )  Sugars: S u crose  and invert sugar are used  as 
adju ncts in  brew in g . O f  the sugars, m o stly  sucrose  
com p rises 17 per cen t o f  the raw  m ateria l u sed  in  G reat 
B ritain23. B o th  invert sugar and  sugar can d ies, and so lid  
and liq u id  g lu cose  m ad e from  starch  are used . B rew ing  
sugars are ad d ed  either prior to  ferm en tation  or as  
prim ings su b seq u en t to  ferm en tation . I f  ad d ed  before  
p itch in g  o f  yeast, th ey  su p p lem en t th e  ferm entable  
extracts o f  w ort. T h ey  im p rove flavour, fu lln ess and  
co lou r o f  beer. P rim ings in  general con sist o f  b len ds o f  
cane sugar, sucrose in version  p rod u cts and starch  
con version  p rod u cts to  g ive  m aterials o f  th e desired  
ferm entability , flavour and co lou r. Su crose syrup is 
con ven ien t to  h an d le , tran sp ort, store and use apart 
from  b ein g  ch eap . H ow ever th e danger o f  m icrob ial 
deterioration  ca n n o t be ru led ou t. T h e con cen tratio n  at 
w hich  sucrose syrups m ay be prepared is lim ited  b y  its 
so lu b ility  at norm al tem perature w h ich  is 67 per cent 
(w /w ). T h e a d d itio n  o f  g lu cose  or p artia l in version  
a llow s th e to ta l so lid s con cen tration  to  be increased  to  
the p o in t at w h ich  v iscosity  b ecom es a  lim itin g  facto r24.

A ttem p ts25 have b een  m ad e to  u se  con cen trated  b eet  
ju ice  for  th e p rod u ction  o f  beer w ith  little  success. B eer  
With a lo w  a lcoh o l co n ten t (1. 93 per cen t) w as obta ined  
u sin g  w hey as an adjunct.

II. Addition of microbial enzymes with adjuncts
D eta iled  in v estigatio n s in  the stu d y  o f  m ash in g  has  

ad vanced  sufficient k n ow led ge ab ou t en zym es and  
their activ ities du ring  w o rt p rod u ctio n . A ttem p ts have  
been m ade to  use m icrob ia l en zym es in  th e p rod u ction  
o f  w ort, w hen adju ncts are em p loyed  in  large m easures  
or w hen  m alt o f  lo w  en zym atic  activ ities is used . U tili­
sa tion  o f  m icrob ial protease and  am ylase to  p rod u ce w ort  
from  barley, m a ize , e tc ., has to  be ad o p ted  w ith  cau tion . 
T rad ition al beer is a  co m p lex  w h ich  has its  o w n  charac­
teristics and  any d ev ia tion  fro m  th e con v en tion a l m eth od  
shou ld  n o t have an  adverse effect o n  th e q u ality  o f  beer.

R ep orts29 o n  brew in g  w ith  100 p er cen t un m alted  
barley and  ad d ed  N erv a n a se  10 x ,  a  trade preparation  
con ta in in g  b acteria l am ylase and  p rotease , in d icate  th at  
w ort h ad  a  lesser co n ten t o f  ferm entable carb oh ydrates. 
U nd esirab le flavou rin g  co m p o u n d s h a d  b een , h ow ever , 
rem oved  from  raw barley  b y  h eatin g  to  70 °C for 4  hr. 
Insufficient saccharification  w as a lso  n oticed  b y  K lo p -  
per30. A d d itio n  o f  ab ou t 10 per cen t barley  m alt gave a  
better beer b u t th e  d iacety l co n ten t w as h igh . Satis­
factory  brew  w as ob ta in ed  by W ieg31,32 u sing  25 per  
cent barley  m a lt a lo n g  w ith  20 per cen t m aize  grits and  
55 per cen t b arley  to  w h ich  en zym e preparation  con ta in ­
ing  am ylase and  p rotease  w as ad d ed  extern ally . A d d i­
tio n  o f  g lu coam ylase  increased  th e  ferm entab ility  o f  the  
w ort and the resistance again st th e  form ation  o f  ch ill- 
haze o f  beer increased . B ley  et al.33 c la im ed  to  have
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successfu lly  brew ed w ith  an  u n m alted  barley  co n ten t o f  
65 per cen t. A  com p arab le brew  w as o b ta in ed  w h en  40  
per cen t raw  b arley  w as em p loy ed  w ith  add ed  external 
en zym e. W h en  th e p ro p o rtio n  o f  barley  varied  th e  
co n d ition s o f  brew ing h ad  to  be altered .

P rocess o f  dry m illin g  is o f  particu lar advantage w hen  
un m alted  barley is em p loy ed  for  brew in g34. S ince the  
ordinary m illing  rollers u sed  fo r  m a lt are n o t w ell 
ad ap ted  to  th e hard u n m od ified  grain , p retreatm en t o f  
barley  is  necessary. T h e m eth o d 34 a d o p ted  con sisted  o f  
steep in g  barley un der a lk alin e co n d itio n s, w ash in g  and  
neutralising th e excess a lk a li b y  su lph ur d iox id e  and  
drying at 5 0 -5 5 °C  to  a b ou t 10 per cen t m oistu re . T h e  
p resence o f  hu sk  is a d van tageou s during lautering.

Several w ork ers35-38 have su ggested  w et grind in g  o f  
un m alted  barley. T h e o p tim u m  co n d itio n s  fo r  steep in g  
barley  w ere 2 5 -3 0  m in  a t 50°C , w hen  b arley  absorbed  
30 per cent w ater and hu sk s b ecam e so ft and  p liab le. 
B eer m ade from  w et-grou n d  barley  com pared  w ell w ith  
th e trad ition a l beer.

B arley has a h igher specific  gravity  th an  m a lt and  dur­
in g  m a sh in g  ten d s to  settle  d o w n . M a sh in g  w ith  w ater  
to  grain  ratio  o f  ab o u t 2 .7  to  2 .9 :1 h as b een  recom m en d ­
ed . T h e other critical p o in ts  in clu d e: an in itia l h eatin g  
to  60°C  (m a x .); saccharification  a t 65°C  (m a x .); and  
co n version  a t 73°C  (m ax .). T h e resu ltin g  w ort h as been  
rep orted  to  be g o o d  w ith  greater ferm entab ility .

A n o th er  im p ortan t fa cto r  w h ich  sh o u ld  n o t  be lo st  
sigh t o f  is  th e h igh  v isco sity  o f  b arley  w orts. T h is is 
b ecau se o f  j3-glucans co n ten t o f  b arley  w h ich  is  ab ou t  
three tim es th at o f  k iln ed  m alt. H en ce  any externally  
add ed  en zym e p rep aration  sh o u ld  have sign ificantly  h igh  
b eta  g lu canase activ ity . I t is c la im ed  b y  W ieg32 th at  
barley brew s filtered 2 0 -3 0  m in  faster th an  m a lt brew s. 
N o rm a l ferm en tation  w as n o ticed , w h en  p itch ed  w ith  
yeast. T h e  co lou r  stab ility  o f  barley  beers w as better  
th an  th at o f  th e  co n tro l beer. T h e quality  o f  beer  
com pared  w ith  th at o f  a ll-m alt beer. T h e greatest 
u tility  o f  th e en zym atic  p rocess is fo u n d  w h en  barley  
co n ten t is 50 per c e n t; th e  rem ain in g  b e in g  m alt (30 per  
cen t) and corn  (20 per cen t). B asar ova  a n d  B an d o  v a 34 
have reported  su ccessfu l b rew in g  u sin g  50 per cen t  
barley.

It w as o f  in terest to  n o te  th e  resu lts o f  a  ta ste  test 
co n d u cted  at Interbrau E x p o sitio n  in  M u n ich . A  pair  
o f  sam ples w as presented  to  a  to ta l o f  300 p eop le  from  
ap p rox im ately  140 brew eries. T h ey  w ere to ld  th at o n e  
beer w as 70 per cen t m alt and 30 per cen t corn  a n d  th e  
other w as 30 per cen t m alt, 20 per cen t corn  and  50 per  
cen t feed  barley. T h ey  w ere ask ed  to  g ive their  
com m en ts. A b o u t 30 per cen t sa id  th a t th ey  co u ld  n o t  
d ifferentiate. O f  th e 70 per cen t w h o  rep orted  a  differ­
en ce, a b o u t tw o  th ird s expressed  preference to  th e feed  
barley beer.
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Wort substitutes
Barley syrups: R ecen tly  ‘C om m ercia l B rew er’s C o n ­

cen tra tes’ or ‘Syru ps’ in ten d ed  to  p rov id e  a  com p lete  
w o rt o n  d ilu tio n  have b een  p u t in  th e m ark et. Such  
liq u id s, th erefore , m u st co n ta in  a ll th e  q u an tita tive  and  
qu alita tive com p o n en ts o f  w ort. B arley  has b een  u sed  
as a  sub strate for  th e p rep aration  o f  syrup s u sin g  
m icro b ia l en zym es. C orn  and  o ther starchy cerea ls can  
as w ell b e  u sed  for  th e  p rep aration  o f  syrup s. D eta ils  o f  
p ro d u ctio n  o f  syrup s and  their use in  brew in g  have been  
rep o rted 27,31-46.

T h ere are several advantages in  u sin g  su ch  syrup s :
1. B eer o f  u n ifo rm  con sisten cy  can  be m anu factured .
2. C haracters o f  beer can  be a ltered . F o r  exam p le, 

h ead  reten tion  o f  beer ca n  be im proved  b y  u sin g  w h eat  
flour.
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The amino acid composition of some recently developed varieties of cereals and pulses are reported. I t  was observed that in wheat, 
the low protein lines had higher lysine content and, therefore, a  higher chemical score of 60. The newly developed dwarf varieties 
of wheat did not contain lower levels of essential amino acids than the tall variety. The rice varieties, in general, bad a  balanced 
amino acid composition. The protein of the variety, ‘Cauvery’, had the higest chemical score of 66 per cent. In maize the chemical 
score of the protein was enhanced by theincorporation of the Opaque 2 gene, thus removing lysine as the most limiting amino acid, 
the increase was limited by the low amount of another essential amino acid viz. threonine. The recently identified barley strains, Bj 
and 1098-2 showed a considerable improvement in the content of essential amino acids in their grain protein, with lysine content 
of 3.56 and 4.09 g/100 g protein, respectively. The content of lysine in the pulse species was considerably more than tha t present 
in the cereals. The chemical score of the pulse protein, however, was low owing to the limiting amino acids, methionine and try­
ptophan. Considerable variation in the chemical score was observed both a t the inter—and intra-species level.
In a  cereal-pulse combination, the proteins of the respective components complement each other. The maximum chemical score 
value of the protein in a  wheat-pulse combination was obtained when the pulse content was around 10 per cent. With rice, maize 
or barley, the maximum score values were obtained when the content of pulse was around 20 per cent of the mixture. The chemical 
score of the protein in such combinations was limited by the content of threonine and methionine. Results have been discussed 
in relation to future strategy for grain protein improvement.

T h e nutritive va lu e o f  d ietary  p rotein s is govern ed  by  
th e pattern  and  qu an tity  o f  essen tia l am in o  acid s p resent 
in  it. T h e presence o f  o n e  or m ore o f  th e essen tia l am in o  
acids in  inadequ ate am ou n ts w o u ld  d ecrease th e  nutri­
tive value o f  p rotein s1 -5 . T o  en h an ce th e  level o f  lim itin g  
am in o acids in  cereals and  p u lses, attem p ts are b e in g  
m ade to  id en tify  gen otyp es w ith  h igher level o f  th ese  
am in o acid s. T h e effort is m ain ly  d irected  tow ard s d eve­
lop m en t o f  strains w h ich  com b in e  desirab le agron om ic  
ch aracteristics w ith  im proved  n u tritional q u ality  para­
m eters4-15 .

In  th is co m m u n icatio n  th e am in o  acid  co m p o sitio n  o f  
som e recently  d eve lo p ed  h igh  y ie ld in g  varieties/stra ins  
o f  w h eat, rice, m a ize , va rio u s p u lses and th e h igh  lysin e  
strains o f  barley  and  m aize are reported . R esu lts  o f  th e  
am in o acid  sp ectra  are d iscu ssed  in  v iew  o f  th e fa c t th at 
cereals an d  p u lses are con su m ed  as a  m ixed  d iet an d  the  
p rob lem  o f  b a lan ce in  th e p rop o rtio n  o f  different lim itin g  
am in o acid s n eed s to  b e  loo k ed  a t in  its  to ta lity  rather  
th an  in  iso la tion .

M ateria ls and M eth od s
T h e m ateria ls u sed  for th e an a lysis w ere grow n  in  the  

experim enta l p lo ts  o f  I .A .R .I . ,  N e w  D e lh i, un der norm al

recom m en d ed  levels o f  fertilizers and  o ther a gro n om ic  
p ractices and  w ere o b ta in ed  from  th e va rio u s breeders. 
R ep resentative am ou n ts o f  th e gra in s o f  d ifferent varie­
ties/stra in s o f  cereals and pu lses w ere grou n d  to  60  m esh  
size in  a  ham m er m ill a n d  th o rou g h ly  m ixed  before  
sam plin g.

N itro g en  p ercen tage w as d eterm ined  b y  th e m icro-  
kjeldahl m eth o d 14, and  th e p rote in  va lu es com p u ted  by  
u sin g  th e fa cto r  specific  fo r  each  crop . M o istu re  in  th e  
flour w as determ ined  b y  dryin g  k n o w n  am ou n ts o f  the  
sam ples to  a  con stan t w eigh t in  h o t air o ven  a t 105°C .

A m in o  acid  analyses w ere d o n e  o n  th e  acid  h yd roly­
sates o f  th e sam ples u sin g  T ech n ico n  Sequ entia l M u lti­
sam p le A m in o  A cid  A n a ly ser15.

T ryp top h an  w as determ ined co lor im etrica lly  b y  a  
slight m o d ifica tion  o f  th e m eth o d s o f  Sp ies and  
C h am b ers16, and H o w e et a l17. F o r  cerea ls, 25 m g  o f  the  
defatted  sam ple m eal grou n d  to  100 m esh  size were taken  
in  a  con ica l flask. E igh t m l o f  a  23 .5  N  so lu tio n  o f  
su lph uric acid  w ere add ed  to  it . N ex t, o n e  m l o f  a  2  N  
so lu tio n  o f  su lph uric acid  con ta in in g  30 m g  o f p -d i-  
m eth y l am in o benzaldeh yde w as ad d ed , k eep in g  th e  
co n ica l flask ch illed  in  ice. O n e m l o f  d istilled  w ater w a s  
ad d ed  to  bring th e n orm ality  o f  su lph uric a cid  to  19 N .
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T h e flask  w as th an  k ep t fo r  in cu b a tio n  fo r  15 h r  at 32°C . 
S u bseq uen tly , 0.1 m l o f  a 0 .1 2  per cen t so lu tio n  o f  
so d iu m  n itrite w as ad d ed  and  th e o p tica l d en sity  w as  
read at 590 m /x , a fter k eep in g  it  in  th e dark for  45  m in. 
E stim ation s w ere m ad e in  trip lica te. T h e va lu es w ere  
ca lcu la ted  to  hu nd red per cent recovery.

F o r  p u lse  sam p les, th e  in cu b ation  p eriod  o f  20  hr and  
a so lu tio n  o f  0 .045  per cen t so d iu m  nitrite w as fo u n d  to  
be o p tim u m .

C h em ica l score o f  th e  p rote in  in  th e  in d iv id u a l grain  
sam ples w as ca lcu la ted  accord in g  to  B lo ck  and  M itch e ll18 
b y  u sin g  th e F A O  reference p attern19 as a  standard. T h e  
ch em ical score o f  th e p rote in  in  the variou s com b in ation s  
o f  cereal and p u lse w as determ ined  b y  co m p u tin g  the  
co n ten t o f  th e  am in o acids in  su ch  a m ixtu re o n  flour  
basis, and  exp ressin g  th e  resu ltant va lu es as p ercen tage  
o f  th e  particu lar am in o acid  presen t in  th e  F A O  reference  
p a ttern , as above.

R esu lts and D iscu ssion
A . Amino acid composition o f  cereals: A m in o  acid  

co m p o sitio n  o f  th e gra in  p rote in  o f  th ree recently  
d evelop ed  d w a rf strains o f  w h eat (Triticum aestivum) viz. 
‘H D  2 0 2 8 ’, ‘H D  1981.’ and  ‘H D  2 0 0 9 ’. an d  a  ta ll variety , 
‘C  3 0 6 ’ are g iv en  in  T ab le  1. T h e  p ro te in  con ten t in  th ese  
strains varied  fro m  10.4 to  14.4  per cen t o n  m oistu re  free  
basis. F ro m  th e  am in o acid  score va lu es it w as ob served  
th at th e m o st lim itin g  am in o acid  w as lysine . I t  w as o f  
in terest th at lo w  p ro te in  strains h ad  a  h igher lysin e  
co n ten t o f  3 .28  and  3 .32  g /100  g  p rote in  w h ich  m eans a  
higher ch em ical score o f  60 per cen t, w h ile  th e h igh  
p ro te in  stra in s, ‘H D  2 0 2 8 ’ an d  ‘C  3 06 ’ sh ow ed  low er  
lysin e  co n ten t w ith  a  con com itan t d ecrease in  th e  ch em i­
ca l score to  th e ex ten t o f  53 and 50 per cen t, resp ectively  
(T ab les 1 and  3).

T h at th e  d w arf strains d id  n o t co n ta in  low er levels o f  
th e  essen tia l am in o  acids th an  th e  ta ll variety  w as ev id en t  
fro m  th e data . S im ilar resu lts w ere rep orted  b y  S inha  
et al.20 fro m  th eir  stu d y  o f  p rotein s o f  sem i-d w arf and  
ta li sprin g  w h eats.

. T h e  lim itin g  am in o a cid  in  the gra in  prote in  o f  dehusk- 
ed  (b row n ) rice ( Oryza sativa) w as lysine (T able 3). T h e  
lysin e co n ten t varied from  2.81 to  3.63 g /1 0 0  g  p rotein . 
T h e  co n ten t o f  other essen tia l am in o  acid s w as fa irly  
h ig h  (T ab le 1). T h e protein  co n ten t o f  th e  varieties varied  
from  10.3 to  13.4  per cent. T h e  grain p rote in  o f  
“ C au very” h a d  th e h igh est ch em ical score o f  66 per cent 
w h ich  w as h igher th an  th at o f  th e w h eat varieties. T h is  
variety  a lso  com b in ed  a  fa irly  h igh  p rote in  con ten t o f
13.4 per cen t w ith  a  lysin e  co n ten t o f  3.63 g /10 0  g  p rotein . 
It w as fo llo w ed  b y  th e varieties “ IE T  1991” and  “ P usa  
221” , w ith  ch em ical score o f  62  and  60 resp ectively  
(T ab les 1 and  3).

T h a t rice protein s have a b a lan ced  am in o acid  co m p o ­

sitio n  is ev id en t from  th e lo w  co n ten t o f  th e p ro lam in  
fractio n 21. H ow ever , it  needs to  be m en tio n ed  th a t rice  
is m illed  b efore  con su m p tio n  th u s resu ltin g  in  losses  o f  
am in o  acid s to  varyin g  degrees8.

T h e am in o acid  co m p o sitio n  o f  th e v arie ties  o f  m aize  
(Zea mays L .) viz, “ G an ga 5” , “ V ijay” an d  “ B a ss i” and  
o n e  w hich  contain ed  th e  O p aqu e-2  gen e22 i.e. “ S h a k ti”  
is g iven  in  T a b le  1. F ro m  an  ev a lu a tio n  o f  th e ch em ical 
score it w as ob served  th at th e  q u a lity  o f  th e  grain  p rotein  
o f  th e n orm al m aize varieties w as relative ly  p o o r  as  
com p ared  to  th at o f  w h eat and rice (T ab le 3). G en etic  
up grading  o f  th e co n ten t o f  lysin e and  tryp to p h an  in  th e  
grain  p rote in  o f  “ S h a k ti” resu lted  in  an en h an cem en t o f  
its p rote in  ch em ical score to  63 per cen t. T h is a sso c ia tion  
in  th e  am in o acid  co m p o sitio n  o f  m aize  p rote in s w a s  
rep orted  by M ertz  et al22. T h e m o rp h o log ica l and  b io ­
ch em ical ch an ges, and th e a ltern ation  in  gra in  y ie ld  have  
a lso  b een  rep orted23.

In  th e n orm al m aize varieties, th e m o st lim itin g  a m in o  
a cid  w as lysin e  and  in  “ Sh ak ti”  it  w as th reo n in e  
(T ab le 3).

B arley  (Hordeum vulgare)  is u sed  b o th  as h u m a n  fo o d  
an d  a n im al feed . Sm all qu antities are u tilized  fo r  th e  
p rep aration  o f  m alt for  in fa n t fo o d  a n d  for b rew in g  
p u rp oses. T h u s, a  stud y o f  th e am in o  a cid  co m p o sitio n  
o f  its  gra in  p rote in  is o f  relevance. P om eran z  et al.24 
have rep orted  th e am in o a cid  co m p o sitio n  o f  som e tw o  
row  a n d  six  row  barley cu ltivars. P ro te in  p ercen tage, 
am in o a cid  con ten t and  the ch em ical score o f  the  
grain  p rote in  o f  som e o f  th e com m ercia l varie ties releas­
ed  fo r  cu ltiv a tion  in  Ind ia  w as rep orted  fro m  th is L a b o ­
ratory11. I t w as ob served  th at th e co n ten t o f  th e  essen tia l  
am in o  acid s w as relatively  low .

R ecen tly , a  num ber o f  barley stra ins o b ta in ed  either  
by cro ssin g  w ith  th e h igh  prote in , h igh  lysin e  gen o typ e  
viz. “ H ip ro ly ” 25, or by  trea tm en t w ith  ch em ical m u tagen s  
or o b ta in ed  as segregant o f  “ H ip ro ly ” h a ve b een  
rep o rted 12,15’26. T h e p rote in  a n d  am in o acid  co n ten t o f  
tw o  su ch  lin es , viz. B i a n d  1 0 9 8 -2  are g iven  in  T a b le  1. 
C onsiderab le im p rovem en t in  their p rote in  co n ten t over  
th e  va lu es ob ta in ed  for th e com m ercia l cu ltivars w as  
observed . L ysin e va lu es in  ‘B f ,  an d  T 0 9 8 - 2 ’ w ere fo u n d  
to  be 3.56 an d  4 .09  g /1 0 0  g  protein , resp ectively . T h is  
resu lted  in  a n  en h an cem en t o f  th e ch em ical score to  64  
and  73, resp ectively , w ith  th reon in e as th e m o st lim itin g  
am in o  a cid  in  b o th  (T a b led ).

B. Amino acid composition o f  pulses: T h e am in o  
a cid  co n ten t o f  som e o f  th e new  varieties o f  th e  co m ­
m o n ly  cu ltiva ted  species o f  legum es lik e cow p ea  ( Vigna 
sinensis) , v ar .‘ C  10’ a n d  ‘C  13’ ; len til (Lens esculent a), 
var. ‘P u sa  1 ,’ ‘P u sa  2 ’ and  ‘P u sa  4 ’ ; m u n g  (Phaseolus 
aureus)  var. ‘P u sa  B a isa k h i’, ‘P S  6’ an d  ‘P S  7 ’ ; p ig eo n  
p ea  (Cajanus cajan), var. ‘Sh ard a,’ ‘M u k ta ’ a n d  ‘P u sa  
a g eti’ ; pea (Pisum sativum)  var. ‘T  6113’ a n d  ‘T  163’ ;
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T able  3. c h e m ic a l  score  a n d  t h e  m o st  l im it in g  a m in o  a c id
OF SOME CEREAL VARIE! IES/STRAINS

Cereal Variety/Strain Chemical
score

Most limiting 
amino acid

Wheat HD 2028 53 Lys
HD 1981 60 Lys
HD 2009 60 Lys
C 306 50 Lys

Rice Jaya 59 Lys
Pusa 221 60 Lys
Jam una 57 Lys
Improved
Sabramati

57 Lys
Cauvery 66 Lys
J 349 53 Lys
IET  1991 62 Lys

Maize Ganga 5 52 Lys
Vijay 49 Lys
Basi 47 Lys
Shakti 63 Thr

Barley Bi 64 Thr
1098-2 73 Thr

a n d  ch ick  p ea  (Cicer arietinum), var. ‘T  3 ,’ ‘B G  1’ and  
‘S 2 31 ’, are g iven  in  T ab le  2 . E vidently , m eth io n in e  
a n d  try p top h a n  are p resen t in  least a m ou n ts. T he  
co n ten ts  o f  th e  am in o  a c id s  in  th e va rio u s sp ec ies o f  
leg u m es stud ied  w ere: m eth ion in e, 0 .7 0  to  1 .82 an d  
try p to p h an , 0 .5 4  to  0 .7 5  g /1 0 0  g  p rotein . T h e co n ten t o f  
lysin e  w as con sid erab ly  m ore a s  com p ared  to  its co n ten t  
in  th e cerea ls, an d  varied  fro m  5.57 to  7.27 g /1 0 0  g  
p rotein . T h e co n ten t o f  g lu tam ic acid , an  am in o  acid  
u su a lly  p resen t far in  excess o f  its n u trition a l require­
m en ts w as low er an d  varied  from  14.84 to  19.54 g /1 0 0  g  
p rotein . T h e p rote in  con ten t ranged from  22 .6  to  32.1  
per cen t.

T able  4 . c h em ic a l  sco re  a n d  t h e  m ost l im it in g  a m in o  a c id  
o f  some pu lse  v arieties/stra in s

Pulse Variety/Strain Chemical Most limiting
score amino acid

Cow pea C 10 65 Met
C 13 73 Try

Lentil Pusa 1 32 Met
Pusa 2 37 Met
Pusa 4 35 Met
Pusa Baisakhi 47 MetM ung PS 6 68 Met
PS 7 72 MetPigeon pea Sharda 54 Try
M ukta 72 Met
Pusa Ageti 64 TryPea T 163 57 Met
T  6113 50 Met
T  3 51 MetChick pea BG 1 36 Met
C 235 55 Met

T h e ch em ical score o f  th e p u lse p rotein  w as rela tively  
low . Inter- and  intra-sp ecies v aria tion  w as ev id en t; th e  
ch em ical score varied in  th e case o f  m un g fro m  47  to  
72, in  th e case o f  p ig eo n  p ea  fro m  54 to  72, a n d  in  th e  
case o f  ch ick  pea fro m  36 to  55 (T ab le 4 ). I t w as earlier  
rep orted  th at th ere w as a  large varia tio n  a lso  in  th e  
b io log ica l va lu es o f legum e grains b o th  a t th e  in ter-and  
in tra -sp ec ies lev e l27,28.

T h e con ten t o f  cy stin e  and m eth io n in e  in  som e o f  th e  
legum e sp ec ies  w a s relatively  h igh . T h is  m ay  be attribu­
tab le  to  th e status o f  su lp h u r in  th e  so il o f  so m e o f  th e  
exp erim en ta l p lo ts  a t th e I .A .R .I . In  th is  co n tex t th e  
rep ort th a t m eth io n in e  co n ten t w as increased  from  1.29  
to  2 .18 g /100 g  p ro te in  in  p eas28 a n d  th e stu d y  o f  th e  
effect on  th e  p rote in  quality  o f  cereals29 du e to  su lphur  
fertiliza tio n  is  o f  som e sign ificance.

F ro m  th e  ab ove stu d ies it  is o b v io u s  th at so m e o f  th e  
am in o  a cid s are deficien t in  cerea ls and  p u lses, w h ile  
som e others are in  far excess o f  th e  dietary requirem ents. 
A t a  sp ec ies level o n e  ca n  co n c lu d e  th at rice p ro te in  is 
relative ly  better b a lanced  in  its  am in o  acid  co m p o sitio n  
as com p ared  to  th at o f  oth ers. B arley  and  m aize  
p rote in s have lo w  levels o f  essen tia l am in o  acids. In  
th is con tex t th e use o f  th e h illy  and  th e  O p a q u e-2  genes  
in  breed in g  program m es w h ich  h as resu lted  in  th e  
iso la tion  o f  g en otyp es w ith  better am in o  acid  balance  
is o f  great va lu e12,22.

In  th e ca lcu la tion  o f  ch em ical sco re , th e ch o ice  o f  the  
reference p rote in  is o f  im portance. B en d er rep orted  th at  
w h o le  egg  p ro te in  con ta in ed  a  surp lus o f  a ll essen tia l 
am in o  acid s fo r  th e  rat30. In  an earlier stud y fro m  th is  
lab o ra to ry11 it w as fe lt th at th e use o f  egg  p r o te in  as a 
reference led  to  an un d erestim ation  o f  th e n u tr ition a l 
q u ality  o f  th e p rotein . In  th e  p resent stu d y , th erefore , 
th e  reference pattern  su ggested  recently  by F A O 19 has  
b een  used . T h at th ere is a  g o o d  degree o f  corre la tion  
betw een  th e chem ical score o f  p rote in  q u ality  and  its  
b io log ica l va lu e has b een  sh o w n  b y  several 
w ork ers18,31,36. B en d er37 and F ish er38 p o stu la ted  a  
th eoretica l relation sh ip  betw een  ch em ical score an d  
b io log ica l va lu e as a straight lin e from  zero  to  100 
per cen t. A fter  exten sive stud ies B end er co n c lu d ed  th at  
th ere w as a  1:1 relation sh ip  b etw een  ch em ical score and  
b io log ica l va lu e fo r  th o se  va lu es b etw een  50 an d  100  
per cen t. A t low er va lu es th e rela tion  w as d ep en d en t  
u p o n  th e lim itin g  am in o acid . H ow ever , for  p rote in s  
lim ited  by v a lin e  and  sulphur am in o acids th e rela tion  
w as still 1 : 1 .  T h u s, from  th e presen t stu d y , ex cep t for th e  
varieties o f  n orm al m aize w here th e ch em ical score is  
lim ited  by lysin e , a  very  g o o d  correlation  b e tw een  the  
chem ical score and b io log ica l va lu e is en visaged .

I t  n eed s to  b e  m en tio n ed  th at for  h u m an  co n su m p tio n  
cereals and  p u lses are p rocessed  in  v ariou s w ays w h ich  
have an effect o n  th e d igestib ility  o f  am in o  acid s. T h u s,
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rice is p a rb o iled  {i.e. steam  co o k ed ) prior to  con su m p tion  
w hile w h eat, m aize and  barley  grains are grou n d  in to  
w hole m eal and  bak ed  in to  chapatties. H ow ever , B ender  
has in d ica ted  th a t ly s in e , th reon in e , m eth ion in e  and  
valine w ere 100 per cen t availab le35. S im ilarly , th e lysine  
o f  ch eese and  p rocessed  corn ed  b e e f w as fu lly  available. 
A lso , it has b een  recently  rep orted  th at b ak in g  or p ar­
b o ilin g  o f  w h eat d id  n o t resu lt in  th e lo ss  o f  tryp to p h an  
in  th e resu ltin g  p ro d u c t39.

P u lse  grains are k n o w n  to  con ta in  an ti-n u trition al 
factors. H o w ev er , it h as b een  rep orted  th at in  pu lse  
grains w h ich  are n orm ally  so ak ed  overn igh t in  w ater  
and th en  co o k ed  in  b o ilin g  w ater fo r  2-3 hr, th e to x ic  
factors w ere u su a lly  d estroyed 40’42. A lso , th e true  
digestib ility  w as con sid erab ly  en h an ced . T h e sp ecia l 
case o f  lath yrism 43 and  o f  fav ism 44 is  n o t o f  concern  
here.

A n  im p ortan t fa cto r  is th at o f  fla tu len ce in d u ced  by  
legu m es45, o n  acco u n t o f  w h ich  it is  u su a lly  n o t p ossib le  
to  con su m e large a m o u n t o f  a  pu lse.

C. Nutritional potential o f  cereal-pulse combinations: 
Sin ce cereals and  p u lses are invariab ly  co n su m ed  to ­
geth er, it  w as fe lt necessary  by th e  in v estigators to  lo o k  
at the am in o acid  levels  o f  su ch  co m b in a tio n s w here the  
tw o  ingred ients are presen t togeth er in  d ifferent p rop or­
tio n s. U su a lly , th e  a m o u n t o f  p u lse  co n su m ed  is m uch  
less th an  th e  corresp o n d in g  cerea l, b e in g  ab ou t 10 to  
20 per cen t o f  th e d iet. T h e a m o u n t recom m en d ed  for  
co n su m p tio n  by th e I .C .M .R . is  4 0 0  g  o f  cerea l and  
85 g  o f  p u lse46. In  th e p resent analysis th e p rop o rtio n  
o f  pu lse has b een  varied  from  10 to  40  per cen t in  som e o f  
th e cases.

M ixin g  w h o le  w h eat m ea l (var. ‘H D  2 0 0 9 ’) w ith  m u n g  
(var. ‘P u sa  B a isak h i’) in  th e p rop ortion  o f  90 :10  resu lted  
in  an  en hancem ent o f  th e chem ical score o f  th e protein (71) 
in  th e co m b in atio n  over th at o f  either o f  th e co m p on en ts  
alon e (T able 3 ,4  and  5). T h is w a s m a in ly  due to  an  
increased  su p p ly  o f  ly s in e  fro m  th e gra in  p rote in  o f  
m ung. A  sim ilar tren d  w as ob served  w h en  rice (var. 
im p roved  ‘Sab ram ati’) w as ta k en  in  co m b in atio n  w ith  
m un g (var. “ P u sa  B a isa k h i”) . B u t u n lik e  th e w h eat-  
m un g com b in atio n , th e p rop o rtio n  o f  rice to  m un g  
for  o p tim u m  ch em ical score (70) w as fo u n d  to  be 8 0 :20. 
T h reon in e w as fo u n d  to  be the m o st lim itin g  am in o  
acid  in  th ese com b in ation s. W ith  increases in  th e  
p ro p o rtio n  o f  th e  p u lse , th e ch em ical score o f  th e  
p rotein  in  th e cerea l-p u lse co m b in ation  decreased .

W hen  th e  co m m o n  cu ltivars o f  m aize and barley  viz. 
‘G an ga 5 ’ and  ‘J y o ti’ are com b in ed  w ith  m un g, there is an  
en h an cem en t in  th e  ch em ical score o f  th e  p rote in  in  th e  
m ixture w h ich  reach ed  an  o p tim u m  va lu e w h en  th e  ratio  
o f  th e cerea l to  th e p u lse  w as 8 0 :20. F ro m  an im al feed ­
ing  experim ents u sin g  rats B ressan i et al47 fou n d  th at the  
m axim u m  nutritive va lu e o f  variou s m ixtures o f  lim e

T a b l e  5 .  e f f e c t  o f  v a r i a t i o n  i n  t h e  p r o p o r t i o n  o f  w h e a t ,
RICE AND A PULSE ON PROTEIN QUALITY OF CEREAL-PULSE

COMBINATION*
Protein source Protein % Chemical Most limiting

score amino acid
Wheat +  Mung

90% 10% 12.1 71 Thr
80% 20% 13.8 68 Met
70% 30% 15.5 64 Met
60% 40% 17.3 60 Met

Rice H- Mung
90% 10% 12.5 68 Lys
80% 20% 14.2 70 Thr
70% 30% 15.9 69 Thr
60% 40% 17.5 67 Met

treated  corn  and  co o k ed  b lack  beans (Phaseolus vulgaris) 
w as in  th e co m b in atio n  w here th e ratio  o f  m aize  to  bean s  
w a s 72 to  28 per cent.

W h en  th e  flour o f  th e gen o ty p es o f  m aize  and  barley  
viz. ‘S h ak ti;’ and  ‘B i ’ and  T 0 9 8 - 2 ,’ w herein  a  genetic  
u p grad in g  o f  th e lys in e  co n ten t in  th e grain  p ro te in  has  
b een  effected , w ere m ixed  w ith  m u n g  th ere w as little  or  
n o  ch an ge in th e ch em ica l score  o f  th e  p ro te in  in  th e  
m ixtu re  over th at o f  th e cerea l co m p o n en t ta k en  ind i­
v id u a lly  (T ab les 3 and  6).

T a b l e  6 .  e f f e c t  o f  o p a q u e  2  a n d  h i l l y  g e n e  o n  t h e  p r o t e i n
QUALITY OF CEREAL-PULSE COMBINATION

Protein source Protein Chemical Most limiting
(%) score (%) amino acid

Maize1 (Ganga 5 1 )+ Mung
90% +  10% 13.6 64 Lys
80% +  20% 15.2 69 Thr

Maize2 (Shakti) +  Mung
90% +  10% 13.6 64 Thr
80% +  20% 15.1 65 Thr

Barley8 (Jyoti) +  Mung
90% +  10% 15.1 65 Lys
80% +  20% 16.5 67 Thr

Barley4 (Bj) +  Mung
90% +  10% 19.0 64 Thr
80% +  20% 20.0 65 Thr

Barley* (1098 -2) +  Mung
90% +  io% 17.8 72 Thr
80% +  20% 18.9 69 Met

iNorm al maize variety; 2Maize variety containing opaque-
2 genes; 3Normal barley variety; 4a m u ta r t;  iso la ted  from the 
progeny of ‘Hiproly’ X ‘Jyoti’. Mung variety used: “ Pusa 
Baisakhi”
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T h u s, it w ou ld  app ear from  T ab les 5 and 6 th at the  

nu trition a l va lu e o f  a cereal-p u lse m ixture w o u ld  be  
lim ited  b y  th e  co n ten t o f  th reon in e and  m eth ion in e in  th e  
m ixture. C arpenter arrived at a sim ilar con c lu sio n  from  
h is stu d y  o n  th e ca lcu la ted  ch em ical score o f  w h o le  w heat 
an d  Phaseolus b ean  p rotein s in  different p rop ortion s48. 
T h ese  th eoretica l ca lcu la tion s w ere in  co m p lete  agree­
m en t w ith  B ressan i’s find ings fo r  d iets o f  G u atem alan  
ch ildren49. T h is suggests th at fortifica tion  o f  chapatties 
w ith  lysin e as ad vocated  by som e in vestigators50 m ay  
n o t be necessary. T o  a cereal w herin  its lysin e con ten t  
has been gen etica lly  up graded  th us en h an cin g  its nutri­
t io n a l qu a lity , th e a d d itio n  o f  a pu lse m ay n o t further  
in crea se  th e nu trition a l qu ality  o f  th e p rotein  in  the  
co m b in atio n .

In  co n c lu sio n , a  few  relevant p o in ts  th at em erge from  
th e a b o ve  stud y m ay be m en tio n ed : firstly , th at cereal 
and p u lse  p rotein s com p lem en t each  o th er; secon d ly , 
th at w hile  p lan n in g  a strategy for  com b a tin g  m aln u tri­
tio n , particu larly  fro m  th e p o in t o f  v iew  o f agricultural 
research , o n e  has to  lo o k  for an  im p rovem en t in  the  
co n ten t o f  lim itin g  am in o  acid s in  th e d ie t as a  w h o le  and  
con sid er th e p o ssib ility  o f  in creasin g  their co n ten t in  any  
o f  th e  co m p o n en ts , fo r  exam p le , m eth ion in e  m ay be
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Uptake and Metabolism of Carbofuran in Maize Plants
S. K . K a p o o r  a n d  R . L. K a l r a

D ep a rtm en t o f  E n to m o lo g y , Punjab A gricu ltu ral U n iversity , L u d h ian a , Ind ia

M anuscrip t Received: 24 M arch  1975

The uptake and metabolism of carbofuran was studied in maize crop (Zea m ays L.) raised from treated seeds. Plants at different 
stages o f growth and the grains a t harvest stage were sampled and analysed. In plants, the major metabolite constituting about 
50 to 80 per cent of the total carbamates was found to be 3-hydroxy carbofuran. Indications of the presence of 7-hydroxy phenols 
of 3-hydroxy carbofuran, carbofuran and 3-oxo carbofuran as conjugates were also obtained. Maximum level of carbamates in 
the plants reached after 11 days of germination. The combined residues of carbofuran and 3-hydroxy carbofuran reached below 
the tolerance level of 0.5 ppm after 50 and 57 days of sowing in the crop raised from seeds treated with 5 and 10 g of the insecti­
cide per 100 g of seeds. M atured grains contained residues lower than the tolerance in both the treatments.

C arb ofu ran  (2, 3 -d ih yd ro -2 ,2 -d im eth y l-7 -b en zo fu ran y l  
N -m eth y l carb am ate), is a  b road  sp ectru m  system ic and  
co n tac t in sectic id e , is  g a in in g  p op u la rity  to  rep lace th e  
p ersisten t in sectic id es lik e  D D T  and  en drin  fo r  the  
con tro l o f  v a r io u s crop  p ests1,2. T h is  in sectic id e  is 
registered  fo r  u se  o n  corn , p ea  nu ts an d  a lfa lfa  in  U S A 5. 
Sandhu (1972, u n p u b lish ed ) fo u n d  th at th e ap p lica tion  
o f  carb ofu ran  to  m a ize  seed s b e fo re  so w in g  gave effective  
con tro l o f  m aize p ests , p articu larly  th e  m aize  borer  
Chilo partellus (S w in h oe).

Several stu d ies h ave sh o w n  th a t th e  prin cipal m eta­

b o lic  path w ays o f  carb ofu ran  in  p lan ts in clu d e hydrolysis  
o x id a tio n  a n d  co n ju ga tio n 4'5. C arb am ate  residues that 
h av e b een  iden tified  in  p la n t m ateria ls includ e the parent 
carb ofu ran , 3-hyd roxy carb ofuran , 3 -o xo-ca rb ofu fan  
and  th e  con ju gated  g lycosid es o f  th e 3 -sub stitu ted  
co m p o u n d s. H y d ro lysis  o f  th e 7 -p o sitio n  h as a lso  b een  
rep orted  to  occu r p rod u cin g  n o n  in sectic id a l p h en o ls . 
T w o  o f  th e  m etab olites  n am ely , 3 -hyd roxy carb ofu ran  
and  3 -o x o  carb ofu ran  are to x ic . T oleran ces h ave, 
th erefore, b een  estab lish ed  fo r  co m b in ed  resid u es o f  
carb ofu ran  and  its to x ic  m eta b o lite s3,7. In  co n tra st to
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m eta b o lism  stu d ies, th ere is  n o t m u ch  in form ation  
availab le o n  th e u p tak e and  d iss ip a tio n  o f  carb ofu ran  in  
plan ts. R ecen tly , T urner and  C aro8 rep orted  th e up tak e  
and  d istr ib u tion  o f  carb ofuran  an d  its  m eta b o lites  in  
field  grow n  Zea mays L . as a resu lt o f  so il ap p lica tio n  o f  
th e in secticid e . T h e  present co m m u n ica tio n  sum m arises  
th e resu lts  o f  th e in v estigatio n s o n  th e  u p tak e and  m eta­
b o lism  o f  carb ofu ran  in  Zea mays L. ra ised  fro m  th e  
in sectic id e  treated  seed s. A d d itio n a l efFect o f  so il 
a p p lica tio n  w as a lso  stud ied .

Material and Methods
Field treatment: Seeds o f  Zea mays L. (“ V ijay” variety) 

w ere treated  w ith  th e  requisite am ou n ts o f  F u rad an  50  
per cen t S .P . u sin g  w ater as a stick er to  have the  
d o sages o f  5 and  10 g  o f  active in gred ien t per 100 g  o f  
seed s. T h ese  w ere th en  sow n  in  th e  E n tom o log ica l 
E xp erim enta l F arm , P unjab A gricu ltu ral U n iversity , 
L u d h ian a  and the crop  w as raised  du ring  M arch -Jun e, 
1973 fo llo w in g  th e  recom m en d ed  agron om ic  p ractices. 
A fter  29 days o f  germ in ation , carb ofu ran  granu les  
(F u rad an  3G ) w ere a lso  app lied  to  th e  so il at th e rate o f
1.5 k g  a .i./h a  in  som e o f  the p lo ts .

Sample collection: Sam ples o f  p lants raised  from  
treated  seed s w ere ta k en  a t d ifferent in tervals from  4  
to  70  days o f  germ in ation . In  th e p lo ts  w h ich  received  
seed  an d  so il treatm en t, th e sam ples w ere ta k en  at 
different intervals starting from  1 to  41 days o f  a p p li­
ca tio n  o f  th e in sectic id e  to  so il. A t  harvest stage, th e  
sam p les o f  grains w ere tak en . A b o u t 1 k g  o f  p la n t and  
grain  sam ples w ere ta k en  fro m  each  treatm en t. T hese  
w ere ch o p p ed /cru sh ed  and  a  rep resen tative sam ple o f  
100 g  w as tak en  fo r  analysis.

Extraction: F ree and  con ju gated  carbam ates w ere  
extracted  separately  from  the p lan t/gra in  sam p les. F o r  
free carb am ates, th e  m eth od  described  by G u p ta  and  
D ew a n 9 w as fo llo w ed . T h e p la n t sam ples w ere extracted  
by b len d in g  w ith  aceton e  w hereas th e  grain  sam ples w ere  
extracted  in  S oxh let. T h e aceto n e ex tract after evap ora­
tio n  o f  th e  so lv en t w as d ilu ted  w ith  w ater and  partition ed  
w ith  m eth y len e ch lorid e to  ex tract carb am ates present 
in  th e free form . T h e a q u eou s ph ase th us ob ta in ed  after  
p a rtitio n in g  w as co m b in ed  w ith  th e  p la n t/gra in  residue  
le ft  a fter aceton e ex traction  and p rocessed  fo llo w in g  the  
m eth o d  describ ed  by C o o k  et a /.10 for ex traction  o f  
w ater-so lu b le  con ju gates.

Clean up: T h e  m eth y len e ch lorid e extract o f  th e p lan t  
sam ples w as treated  w ith  ch arcoal as recom m en d ed  by  
G u p ta  an d  D ew a n9 fo r  c lean -u p . A d d itio n a l treatm ent 
w ith  co a g u la tin g  so lu tio n  w as, h ow ever , fo u n d  necessary. 
In  th e  case o f  gra in s, n o  c lean -u p  w ith  ch arcoal w as d on e. 
H ow ever , treatm en t w ith  aceton itr ile  and hexan e as 
recom m en d ed  by C o o k  et a /.10 w as d on e  to  rem ove the  
in terfer in g  o il.

Analysis: T h in  layer ch rom atograp h ic4’11, co lo r i­
m etric9 and  en zy m atic12 m eth od s w ere u sed  fo r  an a lysis . 
T h e extracts w ere ch rom atograp h ed  w ith  k n o w n  stan d ­
ards o f  carb ofuran  and  m eta b o lites  o n  silica  g e l-G  co a ted  
p la tes. C hrom atogram s w ere d eve lop ed  in  eth er-h exane  
(3 :1 , v /v ) and  eth yl acetate-hexane (1 :1 , v /v ) and  
visu a lized  b y  spraying  w ith  p -n itrob en zen e d iazon iu m  
flou rob orate to  p rod u ce reddish  co lou r w ith  carb ofuran  
m etab olites  h av in g  free hyd roxyl g rou p . M eta b o lites  
w ith o u t free h yd roxyl group w ere v isu a lized  by treat­
m en t w ith  e th a n o lic  N a O H  (I N )  to  free hyd roxyl group  
prior to  treatm ent w ith  dye. T h e clean -u p  extracts  
o f  th e p lan t sam ples o b ta in ed  at d ifferent in tervals  
w ere estim ated  qu antitatively  b o th  by co lor im etric  
and en zym atic  m eth od s. T h e clean-u p extracts o f  th e  
grain  sam ples w as estim ated  b y  en zym atic  and  T L C  
m eth od s on ly .

Results
T hin layer ch rom atograp h ic  analysis o f  th e  organ o  

so lu b le  extracts o f  th e p lants raised  from  treated  seed s  
u sin g  eth y l acetate-hexane ( 1 :1, v /v ) in d ica ted  th e  pres­
en ce o f  carb ofu ran  and  3-hydroxy carb ofuran . B y  u sin g  
eth er-h exane (3 :1 , v /v ) as th e  d eve lo p in g  so lv en t again  
th e tw o  sp o ts h avin g  th e R f  va lu e  o f  carb ofu ran  (0 .42)  
and  3 -h yd roxy carb ofuran  (0 .13) w ere ob served  
(T ab le 1). T h e o rga n oso lu b le  p lan t extract o n  hyd rolysis  
gave rise to  th e 7 -h yd roxy p h en o ls  o f  carb ofuran  and
3-hyd roxy carb ofuran  thereby confirm in g their presence . 
T h e ag lycon e form s o f  th e  w ater-so lu b le  con ju gates w h en  
an alysed  b y  T L C  sh ow ed  th e presence o f  3 -h yd roxy  
carb ofu ran  and  7-hyd roxy p h en o ls  o f  carb ofu ran  and
3-hyd roxy carb ofuran . In d icatio n s o f  th e p resen ce  o f  
an oth er m etab o lite , prob ably  7 -h yd roxy p h en o l o f
3 -ox o  carb ofu ran , w as a lso  ob ta in ed . H o w ev er , its  
id en tity  cou ld  n o t be estab lish ed  due to  th e  la ck  o f  th e  
reference m ateria l. T h e resu lts o b ta in ed  th erefore , 
in d ica ted  th e p resen ce o f  o n ly  tw o  to x ic  co m p o u n d s, 
carb ofuran  and  3-hyd roxycarbofuran . B ased  o n  th e  
determ ination  o f  carbam ates in  the organ o so lu b le  p la n t  
extracts b y  co lor im etric  and  en zym atic  m eth o d s, th e  
in d iv id u a l am ou n ts o f  th ese co m p ou n d s w ere estim ated  
as per th e procedu re o u tlin ed  un der F ig . 1. F o r  
o b ta in in g  th e q u antitative estim ate o f  con ju gated / 3- 
h yd roxy  carb ofuran . th e silica  gel corresp on d in g  to  the  
stand ard  w as scrapp ed  fro m  th e ch rom ato  p la te , e lu ted  
w ith  a ceto n e  and  estim ated  co lorim etrically . T h e results 
o b ta in ed  (T able 2) in d icated  sign ificant a m o u n t o f  3- 
h yd roxy  carb ofuran  even  4  days after g erm in a tio n . 
A b o u t 62  per cen t w as presen t at 4  days w h ich  in creased  
to  82  per cen t a t th e  en d  o f  4 2  days o f  g erm in ation . 
F urtherm ore, qu ite a  sign ifican t p o rtio n  o f  3 -h yd roxy  
carb ofuran  w as present in  free form . S im ilar p attern  w as  
ob served  in  th e  case o f  other treatm ents.
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T a b l e  1 .  r f  v a l u e s  o f  c a r b o f u r a n  a n d  i t s  m e t a b o l it e s  b y

TLC

Compound Developing
a

solvents
b

Carbofuran 0.42 0.58
3-hydroxy carbofuran 0.13 0.29
7-hydroxy phenol of carbofuran 
7-hydroxy phenol of

0.70 0.80

3-hydroxy carbofuran 0.46 0.56

a-Ether -hexane (1 :1, v/v), b-Ethyl acetate-hexane (1 :1, v/v)

T h e com b in ed  levels o f  carb ofu ran  an d  3-hyd roxy  
carb ofuran  a t d ifferent stages o f  p la n t grow th  as a  
resu lt o f  variou s treatm en ts are p resen ted  in  F ig . 1. 
In  th e  case  o f  crop  ra ised  from  seed s treated  at th e  rate  
o f  5 g  o f  carb ofu ran  per 100 g  o f  seed s, th e  a m o u n t o f  
carb am ates w as 2 .64  p p m  at 4  days o f  germ in ation  w h ich  
increased  u p to  5 .8  p p m  after 11 days o f  germ in ation . T h e  
in sectic id e  d egrad ed  to  0 .3 4  p p m  and  b e low  d etectab le  
level (0.1 p p m ) a fter 42  an d  50 days o f  germ in ation  
respectively . In  th e case  o f  seeds treated  a t th e rate o f  
10 g  per 100 g  o f  seed s, th e  levels o f  carb am ates w ere 3.6  
a n d  8 .2  p p m  at 4  and  11 days o f  germ in ation  resp ectively . 
T h e in sectic id e  w as d egrad ed  to  b e low  th e to leran ce level 
o f  0 .5  p p m  in  50 days. In  th e  case o f  p lo ts  w here th e so il 
a p p lica tio n  a t th e rate o f  1.5 k g  a .i./h a  w as g iven  in  
a d d itio n  to  th e seed  treatm en t, th e  level o f  carb am ates  
cam e b e lo w  th e  to leran ce level o f  0 .5  p p m  in  p lan ts after  
50 days o f  g erm in a tio n . T h e lev el o f  residu es in  the  
grain s in  a ll th e  treatm en ts w ere b e lo w  th e to leran ce o f
0.1 p p m .

D iscu ssion
T h e m etab o lites  o f  carb ofu ran  in  m a ize  p lan ts w ere

T a b l e  2 . a m o u n t s  o f  c a r b o f u r a n  a n d  3 -h y d r o x y  c a r b o f u r a n

IN  MAIZE FLANTS AT DIFFERENT STAGES OF GROWTH*

Days after 3-hydroxy carbofuran 3-hydroxy
germination Carbofuran - carbofuran

Free Conjugate %
4 1.00 1.14 0.50 62.12

11 2.67 2.92 0.30 54.67
18 1.11 2.29 0.35 70.40
26 0.29 0.92 0.72 84.97
34 0.11 0.45 — 80.35
42 0.06 0.28 BDL 82.47
50 BDL BDL 99 —

Grain 99 99 99 —
—N ot done
BDL-Below detectable limit of 0.1 ppm. 
♦ Seed treatm ent 5 % (active ingredient).

fo u n d  to  b e  3-hyd roxy carb ofuran  and  7-hyd roxy  
p h en ols  o f  carb ofuran  and  3-hyd roxy carb ofuran . 
In d icatio n s o f  th e  p resence o f  3 -oxocarb ofu ran  p h en o l  
w ere a lso  o b ta in ed . M ajor p o rtio n  o f  carbam ates rang­
in g  fro m  50 to  60 per cen t w as, h ow ever , a sso cia ted  w ith
3-h yd roxy carb ofuran . T h e resu lts d id  n o t reveal the

Fig. 1 : Combined residues of carbofuran and 3-hydroxy carbo­
furan in maize plants after treatment of seeds and soil application.

Following procedure was adopted for computation of carbo­
furan and 3-hydroxy carbofuran from the estimates of carbamates 
obtained through colorimetric and enzymatic methods.

Standard curves of carbofuran and 3-hydroxy carbofuran were 
obtained by colorimetric and enzymatic methods. By colorimetric 
method, one unit of 3-hydroxy carbofuran can be expressed as one 
unit o f carbofuran because both compounds gave the same optical 
density-concentration curve. However, the concentration of 3- 
hydroxy carbofuran required was 4 times than that o f carbofuran 
to cause the same level of inhibition of acetyl cholinesterase. The 
am ount of 3-hydroxy carbofuran can, therefore, be expressed on 
£  unit of carbofuran when estimated by enzymatic method. The 
estimates of carbamates present as carbofuran and 3-hydroxy 
carbofuran in the organo-soluble plant extracts obtained through 
the use of these methods were expressed in terms of carbofuran. 
The relative amounts of carbofuran and 3-hydroxy carbofuran 
were then computed using the following linear relationship between 
the two methods:

Estimate o f carbamates in terms of carbofuran by colorimetric 
method be M and by enzymatic method be N. Let the am ount of 
carbofuran be X  and the am ount of 3-hydroxy carbofuran be Y.

Then, M = X + Y
N  = X + Y /4  

M -N  = 3Y/4
Y (amt. of 3-OH carbofu ran)= (M -N )f 
X (amt. of carbofuran) = M -Y .
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p resen ce o f  3 -o x o  carb ofu ran  and  2 ,2 -d im eth yl 2-3  
d ih yd rob ezo fn ran y l-7 -N -h yd roxy  m eth y l carbam ate. 
M e tc a lf  et al.4 a lso  fo u n d  3 -h yd roxy  carb ofuran  and
7 -h yd roxy  p h en o l o f  3 -o x o  carb ofu ran  in  th e corn  raised  
from  seeds treated  top ica lly  w ith  carb ofuran . T h e to x ic  
carb am ates in  corn  ra ised  from  treated  seed s w ere on ly  
carb ofuran  and 3-hyd roxy carb ofuran . A sh w o rth  and  
S h eets11 and  V a n  M id d elem  and  P ep lo w 13 a lso  fo u n d  
th at th e m ajor m eta b o lite  w as 3-hyd roxy carb ofu ran  in  
to b a cco  and  cab b age resp ectively . B u tler  and M e  
D o n o u g h 14 fo u n d  the presence o f  n eg lig ib le  am ou n ts o f
3 -o x o  carb ofuran  in  cu cum b ers, lettu ce , p o ta to es  and  
to m a to es  raised in  so il treated  w ith  carb ofuran . T urner  
and  C aro8 con c lu sively  d em on strated  th e presence o f
3 -o x o  carb ofuran  in  ad d itio n  to  3-hyd roxy carb ofu ran  in  
m aize p lan ts raised  in  so il treated  w ith  carb ofu ran . T h e  
ab sen ce o f  3 -o xo  carb ofuran  in  the p resen t stu d ies m ay  
be due to  th e d ifference in  th e m eth od s o f  ap p lica tio n  o f  
the in sectic id e . K n aak  et al.15 and  K n aa k6 considered  
th at p lan ts receiv in g  carb ofuran  m eta b c ilsed  it to  3- 
h yd roxy  carb ofuran  an d  7-hyd roxy p h en o ls  o f  3 -oxo  
carb ofuran  and 3-hyd roxy carb ofuran  w h ich  w ere largely  
stored  as conjugates. In  m aize  p lants a lso , th ese  
m etab olites  w ere fo u n d  as con ju gates. I t  w as, how ever, 
in terestin g  to  n o te  th at qu ite a  sign ifican t p o rtio n  o f  3- 
h yd roxy carb ofu ran  w as a lso  fo u n d  in  th e  free form . 
T h e ab sen ce o f  3 -o xo  carb ofu ran  and  its presence as 
p h en ol in d icated  th is co m p o u n d  to  be hyd ro ly tica lly
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u n stab le as has a lready been  suggested  by M etca lf  et al.4.
T h e results further revealed th at th e u p tak e o f  carb o­

furan d ep en d ed  u p o n  th e d osage ap p lied  o n  th e  seeds. 
T h e d egrad ation  w as fo u n d  to  be qu ite rap id . In  th e  
p lants ra ised  from  seeds treated  w ith  5 and  10 per cen t  
active in gred ien t the level o f  carb am ates w as red uced  by  
50 per cent betw een th e sam p lin g  d on e a t 11 and  18 days  
o f  germ in ation . A b o u t 94 to  96 per cen t w as degrad ed  
at the end o f  42  days. I t app ears th at in  a d d itio n  to  th e  
m etab olic  degrad ation  the d ilu tio n  factors du e to  grow th  
o f  the m igh t h ave a lso  su b stan tia lly  contrib uted  in  bring­
ing  d o w n  th e level o f  residues. F a irly  rapid  break d o w n  
o f  carb ofuran  has been  rep orted  by variou s other w orkers  
in  d ifferent p lan t sp ec ies4,11’16,17. O n th e basis o f  
co m b in ed  residue o f  carb ofuran  and  3-hyd roxy carb o­
fu ran , th e levels less th an  to leran ce o f  0 .5  p p m  w as  
reach ed  after 42  days o f  germ ination  at th e recom m en d ed  
treatm ent o f  seed s w ith  5 per cen t carbofuran . T h e  
co m b in ed  level o f  carb am ates w as b e lo w  th e to leran ce o f
0.1 p p m  in  the m atured  grains even  w h en  a p p lied  at 
tw ice th e recom m en d ed  con cen tration .
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Regional Variations in the Farinographic and Other Quality 
Characteristics of Kalyan Sona Variety of Wheat
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The physico-chemical and farinographic characteristics of 15 samples belonging to 1970-71 crop of ‘Kalyan sona’, a new high 
yielding variety of wheat, collected from different wheat producing areas in India were studied with a view to find out the best end 
use to which this variety of wheat can be successfully utilised. The study revealed that these samples though seemed hard and 
amber coloured remarkably differed in their quality characteristics such as thousand kernel weight, hecto litre weight, moisture 
content, total yield of flour, gluten content, sedimentation value and gluten strength in the grains obtained from different places.

T he availab ility  o f  sy stem atic  d ata  o n  the quality  
characteristics o f  som e o f  the p rom isin g  high  y ie ld in g  
varieties o f  w heat such  as ‘K a lyan  so n a ’ w ill n o t on ly  
help in form u latin g  a com prehen sive price p o licy  th at 
w ill en ab le th e farm ers to  get a fa ir return for  their  
produce but a lso  w ill facilita te the m arketin g  agen cies in  
procuring th e w h eat for  d ifferent pu rp oses. B esid es, 
such  a co m p ila tio n  o f  d ata  w ill en ab le th e p lan t  
breeders to  evo lve  better quality  o f  th is variety  by in d u c­
in g  desirab le ch aracteristics in  th em . W hile  th e p h y sico ­
ch em ical ch aracteristics o f  w h eat and the effect o f  
en viron m en t as w ell as the vary in g  levels o f  n itrogen  
a p p lica tion , etc. have been  exten sively  s tu d ied 1 -7 , very  
little has so far been  stu d ied  o n  th e rh eo lo g ica l charac­
teristics o f  Ind ian  w heats8 -11 . T h e present stud y w as  
un dertaken to  observe the varia tion s in  d ifferent quality  
ch aracteristics w ith in  a variety  and a lso  to  find o u t the  
su itability  o f  th is variety  for variou s usages. It m ay be 
noted  th at th e present system  o f  grad in g  w h eat and  its 
flour, d oes n o t in d icate  the end u ses to  w h ich  th ey  are 
better su ited .

M ateria ls  and M eth od s
O ut o f  th e 15 sam ples o f  1970-71  crop  o f  w heat, 11 w ere  

from  different areas in  M aharashtra (N agp u r, R aver, 
A m aln er, B arsh i, B om b ay, P u n e, D h u lia , A m aravath i 
B u ld an a  and N a sik ) 2 fro m  R ajasthan  (B egum  and  
B hilw ara) and o n e  each  fro m  M ad h y a  P radesh  
(Jabalpur) and G u jarat (A n an d ). A fter  rem ovin g  the  
v ariou s d efectiv es, th e sam ples w ere th orou gh ly  cleaned  
w ith  a clipper in the lab oratory  b efore analysis.

Physical and chemical characteristics: T he to ta l yield  
o f  flour w as determ ined  in  d u p lica te  by m illin g  500g o f  
the sam ple for  each  determ in ation  on  ‘as is b asis’ in  the  
Brabender experim ental m ill (Q u ad ru m an t Junior).

T he relavant m eth od s prescribed  by the Ind ian  
Standards In stitu tion  w ere ad op ted  fo r  the determ ina­
tion  o f  the fo llo w in g  fa cto rs: (a) T h o u sa n d  kernel 
w eig h t12; (b) h ecto  litre w e ig h t13; (c) m o istu re;  
(d) g lu ten  c o n ten t14; and (e) sed im en tation  v a lu e15,

Farinographic characteristics: T h e m eth od  fo llow ed  
w as in essence th at o f  th e A m erican  A sso c ia tio n  o f  
C ereal C h em ists16.

R esu lts and D iscu ssion
T h e results o b ta in ed  are g iven  in T ab le 1 and 2. 

P h otograp h s o f  tw o  typ ica l farinogram s o f  th e sam e  
variety  procured from  D h u lia  and  N agp u r (b oth  in  
M aharashtra) are a lso  g iven .

O u t o f  the 15 sam ples o n ly  on e sam ple co llected  from  
N ag p u r area w eigh ed  b e low  30g w hile  determ in ing  1000  
kernel w eight. W ith  th e ex cep tion  o f  3 sam p les, o n e  each  
from  N a gp u r , Jabalpur and G u jarat, a ll the rem aining  
sam ples gave h ecto  litre w eigh t a b o ve  80 kg. O n ly  in  
on e sam p le p rocu red  fro m  B o m b a y  the percentage  
o f  m oistu re exceed ed  12 but for  m illin g  p u rp oses  
the m oistu re co n ten t sh ow n  by th e sam ple w as w ell 
w ith in  the prescribed  lim its. T h e to ta l flour y ie ld  o f  5 
sam ples w as ab ove 70 per cent. In  tw o  sam ples procured  
from  C h ittor and B h ilw ara areas in  R ajasthan , the g lu ten  
con ten t w as b e low  11 per cent. In  m ajority  o f  sam ples  
the sed im en tation  va lu e w as aroun d  25 .0  un its.

T h e ratio  betw een sed im en tation  value and gluten  
con ten t m ay be considered  as a rou gh  index o f  g lu ten  
quality . In tw o sam ples the ratio  betw een th ese tw o  
factors w as 1 :2.5 and 1 :2.9 w hile in others it w as b e low  
1 :2.5. T h e sam ples from  D h u lia  w h ich  had 12 per cent 
glu ten  and 35.0  un its o f  sed im en tation  va lu e show ed  
high est g lu ten /sed im en tation  ratio  i.e . 1 :2.9.

T h e higher percen tage o f  w ater ab so rp tio n  o f  the

m i n n i n f n f l " '
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T able 1. ph y sic a l , chem ical  a nd  m illin g  characteristics  of kalyan  son a w heats

Physical characteristics Milling characteristics
Place of production 1000 Kernel H. L. wt Moisture Flour Bran

wt (g) (Kg.) content yield content
(%) (%) (%)

Anand 38.0 77 9.2 70 30
Jabalpur 39.7 78 9.1 72 28
Nagpur 29.9 79 11.2 71 29
Nagpur 35.0 81 10.1 72 28
Raver Dist. Jalgaon 34.9 82 10.9 67 33
Amalner Dist. Dhulia 38.2 83 8.8 71 29
Barshi Dist. Sholapur 33.4 80 9.1 67 33
Bombay 37.0 82 12.6 67 33
Baramati Dist. Pune 39.0 83 11.8 67 33
Dhulia 34.0 84 10.4 67 33
Morshi Dist. Amarvathi 36.0 84 10.3 69 31
Mehekar Dist. Buldana 35.0 84 11.9 67 33
Satna Dist. Nasik 35.0 82 11.9 67 33
Begun Dist. Chittor 39.0 81 10.9 67 33
Bhilwara 40.0 82 11.1 68 32
Mean 36.3 81 10.6 68.6 31.4
Range 29.9 to 40.0 77 to 84 8.8 to 12.6 67 to 72. 28 to 33

T able 2. fa r in o g r a ph ic  and  chem ical  characteristics of kalyan  sona w heats

Farinographic characteristics Chemical characteristics
Place of production W.A. D D T DST D RT D.S. Gluten S.V.

(% ) (Min) (Min) (Min) (B/U) content
%

S.V. ratio

Anand 67.0 3.4 3.1 6.5 40 11.0 25 2.3
Jabalpur 67.5 3.5 3.0 6.5 64 12.2 28 2.3
Nagpur 66.4 3.9 0.8 4.7 80 12.3 26 2.1
N agpur 66.0 3.0 1.1 4.1 70 11.1 19 1.7
Raver 69.3 3.7 0.7 4.4 70 12.4 19 1.5
Amalner 67.0 3.0 1.0 4.0 100 14.0 26 1.9
Barshi 67.5 3.5 0.8 4.3 60 12.0 24 2.0
Bombay 67.3 3.9 2.9 6.8 40 11.1 27 2.5
Baramati 66.0 3.0 3.2 6.2 30 12.0 27 2.3
Dhulia 66.5 5.6 3.1 8.7 10 12.0 35 2.9
Morshi 67.0 4.5 2.4 6.9 20 13.4 29 2.2
Mehekar 64.9 4.0 4.0 8.0 20 12.4 29 2.3
Satna 62.5 2.5 1.5 4.0 5 11.8 23 1.9
Begun 66.0 4.5 3.1 7.6 15 1.08 25 2.3
Bhilwara 64.0 2.5 3.0 5.5 40 10.6 25 2.4
Mean 66.3 3.6 2.2 5.9 44 11.9 25.8 2.2
Range 62.5 to  69.3 2.5 to 5.6 0.7 to 4.0 4.0 to 8.7 5 to 100 10.6 to 14.0 19 to 35 1.5 to 2.9
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sam ples (gen erally  ab o ve  60 per cen t) sh ow ed  g o o d  
h yd rop h ylic  natu re o f  th e g lu ten , th e stren gth  o f  w hich  
m ay be con sid ered  as from  m ed iu m  stron g  to  strong. 
In fou r sam ples fro m  D h u lia , B u ld an a , M orsh i and  
C h ittor, th e d o u g h  d eve lop m en t tim e w as 4  m in  and  
ab ove. T h is m ay  b e  considered  to  b e  th e ch aracteristic  
o f  strong glu ten . T h e d ou gh  stab ility  tim e in  six  sam ples  
viz. from  N a g p u r , Ja lgaon , D h u lia , Sh olapur and  N a sik , 
w as very sh ort and  th is  in d icated  lack  o f  m ix in g  to ler­
ance. T h e d o u g h  resistance tim e varyin g  from  7 .6  to  8 .7  
m in in  th e th ree sam ples fro m  C h ittor , B u ld an a  and  
D h u lia  in d icated  greater ferm en tation  to leran ce. In  the  
five sam ples p rocu red  resp ectively  from  A n a n d , Jabalpur  
B om b ay, P u n e and  A m arava ti, th e d o u g h  resistance  
tim e w as ab ov e  6 .0  bu t b e low  7 .0  m in  exh ib itin g  thereby  
m ed iu m  to leran ce. In  th e rem ain in g  sam ples th e d ou gh  
resistance tim e w as b e lo w  6.0 m in  and th is ind icated  
p o o r  to leran ce .

T h e fo llo w in g  in feren ces co u ld  a lso  be draw n fro m  the  
farin ograp h ic  s tu d ie s :
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( 0  T h e sam ples sh o w in g  a d o u g h  resistance tim e ab ove
6 .0  m in  and w ith  an  average g lu ten  co n ten t o f  11.9 per  
cen t and  an  average o f  2 7 .2  u n its o f  sed im en ta tio n  va lu e  
w ere su itab le fo r  b len d in g  w ith  stron g  flour or fo r  
p rep arin g  chapatties.

(//)  T h e flour o f  th e rem ain in g  sam p les co u ld  be used  
as a ll p u rp ose  flour.

F in a lly  it  m ay  be ad d ed , th at w h eat o f  o n e  and  th e  
sam e variety  w h en  cu ltiva ted  u n d er d ifferent agro- 
c lim a tic  co n d itio n s  m ay n o t y ie ld  a  p rod u ce  o f  u n iform  
qu ality , bu t m ay differ in  qu a lity  ch aracteristics, o n  
a cco u n t o f  variou s rea son s som e o f  w h ich  are still 
difficu lt to  exp la in .
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Application of Polarisation Technique for Studying the 
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Corrosion behaviour of tinplate with some fruit products has been studied using polarisation technique. Among diiferent 
fractions of mango pulp and orange juice, organic acid fraction was more corrosive. Among different organic acids studied, 
malic acid was found to be least corrosive, while oxalic acid was highly corrosive. Corrosion current increased with decrease 
in the thickness of tincoating and grain size structure in presence of mango nectar and orange juice. Polarisation technique 
is useful in can manufacturing units or in research work connected with corrosion studies and evaluation of tinplates or cans.

Several m eth o d s are b e in g  fo llo w ed  to  determ ine the  
degree and nature o f  co rro sion  o f  tin p la te . A  num ber o f  
rap id  corrosiv ity  test m eth od s have been  d eve lop ed  in  
recent years u tiliz in g  th e e lectroch em ica l m eth od s. A  
corrosiv ity  tester h as been  d eve lop ed  by D a ly 1. R ezn ik  
and  M an h eim 2 d eve lop ed  an  electroch em ica l m eth o d  for  
fo llo w in g  th e co rrosion  o f  a can  con ta in in g  th e p rod uct  
after norm al ind ustria l p rocessin g  by fitting  a ca lom el 
electrod e herm atically  in to  the con ta in er. A  m eth od  
for p red ictin g  th e occu rren ce o f  a type o f  p ittin g  corro­
s io n  in  p la in  tin p la te  cans o f  fo o d  has been  describ ed  by  
B o ard  et alA  O ther k n ow n  tests  striv in g  for correlation  
w ith  test p a ck  m eth od  are crystal size, p oro sity , p ick le  lag  
and iro n  so lu tio n  va lu e tests4. K a m m  et al.5, d eve lop ed  
an accelerated  test for  tin p la te  u sin g  grape fru it and other  
ju ice s. T h e ga lvan od yn am ic and  P oten tio -d yn a m ic  
m eth o d s in clu d in g  the app ropriate eq u ip m en t have been  
describ ed  by R eid6 and Joh n son 7. R ecen tly  Sherlock  
et a /.8 ap p lied  th e p o la risa tion  m easurem ents to  find the  
rate o f  d isso lu tio n  o f  tin  from  tin p la te  in  ox yg en  free 
citra te  so lu tio n s.

In  In d ia , a t presen t, th e practice to  express the ex ten t  
o f  co rrosion  in  can n ed  fo o d  p rod u cts is the actu al 
can n in g  o f  th e p rod u ct and d eterm in ation  o f  tin  and iron  
con ten ts in  can n ed  prod u ct and ob serv in g  the appear­
an ce  o f  th e can  interior period ically . T h e p ossib ility  o f  
a p p lica tio n  o f  p o lar isa tion  stud ies for  the corro sion  
b eh a v io u r  o f  tin p la te  w ith  som e fru it and vegetab le  
p rod u cts has been  in itiated  and th e resu lts o f  these 
experim ents are p resen ted  in  th is paper.

M a teria ls  and M eth od s
Raw material: M a n g o  n ectar (15°B rix  and  0 .5  per

cen t acid ity) prepared from  ‘B a d am i’ ( ‘A lp h o n so ’) 
variety and  C o org  M an d arin  orange ju ice  (15°B rix  and  
0.5  per cen t acid ity) w ere used  in th ese experim ents.

Tinplate: T in p lates w ith  varyin g  th ick n ess o f  tin ­
co a tin g  and  different grain  size structure m an u factu red  
by M /s . H in d u sta n  Steel L td ., R ou rk ela , In d ia  w ere  
u sed  in  th ese experim ents.

Separation o f  different fractions: O rgan ic acid , am in o  
acid  and sugar fraction s from  m a n g o  pu lp  a n d  orange  
ju ice  w ere separated  by p a ssin g  th rou gh  ca tio n ic  and  
a n io n ic  exch an ge resins and  elu ted  separately  fo llo w in g  
th e m eth od  describ ed  b y  H u ssa in  et al9.

Tin content: T in  con ten t fro m  the com p o site  sam ple  
o f  six  can s w as determ ined in  d u p lica te  by th e v o lu ­
m etric  m eth od  describ ed  by M ck en z ie10.

Polarisation cell: T h e rate o f  co rro sion  w as m easured  
by p o la r isa tion  tech n iq u e under n itrogen  atm osp here as 
describ ed  b y  F o n ta n a  and G reen e11.

T h e p o la risa tio n  cell con sisted  o f  a  250 m l rou n d  
b o tto m  flask fitted w ith  grou n d  glass jo in ts  w ith  
p rov is io n  for th e a d m issio n  o f  electrod e, so lu tio n  and  
gas. A  p la tin u m  electrod e served as auxiliary  e lectrod e  
and th e reference e lectrod e w as saturated  ca lom el 
electrod e (S C E ). A  h igh  v o lta ge  d .c . source in  com b i­
n a tion  w ith  variab le resistance w as used  as a  con stan t  
current source for  p o larisin g  its electro lytes. 200 m l 
o f  th e test so lu tio n  w as tak en  in th e p o la risa tio n  cell and  
o n e  sq cm  (1 c m x  1 cm ) o f  th e tin p la te  strip  w as im m ers­
ed  in  th is so lu tion . T o  m easure th e p o ten tia l in  the  
ca th o d ic  reg ion  current o f  0-100 m icro  am p and in  the  
a n o d ic  reg ion  0-2 m illi am p w as p assed  th rou gh  the  
so lu tio n  in  th e cell b etw een  th e au xiliary  e lectrod e and  
specim en . T h e e lectrod e p o ten tia l in  m illivo lts  (E m v)

•Central Electrochemical Research Institute, Karaikudi, Tamil Nadu.
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Fig. 1. Polarisation studies with different fractions of 
Badami mango pulp

Fig. 2. Influence of organic acids on corrosion

Fig. 4. Influence of thickness of tincoating on corrosion with 
orange juice

Fig. 3. Effect of thickness of tin coating on corrosion with 
mango nectar Fig. 6. Effect of grain structure of tincoating with orange juice
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T a b le  1. t i n  c o n t e n t  (p p m ) i n  c a n n e d  s u g a r  s y r u p  a l o n e  a n d  in  c o m b in a t io n  w it h  d if f e r e n t  o r g a n ic  a c id s

Storage period 
(months at 37°C) Sugar syrup Oxalic acid Citric acid

Succinic
acid Malic acid

Citric 
+ malic 
+ succinic acid

Initial Traces 65 35 32 30 29
3 99 265 125 130 123 128
6 25 385 258 246 219 224
9 32 456 356 293 250 265

12 38 576 406 347 324 328

w as m easured  u sin g  a  va cu u m  tu b e vo ltm eter. V alu es  
o f  th e ap p lied  current and th e p o ten tia l m easured  w ere 
p lo tted  o n  a sem i lo g  pap er. B y  ex trap o la tin g  th e T afe l 
lin es o f  ca th od ic  and a n od ic  p o la risa tion  curves to  the  
corrosion  p o ten tia l, th e co rro sion  current o f  the sp ec i­
m en  w as determ ined .

Influence o f  different fractions o f  mango pulp: O rga­
n ic  acid , am in o acid , sugar, su g a r + o r g a n ic  acid  frac­
tio n s  w ere separated  fro m  250 g  o f  ‘B ad am i’ m ango  
p u lp . E lu ates o f  d ifferent fraction s w ere d ilu ted  w ith  
d istilled  w ater (15 m l o f  th e elu ate  m ade u p to  100 m l). 
A fter  d ilu tio n , th e p H  o f  d ifferent fra ction s w e r e : organ ic  
acid  1.6; am in o acid  8.8 ; sugar 5 .7 ; and s u g a r + o r g a n ic  
acid  2.6 .

T h e  p o ten tia ls  o f  th e tin p la te  strips, h av in g  1 lb  o f  tin  
co a tin g  per b ase  b o x  in  th e d ilu ted  fractio n s w ere  
m easu red .

Influence o f  organic acids: O xa lic , citric, m a lic  and  
su cc in ic  ac id s (all 0 .3  per cent) w ere adjusted  to  p H  4  
w ith  so d iu m  h yd roxid e and m ixture o f  citric, m a lic  and  
su cc in ic  acid s (0.1 per cen t each  adjusted  to  p H  4).

Effect o f  varying thickness and grain size structure o f  
tin coating: T in p la tes w ith  tin  co a tin g  o f  0 .2 5 , 0 .5 , 0 .75  
an d  1.0 lb  per b ase  b o x  and grain  size structure eq u iva­
len t to  A S T M 12 N o . 10 (sm all grain  size) and N o . 9 
(b ig  grain  size) w ere used  to  determ ine th e corrosion  
b eh av iou r in  p resen ce o f  m an g o  ju ice  and orange ju ice .

R esu lts and D iscu ssion
Influence o f  different fractions: It m ay  be seen  from  

F ig . 1, in  w h ich  th e p o la r iza tio n  cu rves o f  tin p la te in  
m a n g o  p u lp  are rep resen ted  th at , in  m o st cases it is 
difficu lt to  iso la te  the T afe l reg ion  from  th e overall 
p o la r iza tion  cu rve fo r  m ak in g  use o f  th e sam e for  
directly  estim atin g  th e  co rro sion  rate. H ow ever , it is 
eviden t th at th e overall p o lar isa tion  increases in  the  
order: su gar(S ), am in o acid  (A A ), s u g a r + o r g a n ic  acid  
( S + O A ) ,  org an ic  acid  (O A ) in d ica tin g  thereby th at the  
corrosion  o f  tin p la te  is m ax im u m  in  organ ic  acid  fraction  
an d  least in  sugar fractio n s. T h ese resu lts are b road ly  in  
agreem en t w ith  the d irect w eigh t loss  m easurem ents for

different p eriod s and a lso  w ith  th e co rro sion  tests  based  
o n  th e estim a tio n  o f  tin  con ten ts in  th e resp ective  
m ed ia13.

Influence o f  organic acids: T h e p o la r isa tion  b ehaviou r  
in  th e pure a cid s as w ell as in  a  m ixtu re o f  acids is sh ow n  
in  F ig . 2. T h e T a fe lia n  beh av iou r is ob served  in  a few  
cases as far as a n o d ic  p o la r isa tion  b eh av iou r is c o n ­
cerned . T h e ca th od ic  p o larisa tion  m asked  to  som e exten t  
by con cen tration  p o la r isa tio n  in  all th e cases. A  qu a lita ­
tive com p a riso n  o f  th e p o la risa tio n  b eh av iou r in d ica tes  
th at th e  corrosiv ity  o f  org an ic  acid  decreases in  th e  order  
o x a lic , c itr ic , su cc in ic , c it r ic + m a lic + s u c c in ic  and  m a lic  
acid . T h e m easurem ents o f  co rro sion  rates by th e  
m eth o d  o f  estim a tio n  o f  tin  co n ten t in th e o rg an ic  acids  
g iven  in  T ab le 1, confirm s th e ab ove resu lts.

Influence o f  thickness o f  tin coating: It m ay  be ob serv­
ed  from  F ig . 3 and  4  th at in  b o th  th e m a n go  n ectar and  
orange ju ice , th e co rro sion  resistance increases w ith  
increase in  w eig h t o f  tin  coa tin g , d u e to  better coverage  
o f  th e steel surface by tin  coa tin g . T h e ab ove resu lts are  
in  agreem en t w ith  th e w eigh t lo ss  m easurem ents carried  
o u t for period s u p to  12 m on th s.

Influence o f  grain size o f  tin coating: T h e effect o f  
grain  size o n  th e p o la risa tio n  b ehaviou r o f  tin p la te  in  
m an go  nectar and  orange ju ice  has b een  brou gh t o u t  
in  F ig  5 and  6 from  w h ich  it is clear th at th e coa tin gs  
w ith  b igger grains are m ore co rro sion  resistant th an  
th o se  w ith  a  sm aller s ize , a  fa ct w h ich  is a lso  confirm ed  
b y  d irect w eigh t loss  m easurem ents12.

Conclusion: S teady state ga lv an osta tic  p o la risa tion  
stud ies have b een  m ade use o f  for eva lu a tin g  th e degree  
o f  aggressiveness o f  d ifferent acid s, and a lso  to  evalu ate  
the relative perform ance o f  th e coatin gs o f  d ifferent 
th ick n ess and  grain  sizes. T h e agreem ent o f  th e  p o lari­
sa tio n  data  w ith  d irect co rro sion  tests  in d icates th at th is  
m eth o d  can  be m ad e u se  o f  as a  rapid  m eth o d  fo r  
eva lu atin g  th e tin p la tes in  d ifferent fo o d  p rod u cts. T h is  
tech n iq u e is  o n ly  o f  a  q u alitative nature and  it takes  
a b ou t an  hou r for ta k in g  read in g  o f  o n e  sam ple  
after th e p rep aration  o f  so lu tion s and setting  up  o f  th e  
apparatus.
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The Influence of Ambient Temperature on the Biological 
Activity of Juvenile Hormone Analogue on Khapra Beetle 

( T r o g o d e rm a  g r a n a r iu m  Everts) Larvae
P r e m l a t a  B h a t n a g a r  T h o m a s

B io lo g y  an d  A gricu lture D iv is io n , B h ab h a  A to m ic  R esearch  C entre, T rom b ay, B om b ay , Ind ia
M anuscript Received: 3 June 1975

Effect of ambient temperature on the pesticidal activity of a  juvenile hormone analogue (JHA) ethyl trans-7. ll-dichloro-3, 7 .11- 
trimethyl-2-dodecenoate on khapra beetle (Trogodermagranarium  Everts) larvae was studied. I t was observed that about 16 per cent 
larvae entered facultative diapause when reared at 44°C on semolina. Incorporation of 15 to 100 ppm of JH A  in the diet resulted in 
a progressive increase in the percentage of diapausing larvae from 25 to 90 per cent. Diapausing larvae survived at 44°C for over 
two months, but lowering of the temperature to 25°, 29° or 34°C resulted in termination of diapause and resumption of normal 
development which was interrupted in the presence of JH A . I t is suggested that JH A  brings about a feed-back inhibition of the 
neurosecretory system, which induces diapause and that khapra beetle larvae can adapt themselves to counteract the pesticidal 
action of JHA.

Slam a et a ll have recently  review ed th e p o ten tia l  
o f  ju ven ile  h orm on e an a logu es (JH A ) as p esticid es. O ur  
earlier stu d ies2-4 have sh ow n  th at sm all con cen tration s  
o f  m eth yl or e th y l farn esoate d ih yd roch lorid e cou ld  
con tro l several serious co leop teran  p ests in clu d in g  th e  
kh apra  b eetle  (Trogoderma granarium E verts) under  
lab oratory  co n d itio n s. S tud ies o f  several o ther in v esti­
gators5-7 have a lso  estab lish ed  th e p o ten tia l use o f  J H A  
as p estic id es for Trogoderma sp . w h ich  is a  m ajor p est  
o f  cereals in  th e  trop ics. A ll th e  stud ies rep orted  above

w ere co n d u cted  at 27 to  34°C . In  trop ica l countries like  
In d ia  h ow ever , the day tem perature m ay go  up to  as h igh  
as 45°C . S ince the activ ity  o f  en zym es in vo lv ed  in  th e  
m etab olism  o f  J H A  is lik ely  to  be in fluenced  b y  th e  
ch an ge in  external tem perature, th e effectiveness o f  J H A  
as a p estic id e  can  be expected  to  b e  in fluenced  b y  
tem perature fluctuation s. S tud ies are rep orted  in  th is  
pap er w h ich  su ggest th a t th e  b io log ica l activ ity  o f  J H A  
e th y l- t r a n s -7 .11 -d ic h lo r o - 3 ,  7.11 - t r im e th y l-2 -d o d e c e -  
n oa te  (E T D D ) o n  Trogoderma granarium Everts is
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d ep en d en t to  a great degree o n  the flu ctu ation s in  the  
en viron m en ta l tem p erature.

M ateria l and M eth od s
Juven ile horm on e an a logu e E T D D  w as a generous  

g ift fro m  H offm an -L a  R o ch e  (S w itzerlan d). A ll the 
experim ents w ere perform ed at 4 4 ± 2 ° C  and 6 0 ^ 5  per 
cent R H  u sin g  16 to  18 day o ld  kh apra  b eetle  larvae, 
reared o n  sem o lin a  under id en tica l co n d itio n s  accord in g  
to  th e  procedu re described  earlier8. P estic id a l action  
o f  E T D D  w as tested  b y  rearing th e larvae o n  sem olin a  
treated  w ith  15 to  100 p p m  o f  JH A  accord in g  to  the  
m eth o d  o f  T h o m a s and B h atn agar-T h om as2. E ach  
treatm en t d o se  w as rep licated  four tim es w ith  100 larvae  
in  each  rep licate, and app ropriate co n tro l w as set up  
under id en tica l co n d itio n s. T o  ascertain  th e m orp h o ­
gen etic  effects o f  JH A , ob servation s w ere generally  m ade  
every 24 hr. A n y  d evia tion  from  th e ab ov e  exp eri­
m en ta l co n d itio n s  is  described  in  th e text.

R esu lts
Effect o f  JHA on larva at 4 4 °C : O b servation s o n  the  

effect o f  J H A  o n  larvae, at 4 4 ± 2 ° C  have been  com pared  
o n  20th  day o f  experim ent and are presented  in  F ig . 3 
and the larval-pupal, p u p al-adu lt in term ed iates as w ell 
as th e abn orm al adults observed  are sh ow n  in  F ig . 1 and
2. T h e larvae w h ich  fa iled  to  pu p ate by 20th  day o f  
experim ent are regarded as d iap au sin g  larvae as they  
u n dergo  several supernum erary m ou lts  and sh o w  an  
average ga in  in  w eigh t o f  ab ou t 2 m g  over a p eriod  o f
2-3 m on th s.

F ro m  F ig . 3 it can  be seen  th at in  th e co n tro l abou t 
84 per cen t larvae had com p leted  d eve lop m en t up to  the  
adu lt stage and 16 per cent larvae entered  in to  facu ltative  
diapau se. In the experim ental group  th e percentage o f  
larvae en tering  in to  d iapau se w as dep en d en t u p on  the  
con cen tration  o f  th e h orm on a l an a logu e in  their d iet  
and  in creased  fro m  25 to  90  w ith  increase in  co n ­
cen tra tio n  o f  E T D D  from  15 to  100 p p m , w h ile  the  
p ercen tage o f  ad u lts  d eclin ed  from  52 at 15 p p m  to  1 at 
100 pp m . Sim ilar decrease in the p ercen tage o f  inter­
m ed ia tes from  23 to  8 w as a lso  recorded at th ese co n ­
cen tration s. H ow ever , it w as in terestin g  to  n o te  th at at 
15 to  30 p p m  o f  J H A  on ly  larval-p u p al interm ediates  
w ere record ed  (F ig . 1, l a  and lb )  w hile  at h igher con -  
cen eration s m o stly  p u pal-adu lt interm ediates (F ig . 2, 
N o . 3 and  4 ) w ere ob ta in ed . E xcep t at 15 p p m  o f  JH A , 
w here th e adu lts w ere n orm al in ap p earan ce, a t all the  
other test con cen tration s, th ey  w ere larger and abnorm al 
(F ig . 2, N o . 2).

Effect o f  reducing the temperature below 4 4 °C : T o  
exam ine i f  d iapau ses in trod u ced  in  th e presence o f  JH A  
by h igh  tem perature (F ig . 3) co u ld  be brok en  by low erin g  
the treatm ent tem perature, th e larvae w h ich  w ere in

d iap au se  for  65 d ays o n  treated  as w ell as un treated  
sem o lin a  w ere d iv ided  in to  three equal lo ts  a lo n g  w ith  
their resp ective d iets. T w o  sets o f  su ch  larvae, co n sistin g  
o f  con tro l as w ell as th ose  co n ta in in g  15 to  100 p p m  o f  
J H A  w ere transferred to  incu bators m ain ta in ed  at 3 4 ±  
1°C  and 2 9 ± 1 ° C  respectively , w hile  the th ird  set w as  
retained  at A A ±2CC for anoth er 25 days and th en  ex p o s­
ed  to  2 5 ± 2 ° C  for 6 hr and retransferred to  44  °C to  see  
the effect o f  sh ort exposu re to  low  tem perature. A ll the  
th ree sets o f  experim ents w ere exam in ed  d a ily  for any  
m orp h og en etic  effects o f  J H A  o n  th e in sect and the  
resu lts are presented  in  F ig . 4. Larval d iap au se  w as  
considered  to  b e  term in ated  u p o n  th e p u p a tio n  o f  th e  
larvae.

W hen th e larvae w ere transferred from  4 4°  to  3 4 ^  1 °C  
(F ig . 4 B )  d iapau se w as term inated  o n  b o th  treated  as  
w ell as u n treated  sem olin a  w ith in  4  to  5 d ays, as all the  
d iap au sin g  larvae pu pated  during th is perio d . In  con tro l 
and sam ples con ta in in g  15 p p m  o f  J H A , all th e larvae  
d eve lop ed  u p to  th e adu lt stage w ith in  9 days o f  transfer. 
W hile in  th e p resence o f  20 and 50 pp m  o f  J H A , 22 and  
2 per cen t o f  larvae d eve lop ed  in to  abn orm al adu lts  
(F ig  2 , 2) and rem ain ing  78 and 97 per cen t in to  
larval-p up al in term ed iates (F ig  1, la  and lb ) . A t 100  
p p m  o f  E T D D  all the larvae d eve lop ed  in to  larval-p up al

Fig. 1. Larval-pupal transformations of Trogoderma granarium  
Everts larva in the presence of juvenile hormone analogue at 
various temperatures.

L, normal larva; P, normal pupa; la  and lb , dorsal and 
ventral view of intermediate recorded at 44°C and 34°C, 
sclerotization confined to everted wings, brown in colour, excessive 
dorsal pubescence while ventral region comparatively free of 
hair, abdomen larval; 2a and 2b, dorsal and ventral view of 
intermediate mostly recorded at 29°C, wings everted opaque like 
onion skins, soft pale white body with short larval setae preserved 
on abdomen.
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Fig. 2. Pupal-adult transformations of Trogoderma granarium  
Everts larva in the presence of juvenile hormone analogue at 
various temperatures.

1, normal adult; 2, abnormal adult, one-and-a-half times the 
size of normal adult, wings with partial sclerotization and held 
at an angle to the abdomen, mouth parts and genitalia abnor­
mal; 3, intermediate recorded at 44°C, adult-like shape, short 
wings, body covered with excessive pubescence, mouth parts 
and genitalia abnorm al; 4, intermediate form recorded at 44°C, 
anterior norm al adult-like with normal mouth parts and head 
capsule, abdomen with crescent shaped pupal cuticle, genitalia 
arrested with localized pupal cuticle; 5, intermediate produced 
upon lowering the treatment tem perature from 44 to 25°C for 5 
hr, head capsule, m outh parts adult in nature, short sclerotized 
wings, abdomen pupal with mid-dorsal sclerotized patches, while 
ventral region fully sclerotized; 6, same as 5 except both dorsal and 
ventral parts completely sclerotized.
in term ediates and  no p u p a l-a d u lt in term ediates or 
abnorm al ad u lts  w ere observed .

W ith in  7 to  8 days o f  tran sfer o f  th e larvae fro m  44°C  
to  2 9 ± 1  °C th e d iap au se w as term in ated  and  all the  
larvae p u p ated  in  th e con tro l g rou p  and  d eve lo p ed  in to  
adu lts by 12th d ay  (F ig . 4C ). E xcep t a t 15 p p m  o f  E T D D  
w here 70 per cen t n orm al adu lts w ere recorded , the rest 
o f  the larvae at 15 p p m  and higher con cen tration s o f  J H A  
d eve lop ed  in to  larval-p up al in term ed iates (F ig  1, 2a  
and  2b).

ETDD ( ppm )

I I ADULT
¡H  abnormal adult 
M  LARVA 
E l INTERMEDIATE

FIG3 EFFECT OF ETDD ON THE METAMORPHOSIS OF TROGQDERMA GRaNARIUM 
EVERTS LARVAE AT HIGH TEMPERATURE (U  t  2*).

C
I I AOULT

I ABNORMAL 
I AOULT 
I LARVA

E l  INTERMEDIATE

ETD D ( ppm )
Fig. 4. Modification of the Effect of ETD D on the metamor­

phosis of Trogoderma granarium  Everts by Temperature. 
A : 4 , °  —> 25° —> 44° ; B : 44° —» 34°; C : 4 4 ° - » 2 5 ° .  :

B y low erin g  th e tem p erature from  4 4 °  to  2 5 i 2 ° C  for  
6 hr th e d iap au se  o f  k h ap ra  b eetle  larvae w as b rok en  to  
v ariou s ex ten t (F ig . 4 A ). In  th e co n tro l a b o u t 90 per cent 
larvae d eve lop ed  in to  ad u lts  in  com p a riso n  to  58 per cent 
at 15 p p m  and 10 per cen t a t 20 p p m  and  th e latter w ere  
abn orm al. In  a d d itio n  to  th is  a b ou t 58 and 47 per cent 
p u p a l-ad u lt in term ediates (F ig  2 , 5 and 6) w ere re­
cord ed  at 20  to  100 p p m  o f  J H A . T h ese interm ediates  
differed m arkedly  fro m  th ose  ob served  a t 4 4 °C . T h e  
p ercen tage o f  larvae u n able to  term in ate d iap au se state  
varied  fro m  10 in th e co n tro l to  8 and  53 at 15 p p m  and  
100 p p m  o f  J H A . T h ese  larvae co n tin u ed  to  be in  d ia­
p au se  for  an oth er  25 days w h en  th e experim ents w ere  
d isco n tin u ed . T h ese  stu d ies ind icate th at w ith ou t  
exp osu re to  th e lo w  tem perature th e larvae p rob ab ly  
w o u ld  have con tin u ed  in  d iap au se  state at least for 30 to  
35 d ays.

D iscu ssion
D ia p a u se  in  k h ap ra  b eetle  larvae has b een  described  

by B urges9,10 and  is k n o w n  to  o ccu r at or b e low  30 °C  
and in  th e  presence o f  fa eca l m atter in  th e d iet at o p ti­
m u m  tem perature o f  34 °C. H o w ever , th is  is  th e first 
in stan ce w h en  d iap au se has b een  d etected  in  th ese larvae  
at higher tem peratures. A u th o r’s p rev iou s stu d ies1 have  
sh ow n  th at d iap au se  can  be in d u ced  in  th ese in sects at 
3 4 ° €  w ith  300  to  1200 p p m  o f  J H A . T h e level o f  JH A  
required to  in d u ce 90  per cen t d iap au se at 4 4 °C is n ow  
fo u n d  to  be on ly  100 p p m  o f  J H A . A  recen t rep ort by  
N a ir11 in d icates th at at 30 °C a m uch  h igher level o f  JH A  
(1 per cen t) is required for in d u cin g  d iap au se in  khapra  
beetle larvae. A s d iscu ssed  earlier3 in d u ctio n  o f  diapause  
in  k h ap ra  b eetle  larvae in  th e p resen ce o f  300 to  1200  
p p m  o f  J H A  w as p o ssib ly  d u e to  insufficient fo o d  
con su m p tio n . S ince th e con cen tration s o f  15 to  100 p p m  
o f  J H A  em p loyed  in  th e present stu d ies w ere to o  low  to  
affect fo o d  co n su m p tio n , insufficien t fo o d  in tak e is 
u n lik ely  to  be a m ajor fa cto r  resp on sib le  fo r  d iapause. 
H o w ever , in d u ction  o f  d iap au se in  16 per cent con tro l  
larvae togeth er w ith  th e d o se  d ep en d en t relationship  
betw een  extern ally  adm in istered  J H A  and  p ercen tage o f
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d ia p au sin g  larvae su ggests th at b o th  tem p erature and  
J H A  are cau sative  facto rs in  in d u ctio n  as w ell as m a in ­
ten an ce o f  larval d iap au se . T erm in ation  o f  larval d ia ­
p au se u p o n  low erin g  o f  tem p erature from  4 4  CC  as w ell 
as th e  differences in  th e m orp h ogen etic  effects o f  J H A  at 
variou s tem p eratures further suggest th at th e  rate o f  
m eta b olism  o f  J H A  m ay  be d ifferent at va rio u s tem p e­
ratures.

A lth o u g h  th e presen t stud ies d o  n o t g ive  an y  in fo r ­
m a tio n  o n  th e p h y sio lo g ica l m ech an ism (s) in v o lv ed  in  
d iap au se  at variou s tem p eratures, th e term in ation  o f  
d iap au se  in  ab o u t 50 per cen t larvae u p o n  a  sh ort e x p o ­
sure (6 hr) to  25 °C  su ggests th at th e m ech an ism (s)  
in v o lv ed  in  in d u ctio n  as w ell as term in ation  o f  d iapau se  
are reversib le. I t  is  con ceivab le  th at th e  h ig h  tem p era­
ture in h ib its  syn th esis  or in activa tes th e en zym es in v o lv ­
ed  in  J H /J H A  d egrad a tion  resu ltin g  in  th e  increased  
titre o f  th e h o rm o n e and  th e  an a logu e  in  th e  h a em o co e l  
o f  th e  larva. T h e in creased  titre o f  th e  h o rm o n e p rob ab ly  
in d u ces d iap au se b y  feed -b ack  in h ib itio n  o f  th e  n eu ro ­
en d o crin e  system , thereby p o stp o n in g  th e  “ critical 
p e r io d ” essen tia l fo r  th e  actio n  o f  ex o g en o u s J H A  as a  
pestic id e . T erm in ation  o f  d iap au se u p o n  exp osu re to  
low er tem peratures m ay  sim ilarly  b e  a ttribu ted  to  the  
a ccelera tion  o f  syn th esis o f  J H /J H A  d egrad ing  en zym es  
or th eir  stab ility , th u s fac ilita tin g  th e  a c tio n  o f  lo w  c o n ­
cen tra tion s o f  ex o g en o u s J H A  to  exert its  p estic id al 
e ffect.

P resen t ob servation s o n  th e  term in ation  o f  d iap au se in  
a b o u t 50 per cen t larvae o n  sh ort exp osu re (6 hr) to  lo w
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tem p erature, further in d icate  th at th e ch an ces o f  khapra  
b eetle  larvae en terin g  and  co n tin u in g  in  d iap au se in  tro ­
p ics are rem o te , sin ce th e  n igh t tem p erature is gen era lly  
fo u n d  to  be a b ou t 2 5 °C d u ring  sum m er. H o w ever , 
tem p erature is o n ly  o n e  o f  th e several fa cto rs k n o w n  to  
in d u ce d iap au se in  k h ap ra  beetle . It is k n o w n  th at  
kh apra  b eetle  larvae ca n  survive co n d itio n s  o f  h ig h  
p o p u la tion  d en sity , insufficient fo o d , presence o f  ex cre ta , 
e tc ., u p to  4  years9,10. T h ese fa cto rs have to  be ta k en  in to  
a cco u n t w h ile  con sid erin g  th e  practica l d ev e lo p m en t o f  
p estic id es b a sed  o n  JH , sin ce J H A  m ixed  w ith  th e  d ie t  is 
stab le o n ly  for  a b ou t th ree m o n th s3. T h u s th e  ab ility  o f  
kh apra  b eetle  larvae to  u n d ergo  d iap au se a t h ig h  tem p e­
rature in  th e presence o f  lo w  co n cen tratio n s o f  J H A  or  
high  con cen tration s o f  J H A  at lo w  tem p eratu res3,11, 
togeth er  w ith  th e ab ility  o f  such  larvae to  d eve lop  in to  
n orm al fertile  adu lts in  th e ab sen ce o f  J H A 3,11 su ggest  
p o ssib le  lim ita tio n s o n  th e  u se  o f  J H A  as p estic id es. I t is  
lik ely  th at larvae o f  kh apra  beetle  as w ell as o th er in sects , 
w here J H /J H A  h as b een  sh o w n  to  b e  th e p rin cip le  agent 
fo r  larval d iap au se3,11-14 can  em p lo y  th eir  in h eren t  
cap a city  to  en ter d iap au se  as a  m ean s o f  o verco m in g  
th e p estic id a l activ ity  o f  J H A  and  m ay , th erefore , b e  ab le  
to  d eve lop  resistance to  J H A  in  du e cou rse  o f  tim e.
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Studies on the Formulation of Egg Substitutes from 
Milk Protein Complexes for Use in Cake Making
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An acceptable egg substitute has been formulated using whey protein isolate in place of egg in cake mix. Loaf volume was found 
to be maximum in the whey protein based cakes.
Foam stability was studied at diiferent levels of sodium caseinate, calcium caseinate and lecithin. Sodium caseinate did not 
improve the foam stability. Calcium caseinate was found to have a favourable effect on the stability of the foam. Addition of 
lecithin to the formulation had an adverse effect on the foam stabilising properties.

A  m ateria l th at cou ld  su b stitu te  eg g  in  th e m a n u ­
factu re o f  bakery and  con fection ary  p rod u cts has been  
lo n g  so u g h t by th e  fo o d  ind ustry . D ev e lo p m en t o f  
su itab le m ateria ls, w ith  m ilk  p rotein s as b ase, p ossess in g  
th e fu n ctio n a l ch aracteristics o f  eg g , w o u ld  be o f  specia l 
in terest in  a  cou n try  lik e  In d ia  w here a  m ajority  o f  p o p u ­
la tio n  have relig iou s reservation s o n  th e  co n su m p tio n  o f  
egg  as su ch  or w ith  o th er fo o d  p rod u cts.

It has b een  w ell k n o w n  th a t w h ey  p ro te in s , con trib u te  
su b stan tia lly  to w ard s th e  fo a m  form in g  ch aracteristics o f  
m ilk 1. P a v cek 2 and  later o n  L in d ew ald  and  G ru b en 3 
have rep orted  prep aration s o f  eg g  su b stitu tes u sin g  a 
blend o f  sk im  m ilk  and w hey m ixture. In  recen t years, 
m eth od s have b een  d eve lop ed  fo r  th e  iso la tio n  o f  w hey  
p rotein s by co ld  p rec ip ita tion  tech n iq u e u sin g  ion ic -  
h y d ro co llo id s , th ereb y preserv in g  th e fu n ctio n a l charac­
teristics o f  w h ey  p rotein s4. T h e presen t w o rk  w as un der­
ta k en  to  ev a lu a te  the fo a m  fo rm in g  and  w h ip p in g  
abilities o f  w h ey  p rote in  com p lexes w ith  carb oxym eth y l-  
cellu lo se  and  em ulsifiers. T h e efficacy o f  use o f  such  
co m b in atio n  fo r  cak e m ak in g  w as a lso  experim enta ly  
ascerta ined .

M a ter ia ls  and M eth od s
W h ey  p rote in -C M C  co m p lex  w as prepared  from  

casein  w h ey  accord in g  to  th e  m eth o d s o f  H id a lg o  and  
H an sen 4. S od iu m  casein ate an d  ca lc iu m  casein ate w ere  
o b ta in ed  from  th e E xp erim enta l D a iry , N a tio n a l D a iry  
R esearch  In stitu te , K arn a l.

Measurement o f  whipping ability: W h ip p in g  ab ility , 
specific  vo lu m e o f  th e  fo a m  an d  fo a m  stab ility  w ere  
d eterm in ed  accord in g  to  th e m eth o d  o f  H a n sen  and  
B lack 5. S p ecific  v o lu m e o f  fo a m  w as exp ressed  as m l 
per g. T h e  rate o f  free v o lu m e released  fro m  th e  fo a m  
w as ta k en  as an  in d ex  fo r  fo a m  stab ility .

Manufacture o f  cake: F o r  th e ev a lu a tion  o f  su itab i­
lity  o f  form u lated  eg g  su b stitu te fo r  cake m ak in g  the  
fo llo w in g  recipe w as used .

P ercen tage
Sw eeten ed  con d en sed  m ilk  51 .0
B u tter 14.6
Maida (w h eat flour) 32 .0
B ak in g  p ow d er 1.2
V a n illa  0 ,6
B a k in g  so d a  0 .6

T h e egg, egg  su b stitu te  and  w ater  fo r  eg g  su b stitu te  
a d d ed  w ere 12, 9 and  8 .9  per cen t resp ectively  o f  th e  
a b o v e  m ixture.

Preparation o f  cake: T h e bu tter and  maida (w h eat  
flour) w ere b eaten  to  a cream y con sisten cy . Sw eetened  
co n d en sed  m ilk , b ak in g  p ow d er a n d  b a k in g  so d a  w ere  
m ixed . E gg  su b stitu te  w as d isp ersed  in  th e  w ater  
required fo r  cake m a k in g  a n d  aged  ov er-n ig h t b efore  
m ixin g  w ith  o ther in gred ien ts o f  cake m ix. T h e m ixture  
w as th en  tran sferred  to  a  m ech an ica l kn eader and  the  
b eaten  m ixtu re w as p la ced  in  a  m o u ld  and  b ak ed  in  an  
electrica lly  h eated  o ven  at 110°C  fo r  90  m in .

Determination o f  rise in volume during baking o f  cake: 
T h is w as d eterm ined  by m o d ify in g  th e  m eth od  o f  
A m erica n  In stitu te  o f  B ak in g6. 250 m l (V i)  o f  cak e m ix  
w as p ou red  in to  th e cy lin d rica l m o u ld s  (1000 m l capacity). 
A fter  b ak in g , th e v o id  v o lu m e a b o ve  th e  cak e surface in  
th e  m o u ld  w as filled  w ith  fine g rou n d  sugar and levelled  
u p to  th e brim . T h e v o lu m e o f  th is  sugar w as determ ined  
(V 2). L ik ew ise the v o lu m e o f  th e sugar in  th e em p ty  
m o u ld s w as determ ind ed  (V 3). V o lu m e ratio  w as  
d eterm in ed  as fo llo w s:

(V 3- V 2) - V i
V i
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Fig. 1. Effect of additives (sodium caseinate, calcium caseinate & 
lecithin) on the foam stability of CMC-complexes

Fig. 3. Comparative foam stability of whey protein-C M C  
complex with egg and formulated egg substitute.

0  — 0 ,  60% Whey protein carboxymethyl cellulose +  40 % 
calcium caseinate; X — X,  Egg; A — A> Whey protein-C M C  
complex; #  — • ,  60% Whey protein-C M C  com plex+40%  
sodium caseinate.

X — X . Sodium caseinate; •  — • ,  Sodium caseinate +  0.1 % 
lecithin; A — A> Calcium caseinate +  0.1 % lecithin; O  — O , 
Calcium caseinate.

Fig. 2. Foam stability of whey protein carboxy methyl cellulose Fig. 4. Effect of additives in the cake mix on the increase in 
complex with different levels of lecithin. cake volume during baking
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Sensory evaluation o f cake: Subjective exam in a tion  
o f  cake w as d on e  in  accord an ce w ith  the m eth od  re­
com m en d ed  by th e A m erican  In stitu te o f  B ak in g  for  
cake scorin g . E xtern a l characteristics o f  cake w ere  
exam in ed  for  th e  co lou r  o f  cru st, sym m etry o f  form , 
b od y  and  texture. In tern al characteristics w ere exam in ed  
fo r  th e crum b stru cture, s ize and u n iform ity  o f  cells, 
u n iform ity  o f  b ak in g , crum b co lou r and structure, 
flavour an d  m a stica tio n  qu alities.

R esu lts  and D iscussion
W ith  a v iew  to  d eterm ine th e  o p tim u m  level o f  w hey  

p rotein -C M C  com p lex  fo r  th e stud y o f  fo a m  stab ility  in  
th ese tria ls, th e spray dried m ateria l w as dispersed  in  
w ater at 2 .5 , 5 .0 , 7 .5  and  10 per cen t level u sin g  a  m e­
ch an ica l stirrer an d  so ak ed  overn igh t. A t 7 .5  and  10 
per cen t levels th ere w as con sid erab le  difficulty in  w ettin g  
and  d isp ersin g  o f  p ow d er. T h e specific  v o lu m e at 2 .5  
and 5 per cen t levels w as ob served  to  be 2 .7  and 2.08  
resp ectively . F ro m  th ese  tria ls it w a s co n c lu d ed  th a t the  
spray dried m ateria ls at 5 per cen t level in  w ater cou ld  be  
su itab ly  u tilised  fo r  th e form u la tion  stud ies.

I t  w as ob served  th a t spray d ried  w h ey  p rote in -C M C  
com p lex  exh ib ited  sup erior w h ip p in g  p rop erties co m ­
pared to  egg , p rod u c in g  a  -stiff foam . S ince w h ip p in g  o f  
so lu tion s co n ta in in g  on ly  C M C  d o  n o t p rod u ce co m ­
parable fo a m s, H a n sen  and  B lack 5 a ttribu ted  th is  p ro ­
perty  to  th e w h ey  p rotein s.

T h e effect o f  a d d itio n  o f  so d iu m  an d  ca lc iu m  casei­
n ates to  sp ray  dried  w hey p ro te in -C M C  co m p lex  on  
the fo a m  stab ility  w as stu d ied  at 10, 20 , 30 and  4 0  per  
cen t levels. T h e resu ltin g  m ixtu res w ere d ispersed  to  
give 5 per cen t w h ey  p rote in -C M C  co m p lex  in  w ater. 
F o a m  stab ility  o f  th ese  m ixtu res w as m easured  and  
resu lts are exp ressed  in  F ig . 1. A d d itio n  o f  so d iu m  
caseinate d o es  n o t sh ow  a favou rab le  effect o n  the  
fo a m  stab ility . A d d itio n  o f  so d iu m  casein ate  fo r  th e  
fo rm u la tio n  o f  ‘eg g  su b stitu te’ w as, th erefore , n ot 
con sid ered  w orth w h ile  in  th e tria ls o n  cake m aking . 
H o w ever ca lc iu m  casein ate  ex h ib ited  a very fav ou rab le  
effect o n  th e  sta b ility  o f  th e foam . It m ay be seen  
fro m  th e  F ig . 1 th a t a d d itio n  o f  ca lc iu m  casein ate  at 
co n cen tratio n s u p to  30 per cen t in  th e w hey p rotein -C M C  
com p lex  h ad  su b stan tia l s tab ilis in g  effect, but further  
a d d itio n  d id  n o t p rove to  be o f  m ore advan tage for  
im p rov in g  th e  fo a m  stab ility .

Comparison with egg: It w as ob served  th at th e  ad d i­
t io n  o f  lec ith in  to  th e fo rm u la tio n  h ad  slightly  adverse  
effect o n  th e fo a m  stab ilisin g  p rop erties o f  th e w hey  
p rote in -C M C  co m p lex  as sh o w n  in  F ig . 2. H ow ever  
above 0 .3  per cen t lev e l, a d d itio n  o f  lec ith in  d oes n o t  
further red uce th e fo a m  stab ility . I t m ay be noted  from  
the F ig . 3 , th at th e C M C -w h ey  p rote in  form u la tion s  
exh ib ited  sup erior fo a m  stab ilities w h en  com p ared  to

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

Characteristics Perfect Average scores
score A B C DA. External

Volume 10 9.0 10.0 9.5 9.5
Colour of crust 8 7,5 7.0 7.0 7.0
Symmetry of form 3 3.0 2.5 2.5 2.5
Evenness of bake 3 3.0 3.0 3.0 3.0
Character of crust 3 2.5 2.5 ■ 2.5 r 2.5
Break & shred 3 2.5 2.5 2.5 2.5
Total score 30 27.5 27.5 27.0 27.0
B. Internal
Grain 10 9.5 9.0 8.5 9.0
Colour of crumb 10 9.5 9.5 9.5 9.5
Aroma 10 9.0 9.0 9.0 9.0
Taste 15 14.0 14.0 14.0 14.0
Mastication 15 14.0 13.0 12.5 12.5
Texture 70 65.0 63.0 61.0 62.5
Total score 92.5 90.5 88.0 89.5

A : Cake with egg white
B : Cake with whey protein-CMC complex
C: Cake with whey protein-CM C complex plus 30 percent 

calcium caseinate
D : Cake with whey protein-CM C complex plus 30 per cent 

calcium caseinate plus 0.1 per cent lecithin.

b eaten  egg , excep t in  th e  case w h en  so d iu m  casein ate  w as  
u sed .

T h e o rga n o lep tic  ev a lu a tio n  o f  th e cake prepared  by  
v ariou s form u la tion s are g iven  in  T a b le  1.

B ased  o n  th e  resu lts o f  fo a m  sta b ility  w hey  p rotein -  
C M C  com p lex  as su ch , a n d  in  co m b in atio n  o f  sod iu m  
casein ate , ca lc iu m  caseinate and  lec ith in , it w as consider­
ed  desirab le to  evalu ate th e su ita b ility  o f  fo llo w in g  
m en tio n ed  fo rm u la tio n s fo r  th e  rep la cem en t o f  egg  in  
cak e m a k in g :

0  W hey p ro te in -C M C  com p lex
ii) W h ey  p ro te in -C M C  plu s 30  per cen t ca lcium  

ca sein a te .
In  our tr ia ls, cak es m ad e w ith  w hey protein -C M C  

com p lex  (as su b stitu te  fo r  egg ) exh ib ited  m axim u m ­
sw ellin g  du ring  bak in g . T h e v o lu m e ratio  in th is case w as 
fo u n d  to  be 2 .5  (F ig . 4 ). T h e increase in  v o lu m e during  
b ak in g  w hen  30 per cen t ca lc iu m  casein ate w as a lso  
add ed  in  th e w hey  p rote in — C M C  fo rm u la tio n  w as  
fo u n d  to  be 1.9 and w as qu ite com p arab le w ith  th e  
valu es o b ta in ed  w ith  eg g  cak e. T h e d ep ressin g  effect o f  
casein ate  on  th e lo a f  v o lu m e du ring  b a k in g  is a lso  
ob served  in  bread m ak in g , w hen  lo w  h ea t m ilk  p ow d ers
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are used in the preparation of dough8. It appears that 
caseinate in the presence of undenatured whey proteins 
form such complexes during baking, which have a de­
pressing effect on the increase in volume. It may be 
observed therefore, that although calcium caseinate 
improves the foam stability of the whey protein-CMC 
complexes, but in cake making, their presence slightly
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Studies on Meat Evaluation of Broiler Chickens
S. K . K h a r  a n d  S . C . C h o p r a

Department of Animal Breeding, Haryana Agricultural University, Hissar 
M anuscript Received: 26 June 1975

M eat evaluation of four breeds of broiler chickens in terms of dark-light meat ratio and meat-bone ratio of raw and cooked car­
casses for differences due to 16 genetic groups produced in a 4x4diallel-system  were studied. Significant genetic group differences 
for only meat-bone ratio of cooked meat were observed. Analysis for the effects of heterosis, purebreds, general combining ability, 
maternal ability, specific combining ability and reciprocal is also presented. Purebreds and reciprocal effects were significant 
(P  <  0.05) for only cooked meat-bone ratio.

Broiler meat is liked by consumers because of its 
tenderness and juiciness, which determine to a large 
extent the palatability. Availability of actual meat and 
the relative proportion of. the type of meat (dark or 
white) influence the choice of broiler strain among 
almost all meat consumers. Type of meat and meat-bone 
ratio are, therefore, the important characteristics contri­
buting to the consumers preference. This study was thus 
undertaken to find out the difference in these poultry 
meat attributes (on raw and cooked meat) in different 
broiler strains and their crossbreds.
Material and Methods

Sixteen genetic groups involving white rock, White 
Cornish, New Hampshire and Austrolorp breeds in a 
4 x4  diallel system were produced for this investigation.

At the age of 12 weeks, 2 birds of each of the 16 genetic 
group were taken for estimation of dark-white meat 
ratio and meat-bone ratio on raw as well as cooked 
carcasses. The cooking of the dressed carcasses was done 
in an electric hot air oven at 163°C for 1.5 hr. Sixty 
four carcasses used for this study were the random 
sample representing the population under test.

Analysis of the data was conducted using the following 
statistical model.

Yij =  fr +  Gi+eij
where,

Yij=j-th observation of i-th genetic group.
/i-= overall population mean 

Gi=i-th genetic group ( i= l, 2-p, p=16) 
eij—random error peculiar to ijth observation, NID 

with mean zero and variance a~2e■
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T able  1. m eans o f  r a w  a n d  co o k ed  carcass c u t s  in  d iffer en t
GENETIC GROUPS OF BROILERS

Raw Cooked
Dark Meat Dark Meat
light bone light bone

meat ratio ratio meat ratio ratio

White Rock (WR) 1.045 3.085 1.010 3.135
Australorp (A) 1.090 2.905 0.985 3.585
White Cornish (WC) 1.070 2.920 1.020 3.600
New Hampshire (NH) 1.020 2.955 1.145 2.360
W R x  A 1.045 3.170 1.125 2.580
W R xW C 1.160 3.050 1.110 3.590
W R x NH 1.055 2.710 1.055 2.685
A x W R 1.080 2.800 0.950 3.100
AXW C 1.050 2.845 1.140 2.910
A x NH 1.130 2.670 1.135 2.610
W C xW R 1.000 2.775 1.095 2.630
W C x A 1.025 3.170 0.990 3.340
W C x N H 1.150 3.020 1.175 2.440
N H x W R 0.995 2.910 1.085 2.875
N H x A 1.040 2.965 1.125 3.395
N H X W C 1.100 3.095 1.160 2.655
Overall 1.072 2.917 1.081 2.910

(32) (32) (32) (32)

T able 2 . ana ly sis  o f  v a r ia n c e OF RAW AND COOKED CARCASS
TRAITS FOR GENETIC GROUPS

Raw Cooked
Dark Meat Dark Meat

Sources of d f light bone light bone
variation meat ratio ratio meat ratio ratio
Between genetic 15 0.006 0.041 0.010 0.339*
groups
Residual 16 0.008 0.111 0.017 0.069

*P <  0.05

T able  3. least sq u a r e  a n a ly sis  o f  v a ria n ce  fo r  r a w  a n d
COOKED CARCASS CUT TRAITS

Raw meat Cooked meat
Dark Meat Dark Meat

Sources of d f light . bone light bone
variation meat ratio ratio meat ratio ratio
Heterosis 1 0.08 2.53 1.76 0.08
Among purebreds 
General combin­

3 0.86 1.34 1.02 62.29*

ing ability 3 0.03 3.67 0.45 2.05
M aternal ability 
Specific combin­

3 0.95 8.88 0.31 19.05

ing ability 2 0.88 9.09 0.40 22.64
Reciprocal effects 3 0.43 2.67 1.20 42.99*
Error

*P < 0 .0 5 .
14 0.79 10.11 2.08 9.28

T able  4 . least sq u a re  c o n sta n ts  fo r  pu r eb r e d  a n d  r e c ipr o c a l
EFFECTS FOR COOKED CARCASSES

Cooked meat
Effect D ark light 

meat ratio
Meat-bone

ratio
Purebred
White Rock (P 11) -0.300 2.150
White Cornish (P 22) -0.200 6.800
New Hampshire (P 33) 1.050 -5.600
Australorp (P 44) -0.550 -3.350
Reciprocal
R  12 -0.313 3.644
R  13 -0.344 0.331
R  14 0.657 -3.975
R  21 0.313 -3.644
R  23 0.269 1.337
R  24 -0.582 2.307
R  31 0.344 -0.331
R  32 -0.269 -1.337
R  34 -0.075 1.668
R  41 -0.657 3.975
R  42 0.582 -2.307
R  43 0.075 -1.668
Overall mean 1.067 2.914

Since the genetic groups were significant in some 
cases, detailed analysis as to the effects due to heterosis, 
purebred, general and specific combining abilities, 
maternal ability and reciprocal was carried out using 
model 8 suggested by Harvey1.
Results and Discussion

Average of dark light meat ratio and meat bone ratio 
of raw and cooked carcasses of 16 genetic groups are 
presented in Table I.

Dark-light meat ratio: This ratio ranged from 0.995 to
1.10 with an average value of 1.072 in raw meat, while the 
corresponding values for cooked meat were 0.985, 1.175 
and 1.081 respectively. Differences among genetic 
groups for this trait were statistically non-significant 
both for raw and cooked carcasses (Table 2). This 
indicated that the proportion of dark light meat is not 
variable among the broiler breeds and breed crosses 
studied. This ratio remained almost constant with slightly 
higher weight of light meat than dark meat. Improvement 
of the dark: light meat ratio through involving these 
broilers breeds in crossbreeding is, therefore, hardly 
possible.

Meat bone ratio: Values for this ratio ranged between 
2.670 to 3.085 and 2.360 to 3.600 for raw and cooked 
meat respectively (Table 1) with their overall average 
as 2.917 and 2.910. Although the genetic group differ­
ences were non-significant for raw meat, yet the differ­
ences were significant at P <  0.05 for cooked meat. 
Statistically significant differences for the latter may be
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indicative of the fact that the varying water losses in 
cooking introduced variation due to the genetic groups 
under study. Every possible care was taken to cook the 
carcasses under same temperature and time. The 
increase in the variability of meat-bone ratio may 
probably be due to carcass differences within genetic 
groups for raw and cooked meat and also due to differ­
ential water loss response from raw to cooking stage 
among genetic groups. The overall meat-bone ratio in 
raw and cooked were apparently similar but still the 
differences for this ratio of individual genetic groups in 
most cases were quite marked. This may indicate 
that besides differential water losses from the muscula­
ture, similar losses could have occurred from bone 
marrow after cooking. Some genetic groups may have 
heavier, thicker bones at the same age than others, 
eventually affecting the available edible poultry meat. 
This needs to be studied on a larger scale for selection 
of only those genetic groups which make available more 
of edible meat.

Combining abilities: Analysis of variance for the 
effects of heterosis, purebreds, general combining ability, 
maternal ability, specific combining ability and recipro­
cal for dark-light meat ratio and meat-bone ratio is

presented in Table 3. Significant differences at P <  0.05 
were observed due to purebred and reciprocal effects for 
cooked meat-bone ratio only. All other effects in case of 
raw and cooked meat were non-significant. This indicat­
ed that the four breeds and also their reciprocal combi­
nations differed in their meat-bone ratio, which direct 
towards making selection of broiler breeds for more meat 
bone ratio. For cooked meat the least square constant 
for White Cornish was maximum followed by White 
Rock, Australorp and New Hampshire in descending 
order (Table 4). Crossbred of Australorp male with 
White Rock female, White Rock male with White 
Cornish female, White Cornish male with Australorp 
female were the top three combiners and excelled over 
their reciprocals.
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from sheep/goat carcasses sold in the market. The various 
study consisted of Salm onella bareilly, Aerobacter aerogenes, Aerobacter cloacae, Proteus

M anuscript Received:

Describes the use of two abridged methods for Salmonella isolation 
strains isolated during the course of the
and Citrobacter freundii.

In food analysis laboratories for routine screening of 
large number of samples rapidly, quick methods become 
a necessity. This will facilitate the isolation and identifi­
cation of maximum number of diversified serotypes of 
Salmonella as its presence in food is not allowed1. The 
methods also have to satisfy the criteria of sensitivity 
combined with simplicity and rapidity.

Different laboratories in the world fellow' different 
methods2,3. The methods recommended by American 
Public Health Association2 (APHA) and that described

by Thatcher and Clark4 (TC) are some of the procedures 
adopted for routine working. The present communi­
cation deals with the efficacy of these two methods for 
revealing the presence of Salmonella from sheep/goat 
carcasses.
Materials and Methods

The media and reagents used were prepared according 
to Thatcher and Clark4 and Difco Manual5. The poly­
valent ‘O’ and polyvalent ‘H’ antisera used in these

University, Hissar, Haryana.^Department of Veterinary Bacteriology & Hygiene, Haryana Agricultural
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studies were obtained from Haffkine Institute, Bombay. 
The meat samples were derived from different parts of 
sheep and goat caracasses sold in the local market. In 
each case 25 g of the sample was transferred to 225 ml 
tetrathionate broth and incubated at 37°C for 24 hr. 
These samples were processed as per APHA and TC 
procedure with slight modifications.

The modifications introduced in APHA procedure 
consisted of: (i) Discontinuation of the use of Salmo­
nella-shigella agar as the growth of Proteus and Pseudo­
monas especially the former found invariably to mask the 
growth of the other; (ii) characteristic colonies (grey to 
black colonies which show sometimes metallic sheen in 
the case of Bismuth Sulphite Agar and pink to fuchsia 
or transparent to opaque colonies with the surrounding 
medium pink to red in the case of Brilliant Green Agar); 
were further screened and purified on MacConkey’s 
Lactose Agar (MLA) instead of Tryptone Agar; and (iii) 
instead of SIM medium as suggested in the procedure, 
motility test and indole reaction were carried out 
independently in motility and tryptone water media 
respectively. In the case of TC procedure (i) Gillies ‘B’ 
medium used did not contain salicin. Absence of salicin 
did not matter much as the medium does not indicate 
the fermentation of sucrose and salicin independently; 
(ii) serological tests with polyvalent ‘O’ and polyvalent 
‘H’ antisera4 were not performed simultaneously as 
indicated in the procedure but the cultures were first 
tested with polyvalent ‘O’ antiserum. Agglutination test 
with polyvalent ‘H’ antiserum was performed only with 
those cultures which could not agglutinate with poly­
valent ‘O’ antiserum, since the isolates positive for either 
of the two antisera are considered to be Salmonella. 
Tests with group ‘O’, individual ‘O’, ‘H’ and ‘Vi’ antisera 
as laid down in the procedure were not performed due 
to non-availability of the same.

Isolates suspected to be Salmonella on the basis of 
above tests as well as those isolates showing typical 
biochemical reactions (positive presumptive test) but 
negative by serological tests (confirmative test) were 
sent to National Salmonella and Escherichia Typing 
Center (NSEC) Kasauli, Simla for confirmation and 
typing.
Results and Discussion

A total of forty one isolates (which included 
31 isolates biochemically and serologically typical and 
10 isolates biochemically typical but negative serologi­
cally) were obtained from 45 sheep and goat carcasses 
using APHA and TC procedures. On the basis of our 
own study, as well as by NSEC, it was observed that 
only three isolates were confirmed as Salmonella bareilly. 
The remaining isolates were identified as Aerobacter 
aerogenes (5), Aerobacter cloacae (20), Proteus (2),

Citrobacter freundii (9), Aerobacter sp. (1) and one 
unidentified isolate. Details of biochemical and serologi­
cal characteristics of the strains isolated and their typing 
by NSEC are indicated in Table 1.

During the analysis of foods for Salmonella, certain 
difficulties are encountered which are not common with 
the clinical material. Firstly, Salmonella in foods usually 
comprise an exceedingly small number when compared 
to the total microbial population. Secondly they are 
invariably out-numbered by coliform bacteria thus 
necessitating the use of selective enrichment media. 
In the present study, tetrathionate broth in combination 
with Brilliant Green Agar and Bismuth Sulphite Agar 
were used for selective enrichment and differentiation of 
Salmonella. In spite of inhibitory and selective action of 
these media the isolates obtained in the present study 
simulating the growth and colony characters of Salmo­
nella managed to pass through successfully and later on 
proved to be non Salmonella. These non Salmonellae 
belonged to Citrobacter, late lactose fermenting coliforms 
and Proteus species. Hormasche and Peluffo6 have 
stated that colonies of Proteus and late lactose fermentors 
belonging to Escherichia group produce similar colonies 
on Brilliant Green Agar medium. Taylor and Silliker7 
have reported that on Bismuth Sulphite Agar medium the 
non-Salmonella organisms simulating the growth of 
Salmonella appear after 48 hr of incubation, the time 
invariably required to grow Salmonella colonies also.

Non fermentation of lactose by Salmonella is the 
principal differential biochemical reaction. All the 41 
Salmonella-suspected isolates were unable to ferment 
lactose in MLA on primary isolation. On further studies 
29 of these strains were identified as Citrobacter (9) and 
A. cloacae (20). Citrobacter and A. cloacae are reported 
to ferment lactose8. Experiments of Lapage and Jai- 
raman,9 on known lactose fermenting strains of different 
genera of Enterobacteriaceae and its revealation in 
various lactose containing media, showed MLA to be 
least sensitive to record lactose fermentation especially 
in case of Citrobacter and A. cloacae.

Of the 41 Salmonella suspected isolates, 23 failed to 
produce H2S. Salmonella usually produces H2S10, with 
the exception of species like S. paratyphi A, S. cholera- 
suis, S. typhi-suis, S. sendei and S. berts. The isolation of 
S. paratyphi A, from the food as an external contami­
nant11 and from the sheep carcass has been reported. 
Therefore, these 23 isolates though negative for H2S pro­
duction were tested against polyvalent “O” antiserum, 
which they agglutinated readily, excepting 3 isolates which 
were biochemically typical but serologically negative. But 
on further studies none of these isolates proved to be 
Salmonella. Incidentally these cultures also could fer­
ment sucrose, a reaction rather rare with Salmonella. It, 
therefore, seems to be advisable that those cultures,
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though positive for agglutination test against polyvalent 
“O” antiserum, but are H2S negative as well as sucrose 
positive, may be considered as doubtful Salmonella.

Agglutination test with polyvalent ‘O’ antiserum helps 
in screening the cultures but at the same time as it is 
apparent from this limited study, the reliance upon this 
reaction for identification is not without risk. Since 
cross agglutination with polyvalent ‘O’ antiserum by 
non-Salmonellae is not an uncommon phenomenon12,14. 
As seen in Table 1 many of non-Salmonellae agglutinated 
with polyvalent ‘O’ antiserum. Silliker and Greenberg15 
have also made observations that there is an ubiquitous 
distribution of non-Salmonellae which agglutinate prom­
ptly in commercially available polyvalent antiserum.
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It is therefore felt that the cultures showing positive 
reaction with polyvalent ‘O’ antiserum should be 
subjected to at least one more biochemical test like lysine 
decarboxylation which will differentiate Salmonella 
from Citrobacter and A. cloacae. 8  More reliance on 
biochemical test may suit to our conditions as ready 
availability of the antiserum may prove to be a problem 
to us.
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Chromatographic Identification of Skin Pigments of
Solanum melongena
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The skin pigments of brinjal (Solanum melongena) were extracted with acidic methanol and separated on alumina column. The 
pigments were further resolved into 7 individual components by two-dimensional microcyrstalline cellulose TLC using n-butanol- 
HCl-water (5:2:1) and water-HCl-formic acid (8:4:1). The aglycone, sugars and acyl moieties of each component were 
characterized on the basis of paper chromatographic study. Delphinidin was found to be the only aglycone common to all the 
compounds. Sugars detected in their conjugates were glucose and rhamnose. The presence of coumaroyl and caffeoyl moieties 
was also noted. On the basis of these findings the pigments were tentatively characterized.

The anthocyanins in several fruits and vegetables have 
been studied earlier1. However, the anthocyanin com­
position of only a few fruits and vegetables is known in 
detail2,3. The bright red skins of radishes, the red skins 
of potatoes and the dark purple skins of egg plant are 
reported to contain anthocyanins4.

Some pigments of egg plant were identified as gluco- 
sides, rhamnosides and coumaroyl glycosides of del­
phinidin5. Similarly, caffeoyl glycosides of delphinidin 
were also reported to be present in the peels of Solanum 
melongencfi. The occurrence of violanin, a complex 
triglycoside of delphinidin with glucose, rhamnose and 
coumaric acid has been reported in the variety Burma 
Beauty of S. melongena1. Sakamura et al. 8  found one 
major anthocyanin in egg plant and identified it as 
delphinidin-3-(p-coumaroyl rutinoside)-5-glucoside.

The work reported here was undertaken to clarify the 
apparent discrepancy regarding the identity of the skin 
pigments of brinjal (Solanum melongena).
Materials and Methods

The anthocyanin rich peels of brinjal were used as pig­
ment source. Alumina for column chromatography was 
obtained from Riedel, Germany; microcrystalline cellu­
lose for TLC from Acme Synthetic Chemicals, India; 
galactose, glucose, arabinose, xylose and rhamnose 
from Nutritional Biochemical Corporation, Cleveland, 
Ohio; and chlorogenic, caffeic, ferulic, coumaric and 
gallic acids from Sigma Chemical Company, U.S.A.

Isolation o f anthocyanins: Pigments were extracted 
from fresh brinjal peels with 1.6 lit of 1.5 N HCl-methanol 
(15:85) per kg. After keeping the mixture overnight it was 
filtered through layers of Whatman No. 1 filter paper2. 
The filtrate was vacuum concentrated to a lesser volume 
and passed through a 15 x 1 cm alumina column brought

to pH 5 with 2N NaOH as employed by Birkofer et al.Q 
The column was washed with methanol to complete the 
elution of non-complex-forming phenolics and related 
compounds. The complex-forming pigments were then 
eluted with 1 per cent HCl.

Estimation o f anthocyanins: Total anthocyanin con­
tent of the eluate was determined by the method of 
single pH total anthocyanin determination of Fuleki 
and Francis10.

Two ml of pigment solution was diluted to 100 ml 
with 0.1 per cent HCl in methanol and its optical density 
measured at 543 m/a using DK-2 Beckmann spectro­
photometer. The total anthocyanin content in terms of 
delphinidin-3-glucoside was calculated in absolute 
quantities using the reported value of its extinction 
coefficient11.

Thin layer chromatography: The acidic eluate from 
the column was further concentrated to 10 ml under 
vacuum and then subjected to two dimensional micro­
crystalline cellulose thin layer chromatography as em­
ployed by Nybom12. Glass plates of 10 x 10" were coated 
with a suspension of microcrystalline cellulose to 0.35 
mm thickness. The two solvent systems used were n- 
butanoI-HCl-H20 (5:2:1) and water-HCl-formic acid 
(8:4:1).

The chromatograms were examined visually and the 
numbering of spots was done on the basis of increasing 
Rf  values in the firs: solvent system, n-butanol-HCl- 
H20  (5:2:1). The tentative identification was made by 
comparing with the reported photocopied chromato­
grams of anthocyanins by Nybom12.

Preparative thin layer chromatography: After appli­
cation of the samples, five batches of three microcrystal­
line cellulose TLC plates were processed simultaneously 
under identical conditions as before. The individual

2 5 0
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Table 1. chromatographic identification of aglycones, sugars and acyl moieties
Aglycone Sugar moieties Acyl moieties

Spots R f  in water-Acetic acid-HCl 
(10:30:3) (v/v)

Tentative
identification

R f  in BAW
(4:1:5) system

Identification R f  in BAW 
(4:1:5) system

Tentative
identification

1 0.30 Delphinidin — — — —
2 0.31 99 0.98 Glucose — —
3 0.315 )5 0.98 Glucose — —
4 0.31 99 0.99,2.00 Glucose, Rhamnose — — -
5 0.31 99 0.99 Glucose 0.82 Caffeic acid
6 0.315 99 0.99,2.00 Glucose, Rhamnose 0.91 Coumaric acid
7 0.30 99 0.98 Glucose 0.91

spots from all the plates were eluted with 50 ml of 1 per 
cent HC1 in methanol and concentrated to 10 ml under 
vacuum.

Hydrolysis of anthocyanin glycosides: The hydrolysis 
of anthocyanin glycosides was carried out by the method 
employed by Levy and Zucher13.

To 5 ml of solution of the conjugate, 5 ml of 10 N 
KOH was added and the hydrolysis was allowed to pro­
ceed for 45 min at room temperature. The hydrolyzate 
was acidified with 1 ml of 6 N HC1 and extracted five 
times with double the volume of ethyl acetate. The 
combined ethyl acetate extracts were evaporated to 
lesser volume under vacuum.

Paper chromatography of aglycone, glycoside and 
acyl moieties of anthocyanins: Both ethyl acetate and 
aqueous fractions were co-chromatographed with 
authentic sample ascendingly on Whatman No. 1 
paper using n-butanol-acetic acid-water (BAW) (4:1:5) 
for 18 hr in duplicate in order to check the acyl and sugar 
moieties of the anthocyanins respectively, whereas for 
aglycones the aqueous portion alone was used employing 
the same chromatographic technique using the Forestal 
solvent system—water-acetic acid-HCl (10:30:3) for 
8 hr1!
Results and Discussion

Isolation of anthocyanins: The crude acidic methanol 
extract containing anthocyanins along with other natu­

rally occurring phenolics was subjected to a preliminary 
isolation by passing through an alumina column brought 
to pH 5. Excepting the complex forming anthocyanins, 
other less polar compounds were washed off from the 
column by methanol. No anthocyanin-type pigment was 
observed in the methanolic eluate because the absorption 
maximum of the eluent was not in the 510-580 mju- 
region15. Birkofer et al.9 reported that AI2O3 brought to 
pH 5 with 2 N NaOH could be used to separate malvidin, 
peonidin and pelargonidin, which did not complex with 
metal ions, from the complexing pigments petunidin, 
delphinidin and cyanidin glycosides. The former could 
be eluted with methanol, the latter group with 1 per cent
h c i. , r ;

Estimation of total anthocyanins: The method deve­
loped for total anthocyanin determination by Fuleki 
et al.10 was used. In the present case “the single pH 
method (pH 1.0)” was preferred to “the pH differential 
method (pH 1-4.5)” assuming that there is no antho­
cyanin degradation products present in the acidic eluate 
from the column. A reported E*% value qf 559.3 
for Dn-3-glu at 543 rap 11 was used in determining the 
total anothcyanin content of brinjal peels. The value of 
total anthocyanin content was found to be equivalent to
9.12 mg of Dn-3-glu per 100 g peels. .

Thin layer chromatography: Fig. 1 represents the 
anthocyanin composition of brinjal skin. When acidic 
eluate from the alumina column was chromatographed

Table 2. anthocyanins in brinjal peels
Rf  values

Spot n -bu tano l-H C l- 
water (5:2:1)

W ater-H C l- : 
formic acid

Aglycone Sugar moiety Acyl moiety Pigment*

(8:4:1)
1 0.08 0.05 Dn — D n
2 0.09 0.15 Dn Glu — Dn 3, 5-diG lu
3 0.10 0.05 Dn Glu — D n 3-G lu
4 0.19 - 0.50 Dn Rham , Glu ■ ' — D n 3-R ut, 5-G lu
5 0.30 0.50 D n Glu Caf D n(?)-G lu(?M C af) •>
6 0.50 0.52 D n . Rham , G lu Coum D n 3-(C oum )-R ut, 5-G lu_
7 0.61 0.28 D n Glu Coum D n 3-(Coum )-G lu

*Dn = delphinidin, G lu -g lu cose , Rham -  rhamnose, R u t-ru tin o se  (glucose+ rhamnose) Caf = caffeic acid, Count = coumaric
acid.
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Fig. 1. TLC of anthocyanins of brinjal peels

on microcrystalline cellulose two-dimensional thin layer 
chromatography using n-butanol-HCl-water (5:2:1) and 
water-HCl-formic acid (8:4:1), seven distinct purple 
spots were visually detected. These spots were tentatively 
identified as delphinidin derivatives on the basis of find­
ings of Nybom12. The low Ry value of spot 1 -  0.08 and
0.05 in n-butanol-HCl-water and water-HCl-formic acid 
respectively, indicates that it should be a less polar 
compound which could be delphinidin itself. The 
other spots were expected to be the glycosides of delphi­
nidin due to their higher mobility in both the solvent 
systems.

The individual spots from as many as 15 plates were 
eluted with 1 per cent HC1 in methanol and the concentrate 
obtained from this was subjected to alkaline hydrolysis 
and subsequent ethyl acetate extraction to detect the 
aglycones and sugar portions from aqueous layer, and 
acyl portion from the ethyl acetate layer. Neutralization 
and subsequent acidification with HC1 after alkaline
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Labrnyere’s alkaline hydrolysis method for estimating the total pungent principles o f  pepper has been adapted for use directly on 
pepper powder. In a first stage contolled hydrolysis the interfering constituents are eliminated and the pungent principles estimated 
in the second stage hydrolysis. This method obviates the time consuming step o f oleoresin preparation required by all other methods, 
and is simple requiring no special equipment.

Pepper (Piper nigrum L.), a major spice, is valued for its 
pungent taste and aroma. The major pungent principle is 
piperine, the trans-trans isomer of 1-piperoylpiperidine1. 
The other geometrical isomers, chavicine (cis-cis)2, 
isopiperine (cis-trans)3 and isochavicine (trans-cis) 3,4 
and homologs, piperettine5 with three conjugated and 
piperanine6 with one ethylenic linkage in the side chain 
and pyrroperine,7 the pyrrolidine homolog, have been 
shown by different workers to occur as minor compon­
ents. The structural investigation of Staudinger and 
Schneider8 has shown that all these compounds could be 
expected to contribute to the pungency. The correlation 
of the structure of pungent compounds of pepper, 
capsicum and ginger has shown that an acid amide bond 
in the side chain considerably enhances the pungency. 
There are, however, conflicting reports2,9" 11 about the 
occurrence and relative pungency of these different 
compounds in pepper.

In assessing the value of pepper as a spice, a method 
is necessary which assesses total pungency. Earlier 
methods proposed for estimating the pungent principles 
have been critically reviewed by Labruyere12. The 
methods are either too general as nitrogen estimation13 
or relied on chromogenic reactions14" 17 which were also 
rather general that much interference by other constitu­
ents could occur. The ultraviolet absorption at specific 
wavelength is specific for piperine, its isomers and 
piperettine being based on the typical system of conju­
gated double bonds in the molecules18,19. To meet the 
needs of laboratories having no sophisticated equipment, 
Labruyere12 developed a new hydrolysis, distillation 
and titration method for the estimation. His method also 
introduced greater specificity to the estimation in attack­
ing the amidic bond which grouping is common to all 
the isomers and homologs of piperine, isolated so far. 
This method has been slightly modified and converted

5
to a colorimetric procedure20 by the specific reaction 
of the piperidine, released on hydrolysis, with carbon 
disulfide and copper sulfate. Recently Wijesekara et 
al.21 developed a TLC separation of pungent principles 
and quantification by measurement of spot area. This 
method did not give reproducible results in our 
hands.

All these methods, except that of Graham15, require 
the preparation of the oleoresin as a preliminary step 
before estimation. This step is time consuming and also 
introduced a source of variation. Graham’s phosphoric 
acid method, which could be applied directly to the 
pepper sample, suffers from the requirements that 
several experimental variables are critical15 for quantita­
tive determination.

The simplicity and specificity for estimating the total 
pungent principles by Labruyere’s12 hydrolysis method 
led us to study the application of the method for use 
directly on pepper without the time consuming step of 
oleoresin preparation. The results of the study and the 
developed method is given in this paper.
Materials and Methods

Specific cultivars and trade types of pepper were 
obtained from Pepper Experimental Stations and large 
export houses respectively and used as such and as 
oleoresins, extracted with ethylene dichloride by standard 
soxhlet procedures, for comparison.

Piperine isolated from Tellichery garbled pepper 
and recrystalized three times from ethyl acetate, m.p. 
128 °C, was used as standard.

Residue—that remaining after exhaustive solvent 
extraction of whole pepper.

Potassium hydroxide solutions at required concent­
rations were prepared in water, alcohol or propylene 
glycol.
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2.5N KOH in propylene glycol: 140 g KOH in 80 ml 
water and diluted to 1 litre with propylene glycol20.

Acetone, (B.D.H.).
Mixed indicator: 0.1 g methyl red and 0.5 g bromo- 

cresol green in 100 ml of ethyl alcohol13.
Standard acid: 0.01N HC1.
Soxhlet, refluxing, distillation equipment and flash- 

head were routine laboratory glassware with ground- 
glass joints.

U.V. spectrophotometric estimation of pungent princi­
ples was done on the oleoresins of samples at 345 nm 
according to Fagen et al.18 except that the solutions were 
made in benzene as recommended by Tausig et al.9.

Labruyere’s12 procedure was followed as a second 
standard procedure on the same oleoresin samples.

The development of the modified distillation method 
was effected by studying (i) the conditions for selective 
digestion and distillation for removing the non-pungent 
interfering constituents in the total pepper powder, and 
(h) final digestion and distillation of the pungent princi­
ples according to Labruyere’s12 method as modified by 
Shankaranarayana et al.20.

Recommended procedure: Reflux 1 g pepper, powder 
ed to pass a 30 mesh sieve, with 20 ml of 0.25 N aqueous 
KOH for 30 min. Add a few drops of silicone antifoam 
to the flask at the beginning of the experiment and swirl 
the contents of the flask occasionally to prevent frothing, 
cake formation of the solids and bumping. Add 10 ml 
of distilled water to the flask from the top of the conden­
ser. Convert the assembly for distillation and distill off 
15 ml using a measuring jar as a receiver and discard the 
distillate (pH of the distillate in the end is nearly 8) 
representing non-pungent constituents.

For the second stage hydrolysis of piperine and related 
compounds, add 65 ml of 2.5 N KOH in propylene glycol 
to the same flask and reflux for 2 hr on a sand bath or 
heating mantle. Cool and add 100 ml of distilled water 
and distil using a flash-head till the distillate is neutral to 
indicator paper. Lead the distillate (about 100 ml) below 
the surface of 25 ml acetone containing 2 drops of mixed

indicator in a flask. Titrate the distillate against standard 
0.01N HC1 to the original red colour. Calculate the 
content of the pungent principles as piperine using the 
equivalent, 1 ml of 0.1 N HC1 = 0.0285 g piperine.
Results and Discussion

Labruyere’s12 digestion and distillation procedure was 
used with three samples of pepper, both on the extracted 
oleoresin and directly on the powder. The results given 
in Table 1 clearly show that very high fictitious values 
were obtained when the estimation was done directly on 
pepper powder. The difference in values for the whole 
powders over that of the oleoresins was contributed by 
non-pungent constituents was established by showing 
that the residues of exhaustive oleoresin extraction of 
these samples (and where absence of pungency was 
confirmed by taste testing also) gave significant amounts 
of alkaline volatiles when subjected to Labruyere’s pro­
cedure (Table 1). While the nature of the interfering 
constituents in the residue has not been investigated, the 
conditions of selective digestion and elimination of the 
alkaline volatiles from the interfering non-pungent 
constituents in pepper powder was determined.

Labruyere12 by studying different conditions of alkali 
concentration, volume and refluxing time selected the 
optimum conditions for hydrolysis of piperine as 2 N 
KOH in diethylene glycol and two hours refluxing time.

Table 1. labruyere’s method on whole pepper, oleoresin
AND RESIDUE

Whole pepper Oleoresin 
Sample (Cultivar) powder* (pungent

principles)

Residue
(non-pungent
constituents)

B alankotta
M um di
Kuthiravally

10.70** 4.68** 5.47**
10.40 5.06 4.79
10.33 5.47 4.24

♦ Includes pungent principles and non-pungent constitute 
**A11 values are expressed as per cent piperine on sample, dry 

weight.

Table 2. effect of hydrolysis conditions on pepper, its residue and piperine 
Sam ple: Kuthiravally—as in Table 1

M edia Concn. of KOH
Whole pepper powder 

(Pungent Non-pungent 
principles +  constituents)

Residue
(Non-pungent
constituents)

Pure piperine

Alcohol 0.5N 5.95* 4.39* 8.1*
Propylene glycol 0.5N 6.54 4.48 12.2
Water 1.0N 7.24 4.46 __
Water 0.5N 6.00 4.34 10.8
Water 0.25N 4.36 4.24 3.7

♦ All values are expressed as per cent piperine on sample, dry weight.
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Table 3. non-pungent CONSTITUENTS IN PEPPER SAMPLES

Sample Whole pepper 
powder

Residue

K arim unda 5.54* 5.20*
B alankotta 5.75 5.47
Kuthiravally 4.36 4.24
Garbled 4.12 4.05
Ungarbled 3.01 3.28

Selective hydrolysis with 20 ml of 0.25N aqueous K Q H for 30 
min distilled off 15 ml after addition of 10 ml of distilled water 
and the distillate titrated against 0.01N HC1.

*A11 values are expressed as per cent piperine on sample, dry 
weight.

He found that in presence of glucose large excess of 
alkali is required. Lower .concentrations and volumes of 
alkali resulted in varying extent of hydrolysis of piperine 
and with 0.5N alcoholic KOH and 60 min refluxing, 
there is very little hydrolysis of piperine. Results of our 
studies on the hydrolysis of pepper powder, the exhaust­
ed residue and pure piperine under the milder conditions 
are given in Table 2. At 0.5N KOH and 60 min refluxing,
8.1 per cent of piperine was hydrolysed in alcohol 
medium and 12.2 per cent of piperine in prophlene 
glycol medium. With pepper, even under these mild 
conditions, there was considerable volatile alkaline 
compounds produced, 25-45 per cent more than the 
value for the residue, indicating greater hydrolysis of 
piperine along with non-pungent constituents. This high 
value is possible due to critical increase in the concent­
ration of alkali during the final stages of the first distil­
lation. We therefore studied the hydrolysis in the aque­
ous medium at different alkali concentration (Table 2). 
It may be seen from these results that with 0.5 N KOH 
and 60 min refluxing, piperine was hydrolysed to 10.8 
per cent and the whole pepper powder to a higher value 
than the residue similar to the other media. However at 
milder conditions, 0.25 N aqueous KOH at its boiling 
point for a period of 30 min piperine was hydrolysed 
only to 3.7 per cent while the hydrolysis of non-pungent 
constituents yielding volatile alkali was complete as seen 
from the value being nearly the same as that obtained for 
the oleoresin extracted residue. This has been tested on 
more pepper samples and their residues and the results 
are given in Table 3. It is clear from Tables 2 and 3 that 
all the non-pungent constituents could be completely 
removed without affecting piperine appreciably under 
the milder conditions selected.

These selected conditions were used for the first stage 
of initial hydrolysis and removal by distillation of the

Table 4. pungent PRINCIPLES IN PEPPER SAMPLES

Our Labruyere’s U.V. spectro­
Sample method method photometric

.m ethod.
Karimunda 4.45* 4.51* 4.25*
B alankotta 4.65 4.68 4.25
Kuthiravally 5.61 5.47 5.10
M u m d i 4.99 5.06 4.80
Panniyur 5.40 5.80 5.30
Garbled 5.88 5.61 5.30
Ungarbled 5.33 5.54 5.10
Light 3.49 3.62 3.50
Pinhead 1.51 1.51 1.60
Piperine (locally prepared) 96.10 97.20 99.92

*A11 values are expressed as per cent piperine on sample, dry
weight.

interfering non-pungent constituents in pepper samples 
and the true piperine and related pungent principles 
estimated in the second stage following the conditions 
(2N KOH and 2 hr refluxing) established by Labruyere12. 
The standardised procedure is given earlier.

The recommended procedure has been tested with 
pure piperine and on a number of cultivars and trade 
types of pepper. The results are presented in Table 4 
along with the estimations by Labuyere’s procedure and 
the U.V. spectrophotometric method. It may be seen 
that the values obtained agree well with those of Lab- 
ruyere’s method but is slightly higher than the U.V. 
spectrophotometric method. The ratios of the values of 
the pungent principles in a number of samples estimated 
by the two distillation procedures to the U.V. spectro­
photometric method varied between 0.92 to 1.11 and 
show that the estimation on whole pepper powder by the 
method standardised by us is comparable to the other 
two standard methods.

The reproducibility of the method is good. Repeated 
estimations with a few varieties and pure piperine gave a 
variation of less than 5 per cent to the mean value. The 
recovery of added piperine to pepper powder has also 
been checked with a few samples recovery being 95-98 
per cent.

Compared to the standard U.V. spectrophotometric 
method there is an error of about 5-10 per cent in the 
values obtained by both our and Laburyere’s methods. 
This, we believe, is negligible in routine quality control 
work, as the pungent sensation between two pepper 
samples differing in piperine content upto 10 per cent is 
not perceivable at use level in soups, etc. as tested by a 
panel.

The advantage of this method is that the time consum­
ing step for total oleoresin extraction (16-20 hr by the 
standard method of soxhlet extraction20), is eliminated
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and estimation can be carried out directly on pepper 
powder. The method is also suitable for routine esti­
mation in all the public analysts’ laboratories.
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RESEARCH NOTES
STUDIES ON SOME IMPORTANT COMMERCIAL 

VARIETIES OF MANGO OF NORTH INDIA 
IN RELATION TO CANNING, FREEZING 

AND CHEMICAL PRESERVATION 
OF PULP

This relates to the evaluation o f  som e commercial varieties 
o f mango viz., ‘Bombay-Green’, ‘Dashehari’, ‘Langra’ and 
‘Chousa’ o f  North India and ‘Baneshan’ o f South India for 
canning, freezing and chemical preservation o f pulp. The 
changes in total soluble solids, sugars, acids, ascorbic acid 
and carotenoid pigments were low in frozen pulp than those 
o f canned and preserved ones. Among the different methods 
o f preservation tried, canning was found to be better than 
freezing and chemical methods o f preservation o f  pulp in all 
the varieties even after nine months o f storage. The variety 
‘Dashehari’ scored highest rating followed by ‘Langra’, 
‘Baneshan’ ( ‘Safeda’), ‘Bombay Green’ and ‘Chousa’ 
irrespective o f  methods o f  preservation.

Mango pulp is an important raw material' for the 
preparation of different products like juice, squash, 
nectar, mango leather, mango cereal flakes, strained baby 
food, mango juice powder, mango toffee, etc. as reported 
by Bhatnagar and Subramanyam1. Mango nectar and 
juice are exported in large quantity. During the year
1972-732 India exported 9, 670, 453 kg of mango juice 
valued at Rs. 20, 364, 619. Mango pulp is prepared and 
preserved in order to manufacture a wide spectrum of 
mango products in off season. Various workers in the 
country have studied the varietal characteristics of 
mango for the preparation of different products. Roy 
et alA assessed some important North Indian varieties 
of mango for processing into nectar. Suryaprakash Rao 
et alA’5 studied some South Indian varieties of mangoes 
for the preparation of juice and nectar. Siddappa and 
Bhatia6 reported the chemical composition and retention 
of ascorbic acid of ‘Kalpadi’ and ‘Rumani’ varieties 
during storage at different temperatures. Satyavati 
et al.1 have also assessed some varieties of mangoes 
grown in Kerala. Nanjundaswamy et al.6 observed the 
storage behaviour of canned pulp. Jain and Subbhiah9 
tried to improve the nutritive value of mango pulp. 
Mathur et al.10 have done work on freezing of mango 
pulp. Karim and Rehman11 and Dhopheshwarkar and 
Magar12 studied the effect of heating on the quality of 
canned pulp while Bose and Lodh13 conducted studies 
on loss of SO2 in the pulp of ‘Langra’ and ‘Fazli’ varie­
ties. Very little work has been done on the suitability of 
mango varieties for canning, freezing and chemical 
preservation of pulp. An attempt has been made to find 
out the best variety for pulp making and observation has 
also been made on the changes during storage of canned, 
frozen and chemically preserved pulp.

Fully ripe, but firm and medium size fruits of com­
mercial varieties of mango of North India viz., ‘Bombay 
Green’, ‘Dashehari’, ‘Langra’, ‘Chousa’ and ‘Baneshan’ of 
South India were taken for the present investigation. The 
quantity of fruits used was about 50 kg of each variety. 
After getting the pulp the titratable acidity was raised to
0.5 per cent by adding citric acid. For canning, the pulp 
was heated up to 85°C and filled in plain 1 lb Jam cans 
(301 x 309), sealed, processed for 15 min at 100°C and 
cooled. In case of freezing, the pulp was further fortified 
with /-ascorbic acid @ 50 mg/lOOg and ameliorated 
with sugar (sucrose) in the ratio of 20:1 (pulp: sugar) 
as per method of Mathur et al.10. The pulp was filled in 
1 lb Jam cans, sealed and kept in deep freeze at-12.2°C 
(roughly for 6 hr) and the storage study was continued. 
For chemical preservation, the pulp was heated to 85°C, 
cooled and mixed with potassium metabisulphite (500 
ppm SO2). About 350g of pulp was then filled in glass 
bottles of 350 ml capacity and sealed immediately. The 
number of cans (canned and frozen) and bottles filled for 
the experiment was 25 in each case.

Total soluble solids (w/w) were recorded with a hand 
refractometer correcting the value to 20°C. Sugars were 
estimated by Lane and Eynon’s method14. Titratable 
acidity was determined by titrating the sample against

Table 1. cut out analysis o r canned pulp

Storage Vacuum Head
Variety period a t R.T. (in space

(months) inch) (cm)
Baneshan (Safeda) 0 18 0.8

3 16 0.8
6 11 1.0
9 10 1.0

Bombay Green 0 12 0.6
3 10 0.6
6 8 0.8
9 4 0.8

Dashehari 0 14 0.8
3 14 0.8
6 12 0.8
9 10 1.0

Langra 0 14 0.8
3 13 0.8
6 11 0.9
9 11 1.0

Chousa 0 13 0.8
3 11 0.8
6 10 0.9
9 ¡4 1.0

The internal condition of the can in all the varieties were same, 
They were: 0 m onth: Light feathering; 3 months: Light feathering 
with bluish faint staining; 6 months: M oderate feathering with 
faint staining and 9 months: M oderate feathering with moderate 
bluish faint staining.
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Table 3. changes in chemical composition of chemically preserved pulp (glass bottles) during storage

Storage T.S.S. Sugars % Acidity % Ascorbic Total Total SC>2
Variety period at (°Brix) Non-reducing Reducin g(as citric) acid reten­ carotenoids (PPM)

R.T. (months) (W/W) tion % retention %
Baneshan 0 18.3 8.00 5.80 0.38 — — 448

3 17.3 9.00 3.75 0.44 78.1 90.5 352
6 16.4 9.25 2.75 0.57 56.3 85.7 256
9 16.0 9.25 2.05 0.62 31.2 81.8 224

Bombay Green 0 18.0 5.10 8.46 0.47 — — 480
3 17.7 7.35 5.96 0.54 73.9 95.7 374
6 17.2 8.33 4.57 0.64 52.7 90.6 334
9 16.8 8.33 4.17 0.70 30.3 84.5 312

Dashehari 0 21.3 3.40 13.40 0.45 ■— — 448
3 20.5 4.36 11.74 0.50 79.6 95.0 360
6 20.1 5.90 9.85 0.54 64.8 88.4 316
9 19.0 5.92 8.85 0.57 43.6 88.4 264

Langra 0 19.7 2.87 12.33 0.40 — — 450
3 19.4 3.90 11.10 0.45 89.1 95.0 —
6 18.9 4.21 10.29 0.48 77.7 92.6 320
9 18.2 4.49 9.26 0.55 63.0 89.6 258

Chousa 0 20.0 6.00 9.58 0.38 ■ — — ■ 480
3 18.9 7.10 7.46 0.43 81.9 91.84 366
6 18.1 8.33 5.35 0.47 58.9 84.30 338
9 17.4 8.71 4.16 0.51 43.8 84.30 308

Standard NaOH solution; it was calculated and expressed 
as citric acid. Ascorbic acid was determined by the 
visual titration method as described by the Association 
of Vitamin Chemists15. The total carotenoid pigments 
were estimated by the method standardised by Roy16. 
Total sulphur dioxide was determined in chemically 
preserved pulp by the distillation method of Amerine 
and Cruess17. The mango nectar (20 per cent pulp, 20° 
Brix and 0.3 per cent acidity) was prepared from 
pulp before organoleptic evaluation. The organoleptic

evaluation of the mango nectar was done by a 
panel of seven judges; the average score is presented 
in Fig. 1. Cut out analysis was followed as per
F.P.O18 specifications. Each time, 5 containers (cans 
and bottles) were opened for cut out, chemical and 
organoleptic analysis. Before analysis frozen pulp, was 
thawed by keeping the containers in running water and 
the time taken for thawing was 15 to 20 min. The 
vacuum in the canned pulp showed a downward trend 
with the increase in time of storage and the internal

10
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Fig. 1. Organoleptic evaluation of canned, frozen and chemically preserved pulp. A, Safeda; B, Bombay Green; C, D ashehari; 
D , Langra; E, Chousa. 1, Canned pu lp ; 2, Frozen pulp ; 3, Chemically preserved pulp.



260 JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 12, SEPTEMBER-OCTOBER 1975
condition of can changed from light feathering to mode­
rate feathering with the development of bluish faint 
staining in all the cases (Table 1). Tables 2 and 3 show 
decline in total soluble solids in canned and preserved 
pulp. This may be due to the breakdown of sugars into 
acids as the acidity of these products was found to have 
increased throughout the storage. This is in conformity 
with the findings of Andrabi et a!.19. No significant 
change was noted in total soluble solids of frozen pulp, 
possibly due to storage at low temperature (-12.2°C). 
Initially the higher trend of total soluble solids in frozen 
pulp of all varieties was due to addition of extra sugar to 
it. The non-reducing sugar decreased throughout 
the storage period in case of canned and preserved pulp 
while reducing sugar increased. Increase in acidity was 
noted in preserved pulp as compared to the canned one. 
This could be due to formation of sulphurous acid by 
sulphur dioxide with water in pulp resulting in more 
inversion of non-reducing sugar than in canned ones as 
reported by Siddappa and Rao20. No significant change 
in total sugars was noted in frozen pulp. Ascorbic acid 
decreased in all the products during storage. Better 
retention was, however, noted in frozen pulp possibly 
due to addition of ascorbic acid. Canned pulp was 
found to have retained ascorbic acid better than preserv­
ed one, possibly due to the fact that tin acted as a protec­
tion to ascorbic acid as reported by Reister et al.21 
and Moore et al.22. Among the varieties, ‘Langra’ was 
found to have retained ascorbic acid better. Incidently, 
it also had high initial content of ascorbic acid. It 
appeared that higher the level of ascorbic acid, better 
was the retention. This is in conformity with the findings 
of Jain and Subbaiah9. The decline of carotenoid pig­
ments was mainly due to the presence of residual oxygen 
and in case of bottled pulp it was coupled with exposure 
to light as reported by Lang23. Retention of carotenoid 
pigments was better in frozen pulp due to low tempera­
ture (-12.2°C) during storage. Total sulphur dioxide 
decreased with increase in time of storage (Table 3). 
The loss may be due in part to diffusion and oxidation as 
reported by Ingram24. The initial organoleptic evalu­
ation of canned and bottled pulp was conducted after 
storing the product for 7 days at room temperature 
(32.2 to 37.8 °C) while for frozen pulp by storing at 
-12.2°C. Organoleptic evaluation (Fig. 1) showed that 
at the end of six months the frozen pulp of all the varie­
ties was slightly better than canned and preserved pulp. 
However, at the end of nine months there was decline in 
overall rating of frozen pulp as compared to canned and 
preserved pulp. This could possibly be due to develop­
ment of slight off flavour as a result of power failure 
for 24 hr in between six and nine months, caused mo­
mentary thawing of frozen pulp. The present investiga­
tion revealed that the variety ‘Dashehari’ had highest

overall rating followed by ‘Langra’, ‘Safeda’, ‘Bombay 
Green’ and ‘Chousa’ irrespective of the method of 
preservation.

The authors are grateful to Dr R. N. Singh, Head of 
the Division of Horticulture and Fruit Technology and 
Dr J. C. Anand, Fruit Preservation officer, for en­
couragement during the course of investigation.
Division of Horticulture and Fruit Technology, P. G. A d s u l e  
Indian Agricultural Research Institute, S u s a n t a  K. R o y
New Delhi-110012 
24 M arch  1975.
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A RAPID SCREENING METHOD FOR ORGANO- 
CHLORINE INSECTICIDE RESIDUES ON 

VEGETABLES
A quick TLC method for determining the presence of 
organochlorine insecticide residues, in vegetables above 
tolerance levels.

Presence of residues of organochlorine insecticides in 
food materials have been reported from several parts of 
India1. Vegetables, along with other items of farm 
produce like cereals, eggs and milk contain such re­
sidues in varying quantities. A simple, quick and efficient 
method for detecting and estimating the organochlorine 
insecticides in vegetables has been developed.

The vegetable was extracted by shaking 25 g of a 
representative sample of the cut/grated material with 75 
ml of a mixture of 1:3 acetone-hexane (v/v) for one hour 
in a stoppered flask on a mechanical shaker. The 
extract was filtered through a cotton plug into a bottle. 
Three ml of this was pipetted to a 10 ml beaker, concent­
rated to about 10-15 microliters and spotted on a 
silicagel plate with built in silver nitrate prepared accord­
ing to the method of Moats2, along with spots of 
standard insecticides. The spotted plate was developed 
in cyclohexane to a height of 10 cm, air dried and ex­
posed to ultra violet light (250 nm) for 10 min. Insecti­
cides appeared as brownish to black spots on a light 
white background. Steaming the plate and re-exposing 
to radiation increased the sensitivity of the plate.

Usually a clean-up is not necessary when 3 ml of the 
extract, equivalent to 1 g of the material is spotted for 
determination. Whether the residue present is exceeding 
the tolerance levels or not can be easily determined by 
spotting standards of insecticides in quantities equivalent 
to permissible level and comparing the area and inten­
sity of the spots. The recovery of pesticides is very good 
as there are only two intermediate steps, extraction and 
concentration. When the insecticides aldrin (1, 2, 3, 4, 
10, 10-Hexachloro-l, 4, 4a-5, 8, 8a-hexahydro-endo-l,
4-exo-5, 8-dimethanonaphthalene), dieldrin (1, 2, 3, 4, 
10, 10-hexachloro-6,7- epoxy-1, 4, 4a, 5, 6, 7, 8, 8a- 
octahydro-1, 4-endo, exo-5, 8-dimethanonaphthalene), 
endrin (1, 2, 3, 4, 10, 10-hexachloro-6, 7-epoxy-l, 4, 4a, 
5, 6, 7, 8, 8a-octahydro-exo-l, 4-exo-5, 8-dimethanona- 
aphthalene), lindane (-1, 2, 3, 4, 5, 6-hexachlorocy- 
clohexane) and DDT (1,1, 1-trichloro 2, 2-bis (p-chlo- 
rophenyl ethane) were added at 1 ppm and BHC (1,2, 3, 
4, 5, 6-hexachlorocyclohexane) at 2 ppm levels to the 
vegetables, 90 to 95 per cent of the added insecticides 
were recovered by the above method. The co-extractives 
present were not a hindrance as no spots were produced 
by them that could be confused with an insecticide spot.

Highly coloured substances and those containing 
lipids require a preliminary clean-up before the determi­

native step. Simple clean-up methods based on thin- 
layer chromatography worked out by this laboratory3,4, 
have been found very useful for this purpose.

The ease of operation and minimum equipment 
required makes this method an ideal for small laborato­
ries which have to monitor food stuffs for insecticide 
residues. In the case of vegetables, the chemist will be 
able to quantitate the residue (s) present, within 3 to 4 hr.
Acknowledgement

We are thankful to Dr S. N. Banerjee, Plant Pro­
tection Adviser to the Government of India and Dr
K. K. Nirula, Project Director, Central Plant Protection 
Training Institute, Hyderabad, for their keen interest 
and encouragement in the work.
Centrai Plant Protection Training V . L a k s h m in a r a y a n a
Institute, P. K r is h n a  M e n o n
Rajendra Nagar 
Hyderabad-500 030 
27 M a y  1975

References
1. Bindra, O .S. and Kalra, R .L., A  R eview  o f  W ork D one in

India  on P estic ide Residues, Punjab Agricultural University, 
Ludhiana and Indian Council o f Agricultural Research, 
New Delhi, 1973.

2. Moats, W.A., J. Am . off. agric. C hem ., 1966, 49, 705.
3. Lakshminarayana, V . and Krishna Menon, P., J. F d  Sci.

1969, 6,272.
4. Lakshminarayana, V . and K rishna Menon, P., Res. Ind.,

1974,19, 65.

CHEMICAL EXAMINATION OF THE FRUITS OF
ZANTHOXYLUM ALATUM ROXB

Zanthoxylum alatum Roxb. (syn. Z. aromaticum DC), 
popularly known as Timur or Baletimur in Nepal 
is an evergreen or sub-deciduous shrub, and sometimes 
a small tree upto 6 m high, found at the foot of Hima­
layas and in Nepal at altitudes of 1500-2400 m. Bark is 
pale brown, deeply furrowed and corky; leaves, 10-23 
cm long, imparipinnate and leaflets 5-11, lanceolate, 
more or less serrate and each serrature with a pellucid 
gland; flowers, polygamous, yellow in dense pubescent 
lateral panicles1; fruits, 4-5 mm in diameter, ovoid, 
fruit carpels 1-3, pale red; seeds 2 mm in diameter, oval 
and dark2.

The skin of the fruit is rough and possesses a strong 
aromatic smell. The carpels have a camphoraceous pun­
gent odour and saltish taste. The fruits turn brownish 
black on ripening; on drying of the fruits, the carpels 
split into two halves and expose the seeds. Nearly half 
of the fruit comprises of seeds.

The carpels contain an essential oil which is reported 
to possess antiseptic, disinfectant and deodorant pro­
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perties3. They are traditionally used in Nepal in pickles 
and meat preparations. The fruits and bark are used as 
tonic in fever and dyspepsia. Fruits, branches and thorns 
are used as remedy for toothache and are also considered 
to be carminative2.

The present study was undertaken to collect basic data 
for the extraction of the essential oil and oleoresin from 
different parts of the plant.

Timur fruits were collected by the Food Research 
Section of Nepal from the market at Kathmandu. The 
carpels and seeds were separated by hand in the labo­
ratory before analysis.

The separated carpels and seeds were analysed for 
proximate composition using standard methods4. The 
volatile oil was determined using 50 g by Clavenger 
distillation apparatus.

The extractives (oleoresin) were prepared using glass 
column with 30 g of crushed sample giving a contact of 
1 hr at room temperature. Extraction was repeated 
separately using different solvents like alcohol, acetone, 
hexane and ethylene dichloride (EDC). After recovering 
the solvent by distillation and drying the extractives 
were weighed. Different ratios between the material and 
solvent were tried and optimum ratio for efficient 
extraction determined.

The physico-chemical properties of the essential oil 
were determined using standard methods. Results are 
given in Tables 1 and 2.

The oleoresin yield varied from 3 to 11 per cent, 
depending on the solvent used. The essential oil content 
was about 6 per cent in the carpels, the seed being devoid 
of it.

Table 1. aproxímate composition of carpels and seeds

M oisture (% ) v/w
Carpels

5.00
Seeds
14.00

Essential oil (% ) v/w 6.00 nil
Total ash (% ) 5.95 7.24
Insoluble ash (%) 0.11 0.80
Crude fibre (%) 31.46 56.43
Crude protein (%) 11.00 9.36
Starch (%) 21.08 4.24

T able 2. yield of oleoresin from carpels 
Solvent used Oleoresin M aterial to solvent

( %) ratio
Alcohol 11.41 1 : 5
Acetone 10.85 1 : 4
EDC 11.33 1 : 4
Hexane 3.15 1 : 6

Physico-chemical properties of essential oil: The 
volatile oil was clear and had a faint yellow colour, with 
characteristic spicy odour and biting, pungent taste. The 
oil was soluble in 80 per cent alcohol in the ratio of 1 :1 . 
Its other properties were as follows: sp. gr. (24°C)-
0.8766; opt. rotn <24°C),+1.9; refr. index (29°C), 
1.475; acid value, 1.954 mg of KOH/g of the sample; 
ester value, 38.77 mg of KOH/g of the sample; and 
saponification value, 40.72 mg of KOH/g of the sample.

Further studies on the nature of oil and oleoresin are 
in progress.

The author wishes to express her sincere thanks to 
Mr C. P. Natarajan, Project Co-Ordinator, Dr Y. S. 
Lewis, Mr E. S. Namboodiri, Scientists and Miss B. 
Sankari of CFTRI Mysore, India for their valuable 
guidance and suggestions in this work. I offer my sincere 
thanks to Dr E. H. Khan, Director of H. M. G. Food 
Research Section, Kathmandu for sending the necessary 
samples.
H.M .G. Food Research Section (Miss) Subarna K eshari
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COMPARATIVE ASSESSMENT OF AROMATIC 
PRINCIPLES OF RIPE ALPHONSO AND 

LANGRA MANGO
A preliminary study on the aromatic principles of ripe 
Alphonso and Langra mangoes reported. Both these 
essences were isolated from the ripe mango pulp by high 
vacuum distillation and analysed by gas liquid chromato­
graphy followed by sniffing test of the separated components. 
Although there were similarities in aroma profile between 
these two varieties, some distinctive features among them 
were observable.

Among the several varieties of mangoes (Mangifera 
indica L), ‘Alphonso’ and ‘Langra’ are of commercial 
importance because of their characteristic pleasant and 
strong aroma in ripe stage. Although various physico­
chemical characteristics of these mango varieties have 
been reported1-3, very little information is available on 
their aromatic principles. Commercially available mango 
essence does not resemble the natural aroma of the fruit.
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Pattabhiraman et al4~5 have reported the presence of 
carbonyls and esters in ‘Alphonso’ mango. The con­
centrate of true aroma of this variety was isolated and 
aroma description of some major components being 
separated by gas liquid chromatography was initially 
reported.6 Angelini et aP have characterised the aro­
matic principles of ripe ‘Alphonso’ mango as carbonyls, 
esters, alcohols, terpenes and lactones. Recently, Hunter 
et aft have also identified the volatile components of 
canned ‘Alphonso’ mango. Besides this variety of the 
fruit, no studies have so far been reported on other 
mango varieties. The present paper reports comparative 
evaluation of organoleptically important aromatic 
principles of ripe ‘Alphonso’ and ‘Langra’ mangoes. The 
procedure detailed elsewhere6 for the preparation of 
aroma concentrate from the pulp of ripe ‘Alphonso’ and 
‘Langra’ mango was essentially based on the isolation 
of the volatile components by high vacuum distillation 
followed by extraction of odourous principles from the 
distillate with diethyl ether and finally distillation of 
ether at low temperature under high vacuum. The aroma 
concentrates of the respective mango varieties were 
analysed by gas liquid chromatography (GLC) using a 
Backman GC-5 gas chromatograph equipped with a 
thermal conductivity detector and a dual column of 
stainless steel (|- in O D x 6 ft). Each of GLC separated 
component of the respective mango essence was subject­
ed to descriptive odour test6 and the characteristic note 
of each component was recorded on the chromatogram.

GLC separation of the essence of ripe, ‘Langra’ mango 
along with the odour notes of the separated components 
is presented in Fig. 1. ‘Langra’ essence was resolved

MINUTES
Fig, 1. Gas chromatogram of ripe Langra mango essence 

showing odour comments. Columns: 10% carbowax 
20 M on 80/100 mesh chromsorb W (A W ); carrier gas 8. 
20 ml helium /m in; isothermal temperature, 130°C

into 21 components, while in case of ‘Alphonso’ mango 
essence, a chromatogram almost similar to the earlier 
reported one6 with prescribed odour notes of the sepa­
rated components was obtained, none of the individual 
components represented the characteristic aroma of the 
variety suggesting that this was an effect of combination 
of all these components as observed earlier6. It is appar­
ent that some notes are common to both varieties e.g. 
green mango, estery, burnt sugar and soily. ‘Langra’ 
essence also seems to have more soily note than 
‘Alphonso’. ‘Alphonso’ essence has its unique almond and 
coconut-like aroma notes, while ‘Langra’ has camphory, 
peach-like and above all woody notes. It is likely that 
many compounds having characteristic notes e.g. estery, 
soily, etc. are presumed to occur in both the varieties. 
However, the preponderance of coconut-like notes in 
‘Alphonso’ mango6 due to the presence of 7—C6 to Cio 
lactones and g-octalactone7,8 are probably striking 
feature in comparison with ‘Langra’ mango essence, 
where these notes are virtually absent.

The foregoing results, thus suggest that a combination 
of several individual odourous compounds in proper 
concentrations may contribute to characteristic aroma of 
mango varieties. The missing aroma notes, experienced 
in commercially available synthetic mango essence 
could be attributed to the absence of these components.
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RELATIONSHIP BETWEEN AMYLOSE CONTENT 
AND SETTING PROPERTY OF STARCH

Amylose component o f  the starch is responsible for the firm
setting o f  concentrated starch-sugar mixtures on cooling.

In the manufacture of food products, starch finds 
applications as a thickener, filler, gelling agent or for 
imparting smooth velvety texture and consistency. The 
food industry uses starches from corn, sorghum, rice 
barley, rye, wheat, potato, sago, tapioca and arrow-root 
either in the native or in the modified form depending 
upon the needs of a particular product. In the present 
work, an attempt was made to exploit new indigenous 
sources of starch and to explore the possibility of sub­
stitution of these starches in typical food preparations.

Starches were isolated from three different sources 
viz. a legume like redgram {Cajanus cajan) a cereal like 
ragi (Eleucine coracand) and a seed like rajgeera (Ama- 
ranthus paniculatus Linn.) by the alkali steeping 
method1. Amylose and amylopectin contents of the 
starches were determined by colorimetric method of 
McCready and Hassid2, as well as isolation by thymol 
precipitation3. Digestibility4 and the physico-chemical 
properties of these starches were also studied4. Finally, 
it was attempted to study the possibility of using these 
starches in the preparation of a typical product like 
Badami (Bombay) Halwa, usually prepared from corn 
starch or wheat flour and which is a characteristic 
smooth textured solid mass set firmly. Bombay Halwa 
was prepared using the following ingredients (in g): Sugar 
37, Starch 7, Ghee 15, citric acid, 0.5 g; water, 100 ml; 
colour-edicol egg yellow; avour-cardamom. A part 
of the sugar (25 g) was made into a syrup with a 
part of water and concentrated. Starch dispersed in 
remaining water was then added with stirring. To 
this was added fat and remaining sugar and the 
mixture was concentrated with continuous stirring. 
Heating was stopped when a ball of the mass cooled and 
pressed between fingers appeared to have been suffici­
ently thick and spongy and tended to set on cooling. 
The temperature at this stage was 110°C. The colour, 
flavour and citric acid were added immediately, mixed 
and the mass poured on a greased thali (plate), allowed 
to set at room temperature for 2 to 3 hr and then 
cut into square pieces. The products were evaluated for 
acceptability by comparing with a market sample prepar­
ed from corn starch using same recipe and procedure.

It was observed that the Halwa prepared from ragi and 
redgram starch was comparable in all respects with the 
standard preparation containing corn starch. Under the 
conditions mentioned above, both the starches could be 
set firmly within 2 to 3 hr to a solid, smooth firm 
elastic mass characteristic of Badami Halwa which can 
easily be cut with a knife to pieces of any desired shape.

Table 1. percentage of amylose and amylopectin in  starches

By fractionation By colorimetric method
Starch
source

Amylose Amylo­
pectin

Sum Amylose Amylo­
pectin

Sum

Ragi 13.8 63.3 77.1 16.0 84.0 100
Redgram 26.5 43.5 70.0 27.0 73.0 100
Corn 21.3 55.2 76.5 23.5 76.5 100
Rajgeera — 79.3 79.3 — — —

However, when rajgeera starch was studied for the 
same purpose, even in spite of changing the receipes it 
always failed to get to a solid mass of characteristic 
smooth texture even with as long as 96 hr of setting 
period. It always gave a product like a paste which 
could be eaten with a spoon as against setting to a solid 
elastic mass which could be cut easily with a knife to 
give pieces of any desired shape.

As shown in Table 1, the basic difference in the ragi, 
redgram, corn and rajgeera starch seems to lie only in 
the amylose and amylopectin make up of these starches. 
It is observed that rajgeera starch which failed to set to a 
solid mass was entirely made up of amylopectin and was 
a waxy starch as against ragi, redgram and corn starches 
which contained 16, 27 and 23.5 per cent amylose as 
determined by the colorimetric method. Also by frac­
tionation method, amylose contents of ragi, redgram and 
corn starches were found to be 13.8, 26.5 and 21.3 
per cent respectively while from rajgeera starch, no 
amylose could be precipitated out. Lower values of 
the amylose and amylopectin contents of the starches 
obtained by fractionation method could be due to some 
losses during purification by repeated precipitation. 
Since ultimately the physico-chemical properties of any 
starch depend upon the amylose and amylopectin make 
up, from these observations, it seems probable that the 
amylose constituent of the starch is responsible for the 
ability of starch to set and therefore any flour containing 
starch in which amylose is present may be set firmly in 
presence of sugar and other appropriate ingredients.
Bombay University, J. D. M o d i
Department of Chemical Technology, P. R. K u l k a r n i
Matunga, Bombay-400 019.
28 A ugust 1975.
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BOOK REVIEWS report as a whole is valuable as it provides not only new
data on the food habits and attitudes of the people but 

Better Foods for Better Nutrition: Report of the Work- highlights the need for an integrated systems approach 
shop conducted by the Protein Foods and Nutrition for providing better nutrition to the vulnerable groups. 
Development Association of India, Hyderabad Nov.
1973, p p . 134. N . SUBRAMANIAN

A Workshop on ‘Better Foods for Better Nutrition’ 
was organised by the PFNDAI at the Regional Research 
Laboratory, Hyderabad on November 24/25, 1973, the 
proceedings of which have been published in this report. 
As in the case of the earlier workshops held at New 
Delhi (1969) and Calcutta (1972) this Workshop provid­
ed the forum for discussion among the specialists and 
agencies dealing with the different facets of nutrition for 
the masses.

The report contains 10 chapters, the first two dealing 
with the backdrop and plan of the workshop and the 
inauguration. Chapter 3 summarises the results of the 
food habits and attitudes survey carried out in Andhra 
Pradesh, Kerala, Mysore (Karnataka) and Tamil Nadu 
during the period September 1971-January 1972 by the 
Operations Research Group, Baroda. Also included in 
this Chapter is a paper from the NIN, Hyderabad on 
the food habits and attitudes in some parts of Andhra 
Pradesh. Under the common title ‘The role of govern­
ment and industry in making better foods available’, 
Chapter 4 has four papers on strategies for agriculture 
and Chapter 5 contains three papers on low cost prepar­
ed foods. An address to the Workshop by Dr. C. 
Gopalan on ‘Some thoughts on nutritional strategies in 
India’ is reproduced in Chapter 6. Problems connected 
with the mass feeding programmes and nutrition edu­
cation are dealt with in Chapter 7 which has seven 
papers. Practices in the labelling and advertising of 
food products and the code of conduct for advertis­
ing of food products and the code of conduct for food 
advertising drawn by the PFNDAI Hyderabad Work­
shop are discussed in Chapter 8. Chapter 9 entitled 
‘Ideas Anyone’ gives the report of a brain-storming 
session led by Dr S. Varadarajan. The concluding 
chapter gives data on national nutritional needs and 
food production as worked out by the Nutrition Expert 
Group of the ICMR and submitted to the NCSTin 
October 1972. Background notes prepared by the 
PFNDAI on the different topics and the discussions in 
the respective areas have also been included.

The food habits survey carried out in South India 
which formed the basis for the Hyderabad Workshop, 
has reemphasised the fact that the lowest economic 
strata of the society which constitutes 50-60 per cent of 
the total population are on a bare subsistence level and 
the greatest sufferers nutritionally are the infants, school 
age children, pregnant women and nursing mothers. The

Compressed Food Bars: Compiled by M. T. Gillies,. 
. Noyes Data Corporation, New Jersey and London, 

1974, pp. ix+116; Price :$ 12.
Number 18, in the Food Technology Review Series, 

this publication covers the specialized food items of 
compacted dehydrated foods for military operational 
rations, explorers and the like. The information from 9 
reports (1969-1972) made for by the U. S. Army Natick 
Laboratories and 8 U.S. patents (1967-1974) have been 
collected, giving essential details, recipes and quality 
data.

The material is given in 7 sections dealing with 
optimum processing conditions for compression and 
storage of freeze dried foods, evaluation of their quality 
through resorption, texture and sensory evaluation and 
the several forms in which these compressed bars could 
be made.

This compilation will be useful to those starting work 
in this area as a ready reference. Much of the infor­
mation given appear to be only reproduction of prelimi­
nary reports. One expects that for a book on the subject 
a review of the industrial potential of the product type 
and some information on the transfer of the laboratory 
studies to industrial scale would have been given.

Some errors noted are: under Sensory Evaluation
(p. 13) details given refer to conditions of compressings 
in p. 43 Rahman (4) does not tally, with references given, 
onp. 49; and in Reference (15) mentioned p. 45 is not 
seen on p. 50.

V . S . G o v i n d a r a j a n

Food Additives to Extend Shelflife: Nicholas D, 
Pintauro; Noyes Data Corporation, Park Ridge, New 
Jersey, 1974; pp. 402; Price, $ 36.
The present book is the seventeenth in the series of 

“Food Technology Reviews” publish by Noyes Data 
Corporation who are well known to publish patent 
literature in various fields of food technology. The U.S. 
Patent literature relating to chemical additives is the 
largest in the world. The information available on these 
patents is scattered and cannot be readily had at one 
place. “Food Additives to Extend Shelf Life” provides

2 6 5
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practically the entire up-to-date patent technical litera­
ture in the field without the legal terminology, and can 
be used as a guide to U.S. patent literature. This infor­
mation is of immense use to workers in the field and will 
indicate the trends of research going on in the field.

Food additives are used in small quantities to improve 
the appearance, flavour, texture and shelf-life of food. 
These may be broadly classified as preservatives, anti­
oxidants, colour modifiers, stabilizers, flavouring agents, 
functional property modifiers, those which control 
moisture, pH, physiological functions, those used in 
processing viz., antifoaming agents, chelating agents, 
etc. The patent literature covering these various food 
additives are organized according to food category or 
food group. This approach is commendable and gives a 
better understanding of the subject rather than when the 
additives are discussed according to their functions in 
several food groups. Either way repetition is inevitable.

The number of patents in each food group and the 
years of coverage are: 20 in fats and oils (1963-70), 19 
in meat products (1960-73), 10 in fish products (1960-71), 
7 in egg and egg products (1960-71), 6 in dairy products 
(1960-71), 25 in cereal products (1961-73), 20 in fresh 
fruits and vegetables (1962-73), 9 in vitamins and 
natural colours (1961-72), 18 in salt, beverages and 
flavours (1961-73), 18 in the field of preservatives 
and antioxidants (1961-74). Total number of patents 
included are 152.

The book contains at the end three appendices. 
Appendix-I is a reproduction of the booklet “The use 
of Chemicals in Food Production, Processing, Storage, 
and Distribution” (1973) published by the National 
Academy of Sciences. It gives general information on 
food additives. Appendix-II provides “Selected 
Abstracts” from the Federal Food, Drug and Cosmetic 
Act and recent pronouncements on policy in the Federal 
Register by the Food and Drug Administration of the 
United States. The information given in the above two 
appendices is invaluable and enlighten the food manu­
facturers as to what constitute food additives, when to 
use them, their scope and limitations. Appendix-III 
contains “Selected Abstracts” from Federal Register viz., 
label declaration of chemical preservatives in foods and 
substances prohibited for use in foods. Besides, it also 
contains a list of general food categories and food 
ingredient functions. The general information provided 
in the appendices gives a bird’s eye view of the various 
chemicals used in the food industry for several purposes,

The additive, company, inventor, and U.S. patent 
number index given at the end of the book provides 
quick reference to any one seeking further information 
from the US patent office.

The small types used in the book make the reading 
rather difficult, otherwise the get-up of the book is good.

It serves as a useful reference book in food research 
laboratories and food manufacturing concerns.

S. R a n g a n n a

Current Trends in the Refrigerated Storage and Transport 
of Perishable Food Stuffs: by International Institute 
of Refrigeration Commission D l5 D2 &D3 Barcelonea 
Spain 1973. p. 245.
The book under review relates to the proceedings of 

the meeting of section D of International Institute of 
Refrigeration held at Barcelona during November 1973 
to study statutory problems relating to the refrigerated 
storage, land transport and sea transport of perishable 
foodstuffs. The publication contains 29 papers of whi ,h 
15 are in English and 14 in French, presented by well 
known specialists in the field from different countries at 
that meeting. All papers carry abstracts in the language 
other than the one used in the main text of the paper.

The papers presented are classified under four different 
sections, namely ( 1) general aspects of cold chain and 
its links (4 papers) (2) cold storage and cold storage 
equipments (8 papers) (3) refrigerated transport, cooling 
techniques and product quality maintenance (11 papers) 
and (4) refrigerated sea transport (6 papers).

In section I on general aspects, all the four articles are 
in French and from their English abstracts it is evident 
that these articles advocate the adoption of cold chain 
in developing countries taking perhaps the development 
of Spanish refrigeration net work as an illustration. The 
trends in the evolution of cold chain system and the 
factors that are responsible for this evolution, like 
increase in the world population, urbanization, change in 
food, habits, etc., the influence of cold chain on the eco­
nomy of modern food trade such as development in the 
production and consumption of frozen foods, changes 
in the economy of fisheries, and the necessity of creating 
a well coordinated world-wide cold chain have been 
discussed. The effective role that organization like 
International Institute of Refrigeration and Inter­
national aids, can play in the development of cold chain 
in developing countries has been focused. Current 
systems existing in refrigerated and sea transport of 
perishable food stuffs and trends in the future develop­
ment have been pointed out.

Section II on cold storage and cold store equipment 
contains four articles each in English and French. Three 
of them deal with the technical aspects of the refrigera­
tion equipments like problem of maintaining effective 
low temperature in the open topped retail display cabi­
nets specially meant for display of thermo-labile frozen 
foods, and suggestion to over come these defects, the use
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of reflective night blinds, corner cube reflective ceilings 
to the cabinets and the adoption of low emissive packag­
ing materials have been advocated. The development of 
a new rotor quick freezing unit which satisfy the 
important requirements of freezing industry namely 
rapid freezing process providing a high quality product 
and a high level of process mechanisation and auto­
mation have been described. Experimental data on 
freezing of different varieties of fish are presented. The 
potential application of these units in various branches of 
the food industry is envisaged. The construction and 
operation details of the use of pallet-lift in cold stores 
having intermediary floor and the advantages of using 
these lifts have been enumerated. Four articles deal with 
the effect of the refrigeration environments and techni­
ques (like temperature, velocity of air, etc.,) on chilling 
of pork; the technical improvements in the application 
of cold air for drying and storing grains; the influence of 
factors like the physico-geometrical characteristics of 
products, aerodynamic conditions in the fluidizing 
chamber and the thermal conditions of freezing on the 
dehydrations of foodstuff during fluidized freezing 
storage and transport; effect of temperature variations 
and the presence of air between the product and the 
package during storage and transport upon the weight 
loss of packaged frozen fish; have all been discussed. 
In one article utilization criteria for a cold store is 
described.

Section III comprises of eleven articles of which six 
are in English and rest are in French and they can be 
broadly classified into two groups, one relating to cooling 
techniques in refrigerated transport and other on the 
quality maintenance of the product in refrigerated 
transport. In the former the experimental data connected 
with thermal aspects of cargo transferring processes, 
the problems of air distribution inside loaded refrigerated 
containers and wagons, temperature rise in frozen pro­
ducts during transport, and development of a new 
designed F.G.R. insulated road trailer have been dis­
cussed. The articles in the latter are concerned with the 
influence of the different refrigerated transport systems 
(including nitrogen atmosphere and nitrogen cooled 
container) on the quality of varied food products like 
live fish, mussels, apricots, etc.

In Section IV, but for two articles the other four deal 
with refrigerated sea transport of perishable foods like 
oranges, fish, etc. Of the other two, one is on the use of 
screw compressor on board ships and the other on 
system analysis of scientific, technical information flows 
required for refrigerated ship design.

The paper on the technical aspects of establishing a 
cold chain on the whole have much value to the resear­
chers who are engaged in setting up of a viable cold chain 
appropriate to the situation, be it in transportation or in

cold storage. Most of these papers discuss the design 
details and the theoretical approach to the problems.

The papers on the application of cold chain to specific 
food products cover a wide range of perishables from 
frozen sea-foods to fruits. From the papers presented, 
the lines of research work in other countries are very 
much in evidence. Though the findings in research 
paper may not have immediate significance in Indian 
context the approach to the problem is of definite signi­
ficance to the Indian research workers.

The reporting of question answer session of the Sym­
posium adds to the value of the book, although one feels 
that the English/French translations of the questions and 
answers could have been provided.

On the whole, the volume should be welcomed by all, 
the refrigeration engineers, research workers in the field 
of food technology and authorities dealing in the trans­
portation and storage of perishables.

B. A n a n d a s w a m y

Bakery Products: Edited by D. J. De Renzo, Noyes
Data Corporation, Grand Avenue, Park Ridge N
707656, pp. 456; Price 36.
This Book is number 20 in the series of the food 

technology reviews produced by Noyes Data Corpo­
ration presenting an over-all view of most of the US 
Patents granted since 1960 that are concerned with 
improvements and modifications in the production of 
Yeast Leavened Bakery goods. The subject matter of 
this book will be of great interest and useful to the 
Bakery Technologists in India to whom such information 
is hardly available elsewhere.

The volume is divided into 10 major sections, each 
section comprehensively discussing the patent literature 
in a given area of processes.

The first major section deals with the continuous 
bread making process. Patents related to dough prepa­
ration deal with means of regulating mixing operations 
required for optimal dough development through the use 
of certain compounds like soybean protein additives, 
ascorbic acid, un-saturated alcohol or coated salt, the 
replacement of monoglycerides by wetting agents and 
elimination of fermentation. The section also covers 
methods for incorporation of non-fat milk solids, 
shortening compositions, flavour improvement and 
coated bread improvers.

The second major section deals with fermentation 
methods and features patents dealing with means of 
reducing fermentation time, yeast brews, sour dough 
preparation and other fermentation procedures.
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The third major section covers the subject on emulsi­

fiers comprehensively presenting the use of monoglyce­
rides and polyoxylkylene derivatives with a final sub­
section devoted to other lesser known emulsifiers.

The fourth section deals with dough improvers like 
oxidising agents, composition based on whey or soy 
proteins, coated bread improvers and other dough 
improver’s compositions not covered above.

Protection of baked products against staling and 
microbiological deterioration has been discussed in the 
fifth major section. Additives to preserve baked pro­
ducts against rope and mold and to prolong shelf-life 
are also discussed comprehensively.

The sixth major section deals with the enhancement of 
bread flavour by means of various additives and touches 
on flavouring compositions to impart cheese, garlic and 
sour-dough flavours to baked products.

The pre-treated flours, which include agglomerated 
flours and specialised flours, viz. high protein, granular, 
controlled bulk density flour and all purpose flour are 
discussed in the seventh major section.

The next major section deals with the glazes, coatings, 
fillings and dusting compositions.

Modified breads, which include non-fat dry milk 
substitute, high protein breads, low calorie breads, 
dietetic breads, and other modified breads are dealt in 
the ninth major section.

The final major section deals with the speciality bread 
products including sweet doughs, crackers, pizza dough, 
frozen bread products, home preparation and pretzels.

This book serves the double purpose, in that it supplies 
detailed technical information and can be used as a 
guide to US patent literature in this field. The patents 
have been put into readily understandable language and 
the procedural directions for use of ingredients covered 
in the patents are given in a great detail.

As the author points out in the Foreword, the US 
Patent literature contains the largest and most compre­
hensive collection of technical information which is 
often overlooked or ignored because of the difficulty 
encountered in understanding the language in the patents 
which has legal jargon and juristic phraseology. This 
book overcomes these problems and provides the Bakery 
Technologist with an invaluable tool in keeping up with 
the most recent advances in the commercial baking 
processes and affords a sound background for further 
researches in this field.

V. B. M i t b a n d e r

Biology: Food and People: by Robert Barras, The English
University Press Ltd., St. Paul’s blouse, Warwick
Lane, London, 1974, p. vi ±246, Price: $ 2.25.

The book under review presents an integrated ap­
proach to the study of economic aspects of biology and 
advances made in biological sciences which have con­
tributed to human welfare.

The entire subject area including the introduction is 
discussed in five chapters covering 18 sections.

Keeping in view the programmes initiated all over the 
world to constantly increase food production to meet the 
demands of rising population, the problems relating to 
production of plant and animal foods are reviewed in 
chapters II and III. The topics covered include: soils, 
soil nutrition, fertilisers; cropping patterns and crop 
rotation; land reclamation; cereal production and plant 
breeding; chemical regulation of plant growth; single 
cell protein; utilization of waste materials; animal 
breeding; hunting and destruction of forest fauna; and 
sea fisheries. A strong plea is made for conservation of 
forest fauna and flora in the face of increasing tempo of 
indiscriminate destruction of forests and rapid urbanisa­
tion programmes practised at present.

Post-harvest food losses are considerable, particularly 
in developing countries of the world. A detailed diag­
nosis of the nature of storage losses is presented and 
remedial measures suggested in Chapter IV.

Chapter V entitled production of people-outlines the 
basic requirements of human population for clean water 
and unpolluted air. Problems relating to sewage and 
effluent treatments; methods of supplying potable water 
and the increasing pollution problem are discussed in the 
earlier part of this chapter. The concluding part of 
chapter V discusses the methods of family planning 
practised and stresses the need for making the pro­
gramme more realistic and pragmatic to achieve the 
desired goals.

An interesting post-script highlights the role of biology 
in human welfare and recommends its study not only by 
students, but by all enlightened citizens all over the 
world.

At the end of each section, literature for further read­
ing is suggested. An exhaustive and useful bibliography 
and a subject index enhance the value of the book.

The book has a number of good illustrations. Written 
in a popular and attractive style, it covers a wide field and 
at best serves as an excellent introductory text book to 
students of general biology and as a reference book to 
scientists, administrators, sociologists, demographers 
and others interested in programmes that contribute to 
human welfare. It will be a useful addition to libraries in 
schools, colleges, research laboratories and Institutions 
engaged in higher learning and mass education pro­
grammes.

B. S. N a r a h a r i  R a o



BOOK REVIEWS 269
Evaluation of Certain Food Additives: 18th Report of

the Joint FAO/WHO Expert Committee on Food
Additives. Technical Report Series 557, published by
World Health Organization, Geneva, 1974. pp. 38;
Price SW. $ 5.
This is a compilation of the Report of the Expert 

Committee on Food Additives which met in Rome from 
4th to 13th June 1974. The terms of reference of this 
meeting being—

1. to review the report of the 3rd Joint FAO/WHO 
Conference on Food Additives and Contamin­
ants;

2 . to prepare specifications and. carry out the toxi­
cological evaluation of certain food additives ;

3. to revise the specifications for certain food 
additives ; and

4. to re-evaluate certain food additives.
The booklet includes a Chapter on ‘General Conside­

rations’ which gives valuable information on acceptable 
daily intake of ascorbic acid, benzoic acid and nitrates. 
For those working in the food industries this Bulletin 
provides valuable guidelines on the levels of food 
additives that could be used in food materials without 
contravening the recommendations of the W.H.O. The

specifications as well as the current status in respect of 
food colours, such as, anato extracts, turmeric, carotenes, 
iron oxides, lycopene, orange colours, etc., are extremely 
useful in the selection of suitable food colours.

Similarly the information provided on the thickening 
agents and food enzymes commonly used in the food 
industries is also extremely useful. With the increasing 
use of synthetic sweeteners the guidelines provided in the 
Bulletin on the use of saccharin and cyclamates are 
extremely useful.

As Annexure to the Bulletin, acceptable daily intakes 
and information on specifications with regard to various 
food additives has been compiled in a tabular form. 
These serve a very useful purpose for the Food Techno­
logists.

Annexure-III includes several items on which further 
toxicological studies for obtaining information required 
or desirable have to be carried out. This is useful 
for those engaged in certifying different food additives 
and also for those who would like to establish the suit­
ability or otherwise of different food additives.

With all this information, this Bulletin is a very useful 
guide to Food Processors, Food Technologists as well as 
Food Analysts.

V . Sr e e n iv a sa  M u r t h y



Indian Standards Institution Publications
Following Standards have been published by the 

Indian Standards Institution, New Delhi.
Protein Efficiency Ratio (PER) Rs. 5.00 IS: 7481-1974 
High Protein Mixes for Food Rs. 6.00 IS: 3137-1974 
Protein Based Beverages Rs. 5.00 IS: 7482-1974 
Desiccated Coconut Rs. 6.00 IS: 996-1975
Terminology for Spices and Condiments

Rs. 2.50 IS: 1877-1973
Glossary of Terms for Coffee and its Products

Rs. 4.00 IS: 7236-1974
Ethyl Ester of Beta-Apo-8’-Carotenoic Acid, Food Grade

Rs. 3.00 IS: 7260-1974
Wheat Flour for Use in Bread Industry

Rs. 5.00 IS: 7464-1974
Method for Estimation of Pyridoxine (Vitamin B6) in 

Foodstuffs Rs. 5.00 IS: 7530-1975
Method for Estimation of Vitamin Bj in Food Stuffs

Rs. 5.00 IS: 7529-1975 
Erythrosine, Food Grade Rs. 5.00 IS: 1697-1974 
Tartrazine, Food Grade Rs. 5.00 IS: 1694-1974
Determination of Protein in Foods and Feeds

Rs. 5.00 IS: 7219-1973 
Ponceau 4R, Food Grade Rs. 5.00 IS: 2558—1974
Tests for Meat and Meat Products:
Determination of Nitrate Content-Part VII

Rs. 5.00 IS: 5960-1974
Determination of Nitrate Content-Part VIII

Rs. 6.00 IS: 5960-1974

NOTES AND NEWS Coaltar Food Colour Preparations and Mixtures
Rs. 5.00 IS: 5346-1975 

Nomenclature of Vegetables Rs. 10.00 IS: 7470-1974
Copies of the standard are available from the offices of 

the Indian Standards Institution located at New Delhi, 
Ahmedabad, Bangalore, Bombay, Calcutta, Chandigarh, 
Hyderabad, Kanpur, Madras and Patna.

International Institute of Refrigeration—forthcoming
meeting on food science, refrigeration and air condi-
tionning

JOINT MEETING OF COMMISSIONS C2, D l, D2, 
D3 & El

Melbourne, Australia, 6th—10//; September, 1976
The Australian National Committee for the I.I.R. is 

organizing a joint meeting of Commissions in Mel­
bourne in September 1976.

The aim of the meeting is to bring Australian research 
and development in the relevant fields to the notice of an 
international audience and to acquaint Australian science 
and industry with current work being carried out in 
other countries.

A call for Papers for the meeting will be issued shortly 
setting out the selected theme and a list of preferred 
topics. Papers will however also be invited in the general 
areas of interest of the five Commissions. Limited funds 
will be available to assist selected authors with travel 
costs.

The organizer of the meeting is Mr. F. G. Hogg, I.I.R. 
Liaison Officer in Australia, from whom further details 
can be obtained. His address is P.O. Box 26, Highett, 
Victoria, 3190, Australia.
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ASSOCIATION NEWS
Annual General Body Meeting of the Eastern Regional 
Branch, held on 25th July 1975 at Calcutta.

The business session covered
(0 The confirmation of the minutes of the 14th 

Annual General Body Meeting.
(«) The Annual Report presented by the Honorary 

General Secretary for the year 1974-75 and its 
approval.

(in) Audited accounts for the period January 1973 to 
December 1973 and also January 1974 to 
December 1974 and its approval.

Following are the Office bearers elected for the year:
1. Mr. K. C. Dé President
2. Prof. Sunit Mukherjee Vice-President
3. Mr. S. K. Das Gupta Honorary General Secretary
4. Mr. A. K. Banik Honorary Joint Secretary
5. Mr. D. Roy Choudhury Honorary Treasurer
6. Dr. D, N. Bose Members
7. Mr. B. S. Narayana -do-
8. Dr. B. R. Roy -do-
9. Mr. R. N. Ghosh -do-

10. Dr. R. N. Dutta -do­
ll. Dr. G. C. Bhattacharjee -do-
12. Mr. A. K. Sen -do -
13. Mr. R. K. Rao -do-
14. Mr. P. Chattopadhyay -do-
15. Mr. Subrata Basu -do-
Talk on Protein Food Industry in India by Dr K. T. 

Achaya
Dr. K. T. Achaya, Executive Director, Protein Foods 

Association of India spoke on “Protein Food Industry 
in India” and was followed by a discussion. Sri Santanu 
Chowdhury, Managing Director, The United Cereal 
Products, Calcutta was the chief guest.

The speaker made an attempt to give an exhaustive 
list of all protein-rich foods, and discussed their nature 
and characteristics. An estimate of the dimensions of 
the industry indicates that over one lakh tonne of such 
products appeared to be made in the country. A large 
proportion consists of foods for children of various 
ages, and by far the largest protein component in 
these foods is skimmed milk powder. Recent Indian 
Standard Specifications for such foods have attempted 
to provide for the use of high-quality vegetable proteins 
in certain products. In these standards the concepts

Chief guest (Managing Director, The United Cereal Products) 
addresses the gathering at the Annual General Meeting of AFST, 
Eastern Regional Branch held on 25th July 1975 at Calcutta. 
From  left: Dr. K. T. Achaya, Guest Speaker, (Executive 

Director, Protein Foods & Nutrition Development 
Association o f India).
Sri Santanu Chowdury, Chief Guest.
Sri K. C. Dé, President of AFST, Eastern Regional 
Branch, Calcutta.

of protein quantity and quality have been incorpo­
rated. Future product possibilities depend mostly on 
the availability of oilseed proteins at reasonable prices. 
Availability of equipment is not a constraint on oil­
seed protein manufacture. There is much interest in 
the use of extruded technology, which is basically a 
simple, one-shot procedure for preparing ready-to-eat 
cooked foods. Innovations relating to low-cost distri­
bution and promotion will be essentialif processed 
foods are to be more widely used.

“Role of Modere Bread in India”—talk delivered by 
Mr. K. S. Chaturvedi, Chief Manager, Modern 
Bakeries (I) Ltd., Calcutta on 23rd August 1975 at 
the Eastern Regional Branch
The specific role assigned to Modern Bakeries is to 

manufacture good quality bakery products in most 
hygienic conditions and to supply them to the general 
public and institutions, in the form of nutritious bread. 
Besides bread the bakery products supplied include Nan, 
Chappatti and Buns. It is the intention to supply them 
at very reasonable prices with a view to improving the 
dietary standard of people and to popularize wheat in 
rice eating areas. We are proud to say that at present all 
the units set up at different predominently rice-eating 
areas are working to full capacity.

Today there are 12 plants operating in 9 different 
centres in the country. Two more plants are ready for 
operation at Chandigarh and Ranchi.

Modern Bread is fortified with Vitamin A, Vitamin Bt, 
Vitamin B2, iron and lysine. For the first time in the
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world, such an extensively enriched bread is being 
manufactured on a large scale.

Modern Bakeries have been assisting the Central as 
well as many state Governments in the implementation 
of their programmes of feeding children, nursing mothers 
and other vulnerable sections of the community by 
supplying special nutritious bread for various Social 
Welfare Programmes like Slum and School Feeding. 
Smaller size loaves are supplied in Jhuggi-Jhumpri areas 
to make it available to the poorer class of people. Parti­
cularly in Calcutta, 200-g loaves are manufactured. 
Plans are there to prepare smaller packets containing 
100g loaves each. The breads are supplied from Calcutta 
to Asansol and Bokaro on one side, Haldia on the other 
side and we are putting our efforts to supply to Siliguri in 
North Bengal. To make the bread available in fresh 
condition, regular fleet plys on road long distance 
covering about 450 km per trip. Besides this we are 
supplying regularly to army personnel and hospitals.

For the future expansion to meet the growing demand 
of the product it is necessary to promote the development 
of manufacture of bakery machineries and plants, 
manufacture of high quality yeast and production of 
standard quality of flour from indigeneous wheat. The 
feasibility of producing some of these products is being 
undertaken by the company, besides the possibilities of 
setting up wrapper plant.

In order to diversify the products recently, Modern 
Bakeries have introduced high protein ‘Peanut Butter’, 
for the first time in the market. This is gaining popularity 
in the country. Further this year ‘Nan’ is also 
introduced in the market. Packed ‘Nan’ will relieve 
thousands of working house wives from the hazards of 
making Roti or Nan at home.

Our Research and Development Division is experiment­
ing with different food items which can conveniently be 
packed and marketed to the benefit of mass consumer in 
India.
Nutrition Policy and Planning: Need for a Systems 

Approach—Talk given by Sri S. Rajagopalan, Officer 
on Special Duty, Tamil Nadu Nutrition Project, 
Madras at the Southern Regional Branch, Madras 
on 11th July 1975.
Article 47 under the Directive Principles of the Con­

stitution of India lays down that the ‘State shall regard 
the raising the level of nutrition, the standard of living 
of its people and the improvement of public health 
among its primary duties’. All the three aspects namely 
nutrition, standard of living, public health are inter­
connected and requires simultaneous attention. Failure 
in any one area will have equally serious consequences in 
other areas. Policies and programmes to fulfil this

objective have to be planned andim plemented in an 
integrated way. The aim of this paper is to know what 
are the logistics of such an integrated approach ? How 
far the present programme helps in releasing this objec­
tive enshrined in the constitution? How are they plan­
ned? What are the shortcomings if any in planning and 
implementation of these programmes? It may be pos­
sible to produce theorietically an excellent model for inte­
grated planning. Most often the process of planning 
ends up to the interests of existing administrative and 
technical entities.

After giving the definition of nutrition the speaker 
dealt at length the relationship existing between nutrition 
and infection, the necessity of providing nutritious food 
to children and the economic benifit of good nutrition.

The nutritional problem must be assessed from the 
nutritional profile of a region, the food balance sheet of 
a region, the food consumption and clinical surveys, 
nutrition related morbidity studies and the anthropo­
metric measurements.

These revealed that the major nutrition problems in 
India are (1) protein calorie malnutrition; (2) vitamin 
A deficiency; and (3) nutritional anemia. The intensity of 
these varies with age, sex and reproductive status of the 
population exposed to the different levels of infection, 
infestation and environmental sanitation. In the critical 
phase of mental and physical growth among children 
these disorders have great importance. Incidence of 
severe forms of protein calorie malnutrition namely 
kwashiorkor and marasmus has been estimated to be 
about 1-2 per cent of children in the age group
1-5 yr. Mild and moderate forms of malnutrition 
manifests itself as a retarted growth and or clinical signs 
such as moon face, edema, discoloured hair, sparce hair, 
etc., Anthropometric measurements indicate that 17 
per cent of the children were suffering from 3rd degree 
malnutrition (weight for age is deficit by 30 per cent and 
more) 65 per cent of children were suffering from grade 
1 and 2 of malnutrition (weight of age deficit 10-25 per 
cent and 25-40 per cent respectively). The task force 
on nutrition set up by the planning commission estimates 
that nearly one million children die in our country as 
a result of severe malnutrition.

Besides protein calorie malnutrition, Vitamin A is 
another major nutritional problem and in India alone 
there may be one million cases of blindness arising from 
Vitamin A deficiency.

Nutritional anemia is a major problem among pre­
gnant mothers. Many women of poor communities live 
on a very megre diet.

The socio-economic factors which influence nutrition 
status of the community may be classified as.
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(0 Ecology; (ii) economy; (iii) public health & 
environmental sanitation ; (iv) culture ; and (v) taboos— 
religious or otherwise.

The ecology limits the production and availability.
The economy limits the purchasing power of the indi­

vidual. Infection and environmental sanitation influence 
the prevalence of malnutrition by limiting biological 
utilisation. The culture of the region has its own over­
bearing influence on the nutritional intake or otherwise. 
TVithin this culture there are other religious taboos and 
customs which also influence in nutritional intake.

Summing of child’s nutritional status is determined by 
food intake and health. Six determinants which influence 
food intake and health which lend themselves to inter­
ventions unlike, religion, caste and genetic traits are: 
(0 nutritional content of foods consumed; (ii) pres­
ence or absence of non-family feeding programmes; 
(Hi) family’s purchasing power ; (iv) nutrition and health 
beliefs of mother ; (v) health care and (vi) environmental 
and social factors.
Programme Planning

Programme for combating malnutrition consisted of 
school lunch programmes under the Education Ministry, 
preschool feeding programmes and urban crash pro­
gramme under Social Welfare Ministry, applied nutrition 
under Rural Development Ministry, nutrition rehabi­
litation programmes under Health Ministry. A sum of 
Rs. 405 crores have been provided in the Fifth Plan both 
by the States and Centre who have committed to the 
nutrition improvement. These isolated endeavours of 
the different ministries have not had the desired impact 
on the vulnerable section of the population as evidenced 
by many isolated evaluation studies. No organised 
evaluation of these programmes were attempted and most 
of these programmes have no well defined objectives 
and goals in terms of nutritional improvement.
Augmenting Nutrient Availability

Some of the strategies for augmenting nutrient avail­
ability both in terms of quantity and qualityare : (i) use 
of high yielding varieties ; (ii) use of improved methods 
of processing; (iii) genetic improvement; (iv) processing;
(v) fortification ; (vi) quality control and (vii) improved 
storage facility.

Thanks to green revolution, the grain production 
increased from 82 million tonnes in 1961 to 110 million 
tonnes in 1971. But the green revolution has been largely 
a wheat revolution. There is some progress in rice, but 
very little with other crops. The green revolution has 
also tilted the cereal-pulse ratio which is not very condu­
cive from the nutrition point of view. Progress has been

tardy regarding production of other food crops and very 
poor in the case of fruits and vegetables.

Genetic improvement of nutrient quality of basic 
stables is another strategy augmenting nutrients at no 
extra cost. Research and development efforts to improve 
genetically amino acid balance and nutrient quality of 
crops like maize, barley, jowar, wheat and rice have been 
successful.

Fortification of food is another technology available 
to augment and raise the quality of nutrients. Fortifi­
cation of atta with lysine, thiamine and riboflavin, iron 
fortification of salt, fortification of milk with Vit A, 
idoine for fortification of salt, fortification of sago with 
proteins and vitamins, fortification of tea with Vit A 
etc., are some of the technology available for augmenting 
the nutrient quality or add a new nutrient for enrichment.

Nutrient availability can also be increased by reducing 
nutrient loss in processing using modern technology. 
Toxins in food like ergot in Bajra, lathyrus in kesari 
dhal, aflatoxin in groundnut, etc., require careful atten­
tion while processing.

The present cropping pattern is so phased that the 
needed sector of nutrient are obtained at lowest cost. 
This demands full knowledge about the existing policy 
levers and their impact on the cropping and production 
pattern.

The various distribution channels reaching the consu­
mer may be studied in order to develop a consistent 
distribution system which will minimise transportation 
and other marginal cost. The trading, transport move­
ment restriction, storage and structures of the organisa­
tion involved in these activities at various levels require 
a thorough study. Public distribution in urban areas and 
the different nutrition programmes may have to be ex­
amined with reference to quantum of nutrient delivered 
per unit cost. An efficient and economic distribution 
system has to be developed taking into consideration 
the buffer stock needed to control price mechanism.
Consumer Behaviour (Demand)

The main variables which influence the consumer 
behaviour are; (i) income; (ii) relative price of com- 
modities/nutrients; (iii) availability; (iv) education;
(v) demographic and social characteristics; and (vi) 
nutrition education.

Income and price are the primary components of 
purchasing power. No other single factor has such a 
major effect on the nutritional status as income. Diet 
surveys reveal highly significant differences in con­
sumption along the income spectrum. Three trends 
appear to be universal. First commonly referred to as 
Engle’s law, find that as income raises the percentage of
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income allotted to food decreases, but absolute expendi­
ture increases. This is not true with very low income 
group. Though the percentage of income spent on food 
is as high as 80 per cent the absolute expenditure are 
still low, that is why income increases in the beginning 
result in still higher percentage spent on food. Second 
trend is the proportion of calories supplied by cereals is 
replaced by more expensive calories from animal and 
vegetable sources, as income increases. Third trend is 
within the food group, there is shift towards processed, 
more expensive convenience foods. The speaker further 
worked out an example to show how much income 
redistribution is necessary to increase the consumption 
expenditure and thereby improve nutritional status 
under Indian conditions. The speaker stressed that the 
socio-economic programmes attempting to income re­
distribution may be necessary to have free or subsidised 
distribution of nutrients to these object poor. In fact 
these programmes of distribution if done properly can 
serve as instrument of income redistribution in addition 
to what is attempted through other economic program­
mes. The three distinct types of policies which the 
government can adopt are :

(0 redistribution through fiscal pricing and other 
policies; (ii) it can phase the base of growth in the 
economy and pull up the poor and the weaker; and 
(hi) specific policy measures to improve the productivity 
of the weaker units.

Nutritionally visible demand and their estimation 
under varied level of purchase price and income distri­
bution policy may have to be attempted. The very nature 
of the problem require dis-aggregative estimate in terms 
of various socio-economic group and also for different 
demographic groups based on age, sex and reproductive 
status. Food taboos, cultural factors, health and environ­
mental sanitation play a vital role in the consumer 
behaviour regarding demand for nutrients.
Systems Approach

It is seen that a set of co-ordinated programmes all 
along the line from production to consumption and 
biological utilisation is a pre-requisite for improving 
nutritional status of the population. These programmes 
may have to be examined with respect to, nutritional 
effectiveness, cost, acceptability, administrative viability, 
time frame, focus, multiplier and technical feasibility.

Systems approach helps in getting overview of all the 
variables influencing the nutritional system, from pro­
duction to consumption. The basic difference between 
the system approach and the conventional approach of 
planning is in its focus. Instead of concentrating only 
on the immediate determinants of the problems, the 
systems approach looks into the complex, interacting

forces of the environment within which the problem of 
malnutrition arises. Such a comprehensive approach 
will help in finding a lasting solution at a reasonable cost 
and will also help in preventing the recurrence of the 
same problem.

The elimination of poverty and thereby hunger no 
longer serves as a moral bestitude, but in the context of 
growth imperative. Dr. A. M. Boerma, Chief of F.A.O. 
in one of his addresses figuratively compared the need for 
hard and rational decision in the elimination of poverty. 
He said “Indeed we are discovering that a hard head 
and warm heart belong more comfortably together in 
the same body than had previously imagined”. May I 
not say that the self same warm heart which motivates 
us to do something for the hungry millions, have brought 
all of us together in this hall to do some hard thinking.
Technical meeting held at the Eastern Regional Branch

a) Shri M. R. Bhattacharjee, Manager, Chemical 
Engineering Project and Marketing Division, the
A.P.V. Engineering Co. Ltd., Calcutta, delivered 
a talk on “APV Paraflow Plate Type Heat Ex­
changer” on 17th August, 1974. Arranged in 
collaboration with Indian Institute of Chemical 
Engineers, Calcutta Regional Centre.

b) A group discussion was arranged on “Standardiza­
tion and Quality Control in Processed Fruit and 
Vegetable Products” in collaboration with the 
Institute of Standard Engineers, Calcutta, on 11th 
September 1974. A large number of members and 
representatives from the food processing indu­
stries, attended and participated in the group 
discussion.

c) Dr B. R. Roy, Director, Central Food Labora­
tory, Calcutta, delivered a talk on “Food Adultera­
tion” on 21st September 1974.

d) Shri B. S. Narayana, Technical Manager, Rechitt 
& Colman of India Ltd. Calcutta, delivered a talk 
on “Concept of Quality in Consumer Products 
with Special Reference to Foods” on 8th January
1975. Arranged in collaboration with the Institute 
of Standards Engineers, Calcutta.

e) Dr P. K. Kymal, Executive Director, Food & 
Nutrition Board, Department of Food, Ministry of 
Agriculture, delivered a talk on “Plan for Deve­
lopment of Food Processing Industries” on 10th 
July 1975.

Short Term Course
A short tern course of about 2 weeks duration on 

Quality Control in Fruit and Vegetable Processing 
Industry was organised (7-19 December 1974). The 
venue of the course was the Food Technology and
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Biochemical Engineering Department of Jadavpur 
University. The course was inaugurated by the past 
President of AFST and Vice-chancellor, Jadavpur 
University, Dr. A. N. Bose. There were 7 participants, 
all from processing industries, viz., M/s The Metal Box 
Co. of India Ltd., M/s Hindustan Condiment Products., 
M/s Ramakrishna Laboratories Pvt. Ltd., M/s King’s 
Fruit Products., M/s Daw Sen & Co., Ltd., M/s Alpha 
Food Products, M/s Poly Food (P) Ltd. The course 
comprised of both lectures and practicáis.

The faculty members for the course consisted of Prof. 
Sunit Mukherjee, Sri S. N. Mitra, formarly Director, 
Central Food Laboratory and Dr. P. K. Dutta of the 
All India Institute of Hygiene and Public Health. The 
response to the course was very favourable and it is 
proposed to organise similar courses in future.

Bangalore Chapter—Inauguration of training programme
in prevention and detection of food adulteration on
27th Aug. 75.
Food Minister of Karnataka State Smt. E. E. Vaz, 

inaugurating stressed the need to educate the people 
particularly women, on the method of combating food 
adulteration. She called for measures to inculcate an 
ethical sense in the people so that they would realise that 
food adulteration would be worse than a criminal 
oifence. She pointed out that food adulteration in 
India dated back 2,000 years or still earlier and hence it 
was as old as India’s cultural, religious and ethical tradi­
tions. India had to follow the Socialistic countries of 
the West in maintaining the food standards. The 
standard of food in these countries was the same 
both in roadside restaurants and in posh hotels and 
western countries were absolutely free from food 
adulteration.

Mr. M. K. Panduranga Setty, who presided, wanted 
suitable provisions in the new Act to prevent food adulte­
ration for differentiating between sub-standard and 
adulteration. He said that the Centre had agreed to aid 
the training courses of the Association if the Association 
could run courses on a regular basis and for the benefit 
of the people from other states. Miss M. C. Madhura, 
Association Chapter Secretary, said that the training 
course conducted for the students of catering technology 
and food craft institutes, would enable them to combat 
the menace with a scientific strategy and methods. The 
Association had plans to develop a small useful kit for 
detection of food adulteration. It had also plans to 
conduct full time short term courses, besides separate 
courses for hotel industries, she said. Mr. Charles 
Wesley, Principal of the Food Craft Institute, propose 
vote of thanks.

South Regional Centre, Madras
The South Regional Centre of AFST at Madras is 

organising a seminar-cum-industrial clinic on food and 
Agro-based Industrial possibilities in Tamilnadu & 
Pondicherry on 14th November 1975. People interested 
may please contact Shri K. S. Krishnamurthy, Honorary 
Secretary, AFST Southern Region, Department of Food, 
Government of India, Shashtri Bhavan, 3rd Floor, 35 
Haddows Road, Madras-600006.
Hyderabad Chapter

The Hyderabad Chapter of AFST in collaboration 
with Food Crafts Institute, Hyderabad, organised 
a four day “Food Exhibition 1975” from 17th to 
20th October 1975. This was inaugurated by the Hon. 
Minister for Agricultural and Transport Government of 
Andhra Pradesh Shri J. Chokka Rao. Prize distribution 
was done by Smt. W. Lakshmidevi, Minister for women- 
welfare, Govt of Andhra Pradesh. Smt. Yamuna Ranga 
Rao, Principal, Food Crafts Institute, delivered the 
welcome address while Shri P. V. Suryaprakasha Rao 
concluded the meeting with vote of thanks.

Hyderabad Chapter planned for a Seminar on “Scope 
for Food Industries in Andhra Pradesh” sometime during 
December 1975. People interested may please contact, 
Mr. B. Raghuramiah, Development Officer, Foods 
Warner Hindustan Ltd., Uppal, Hyderabad-500039.
Eastern Regional Branch, Calcutta

A national seminar on “Mango and Its Utilization” 
is planned for 6th and 7th March 1976 by the Eastern 
Regional Branch of AFST, Calcutta. People interested 
may contact Sri Sunil Kanti Das Gupta, Hon. Gen. 
Secretary, AFST (Eastern Region), Department of Food 
Technology and Biochemical Engineering, Jadavpur 
University, Calcutta-700032.

List of New Members
Sri A. Subbarayan, Tamilnadu Nutrition Project 7A, 
Gopalapuram 1st Street, Madras-600 086.
Sri P. S. Nataraja Sharma, Technical Adviser, Sri Ganesh 
Ram’s Analytical Labs 51, Thambu Chetty Street, 
Madras-600 001
Sri R. N. Ramani, Sri Ganesh Ram & Co., 46, Thambu 
Chetty Street, Madras-600 001.
Sri Krishna, Laxmanrao Sarode Institute of Catering 
Technology and Applied Nutrition, Adyar, 
Madras-600 020.
Sri R. V. Subba Rao, 292, T. H. Road, Madras-600 08
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Smt. Mariamma Tharakan, No. 8, S.B.I. Staff Colony, 
Madras-600 029.
Sri J. Maria Joseph, Institute of Catering Technology 
Madras-600 020.
Sri K. Manoharan, CARE—Tamilnadu College Road, 
Madras-600 006.
Sri A. V. Kuppuswamy, Principal, Institute of Catering 
Technology, Adyar, Madras-600 020.
Sri A. L. Joseph, Rubka Enterprises, 100, Poonamalle 
High Road, Madras-600 010.
Sri S. Jayapaul, Office of the Deputy Tech. Adviser 
Southern Region, Shastri Bhavan, Madras-600 006.
Sri Viravanallur Subbiah Indira, “Jayanthi” 13, Ilnd 
Cross, St. Ramakrishna Nagar, Madras-600 028.
Sri N. Ibrahim, Technical Officer Department of Food 
Government of India, Shashtri Bhavan, Madras-600 006.
Sri A. K. Gupta, Engineering Manager, Modem Bakeries
(I) Ltd., Adyar, Madras-600 020.
Sri D. S. Ganapathy, 3F, Kalinga Colony, K. K. Nagar, 
Madras-600 078.
Sri A. S. Desai, Senior Inspecting Officer (Fruit & Veg. 
Preservation) Food & Nutrition Board, Dept of Food, 
Ministry of Agriculture & Irrigation, Shashtri Bhavan 
35, Haddows Road, Madras-600 006.
Sri C.B. Cariappa, Ministry of Agriculture, Dept of Food, 
Food & Nutrition Board, Office of the Deputy Technical 
Adviser, 3rd Floor, Shashtri Bhavan, Madras-600 006.
Mrs. Anandhi Ramachandran, Institute of Catering 
Technology, Adyar, Madras-600 020.
Sri C. Ali, Asst. Instructor, Instt. of Catering Technology 
& Applied Nutrition, Adyar, Madras-600 020.
Sri M. D. Mukerjee, Technical Manager, Madras Com­
mercial Corporation, Tamilnadu Flour Mills, New Avadi 
Road, Ambattur, Madras-600 058.
Sri G. Radhakrishnan, Assistant Director, Central 
Machinery Corpn. Regional Office 42 A, Third Street, 
Abhiramapuram, Madras-600 018.
Sri K. M. Appaiah, House No. 4, Block II, Jayalaxmi- 
puram, Mysore-570 012.

Sri J. N. Rao, Macneill & Magor Limited, Unity Build­
ings, Bangalore-560 002.
Sri Ravi P. Awasthi, C/o. UNDP., P.O.B. No. 9182 
Dar-e-Salaam, Tanzania.
Sri E. M. Fernandes, C/o. N. Fernandes, Kalpane, 
Kulshekar P.O. Mangalore-575 005.
Sri D. N. Samanta, C/o. The APV Engg. Co., Ltd., 
2, Jessore Road, Calcutta-700 028.
Sri J. K. Jagtiani, 505, Asia House, Kasturba Gandhi 
Marg, New Delhi.
Sri Dayanand, D 11/14, Kidwai Nagar (East), New Delhi.
Mrs. Sucy Koshy, Division of Agricultural Extension, 
Indian Agricultural Research Instt., New Delhi-110 012.

Dr. J. D. Contractor, The Coca-cola Export Corpn.,
14-A, Nizamuddin West, New Delhi-110 013.

Mr. M. Bhatia, A-419, Defence Colony, New Delhi.
Sri R.L.Dang, Food Technologist, Fruit Processing Plant 
JAROL, Sundernagar Dist Mandi (Himachal Pradesh).
Sri V.S.Mathur, Deputy Director (Agri. & Food), Indian 
Standards Institution, Manak Bhavan, 9, B. S. Zafar 
Marg, New Delhi-110 001.
Sri H. C. Das, D-3/18. Model Town, New Delhi.
Sri Sharma Autar Krishan, Pomona Canning Co., 
Kastoorchand Mills Estate, Dadar, Bombay-400 028.
Mr. Bhupinder Singh, B-191, Kidwai Nagar, New 
Delhi-110023.
Sri Balwant K. Sehgal, Kasavli, Cannery Kasavli 
Himachal Pradesh.
Sri Verma Swarnendu, Factory Manager, Indi-dek Milk 
Pdts. Ltd., Muzafarnagar, U.P.
Sri Ramesh Chand Jain, M/s Jainsons Food Products (I) 
358, Anaj Mandi, Shahadara, New Delhi-110 032.
Sri Brijesh Diwan, C/o. Foster Bell & Co., B-44, 
Lawrance Road Industrial Area, New Delhi-110 035.
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Change of Addresses
Sri R. C. Bhutiani, Scientist, CFTRI, Mysore-570013.
Sri S.S.Langer, Factory Manager, M/sHindustan Break­
fast Food Manufacturing Factory, P.B. No. 6204, 64-65, 
Najafgarh Road, Industrial Area, New Delhi-110 015.
Dr. Om Prakash Agarwala, Land O’Lakes Inc 614 
McKinley Place Minneapolis, Minnesota 55413.
Sri P. S. R. K. Prasad, Senior Food Technologist, M/s. 
Pure Drinks Pvt. Ltd., Connaught Lane, New 
Delhi-110 001.
Sri Kuruvilla Zachariah, 14/5A, Civil Lines, Kanpur-1.
Sri A. N. Sankaran, C/o. Dr. V. S. Chandrashekaran, 
Lecturer in Civil Engineering, Indian Institute of Techno­
logy, Powai, Bombay-400 076.
Sri Ramesh Chandra Srivastava, Food Technologist, Agro 
Canning & Bottling Factory, P.O. Achheja, Hapur 
Dist., Meerut (U.P.)
Sri R.K. Bansal, Assistant Director, Consultancy Cell, 
Room no. 118, Block 10, Jamnagar House, New 
Delhi-110 011.
Sri S. M. Shipchandler, Venus Chemicals 6-3-444/446, 
Punjagutta, Hyderabad-500 004.
Dr. M. R. Sahasrabudhe, Food Research Institute 
Canada Ottawa, Ontario K1A OC6 Canada.
Smt Meera Rao,Associate Professor (Food & Nutrition) 
College of Home Science, Dharwar-580 005.
Sri P. J. Bharadwaj, Special Officer, Karnataka Agro- 
Proteins Ltd., M 96, H.B. Colony Raichur.
Sri Gurumukh Singh, Assistant Professor, Department of 
Food Science & Technology, College of Agriculture
G.B.P.U.A & T. Pantnagar-263 145 (Nainital).
Mr. Shyamal Kumar Bhattacharya, No. 1, Janendra 
Nath Deb Road, P.O. Joynagar, Majilpur Dist. 24 
Paraganas (W.B.)
Dr. C. R. Seetharaman GMVCIDD Manager (Training) 
Tamilnadu Dairy Development Corpn. 6, Ritherdon 
Road, Vepery, Madras-600 007.
Sri V. Eswarayya, Technical Assistant, Quality Control 
Lab, Department of Food, Papanaichan Palyam, 
Coimbatore-37.

Sri S.P.Kulkarni, Ghadiali Building, Shradhanand Road, 
Vile Parle East, Bombay.
Sri P. Sundararajulu, Demonstration Officer Mobile 
Extension Unit 2-2-2, University Road, Hyderabad- 
500 007.
Sri D. S. R. Pathak. College of Technology, Osmania 
University, Hyderabad-500 007.
Corporate Members
M/s Corn. Products Co., (India) Pvt. Ltd., Shreenivas 
Home, P.B. No. 994, H. Somiah Marg. Bombay-400 001.
Sri S. R. Palekar, Chief Chemist, Sri A. S. Rajadhyaksha, 
Technical Manager.
M/s Skol Breweries Ltd., Chandermukhi, 15th Floor, 
Narimon Point, Bombay-400 021.
Dr. P. G. Daftry, Director, Sri M. S. Ramachai, Project 
Manager.
M/s Britannia Biscuit Co. Ltd., Padri, Madras-600 020. 
Mr. K. Ramachandran, Acting Factory Manager.
Mr. K. S. Kannan, Standard Manager.
M/s Britannia Biscuit Co. Ltd., Nirmal 20th Floor, 
Narimon Point, Bombay-400 021.
Sri R. B. Rao, Technical Director
Dr. R. Jayaraman : Research & Development Manager.
The Secretary M/s Spices Export Promotion Council 
World Trade Centre, Mahatma Gandhi Road, Erna- 
kulam, Cochin-16.
M/s Anglo French Drug Co. (Eastern) Ltd. Plot No. 
112/31,6th Cross, Vth Block, Small Scale Industries Area 
Rajaji Nagar, Bangalore-560 010.
Mr. J. C. Saigal
Mr. Harishchandra Verma.

Life Members
Mr. Sunilkanti Das Gupta, Assistant Director, Indian 
Standards Institution 5, Chowringhee Approach, 
Calcutta-700 013.
Mr. T. E. Cardozo 328, Fatords, Margao-403 602.
Sri J. R. Iyengar, Chemist, Food Additives Section, Food 
Research Division, Room 145, Food Directorate,Tunneys 
Pasture, Ottawa ONT K1A OLZ, Canada.



E A S T E R N  R E G I O N A L  B R A N C H
A s s o c i a t i o n  o f  F o o d  S c i e n t i s t s  a n d  T e c h n o l o g i s t s  ( I n d i a )

DEPARTMENT OF FOOD TECHNOLOGY & BIOCHEMICAL ENGINEERING

NATIONAL SEMINAR ON “MANGO AND ITS UTILISATION”

6th and 7th March 1976

The Eastern Regional Branch of the Association of Food Scientists and 
Technologists (India) is planning to hold a two-day Seminar on “Mango and its 
Utilisation” in March 1976.

The two-day Seminar will consist of Technical Sessions allocated to :
1. Raw materials-varieties, quality and horticultural aspects
2. Technology of green mango products and quality control aspects
3. Technology of ripe mango products and quality control aspects
4. Marketing of mango and mango products including export.
We look forward to your encouragement and support in organising a successful 

seminar. Papers for presentation and discussion at the Seminar are most welcome.
The Registration fee for delegates is Rs. 20/- for members of Association of 

Food Scientists and Technologists (India) and Rs. 50/- for non-members.
It is proposed to publish a brochure for the Seminar containing the abstracts 

of the papers and information on the activities of Mango Processors and Exporters. 
We shall be happy if you wish to reserve space for your advertisement in the brochure. 
It is intended to publish the proceedings of the Seminar in book-form as a 
comprehensive review of the subject.

An exhibition of Mango product and related machinery and equipment will 
be held on the occasion of the Seminar.

For further details, please correspond with the Convenors, Jadavpur University, 
Calcutta—700032.

C h a irm a n  C on ven ors
Seminar Committee Sri A. K. Banik and Sri P. Chattopadhyay

Jadavpur University, Calcutta—700 032

Dr A. N. Bose AFST (Eastern Regional Branch) 
Jadavpur University, Calcutta-700 032



ALL INDIA SYMPOSIUM ON

FATS AND OILS IN RELATION TO FOOD PRODUCTS 
AND THEIR PREPARATIONS"

It is p ro p o se d  to  o rg a n is e  a  tw o -d a y  All India S y m p o siu m  o n  “ F a ts  a n d  Oils 
in R elation  to  Food P ro d u c ts  a n d  th e ir  P re p a ra tio n s" , s o m e tim e s  in April 1 9 7 6  a t  
C entral F ood  T echnolog ical R esea rch  In s titu te , M ysore u n d e r th e  J o in t  A u sp ices  
o f A sso c ia tio n  o f  Food S c ie n tis ts  a n d  T ech n o lo g is ts  (India), C en tra l Food T ech n o ­
logical R esea rch  In s titu te , M ysore a n d  Oil T e ch n o lo g is ts  A sso c ia tio n  o f India 
(S o u th e rn  R egional B ranch), H y d e ra b a d -5 0 0 0 0 9 .

The S y m p o siu m  will be o rg a n ise d  w ith  th e  fo llow ing  o b jec tiv es,
i) To p rov ide  a  co m m o n  p la tfo rm  fo r th e  p ro c e s so rs , p la n n e rs , g o v e rn m e n t 

e x e c u tiv e s  a n d  s c ie n t is ts  c o n n e c te d  w ith  R & D p ro b lem s
ii) To fo c u s  a tte n t io n  on th e  p ro b le m s o f Lipid T echnology  c o n n e c te d  w ith  th e  

u s a g e  o f f a t s  a n d  o ils in Indian  fo o d  item s
¡ii) To d is c u s s  a n d  identify  a r e a s  fo r fu tu re  re s e a rc h  a n d  d ev e lo p m en ta l a c tiv itie s  

re la tin g  to
a) R a w -m a te ria l su rvey , re s o u rc e s  a n d  n e w e r s o u rc e s  o f f a t s  a n d  oils,
b) P ro c e ss in g , H yd ro gen atio n , E m ulsifica tion , In te re s te rif ic a tio n , R efining an d  

M odifica tion  o f F a ts  a n d  Oils
c) F a t-b a s e d  fo o d  p ro d u c ts — Indian co n fe c tio n a ry , d eep  f a t  fried  p ro d u c ts , 

bak ery  p ro d u c ts , m a rg a rin e , c h o c o la te , p ick les, s a la d  c re a m , m y o n a ise , 
b u tte r , c h e e se  a n d  ghee ,

d) N utrition  a n d  tox icity ,
e) By p ro d u c t u tilisa tio n  fo r ed ib le  p u rp o se s ,
f) A u tox ida tio n , a n tio x id a n ts  a n d  s to r a g e  c h a ra c te r is t ic s  o f f a t s  a n d  oils,
g) C hem istry , an a ly tic a l te c h n iq u e s , a d u lte ra tio n  a n d  q u a lity  con tro l.

W e  p l a n  t o  b r i n g o u t  a  S o u v e n i r  o n  t h e  e v e  o f  t h e  s y m p o s i u m  w i t h  l e a d  p a p e r s  f r o m  
e m i n e n t  s p e c i a l i s t s  in  t h e  f i e l d .  P a p e r s  o n  d i f f e r e n t  a s p e c t s  a s  g i v e n  a b o v e  a r e  m o s t  w e l c o m e .  
A b s t r a c t s  n o t  e x c e e d i n g  2 0 0  w o r d s  s h o u l d  r e a c h  u s  b e f o r e  1 5 t h  F e b r u a r y  1 9 7 6  a n d  d e t a i l e d  
p a p e r s  m a y  b e  s e n t  b y  1 5 t h  M a r c h  1 9 7 6 .  A n  e x h i b i t i o n  o f  v a r i o u s  c h a r t s ,  p r o d u c t s ,  m a c h i n e r y ,  
e q u i p m e n t  a n d  r a w - m a t e r i a l s  w i l l  b e  a n o t h e r  f e a t u r e  o f  t h i s  S y m p o s i u m .  A ll t h e  r e a d e r s  o f  t h e  
j o u r n a l  f r o m  I n d i a  a s  w e l l  a s  f r o m  a b r o a d ,  I n t e r e s t e d  in  a n y  o f  t h e  a s p e c t s  o f  t h e  
S y m p o s i u m  a r e  c o r d i a l l y  i n v i t e d  t o  p a r t i c i p a t e  a s  e x h i b i t o r s ,  a d v e r t i s e r s  f o r  t h e  s o u v e n i r ,  
d e l e g a t e s  o r  v i s i t o r s .

F o r  f u r t h e r  d e t a i l s  p l e a s e  f e e l  f r e e  t o  w r i t e  t o  M r . M . V . S a s t r y ,  H o n o r a r y  E x e c u t i v e  
S e c r e t a r y ,  A F S T ,  C F T R I, M y s o r e — 5 7 0  0 1  3 ,  I n d i a .

H onorary  E xecutive S e c re ta ry  
A F S T



Q u e stio n s e v e ry  m o th e r  
a s k s  a b o u t 
h e r b a b y ’s fo od

A m u l s i j m u
a n sw e rs

Q. Does Amulspray have the 
vitamins, minerals and proteins 
necessary to make my baby grow 
healthy and strong?
Your baby’s food should contain all the nutrients he needs.
Amulspray has all the natural ingredients found in milk plus vitamins and mineral supplements.
Vitamins for resistance to infections, and for a healthy appetite, healthy nerves, gums, eyes and teeth.
Niacin to promote digestion and assimilation, and required for a healthy skin. And minerals such as calcium and phosphorus,so essential for a proper bone structure. Iron aids blood formation.
Protein is the basic material for cell building and growth.
Amulspray not only contains top quality proteins,but adequate proteins, thanks to its formulation.

Q. Will my baby be able to 
digest Amulspray?
Each drop of milk is reduced to finest particles of powder. The fat is dispersed and this leads to easy digestion and intake of the food.Even by a few-days-old baby.
Q. Is the Amulspray formula 
well-balanced enough for my 
baby to get the maximum benefit?
Amulspray not only contains adequate proteins but also carbohydrates and fats in proper proportions, making it an ideally balanced baby food.

Q. Does it take long to prepare 
Amulspray?
Amulspray is a fine spray-dried powder that dissolves easily. This avoids clogging the bottle-nipple, so baby doesn’t swallow lots of air. Besides, it makes tasty Amulspray extremely quick to prepare.

Balamul and the growing baby
A t  3 m on th s (o r  w hen 
doc to r says he is b ig  
e n ough ) start baby  on  
B a la m u l cereal food, 
in ad d it ion  to 
A m u lsp ra y .

Free Amul Baby Book for more information
Write to P. B.No. 10124, Bombay 400 001 for your FREE Amul Baby book. Enclose 50p. stamps and your complete address.

A n t u t e p r o ii
t h e  b e s t
s u b s t i t u t e  f o r  

^  m o t h e r ' s  m i l k
gm  is iw ?  a

m S n
In d ia n  
S ta n d a r d s  

I * " * 1  In s t itu t io n

OOO
ASP-AS-27A

Marketed by:Gujarat Cooperative Milk 
Marketing Federation Ltd., Anand



Vanitin
‘MCiiu

SYNTHETIC 
VITAMIN

blended with Vitamin D2

the first choice of the Vanaspati Industry
D e v e lo p e d  b y  'R o c h e ' s p e c ia lly  (o r  th e  V a n a s p a t i  In d u s try , 
V a n tt ln  o ffe rs  th e  fo llo w in g  Im p o r ta n t a d v a n ta g e s :

•  P u re , s y n th e tic  V ita m in  A — d ilu te d  w ith  re f in e d ,  
p e ro x id e -fre e  g ro u n d n u t ofl

•  F re e  fro m  an y  u n p le a s a n t ta s te  o r  o d o u r

•  E x c e lle n t s ta b ility

•  C o n v e n ie n t to  u s e — p o u rs  e a s ily  In to  m ix in g  ta n k s

•  A v a ila b le  In  d iffe re n t b a tc h -s iz e  c o n ta in e rs  to  
s u it  y o u r s p e c if  c  re q u ire m e n ts

•  S u p p lie d  d ire c tly  f ro m  V o lta s ' a lr -c o n d ttlo n e d  g o d o w n s

—pioneers and leaders In the synthesis of vitamins
R O C H E  P R O D U C T S  L I M I T E D ,

2S, Tardeo Road, Bombay-34 WB



INSTRUCTIONS TO CONTRIBUTORS
1. Manuscripts of papers should be typewritten in double space on one side of the paper only. They 
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