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REVIEW

Virus Transmission through Foods
V . C h a l a p a t i R a o

N a tio n a l E n viron m en tal E n gin eerin g  R esearch  Institu te, N agp u r 4 40  020 , Ind ia

Besides water, food constitutes an important but the least explored vehicle in the transmission of human enteric and other viruses. 
Association of food with transmission of overt viral diseases is not common, but food transport of viruses to humans and animals 
can be very frequent. Viruses in foods can be derived from sources like sewage contaminated water, food handler and virus 
intrinsically present in animals. Among the reported food bome outbreaks of virus disease, infecticus hepatitis predominates.
Methods available for isolation of enteroviruses from foods are presented. The need for examination of large quantities of food to 
detect the small number of viruses is stressed and a few approaches for concentration of viruses from different foods are outlined.
The World Health Organization developed a food virology programme to get more scientists and institutions interested in studies 
on the extent and type of viral contaminants present in various foods so as to determine the role that viruses play in food bome 
diseases.

Introduction
B esid es w ater, fo o d  con stitu tes an im p ortan t bu t the  

least ex p lo red  veh icle  in  th e tran sm ission  o f  h u m an  
en teric  and  o th er v iruses. F o o d  borne h ealth  hazards  
have resu lted  m ain ly  from  cen tra lisa tion  o f  fo o d  p ro ­
d u ction , increase in  com m u n a l ea tin g  and  th e exp an sion  
o f  in tern ation a l trade an d  tourism . P u b lic  health  
officials, in  general, d id  n o t ev in ce m uch  in terest in  the  
p rob lem  o f  exp o su re o f  h u m an s to  an im als in fec ted  w ith  
viruses and th e co n seq u en ces o f  co n su m p tio n  o f  virus 
co n ta in in g  foo d stu ffs  b y  hu m ans. A va ilab le  ep id em io ­
log ica l data  d o  n o t ind icate th at m a n y  p eop le  are bein g  
in fected  th rou gh  th e co n su m p tio n  o f  su ch  co n tam in ated  
fo o d s. H ow ever , th e p ro b a b ility  ex ists  th at a  variety  o f  
virus d iseases m ay be traced  to  th e fo o d  su p p ly . T his  
review  h igh lig h ts som e o f  th e  p rob lem s related  to  virus  
tran sm ission  th ro u g h  fo o d s  su ch  as m ilk  and  m ilk  
p rod u cts, vegetab les, sh ellfish , and m eat and m eat 
p rod u cts.
Occurrence of Viruses in Foods and Food Animals

A  variety  o f  v iruses th at in fec t h u m an s have been  
d em on stra ted  in  fo o d  an im als lik e ca lves, cow s, g oats  
and  sw in e1' 6. T h ese v iruses and th e  an im als in  w hich  
th ey  occu rred  are as fo llo w s: P o lio v iru s  1 (cattle and  
g o a ts) cox sack ie  virus A 5, A ^  and  A 20 (P igs), E ch o-  
virus 8 (P ig ) and E ch o  10 (C attle) R eo v iru s 1, 2, 3 
(C attle) and  in flu en za  virus A 2 (P igs).

T he sam e viruses w ere som etim es iso la ted  from  hum an  
co n tac ts  liv in g  in  c lo se  a sso c ia tion  w ith  th e an im als5. 
T he p resen ce o f  th e a b o v e  h u m an  viruses in  an im als  
in d icates th a t an im al v iruses m ay  be agents o f  sub- 
clin ica l in fec tio n s or d isease  in  m an.

H u m an  and  ar.im al v iru ses h av e been  iso la ted  from  
fo o d  and fo o d  an im als. T h ey  are listed  in  T ab le 1.

T he a b o ve  data  clearly  dem on strate  th at v iruses o f  
both  h u m an and  an im al orig in  are p resen t in  fo o d s. In 
ad d ition , th e iso la tio n  o f  k n o w n  h u m a n  enteroviruses  
from  fo o d s  is  o f  o b v io u s p u b lic  h ealth  im portance.

Source of Contamination
A n  analysis o f  th e ep id em io lo g ica l record  o f  tran sm is­

s ion  o f  viruses by fo o d  w as p resen ted 8. T en ou tb reak s o f  
p o liom y elitis  rep orted  du ring  1 9 1 4 -1 9 4 9  have been  
traced to  con tam in ated  raw  m ilk 8. T w en ty  tw o  fo o d

Table 1. viruses isolated FROM FOODS7

Encephalitis (tick borne) Milk, butter (goat)
»1 ft M ilk (cow)
ft ft M ilk (sheep)

Poliovirus 1 and 3 Raw milk (cow)
Para influenza 3 ft ft
Bovine syncitial virus ft ft
Foot and mouth disease virus Beef, milk and butter
Poliovirus 1, 2, 3 Oysters
Echovirus 4, 6, 9 J *

Coxsackie virus B2, 3, 4 ft
Reovirus 1 ft
Adenovirus 5 ft
Hepatitis candidate virus AR-17 ft
Poliovirus, 1, 2, 3 Ground beef
Echovirus 6 ft
Poliovirus, 3 Mussels
Echovirus 3, 5, 6, 8, 9, 12, 13 »»
Coxsackie virus A-18
Avian leukosis complex Eggs
Infectious bronchitis virus »
New castle disease virus »
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a sso c ia ted  outb reak s o f  in fec tio u s h ep atitis  betw een  
1943 and  1964 have been  rev iew ed9. T he m ajority  o f  
fo o d s  im p licated  h ad  been  co o k ed  very little or n o t at 
all. A  variety  o f  reasons are brou ght ou t to  in d icate  h ow  
co n ta m in a tio n  to o k  p lace. T h ey  fa ll under th e fo llo w in g  
c a teg o r ie s :

(a) C afetaria  trays o f  the com p artm en ta l type in  w hich  
fo o d  is  served  in  d irect con tac t w ith  th e trays w as in d i­
ca ted  in  th e outb reak s in  M issou ri C ity , T ex. in  19591(5.

(b) T here w as an  in stan ce o f  co o k ed  fo o d  lik e the  
roast p o rk  bein g  in crim in ated  in  th e B u shy H all, 
E n glan d  ou tb reak  in  1963. B u t th is w as h an d led  by a 
c o o k  w h o  w as jau n d iced . E xp losive outb reak s o f  p o lio ­
m y e litis11 and  in fec tiou s h ep a titis12,13,14 have been  
rep orted  in  a sso c ia tion  w ith  d irect h u m an  con tam in a tio n  
w ith  clear in d ica tio n s o f  gross n egligen ce in  fo o d  h an dl­
ing .

(c) In som e o f  the in vestigation s o f  outb reak s, seco n ­
dary or con tac t cases w ere cited . T h e in d ex  p erson  in  the  
M issou ri C ity , T ex ., o u tb rea k 13 in fec ted  5 person s by 
co n ta c t and  21 person s in  h is ro le as a  k itch en  em p lo yee . 
T h us an  in fec ted  hu m an, w ho w ork s as a fo o d  handler  
or a  k itch en  w orker in  the final p rep ara tion  con stitu tes  
a p o ten tia lly  sign ifican t source o f  virus in  fo o d s.

(d ) T h e p o ssib ility  o f  m ech an ica l vector in g  o f  viruses  
in to  fo o d s  is  in d ica ted  by th e  fact th at p o lio  virus w as  
recovered  fro m  b low  flies 15 days after experim ental 
co n ta m in a tio n 15 an d  cock roach es h arb ou red  th e virus 
fo r  51 d a y s16. A n  ex p losive  ou tb reak  o f  p o liom y elitis  
at a  w est co a st naval tra in in g  sch o o l in  U .S .A .17 in d i­
ca ted  th at m ilk  co n tam in ated  by flies w as th e co m m o n  
sou rce o f  in fec tio n . M ilk  used  w as m ostly  raw , regularly  
co n ta in ed  flies w h ich  h ad  access to  h u m a n  and d om estic  
an im al feces. In  an oth er in stan ce, fo o d  w as sh ow n  to  be 
con tam in a ted  w ith  v irus by flie s18.

(e)  N u m ero u s cases o f  in fec tio u s h ep atitis  in  h u m ans  
resu ltin g  from  co n su m p tion  o f  sh ell fish harvested  from  
p o llu ted  w aters have a lso  been  rep o rted 19' 22. T he  
species o f  shell fish w h ich  h ave been im p licated  in  th ese  
ou tb reak s have d iffered and  w ere m o stly  eaten  raw. In  
o n ly  tw o  o f  th ese in fec tio n s, th ey  w ere rep orted  to  have  
b een  co o k ed . O ne p erson  in  th e M ississip i and  A lab am a  
ou tb reak20 o f  1961 h ad  eaten  oysters prepared  by bring­
in g  m ilk  and  sea so n in g  to  a b o il, ad d in g  the oysters, and  
co o k in g  th em  ju st  until th e ed ges curled. A n o th er  
stu d y23 suggests a sign ifican t a sso c ia tion  w ith  con su m p ­
tio n  o f  b o th  raw  and  steam ed  shellfish  am on g  hepatitis  
p atien ts surveyed in  B oston .

( / )  Y et an oth er lik ely  source cou ld  be vegetab les  
ra ised  in  fields irrigated  w ith  sew age. P o lio v iru s and  
ech o  viruses have been  iso la ted  from  th e so il o f  fields 
irrigated  w ith  sew age and som e o f  th e vegetab les grow n  
in  th ese  fields w ere con tam in ated  w ith  cy top a th ic  
ag en ts24. N o  ou tb reak s from  th e a b o v e  sources were

recorded . B ut a p o ssib ility  o f  their occu rren ce ex ists. 
R o le  o f  vegetab les raised o n  sew age con tam in ated  so ils  
in  the d issem in ation  o f  fo o d  a ssoc ia ted  viral d iseases  
can be u n d erstoo d  better i f  an  effort is  m ade w h ile  c o n ­
d u cting  ep id em io lo g ica l in vestigation s.

Persistence of Viruses in Foods
A  num ber o f  factors can  in flu en ce th e  su rv iva l o f  

viruses in  fo o d s . T h ey  are (z) ex ten t o f  virus a d sorp tion  
to  a particu lar fo o d , (z'z) its ab ility  to  survive and  rem ain  
in fec tiou s under co n d itio n s  o f  h a n d lin g  and  storage, 
(Hi) th e effect o f  ingred ients such  as flavou rings and  p re­
servatives and  (z'v) th e d eco m p o sitio n  p rod u cts from  
bacteria  in  th e fo o d  sam ples.

T here is  ev id en ce th at v iruses can  survive for lo n g  
p erio d s in  raw  m eat25,26. F o o t  and m o u th  d isease virus 
survived  in  m eat fo r  73 days27. E ch o  and  co xsack ie  
viruses survived  on  vegetab les stored  under h o u seh o ld  
co n d itio n s  and  p o liov iru ses survived  o n  radishes for  
over 2  m o n th s28. E xp erim ental w ork  by L yn t29 in d icates  
th at p o lio  1, coxsack ie  B x and B 6 v iruses a d d ed  to  eight 
different com m ercia l frozen  fo o d s  b efore storage a t  
ro o m  tem p erature, 10°C  and  -2 0 ° C  w ere still v iab le  
after variou s in tervals o f  tim e u p to  1 w eek , 1 m on th  and  
5 m o n th s resp ectively . O n ly  in  th e case o f  co les la w , a 
rapid  sign ifican t red u ction  o f  coxsack ie  B 6 v irus a t th e  
three tem peratures w as n o ticed  and  th is w as b e lieved  to  
be due to  th e add itive, so d iu m  b isu lp h ite . S tud ies carried  
o u t by H errm ann and  O liver30 in  w h ich  g rou n d  b e e f w as  
seed ed  w ith  coxsack ie  virus Ag at a  co n cen tra tio n  o f
9 .3  X 1 04 p laq u e fo rm in g  un its (P F U )/g  and  stored  
either at 4  or 2 3°C  ind icate th at o n  th e 8th  day o f  storage, 
th e v irus con ten t w as 7.8 x  104 at 4  C  and  3 x  104 at 23C  
and  2 w eek s w ere necessary before sign ifican t (90.8  
per cen t) v irus red u ction  cou ld  be noticed .

T he ab ove stud y a lso  sh ow s that even  in  th e  presence  
o f  ex ten sive bacterial grow th  (2.8- 6 x 10° co lo n ie s /g )  in  
th e g rou n d  b e e f du ring p eriod s o f  up to  8 days a t 23 C  
or 4 °C  resp ectively , no m arked lo ss  o f  virus occurred . 
T he ob serv a tio n  th at th e d eco m p o sitio n  p rod u cts from  
bacteria in  fo o d s  d id  n o t in activate the v iruses presen t  
in  th ese sam ples confirm ed  a  p rev iou s rep ort29.

Virus Inactivation
V iruses in  large con cen tration s are n o t lik ely  to  occu r  

in  con tam in ated  fo o d s  since o n ly  sm all a m ou n ts o f  virus  
is  excreted  by in fec ted  fo o d  handlers and  o n ly  sm all 
am ou n ts o f  feces can be in trod u ced  in to  fo o d s  by th ese  
p eo p le . C ou p led  w ith  th is , v iruses are un able to  grow  
and  m ultip ly  ou tsid e liv in g  cells. T hese facts m ak e it  
u n lik ely  th at fo o d  route cou ld  be resp on sib le for w id e­
spread d issem in ation  o f  virus. N everth eless, th e sm all 
am ou n ts o f  virus con tam in a tion  o f  fo o d s  w h ich  m ay  
o ccu r can  be considered  as o n e  m eans o f  seed in g  in fec ­
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tio n s in  co m m u n ities  a fter w h ich  su ch  in fec tio n s m ay  
be spread b y  m ore rap id  rou tes in  ep id em ic fa sh io n 31. 
A s such, th ere is n eed  to  exp lore  fo r  in exp en siv e  m eth od s  
to  inactivate v iruses in  fo o d s .

A  num ber o f  ap p roach es have been  stu d ied  to  deter­
m ine their efficacy o f  in activa tin g  viruses in  different 
fo o d s. P o ssib le  in activa tin g  agents are (i) heat, (z7) dry­
ing , and (iii) io n iz in g  rad iation .

Heat
P asteu risa tion  tim es and  tem p eratures recom m en d ed  

by U .S . P u b lic  H ea lth  Service are (z) 62 .8°C  for  30 m in  
or 7 1 .7°C  fo r  15 sec  fo r  m ilk , (z'z) 6 5 .6 °C  for  30 m in  or  
7 4 .4 °C  fo r  15 sec  fo r  m ilk  p rod u cts w ith  add ed  m ilk  fat 
or sw eeteners, and  (iii) 86 .3°C  fo r  30 m in  or 79 .4°C  for  
25 sec fo r  ice cream  m ix.

E ffect o f  p asteu risa tion  tem p eratures o n  th e  destruc­
tio n  o f  a variety  o f  v iruses lik e ad en ov iru s 12, reovirus 1 
and  herpes sim p lex  v irus an d  tw o  leu k em ia  viruses  
su sp en d ed  in  raw  m ilk , raw  ch aco la te  m ilk , raw  ice  
cream  m ix  an d  sterile m ilk  w ere s tu d ied 32. A t 65 °C , w hich  
is  near th e p asteu risa tion  tem p erature, th e d estruction  
curves fo r  ad en ov iru s 12, herpes s im p lex  virus and  re­
oviru s 1 ap p roach ed  a  first order reaction . B u t in  respect 
o f  o n co g en ic  v iruses, m a lo n ey  and  rauscher leu k em ia  
viruses and m a lo n ey  an d  rous sarcom a viruses it w as 
in d icated  th at rou s sarcom a virus w as the m o st resistant 
and  survived  at 55 °C  for 20 m in  and  at 65 °C  for  2  sec.

Drying
In  the case o f  m an y  dryin g  p rocesses ap p lied  to  fo o d s , 

on e co u ld  con sid er th e  h eat em p lo y ed  as th e prin cipal 
source o f  in a c tiv a tio n  o f  th e v irus. In  o n e  stu d y33 
frozen  sa lm o n  sa la d  in o cu la ted  w ith  p o liov iru s typ e 1 
w as freeze dried  at 50-150  m m  o f  g  pressu re, con d en cer  
tem perature -5 1 ° C  an d  a  p la ten  tem perature o f  21 .8  °C. 
V irus co n cen tratio n  b efore and  after d eh yd ration  and  
storage w as 2 .3  x lO 6 P F U  and  6 .9  x lO 2 P F U /m l o f  
sam ple and  th is  in d ica tes th at freeze dryin g  can n ot be 
depen ded  u p o n  fo r  efficient d estru ction  o f  virus in  fo o d s.

Ionizing Radiation
T he use o f  gam m a rad ia tion  has b een  ad v o ca ted  as a 

m eans o f  ob ta in in g  sterile, organ o lep tica lly  accep tab le  
raw  and  co o k ed  fo o d s  th at require n o  refr igeration  s to ­
rage a n d  have a lo n g  sh e lf l ife 34. P resent system s utilize  
lo w  tem p erature treatm ent fo llo w ed  b y  irrad iation  o f  the  
frozen  ( - 2 0  to  -4 0 °C )  fo o d  prod uct.

A n  irrad ia tion  d ose  o f  0 .6  M rads b rou gh t 99 % red uc­
tio n  o f  p o liov iru s  in  fish fillets33. C oxsack ie  B2 v irus 
susp en d ed  in  raw  an d  co o k ed  g rou n d  b e e f  w as irradiated  
at tem peratures ran gin g  from  16 to  -9 0 ° C  in  a cob a lt 60  
gam m a ra d ia tio n  so u rce33. T h e D  valu e (d ose  in  m ega­
rads required to  reduce th e viral num bers by 1 lo g io

or 90 % red u ction ) fo r  raw  g ro u n d  b eef w ere 0 .75  ( -3 0 °C )
0.71 (  -6 0 ° C )  and  0 .68  (  - 9 0  C ) a n d  fo r  co o k e d  grou n d  
beef, th e va lu es w ere 0 .7 0  (1 6°C ), 0 .7 6  (0 .5 °C ), 0 .68  
( - 3 0 ° C), 0 .78  (  - 6 0 ° C) and  0.81 (-9 0 ° C ) . It m ay be o f  
in terest to  n o te  th at th e D  valu es w ere h igher in  frozen  
m aterial in  con trast to  w ater h e ld  a t 0 .5 °C , th e  value  
b ein g  0 .1 4  M rad s37 and  th is  w as a ttrib u ted  to  in h ib itio n  
o f  free radical fo rm ation  or to  im p ed in g  o f  free radical 
travel in  frozen  fo o d s . T he au th ors fee l th a t th e D  
valu es for  other fo o d s  and  o th er  v iruses m ay be different 
and  require in vestig atio n .

A  recent rep ort3® in d ica tes th a t 7 to  13 % o f  p o liov iru s  
survived  w hen  4 0 0  K rad s o f  ga m m a rad ia tion  from  
co b a lt source w as a p p lied  to  w h o le  a n d  sh u ck ed  oysters.

Detection of Viruses in Foods
T h e v ariou s fo o d s  for  w h ich  sim p le a n d  sensitive  

m eth od s are availab le or have g o t to  be d eve lop ed  are 
con sid ered  under th ree ca tegories viz. vegetab les and  
fru its grow n  o n  sew age/efflu en t irrigated  farm s; shell 
fish (oysters, m u ssels and  c lam s); m eat a n d  m eat p ro ­
ducts. R eleva n t b ack grou n d  in fo rm a tio n  and  a p p ro ­
aches for  stu d y  are p resen ted  here.

Vegetables and Fruits Grown on Sewagee / Effluent
Irrigated Farms
N o  docu m en ted  ou tb reak s o f  h u m an  virus d isease  

attribu ted  to  th e co n su m p tio n  o f  cro p s con tam in ated  by  
sew age p o llu ted  irr ig atio n  w ater are availab le. P ossib le  
con tam in atio n  o f  fo o d  crop s irrigated  by w astes lik e  
sew age, slu dge and  effluent m ay be o f  seriou s p u b lic  
h ealth  sign ifican ce and  a  hazard to o .

M o st States in  U .S . A . generally  p roh ib it th e use o f  raw  
or settled  sew age fo r  irr igation  o f  crop s g row n  for  
h u m a n  con su m p tio n . S om e sta tes, how ever d o  a llow  
th e  use o f  com p lete ly  treated , o x id ised  and d isin fected  
sew age for p rod u ction  o f  vegetab les and  fru its th at m ay  
be ea ten  raw. Such a practice can n o t be con sid ered  safe  
in  term s o f  virus hazard b ecau se  tw o  recen t rep o rts39,40 
in d ica te  th at th e qu an tity  o f  v iru s d isch arged  in  the  
effluent o f  an a ctiv ated  slu d ge sew age treatm ent p lan t 
(w h ich  in c id en ta lly  is  th e b est b io log ica l treatm en t  
m eth od ) am ou n ts to  9 .7  x lO 6 an d  2 x l 0 8 P F U  per  
m illion  g a llo n s  resp ectively . D a ta  are a lso  availab le from  
several field  stud ies in d ica tin g  th e presence o f  v irus even  
in  ch lorin ated  secon d ary  effluents41-44. It is  ev id en t th at  
co m p lete  treatm ent o f  sew age fo llo w e d  by ch lorin ation  
as is  p resen tly  p ractised  w ith  lo w  ch lor in e  residu e w ill 
n o t y ie ld  v irus free effluents and as such  th eir  u tilisa tion  
in  ra isin g  fo o d  crop s is  lik ely  to  resu lt in  lo w  level virus  
co n ta m in a tio n  o f  su ch  crops.

L im ited  data  is  availab le  fro m  th e field  and  lab oratory  
stud ies. P o liov iru ses and  ech oviru ses have been  iso la ted  
from  so ils  o f  fields irrigated  w ith  sew age and  som e v ege­
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ta b les grow n  th erein  sh o w ed  the presence o f  cy top ath o -  
g en ic  agen ts24. P ro lo n g ed  survival o f  th ese  v iruses o n  
veg eta b les, for  exam p le  p o liov iru s p erisisten ce for over  
tw o  m o n th s w as a lso  d em on strated 2«. L ark in  et al45 
stu d ied  viral persisten ce o n  crop s irrigated  w ith  p o lio ­
virus I in o cu la ted  slu dge and  effluent. V irus w as recover­
ed  from  th e  so il after 20 days an d  from  vegetab les like  
rad ishes and  lettu ce  36 days after final irrigation .

In  In d ia  sew age farm ing is p ractised  b y  u sin g  m ostly  
raw  sew age an d  som etim es partia lly  treated  sew age. 
T here are 132 sew age farm s coverin g  ap p ro x im ately
30 ,000  acres and  u tilisin g  223 m illion  g a llo n s  o f  sew age  
per day. D ifferen t typ es o f  h u m a n  en teric  v iruses are 
rep orted  to  occu r in  th e range o f  1 0 00 -1 2 0 0 0  P F U /1  o f  
raw  sew age. E igh ty  per cen t o f  th e to ta l virus in  sew age  
w as seen  to  b e lo n g  to  p o liov iru s typ es. O f th is , at least  
50 per cen t appears to  be a ssocia ted  w ith  v iru lent strains  
o f  p o liov iru s  (R a o  et al— u n p u b lish ed  data). A ll varie­
ties o f  vegetab les are grow n  in  th e sew age farm s and  so ld  
in  m an y  urban areas. T h e ex ten t o f  v irus d issem in ation  
b y  th ese  vegetab les has n o t b een  in v estigated  yet.

In  order to  determ ine the p u b lic  h ealth  sign ifican ce and  
th e typ es an d  nu m bers o f  v iruses in  or o n  fru its and  
vegetab les, stu d ies are n eed ed  fo r  d eve lo p m en t o f  a  
m eth o d  for  iso la tio n  and  recovery  o f  v iruses. In  v ege­
tab les lik e  to m a to , radish  and  cu cu m b er w here the  
surface is  ev en , recovery  o f  virus u sin g  sim p le sw abbin g  
w ith  elu an ts lik e  nu trien t broth , b ee f extract or g lycin e  
at h ig h  p H  can  be m ade. T h e virus from  th e e luate can  
be co n cen trated  o n  an y  o n e  o f  th e ad sorb an ts lik e  iro n  
o x id e , p o ly e lectro ly tes , m em b rane filters, etc . V egetab les  
lik e  cau liflow er, w here th e surface is  rugged , an d  the  
virus en trap p ed , th e  fo llo w in g  step s m a y  be usefu l: 
b len d in g  o f  th e m aterial in  a  su itab le e lu an t, stirring it  by  
a m agn etic  stirrer w ith  p H  adju sted  to  8 .5  to  9; centri­
fu g a tio n  at 3000  rpm  fo r  15-30 m in ; co lle c tio n  o f  super­
natan t, ad ju stm ent o f  its  p H  su itab ly ; con cen tration  o f  
th e  v irus o n  a  ch o sen  ad sorb an t and  e lu tio n  o f  th e virus 
fro m  it u sin g  a  su itab le  eluant.

Shell Fish (Oysters, Clams and Mussels)
P roced ures u sed  in  th e d e tection  o f  en teroviruses in 

oysters have b een  either lab o r iou s or relatively  in sen si­
tive. T h is is  true b ecau se oyster su sp en sion s are to x ic  
to  th e  tissu e cu ltu res used  fo r  iso la tio n  o f  th ese viruses. 
O n e has h ad  e ither to  treat th e su sp en sion s in ten siv ely  
to  red uce to x ic ity46"50 or to  d ilu te  th em  to  m in im ise  
to x ic  effects51.

K o sten b a d er  and  C liver52 sh o w ed  th at a  p o ly ca tio n  
sew age floccu lan t p rom oted  co h esio n  o f  oyster so lid s and  
th ereb y  a id ed  sep aration  o f  th ese fro m  th e v iruses and it 
w as sh o w n  th a t th e su sp en sion  or  ex tract ob ta in ed  could  
be in o cu la ted  d irectly  in to  tissu e cu ltures. R ecov ery  o f  
8 0 -1 00  per cen t o f  experim en ta lly  in o cu la ted  virus w as

ach ieved . T h e lim ita tion s o f  th e m eth o d  have a lso  b een  
describ ed  b y  th e sam e au th ors53. T h ey  are (i) o f  th e  
com b in ed  sta ck  o f  filters u sed , o n e  o f  th em  w as n o t  
generally  availab le  th rou g h  lab o ra to ry  su p p ly  ch an n e ls  
and  o u tsid e  U .S .A ., (ii) it  w as n o t k n o w n  fo r  certa in ty  
th at th e m eth o d  w o u ld  be u sefu l fo r  fo o d s  o th er  th an  
oysters.

In  further in v estig ation s, em p lo y in g  a variety  o f  fo o d s  
lik e b eef, oysters, c lam s, lettu ce , carrots, K esten b ad er  
an d  C liver53 tried  filtration  m eth od s fo r  recoverin g  
exp erim en ta lly  ad d ed  virus w ith  a b o u t 80  per cen t  
efficiency. E ssen tia l steps o f  th e  m eth o d  in c lu d e  ( i)  su s­
p en sion  o f  20  g  fo o d  sam ple in  100 m l g ly c in e -N a O H  
buffer, p H  8.8, (ii) c larification  o f  sam ple by flo ccu la tion  
w ith  ca t-flo c  (p o ly ca tio n  floccu lan t), (Hi) su sp en sion  
filtered th ro u gh  11 cm  dia. w h atm an  A C G /B  filter, (iv) 
clarified  fo o d  extract m ade bacteria  free b y  filtering  
th ro u g h  a 47 m m  dia. 0 .2 0  |« m  p o ro sity  G A -8 filter,
(v) v irus in  th e fo o d  extract (filtrate) con cen trated  o n  a  
62 m m  diaflo P M -3 0  (A m ico n ) ultrafilter a n d  virus 
recovered  w ith  5 m l o f  3 per cen t b e e f extract, p H  8 
fro m  th e filter m em brane or con cen trated  b y  u ltra  
cen trifugation .

K o n o w a lch u k  and  Sp iers54 exa m in ed  en teroviru s  
recovery  fro m  lab ora tory  con tam in ated  sam ples o f  shell 
fish. In  order to  a v o id  to x ic ity  o f  h o m o g en a te s  to  cell 
cu ltu res, p H  o f  h o m o g en ate  w as adjusted  to  3 .0 -3 .5  and  
th e  a cid  treated  sam ple w as d ilu ted  1 :4 in  fe ta l b o v in e  
seru m  a n d  th en  m ixed  w ith  ce ll su sp en sion s to  adsorb  
th e  virus w h ich  w ere su b seq u en tly  en u m erated  as p la ­
ques.

R a o  et al (u n p u b lish ed ) d eve lo p ed  a  s im p le m eth o d  
for  e lim in atin g  to x ic ity  and  further con cen tration  o f  
virus u sin g  m agn etic  iron  o x id e . V irus w as add ed  to  
m in ced  tissu e  o f  th e c lam  su sp en d ed  in  nu trien t b ro th /  
b e e f extract, p H  8.8 and  b len ded . T h e h o m o g en ate  w as  
in cu b a ted  fo r  1 hr at 3 7 °C w ith  stirring, a n d  th en  
cen trifu ged  for 30 m in  a t 3000 rpm . S u pernatant p H  
w as adju sted  to  3, A1C13. ad d ed  to  a  m olarity  o f  0 .0 00 5 , 
1 g  o f  m agn etic  iron  ox id e  in trod u ced  and  stirred w ith  
glass rod  in term itten tly  fo r  30 m in . Supernatant w as  
discard ed and  th e  virus reta ined  o n  iron  o x id e  w as  
e lu ted  w ith  5 m l b e e f extract prepared  in  borate-buffer, 
p H  8.5 . C om p lete recovery o f  virus add ed  in  th e range  
o f  50-1000  P F U  per a P oo l o f  5 clam s w as ob ta in ed .

Meat and Meat Products
Su llivan  et al55 described  a  m eth o d  fo r  iso la tin g  virus 

from  g rou n d  b eef seeded w ith  k n o w n  P F U  (1 0 —7700/g) 
coxsack ie  virus B 2 and  o b ta in ed  an  average recovery  o f  
75 per cen t o f  th e added virus. T h e m eat filtrate from  1 g  
b e e f w as ap p rox im ately  10 m l w h ich  w as assayed  in  5 
m on ola yer  cu ltures. N o  efforts w ere m ade to  co n cen t­
rate th e sam ple.
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In  testin g  o f  a few  sam ples fro m  m arket p laces, it w as  
reported  th at th e qu an tity  o f  v irus recovered  w as nil 
from  9 sam ples and  in  tw o  sam p les th e P F U  w ere 1 and  
6 per 5 g  sam ple (h ow ever, on e m eat lo a f  y ie ld ed  195 
P F U /5  g). T h e resu lts fro m  m ajority  o f  th e sam ples  
clearly in d icate th e n eed  fo r  ex a m in a tion  o f  large q u a n ­
tities o f, say  100 g  or so  o f  th e sam ple to  m ake virus 
d etection  p ossib le . T h is creates the p rob lem  o f  h an dling  
large vo lu m es o f  slurries d em an d in g  large num ber o f  
b ottle  cu ltures w hen  m in im al num ber o f  v irus occu rs in  
large qu antities o f  m eat. It is o b v io u s th at con cen tration  
o f  the m eat slurries h ave go t to  be carried out.

T ierney et al56 exam in ed  the efficiency o f  certain  clarifi­
ca tion  m eth od s lik e (i)  g la ssw o o l and  w o v en  fiber glass  
m eth od , (n ) p o ta to  ricer m eth od , and  (Hi) lo w  speed  
cen trifu gation . F ro m  a 100 g  sam ple o f  grou n d  b eef  
seed ed  w ith  virus, a clarified m eat slurry o f  100 m l w as 
o b ta in ed  and  th is w as assayed  in  its  entirety  in  30 bottles  
o f  vero cu lture. Sam p le c larification  by th e above  
m eth od s a llo w ed  a m ean  recovery o f  19-49 per cen t o f  
the ad d ed  virus. In ad d itio n a l experim ents, th e auth ors  
em p lo y ed  d ifferent m em brane filters o f  0 .4 0  to  0 .45  /¿m  
p oresize (pretreated  w ith  feta l bov in e serum ) to  clarify  
the m eat slurry. E ach  filtrate w as con cen trated  by u ltra­
filtration  using  a p rote in  en richm en t m em brane o f  0 .0075  
ju-m p orosity .

N o t  on ly  the final e lu ate  from  the ultrafilter w as large  
(60 m l), but the tim e n eeded  w as 8-16 hr. V irus recoveries  
o f  n o t m ore th an  55.6  per cen t w ere ob ta in ed . F ro m  the  
above p o in ts , ultra filtration  as a  m eth o d  o f  con cen tra­
tio n  o f  m eat slurries d o es  n o t seem  to  h o ld  m u ch  p ro ­
m ise fo r  in vestigatin g  fo o d  associa ted  d isease outb reak s  
in  w hich  large num ber o f  sam ples m ay have to  be p ro ­
cessed  in  a sh ort tim e.

D etec tio n  o f  v iruses from  the m eat o f  a fo o d  anim al 
subject to  a sub clin ical in fec tio n  resu ltin g  in  th e spread  
o f  the virus th rou g h  variou s organ s and tissu es require  
an  a p p roach  w h ich  helps release th e virus h id d en  or  
in corp orated  in  the tissu es. M in cin g  o f  th e m eat sam ples  
fo llo w ed  by try p sin isa tion  w o u ld  be usefu l. O p tim u m  
factors for th e p rocess o f  try p sin isa tion  have to  be 
develop ed . O n ce th e virus has been  extracted , it can  be 
con cen trated  and elu ted  u sin g  adsorb an ts like iron  
oxid e, p o ly  e lectro ly tes, activated  carb on /b itu m in ou s  
coa l or ch em ical p rec ip ita tion  m eth od s using  alum , 
lim e, or ferric ch loride.

World Health Organization Program in Food Virology
In order to  determ ine th e  role th at v iruses p la y  in 

fo o d  borne d isease, th e W orld  H ealth  O rgan ization  
(W H O ) in itia ted  a  p rogram m e to  get m ore scientists  
in terested  in  stud ies perta in in g  to  the ex ten t and type o f  
viral co n tam in an ts p resen t in  variou s fo o d s.

A s a first step , co m p ila tio n  o f  data  regard ing current

activ ity  in  th e field o f  v ariou s cou n tries is un dertaken . 
A  p art o f  th is ta sk  has b een  assign ed  to  D r. D ea n . O. 
O liver, o f  th e F o o d  R esearch  Institu te o f  th e U n iv ersity  
o f  W iscon sin , M a d iso n , U .S .A . w h ich  is d esign ated  as a 
W H O  co lla b ora tin g  center. T h e pap ers bein g  add ed  to  
th e data  co lle c tio n  in clu d e th e fo llo w in g  fo o d  grou p s:  
A n im a l m eat and p rod u cts, m ilk  and  m ilk  p rod u cts, 
p o u ltry  m eat and  eggs, shell fish , fish and other sea  fo o d s , 
vegetab les and  fru its and  w ater a n d  sew age. T h e last 
n am ed  g rou p  is con sid ered  o n ly  w h en  w ater or w aste-  
w ater tran sm its virus to  a fo o d  or b ecom e a con stitu en t  
o f  a fo o d  or beverage bu t n o t i f  v irus con tam in ated  
w ater is ex am in ed  or con su m ed  b y  itself.

T h e fo o d  v iro lo g y  g ro u p  in  M a d iso n  tries to  su m ­
m arise a ll availab le in fo rm a tio n  o f  v irus tran sm ission  
and  tran sm issib ility  th ro u gh  fo o d s . R ep orts in  the  
co llec tio n  c o n c e r n : (a) p rop erties o f  v iruses w h ich  affect 
their tran sm issib ility , (b) in stan ces o f  virus occurrence  
in  fo o d s , as ev id en ced  by lab o ra to ry  d e tectio n  o f  the  
virus or by an  ou tb reak  o f  h u m a n  d isease, (c) other  
evid en ce o f  virus occurrence in  fo o d s , (d )  m eth od s for  
d etectin g  fo o d  borne viruses, and  (e) stu d ies o f  virus 
sta b ility  or in activ a tion  in  fo o d s .

T hese reports h av e recen tly  b een  co n v erted  to  a  n ew  
fo rm  on  ed ge p u n ch  cards fo r  efficient m ech an ica l data  
retrieval. T his system  has b een  d esign ed  to  p rov id e the  
scien tist w ork in g  in  th e field  w ith  precise ly  th e  in fo r ­
m a tio n  n eeded  ( i f  it  ex ists). A  m aster set o f  the reports is 
availab le  w ith  th e  F o o d  H yg ien ist, V eterin ary P ub lic  
H ealth , W orld  H ea lth  O rgan ization , G en ev a  27, Sw itzer­
lan d . T he retrieval sy stem  is availab le  ch iefly  fo r  th e use  
o f:  (0  fo o d  con tro l au th orities, (ii) research a n d  la b o ­
ratory  w orkers in  fo o d  v iro log y , a n d  (iii) research p r o ­
gram m e planners.

Future Research
T o  determ ine th e ex ten t o f  v iral co n ta m in a tio n  o f  

fo o d s  and  th e p u b lic  h ealth  sign ifican ce o f  th e v iruses  
p resent in  th e fo o d  su p p ly  a d d ition a l research  is  n eeded  
in  th e fo llo w in g  areas: (a) th e  in c id en ce  o f  viral d isease  
in  fo o d  an im als and  th e d istr ib u tion  o f  v irus in  the  
in fected  an im al carcass, (b) the ab ility  o f  virus to  persist 
in  an im al tissu es a n d  organs after slau ghter, storage and  
distr ib u tion , (c) th e ex ten t o f  cross co n ta m in a tio n  o f  
fo o d s  du ring h a n d lin g  b y  th e  fo o d  p rocesso r  o r  co n su ­
m er, (d ) th e in fec tiv ity  o f  th e v irus to  th e fo o d  handler,
(e) the ab ility  o f  virus to  survive th e final fo o d  p rocessin g  
in  th e  h om e or fo o d  estab lish m en t, ( / )  th e  in fec tiv ity  o f  
th e v irus to  th e con su m er after entry via th e  oral route,
(g) th e m in im u m  in fec tio u s d ose  o f  “ a n im a l” viruses for  
h u m an s, and  (h) th e d eve lop m en t o f  sim p le and  sen sitive  
m eth od s for  d etectin g  virus in  fo o d s .

W hen  answ ers are ob ta in ed  to  th e q u estion s p o sed  
ab ove, th e sign ificance o f  v iruses in  fo o d  borne d isease

2
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w ill be revealed  an d  th is  is  p o ss ib le  o n ly  w h en  a fo o d  
v iro lo g y  p rogram m e is in itia ted  in  th is cou n try  and  w hen  
m ore scientists in  other coun tries in itia te  stud ies o f  the  
ex ten t and  typ e o f  v iral con tam in an ts p resent in  w orld  
fo o d  su p p ly .

It is  p ertin en t to  p o in t o u t th at In d ia ’s exp ort o f  m eat 
w h ich  w as a  m eagre 980 to n n es  in  1 9 7 4 -7 5  is  lik e ly  to  
reach  70 ,000  to n n es  earn in g  a  fore ign  exch an ge o f  ab ou t  
$ 62 m illion  or 50 crores in  ab ou t three years fro m  now . 
B u t at th e m om en t, m eat o f  the slau gh ter h o u ses  in  
In d ia  are u n h yg ien ic  and  m any an im als are k n ow n  to  be  
diseased . In  order to  ga in  th e con fid en ce and  accep ta b i­
lity  o f  ou r m eat and  other fo o d s  in  ad van ced  cou n tries, 
stud ies o n  fo o d  borne viruses an d  their e lim in a tio n  are 
essentia l.
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Utilization of Milo in Bakery Products
P . H a r id a s  R a o  a n d  S. R . Sh u r p a l e k a r  

C entral F o o d  T ech n o lo g ica l R esearch  Institu te, M ysore, Ind ia
M anuscript Received: 29 Ju ly  1976

A simple method of pearling and grinding has been described to obtain acceptable grade milo (reddish brown sorghum) flour of 80 
per cent extraction. In trials on Buhier roller mill, conditioning of milo decreased the flour yield from 61.6 to 53.6%. The yield 
could be increased to 74.4% by remilling the shorts fraction.
Upto 10% of milo flour (80% extraction) could be blended with m aida  for bread making without any adverse effect. By using 
potassium bromate, glyceryl mono-sterate and sodium stearoyl lactylate the blending level for preparing satisfactory bread 
couldbe increased to 25% . A biscuit preparation based on 80:20 blend of maida and milo flour compared well with biscuits based
only on maida.

Sorgh u m  (Sorghum vulgare) w ith  a  w orld  p rod u ction  
o f  a b ou t 46  m illion  to n s occu p ies a  p rom in en t p o sitio n  
a m o n g  cerea ls1. T h o u g h  m ain ly  used  as a  feed  grain  in  
A m erica , sorgh u m , k n o w n  as jo w a r  in  Ind ia , is  u sed  in  
different form s as a  staple fo o d  in  m an y  d eve lop in g  
regions lik e so m e cou n tries o f  A frica , L atin  A m erica  
and  India. T he presence o f  h u sk  layers affects the  
accep tab ility  o f  sorgh u m  and  a lso  restricts its  usage in  
other p rocessed  fo o d s . T his is  all th e m ore so  in  case o f  
m ilo -a  variety  o f  sorgh u m  w ith  reddish  brow n h u sk — as 
th e h u sk  affects th e co lou r  o f  th e h o u se -h o ld  p reparations  
or p rocessed  fo o d  p rod u ct. D ifferen t lab oratory  as w ell 
as p ilo t  scale p rocessin g  m eth od s have b een  tried  to  
rem ove th e  outer h u sk  o f  w hite sorgh u m  an d  th e pearled  
grain is gro u n d  in to  flour or grits fo r  use in  trad ition a l 
Ind ian  p rep aration s2,5. H ow ever , less in fo rm a tio n  is  
availab le o n  th e  p rocessin g  o f  m ilo .

U se  o f  n on -w h eat flours fo r  ex ten d in g  w heat sup plies  
has b een  exp erim en ted  th rou gh  co m p o site  flours fo r  use 
in  bakery p rod u cts4"6. H ow ever , o n ly  p rocessed  flours 
from  w h ite  sorgh u m , casava , m aize and  other o il-seed  
flours have been  tried  a lo n g  w ith  w heat.

In  th e  recent past, Ind ia  h as b een  im p ortin g  con sid era­
b le qu antities o f  m ilo . O ne o f  th e ready avenu es for  
usage o f  su itab ly  p rocessed  m ilo  ca n  be in  bakery pro-

" du cts, esp ecia lly  in  the re lative ly  lo w  co st p rod u cts w hich  
can  be used  for  different feed in g  p rogram m es. H ow ever  
th is area has received  little  a tten tion  o f  research w orkers. 
Further, m o st o f  the w ork  rep orted  on  th e use o f  co m p o ­
site flour in  bakery p rod u cts is b ased  o n  hard bread  
w h eats and  n o t so ft-to -m ed iu m  hard w h eats w h ich  
a cco u n t for  th e m ajor p o rtio n  o f  In d ian  w h eat p rod u c­
tio n . It w as, th erefore, con sid ered  necessary  to  stu d y  the  
different asp ects o f  p rocessin g  m ilo  in to  an  accep tab le  
grade flour and  its  usage a lo n g  w ith  com m ercia l varieties  
o f  In d ian  w heats fo r  th e p rep aration  o f  bak ery  p ro ­
ducts. T h e resu lts o f  su ch  stud ies are p resen ted  in  th is  
paper.

Materials and Methods
Raw materials: Sharbati sonora, a  m ed iu m  hard  

In d ian  aestivu m  w h eat su p p lied  b y  In d ian  A gricu ltural 
R esearch  In stitu te , N e w  D e lh i w as m illed  in  B uhier  
lab o ra to ry  m ill (m od el M L U  2 02) after co n d itio n in g  
overn igh t at 15.5 per cen t m oistu re level. T h e w hite flour  
0maida) o b ta in ed  w as u sed  fo r  bread m a k in g  trials. 
M a id a  m illed  sim ilarly  from  so ft w hite A u stra lian  w heat 
co n d itio n ed  to  14.5 per cen t w as u sed  for b iscu it m ak in g  
tria ls. C om m ercia l sam ple o f  m ilo  procured  loca lly  w as 
u sed  fo r  p rocessin g  experim ents.
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Barley pearler fo r  milo processing: T w o  hu nd red  gram  
m ilo  sam ples w ere p o lish ed  fo r  different p erio d s (0-7  
m in ) in  a lab o ra to ry  barley  pearler (C orcoran  m ake, 
L o n d o n ) to  o b ta in  p earled  m ilo  o f  accep tab le co lou r. 
A fter  rem o v in g  th e h u sk  by siev in g  th ro u g h  32 m esh  
sieve , th e pear led  grain  w as w eigh ed  to  ca lcu la te the  
percen tage p o lish . T h e am ou n t o f  brok en s w ere deter­
m in ed  by siev in g  th e pear led  m ilo  th rou gh  a 14 m esh  
sieve . F o r  m in im isin g  th e p ercen tage o f  b rok en s, roller  
speeds o f  280, 335 an d  400  rpm  w ere tr ied  fo r  th e  p ear­
lin g  o p eration . T o  stu d y  th e effect o f  co n d itio n in g  on  
p earlin g  200-g  sam ples w ere co n d itio n ed  fo r  5 m in  w ith  
a d d itio n  o f  5 per cen t w ater. M ilo  sam ple w ith  m oistu re  
co n ten t red uced to  7 .2  per cen t by sun dryin g  w as a lso  
in c lu d ed  in  th ese trials. T he sam ples th u s co n d itio n ed  
w ere p earled  fo r  1.5 m in  at 400  rpm . T h e percen tage  
p o lish  as w ell as brok en s w ere d eterm ined  as described  
earlier.

Buhler laboratory mill fo r  milo processing: T w o m ilo  
sam p les, on e co n ta in in g  8.5 per cen t m oistu re (w ith ou t  
an y  co n d itio n in g ) and  th e other co n d itio n ed  overn ight 
to  15 per cen t m oistu re (as fo llo w ed  fo r  w hite sorgh u m 6) 
w ere m illed  in  th e B uhler lab ora tory  m ill. The y ie ld s o f  
different fraction s w ere ca lcu la ted  o n  th e basis o f  to ta l 
w eig h t o f  m illed  p rod u ct ob ta in ed . T w o m eth od s were  
tried  to  im p rove th e  flour y ield .

F irstly , th e  shorts w ere sieved  th rou gh  a B u hler p lan -  
sifter and  th e fine fraction  p a ssin g  th rou g h  6X X  sieve  
w as ad d ed  to  th e flour fraction . T h e overta ilings o f  6X X  
sieve w ere recycled  th rou gh  th e m ill and  th e w eigh t o f  
th e  extra flour noted . A ltern ate ly , sh orts ob ta in ed  from  
Buhler m ill w ere gro u n d  in  a K am as lab ora tory  ham m er  
m ill (M o d e l S laggy Sw eden) u sin g  0 .8  m m  sieve , and  the  
fractio n  p assin g  th rou gh  6X X  sieve w as ad d ed  to  th e  
flour fraction .

Milo flour processing fo r use in bakery products: 
C on d itio n s fo r  p rocessin g  m ilo  in to  flour su itab le for  
use in  bakery p rod u cts w ere arrived at o n  the basis o f  
different trials. M ilo  w as p earled  for  1.5 m in  at a speed  
o f  400  rpm . G rains o f  20  per cen t p o lish  th us ob ta in ed  
w ere g rou n d  either in  a  K am as ham m er m ill or in  a d isc  
m ill lo ca lly  k n ow n  as Chakki. T his flour w as b len d ed  at
10-30 per cent levels w ith  maida fro m  Sharbati sonora 
fo r  bread m ak in g  trials and w ith  maida from  A u stra lian  
w h eat a t 10-50 per cen t levels fo r  b iscu it m aking  
tria ls.

Analysis o f  flour blends: T he co lou r  grade o f  d if­
ferently  m illed  m ilo  flours as w ell as th eir  belnds w ith  
m aid a w ere record ed  in  a p h o to v o lt  reflectance m eter. 
T h e m oistu re, to ta l ash , crude fibre and  eth er extractives  
in  d ifferent m ilo  flour and  maida sam ples fro m  Sharbati 
sonora and  A u stra lian  w h eats w ere d eterm ined  by A A C C  
m ethods». C rude p rote in  w as d eterm ined  by m icro- 
kjeldahl m eth od  u sin g  a  con versio n  facto r  o f  6.25.

Dough characteristics: D o u g h  ch aracteristics o f
maida and  its  b lends w ith  m ilo  flour w ere stu d ied  
u sin g  B rab en der’s farin ograp h  as w ell as ex ten sograp h  
a ccord in g  to  A A C C  procedu res8.

Bread making trials: B read m a k in g  q u a lity  o f  d if­
ferent maida-m ilo  flour blends w ere te sted  a cco rd in g  to  
rem ix  p roced u re9. L o a f  vo lu m e o f  breads w as d eter­
m in ed  by rap eseed  d isp lacem en t m eth o d  u sin g  lo a f  
v o lu m e m eter. B reads w ere eva lu ated  for  different p ara ­
m eters lik e co lo u r  and  shape o f  th e crust, co lou r , so ft­
ness, grain  fineness a n d  u n iform ity  o f  crum b an d  eatin g  
qu ality  by a  p a n el o f  6 ju d ges.

Biscuit making trials: T h e fo llo w in g  recip e (1 0 0  g  
basis) w as u sed  fo r  th e preparation  o f  b iscu its b ased  on  
different blends o f  m ilo  flour and  maida fro m  A u stra lian  
w heat.

M ilo  flour maida b len d , 65 g ; sugar, 16 g ; fa t, 18g; 
n o n -fa t m ilk , 1.0 g ; co m m o n  salt, 0 .4  g ; b ak in g  p ow d er,
0 .5  g ; a m m on iu m  b icarb on ate, 0 .5  g ; van illin , 0 .0 5  g; 
and  w ater, 13-15 m l sugar, fa t and  va n illin  w ere cream ­
ed  in  a H ob art M ixer fo r  2  m in . T o  th is  a  w ell m ixed  
blen d  o f  the flour, n o n -fa t m ilk  and  b a k in g  p ow d er  w as  
ad d ed  a lo n g  w ith  w ater con ta in in g  co m m o n  sa lt, a m ­
m o n iu m  b icarb on ate and  m ixed  further fo r  2 m in  
U sin g  a w o o d en  ro llin g  p in  th e d ou gh  th u s o b ta in ed  w as 
sheeted  to  a  u n iform  th ick n ess o f  2 .5  m m . C ircular  
biscu its o f  1.5 in . d iam eter w ere cut and  bak ed  fo r  9 m in. 
at 2 5 0  °C. A verage diam eter, th ick n ess a n d  spread fa ctor  
(d iam eter/th ick n ess) o f  5 b iscu its w ere n o ted  fo r  assessing  
the p h y sica l characteristics. In ad d ition , th e co lou r, 
crispn ess, ea tin g  q u ality  and  overall a ccep ta b ility  w ere  
assessed  by a p an el o f  6 ju d ges.

Results and Discussions
Effect o f  pearling time on processing o f  milo in barley 

pearler: T he data  p resen ted  in  T ab le 1 in d ica te  th at  
a sign ifican t increase in  per cent p o lish  as w ell as 
brok en s w ere observed , as th e p ear lin g  p eriod  increased  
fro m  0 .5  to  2  m in . W hen th e p ear lin g  at 4 0 0  rp m  w as 
ex ten d ed  b eyo n d  2 m in  o n ly  slight increases w ere  
observed . T his m ay be p rob a b ly  ex p la in ed  by ea sy  re­
m o val o f  lo o se ly  b ou n d  h u sk  in  th e in itia l stages o f  
pearling . F rom  visu al ob serva tio n , it  w as inferred  
th at 20-25  per cen t p o lish  w as necessary  fo r  a lm ost  
co m p lete  rem oval o f  the red dish  b row n hu sk . In  th is  
w ay, w hite p earled  grains cou ld  be ob ta in ed .

Effect o f  pearler speed on processing o f  milo in barley 
pearler: It is in terestin g  to  n o te  th at fo r  the sam e  
p earlin g  du ration  o f  3 m in  th e per cent p o lish  o b ta in ed  at 
280, 335 and 4 00  rpm  w ere 4 .0 , 13.0 and  27 .5  per cent 
resp ectively  (T able 1). C orresp on d in g  va lu es for  brok en s  
w ere 0 .5 , 3 .0  and  2 0 .0  per cent resp ectively . H ow ever, 
as th e  roller sp eed  decreased , the p eriod  o f  p ear lin g  
in creased  considerab ly  to  5 m in  at 335 rp m  as com p ared
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T able 1. effect of the roller speed of barley pearler on
THE DEGREE OF POLISH AND BREAKAGE OF MILO

Degree of polish (% ) at Broken grains (% ) at
Pearling 280 335 400 280 335 400

time (min) rpm rpm rpm rpm rpm rpm

0.5 — — 6.5 — — 5.0
1.0 — 4.0 15.5 — 0.5 11.0
1.5 — — 20.0 — — 13.0
2.0 — 8.0 24.5 — 1.5 18.0
2.5 — — 26.5 — — 19.0
3.0 4.0 13.0 27.5 0.5 3.0 20.0
4.0 9.0 17.0 — 2.0 5.0 —
5.0 14.0 20.0 — 3.5 7.0 —

6.0 17.0 23.5 — 4.0 8.0 —
7.0 18.0 25.0 — 4.5 8.5 —

to  1.5 m in  a t 40 0  rp m  fo r  o b ta in in g  th e  desired  20 per  
cen t p o lish . F ro m  practica l con sid era tio n s o f  m in im um  
p earlin g  tim e an d  per cen t b rok en s h ow ever , 1.5 m in  
p earlin g  a t 400  rp m  w as con sid ered  o p tim u m  fo r  p ro ­
cessin g  o f  m ilo  in to  flour and  5 m in  at 335 rpm  for  
o b ta in in g  w h o le  pear led  grain .

Effect o f  conditioning: N o  difference w as observed  
in  resp ect o f  per cen t p o lish  o r  b rok en s, w h en  th e m o is ­
ture con ten t o f  th e m ilo  w as red uced  fro m  th e in itia l
8 .5  to  7 .2  per cent. F ro m  th e different tria ls carried o u t  
u sing  1.5 m in  p earlin g  p eriod , it w as observed  th at as 
th e  co n d itio n in g  m oistu re level increased , the degree o f  
p o lish  decreased  (T ab le 2). In  con trast, th e percen tage  
o f  b rok en s sh o w ed  a sligh t increase. C on seq u en tly , to  
o b ta in  th e  desired  degree o f  20 per cen t p o lish , th e  p ear­
lin g  p eriod  m ay  have to  be in creased  considerab ly . 
T h e ab o ve  resu lts in d icate  th a t co n d itio n in g  o f  m ilo  
has n o  beneficia l effect o n  p ear lin g  efficiency. In contrast,

Table 2. effect of conditioning0 into different moisture
LEVELS ON THE DEGREE OF POLISH AND BREAKAGE

Grain moisture
%

Degree of polish
°//o

Broken grains1
°//o

7.2 19.5 13.0
8.5* 19.5 13.0
9.5 18.3 13.5

10.5 14.2 15.0
11.5 12.2 15.5
12.5 11.1 16.0
13.5 9.1 16.3

«-Conditioning period 5 min 
¿»-Initial moisture content 
c-Through 14 mesh sieve.

R agh aven d ra  R a o  et a /3, h ad  ob served  th at fo r  w hite  
so rgh u m  th e o p tim u m  p earlin g  co u ld  be carried o u t by 
co n d itio n in g  w ith  3 per cen t extra m oistu re  fo r  a  p eriod  
o f  5 m in. H ow ever , their o b serv a tio n  th a t co n d itio n in g  
p erio d  o f  m ore th an  5 m in  in creased  p ercen tage brokens  
is  in  con form ity  w ith  th e p resen t findings.

Processing o f  milo in Buhler laboratory mill: T he data  
p resen ted  in  T ab le 3 in d icate  con sid erab ly  higher flour  
y ie ld  from  u n co n d itio n ed  m ilo , as com p ared  to  th at 
from  m ilo  co n d itio n ed  to  15 per cen t m oistu re . In  
con trast, th e  pattern  regard in g  y ie ld  o f  sh orts w as ju st  
th e reverse. H ow ever, th e co lo u r  grade va lu e o f  flour  
from  co n d itio n ed  m ilo  w as better.

B y  ju st p a ssin g  sh orts th ro u g h  6X X  sieve , th e  y ie ld  o f  
flour co u ld  be in creased  by 4 -6  per cen t. R ecy c lin g  the  
6X X  overta ilin gs th ro u g h  B u hler m ill further im p roved  
yie ld s o f  flour by 9-10  per cen t. B y  th is  m eth o d  o f  sieving  
a n d  recycling  flour y ie ld s o f  63 .7  and  74 .4  per cen t res­
p ective ly  w ere o b ta in ed  from  m ilo  w ith  or w ith o u t c o n ­
d itio n in g . It is in terestin g  to  n o te  th a t as com p ared  to  
lo w  flour y ie ld  o f  5 3 .6  per cen t fro m  B u hler m ill, a ccep t­
able grade m ilo  flour o f  a b o u t 80 per cen t ex traction  rate  
w as o b ta in ed  by p o o lin g  th e  flour fraction s ob ta in ed  
from  B uhler m ill and  th at recovered  from  sh orts by 
grin d in g  in  K am as m ill and  p a ssin g  th ro u g h  6X X  sieve.

Proximate composition o f  processed milo: T h e data  
o n  th e  analyses o f  d ifferently  p rocessed  m ilo  flours g iven  
in  T ab le 4  in d icate  th a t th e flour o b ta in ed  from  (a) 
20 per cent p earled  m ilo , and  (Z>) m ilo  co n d itio n ed  to  
15 per cen t and  m illed  in  a B u hler m ill, com p ared  w ell in

Table 3. milling characteristics of milo in  a buhler labo­
ratory MILL

W ithout Conditioned to
conditioning" 15% moisture®

Break flour (%) 14.8 13.1
Reduction flour (% ) 46.8(24.5/ 34.9(14.4/
Flour yield (%) 61.6 48.0
Flour recovered from shorts1* (%) 3.9 5.6
Flour recovered from shortse (%) 8.9 10.1
Total flour yield*1 (% ) 74.4 63.7
H usk(% ) 3.4 6.0
Colour grade v a lu e / 64.0 68.5

a —Initial moisture content, 8.5%.
¿»-Conditioned overnight for 16 hr.
c-Values in parentheses indicate yield of flour from reduction 

roll R i
d -By passing through 6XX sieve
e-By recycling the overtails of 6XX sieve through the Buhler 

mill
/-V alues for flour including the shorts fraction passing through 

6XX sieve.

3
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T able 4. proximate composition“ of differently processed
MILO

Bulilcr milled
Un- --------------------------------------

Constituents pearled Pearled* Without
condition­

ing“

Conditioned 
to 15% 

moisi tire'*
Crude protein (%)

NX6.25 9.60 9.20 7.80 6.30
Ether extractives

(%) 2.60 1.62 i .84 1.33
Total ash (%) 1.23 0.76 0.96 0.72
Crude fibre (%) 
Carbohydrates

2.10 0.62 0.79 0.58

(by diff.) % 70.47 73.80 74.61 77.07
o-O n 14% moisture basis 
b - 20% polish
c-Yield of 65.5% includes flour recovered from shorts through 

6XX  sieve.
rf-Yield of 53.6% includes flour recovered from shorts through 

6XX sieve.

resp ect o f  a sh  an d  fibre con ten ts. H o w ever , p rotein  
co n ten t o f  th e flour fro m  p o lish ed  m ilo  (9 .2  per cent) 
w as o n ly  s lig h tly  low er th an  th e w h o le  m ilo  flour (9 .6  per  
cen t) and  sign ifican tly  h igher th an  th a t (7 .8  per cent) 
fro m  B u hler m ill. P ro tein , ash and  fibre con ten ts o f  
flour w ere con sid erab ly  h igher in  case o f  u n co n d ition ed  
m ilo  as com p ared  to  co n d itio n ed  m ilo .

T he d ata  (T ab le 5) o n  th e effect o f  in corp ora tio n  o f  
m ilo  flour in  maida in d ica te  th a t p o lish ed  m ilo  flour  
co u ld  be used  u p to  a m axim u m  o f  30 per cen t w ith o u t  
ad versely  a ffectin g  the co lou r  grade va lu e o f  maida.

Rheological characteristics o f  m aid a -milo flour blend: 
B ased  o n  several p relim inary tria ls carried o u t on  F arin o- 
graph  it  w as con c lu d ed  th at a  m ax im u m  o f  25 per cent  
o f  m ilo  flour co u ld  be used  for b len d in g  w ith  maida 
w ith o u t affectin g  desirab le ch aracteristics. A s such ,

T able 5. color grade values of different blends of wheat
FLOUR WITH PEARLED MILO FLOUR“

W heat flour 
°/

Milo flour
°//o

Colour value

100 0 77.5
90 10 76.5
80 20 76.0
75 25 75.5
70 30 75.0
0 100 68.5

ii-Pearled to 20% polish and ground in Kamas hammer mill

F ig. 1 includes farinogram s and ex ten sog ra m s o f  o n ly  a 
3:1 blend used  for bread m ak in g  trials. T he w ater a b so r ­
p tio n  values (5 9 .5 -6 0 .0  per cen t) and d ou gh  stab ility  
(8-9  m in) for  maida as w ell as maida-milo flour b len d  
w ere practica lly  th e sam e. H ow ever , the d o u g h  d e v e lo p ­
m ent tim e decreased  sign ifican tly  fro m  5.5  to  1.5 m in  
as a resu lt o f  in co rp o ra tion  o f  m ilo . T h o u g h  th e  e x te n ­
sib ility  o f  b oth  the d ou gh s w ere com p arab le , th e  res ist­
ance to  ex ten sio n  d ecreased  from  m ore th an  1000 E U  
for th e  maida d ou gh  to  760 E U  for th e d o u g h  based  on  
3:1 blend. A lso , th e strength  o f  th e maida d o u g h  (110  
cm 2) as seen  from  the area under ex ten sogram s (F ig . 1) 
w as low ered  (85 cm 2) due to  b lending.

Effect o f  incorporation o f  milo flour on the bread 
quality: D a ta  presented  in  T ab le 6 sh o w  th at up to  a 10 
per cen t level m ilo  flour cou ld  be used w ith  p ractically  no  
adverse effect on the crust and crum b ch aracteristics as 
w ell as taste  o f  bread. T he vo lu m e w as, h ow ever, slightly  
low er. T he m axim um  level o f  m ilo  flour th at co u ld  be 
used for b len d in g  to  ob ta in  sa tisfactory  bread w as fou n d  
to  be 25 per cent. T h ou g h  th e vo lu m e d ecreased  sign ifi­
can tly  th e other quality  characteristics w ere on ly  s ligh tly  
affected . It w as a lso  ob served  th at in c lu sio n  o f  m ilo  
flour gave a som ew h at better b od y  and ch ew in g  q u ality  
to  th e bread, as com p ared  to  som ew h a t b la n d  ta ste  o f  
maida bread. T his o b servation  m ay be o f  practical 
sign ifican ce to  the consu m ers in  th e Ind ian  sub con tin en t. 
Bread co n ta in in g  30 per cent m ilo  flour had a d istinct 
‘m ilo ’ flavour and  th e crum b ch aracteristics w ere so m e­
w hat coarse and  un accep tab le.

Fig 1. Farinograph and extensograph curves 1. Blend (3:1; of 
maida and milo flours; 2, Control-ma/rfo.
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T able 6. effect of blending of milo flour pearled to 20 % polish and ground in kamar hammer mill
WITH WHEAT FLOUR ON THE QUALITY OF BREAD

Crumb
Milo used 

.(%)
Loaf

volume“
ml

Crust colour6
Colour Texture Grain size Grain distribution

Taste®

0 525 Dark brown Creamy
white

Soft Fine Uniform Norm al

10 505 ff Fairly
w'hitish

If ” if ft

20 485 Light brown Slightly
brownish
white

Slightly
soft

Slightly
fine

Fairly
uniform

Slightly
inferior"!

25 475 if ff >1 J J ft

30 450 Greyish 
dull brown

Brownish
w'hite

Slightly
tough

Slightly
coarse

1f Inferior®

a—Based on 100 g flour 
b—Shape was norm al in all breads 
c—As compared to control wheat bread 
d —Due to mild milo flavour 
e—Due to perceptible milo flavour.

Improvement o f  bread based on maida-mtVo flour blend: 
R esults o f  stud ies carried  o u t to  im p rove th e q u a lity  o f  
bread b ased  o n  3:1 b len d  o f  maida and  m ilo  flours by 
using  different ad d itives are p resen ted  in  T ab les 7 and  8 
F ro m  th e F arin ograp h  characteristics on  w ater a b so r­
p t io n  and  th e d o u g h  sta b ility , th e d ou gh  based o n  3:1 
blen d  o f  w heat and  m ilo  flour w as fo u n d  to  be som ew h at  
to u gh . It w as ob served  th at a d d ition  o f  3 per cent extra  
w ater (in  ad d itio n  to  F arin ograp h  w ater ab sorp tion )

im p rov ed  con sid erab ly  the lo a f  vo lu m e as w ell as crum b  
characteristics. T h o u g h  lo a f  v o lu m e im p ro v ed  w ith  
further increase in  w ater add ed , th e  d ou gh  b ecam e sticky  
and  difficult to  h an dle. U se  o f  0 .5  per cen t G M S —  
(g lyceryl m o n o  stearate), in  a d d itio n  to  3 per cen t extra  
w ater gave a lo a f  w ith  im p rov ed  so ftn ess  and fineness 
o f  th e  crum b.

A m o n g  d ifferent levels tried , use o f  20  p p m  p otasiu m  
brom ate sh ow ed  m axim u m  im p rov em en t in  th e lo a f

Table 7. effect of water addition on the bread“ based on maida-milo flour6 (3:1) blend

Crumb
Water added Loaf volume m l -----------------------------------------------------------------------------------------------  Taste®

Texture Grain size Grain distribution
FWA 475 Slight soft Slightly fine Fairly uniform Slightly inferior^

FW A +  1.5 ml 495 „ ,, »> it

FW A +  3.0 ml 505 Soft Fine Uniform ft

FW A +  4.5 ml® 510 ft »* ft ff

FW A +  6.0 ml® 500 Very soft » »» „ and gummy
FW A +  3.0 ml<* 512 ft Very fine „ Normal

FW A—Farinograph water absorption.
a—All the breads had normal shape, light brown crust colour, and somewhat brownish white crumb colour.
b—Of 20% polish and ground in Karnas hammer mill.
c—Doughs were slightly flowy and sticky
rf—Included 0.5%  of GMS in the formulation.
e—As compared to control wheat bread
/ —Slightly inferior due to slight milo flavour
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Table 8. effect of potassium bromate and sodium stearoyl lactylate (ssl) on bread“ quality based on
3:1 blend of milo flour6 and mai da

Potassium bromate 
ppm

SSL
%

Loaf volume 
ml

Crumb texture Crumb grain Tastec

0 — 465 Slightly soft Slightly fine, uniform Slightly inferior“*
10 — 480 II Fine, uniform it

20 — 490 Soft » it

30 — 490 II ii it

10 0.3 495 „ Very fine, uniform ii

10 0.4 525 Very soft ii Norm al
10 0.5 540 5> ii ii

10 0.6 550 ii II Inferior®
10 0.7 560 Very soft, sticky II Inferior®
10 1.0 575 ii II Bitter, unacceptable

a—All the breads had norm al shape, light brown crust colour and slightly brownish white crumb colour. 
b—of 20% polish and ground in Kamas hammer mill 
c—As compared to  control wheat bread 
d—Slightly inferior due to mild milo flavour. 
e—Inferior to due to slight off-flavour of lactylate.

v o lu m e as w ell as crum b ch aracteristics. SSL  (so d iu m  
stearoy l lacty la te) at levels ran g in g  fro m  0 .4  to  1.0 per  
cen t h a d  defin ite im p rov in g  a c tio n  o n  lo a f  v o lu m e and  
cru m b ch aracteristics (F ig . 2). H ow ever , b eyo n d  0 .5  
per cen t th e  d o u g h  b ecam e stick y  an d  th e  bread h ad  
s lig h t o f f  flavour. A s su ch , it  w as in ferred  th at 0 .4  to
0 .5  per cen t o f  SSL  w as th e o p tim u m  level. It is  in terest­
in g  to  n o te  th at bread b a sed  o n  3:1 b len d  o f  maida and  
m ilo  flour w ith  0 .5  per cen t S S L  gave a  bread w hich  
com p ared  favou rab ly  w ith  th e lo a f  v o lu m e an d  th e crum b  
ch aracteristics o f  th e co n tro l bread b a sed  on ly  o n  maida 
(F ig . 2).

Effect o f  making differently processed milo flour on the 
bread making quality o f  m aid a : E xcept for  th e  crum b  
co lou r , th e  bread prepared  from  B uhler m illed  m ilo  
flour (5 3 .6  per cen t ex tra ctio n )— maida b len d  w as c o m ­
parab le in  d ifferent q u ality  ch aracteristics w ith  th ose  
m ade by u sin g  80 per cen t ex tractio n  flour fro m  p o lish ed  
m ilo  (T ab le 9). H ow ever , bread b ased  on  b len d  o f  maida 
and  m ilo  flour (B uhler m illed  -(-fraction fro m  shorts  
m illed  in  K a m a s ham m er m ill) h a v in g  a  com p arab le  
ex tra ctio n  rate (8 0  per cen t) as th a t o f  p o lish ed  and  
g rou n d  m ilo  flour w as fo u n d  to  be ju st accep tab le, as th e  
co lou r  a n d  grain  characteristics o f  th e  crum b w ere n o t

Table 9. quality of bread“ based on 3:1 blends of maida and differently processed milo flour

Processing of milo
Extraction 

rate %
Loaf

volume ml
Crumb

Taste6
Colour Texture Grain size Grain distribution

Milled in Buhler 
laboratory mill

51.0 485 Fairly
whitish

Soft Slight fine Uniform Norm al

ii 80.0 480 Brownish
white

ii Slightly coarse Slightly uniform Slightly inferior®

Pearled and ground 
in disc mill (c h a k k i)

80.0 480 Slightly
brownish
white

ii Slightly fine Uniform II

Pearled and ground 
in hammer mill

80.0 480 ii ii ii a Slightly inferior

C o n tro l-m a id a 520 Creamy Very Fine •
II Norm al

white soft
a—All the breads had normal shape and light brown crust colour except control which had dark brown crust colour. b—As compared to control wheat bread 
c—Slightly inferior due to slight milo flavour.
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Table 10. evaluation of biscuits based on blends of milo flour® and maid a6

Milo
added
(%)

Water
added

ml

Av. thick­
ness15 

(T) cm

Av. dia.4 
(W) cm

Ratio
(W/T)

Spread
factor

0. 15.0 0.71 5.17 7.20 —

12.5 15.0 0.70 5.31 7.55 103.4
20.0 14.5 0.69 5.30 7.70 105.2
25.0 14.5 0.67 5.30 7.90 108.2
33.0 14.0 0.63 5.35 8.50 116.5

50.0 13.5 0.58 5.40 9.30 127.4

Colour Crispness* Mouthfeel® Taste®

Golden Norm al Norm al Norm al
yellow

it it it J  J

it it ti it

it Slightly better Slightly gritty Slightly inferior
Slightly it Gritty ti

whitish
brown

„ it Very gritty ti

a—75% extraction flour passing through 10XX 
b—From  Australian soft white wheat 
c—Thickness of unbaked biscuits-0.25 cm.

Diameter of unbaked biscuits-5.25 cm. 
e—As compared to control based only on maida.

sa tisfactory . N o  d ifference w as ob served  in  bread m a k ­
in g  q u a lity  o f  th e b len ds con ta in in g  m ilo  flours p rocessed  
either in  K a m a s h am m er m ill or chakki. It m ay  th us  
be in ferred  th a t m ilo  flour m illed  b y  sim p le tech n iq u e  
o f  p o lish in g  an d  grin d in g  co u ld  b e u sed  fo r  b len d ing  
w ith  maida w ith o u t sacrific in g  its  bread m ak in g  
quality.

Utilisation o f  milo in biscuit preparation: R esu lts  
p resen ted  o n  q u a lity  ev a lu a tio n  o f  b iscu its (T ab le 10) 
m ade from  different b len d s o f  maida an d  m ilo  flour  
in d icate  clearly  th at m ilo  flour co u ld  be used  u p to  20 per 
cen t w ith o u t affectin g  th e q u ality  o f  b iscu its. I t w as 
ob served  th at use o f  m ilo  flour b eyon d  20 per cen t level 
m ade th e  p rod u ct excessive ly  brittle and  som ew h at  
gritty  to  taste . A s exp ected , th e raise o f  the b iscu its  
decreased  as th e level o f  m ilo  flour increased . T h is w as 
a lso  reflected  in  th e increase in  th e spread factor  from  J

Fig 2. Effect o f different levels o f sodium stearoyl lactylate (SSL) 
on the quality o f bread. 1, Control-maida ; 2, 3, 4, 5, 6, 
3:1 blend of m aida-milo flours containing 0, 0.3, 0.4, 0.5 
and 0.6%  SSL respectively.

100.0  to  127.4. T h is in crease w as m in im u m  u p to  20  
per cen t level o f  in co rp o ra tio n  o f  m ilo  flour.

Conclusion: T h e p resent in v estig a tio n s are o f  c o n ­
sid erab le im p ortan ce w h en  v iew ed  in  th e  lig h t o f  in ­
creasing  stress o n  th e use o f  co m p o site  flours in  reg ion s  
w here sign ifican t qu an tities o f  cereals o ther th an  w heat 
are p ro d u ced  or im p o rted  to  m eet fo o d  shortages. 
U sin g  in d igen o u sly  av ailab le  m ach in ery  a  sim ple  
p o lish in g  a n d  grin d in g  tech n iq u e h as been  w ork ed  ou t  
in  th e lab o ra tory  fo r  o b ta in in g  accep tab le  qu ality  m ilo  
flour. P o ssib ilities  have been  sh ow n  o n  th e u tilisa tion  
o f  10-25 per cen t p rocessed  m ilo  flour in  bakery p ro ­
du cts w h ich  w ill be h e lp fu l in  ex ten d in g  th e  w h eat 
su p p lies, esp ecia lly  du ring  fo o d  scarcity  situ ation s.
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Comparison of Lactose Synthetase Activity of °< - lactalbumin 
and Galactosyltransférase from Cow, Buffalo and Goat Milk
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The A and B proteins of lactose synthetase enzyme (UDP-D-galactose: D-glucose. 1-galactosyltransferase E.C. 2.4.1.22) from cow, 
buffalo and goat milk have been isolated. The lactose synthetase activity of alpha-lactalbumin (B protein) and galactosyllransferase 
(A protein) from the three species of milk have been compared. Crude samples of o< -lactalbumin also showed enzymic activity in 
presence of A protein. The partially purified A protein contains hexose, hexosamine and sialic acid. Thus it was identified as a glycoprotein enzyme.

L a ctose  synth etase (E .C .2 .4 .1 .2 2 ) cata lyzes the for­
m a tion  o f  lac to se  and  th is reaction  requires tw o  protein s  
nam ely  °< -lacta lb u m in  (B  p rotein ) and  ga lactosy ltran s­
férase (A  p rotein ). T he en zym e lac to se  syn th etase has 
b een  sh o w n  to  ex ist as a m icrosom al en zym e in  m am m ary  
g lan d s o f  lac ta tin g  co w , gu in ea  p ig s1 as w ell as in  so lu b le  
fo rm  in  b ov in e  m ilk 2. It has b een  sh ow n  th at in d iv id u a lly  
A  a n d  B  p rote in s o f  lac to se  syn th etase system  d o  not 
sh o w  en zym ic  activ ity , how ever, recom b in ation  o f  A  
a n d  B p rote in  sh ow s the en zym ic  activ ity 2. C om p arison s  
h a ve b een  m ad e o f  th e la c to se  syn th etase  activ ity  from  
m ilk  o f  d ifferent sp ec ies. Schm idt and E bner4 com p ared  
th e  lac to se  syn th etase  activ ity  o f  << -lacta lb u m in s iso la ted  
fro m  p ig , g o a t, sh eep  and  h u m an  m ilk  in  presence o f  
b o v in e  A  p rotein . L ey and  Jenn es5 d em on stra ted  that 
<< -la cta lb u m in  prepared  fro m  co w , g o a t, deer, p ig , rat 

a n d  h u m an  m ilk  exh ib ited  lac tose  syn th etase  activ ity  in  
presence o f  b ov in e  A  p rotein . T an ah ash i et al.6 have  
a lso  com p ared  the lactose  synth etase activ ity  o f  A  an d  B 
p rotein s fro m  m ilk s o f  b ov in e , sheep , g o a t an d  hum an.

In  ligh t o f  th ese o b serv a tion s, a stu d y  w as un dertaken  
w ith  th e ob jective o f  iso la tin g  X -lacta lb u m in  an d  g a la c­
to sy l transferase from  the m ilk  o f  co w , bu ffa lo  and  g oat  
a n d  com p arin g  th eir  lac to se  syn th etase  activ ity .

Materials and Methods
Sam p les o f  m ilk  w ere co lle c ted  fro m  co w s, bu ffaloes  

a n d  go ats  m a in ta in ed  at N a tio n a l D a iry  R esearch  
In stitu te , K arn al. S tandard p rep ara tion  o f  x  -lacta lb u ­
m in  w as from  N u tr itio n a l B ioch em ica ls  C orp ., C leave- 
lan d , O h io , U S A . j3 -N icotin am id e ad en in e d in u cleo tid e  
red u ced  form , p h o sp h o en o lp y ru v a te , u rid in e 5 -d ip h o s -  
p h o g a la c to se  and  pyru vate k in ase  w ere ob ta in ed  from

N .D .R .I. Publication No. 76-25.

S igm a, U S A . A ll o ther ch em icals w ere o f  analytical 
reagent grade.

Preparation o f  X -lactalbumin: C rude sam ples o f  X - 
lac ta lb u m in  (B  p rote in ) w ere iso la ted  from  m ilk  accord ­
in g  to  A rm stron g  et aP. A c id  w hey from  cow , buffalo  
a n d  g o a t m ilk  w ere d ia lysed  separately  a gain st several 
ch an ges o f  d istilled  w ater, con cen trated  and  freeze- 
dried . T h e dried  sam ples o f  w h ey  (0 .8 -1 .0  g ) w ere  
th en  ch rom atog rap h ed  o n  Seph ad ex G -75  (2 .6  c m x 8 4  
cm  co lu m n ) as su ggested  by H op p er  a n d  M ck en zie8 
u sin g  im id a zo le -H C l buffer p H  6.3  at ro o m  tem perature. 
F raction s rich in  x  -la cta lb u m in  w ere th en  ch ro m ato ­
graph ed  on  D E A E - S eph ad ex  A  50 (1 .5  c m x 2 0 c m  
co lu m n ) a n d  e lu ted  w ith  a  linear g rad ien t o f  N a C l  
(0  to  0 .1 2 M ) in  0 .0 5 M  im id a zo le— 0 .0 4 3 M  HC1 buffer 
(p H  6 .3 ). P rotein  w as determ ined  by u ltrav io let a b so rp ­
tio n  at 280  m p . F raction s rich in  p rote in  w ere  
d ia lysed  again st d istilled  w ater and  freeze dried .

Carbohydrate determination o f  A protein: H exo se
w as d eterm in ed  as a m ixture o f  m an n ose and  g a la c to se9, 
h exo sa m in e  as g lu cosa m in e h y d ro ch lo rd ie10 an d  sia lic  
a cid  as N -a cety l neuram in ic a c id 11.

Preparation o f  galactosyltransférase: Sam p les o f
crude g a lactosy ltran sférase (A  p rote in ) fro m  m ilk s o f  
co w , bu ffa lo  a n d  g o a t w ere prepared  u sin g  th e m eth od  
o f  B rod b eck  and  E b ner3. S u bseq uen t p artia l purifi­
ca tio n  o f  three sam ples w ere d o n e  b y  D E A E -ce llu lo se  
and  S ep h ad ex  G -15 0  (3 .0  cm  x  125 cm  c o lu m n 12) 
ch rom atograp h y . T h e sam ples w ere elu ted  w ith  20 m M  
tr is-H C l-5m M  M g C l2 o f  p H  7.4 . T he in d iv id u a l fraction s  
o f  tw o  p rote in  p eak  fra ction s th u s o b ta in ed  w ere  
m ixed, d ia lysed  again st d istilled  w ater and  th en  freeze- 

’ dried.
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Polyacrylamide gel plate electrophoresis: F reeze- 
dried sam ples o f  °< -lacta lb u m in  an d  galactosy ltransférase  
w ere exam in ed  for  th eir  h o m o g en e ity  and  e lectro p h oretic  
behaviour by a  m od ified  d isco n tin u o u s p o lyacry lam id e  
gel plate e lectro p h o resis , as describ ed  by M ath u r and  
Srin ivasan13 an d  by vertica l p o lyacry lam id e gel e lec­
trop horesis.

Measurement o f  lactose synthetase activity: L actose
synthetase activ ity  o f  °< -lacta lb u m in  and  ga lacto sy l-  
transferase sam ples w ere d eterm in ed  sp ec trop h oto-  
m etrica lly  as describ ed  b y  B rod b eck  and  E b ner3 and  
N a g asaw a  et a l14. T h e activ ity  w as m easu red  by co u p l­
in g  th e U D P  form ed  to  th e  o x id a tio n  o f  N A D H  by w ay  
o f  th e reaction s o f  n u c leo sid e  d ip h osp h ate  k in ase, 
pyruvate k in ase an d  lac tic  dehydrogen ase .

T he standard assay  m ixture co n tia n ed  3 p  m o le  o f  
p h o sp h o en o l p yru vate; 0 .45  p  m ol o f  N A D H ;  0 .3  p  
m o le o f  A T P ; 150 u  m o le  o f  tr is-H C l; p H  7 .4 ; 5 p  m ole  
o f  M n C l2; 0 .2 52  ju. m o le  o f  U D P -D -g a la c to se  ; 60  p  m ole  
o f  D -g lu c o se ;  1.08 m g  o f  p yru vate k in ase; 500  p g 
o f  B  p ro te in  ( x  -lacta lb u m in ) or 1250 p g  o f  A  p rote in  
(ga lactosy ltran sférase); and  w ater in  a  final v o lu m e o f  
3 m l. U D P -D -g a la c to se  w as o m itted  from  th e b lank . 
The m ixture w as in cu b ated  a t 25  °C  fo r  30 m in  and  
heated  in  b o ilin g  w ater bath  fo r  1 m in  an d  filtered. 
A b sorb an ce o f  th ese filtered so lu tion s w ere th en  read  
at 340 m p  in  sp ectrop h otom eter . T h e en zy m ic  activ ity  
w as expressed  as n a n o  m o le  o f  lac to se  syn th esised  per  
m in u te.

Results and Discussion
Lactose synthetase activity o f  x  -lactalbumin prepa­

ration: L actose  syn th etase  activ ity  o f  th ese iso la ted  
sam ples o f  x  -lacta lb u m in  w as d eterm in ed  u sin g  ga lac-

TaBLE 1. LACTOSE SYNTHETASE ACTIVITY OF DIFFERENT CRUDE 
PREPARATION OF X -LACTALBUMIN (B PROTEIN)

Samples* LSAXIO’ 6**
Ci 2.5
C2 2.5
Bi 2.4
b 2 2.7
b 3 1.9
b 4 2.2
b 5 2.1
G i 2.0
c 2 3.5
g 3 2.7
g 4 2.1

*C, Cow m ilk; B, Buffalo milk; G, Goat milk 
**LSA, Lactose synthetase activity using cow A protein; 

expressed as n moles of lactose formed per minute.

tosy ltran sferase (A  p rotein ) from  co w  m ilk  a n d  the  
resu lts are sh o w n  in  T ab le 1. T he resu lts in d ica te  th at  
even  o n  an average crude X -la cta lb u m in  p rep aration s  
fro m  cow , buffalo  and  g o a t m ilk  sh o w ed  la c to se  syn th e­
tase  activ ity  in  p resen ce o f  A  p ro te in  o f  co w  m ilk . x  - 
lac ta lb u m in  (B  p rote in ) o f  co w  m ilk  sh o w ed  h igher  
activ ity  th an  bu ffa lo  m ilk  x  -lacta lb u m in  (B  p rotein ). 
T h e °< -lacta lb u m in  prepared  fro m  g o a t m ilk  b ehaves  
sim ilarly  as th at o f  bu ffa lo  m ilk . H o w ever , in d iv id u a l 
v aria tion s o f  la c to se  sy n th eta se  activ ity  in  different 
sam ples o f  th e th ree species o f  x  -lacta lb u m in  w ere  
ob served  (T able 1).

W hen  freeze-dried  w hey sam ples w ere ch ro m ato ­
graph ed  o n  Seph ad ex G -75  co lu m n  tw o  p rote in  peak s  
(d esign ated  fo r  con v en ien ce  as p ea k  A  and  p ea k  B ) b o th  
id en tica l to  x  -lacta lb u m in  w ere ob ta in ed . F urther reso lu ­
tio n  o f  p eak  A  and  p eak  B  o n  D E A E -A -5 0  h as been  
sh o w n  in  F ig  1. T he p ro te in  fra ctio n s o f  d ifferent su b ­
peak s w ere p o o led  separate ly  an d  freeze dried . T h e la c to ­
se synth etase activ ity  o f  th ese sam p les (B  p rote in s) w ere  
th en  d eterm ined  u sin g  three different A  p rote in s  an d  is  
sh o w n  in  T ab le 2. A s th e a m o u n t o f  p ro te in  in  th e case  
o f  A p e a k  o f  g o a t x  -lacta lb u m in  w as insufficien t, it  w as  
n o t freeze-d ried  an d  h en ce w as n o t ch rom atog rap h ed  on  
D E A E -A -5 0 .

T an ahash i et al.6 ob served  th a t la c to se  synth etase  
activ ity  w as un affected  by th e rea ctio n  o f  b o v in e  m ilk

Table 2. lactose synthetase activity of x -lactabulmin
PREPARATIONS (B PROTEIN)

Samples Lactose synthetase activity * x i o -6
Cow A Buffalo A Goat A
protein protein protein

Cow X -lactalbumin peak 
A, Sub-peak No. 1

4.5 4.2 3.0

Cow c< -lactalbumin peak 
A, Sub-peak No. 2

4.5 4.2 2.1

Cow X -lactalbumin peak 
B, Sub-peak No. 1

3.5 2.1 1.6
Buffalo o<-lactalbumin 
peak A, Sub-peak No. 1

2.0 4.2 4.3

Buffalo X -lactalbumin 
peak A, Sub-peak No. 2

2.0 4.2 4.2

Buffalo o<-lactalbumin 
peak A, Sub-peak No. 3

2.0 4.2 4.2

Buffalo X-lactalbumin 
peak B, Sub-peak No. 1

1.6 4.2 2.5

Buffalo X -lactalbumin 
peak B, Sub-peak No. 2

3.5 4.2 4.2

Goat X -lactalbumin peak 
B, Sub-peak No. 1

2.8 4.2 4.2

‘ Expressed as n moles of lactose formed per minute.

»
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A  protein  w ith  variou s pu rified  B  p rotein s from  ru m in­
ants and  n on -ru m in an ts. H o w ever , the presen t data  
(T able 2) suggest th at the lac tose  syn th etase activ ity  is 
dim inished  to  a great ex ten t w hen  buffalo  m ilk  B  protein  
is  added to  co w  A  p ro te in  an d  to  a lesser ex ten t w hen  
g o at B p rote in  is add ed  to  co w  A  p rotein . T he lac to se  
synthetase activ ity  rem ains a lm ost unaffected  by the  
reaction o f  bu ffa lo  A  p rotein  w ith  variou s purified  B 
proteins from  co w , bu ffa lo  and g o a t m ilk . W hen g o a t A  
protein  is  m ixed w ith  co w , buffalo  and  g o a t B p rote in ,

th e la c to se  syn th etase activ ity  is  low er for  co w  a n d  a l­
m o st sim ilar for  buffalo  and  g o a t B p rote in . H ow ever, 
Ley and Jenn es5 com p ared  th e affin ity o f  the B  protein  
o f  six  species (cow , g oat, deer, p ig , rat and hu m an ) for  
bovine A  p rote in  a n d  observed  different ranges o f  affini- 
ties a m on g  th e species.

Lactose synthetase activity o f  galactosyltransférase : 
T he reso lu tion  o f  the three A  p rote in s on  Seph ad ex  
G -150  is sh ow n  in  F ig . 2. It w as ob served  that 
tw o  m ajor p rotein  p eak s w ere o b ta in ed  in  each  case. 
T hese p rote in  rich p eak s w ere co llec ted  separately  and  
freeze-dried . T h e la c to se  syn th etase  activ ity  o f  these  
sam ples th en  determ ined  u sin g  stand ard  bov in e °< - 
lacta lb um in  (B  p rotein ). T h e activ ities o f  d ifferent 
fraction s are recorded  in  T ab le 3.

Carbohydrates o f  A protein: T ab le 4  sh o w s ca rb oh y­
drate co n ten t o f  A  p rote in  prep aration s. R esu lts  
o f  carb oh ydrate analysis revealed  th at A  p rotein  c o n ­
ta ins h exosam in e, h exose  and s ia lic  acid , th u s it can be 
called  a g ly co p ro te in  en zym e. N a g a sa w a  et a /.,14 
sh ow ed  th at hum an A  p rote in  co n ta in s  s ia lic  acid  1.1; 
g a lactosam in e 5 .03; g lu co sam in e , 2 .47; g a la cto se  2 .36; 
m an n ose  0 .8 7; and fu co se  0 .87  g  per 100 g  dried A  
protein . H ow ever , va lu es for h exo sam in e, h exo se  and  
sia lic acid  in  bov in e A  p rote in s as sh ow n  in  T ab le 4  are

Table 3. lactose synthetase activity of galactosyl trans­
ferase (a proteins)

Samples L SA xlO "6
Cow A protein, Peak I 2.1
Cow A protein, Peak II 2.2
Buffalo A protein, Peak I 1.5
Buffalo A protein, Peak II 2.0
Goat A protein, Peak I 2.0
Goat A protein, Peak II 2.1

Lactose synthetase activity using standard bovine << -lactalbumin 
LSA, Lactose synthetase activity expressed as n moles of lactose 

formed per minute.

T U B E  N U B E R

Fig 2. Chromatography of A protein from cow, buffalo and goat 
milk on Sephadex G-150.

Table 4. carbohydrate content of the a protein*

Samples Hexosamine Hexose Sialic ;
Cow A protein, Peak I 0.73 0.42 1.05
Cow A protein, Peak II 0.75 0.65 0.98
Buffalo A protein, peak 1 0.28 3.55 0.94
Buffalo A protein, Peak II 0.11 1.06 0.83
Goat A protein, Peak I 0.85 0.79 1.85
Goat A protein, Peak II 1.17 1.85 2.59

‘Expressed in g/100g of dry A protein
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m u ch  low er. Such low er va lu es m ay be a ttribu ted  to  
breed  d ifferences. D ifferen ces w ith in  the three species  
stu d ied  w ere a lso  sign ificant.

Polyacrylamide gel electrophoresis o f  c< -lactalbumin 
galactosyltransferase: T h e h o m o g en e ity  o f  purified  
«< -lacta lb u m in  preparations w ere ex am in ed  by h o r i­

zo n ta l p o lyacry lam id e gel e lectrop h oresis  u sin g  tris-H C l  
buffer (p H  8.9) u sin g  sam ple co n ta in in g  25 -200  jug o f  
protein . I t w as ob served  th at m ajority  o f  the sam ples  
sh o w ed  p resen ce o f  on e ban d  in d ica tin g  h o m o g en eity  
o f  the sam ples.

T h e A  p rotein  prep aration s w ere ex a m in ed  by vertical 
polyacry lam id e gel e lectro p h oresis  u sin g  veron a l buffer  
p H  8.6. I t w as rep eated ly  ob served  th a t th e  A  p rote in  
d id  n o t m igrate in  th e gel at p H  8.6. T h is m igh t be 
due to  h igher quantity  o f  carb oh ydrates in  th e A  protein . 
O n  pap er electro p h o resis  a t p H  8.6 th e  A  p rote in  pre­
p aration  sh o w ed  on e zo n e  w h ich  in d icated  h o m ogen eity  
o f  th e preparations. H ow ever , in  a  few  cases som e  
tra ilin gs w ere a lso  observed  w h ich  in d ica ted  n eed  for  
further p u rification  o f  th e enzym e.
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Use of Milk Clotting Enzyme of A b s i d i a  r a m o s a  in 
Cheddar Cheese Preparation

S. S. Sa n n a b h a d t i a n d  R . A . Sr in iv a s a n  
N a tio n a l D a iry  R esearch  In stitu te , K arn a l, Ind ia
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Cheddar cheese prepared using a fungal milk clotting enzyme from A bsidia ramosa was compared with cheeses prepared with 
Hansen’s animal and Meito rennets. During the preparation there was greater fat loss with A bsidia  and M eito rennets than animal 
rennet. The two fungal enzymes gave lower yields of cheese than animal rennet. All the three types of cheeses showed a gradual 
decrease in moisture content during the ripening period, Meito rennet cheese showing the slowest rate of decrease. The trend in 
the change of acidity and pH  in A bsidia  and animal rennet cheeses was similar. Although the initial soluble nitrogen content and 
maturity index of A bsidia  rennet cheese were higher, the rate of ripening was slower than animal and M eito rennet cheeses. The 
2.5%  TCA soluble tyrosine content of A bsidia  and Meito rennet cheeses were higher than animal rennet cheese. At six months 
86% of 2.5%  TCA soluble tyrosine was in 12% TCA soluble form in A b .id ia  rennet cheese and 94% in Meito rennet cheese 
while it was only 60% in animal rennet cheese. Organoleptically A bsidia  rennet cheese was comparable to animal and Meito
rennet cheeses.

S h ortage o f  an im al rennet for com m ercia l cheese  
preparation  has la id  great em p h asis  on  th e n eed  for  
o b ta in in g  a  su itab le su b stitu te. Several p ro teo ly tic  
en zym es o f  an im al, p la n t and m icrob ia l orig in  h av e been  
tested  for  th is p u rp o se1-3. Som e m icrob ia l en zym es are 
availab le com m ercia lly  and  each  o f  th em  have their ow n  
ch aracteristic  d ifferences and  lim ita tio n s in  their use as 
ren net su b stitu tes3,4. A  m ilk  c lo ttin g  en zym e from  
Absidia ramosa has been  used  in  th e presen t stu d y  to  
test its su itab ility  as a  rennet su b stitu te in  ch edd ar ch eese  
p reparation . Its p erform an ce in  ch eese m anu facture  
has been  com p ared  w ith  an im al an d  M eito  rennet.

Materials and Methods
Organism: Absidia ramosa iso la ted  from  w h eat bran  

an d  m ain ta ined  on  the slan ts o f  C zep ek  D o x  A gar  
m ed iu m  su p p lem en ted  w ith  0 .5  per cen t m alt extract  
(O xo id ) b y  b iw eek ly  transfer (in  th e B acterio log y  D iv i­
s io n  o f  th e In stitu te ,) w as used.

A b sid ia  ram osa  enzyme: T he en zym e w as ob ta in ed  
by g ro w in g  th e m o ld  o n  m o ist w heat bran m ed iu m  
(50% ) at 2 2 °C  fo r  96 hr and  th en  extractin g  the grow th  
w ith  d istilled  w ater. T h is extract w as filtered th rou gh  
H yflosu p ercel to  get a clear filtrate. It w as th en  precip i­
ta ted  w ith  30 to  60 per cen t (w /v  a m m on iu m  sulphate). 
T h e resu ltin g  p recip ita te  w as dried  in  a  vacuu m  d esiccator  
an d  u sed  fo r  ch eese  m ak in g . T he en zym e preparation  
co n ta in ed  am ylase, ce llu lase  and lip a se  in  ad d ition  to  
m ilk  c lo ttin g  en zym e.

Meita rennet (M u cor  pu ssillus rennet)'. T h is  w as 
ob ta in ed  from  M eito  S an gyo , K . K ., Japan.

Animal rennet: H a n sen ’s rennet p ow d er w as used.

Preparation o f  cheddar cheese: P asteu rized  c o w ’s 
m ilk  adju sted  to  a fa t: casein  ratio  o f  1 .0 :0 .7  w ith  skim  
m ilk  w as tak en  in  a  ch eese vat a n d  th en  tem p ered  to  
30 °C fo r  a d d itio n  o f  starter. O n e per cen t o f  16 hr o ld  
starter cu lture (L F -40 ) (C om m ercia l starter received  
from  M /s H a n sen ’s L ab oratory, D en m a rk  co n sistin g  o f  
an u n k n ow n  co m b in a tio n  Streptococci) w as ad d ed  to  
th is  m ilk  and  further in cu b a ted  at 31 °C until an  increase  
o f  0 .02  per cent o f  lactic  acid  w as n o ted . R en n et so lu tion  
w as th en  add ed  an d  m ixed . A fter  th e coa gu la tion  
a tta in ed  desired firm ness, it  w as cu t in to  sm all cu bes and  
p rocessed  further accord in g  to  th e  m eth o d  o u tlin ed  by  
K o sik o w sk i5. A ll th e three en zym es w ere fo u n d  to  form  
a firm  c lo t o f  m ilk  even  w ith o u t th e a d d itio n  o f  ca lc iu m  
ch lorid e. H en ce ca lc iu m  ch lorid e  w as n o t ad d ed  to  m ilk  
in  any  o f  th e  trials.

T he cu rin g  o f  ch eese  w as d o n e  in  co ld  ro o m  m a in ta in ­
ed  at 1 3 ± 2 ° C  w ith  80 per cen t h u m id ity .

Moisture content: T h e m oistu re  co n ten t in  ch eese  
sam ples w as d eterm ined  by M o jo in er  p roced u re6.

Total nitrogen: C heese sam ple (10 0  m g) w as used
for  th e determ in ation  o f  to ta l n itrogen  b y  M icrokjeld ah l 
m eth od .

Sodium citrate: M eth o d  o f  V akalaris and  Price7 w as  
used .

Tyrosine content: T h is w as d eterm in ed  by ta k in g  2g  
o f  ch eese sam ple a n d  m ak in g  a fine slurry in  10m l o f  
distilled  w ater w h ich  w as th en  m ixed  w ith  10 m l o f  5 or  
24  per cen t tr ich loro  acetic  acid  (T C A ) and  th en  filtered  
th ro u gh  W h atm an  N o . 1 filter paper. T h e tyro sin e  c o n ­
ten ts o f  the filtrates w ere determ ined  b y  th e  m eth od  o f  
L ow ry et al8.
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Fat: M ilk  fat w as determ ined  as per IS I m eth od 9. 
F o r ch eese, lg  sam ple w as tak en  and  th e  fat w as 
d eterm ined  accord in g  to  m od ified  R ose G otlib s  
m eth o d 10.

Acidity: F or testin g  m ilk  acid ity  10 m l o f  m ilk  
sam ple w as tak en  and  titrated  again st 0 .1 N  N a O F l w ith  
p h en olp h th a le in  as ind icator. F or the determ in ation  o f  
ch eese acid ity  2 g  o f  ch eese sam ple w as finely  d ispersed  
in  20 m l o f  d istilled  w ater using a m ortar and  pestle and  
the m ixture w as titrated  again st 0 .1 N  N a O H  using  
p h en olp h th a le in  as in d icator. The resu lts are expressed  
in  term s o f  per cen t la c tic  acid.

pH : 10 g  o f  ch eese sam ple w as m ixed  w ith  10 m l o f  
d istilled  w ater and  a fine paste w as m ade. p H  read ing  
w as tak en  u sing  a B eckm an p H  m eter.

M aturity index: It w as expressed  by u sing  the values  
o f  w ater so lu b le  n itrogen  and  th e to ta l n itrogen  as per  
th e fo llo w in g  form u la:

M aturity  in d ex  =
S od iu m  citrate— H C i so lu b le  n itrogen  x  100 

T ota l n itrogen
Sensory evaluation: T he organ o lep tic  ev a lu a tion  o f  

exp erim en ta l ch eeses w as co n d u cted  by a  p an el co n sist­
in g  o f  e igh t ju d g es. T h e ch eese sam ples w ere tested  for  
b o d y , textu re, taste , sm ell and  accep tab ility .

Results and Discussion
Changes during manufacture: R esu lts presented  in  

T ab le 1 g ive  a com p arative p ictu re o f  p erform ­
an ce o f  th e three en zym es du ring th e m an u factu re o f  
ch edd ar ch eese. E igh t gram s o f  Absidia ren net w as 
required  to  bring a b o u t c lo ttin g  o f  100 kg  o f  m ilk  in  
30-45 m in . L esser qu antities w ere required  in  the case  
o f  an im al and  M eito  rennets. T he q u an tity  o f  en zym es  
required  for  c lo ttin g  o f  m ilk  varies con sid erab ly  w ith  
different ren n ets110,116,12 and  th e in creased  quantity  
required in  th e case o f  Absidia rennet w as due to the use 
o f  crude en zym e p rep aration  w hich  con ta in ed  in  ad d ition  
to  m ilk  c lo ttin g  en zym e other con stitu en ts lik e am ylase, 
lip ase  an d  cellu lase.

T he in itia l a cid ity  o f  w hey im m ed iately  after cu tting  
the curd w as 0.12 per cent in  all the three types o f  cheeses. 
T here w ere som e variation s in  th e  acid ity  valu es during  
co o k in g  an d  ch ed d arin g  and  th e final acid ities at the  
tim e o f  m illin g  w ere 0 .3 8  per cen t in  th e  case o f  anim al 
rennet ch eese , 0 .39  to  0 .4 4  per cent in the case o f  Absidia 
rennet ch eese and  0 .35  to  0 .4 0  per cent in  M eito  rennet 
ch eeses. T he sim ilarities ob served  in  acid  d eve lop m en t  
sh o w ed  th at th e  three en zym es w ere neither stim ulatory  
nor in h ib itory  to  starter cu ltures.

T h e fat lo ss  in  w h ey  w as 0 .4  to  0 .5  per cen t w ith  
Absidia en zym e, 0 .5  to  0 .7  per cent w ith  M eito  rennet and
0.1 per cen t w ith  anim al rennet. T he prob ab le causes for

higher fat lo ss  in  w hey  in the case o f  m icrob ia l ren net  
ch eese are (/) the low erin g  o f  the surface ten sio n  o f  the  
fat g lo b u les  by lip ases present in  th ese en zy m es; and  (ii) 
the effect o n  the p rote in  lip id  in teraction s cau sed  by th ese  
en zym es resu ltin g  in  red uced  reten tion  o f  fat in  th e curd. 
H igher fat lo ss  in  w h ey  has been recorded w ith  M. pusillus 
en zym e by K ik u ch i e ta l.nb  and  A n tila  and A p o la 130,136.

T he y ie ld  o f  green  ch eese w as 10.4— 11.9 k g  w ith  
Absidia rennet, 12.5 kg w ith  an im al rennet and  10.5—
10.8 k g  w ith  M eito  rennet. The low er y ie ld s o f  ch eese in  
the case o f  m icrob ia l en zym es are o b v io u s ly  due to  
higher lip o ly tic  activ ity  as w ell as h igher p ro teo ly tic  
activ ity  resu ltin g  in  greater loss  o f  p rote in s in c lu d in g  
th ose  in  w h ey  th an  in  anim al rennet. T h e low er  
m oistu re co n ten t o f  the Absidia ren net ch eese  (T ab le 2) 
m ay a lso  be an oth er  reason  fo r  low er y ie ld . H igher  
p rotein  lo ss  in  w h ey  has been rep orted  b y  K ik u ch i  
et a / . ,11'7,116, in  the case o f  M . pussillus rennet. T su go  
et a /.,14 h ow ever , o b ta in ed  sim ilar y ield s o f  ch eese w ith  
M eito  rennet d esp ite  its h igher p ro teo ly tic  nature th an  in  
an im al rennet. L ow er y ie ld s o f  ch eese h av e a lso  been  
rep orted  w ith  Endothia rennet, Mucor miehei en zym e and  
M. pussillus ren n et15- '8.

Changes during ripening: T h e m oistu re co n ten t d e ­
creased  from  3 8 .72  to  35 .67  per cen t in  the case o f  
Absidia rennet ch eese; from  4 1 .9  to 39 p et cen t in  the 
case o f  anim al rennet ch eese and  39.91 to  38.75 per cent 
in  M eito  ren net ch eese d u rin g  the six -m o n th  p eriod  o f  
ripen ing  (T able 2). D u e  to  th e loss  o f  m o istu re the fat 
co n ten t recorded a rise and  th e final valu es w ere 29 .27 ,
2 8 .50  and  2 5 .25  per cen t for Absidia, an im al and M eito  
ren net ch eeses resp ectively . In th ese resp ects the ch an ges  
brou gh t a b o u t by Absidia rennet in  ch eese were clo se ly  
sim ilar to  th ose  b rou ght a b ou t by anim al rennet, M eito  
ren n et110,116 E n d oth ia  ren n et19 Suparen and R en n i-  
ia se 19-21.

T he acid ity  o f  all the three types o f  ch eeses in itia lly  
recorded an increase up to  30 days o f  r ip en in g  in d icatin g  
th e a ccu m u la tion  o f  prim ary breakd ow n p rod u cts such  
as lactic  acid  and other low er vo la tile  fa tty  acids. S u b ­
seq u en tly  there w as a fall in  acid ity  and a rise in  p H  
value from  5 .2 0  to  5 .57 in  the case o f  Absidia rennet 
ch eese , 5.23 to  5 .6 0  in  an im al rennet ch eese and 5.13  
to  5.75 in  M eito  rennet ch eese du ring  the six  m on th s  
p eriod  o f  r ipen ing  (T able 3). T his rise in  p H  again  in d i­
cated  th at the desired ch an ges were ta k in g  p lace in  the 
ch eeses due to  the a c tio n  o f  the rennets o n  the prim ary  
d eco m p o sitio n  p rod u cts cau sin g  accu m u la tion  o f  co m ­
p ou n d s like neutral carb in ols, so lu b le  p eptides and  basic  
am in o  acids w hich  contrib ute to  the texture, flavour and  
ta ste  o f  th e cheese. In th is  respect a lso  Absidia rennet 
w as sim ilar to  anim al and other m icrob ia l ren ­
n e ts14,110,116,22.

The 5 -d a y  sod iu m  citrate-H C l so lu b le n trogen  (S N )
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T a b l e  1 . COMPARATIVE CHEESE MANUFACTURERS DATA OF MILK CLOTTING ENZYMES
Hansen’s Absidia rennet M eito rennet

M anufacturing stages rennet
I I II III I II

Milk acidity (%  lactic acid) 0.17 0.17 0.16 0.16 0.16 0.16
Rennet
(g/100 lit) 3.0 8.0 8.0 8.0 3.0 2.0
Clotting time (min) 45 30 45 3 5 20 25
Catting
Time after renneting (min) 55 40 55 45 30 35
Whey acidity (%  lactic acid) 0.12 0.12 0.12 0.12 0.12 0.12
Cooking
Period (min) 40 40 40 40 40 40
Fat loss in whey ( %) 0.1 0.4 0.5 0.4 0.7 0.5
C h e d d a r i n g
Initial acidity ( %  lactic acid) 0.14 0.14 0.14 0.14 0.13 0.13
Final acidity „ 0.36 0.37 0.29 0.32 0.20 0.32
Period (hr-min) 3.15 3.00 3.30 3.15 5.00 4.00
Milling
Time after renneting (hr-min) 5.20 4.50 5.35 5.10 6.40 5.45
Milling acidity ( %  lactic acid) 0.38 0.42 0.39 0.44 0.35 0.40
Salt (g/100 kg milk) 300 300 300 300 300 300
Cheese yield* (kg) 12.5 11.9 10.4 10.7 10.5 10.8

100 kg pasteurized cow milk adjusted to a fat: casein ratio of 1.0:0.7 tempered to 30°C and inoculated with 1 % of a starter culture
LF-40 with an acidity of 1 %. Development o f acid was allowed for 30 min after which rennet was added.

•A fter pressing at 1.5 kg/sq.ft. for 24 hr. Milk was pasteurized by HTST method.

T a b l e  2 . CHANGES IN MOISTURE AND FAT CONTENTS DURING RIPENING OF CHEESE
Ripening period (days)

RenDet used 5 30 75 180
M oisture Fat Moisture Fat Moisture Fat M oisture Fat

(%) (%) (%) (%) (% ) (%) (%) (%)
Animal rennet* 41.90 20.00 39.77 23.40 39.60 28.90 39.00 28.50
Absidia rennet2 38.72 20.60 36.85 28.03 36.34 29.33 35.67 29.27
Meito rennet8 39.91 21.30 39.75 25.60 39.25 25.25 38.75 25.25

1. Values of a typical trial 2. Mean of 3 trials 3. Mean of 2 trials.

T a b l e  3 . CHANGES IN PH AND TITRATABLE ACIDITY DURING RIPENING OF CHEESE
Period o f ripening (days)

Rennet used 5 30 75 180
pH Acidity* pH Acidity* pH Acidity* pH Acidity*

Animal rennet1 5.15 0.625 5.20 0.75 5.40 0.60 5.60 0.55
Absidia rennet2 5.20 0.73 5.28 1.00 5.30 1.07 5.57 0.82
Meito rennet3 5.23 0.78 5.38 0.88 5.45 0.75 5.75 0.63

•P er cent lactic acid.
1. Values o f a typical trial. 2. Mean of 3 trials. 3. Mean of 2 trials.
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Table 4. sensory evaluation of cheddar cheese after eight months of ripening

Scores obtained with different types of rennetsCharacteristics M a x -------------------------------------------------------------------------------------------------------------------------------------
points Animal rennet ____________________ Absidia r e n n e t ____  Meito rennet

I I II III Mean 1 11 Mean

Body and Texture 40 24.5 30.0 23.5 25.5 26.3 26.5 18.5 22.5
Taste 40 18.5 20.5 19.0 19.5 19.7 20.0 13.0 16.5
Smell 40 16.5 21.0 21.0 19.0 20.3 20.0 12.0 16.0
T otal score 120 59.5 71.5 63.5 64.0 66.3 66.5 43.5 55.0

A 7 7 8 7 6 6
Acceptability NA 1 1 0 1 2 2

A -  Acceptable NA = N ot acceptable

Fig 1. Changes in soluble nitrogen during ripening of cheddar 
cheese

• -------- « ABSIDI* RENNET

Ripening period (days)
F ig 2. Variation o f maturity index during ripening of cheddar 

cheese

co n ten t w as relative ly  h igh  (0 .73  per cen t) in  Absidia 
rennet ch eese as com p ared  to  M eito  (0 .2 2  per cen t) and  
anim al (0.11 per cen t) rennet ch eeses (F ig . 1). D u r in g  
su b seq u en t rip en in g  the rate o f  increase in  S N  w as  
high est in  M eito  rennet ch eese. Absidia and  an im al 
rennet ch eeses gave a lm o st parallel increase in  S N  
a lth o u g h  h igher in  th e form er. T h is in d icates h igher  
p rote in  degrad ation  in tia lly  w ith  Absidia as com pared  
to  an im al a n d  M eito  rennets. But tertiary p roteo ly sis  
w as higher w ith  M eito  rennet th an  an im al or Absidia 
ren nets. S im ilar o b servation s have been  m ade by  
K ik u ch i et al.,nanb  w ith  M eito  and  H an sen 's rennets.

M atu rity  in d ex  as m easured  b y  the ratio  betw een  
so lu b le  n itrogen  and  to ta l n itrogen  w as a lso  higher  
in itia lly  in  case o f  Absidia ren net ch eese th an  w ith  M eito  
or anim al rennet cheeses. T he rate o f  increase w as 
m axim u m  w ith  M eito  cheese. Absidia and an im al rennet 
ch eeses again  sh ow ed  som ew h at parallel rate o f  increase  
from  75 to  180 days. T he form er ch eese h ow ever

ANIMAL RCNNC 7 ABSIDIA ACNNt T Mtlt0 ,
□  MÜ TCA ^  , |Z TCA

<Ooo

8
fcb«

H

Ik

?

F ig

* *0 75 1*0 5 JO 7 5 ISO 5 JO 75 l»0

Period of ripening (days)
3. Changes in TCA soluble tyrosine during ripening of cheddar cheese
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sh o w ed  h igher valu es o f  m aturity  in d ex  (F ig . 2). H igher  
rates o f  increase in  m atu rity  in d ex  as com p ared  to  anim al 
rennet have been rep orted  in  the case o f  M eito  and  E n d o-  
th ia  ren nets.14,15,22 Absidia rennet w as m ore c lo se  to  
anim al or Mucor miehei ren net in  its tertiary p roteo ly sis  
than E n d oth ia  or M eito  rennets. Mucor miehei rennet 
w as rep orted  to  sh o w  slow est increase in  m aturity  
in d ex13 as com p ared  to  M eito  and an im al rennets.

T he in itia l 2 .5  per cen t T C A  so lu b le  tyrosin e con ten t  
w as h igher in  th e case o f  Absidia rennet ch eese (870  m g /  
100g) than anim al (220  m g /100g ) and  M eito  (57 0m g/ 
100g) rennet ch eeses. A fter  six  m on th s r ipen ing  a lso
2.5  per cent T C A  so lu b le  tyrosin e w as h igh est in Absidia 
ch eese (235 0m g /100 g) fo llo w ed  by M eito  (2100m g/100 g)  
and  an im al rennet (6 0 0m g/10 0g). N ear ly  86 per cent o f
2 .5  per cent T C A  so lu b le  tyrosin e w as in  12 per cen t T C A  
so lu b le tyrosin e form  at six  m on th s in  the case o f  Absidia 
rennet ch eese and 94 per cent in  M eito  rennet ch eese  
w hile on ly  60  per cent in anim al rennet ch eese (F ig . 3). 
T he b reakd ow n ratio  betw een  2 .5  per cen t T C A  so lu b le  
tyrosin e and  12.0 per cen t T C A  so lu b le  tyrosin e  w as 
in itia lly  74 per cen t in  Absidia rennet ch eese , 72 per cent  
in  M eito  rennet ch eese an d  37 per cen t in  anim al rennet 
cheese. T hese resu lts a lso  confirm  th at tertiary p r o teo ly ­
sis w as slow er in th e case o f  Absidia rennet th an  in  
other tw o  en zym es.

Absidia rennet ch eese w as com p arab le  in  resp ect o f  
bod y, textu re, flavou r and  accep tab ility  to  that o f  anim al 
and  M eito  rennet ch eeses. (T able 4)

By pu rification  o f  the en zym es and  su itab le m o d ifi­
ca tio n  in  the m an u factu r in g  tech n iq u es o f  ch eese it w ou ld  
be p ossib le  to  m in im ise in itia l p roteo ly sis  and  get norm al 
y ie ld  and a lso  p reven t the d eve lop m en t o f  b itterness.
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Studies on the Preparation of Wort from Barley Malt and 
Degermed Maize Using Microbial Enzymes
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C entral F o o d  T ech n o lo g ica l R esearch  In stitu te, M ysore-570013, Ind ia

M anuscrip t R eceived : 26 July  1976

Barley malt, an expensive commodity compared to barley grain, is invariably used with or without adjuncts in brewing. In order 
to reduce the cost of inputs, an attempt is made to replace malt partially by degermed maize and prepare wort using microbial 
enzymes during mashing. The quality of wort is compared with that of all-malt wort. Wort of suitable specific gravity with desirable 
characteristics such as colour, and carbohydrates, can be prepared using a combination of malt (30%) and degermed maize (70%) 
with microbial enzyme. The minimum alpha amino nitrogen centent of wort in the malt maize combination is inadequate for the 
growth of yeast and needs modification to maintain the level.

B arley m alt w ith  or w ith o u t adju ncts is th e c h ie f  raw  
m aterial u sed  in  co n v en tio n a l b rew in g1. M alt prod uced  
fro m  barley grain s in v o lv es  op eration s lik e  steep in g , 
germ in ation  an d  k iln in g . K iln in g  op eratio n  during  
m altin g  is  h igh ly  en ergy co n su m in g . A s a  resu lt, the  
c o s t  o f  m alt p ractica lly  b ecom es d ou b le  th a t o f  barley. 
T h e in creased  co st o f  in p u ts resu lts in  th e  in creased  cost  
o f  th e fin ish ed  p rod u ct, n am ely , beer. T h is has n ecessita t­
ed  tech n o lo g is ts  a ll over the w o rld  to  th in k  o f  a lternative  
m eth od s o f  p rod u cin g  w ort, p artia lly  su b stitu tin g  m alt 
by barley  gra in  and  u sin g  m icrob ia l en zym es to  act 
u p o n  th e  p ro te in  and  starch  o f  th e  g ra in 2-111. W ort so  
p rod u ced  is  ex p ected  to  p ossess a ll th e  q u alities n oticed  
in  a ll-m alt w o rt and  o n  ferm en ta tion  is  ex p ected  to  
y ie ld  beer com p arab le  to  th a t p rod u ced  in  th e co n v en ­
tio n a l w a y . L ab oratory  stu d ies w ere, th erefore , in itia ted  
p artia lly  to  rep lace m alt by degerm ed m aize. T h e q u a li­
ties  o f  w o rt prepared  are rep orted  in  th e  paper.

M a ter ia ls  and M eth ods
Raw materials: D egerm ed  m aize and com m ercia lly  

a v a ilab le  m alt w ere used .
Enzymes: C om m ercia lly  availab le (Ind ian  p rop rie­

to ry  brands) fu ngal p rotease  and  bacterial a lp h a  am ylase  
w ere used . T h ey  w ere fo u n d  quite active w h en  tested  by 
co n v en tio n a l m e th o d s11.

B acteria l am ylase w as used in  th e  liq u efac tio n  o f  th e  
m aize starch ; p rotea se  w as ad d ed  d u ring  m ash in g  o f  th e  
m aize m alt m ixture.

D eg erm ed  m aize w as an a lysed  for m o istu re, to ta l 
n itro gen  and  starch  by  the m eth o d s describ ed  in  A O  A C 12. 
T o ta l carb oh ydrates w ere d eterm in ed  accord in g  to  the  
m eth o d  o f  Y a d a v  et a ll i . A lp h a  am in o  n itrogen  w as  
estim a ted  by th e  E B C  n in h yd rin  m eth od  o f  L ie 14. 
Specific grav ity  w as d eterm in ed  u sin g  P ycnom eter

at 20°C . In fu sion  m eth od  w as a d o p ted  for  
m ashing.

Mashing procedure: B arley m alt w as rep laced  by  
degerm ed m aize at fo u r levels, v iz ., 95, 90 , 85 a n d  70  
per cen t a n d  m ash ed  as fo llo w s:

D eg erm ed  m aize flour (3 0  m esh) w as ad d ed  to  w ater  
at 6 5 °C  and  w as a llo w ed  to  rest fo r  30 m in . A lp h a-  
am ylase (0 .2 5  g  per cent) w as add ed  and  m ixed . T he  
tem perature w as gradu ally  raised  to  82 °C  at th e rate o f  
1°C  per m in  and  m ain ta ined  at th at tem p erature for  15 
m in and  b o iled  for  5 m in  and co o led  to  60  °C.

M alt flour (30  m esh) w as ad d ed  to  w ater a t 42  °C  and  
w as a llo w ed  to  rest fo r  15 m in  and th e  tem p erature w as  
in creased  at th e  rate o f  1 °C  per m in  u p to  5 0°C  and  a llo w ­
ed  to  rest fo r  15 m in . T he tem perature w as raised  a t the  
rate o f  1°C  per m in  to  60°C . G e la tin ised  m aize starch  
w as ad d ed  to  th e m alt m ash  and th e  m ix .u re  w as m a in ­
ta in ed  at 60  °C  for  60 m in . T h e tem p erature w as raised  
to  7 0 °C  at th e rate o f  1 °C  per m in  and h e ld  at th a t tem ­
perature for 10 m in. In th e sam e w ay  th e  tem p erature  
w as ra ised  to  80 °C  and  after h o ld in g  th e  m ash at th at  
tem p erature fo r  10 m in , th e extract w as tested  fo r  
th e ab sen ce o f  starch  by io d in e  reaction . A  q u ick  b o ilin g  
w as g iven , co o le d  and th e w eigh t w as adju sted  to  the  
orig in al w eigh t and filtered th rou gh  a  B u ch ner fu n n el. 
T he residue w as sparged w ith  w ater at 80  °C  and  the  
filtrate co llected . Sp argin g w as co n tin u ed  till th e  w a sh ­
in g s h a d  n o  so lu b le  so lid s. T he v o lu m e w as m easured  
a n d  th e  extract w as sterilised  at 1.1 k g /cm 2. T h e clear  
extract w as analysed .

In  order to  stu d y  th e  effect o f  p H  o n  m a sh in g  o f  m aize  
flour, th e  p H  o f  th e  m ash w as adju sted  ap p ropriately  
p rior to  th e  a d d itio n  to  barley  m alt m ash . W here th e  
effect o f  p rotease  w as stu d ied , th e en zym e w as add ed  to  
th e  m aize-m alt m ixed  m ash.
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T able 1. the quality of extract from different combinations of barley malt and degermed maize

Physical and chemical Barley malt (5 %) Barley m alt (10%) Barley m alt (15%) Barley m alt (30%)
characteristics + + + +

Degermed maize Degermed maize Degermed maize Degermed maize
(95%) (90%) (85%) (70%)

Sp. gr. 1.05 1.05 1.047 1.047
pH 6.5 6.5 6.5 6.5
Volume (ml) 500 510 540 620
Colour Pale yellow Pale yellow Yellowish brown Brownish yellow
Total carbohydrates (g %) 10 10 10 10
«<-amino N  (mg/lit.) 12 16 20 40

R esults and D iscussion
•■ »pegermsd m aize o n  an a lysis w as fo u n d  to  con ta in  
10.23 per cen t m oistu re , 7 .7 0  per cen t (D W B ) p rotein  
and  82 .07  per cent (D W B ) starch .

T he q u ality  o f  w ort (extract) derived by rep lacin g  
m alt a t fou r different levels is sh ow n  in  T ab le 1.

T he w o rts o f  th e first tw o  co m b in a tio n s h ad  raw  and  
un pleasant flavou r w h ile  th at o f  15 per cen t m alt had a 
m ild m alt flavour. W ort g o t by 30 per cen t m alt had  
better p leasan t flavou r. T he first tw o  com b in atio n s w ere  
discarded and  further experim ents w ere carried out 
using 15 an d  30 p er cen t m alt and  85 and  70 per cen t  
m aize resp ectively .

A lp h a  am ylase degrades th e starch  and  th u s reduces  
the v isco sity  o f  m aize m ash. It w as o f  interest to  study  
the v isco sity  ch an ges o f  th e  m ash  at different co n cen t­
ration s o f  th e en zym e. A lp h a-am ylase  at con cen tratio n s  
o f  150, 200  and  2 50  m g per cent w as ad d ed  to  15 
and  30 per cen t m alt and  the v isco sity  w as m easured  
(T ab le  2 ).

Increased  con cen tration  o f  <  -am ylase at tw o  levels o f

m alt affects the v isco sity  o f  th e m ash . A  considerab le  
red u ction  is ob served  w h en  m alt a t 30  per cen t level is  
used  for  m ashing. T he v isco sity  valu es at 2 00  and  250  
m g  per cen t level are p ractica lly  sam e in d ica tin g  th at  
even  200 m g  per cen t a lp h a-am ylase  w o u ld  be adeq uate  
du ring  m ash ing . N o  ch an ge in  v o lu m e, specific gravity, 
carb oh ydrate and  a lp h a  a m in o  n itro g en  co n ten ts w as  
ob served  in  w orts derived  from  co m b in a tio n s o f  30  per  
cen t m alt and 70 per cen t m aize w h en  m ashed  w ith  200  
or 250  m g  per cen t a lp h a  am ylase.

T h e effect o f  p H  on  th e qu a lity  o f  w orts w as stu d ied  
in  the tw o com b in atio n s a t 15 a n d  30 per cen t levels o f  
m alt and  the resu lts are in d ica ted  in  T ab le 3.

It can  be seen  from  T ab le 3 th at b o th  th e  con ten ts  
o f  a lp h a  am in o  n itrogen  and  carb oh ydrates o f  w ort 
in the 30 per cen t m alt co m b in a tio n  are m ore th an  
th e o ther one. p H  6 .0  seem s to  have a better effect 
on  th e co n version  o f  starch  and  prote in . T he flavour  
o f  th e w ort in  th e  co m b in atio n  o f  30  per cen t m alt 
and  70 per cen t m aize w as m uch  better th an  in  th e  
other.

Table 2. effect of enzyme concentration (alpha-amylase) on the viscosity of the mash

Alpha-amylase concn (mg %)
Physical characteristics Barley m alt (15%) +  Maize (85%) Barley malt (30%) + Maize (70%)

150 200 250 150 200 250
Viscosity (CP) 152.5 102.5 100.0 100.0 72.5 70.0
pH 6.5 6.5 6.5 6.5 6.5 6.5

Table 3. effect of ph  on the quality of wort

Physical and chemical Barley m alt (15%) +  Maize (85%) Barley malt (30%) +  Maize (70%)
charac.eristics pH 6.0 pH 6.5 pH  7.0 pH  6.0 pH  6.5 pH  7.0

Sp. gr. 1.049 1.047 1.050 1.052 1.048 1.046
Volume (ml) 660 575 500 — 550 600
Colour YB YB YB BY BY BY
Carbohydrates (g, %) 10.2 10.5 11.1 13.77 11.11 11.00
»< -amino N  (mg/lit.) 30 30 30 65 60 55

YB: Yellowish brown; BY : Brownish yellow

7



3 1 2 J O U R N A L  O F  F O O D  S C I E N C E  A N D  T E C H N O L O G Y , V O L . 1 3 , N O V E M B E R -D E C E M B E R  1 976

Table 4. e f f e c t  o f  p r o t e a s e  o n  t h e  q u a l i t y  o f  w o r t  

Physical and Barley m alt Barley malt
chemical charac­
teristics

(15% )+M aize (30% )+M aize 
(85%) (70%)

All-malt v

Sp. gr. 1.047 1.048 1.047
pH 6.3 6.3 5.7
Volume (ml) 575 625 —
Colour YB BY BY
Carbohydrates (g %) 12.2 12.2 9.2
o< -am ino N  (mg/lit) 50 80 151.2

YB: Yellowish brown; BY: Brownish yellow.

S olub le n itrog en ou s co m p ou n d s o f  w o rt are im p ortan t  
for  th e  y ea st d u ring  ferm en tation . T h e lev e l o f  a lp ha  
am in o  n itrogen  in  a ll-m alt w o rt for  th e grow th  o f  yeast  
is  ex p e c ted 15 to  be 140 m g /lit. T h e lab ora tory  w orts  
never sh o w ed  a  va lu e  m ore th an  60  m g /lit . It w as felt 
th a t th e  p r o teo ly tic  en zym es in  barley m alt used  in  the  
experim ents w ere either n o t p o ten t en ou g h  o r  q u an tita ti­
vely  in sufficien t to  act u p o n  p rotein s o f  barley  m alt and  
m aize. T h erefore, a p rotease  en zym e at a level at 50  m g  
per cen t w as in co rp ora ted  du ring  m a sh in g  an d  th e resu lt­
in g  w o rt w as an a lysed  ch iefly  for  a lp h a  am in o  n itrogen  
co n ten t. T h e ad d ed  en zym e h ad  a  w id e range o f  
activ ity  b etw een  p H  3 .0  and  10.0. T he resu lts are sh ow n  
in  T ab le 4.

A n  increase in  th e a lp h a  am in o  n itrogen  and carb o­
hydrate co n ten ts in  th e  w orts in d ica tes th e  usefu lness  
o f  th e  ad d itio n  o f  external sou rce o f  p rotea se  en zym e. 
T h e in creased  level in  th e carb oh ydrate co n ten t in  the  
tw o cases m ay  be a ttribu ted  to  th e am ylase and cellu lase  
co n ta m in a tin g  en zym es present in  th e  ad d ed  protease  
en zym e.

T he quality  o f  w ort derived  fro m  m a lt-m aize  c o m b i­
n a tio n  com p ared  w ith  a ll-m alt w o rt in d ica tes th a t th e  
a lp h a -a m in o  n itrog en  lev el in  a ll-m a lt w o rt is  m ore th an  
in  th e w orts o f  m alt-m aize co m b in a tio n .

Conclusion: W ort o f  su itab le specific  g rav ity  w ith  
desirab le characters such  as co lo u r  an d  carb oh y d ra tes  
can  be prepared  u sin g  a  co m b in atio n  o f  m a lt (3 0  per  
cen t) and  degerm ed m aize (7 0  per cen t) w ith  m icrob ia l 
en zym es.

T he m in im u m  alp ha am in o n itrogen  co n ten t o f  w o rt  
in  th e m alt-m aize co m b in a tio n  is in a d eq u ate  fo r  th e  
grow th  o f  yeast and needs m o d ifica tion  to  m a in ta in  th e  
level.
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Bread and Chapati Making Quality of Indian Durum Wheats
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Twenty-eight varieties of Indian durum wheats and their blends with a soft aestivum wheat- Chhoti lerma, have been studied 
for bread making and chapati making quality. Varieties Loca l red, A m rit, A -206, A -l-1 -2 -3 , H D -4519 and H D -4530  as such had 
excellent bread making quality and may be categorised as bread typedurums. Ten varieties—Local red, A m rit, N I-5759, A -l-S -1 , 
H I-1391, W L -1002, H D -4519, #£>-4530, #£>-4502 and /1-9-30-1, when blended with Chhoti lerm a  even at 15% level, gave excel­
lent bread.
Chapatis made from 93-95%  extraction flour (a tta ) from 14 durum varieties as such, were of excellent quality; while most of the 
C hhoti lerma  blends with different durants at 15-25 % level gave excellent chapatis. Unlike for bread wheats, no correlation was 
observed between the Farinograph water absorption of the flour and the chapati making quality. Only #£>-4530 and #£>-4519, 
when used as such or in blend with Chhoti lerm a, were unique in that they gave excellent bread as well as chapatis.

D u ru m s in  In d ia  are cu ltiva ted  on  large sca le  in  
central and  p en insu lar zo n es, to  the ex ten t o f  2-3  m illion  
ton s. T h ey are m ain ly  con verted  in to  sem olin a , w h ich  is  
used in  variou s sw eet and savou ry  d ish es served as break­
fast or  sn ack  item s.

O n the basis o f  F arin ograp h  d ata , it  has been observed  
earlier th at p rote in s o f  so m e o f  th e durum s are sim ilar  
to  th ose  o f  aestivu m  w h eats w h ich  are con sid ered  su itable  
for  bread m a k in g .1,2 C om m ercia lly  grow n  Ind ian  
aestivu m  w h eats are m ed iu m -h ard  and  are n o t w ell 
su ited  for bread m aking . T h e p o o r  bread m ak in g  
quality  o f  m any Ind ian  aestivu m  w h eats h as been  attri­
bu ted  to  their lo w  p rote in  co n ten t o f  p o o r  q u ality  and  
lo w  d ia sta tic  activ ity 3. Earlier s tu d ie s1 have in d icated  
th at Ind ian  durum s have h igh  va lu es for  p rotein  con ten t  
(1 0 .5 -15 .7  per cen t), d ia sta tic  activ ity  (302-443  m g  
m a ltose /1 0  g  flour) and  w ater a b so rp tio n  (6 2 .0 -75 .0  per 
cent). It w as th erefore, con sid ered  w orth w h ile  to  exp lore  
the p o ssib ility  o f  im p rov in g  th e bread m aking  q u ality  
o f  aestivu m  w heats by b len d in g  th em  w ith  durum s for  
correctin g  th e defic ien cies in  th e flour quality.

Ind ian  w heats are generally  su itab le  fo r  ch ap ati 
m aking. T rad ition ally , in  som e reg ion s o f  Ind ia , aesti­
vum  w heats are b len d ed  w ith  sm all qu antities o f  durum s 
fo r  im p ro v in g  their ch ap ati m ak in g  quality. N o  in fo r ­
m a tion  is availab le o n  th e bread or chapati m aking  
quality  o f  durum  w h eats as w ell as du ru m -aestivu m  
blends. T h e w ork  carried o u t on  th e  bread and chapati 
m ak in g  qu ality  o f  28  varieties o f  Ind ian  durum s and  
their b len ds w ith  aestivu m  w h eat as com p ared  to  
C anadian  durum s is presented  in  th is paper.

M ateria ls  and M eth ods
Raw materials: T w en ty -eigh t In d ian  and  3 C anadian  

durum  varieties w ere co n d itio n ed  overn ight to  16.5 per

cen t m oistu re level and m illed  in  a lab oratory  m ill 
(M o d e l M L U -2 0 2 ) to  o b ta in  w h ite  flour (maida). Maida 
sam p le, m illed  from  tw o  aestivu m  spring w h eats—  
Sharbati sonora and Chhoti lerma— co n d itio n ed  to  15 
per cen t m oistu re level w ere u sed  as co n tro ls . T he  
form er variety , a com m ercia lly  g row n  m ed iu m  hard  
w h eat, co n ta in in g  12.2 per cen t p rote in  w as used  as 
p o sitiv e  con tro l, as it  is generally  con sid ered  su itab le for  
bread m aking. T he latter variety  co n ta in in g  9 .4  per cent 
p rote in  and  k n ow n  fo r  its p o o r  bread m a k in g  qu a lity , 
w as used  as negative co n tro l as w ell as fo r  b len d in g  w ith  
durum s.

W heat flour o f  93-95 per cen t ex traction  {atta) w as  
used  for stu d y in g  th e ch ap ati m a k in g  q u ality  o f  durum s. 
D ifferen t varieties w ere g rou n d  in  a  K a m as ham m er m ill 
(S w edish  m ake, ty p e S L A G Y -2 0 0 A ) u sin g  a s ieve  w ith  
apertures o f  0.8 m m  diam eter and  w as p a ssed  th rou gh  
40  m esh  B uhler s ieve (aperture w id th -0 .42  m m ) to  
rem ove th e coarse fraction  m a in ly  co n sistin g  o f  outer  
bran layers. G o o d  q u ality  com m ercia l P un jab  w h eat 
co n ta in in g  11.9 per cen t p rote in  and  Chhoti lerma w ere  
used  as p o sitiv e  and n egative co n tro ls  respectively .

Bread making quality: F or ev a lu a tin g  bread m ak in g  
q u ality  o f  durum s, R em ix  form u la  (b ased  o n  100 g  
maida) and procedu re o f  Irvine & M cM u lla n 4 w ere  
fo llo w ed . T he d im en sio n s o f  the standard b ak in g  pan s  
used  w ere: 9 .5 x 5 .5  cm  at b o tto m  and  1 1 .0 x 6 .5  cm  
at th e to p  and  an  ed ge to  ed ge h e igh t o f  7 cm . F o r  each  
variety , breads w ere m ade in  d u p licate. L o a f  vo lu m e  
o f  bread w as determ ined  by rape-seed  d isp lacem en t  
m eth o d  u sin g  a loa f-vo lu m e m eter. In  bread ev a lu a tion , 
criteria  fo llo w ed  b y  p an el o f  6 ju d ges w ere general 
app earance, lo a f  v o lu m e, crust and  cru m b co lou r , 
crum b so ftn ess, fineness and  u n iform ity  o f  cru m b grain , 
and  flavou r and  ea tin g  quality.
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Several bread p rep aration  trials u sing  variou s levels  
(1 0 , 15, 25 , 33 and  50 per cen t) o f  5 durum  varieties  
w ere carried ou t to  arrive at their o p tim u m  b len d in g  
cap acity  w ith  aestivu m  w heat. A ccord in g ly , 15 per cent  
o f  du ru m  w as used  for  b len d in g  in  case o f  th e  rem ain ing  
varieties in  fu rther trials.

Chapati making quality: D ifferen t atta  sam p les o f  
In d ian  du ru m s w ere eva lu ated  for th eir  ch ap ati m ak in g  
q u ality  accord in g  to  procedu res describ ed  by Shurpale- 
kar and  P rab h avati5. W ater a b so rp tio n  o f  th e  atta 
sam p les w as determ ined  u sin g  a 50 g  m ix in g  b ow l in  a 
B rabender F arin ograp h  set in  lever p o s it io n  1 :3. U sin g  
the w ater a b sorp tion s arrived at fo r  d ifferent varieties, 
the ch ap ati d ou gh s h av in g  an o p tim u m  co n sisten cy  o f  
5 0 0 ± 2 0  B U  w ere prepared  in  th e F arin o gra p h  m ixer. 
C hap atis w ere ro lled  fron t th ese  d ou gh s on  an  a lu m in iu m  
p la t-fo rm  u sin g  w o o d en  ro llin g  p in  and  b ak ed  for  3-4  
m in a t 162 .5°C  o n  a  th erm osta tica lly  co n tro lled  h o t  
p la te . C hap ati m ak in g  q u ality  o f  b lends o f  du ru m  and  
Chhoti lerma w as a lso  stu d ied . F o r  arriv in g  a t th e o p ti­
m u m  level fo r  b len d in g  durum  atta  sam p les w ere used  
at 15, 20 , 25 , 30  an d  35 per cen t levels. C hap atis w ere  
th en  assessed  acco rd in g  to  Shurpalekar and P rab h avati5 
by a  p a n el o f  six  ju d g es. T h e m ain  criteria  con sid ered  
for  ev a lu a tio n  w ere app earance, tex tu re, num ber o f  
d iscrete layers, ch ew in g  q u ality  an d  taste.

R esu lts and D iscu ssion
Bread making quality o f  durums: T h e d ata  p resen ted  

in  T ab le 1 in d ica te  th at varieties Local red,Am rit, A-206, 
A -1-1-2-3, H D -4519 and  H D -45 30  h ad  ex cellen t bread  
m a k in g  q u a lity  w ith  a lo a f  v o lu m e o f  6 00  m l or  m ore  
(F ig . 1). V arieties V P -4 0 4 , A -11 and  HI-1120 w ere as  
g o o d  as p o s itiv e  con tro l w ith  a lo a f  v o lu m e o f  550 m l 
or m ore. T h e ab ove m en tio n ed  varieties can , th erefore, 
be ca teg orised  as bread typ e du ru m s, w ith  variety  A-206  
ex ce llin g  th e  rest. A ll th e 3 C an ad ian  durum s w ere  
in fer ior  to  th e p o sitive  co n tro l Sharbati sonora. E igh t o f  
th e varieties w ith  a  lo a f  vo lu m e o f  4 50  m l or less w ere  
adju d ged  as un su itab le fo r  bread m aking.

Bread making quality o f  durum-aestivum blends: T h e  
results o f  prelim in ary  tria ls to  arrive at o p tim u m  b len d ­
in g  level o f  d u ru m  required  to  bring ab ou t m axim u m  
im p rovem en t in  th e bread m ak in g  q u a lity  o f  aestivu m  
flours are p resen ted  in  T ab le 2. E ven  w hen  durum  flour  
w as u sed  at a lo w  level o f  15 per cen t, th e  w ater ab so r­
p t io n  o f  th e b len d  sh ow ed  con sid erab le  in crease as co m ­
p ared  to  52 per cen t for Chhoti lerma. T h is increase w as  
d ep en d en t o n  th e variety  as w ell as th e lev el o f  d urum s 
used  fo r  b len d in g . A s  durum s co st som ew h a t h igher  
th a n  aestivu m  w h eat, it w as co n sid ered  desirab le to  use  
th em  at m in im u m  p o ssib le  level. B len d in g  w ith  durum  
at d ifferent levels brou ght ab ou t increase in  th e lo a f  
vo lu m e o f  Chhoti lerma. T h e in crease  in  th e  lo a f  vo lu m e

w as m ore sign ifican t in th e case o f  n on -b read  typ e  
durum s such  as Bijaga red, Bansi, Bijaga yellow, w hereas  
in  bread ty p e durum s like Local red a n d  Amrit th e lo a f  
vo lu m e o f  breads based o n  th e b lends w ere so m ew h a t  
sim ilar to  th o se  b ased  o n ly  on  durum s. It is  a lso  in terest­
in g  to  n o te  th at m axim u m  beneficial effect o f  b len d in g  
on  th e  lo a f  vo lu m e w as ob served  at a lo w  lev el o f  15

T a b l e  1 . e v a l u a t io n  o f  b r e a d  f r o m  d u r u m  w h e a t s  a n d
THEIR BLENDS W ITH  SOFT AESTIVUM W HEAT

Variety Durums Durum-C/i/ioii lerm a
(15:85) blend

Loaf Overall Loaf Overall
volumehml) quality volume(ml) quality2

Local red 600 E 600 E
Bijaga yellow 475 F 565 G
A m rit 625 E 600 E
Bijaga red 400 P 540 S
N -  59 505 S 510 S
N 1-5159 460 F 585 E
A-206 665 E 525 S
A -624 430 P 490 S
A -1-1-2-3 600 E 505 s
A -11 565 G 555 G
A  1-8-1 495 S 625 E
A -  9-30-1 475 F 590 E
M PO -157 440 P 460 F
M PO -X42 490 S 475 F
M P O -159 520 S 500 S
M P O -161 420 P 475 F
R aj- 911 430 P 400 P
R aj- 912 475 s 455 F
N P -  404 560 G 455 F
777-7483 510 S 455 F
H 1-1141 450 F 505 S
H 1-1120 550 G 520 S
H  1-1591 425 P 600 E
W L -1002 475 S 600 . E
H D -4  519 600 E 605 E
H D -4530 600 E 595 E
H D -4502 360 P 605 E
Bansi (commercial) 435 P 550 G
S tew a rt-63 530 S 555 G
W akoom a 540 S 555 G

H ercules-12 540 S 530 S
C hhoti lerm a3 450 P __ __
Sharbati sonora* 570 G __ __

tBased on 100 g flour
2E-Excellent; G -G ood ; S-Satisfactory; F -F a ir 
3Aestivum soft wheat used as negative control 
*Aestivum medium hard wheat used as positive control
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T able 2. effect of blending aestivum wheat with durums on its bread making quality

Blending level of durum

Variety
FWA

°//o

0
LV
ml

OQ
10%

FW A LV OQ
% ml

15%
FW A LV OQ

% ml

25 %
FW A LV OQ 

% ml

33°/
FW A LV OQ 

% ml

50%
FW A LV OQ

% ml

100%
FW A LV OQ 

% ml
Local red — — .— 53.0 530 S 53.8 590 E 54.5 545 G 56.1 540 S 56.6 460 F 62.0 600 E
Bijaga yellow — — — 53.4 500 S 54.1 565 G 56.0 515 S 57.8 505 S 59.0 430 P 68.4 475 F
A nu it — — — 53.9 535 s 56.4 600 E 57.2 570 G 60.0 560 G 61.6 525 S 70.0 625 E
Bijaga red — — — 54.0 505 s 54.8 540 G 56.0 505 S 60.2 480 F 61.4 425 P 70.0 400 P
Bansi (Commercial) — — 54.0 510 s 55.6 550 G 56.6 475 F 60.4 465 F 61.4 445 P 70.0 435 P
Chhoti lerm a1 52.0 450 P — — — — — —
Sharbati sonora2 60.0 570 G — — — — — —

FWA —Farinograph water absorption on 14% moisture basis. 
LV —Loaf volume based on 100 g flour.
OQ —Overall quality.
1 —Aestivum soft wheat used as negative control.
2 —Aestivum medium hard wheat used as positive control.

Fig 1. Durum  bread of excellent quality
1 -L o ca l red, 2 -A m r it , 3-/4-206 4-/1-1-1-2-3, 5- H D  4519,
6-/721-4530, 1 -S h a ra b a ti sonora, 8 -C h h o ti lerma.

Fig 2. Durum  aestivum (15:85) blends with excellent bread 
making quality

l-Loca l, red, 2 -A m rit, 3-A7-5759, 4-/4-1-1-1, 5 - H  1-1591,
6-HX-1002, 7-i7X>-4519, 8-/721-4530, 9 -H D -4502 , 10-/4-9- 
30-1, 11 -Sh a ra b a ti sonora, 12-C h h o ti lerma.
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T able 3. chapati making quality of durum wheats and
THEIR BLENDS W ITH  SOFT AESTIVUM W HEAT

Variety Durums Durum -Chhoti lerm a
blend

F.W.A. Overall Blending F.W.A.
** + 0//o quality level % 0//o

Local red 61.0 F 25 58.0
Bijaga yellow 61.8 G 25 58.0
A m rit 60.3 F 25 57.0
Bijaga red 60.9 P 25 58.0
N - 59 62.4 S 20 60.0
NI-5159 56.1 E 15 54.0
A -206 64.6 F 20 61.0
A -624 62.2 P 35 60.0
.4-1-1-2-3 64.4 E 20 61.2
,4-11 62.0 E 20 61.2
A -l-S -l 54.0 F 20 52.0
,4-9-30-1 63.0 E 15 51.0
M P  0-1 5 1 63.0 E 20 60.0
M P O -142 62.0 E 20 60.0
M PO -159 55.0 F 20 53.0
M P O -161 62,0 E 20 60.0
R aj-911 64.4 E 35 60.0
R aj- 912 65.0 E 15 59.4
7V7M04 63.0 E 15 60.6
777-7483 62.0 G 15 59.6
777-7747 64.4 P 20 61.6
777-7720 63.0 P 30 61.0
777-7597 55.0 E 15 53.0
1FL-1002 56.4 F 20 54.0
7777-4530 57.0 E 15 55.0
7777-4519 59.6 E 15 56.0
777J-4502 59.7 P 25 57.6
Bansi 61.0 E 25 58.0
Chhoti lerma* 52.0 P — —
Punjab  (commercial) **58.0 E — —

F.W .A.—Farinograph water absorption on 14% moisture basis. 
•Aestivum soft wheal used as negative control 
**Aestivum medium hard wheat used as positive control.
*** for getting excellent chapaties

per cen t, w hile  b o th  at 10 as w ell as 25  per cen t or higher  
levels, th e lo a f  vo lu m es w ere co n sid era b ly  low er. A s  
b o th  bread typ e and  non -bread  typ e durum s w ere in ­
clu d ed  in  th e  prelim inary  tria ls, it w as inferred  th at the  
o p tim u m  level o f  du ru m  b len d in g  w as 15 per cent.

T he data  p resen ted  in  T ab le 1 a lso  cover th e rem ain in g  
trials for  ev a lu a tion  o f  bread m ak in g  q u a lity  o f  other  
durum s w hen  b len ded  w ith  Chhoti lerma a t 15 per pent 
level. M ajo rity  o f  th e durum  varieties used  fo r  b len d ing  
brou gh t a b o u t sign ifican t im p rovem en t in  th e lo a f  
vo lu m e as w ell as qu a lity  o f  bread, based  o n ly  on  Chhoti 
lerma. Ten o f  th e varieties used  for b len d in g  gave

excellen t q u a lity  bread (F ig . 2). V arieties Local red, 
Amrit, H D -45 30  and  HD-4519 besid es h a v in g  exce llen t  
bread m ak in g  q u a lity , a lso  gave ex ce llen t bread w h en  
b len ded  at 15 per cen t level. E ven  th o u g h  bread  
based o n ly  on  du ru m s— N I-5759, /F D -4 5 0 2 ,,4-9-30-1  
nad HI-1591 w ere p o o r  in  q u a lity — it is  in terestin g  
to  n o te  th at their b lends w ith  Chhoti lerma gave  
excellen t bread. In con trast, varieties M PO -159, NP-404  
777-7483 and  Raj-91 1, o n  b len d ing , gave in fer ior q u a lity  
bread as com p ared  to  th ose  based  o n  durum s a lon e. 
C an ad ian  durum s, at 15 per cen t b len d in g  lev el gave  
bread o f  sa tisfactory  q u ality  w ith  lo a f  v o lu m es ranging  
from  530  to  555 m l. T h is com p ared  fa v ou rab ly  w ith  
lo a f  v o lu m es o f  breads from  durum s a lon e.

It m ay be inferred  from  th ese experim ents th at m any  
du ru m  varieties can  be used w ith  advan tage fo r  im p ro v ­
ing  the bread m ak in g  q u ality  o f  even  p o o r  qu a lity  
In d ian  aestivu m  w heats by a sim ple m eth o d  o f  b len d in g  
w ith  durum s at even  a lo w  level o f  15 per cent. T h is  
ob serv a tio n  is  o f  considerab le im p ortan ce to  th e o rg a n is­
ed  bread p rod u ction  ind ustry  in  Ind ia  w hich  p rod u ces  
m ore th an  a m illion  loa v es  per annum .

Chapati making quality o f  durum : T h e data  regard in g  
chapati m ak in g  q u ality  o f  durum  w h eats, their blends  
w ith  Chhoti lerma and w ater ab sorp tion  o f  d ifferent atta 
blends to  g ive chapati d o u g h s o f  d csirec  co n sisten cy  
o f  5 0 0 ^ 2 0  B U  are g iven  in  T ab le 3. T h e w ater a b so r­
ption  o f  b lends for  o b ta in in g  chapati d cu g h s ranged  
betw een  53 .0  and 61 .6  per cent. A s again st th is , th e  w ater  
ab so rp tio n  for chapati d ou gh s based on  durum s on ly  
w as 0 .8 -5 .6  per cen t m ore in m ajority  o f  th e varieties 
tried . F o u rteen  o f  the durum  varieties had excellen t  
ch ap ati m ak in g  qu a lity , w h ile  11 varieties gave ju st  
accep tab le or p o o r  grade ch ap aties.

A s regards su itab ility  o f  duium-Chhoti lerma b len ds  
for chapati m ak in g , the m in im um  level o f  durum  re­
quired in  the b len d  to  g ive ex cellen t ch ap a ties  in  m ost 
cases ranged betw een 15 and 35 per cent. A s generally  
ob served  in bread w heats, no corre la tion  betw een  
F arin ograp h  w ater a b sorp tion  o f  atta  and chapati 
m ak in g  q u ality  w as observed  in  the case o f  Ind ian  
du ru m  w heats.

T h e present stud ies have h igh -ligh ted  the fact th at 
apart from  co n v en tio n a l su itab ility  for p ro d u ctio n  o f  
paste g o o d s, m an y  Ind ian  durum  varieties can  be used  
for  im p ro v in g  the bread and chapati m a k in g  q u ality  
o f  even  p o o r  q u ality  aestivu m  w heats. U se  o f  o n ly  15 
and 15-25 per cent durum  for  b len d in g  w ith  such  w heats  
brings a b ou t h igh ly  sign ificant im p rovem en ts in  the  
q u ality  o f  bread and ch ap aties resp ectively .
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different A gricu ltu ral R esearch  S tation s o f  Ind ian  
C ouncil o f  A gricu ltural R esearch  for su p p ly in g  different 
varieties o f  Ind ian  durum  w h eats. T h e su p p ly  o f  C an a­
dian durum s by D r  W . B u shu k , U n iv ersity  o f  M an ito b a , 
C anada, is a lso  gratefu lly  ack n ow led ged .
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Physico-chemical, Rheological and Milling Characteristics of
Indian Durum Wheats

P . H a r id a s  R a o , A . R a h i m , C. P r a b h a v a t h i  a n d  S . R . S h u r p a l e k a r  
C entral F o o d  T ech n o lo g ica l R esearch  Institute, M ysore, Ind ia

M anuscrip t R eceived: 14 July 1976

Twenty-four Indian and three Canadian durum wheat varieties have been evaluated for physico-chemical characteristics, rheo­
logical properties using farinograph and extensograph and the flour milling quality. O f the quality characteristics evaluated, 
some o f the Indian varieties were comparable to or even better than the Canadian durums. The data for varieties AT-5759, A -11, 
H I-1120, H D -4519, H D -4530, /t-9-30-1 were indicative o f  their potential for the preparation o f  paste goods; while quality characte­
ristics o f  many other varieties showed their potential for bread making.
The range and average (in parentheses) values for different quality characteristics were— 1000 kernel weight, 34.6-53.1 (43.8) g ; 
pearling index, 13.2-20.5 (16.1); crude protein, 10.6-16.8 (14.6% ); wet gluten, 28.2-52.6 (40.7% ); pigments, 2.72-6.47 (4.6 ppm); 
diastatic activity, 302-443 (369) units; damaged starch, 9.3-15.5 (12.7)% ; water absorption, 62.0-75.0 (67-9)% ; dough stability,
2.0-10.0 (6.1) m in.; extensograph area, 10-140 (79) sq.cm, and flour yield, 58.3-75.5 (65.8)% .

T h ou gh  the p rod u ction  o f  h igh ly  p riced  durum  w heats  
a cco u n ts fo r  a b o u t 10 per cen t o f  th e  to ta l w h eat p r o ­
d u ctio n  in  In d ia , m o st o f  th e  p u b lish ed  literature  
pertains on ly  to  stu d ies o n  aestivu m  w heats. T rad ition a l­
ly , sem ol.n a  m illed  from  durum s is  used in the p rep a­
ration  o f  sw eet an d  savou ry  d ish es and verm icelli. 
H ow ever , very litt le  in form ation  is availab le on  the  
q u ality  o f  Ind ian  durum s w ith  specia l reference to  their  
utilisa tion  in  bakery p rod u cts and  th e paste g o o d s  like  
m acaroni, sp agh etti, n o o d les , etc. Such in form atio n  is 
o f  great im p ortan ce as durum s o f  certain  q u ality  a ttr i­
butes have ex p ort p o ten tia l a t a p rem iu m  price to  
cou n tries, w here p aste  g o o d s  are m anu factured  and  
con su m ed  on large scale .

Q u ality  ch aracteristics o f  on ly  four durum  varieties  
d eve lop ed  in K arn atak a  State have been reported . 
H ow ever, several varieties o f  durum s d eve lop ed  in  
the p en insu lar and  central zon es under A ll India  
C oord in ated  W h eat R esearch  P rogram m e o f  Indian  
C ou n cil o f  A gricu ltu ral R esearch  h av e n o t been eva lu a t­
ed  system atica lly  for  their q u ality  and  utilisa tion  avenues. 
A s C anadian  du ru m s are exp orted  exten sively  to  several

E u ropean  cou n tries, p h y sico -ch em ica l and  rh eo lo g ica l 
characteristics as w ell as m illin g  q u ality  o f  several 
varieties o f  In d ian  durum s as com p ared  to  C anadian  
on es are reported  in th is  paper.

Materials and Methods
Test materials: T w en try-fou r varieties o f  Indian  

durum s w ere procured  from  different R esearch  S tation s  
o f  Ind ian  C oun cil o f  A gricu ltural R esearch  located  in 
States o f  K arn atak a , M aharashtra, G ujarat, M adh ya  
P radesh , R ajasthan , P unjab and  a lso  from  Indian  A gri­
cu ltural R esearch Institu te, N ew  D elh i. Bansi w h eat— a 
com m ercia l variety from  th e  lo ca l m arket w as a lso  
in clu d ed  in  th ese stu d ies. T hree C anadian  w h eats nam ely  
Stewart-63, Wakooma and Hercules-12 p rocu red  from  
P lant Science D ep artm en t o f  M a n ito b a  U n iversity , 
C anada w ere used as con tro l.

Physical characteristics: H ecto litre  w eigh t w ere deter­
m ined by A A C C  m eth o d s1. V itreou sn ess o f  th e w heat 
kernels w as assessed  by v isu a l ex am in ation . P earling  
in d ex  w as determ ined a ccord in g  to  M cC lu ggage2 using  
C orcoran B arley Pearler (L on d o n ).
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T a b l e  1 . p h y s i c a l  c h a r a c t e r i s t i c s  a n d  m i l l i n g  q u a l i t y  o f  I n d i a n  d u r u m  w h e a t s

Variety Hectolitre wt 1000 kernel wt Vitreous kernels Pearling index Total flour Flour recover- Fine flour
(kg.) (g.) (%)

Indian dnrnms
N -  59 82.5 53.1 74
N l- 5759 80.0 47.6 100
A -206 78.3 41.6 100
A-624 81.8 45.8 80
A -1-1-2-3 79.3 42.5 100
A - l l 82.0 43.9 99
/t-1-8-1 73.9 42.4 100
/I-9-3 0-1 77.9 46.6 100
M P O -151 77.3 45.5 95
M P O -142 80.0 35.3 88
M PO -161 78.3 40.9 85
M P O -159 76.0 38.0 98
Raj- 911 81.0 51.4 100
R aj-912 82.3 44.7 99
NP-404 81.3 50.0 100
H I-1483 82.3 52.5 98
H I-1141 81.3 42.3 99
H I-1120 76.0 34.6 99
H I-1591 77.3 41.1 99
W L-1002 74.0 42.3 95
H D -4519 84.0 43.2 99
H D -4530 80.3 40.0 100
H D -4502 77.0 43.5 96
Bansi 77.0 41.5 100
Range 73.9-84.0 34.6-53.1 74-100
Average 79.4 43.8 96
Canadian durams
Stew art-63 82.0 48.0 100
IVakoom a 82.8 45.9 100
H ercules-12 83.5 48.4 100
Average 82.8 47.4 100

yield1 (maida) ed2 (% ) fraction3 (% )
(% )

15.7 63.0 12.0 4.5
16.7 60.2 18.3 6.0
18.6 66.4 13.8 4.9
15.4 69.3 7.5 9.5
14.5 63.9 11.8 6.2
16.3 65.8 17.0 6.0
18.8 69.6 10.5 6.2
20.5 61.6 14.3 7.7
16.6 67.0 8.5 8.0
14.3 67.0 7.9 15.0
14.6 63.1 15.5 5.5
17.6 71.1 15.0 5.7
15.3 61.1 13.5 6.0
16.8 60.9 16.5 7.5
16.3 64.4 18.0 2.0
16.1 65.5 10.0 11.5
17.2 58.3 16.0 5.0
16.6 64.6 16.0 7.0
18.0 75.5 12.3 5.5
15.2 61.8 10.5 7.9
13.2 73.0 9.9 7.9
14.1 74.3 10.5 5.6
13.7 70.6 13.5 6.6
15.0 62.2 9.0 11.0
13.2-20.5 58.3-75.5 7.5-18.3 2.0-15.0
16.1 65.8 12.8 7.0

15.6 72.8 10.5 7.5
13.4 62.8 14.0 6.8
13.4 63.7 15.0 6.7
14.1 66.4 13.2 7.0

1 includes flour recovered from shorts
2From  shorts by passing through 6XX sieve
3Passing through 240T sieve.

Milling quality: Flour milling quality was studied 
by processing 2-kg samples, conditioned overnight 
to 16.5 per cent moisture, in a Buhler laboratory 
mill (Model MLU-202). The straight run flour was 
subjected to sieve analysis on a Buhler plansifter to 
determine the finest fraction passing through 240 T 
sieve (aperture width, 45 ju-).

As considerable quantity of flour appeared in the shorts 
fraction for durum wheats, the same was sieved on 6XX

sieve (aperture width, 0.2 mm) and the throughs were 
reground in Kamas hammer mill (Type, Slaggy 200-A) 
to pass through 10XX sieve (aperture width, 0.13 mm). 
The maida referred to in these studies consists of straight 
run flour mixed with flour recovered from shorts.

Chemical characteristics: Moisture, total ash, wet 
gluten, pigments, diastatic activity and damaged starch 
were determined by AACC methods1. The falling 
number, an index of alpha amylase activity, was deter-
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T a b l e  2 .  c h e m i c a l  c h a r a c t e r i s t i c s  o f  I n d i a n  d u r u m  w h e a t s

M oisture Total ash Crude protein Wet Lipoxidase Pigments as Falling Diastatic Damaged
Variety %

W.W.F.*
O

W .W.F.
Í

M a id a
°/

W.W.F. M a id a
gluten
M a id a

activity1
W.W.F.

/5-carotene
ppm

number
W .W.F.

activity2
M a id a

starch % 
M a id a

Indian durums
N-59 7.3 1.52 0.53 13.0 12.4 40.5 22.1 4.67 589 333 10.0
NI-5759 7.5 1.45 0.68 16.3 14.1 39.9 10.7 5.12 681 425 13.9
A-206 8.5 1.64 0.61 16.6 15.5 49.6 11.3 3.61 748 337 9.3
A-624 7.5 1.64 0.68 11.8 10.5 35.9 4.9 3.61 547 412 15.0
A-l-1-2-3 7.2 1.51 0.82 14.3 12.8 36.1 43.5 3.31 728 373 11.6
A -ll 7.4 1.60 0.66 15.7 13.4 44.7 4.6 4.67 669 400 13.5
A-1-8-1 7.5 1.57 0.64 16.1 13.4 52.6 57.1 4.06 823 328 11.5
A-9-30-1 6.8 1.56 0.62 16.1 14.4 49.3 1.8 4.06 823 328 11.5
MPO-142 7.4 1.66 0.74 10.6 9.2 28.8 1.4 6.32 790 341 11.1
MPO-157 7.9 1.56 0.75 15.0 13.2 41.3 26.1 6.17 649 344 10.7
MPO-161 8.4 1.40 0.54 13.3 11.4 32.2 2.0 5.87 668 363 12.0
MPO-159 7.8 1.84 0.72 16.6 14.7 44.4 3.2 6.47 852 352 10.7
Raj-911 8.5 1.92 0.67 14.8 13.3 45.3 1.0 5.87 755 318 13.5
Raj-912 8.9 1.86 0.77 14.9 13.6 38.8 12.8 5.57 822 352 10.7
NP-404 7.0 1.38 0.68 14.4 13.2 40.7 4.0 4.12 560 397 11.6
NI-7483 6.6 1.53 0.75 11.4 10.7 36.2 6.1 3.61 661 375 13.7
HI-7747 6.5 1.62 0.56 16.8 15.7 40.0 1.1 4.21 645 385 12.9
HI-7720 8.1 1.66 0.62 15.3 14.3 42.2 2.2 4.52 603 353 13.0
HI-7597 7.2 1.56 0.70 15.4 14.6 39.8 6.2 4.21 790 385 13.7
WL-1002 8.6 1.83 0.60 13.5 12.0 33.0 9.8 4.21 1000 344 13.3
HD-4519 11.0 1.70 0.60 14.6 13.8 41.7 10.7 3.33 801 438 15.5
HD-4530 10.5 1.63 0.60 14.4 13.7 45.3 4.6 4.85 772 353 13.3
HD-4502 11.9 1.79 0.73 12.9 13.9 34.4 1.2 5.14 585 398 15.5
Bansi 10.0 1.27 0.67 ¡5.9 13.3 46.0 2.72 434 356 13.1
Range 6.5-

11.9
1.27-
1.92

0.53-
0.82

10.6-
16.8

9.2-
15.7

28.2-
52.6

1.0 - 
57.1

2.72-
6.47

439-
1000

302-
443

9.3-
15.5

Average 8.2 1.60 0.66 14.6 13.2 40.7 10.9 4.57 690 369 12.7

Canadian durums
Stewart-63 10.8 1.32 0.60 14.6 12.9 45.3 5.9 6.04 437 360 12.2
W akooma 10.8 1.75 0.68 13.9 13.1 45.1 20.0 5.63 453 435 13.6
Hercules-72 11.1 1.28 0.52 14.4 12.8 48.5 11.2 5.04 541 385 13.5
Average 10.9 1.45 0.60 14.3 12.9 44.6 12.36 5.57 477 393 13.1

♦ Whole wheat flour
iDefined as the activity which in the presence o f 5 mg of linoleic acid catalyses the reaction of 1/i-g of oxygen in 1 min at 25°C at 

pH  7.0
^Maltose (mg) produced by 10 g flour for 1 hr at 30°C.
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T a b l e  3 .  r h e o l o g i c a l  c h a r a c t e r i s t i c s  o f  I n d i a n  d u r u m  w h e a t s

Farinograph characteristics Extensograph characteristics

Variety Water Dough Dough Mixing Extensibility Resistance Area

Indian durums

absorption
(%)

development 
time (min)

stability
(min)

tolerance 
index B.U.

(mm.) to extension 
B.U.

(cm2)

N-59 62.0 3.0 4.5 70 100 455 73
NI-5759 69.4 3.5 7.0 50 120 675 100
A-206 62.0 5.0 6.0 10 205 530 128
A-624 69.0 1.5 3.5 113 64 445 64
A-l-1-2-3 68.0 4.0 8.0 50 119 570 97
A -ll 68.8 2.5 8.5 50 128 718 130
A-l-8-1 67.2 6.0 6.0 90 118 955 140
A-9-30-1 68.4 6.0 10.0 20 123 1020 149
MPO-157 65.8 2.5 5.0 80 125 290 52
MPO-142 62.8 1.2 2.0 80 94 625 85
MPO-159 70.6 2.5 2.5 90 115 375 53
MPO-161 66.0 1.7 3.5 90 73 390 42
Raj-911 76.0 1.7 3.5 130 88 250 31
Raj-912 66.4 2.5 10.0 30 87 535 64
NP-404 67.0 3.0 7.0 50 114 135 67
HI-7483 63.4 2.0 4.5 70 120 260 63
HI-7747 71.0 1.5 1.5 140 175 240 34
HI-7720 66.2 4.5 15.0 25 103 973 110
HI-7597 68.8 2.0 2.0 80 115 350 47
WL-1002 67.0 2.0 10.0 30 86 760 76
HD-4519 75.0 5.0 10.0 20 86 795 90
HD-4530 68.0 5.0 10.0 30 90 960 88
HD-4502 66.8 1.5 2.0 110 35 200 10
Bansi (Commercial) 74.0 7.5 4.5 70 143 520 110
Range 62.0-75.0 1.5-7.5 2.0-10 10-130 64-205 200-1000 10-140
Average 67.9 3.3 6.1 66 105 501 79
Canadian durums
Stewart-63 62.0 4.0 6.5 60 — — —

W akooma 68.4 3.5 6.0 40 — — —

Hercules-72 64.0 4.5 10.0 25 — — —

Average 64.8 4.0 7.5 42 — — —

mined using Hagberg’s apparatus1. Crude protein 
(Nx5.7) was estimated by micro-kjeldahl method. 
For estimation of lipoxidase activity, Sumner’s method3 
was used with the following modifications: 10 g of
whole wheat flour were macerated in 20 ml of water 
using a pestle and mortar. An aliquot of 1-2 ml was 
taken for the estimation of the enzyme activity, so as to 
obtain an optical density within the desirable range of
0.2 to 0.4. The reaction time was 5 min.

Rheological properties: Rheological characteristics 
of maida from different varieties were determined using

Brabendcr Farinograph and Extensograph according 
to AACC procedures1. Different dough ciaracteristics 
like water absorption, dough development time, dough 
stability, mixing tolerance index, extensibility, resistance 
and area under the curve were determined from the 
respective curves.
Results and Discussion

Physical characteristics: It is evident from Table 1 
that the average hectolitre weight as well as 1000 kernel 
weight of Indian durums were slightly lesser than those
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Fig 1. Farinograph curves of durum  flours indicating typical characteristics 
relating to dough development time, dough stability and mixing 
tolerance index.

of Canadian durums. But corresponding values for 6 
and 4 varieties of Indian durums respectively were 
comparable to those of Canadian durums. All but three 
Indian varieties had some what higher pearling index 
than those of Canadian durums indicating thereby that 
in general Canadian durums were relatively harder 
han Indian durums. All the varieties had amber colour 
of varying shades. With the exclusion of varieties TV-59, 
MPO-142, A-624 and MPO-161, the remaining varieties 
had 95-100 per cent of vitreous kernels.

Milling quality: Half of the durum varieties tested had 
good flour yields of 65 per cent or more (Table 1), which 
compare favourably with those of Indian bread wheats. 
Only Canadian Stewart-63 had a comparable yield. In 
view of extra hard nature of durums, as high as 7.5-18.3 
per cent of the flour has been recovered from shorts, by 
passing it through 6XX sieve. Similar observations have 
been made by Finney et alA in case of Indian aestivum 
wheats. This observation is further corroborated by 
considerably lower yields (7 per cent) of flour fraction 
passing through finest sieve (240T) as compared to 10.3 
per cent for aestivum wheats5. The average value of the 
damaged starch for different durum wheats was 12.7 
per cent (range: 9.3-15.5 per cent) which was considera­
bly higher than 9.2 per cent (range: 6.2-12.1 per cent)

Fig 2. Extensograph curves of durum  flours indicating typical 
characteristics like extensibility (E), Resistance (R), Ratio 
figure (R/E) and energy.

obtained for Indian aestivum wheats5. 
This may be attributed to the extra hard 
nature of the durum as compared to the 
aestivum wheats.

Chemical characteristics: The data
presented in Table 2 show that Indian 
varieties in general had slightly higher 
ash content than the Canadian varieties. 
The average protein as well as wet gluten 
values for both Indian and Canadian 
durums were comparable (14.6 & 14.3 
and 40.7 and 44.6 per cent respectively).

Interestingly enough, lipoxidase activity 
displayed very wide variation (1.1-57.1 
units). Only 7 Indian varieties had relati­

vely higher content of pigments than Canadian durums— 
a desirable attribute for use in paste goods. All but 
one of the Indian varieties had excessively high falling 
number as compared to Canadian durums. This indi­
cated low alpha-amylase activity of Indian durums.

Indian durums had significantly higher diastatic acti­
vity of 369 units (range 203-443) as compared to low 
value of 210-units (range 133-351) for majority of Indian 
aestivum wheats5. The desirable range of diastatic acti­
vity is 225-350 units for bread wheats6. As such, durum 
wheats can be used for blending with aestivum wheats 
for improving their low diastatic activity. The diastatic 
activity as well as the damaged starch of Indian durums 
were comparable with those of Canadian durums.

Rheological characteristics: Some of the Indian 
durums were less hard as indicated by pearling index. It 
was, therefore, considered worthwhile to explore the 
possibilities of using durum flours for bread-making. 
As such, detailed data have been collected on 
dough rheology using farinograph and extensograph 
(Table 3).

Some of the typical farinograph curves of Indian 
durums indicating extreme characteristics regarding 
dough development time, dough stability, mixing toler­
ance index as compared to Canadian durum and an 
Indian aestivum bread wheat—Sharbali sonora are 
given in Fig. 1. Most of the durums had exceptionally 
high water absorption of more than 65 per cent which 
could be attributed to relatively higher protein content 
as well as higher amounts of damaged starch. Such 
characteristics coupled with relatively higher diastatic 
activity of durums are indicative of scope for their 
blending with soft wheats for obtaining desirable dough 
characteristics for bread-making.

The typical extensograph curves depicting highly 
sticky dough of poor strength, a dough of minimum 
strength, a dough of high resistance and extensibility 
are given in Fig 2. The different extensograph curves 
obtained showed that for most of the varieties, extensi­
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bility as well as resistance to extension were comparable 
to those of bread type aestivum wheats. Eleven varieties 
of durums had areas covering a range of 80 to 150 cm2 
which showed adequacy of flour strength for bread­
making.

It may be concluded from the results obtained that 
many of the Indian durums are comparable to Canadian 
durums in respect of physico-chemical and rheological 
characteristics.
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Chemical Composition of Sunflower Seed
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The sunflower seeds of the two varieties namely Sunrise Selection  and E C  69874 were analysed for proximate principles, polar and 
non polar lipids, fatty acids and amino acids. In all ten polar lipids viz. lysolecithin, lecithin, lysocephalin, cephalin, phosphatidyl 
serine, phosphatidyl inositol, sterol, sterol glycoside, phoshatidic acid and a glycolipid were identified to be present in oils of the 
two varieties. There was considerable variation in amounts of oleic (37.43 and 47.17%) and linoleic acid (52.18 and 44.17%) in 
the oil of Suprise Selection  and E C  9874 respectively. The amounts of lysine (limiting amino acid in sunflower seed) in 
Sunrise Selection  and E C  69874 were 3.563 and 3.286% respectively.

Sunflower is a major oilseed crop of several countries 
all over the world, particularly of the East European 
countries. A major improvement in sunflower has been 
brought about through research in U.S.S.R. and its oil 
content has been increased from 33 to about 50 per cent 
in the present varieties mainly by reducing its hull con­
tent. Moreover, sunflower oil has been described as a 
superior quality edible oil by several workers1-2. In 
view of its high oil content and to meet the shortage of 
vegetable oils, some varieties were introduced in India 
from U.S.S.R., recently. Since no detailed report on 
sunflower composition is available, two varieties of 
sunflower were taken up for detailed study of chemical 
composition and the data are reported in this paper.
Materials and Methods

Representative samples of two varieties, Sunrise Selec­
tion and EC 69874 were collected from the crop sown in 
1973 at Punjab Agricultural University, Ludhiana. The 
oil content, protein, reducing and non-reducing sugars, 
crude fiber and ash were estimated by AO AC4 methods.

The oil was fractioned into polar and non-polar lipids and 
each fraction was then resolved by thin layer chromato­
graphy5. The developing systems for non-polar lipids 
and polar lipids were petroleum ether: ether (90:10) 
and chloroform: methanol: acetic acid: water (65:25: 
10:4 v/v) respectively. The different spots were identified 
by comparing their Rf values with those reported in the 
literature and with the specific colour reactions of dif­
ferent components with various spray reagents6,7. The 
fatty acid composition was determined by gas liquid 
chromatography by suing AIMIL Mark II gas chromato­
graph. Two meter column of copper containing 10 per 
cent DEGS on celite was used as a stationary phase and 
the carrier gas was nitrgoen. The temperature of the 
oven was kept at 190±1°C and FID, and injector 
temperatures were maintained at 250°C. Different fatty 
acids were identified from their retention times and 
their respective peak areas were directly converted to 
relative percentages.

The quantitative analysis of amino acids was carried 
out on amino acid analyser (Beckman-Model 120 C).
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Hundred milligrams of the seed was taken in a glass 
tube, 5 ml of 6N HC1 was added to it, sealed and kept 
at 110°C for 24 hr. The volume of hydrolysate was made 
to 50 ml and a suitable aliquot (2ml) was dried in vacuo 
and redissolved in deionised water and this procedure 
of drying1 in vacuo was repeated twice. The residue was 
then dissolved in 2 ml sodium citrate buffer of pH 2.2,
0.2 ml of this solution was applied on each of the long 
and short columns of amino acid analyser. Three sodium 
citrate buffers (pH 3.25, 4.25 and 5.25) were used for the 
complete amino acid analysis. The buffer flow rate was 
maintained at 70 ml/hr and ninhydrin flow rate at 35 
ml/hour. The column temperature was maintained at 
55°C. The Beckman spherical resins PA-35 (short 
column) and AA 15 (long column) were used. The 
recovery of different amino acids was found to b e ^  
per cent and each analysis was carried out in duplicate.
Results and Discussion

The proximate composition of sunflower seed is 
shown in Table 1. The data reveal that the constituents 
analysed do not vary much in both varieties. The mean 
values for dry matter, oil, protein, crude fiber, reducing

sugars, non-reducing sugars and ash were 94.22, 39.67, 
25.30, 9.80, 0.56, 1.14 and 3.37 per cent respectively. 
The values are in close agreement with those reported in 
the literature8’1®. The oil obtained from the two varieties 
Sunrise Selection and EC 69874 was resolved by thin 
layer chromatography to identify the different compo­
nents present. The non polar fraction gave 7 spots when 
the plate was sprayed with 50 per cent sulphuric acid. 
The Rf values calculated were compared with those 
reported in literature and were tentatively identified as 
unresolved mixture, partial glycerides, sterols, free fatty 
acids, triglycerides, sterol esters and some hydrocarbons. 
Their identity was further confirmed by co-chromato­
graphy with pure standards namely tripalmitin, stig- 
masterol and its ester, palmitic acid and liquid paraffin. 
Spot No. 3 and 6 gave violet colouration on spraying 
with 50 per cent sulphuric acid and heating, thereby 
confirming that these spots were due to presence of 
sterols.

The polar fraction of the oil was resolved by thin 
layer chromatography using chloroform: methanol: 
acetic acid: water (65: 25: 10: 4). The spraying of the 
plate with 50 per cent sulphuric acid and heating gave

T a b l e  1 . p r o x i m a t e  c o m p o s i t i o n  o f  s u n f l o w e r  s e e d

Variety Dry m atter
0//o

Fat % Protein % Crude fiber
0//  0

Ash % Reducing 
sugars %

Non-reducing 
sugars %

E C  69874 94.14 39.75 24.50 9.76 3.74 0.50 1.25
Sunrise Selection 94.30 39.60 26.10 9.84 3.00 0.62 1.02
Mean 94.22 39.67 25.30 9.80 3.37 0.56 1.14

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

Spot No. R f value* 50% H2S 0 4
Phospho-
molybdate Ninhydrin Diphenyl Schiff’s

Dragon-
dorff’s Identification

1 0.00 +
reagent amine reagent reagent

Unresolved mixture
2 0.06 - + — — — — — Sterol

3 0.08
(pink)

+ + _ _ + Lysolecithin
4 0.20 + + + — — — Phosphatidylserinc.
5 0.26 + + — — + — Phosphatidyl inositol
6 0.32 + — + — — — Lysocephalin
7 0.38 + + — — — + Lecithin
8 0.54 + + + — — — Cephalin
9 0.66 + + — — — — Phosphatidic acid

10 0.70 + — — + — — Sterol glycoside

11 0.96
(pink)

+ + Glycolipid
12 0.99 + — — — — — Pigments, neutral

‘ Solvent system :—Chloroform: methanol : acetic acid : water (65:25:10:4)
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T a b l e  3 .  f a t t y  a c i d  c o m p o s i t i o n  o f  s u n f l o w e r  o i l

Variety Oil % Palmitic acid
(% )

Palmitoleic
acid

Stearic acid 
(%)

Oleic acid
(%)

Linoleic acid 
(%)

Arachidic
acid

E C  69874 39.75 5.61 Traces 4.78 37.43 51.18 Traces
Sunrise Selection 39.60 6.50 Traces 2.16 47.17 44.17 Traces

T a b l e  4 .  a m i n o  a c i d  c o m p o s i t i o n  o f  s u n f l o w e r  s e e d

Sunrise Selection  E C  69874
Amino acid

% seed % protein % seed % protein
Lysine 0.930 3.563 0.805 3.286
Histidine 0.632 2.423 0.572 2.336
Ammonia 0.555 2.126 0.537 2.194
Arginine 2.180 8.352 2.050 8.367
Aspartic acid 2.507 9.607 2.080 8.479
Threonine 0.870 3.333 0.790 3.224
Serine 1.540 5.900 0.778 3.173

^G lutam ic acid 4.447 17.040 4.577 19.194
Proline 0.972 3.752 1.120 4.571
Glycine 1.575 6.064 1.210 4.939
Alanine 1.192 4.569 1.010 4.122
H alf cystine 0.120 0.459 — —
Valine 1.380 5.299 1.320 5.377
Methionine 0.122 0.469 0.190 0.775
Isoleucine 1.077 4.128 1.090 4.449
Leucine 1.590 6.092 1.527 6.234
Tyrosine 0.435 1.666 0.340 1.338
Phenylalanine 1.015 3.889 1.160 4.759

12 spots, the Rf values of which are given in Table 2. 
For the identification of these spots different spray 
reagents6,7,11 were used. These were further confirmed 
by co-chromatography with standards as unresolved 
mixture, sterol, lysolecithin, phosphatidylserine, phos­
phatidyl inositol, lysocephalin, lecithin, phosphatidic 
acid, sterol glycoside, glycolipid and neutral lipids.

The fatty acid composition of sunflower oil (Table 3) 
from the two varieties was comparable to that reported 
in the literature1,9,13. While there was not much dif­
ference in the amounts of saturated fatty acids (palmitic 
acid and stearic acid) there was appreciable variation 
in the amounts of unsaturated fatty acids (oleic, 37.43 to
47.17 per cent and linoleic acid, 44.17 to 52.28 per cent) 
in the two varieties. A considerable variation in oleic 
and linoleic acids have been reported9,13-15 which has 
been attributed to both climatic and varietal factors8,13. 
Since both the varieties were grown under similar cli-

matic conditions, the variation reported here could be 
due to the varietal difference.

The amino acid composition of the two varieties is 
given in Table 4. The mean amino acid composition is 
quite comparable to that reported by some other, 
workers8,16,17. Lysine is reported to be the limiting amino 
acid in sunflower. Sunrise Selection variety has a little 
higher lysine (3.563 per cent) as compared to EC 69874 
(3.286 per cent). Bandemer and Evans17 and Van Etten 
et al16 have found the lysine contents in sunflower to be
3.6 and 3.2. per cent respectively.
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Dehydrated convenience mixes for omelette were developed based on foam-mat/spray,acceIerated freeze dried egg powder and 
containing dehydrated onion and green chillies, salt, pepper and oil hydrogenated. Studies were made on the storage behaviour 
of the mixes packed in cans under air as well as nitrogen and in flexible laminated pouches as compressed bars.
Egg powder from acid stabilised melange was found superior to the one made without acid stabilisation. Similarly the mix based 
on AFD egg powder was found superior to that based on spray or foam-mat dried powder both in organoleptic quality and shelf life.
The mixes had a minimum shelf life of about 12 months at room temperature and 9 months at 37°C.

Egg is an important item of the daily menu of the 
Service personnel. Considerable loss due to breakage 
occurs during transportation of fresh eggs to forward 
areas. Further, fresh eggs cannot be supplied to inac­
cessible regions during times of combat or operations 
behind enemy lines and as such a dehydrated product 
would meet the logistic requirements. Although spray 
dried egg powder is now commercially produced and 
marketed in this country, it was felt desirable to develop 
a ready mix for omelette containing all other ingredients 
like onion, green chillies, fat, salt and spices as well so 
that minimum time is needed by the soldier or sailor on 
the preparation of the omelette.

Results of experiments on the development of dehy­
drated omelette mixes using egg powder made by spray, 
foam-mat and accelerated freeze drying techniques after 
different treatments and evaluation of their shelf life are 
reported in this paper.
Materials and Methods

Processing of eggs: Chicken eggs procured from the 
local market were washed, broken, churned and filtered 
as per method described by Iyengar el a/1.

The egg melange was desugared using glucose oxidase 
(crude, BDH make, fungal origin, 1300-1500 units/g) 
as per the method described by Leo Kline2, pasteurised 
at 63°C for 3 min and chilled immediately to 83C. One 
batch was dried as such while another was acid stabilised 
as per the method described by Iyengar el a/.1 and then 
dried. Both the types of powders were used to make the 
omelette mix for comparative assessment of their 
acceptability during storage.

Foam-mat drying: The melange was whipped for 5 
min using a laboratory stirrer with a whipping attach­
ment, the foam was spread on perforated aluminium

trays, dried in a cabinet drier at 60-70°C for 30 min and 
then finish dried to below 3 per cent moisture using a 
desiccant.

Spray drying: The chilled melange was dried in a 
spray drier (portable universal laboratory model— 
Zahn-Ravo-Rapid, W. Germany, with an evaporation 
capacity of 1-3 lit/hr of water) with an inlet air tempera­
ture of 140-150°C and product temperature of 70-80°C, 
using a nozzle spray and compressed air at a pressure 
of 1-2 kg/cm2. The material was fed at a rate of 2.5 to
3.0 kg/hr.

Accelerated freeze drying(AFD): Accelerated freeze 
drying was carried out using a s o c a l t r a  laboratory 
model radiant type freeze dryer by the method standard­
ised earlier in this laboratory. The melange was frozen 
in trays, sliced into pieces of uniform size (approx. 
2.5x2.5x1.25 cm), deep frozen to -20°C and then 
freeze dried keeping the surface temperature at 55°C.

Processing of other ingredients: Onion was dehydrated 
as rings by the method described by Gururaja Rao 
et alA and green chillies as bits as per method described 
by Jayaraman et alA and were used as such.

Formulation of omelette mix: Omelette mix compris­
ing egg powder, 74; oil hydro, 5; dehydrated onion 
rings, 12; dehydrated green chillies, 2; salt powder; 
5; and white pepper powder, 2 per cent was made using 
the various types of egg powders. Sodium bicarbonate 
was added at a level of 1.5 per cent in case of acid stabi­
lised egg powders to maintain a pH of 8-8.5 in the re­
constituted egg as suggested by Iyengar et all. The 
formulation was thoroughly mixed in a dry mixer. 
Scale of production used in the study was approximately
4-5 kg of mix per batch.

Packaging and storage evaluation: Samples of the mix 
were packed in 301 x206 (8 oz) cans as such and under

325



3 2 6 J O U R N A L  O F  F O O D  S C I E N C E  A N D  T E C H N O L O G Y , V O L . 1 3 , N O V E M B E R -D E C E M B E R  1976

nitrogen (35 g per can). They were also compressed into 
single serve bars of 35 g each using a laboratory model 
12 ton Carver hydraulic press. A pressure of 1000 
psig with a dwell period of 5 sec was found optimum. 
Immediately on removal from the mould, the bars were 
heat sealed in an inner wrap of MST cellophane (300 
gauge) followed by an outer wrap of kraft paper (60 BC) 
—aluminium foil (0.02 mm)—polythene (150 G) lami­
nate (PFL).

Analysis and storage studies: The proximate compo­
sition of the omelette mix was determined by the AOAC 
methods5. Free glucose content of the egg powder was 
determined by the method of Folin Wu6.

Samples were stored at 0°C, room temperature 
(25-30°C) and 37 °C and examined periodically by a 
taste panel for colour, flavour and reconstitution charac­
teristics. Scoring was done using a 9-point hedonic scale 
with freshly made omelette graded as 9. Reconstitution 
of the mix into omelette was done by mixing it with
2-2\ times its weight of tap water, keeping aside for 5 
min, pouring the batter over a greased pan and shallow 
frying as usual.

Non-en/ymatic browning was measured with a Lovi- 
bond Tintometer and the colour expressed in yellow and 
red units. Peroxide value (PV) and free fatty acid (FFA) 
content of the fat were estimated by standard AOCS 
methods7.

Change in the solubility index (SI) of the egg powder 
in omelette mix was measured by the Haenni’s method» 
to get a comparative picture of the deterioration occurring 
during storage. The mix was sieved through 30 mesh to 
remove dried green chillies and onions and the solubility 
done on the remaining powder. Sufficient quantity of

Fig 1. Peroxide value o f omelette mix (with spray dried egg 
powder) stored at ambient tem parature and at 37°C

the mix containing 1 g of egg powder was taken and due 
allowance was made for the salt present in it.
Results and Discussion

The omelette mix had a typical proximate composition 
(per cent) of moisture, 1.9; protein (Nx6.7), 36.0; fat, 
38.7; ash, 8.2; crude fibre, 1.5; and carbohydrate (by 
difference) 13.7. The egg powder had a residual glucose 
content of 0.16 per cent.

Among the egg powders made by the three techniques, 
AFD powder was rated best in appearance and texture 
of omelette followed by spray dried and foam-mat dried 
powders.

Acid stabilisation yielded a powder of more appealing 
yellow colour compared to the faintly pinkish yellow 
colour of the nonstabilised powder although the texture 
and flavour were similar in both initially. Acid stabili­
sation also gave better texture and colour to the recon­
stituted product during storage. In view of this only the 
data on acid stabilised powder are presented below.

Data on the peroxide value and free fatty acid content 
of fat in the mix prepared by spray drying and freeze 
drying methods and stored at RT and 37°C are given in 
Fig 1, 2, 3 and 4. The figures for the mix based on foam- 
mat dried powder have been omitted for brevity since they 
were more or less similar to those for the spray dried mix.

The organoleptic scorings of the samples during storage 
are given in Table 1. Samples kept at 0°C retained their 
initial organoleptic score throughout the period of study 
and showed no signs of oxidative rancidity or browning. 
They served as control for assessment of RT and 37°C 
samples.

The maximum period of acceptability of the samples 
kept at RT and 37°C more or less coincided with the 
period for maximum development of PY. FFA values 
did not show any influence on the acceptability.

Fig 2. Peroxide value of omelette mix (with AFD egg powder) 
stored at ambient and at 37°C
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Fig 3. Free fatty acid content of omelette mix (with spray dried 
egg powder) stored at ambient tem parature and at 37°C

Fig 4. Free fatty acid content o f omelette mix (with AFD egg 
powder) stored at ambient and at 37°C

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

P e r i o d  o f
F o a m - m a t  d r i e d  e g g  p o w d e r S p r a y  d r i e d  e g g  p o w d e r A F D  e g g  p o w d e r

s t o r a g e
( m o n t h s )

A m b i e n t  s t o r a g e  
C a n  C a n  B a r  
( a i r )  N 2

S t o r a g e  a t  3 7 ° C  A m b i e n t  s t o r a g e  S t o r a g e  a t  3 7 ° C  A m b i e n t  s t o r a g e  
C a n  C a n  B a r  C a n  C a n  B a r  C a n  C a n  B a r  C a n  C a n  B a r  
( a i r )  N 2  ( a i r )  N 2  ( a i r )  N 2  ( a i r )  N 2

S t o r a g e  a t  3 7 ° C  
C a n  C a n  B a r  
( a i r )  N 2

0 7 7 7 7 7  7 7  7 7  7  7 7  8 8 8 8 8  8
3 7 7 7 7 7  7 7  7 7  7  7 7  8 8 8 8 8  8
6 7 7 7 6 6  6 7  7 7  6  6 6  8 8 8 7 7  7
9 6 6 6 5 5  4 6  6 6  5  5 4  7 7 7 6 6  5

1 2 5 6 5 4 4  3 5  5 4  4  4 3  6 6 5 5 5  4
1 5 4 5 4 — —  — 4  4 3  —  — —  4 5 3 — —  —

T a b l e  2 .  n o n - e n z y m a t i c  b r o w n i n g  i n  o m e l e t t e  m i x e s  m e a s u r e d  u s i n g  l o v i b o n d  t i n t o m e t e r *

R o o m  t e m p e r a t u r e 3 7 ° C

( m o n t h s ) C a n
a i r  p a c k

C a n
N 2  p a c k

C o m p r e s s e d
b a r

C a n
a i r  p a c k

C a n  
N 2  p a c k

C o m p r e s s e d
b a r

S p r a y  d r i e d 0 0  4 ,  1 3 0 . 4 ,  1 .3 0 . 4 ,  1 .3 0 . 4 ,  1 .3 0 . 4 , 1 .3 0 . 4 ,  1 .3
6 0 . 5 ,  1 .5 0 . 4 ,  1 .5 0 . 4 ,  1 .6 0 . 8 ,  2 . 3 0 . 8 , 2 . 2 1 . 0 ,  2 .3

1 2 0 . 6 ,  2 . 0 0 . 8 ,  2 . 2 0 . 6 ,  2 . 0 0 . 9 ,  2 . 5 0 . 9 , 2 . 3 1 . 0 ,  2 . 6

F o a m - m a t  d r i e d 0 1 .1 ,  4 . 2 1 .1 ,  4 . 2 1 .1 ,  4 . 2 1 .1 ,  4 . 2 1 .1 , 4 . 2 1 .1 ,  4 . 2
6 1 . 3 ,  4 . 3 1 . 2 ,  4 . 3 1 .2 ,  4 . 3 1 . 9 ,  5 .2 1 - 9 , 6 . 0 1 . 6 ,  5 . 2

1 2 1 . 6 ,  4 . 6 1 .3 ,  4 . 5 1 .3 ,  4 . 5 2 . 2 ,  5 .5 2 . 1 , 6 .1 1 . 7 ,  5 . 6

A F D 0 1 .0 ,  3 . 4 1 .0 ,  3 . 4 1 .0 ,  3 . 4 1 .0 ,  3 . 4 1 .0 , 3 .4 1 .0 ,  3 . 4
6 1 . 1 ,  3 .2 1 . 1 ,  3 .3 1 .0 ,  3 . 6 1 .2 ,  3 .3 1 .1 , 3 .4 1 .1 ,  3 . 4

1 2 1 .3 ,  3 .8 1 .2 ,  3 .8 1 .2 ,  3 .8 1 . 4 ,  4 . 3 1 .4 , 4 . 2 1 . 4 ,  4 . 6

» F i r s t a n d  s e c o n d  f i g u r e  r e p r e s e n t  r e d  a n d  y e l l o w  u n i t s  r e s p e c t i v e l y
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Omelette mix made using AFD egg powder had the maxi­
mum shelf life of 12 months both at RT and at 37°C 
with or without gas packing compared to 12 and 9 
months respectively for mixes using both spray dried and 
foam-mat dried powders. The AFD mix remained orga­
noleptically superior to the other two during the period 
of storage.

Compression of the mix into bars did not olfer any 
extra advantage. The bars were organoleptically rated 
inferior to gas and air packed mixes although the time 
taken for maximum PV development in bars was more 
than that for air packed but less than that for gas packed 
mixes. There was no significant difference between the 
air packed and gas packed mixes and as such the 
mix can be packed in paper-foil-polythene laminate 
pouches.

Table 2 gives the figures for browning measured in 
terms of Tintometer units in the initial mix and at the 
end of 6 and 12 months. The data generally were in 
agreement with the visual observations.

Solubility index values for nitrogen packed omelette 
mix during storage showed that in general the samples 
were unacceptable below a Haenni’s value of 78.5 which 
occurred after a period of about 10-12 months at RT and 
37°C in case of AFD mix and 12 and 8 months respect­
ively in spray dried and foam-mat dried mixes.
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Effect o f Amylase Supplements on the Rheological and Baking
Quality o f Indian Wheats

M a n in d e r  K a u r  a n d  G. S. B a in s
Dept, of Food Science and Technology, Punjab Agricultural University, Ludhiana, Punjab, India

M a nu scrip t R eceived : 17 M a y  1976

The effects of cereal malt and fungal amylase supplements on the rheological and baking quality of flours of (wo commercially 
important Indian wheats, ‘WG 357’ and ‘Kalyan Sona’, were compared. The flours contained 9.3 and 9.0% protein, and 0.43 and
0.48% ash, respectively. Compared with the fungal amylase, the cereal malt supplements considerably decreased the peak 
viscosity of the flours. The degree of softening of dough increased as the level of alpha-amylase was increased to 22.2 SKB/
100 g flour. Bread with increased volume, crust colour, medium fine grain, and soft-texture was obtained by adjusting the level 
of alpha-amylase to 11.1 SKB/lOOg flour and without any sugar in the formula.

The baking quality of a number of Indian wheats was 
recently investigated by Finney et alT The importance 
of damaged starch in relation to the maltose values and 
water absorption capacities of those flours was emphasis­
ed by Tara and Bains2, and by Tara et al3. The falling 
number values of those wheats were reported to be high 
by Tara and Bains4 indicating deficiency of alpha- 
amylase. Flours with such values pose risk of diminished 
loaf volume and too dry a crumb when used for baking.

Since information regarding the effect of amylase sup­
plements on the rheological and baking quality of indige­
nous wheat is lacking, this investigation was undertaken. 
It is shown that amylase supplementation considerably 
improved the bread making potential of the flours of 
indigenous wheats.
Materials and Methods

The samples of two extensively grown varieties of
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wheat, viz., ‘WG 357’ and‘ Kalyan Sona’ were obtained 
from the farms of the Punjab Agricultural University, 
Ludhiana.

Milling: Weighed aliquots (5 kg) of each variety were 
conditioned at 15.5 per cent moisture content, and kept 
for 48 hr prior to milling in the Brabender quadrumat 
laboratory mill to obtain representative flours of the 
wheats.

(a) Barley malt flour: The barley malt was coarsely 
ground and bulk of the husk was removed by sifting and 
by blowing. During regrinding, the endosperm particles 
were further reduced and sifted through a 60 mesh sieve 
to obtain an overall extraction of about 65 per cent of the 
enzymatically active flour.

(b) Wheat malt flour: ‘WG 357’ wheat was steeped'at 
15°C to a moisture content of 43 per cent and germinated 
for five days at the same temperature, followed by drying 
and milling into an enzymatically active flour of 72 per 
cent extraction.

(c) Fungal amylase (Rhozyme 33): This was a com­
mercial brand of fungal amylase {Aspergillus oryzae) 
obtained through the courtesy of M/s Rohm and Hass 
Co., Philadelphia, USA.

Yeast: Tower brand compressed bakers yeast (Sac- 
charomyces cerevisiae) was obtained fresh through a 
local bakery for use in the various baking tests.

Shortening: A commercial brand of hydrogenated 
fat (melting point 3. 7°C) was used in the test baking 
formula.

Farinograph curves: The constant flour (50 g, 14 per 
cent moisture) method of the AACC5 was followed. The 
farinograph curves of flour without the amylase supple­
ment were centered on the 500 B.U. line. The curves of 
flours containing 11.1, 22.2 and 44.4 SKB/100 g flour 
from each supplement were developed by using the fari­
nograph water absorption (FWA) of the control to see if 
there were changes in dough consistency. The curves 
were interpreted for dough development time (DDT) 
stability and degree of softening (BU).

Amylograph curves: The flour-water ratio was ad­
justed to obtain an amylogram within the 1000 BU scale. 
A concentration of 57.5 g flour/450 ml water was used 
in the various tests. The level of alpha-amylase per 100 g 
flour varied from 0.0 to 11.1 SKB units derived from the 
cereal malts and 0.0 to 44.4 units in case of Rhozyme 33.

Baking quality: The cereal malt flours were mixed 
intimately with the flours to provide 11.1, 22.2, 44.4 
SKB/100 g flour. In the case of Rhozyme 33, the enzyme 
was added as aqueous solution at the time of dough 
mixing.

Baking formula: Straight dough method on the lines
of the method used by Finney et a/1 optimized with 
respect to water absorption and mixing time was used 
with and without the amylase supplements.

Formula ingredients
Flour (14 per cent moisture) (g) 100
Yeast (compressed) (g) 2.25Salt (g) 1.5
Shortening (g) 1.0
Potassium bromate (ppm) 10
Amylase supplement (SKB) 0.0-44.4

Fermentation and baking schedule
Fermentation
Remixing
Recovery
Proofing
Baking

2 hr 3Rmin 
30 sec 
25 min
55 min at 30°C 
25 min at 232 °C

The doughs were optimally mixed and finished at
29-30 °C. The test loaves were also prepared with
variable sugar levels (0.0-6.0 g/100 g flour) but without 
using amylase supplements.

Loaf volume: This was measured by the rape seed 
displacement method of Binnington and Geddes6 
after the loaves were cooled to room temperature. The 
loaves were also scored for crust colour and crumb 
characteristics.

Analytical tests: Moisture, ash, protein, gluten, 
sedimentation value and diastatic activity of the flours 
were determined according to the AACC methods5.

Damaged starch: This was determined according 
to the method of Donelson and Yamazaki7 as adopted 
by the AACC8.

Alpha amylase: This was determined according to 
the method of the International Association of Cereal 
Chemistry (ICC) as elaborated by Perten9.
Results and Discussion

The flour characteristics are given in Table 1. The ash 
content of ‘WG 357’ flour was lower than that o f‘Kalyan 
Sona’ by 0.05 per cent when milled under similar con­
ditions. The diastatic activity of ‘Kalyan Sona’ flour was 
higher than that of ‘WG 357’, because of the higher 
damaged starch content, the substrate for the amylase 
action. The sedimentation values in relation to the pro­
tein contents were low. Similar low values for flours of 
Indian wheats in relation to their protein contents were 
reported by Bains and Irvine10 and by Finney et all. 
The flours failed to reveal the presence of alpha-amylase 
activity as tested by the ICC method9.

Farinograph curves: Tested at the water absorption 
of the control, the dough development times of the 
amylase supplemented flours decreased slightly at the 
level of 11.1 SKB units. There was a clear indication of 
the softening of the dough ascribed to the increased 
amylase supplementation (Table 2). The degree of 
softening increased considerably as the level of supple­
mentation increased to 22.2 and 44.4 SKB units. The
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T able  1. t h e  c o m po sit io n  of flo u rs  o f  w g  357 a n d  k a ly a n  sona  v a rieties  o f  w h e a t

Variety Ash % Protein (N x5 .7 )
0//o

Wet gluten % Diastatic activity 
(mg maltose/10 g)

Damaged starch
(%)

Sedimentation 
value (ml)

WG 357 0.43 9.3 32.9 182 7.3 22.3
Kalyan Sona 0.48 9.0 34.6 218 8.4 22.1

*14% moisture basis

Table 2. effect of amylase supplements on the farinograph curve characteristics of flours of w g  357 and kalyan sona,
varieties of wheat

Supplement
W G 357 Kalyan Sona

c< -amylase (SKB/100 D D T Softening Stability D D T Softening Stability
g flour) (min) (B.U.) (min) (min) (BU) (min)

N il (control) 0.0 5.0 33 8.10 5.5 27 9.8
Barley m alt 11.1 5.0 65 3.50 5.5 40 7.5

22.2 4.5 85 3.75 3.5 80 4.6
44.4 4.0 85 — 3.5 130 1.6

W heat malt 11.1 4.5 55 5.20 5.0 40 7.9
22.2 4.25 100 3.20 5.0 75 5.3
44.4 4.0 — — — 115 1.2

Rhozyme 33 (fungal) 11.1 4.0 75 4.50 5.0 40 4.0
22.2 4.0 105 2.50 5.0 110 1.2
44.4 3.0 140 < 5 0 0  B.U. 4.5 150 < 5 0 0  B.U.

D D T : Dough development time.

T able 3. effect of amylase supplements on the peak paste viscosities of flours of w g  357 and kalyan sona varieties of wheat

Supplement «< -amylase (SKB/100 
g flour)

Variety 
W G 357

Peak viscosity BU 
decrease (%)

Variety 
Kalyan Sona

Peak viscosity BU 
decrease %

N il (control) 0.0 935 — 820 __
Barley m alt 5.5 285 69.5 200 75.6

11.1 200 78.6 120 85.3
W heat malt 5.5 300 67.9 200 75.6

11.1 200 78.6 140 82.9
Rhozyme 33 (fungal) 11.1 820 12.2 690 15.8

22.2 730 21.9 670 18.2
44.4 650 30.4 570 30.4

softening of the dough reckoned after mixing for 10 min 
decreased perceptibly with the level of the supplemen­
tation. The results indicated the importance of adjusting 
the water absorption and the alpha-amylase levels for 
obtaining dough of greater rheological stability.

Amylograph curves: The effect of various amylase 
supplements on the peak viscosities of flour pastes is 
shown in Table 3 and the nature of amylograms in 
Fig la, b and c. There was a steep fall in the viscosity 
when the cereal malt supplements provided even 5.5 
SKB units/100 g flour. The peak viscosity of ‘WG 357’

decreased by 69.5 per cent compared with 79.6 per cent 
of ‘Kalyan Sona’. Doubling the cereal alpha-amylase 
level to 11.1 SKB units, further reduced the viscosity by 
another 100 BU in case of ‘WG 357’ flour compared 
with 60-80 BU of ‘Kalyan Sona’. The effect of 
Rhozyme 33 on the paste viscosities was not marked 
even when the concentration was eight times (44.4 SKB) 
to that of alpha-amylase The peak viscosity decreased 
from 935 to 650 BU in case of ‘WG 357’ flour and from 
820 to 570 BU in case of ‘Kalyan Sona’. These results 
emphasized the safety factor associated with the use of
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Fig 1 (a) Effect of malted barely supplement on the amylo- 
graph curves

SKB 0.0, 5.5, 11.1;
W G 357, 1, 4,3; Kalyan Sona, 2, 6, 5.

Fig 1 (b) Effect of malted wheat supplement on the amylo- 
graph curves

SKB 0.0, 5.5, 11.1,
W G 357, 1, 4, 3; Kalyan Sona, 2, 6, 5.

TIME, min
Fig 1 (c) Effect o f rhozyme 33 supplement on the amylograph 

curves
SKB 0.0, 11.1, 22.2, 44.4;
WG 357, 1, 3, 4, 5; Kalyan Sona, 2, 6, 7, 8.

fungal alpha-amylase supplement being relatively 
more thermolabile than malt amylases for adjusting the 
paste viscosity for improved baking performance. The 
flours of some improved Indian wheats were previously 
shown by Bains and Irvine1*) to produce inordinately 
high paste viscosities. The alpha-amylase activity of the 
flours was hardly detectable by the ICC method9. 
Further, the high falling number values of Indian 
wheats reported by Tara and Bains4 indicated deficiency 
of alpha-amylase in the flours. This is a constraint

Table 4. effect of amylase supplements on the loaf volumes 
AND DOUGH HANDLING PROPERTIES OF FLOURS OF WG 357 AND 

KALYAN SONA VARIETIES OF WHEAT
Loaf volume (ml)

Variety o<-am ylase------------------------------------ Dough
(SKB/100 Barley Wheat Rhozyme

g flour) malt malt 33
WG 357 0.0 525 525 525 Non-sticky

11.1 610 610 585 11
22.2 610 625 610 Slightly sticky
44.4 620 635 615 Sticky

Kalyan Sona 0.0 535 535 535 Non-sticky
11.1 585 585 605 11
22.2 585 590 580 Slightly sticky
44.4 585 585 595 Sticky
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T a ble  5. e ffec t  of su g a r  level  o n  th e  loaf v o lu m e  a n d  
DOUGH HANDLING PROPERTIES OF FLOURS OF WG 357 AND 

KALYAN SONA VARIETIES OF WHEAT
Variety Sugar Loaf volume

(g/100 g flour) (ml)
WG 357 0.0 525

3.0 580
4.5 585
6.0 610

Kalyan Sona 0.0 535
3.0 585
4.5 590
6.0 585

The dough was non-sticky in all the treatments

affecting the bread-making quality of the flour of 
indigenous wheats.

Bread quality: Results showing the effect] of the
amylase supplements and of variable sugar levels in the 
formula without the supplements on the baking pro­
perties of the flours are given in Tables 4 and 5. From the 
loaf volume data, it is seen that there was a very favour­
able response of the flours to various supplements even 
at a level of 11.1 SKB/100 g flour. The volumes remained 
more or less constant beyond the 11.1 SKB equivalent 
of the supplements. The doughs containing the higher 
amounts of the supplements tended to be sticky compar­
ed with the control. The crusts of the control loaves 
were light-brown compared with the brown crust of 
loaves baked with the amylase supplements or when 
the formula contained 3.0 to 6.0 per cent sugar. The 
crumb of ‘WG 357’ loaves including the control was 
adjudged softer than that of ‘Kalyan Sona’. The loaves 
exhibited fine to medium fine grain, creamy yellow colour 
and easy to slice. The doughs containing Rhozyme 33 
tended to be less sticky compared with those of cereal 
malt supplements. The crumb texture was generally 
hard and tended to be crumbly, the grain medium coarse 
when sugar was used in the formula. The results indicate

the possibility of producing equally satisfactory bread 
without using sugar (Table 5). This is of economic 
importance to the baking industry as satisfactory bread 
can be produced from the flour of indigenous wheats 
without using sugar. The alpha-amylase acts on the 
damaged starch substrate causing rheological instability 
in dough system depending on the extent of dextriniza- 
tion of the starch. To minimize this, Farrand11 suggested 
controlling of the alpha-amylase level in relation to the 
amount of substrate that is damaged starch content in 
the flour. Reviewing the amylolytic factors, Maninder 
and Bains12 pointed out that the flours of Indian wheats 
were characterized by a high damage to starch, very low 
alpha-amylase activity, medium protein content and 
high water absorption capacity. Improvement of the 
baking quality of such wheats is possible as seen from 
the foregoing discussion of the results through a judicious 
use of the amylase supplement keeping in view the 
rheological properties of the dough.
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RESEARCH NOTES
A THURSTONE—MOSTELLER MODEL FOR

PALATABILITY OF CHAPATIES OF SOME 
IMPROVED BREAD WHEATS

A Thurstone—Mosteller model evaluation was done for 
five improved varieties of wheat for evaluating the palata- 
bilities of chapaties made from these wheats. The varieties 
did not differ significantly among themselves for palatability.

An earlier study conducted with four improved wheat 
varieties using a modified Bradley-Terry model for 
fractional pairs showed that it can be used to discrimi­
nate differences in taste of chapaties1. In this type of 
fractional pairs the splitting was not symmetrical and 
hence the experiment was not balanced in the varieties. 
Hence a balanced type of fractional pairs has been 
developed and the same is put to test in this work. In 
this balanced set each variety is occurring an equal 
number of times so that precision remains the same for 
each.

Five improved varieties of wheat viz. Kalyan sona (1), 
Sonalika (2), Choti lerma (3), Sharbati sonora (4) and
N. P. 718 (5) were tested for palatability by the new 
method of symmetrical pairs. These pairs were coded as 
(1,2) (2,3) (3,4) (4,5) and (5,1).

Chapaties made out of two varieties having only 
marginal taste difference were offered to a group of 
people. Of these one was a coded variety. When a 
taster was able to distinguish the coded variety from the 
other, he was selected. Five such tasters who could 
discriminate the coded variety were selected for the panel.

Complete set of symmetrical pairs as well as orders of 
presentation of each pair were randomised using a 
random number table. Each judge was asked to enter 
the result in a proforma in the following manner. Sup­
pose A is preferred to B by a judge he must give score 
T  to 4 and ‘0’ to B. If both of them are preferred or if 
he is unable to distinguish their tastes, he must give 0.5 
score to each A and B. The judges were instructed not 
to discuss their reaction among themselves and to start 
with pair 1 and work towards the last pair. Three re­
plications were made and in each replication a separate 
randomisation was used.

The method of analysis follows the Thurstone— 
Mosteller model for symmetrical pairs with ties. The 
model is developed for estimating the relative strength 
of treatment stimuli which makes provision for tied 
observations. It postulates a subjective continuum over 
which sensations are jointly normally distributed with 
equal standard deviations and zero correlations between 
pairs. Mosteller2 showed that the assumption of zero 
correlations may be relaxed to an assumption of equal 
correlations with no change of method. Without further

loss of generality, we may let the scale of sensation con­
tinuum be so chosen that the difference of any two stimuli 
responses has unit variance. Let d denote the difference 
of the true stimulus responses of a pair of treatments. 
Then under this model the probability distributions of the 
difference of the two responses is normal with mean d 
and unit variance. The original Thurstone—Mosteller 
Model prohibits the declaration of ties. We extended 
the model with ties to the case of symmetrical pairs and 
applied the model for analysis of data from the experi­
ment. The theoretical developments of the model are 
given by Sadasivan and Sundaram3.

The data for preferences by the judges pooled over 
replications are given in Table 1.

Table 1. data for preferences by the judges

Pair "¡■ a " o-U "JU Total
(1, 2) 5 3 7 15
(2, 3) 6 4 5 15
(3, 4) 6 3 6 15
(4, 5) 4 3 8 15
(5,1) 6 2 7 15

Total 27 15 33 75

F ro m  
a n d  a ji =

th e  g iven
- (nj- ij+ n o - ij

d a ta  we c a lc u la te  a i j —  
)/„  f o r  e a c h  o f  th e  p a irs .

(n i-ij+ n o-ij) /n  
T h ese  a rc

presented in the form of a 5 x5 matrix.
Let this matrix be denoted by A. Since no treatment 

compared with itself (a,-,- is undefined) we give the value 
zero to all the main diagonal elements. Similarly since a 
treatment is compared only with two others and not the 
rest, we give the value zero to the corresponding column 
or row where its association is not there. Thus we 
obtain the matrix,

0 0.533 0 0 0.600
0.667 0 0.667 0 0

0 0.600 0 0.600 0
0 0 0.600 0 0.467

0.533 0 0 0.733 0
For each of the non-diagonal elements in the matrix 

A we determine sin"1. (2 aiy~ l) or sin-1 (2ayi- 1) as the 
case may be using table of Rao et al4.

The matrix (sin-1 (2a,y— 1) is found to be
0 0.066 0 0 0.201

0.432 0 0.432 0 0
0 0.201 0 0.201 0.0
0 0 0.201 0 -0.066

0.066 0 0 0.496 0
3 3 3
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From this the G;y values are obtained by the relation 

Gy = |  (sin- 1  (2 ay-l)+sin_1 (2 ay-,—1) and is found to be
0 0.249 0 0 0.134

0.249 0 0.317 0 0

0 0.317 0 0 . 2 0 1 0

0 0 0 . 2 0 1 0 0.215
0.134 0 0 0.215 0

The estimate r is the mean of the G,y- values and it 
is obtained as 0.225.

Again H,y values are obtained by the relation S /-S / 
=(sin_1 (2a,y— 1)—sin- 1  (2ayi~  l)/2=H,y.

The resulting skew symmeric matrix is
0 -0.183 0 0 0.068

0.183 0 0.116 0 0

0 -0.116 0 0 0

0 0 0 0 -0.281
-0.068 0 0 0.281 0

The vector X 'Y  is the vector of row sums in (Hy). 
The vector Sj-*(/=2,...5) with Si* =0 is obtained by

s 2* 4 3 2 1 0.299 0 . 1 0 0

Si* i 3 6  4 2 -0.116 -0.099
s 4* 2 4 6  3 -0.281 -0.183
s 5* 1 2  3 4 0.213 0.015
We find that 5'1*=0 s 2* = 0 .1 0 0 , S; * =  -0.099

S4*=-0.183 and S'.* =0.015.
So the ratings are
1. Sonalika. 2. N.P. 718. 3. Kalyan sona. 4. Choti- 

lerma and 5. Sharbati Sonora.
Using asymptotic theory the standard error for r and 

Sfs is =  v /i/30=0-182, where n is the number of 
times a pair is repeated.

Using this we find that the varieties are not signific­
antly differing among themselves for palatabiliy. The 
tie is also not significant. However the trend shown 
by the varieties is worth noting.
IARS, Library Avenue G. Sadasivan
New Delhi-110012 S. S. Sundaram
20 M arch  1976 A. Austin
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HEAT INDUCED CHANGES IN BUFFALO MILK 
SERUM PROTEINS

The effect of various heat treatments on the dénaturation 
and destabilization of buffalo milk serum proteins was stud­
ied at heat treatments between 65 and 100°C for a  holding 
time of 10 min. All the heat treatments employed caused 
both dénaturation and destabilization of the serum proteins.
In case of acid whey, buffalo proteins were' less denatured 
and destabilised than the cow serum proteins. Rennet whey 
proteins from buffalo milk were more denatured and des­
tabilised than the cow proteins. Amongst the ultracentrifu­
gal whey (UCW) obtained at different forces of gravity, 
dénaturation and destabilization were maximum in UCW 
obtained at the maximum force of gravity. In case of UCW 
also, the buffalo serum proteins were more vulnerable to 
heat treatments than the cow UCW proteins.

The heat induced changes on serum proteins are of 
great importance so far as the processing of milk is 
concerned. Various investigators1' 4 have either studied 
such changes in milk itself or in isolated serum proteins. 
Rowland1 observed that the coagulation of the serum 
proteins is pH dependent and that maxiumm coagula­
tion of albumin and globulin occurred at pH 4.7-4.8. 
Later this observation was confirmed by Freimuth2. 
Kenkare et a/3 introduced a procedure to determine the 
destabilisation of whey proteins by centrifuging the 
serum at 1000 xg for 30 min. On this basis the serum 
proteins in acid precipitated whey was much less stable 
to heat treatments than in the ultracentrifugal serum. 
Guy et al4 observed that the proteins of cottage cheese 
whey was comparatively labile to heat treatments. The 
present study was undertaken to investigate the effect 
of various heat treatments on acid whey, rennet whey 
and ultracentrifugal whey, obtained from buffalo milk 
in relation to its destabilization and dénaturation. 
Experiments with cow milk was also run for compara­
tive purposes.

Buffalo milk used was from the Murrah breed and cow 
milk was from Red Sindhi, Sahiwal and Tharparkar 
breeds, maintained at the Institute herd. Prior to the 
preparation of the serum, cream was separated by using 
a cream separator.

Acid whey was prepared from skim milk by adjusting 
the pH to 4.6 with 1 N hydrochloric acid at 37°C. The 
precipitated casein was removed by centrifugation at 
1000Xg for 30 min and the supernatant passed through 
cotton wool. The pH of serum was adjusted to 6 . 8  by 
1 N sodium hydroxide.

Rennet whey was prepared from skim milk by treating 
it with a solution of Hansen’s rennet (50 mg per ml), at 
the rate of 0.1 ml per 10 ml of skim milk. After the curd 
was set the coagulant was strained and the filtrate cen-

N .D.R .I. Publication No. 76-79.
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F ig . 1. Heat induced changes in buffalo and cow milk serum proteins. 
A, Acid whey; B, Rennet whey.

trifuged at 1000 xg for 30 min. The supernatant was 
used for the experiments.

Ultracentrifugal whey (UCW) was obtained by cen­
trifuging skim milk at 11,739 x g , 46,956 X g and
105,000 xg for 30 min at room temperature in a Spinco 
Beckman, Model L preparative ultracentrifuge. The 
supernatant was removed using a hypodermic syringe 
without disturbing the fluffy layer. The extent of heat

destabilisation was evaluated by the procedure of 
Kenkare et ali . Protein dénaturation on heat treatment 
was assessed by the nitrogen fractionation procedure of 
Aschaffenburg and Drewry6. All whey samples, in 
duplicate, were heated between 65 to 100°C for a hold­
ing time of 10 min and cooled immediately to room 
temperature in ice-cold water.

Acid whey: Results depicted in Fig. 1 A clearly
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Fig 2. Heat induced changes in ultracentrifugal whey (UCW) in buffalo and cow milk.A, UCW obtained at U,739xg; B, UCW obtained at 46,956xg; C, UCW obtained atl05,000xg
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indicate that serum proteins in acid whey undergo 
dénaturation on heat treatment, the extent of dénatura­
tion being proportional to the heating temperature. 
Between buffalo and cow acid whey, cow whey was 
denatured to a greater extent. Beyond 90°C, the rate 
of dénaturation was almost constant.

In case of destabilization, the difference between 
buffalo and cow samples was not very perceptible. 
However, it may be noted that the extent of destabili­
zation of the whey proteins at a given temperature, was 
less than that of dénaturation upto a heating tempera­
ture of 9C3C.

Rennet whey: Proteins present in rennet whey 
undergo both dénaturation and destabilization on heat 
treatment as is evident from the results in Fig. 1 B. At 
lower temperature of heating, buffalo whey proteins were 
more denatured whereas destabilization was more at 
higher temperature compared to cow whey proteins. 
Above a heating temperature of 80°C, this pheno­
menon was observed. Unlike acid whey, the extent of 
destabilization of proteins was more in rennet whey.

Ultracentrifugal whey: Results obtained on heat 
treatment of proteins in UCW at different centrifugal 
force are presented in Fig. 2A, B and C. It appears that 
the proteins of UCW from buffalo milk had undergone 
more dénaturation and destabilization than that of cow 
milk protein in UCW. Such difference was more signifi­
cant in the dénaturation phenomenon and with UCW 
obtained at lower ultracentrifugal force. The extent of 
dénaturation and destabilization was maximum in 
protein of UCW obtained at highest centrifugal force.

Data obtained with rennet whey and UCW clearly 
reveal that whey proteins as they exist in buffalo milk 
serum are more vulnerable to heat treatments in terms 
of both dénaturation and destabilization than cow milk 
serum proteins. These phenomena had earlier been 
observed with whole milk7. The increase in the percent 
dénaturation of UCW proteins with the removal of 
casein micelles, clearly supports the fact that casein 
micelles exert protective action to the whey proteins from 
undergoing dénaturation and destabilization5. More 
dénaturation of buffalo UCW proteins observed at 
lower force of gravity, could be explained in terms of the 
larger amounts of casein micelles sedimenting than 
from cow milk at that speed8,9.

The authors are grateful to Dr. D. Sundaresan, 
Director of the Institute, for his interest in this study.
National Dairy Research Institute Jose S t e p h e n
Karnal, 132 001, India N. C. G a n g u l i
24th May 1976
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PROTEOLYSIS OF CASEIN BY RENNET FROM 
FISTULATED COW, BUFFALO AND GOAT

Tryptic and peptic activities of rennets from iistulatcd cow, 
buffalo calves and goat kid were determined and compared 
with the proteolytic activities associated with Hansen 
rennet.
Peptic activity of cow and goat rennets were higher than 
that of buffalo rennet. Hansen rennet generally showed 
lower peptic activity. Tryptic activity of rennet prepa­
rations from fistulated cow, buffalo or goat was higher than 
that of Hansen rennet.

The presence of rennin alongwith other gastric 
enzymes has been reported in abomasum of calves'. 
Work done in this Institute2 on manufacture of rennet 
from fistulated calves has shown that the abomasal juice 
possessed higher tryptic activity than peptic. No regular 
pattern in the activity profiles of pepsin and trypsin with 
the age of animal was observed3. There exists a paucity 
of information in relation to the proteolytic action of 
rennets from fistulated animals. Since level of these 
enzymes is likely to have an impact on the quality of 
cheese, it was considered worth while to gain some 
knowledge in this respect. The present communication 
delineates preliminary data of such an endeavour.

Whole acid caseins from cow, buffalo and goat milks 
constituted the substrates. The procedure according to 
Gupta and Ganguli4 was followed for preparing such 
caseins. Milk was skimmed and diluted with equal 
quantity of water. Casein was then precipitated by 
dropwise addition of 10 per cent acetic acid with con­
stant stirring till the pH reached 4.6 After allowing 
sometime for settlement of precipitated casein, the whey 
was removed by filtering through a muslin cloth. The 
casein was again washed a number of times with distilled 
water to remove acid and other soluble materials. The 
wet casein was then blended three times with acetone to 
remove moisture and traces of fat. Subsequently, such 
casein was treated with ether. It was then filtered through 
a Buchner funnel using suction and the fine particles of
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T a b l e  1. p e p t i c  a c t i v i t y  o f  r e n n e t  p r e p a r a t i o n s  

mg tyrosine liberated/g casein*
Type of rennet Cow casein Buffalo casein Goat casein
Cow fistulated 17.21 13.95 11.47
Buffalo fistulated 8.99 9.31 6.2
G oat fistulated 8.06 19.53 12.40
Hansen 9.34 8.68 9.72

♦ Results are average of four trials

T a b l e  2 .  t r y p t i c  a c t i v i t y  o f  r e n n e t  p r e p a r a t i o n s  

mg tyrosine liberated/g casein*
Type of rennet Cow casein Buffalo casein G oat casein
Cow fistulated 8.99 8.99 16.86
Buffalo fistulated 6.20 9.34 15.19
G oat fistulated 8.07 9.92 16.43
Hansen 3.72 6.2 12.5

♦ Results are average of four trials

casein thus obtained were spread over a filter paper, air 
dried and powdered into fine grains. Powdered rennets 
(vacuum dried) from fistulated cow and buffalo calves 
and goat kid were evaluated for their proteolytic activity 
and these were compared with that of Hansen rennet.

Tryptic and peptic activities were determined using 
a 2 per cent casein solution at pH 7.0 and 2.0. 
Rennet solution (0.5 ml) (3 mg/ml) was added to 2.0 ml 
of 2 per cent casein solution and the reaction was allowed 
to continue for 30 min at 30°C. It was then terminated 
with 5 ml of 5 per cent TCA. Protein was estimated in 
the filtrate by Lowry’s5 method. Results are expressed 
as milligram tyrosine released per gram of casein.

Data presented in Table 1 show peptic activities of 
various fistulated rennet preparations on whole caseins 
from the milk of cow, buffalo and goat. The release 
of peptides by cow fistulated rennet with cow casein 
seems to be highest (17.21) followed by buffalo and 
goat-caseins (13.95 and 11.47, respectively). Further, a 
notable preference of goat fistulated rennet for buffalo 
casein as substrate is evident (19.53) whereas with 
buffalo fistulated rennet the peptic activity on cow 
and buffalo casein was to the same extent. However, 
it can be seen that the peptic activity of cow and goat 
fistulated rennets was invariably much higher than 
buffalo rennet. The peptic activity of Hansen rennet 
with the three types of casein seems to be of almost the 
same order but generally lower when compared to the 
fistulated rennet preparations. Berridge1 was of the view 
that calf fed on milk secreted only rennin in abomasum 
and that secretion of pepsin became pronounced with 
the commencement of solid food ingestion. As against 
this, Henschel et al6 opined that pepsin was present 
alongwith rennin in the abomasal juice of fistulated 
calves. In vitro studies carried out by Eweebeck and 
Jaeger7 showed that peptic breakdown was rapid and 
complete in homogenized and boiled milk. While manu­
facturing cheddar cheese with pepsin and rennet Em­
mons et al% observed that the mixture (1:1) of rennet 
and pepsin produced cheese of high quality, essentially 
equal to that made with rennet, and that pepsin should 
not be used alone.

A perusal of the results in Table 2 will show that 
tryptic action of cow fistulated and goat fistulated rennets 
on goat casein was distinctly higher (16.86 and 18.43) 
than that with either cow or buffalo casein. Further, 
even rennet from fistulated buffalo calves showed pre­
ference for goat casein (15.19) followed by buffalo casein 
(9.34). A similar trend could be observed with Hansen 
rennet as well (12.5). Ganguli et alg have observed that 
hydrolysis of caseins with pepsin, trypsin, papain and 
pancreatic homogenate was lower in the case of buffalo 
milk than with cow milk. Haurowitz et al10 compared 
the in vitro digestion of casein and a number of other 
proteins-(both native and denatured) using trypsin. 
It was observed that trypsin digested the denatured 
proteins faster than the proteins in the native state. 
Stephen11 while studying proteolysis of milk proteins by 
trypsin observed that acid casein isolated from heated 
milk did not behave differently from that of the casein 
from raw milk in proteolysis and irrespective of the spe­
cies. Berridge et al12 observed that the cheddar cheese 
prepared by them using rennet from fistulated cow calf 
was satisfactory. More recently, Mathur and Bhalerao13 
and Mathur et al14 reported changes in cheddar cheese 
during ripening of cheese made with fistulated rennet pre­
parations. It was observed that water soluble nitrogen 
(main index of ripening) showed a constant increase. 
Whey proteins decreased while proteose peptone and 
non-protein content showed an increase during ripening.

The author is grateful to Dr. N. C. Ganguli, under 
whose guidance the work was carried out for the Ph.D. 
degree. Sincere thanks are also due to Dr. D. Sundaresan 
Director of the Institute for his interest in the study.
National Dairy Research Institute I. A. Angelo
Karnal, 132 001, India 
6 A ugust 1976
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COLORIMETRIC DETERMINATION OF 
CHLORAL HYDRATE IN TODDY*

A simple spcctrophotometric method for determination of 
chloral hydrate in toddy has been standardised. Fourteen 
m arket samples of toddy contained chloral hydrate ranging 
from 200 to 480 mg/litre.

Chloral hydrate a non-barbiturate with sedative action 
is a common adulterant in toddy. Estimation of this 
compound in drugs1' 3 and alcoholic beverages4 has 
been reported. The reagents used in these studies have 
been quinaldine ethyl iodide, 2-thio-barbituric acid, 
pyridine (Fujiwara reaction) and the determination 
involved either distillation or adsorption of chloral 
hydrate on activated charcoal.

A simple method for the estimation of chloral hydrate 
has been standardised over tintometry2 and is now 
applied for its determination in toddy using a colori­
meter. The chromophore formed has an absorption 
maximum at 535 nm.

Apparatus: Spectronic-20 (Bausch & Lamb) or 
equivalent.

1. Chloral hydrate: A stock solution of this was 
prepared by dissolving 100 mg of pure chloral hydrate 
in distilled water and diluting to 500 ml in a volumetric 
flask. A solution containing 20 jug of chloral hydrate

*Toddy is the fermented sap or exudate of plants like wild date, 
Palmyra, coconut, sago, etc. used as alcoholic beverage.

per ml was prepared by suitable dilution with distilled water.
2. Sodium hydroxide—reagent grade: 40 per cent 

W/V aqueous solution.
3. Pyridine (B.D.H. laboratory reagent): Freshly 

distilled over KOH pellets (should not give any colour 
when heated with alkali).

Chloral hydrate solution in the range of 5 to 40 ju g 
was pipetted into test tubes (16 cmx2 cm) and the 
volume made upto 2 ml with distilled water. Pyridine 
(7 ml) and sodium hydroxide solutions (1 ml of 40 per 
cent) were added to the samples using a Vacupet. The 
contents were mixed by shaking and the tubes were then 
placed in a water bath maintained at 80°C for 5 min and 
later cooled in running water to room temperature. 
The pink coloured complex was then separated from 
aqueous layer using a long needled syringe, clarified by 
filtering through Whatman No. 1 filter paper and the 
colour was measured in Spectronic 20 at 535 nm within 
20 min. The blank contained distilled water instead 
of chloral hydrate and all other components were also 
added (Fig. 1).

Several variables such as effect of temperature, time of 
heating and level of alkali were studied and it was found 
that the maximum intensity of colour was developed 
at 80°C in 5 min with 1 ml of 40 per cent sodium hy­
droxide. The colour was stable upto 20 min and there 
after it decreased. Malhotra et al.2 described a tintometer 
method for the estimation of chloral hydrate which was 
very subjective. Kamat et alA reported a sensitive 
method for estimating chloral hydrate using 2-thio- 
barbituric acid. But the authors confined themselves for 
the recovery of this chemical in alcoholic beverages. 
The time required for colour development was 100 min 
at 37°C with optimum pH; besides, the method involved 
either distillation or adsorption on activated charcoal 
for preparation of the sample.

C o n e .(m g )
Fig 1. Standard cutve of chloral hydrate ai 535 run.
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Table 1. recovery of chloral hydrate from toddy samples

Chloral hydrate
Added
(mg)

Recovered
(mg)

% recovery

107.00 105.00 98.13
114.00 112.00 98.24
118.00 115.00 97.88
127.00 120.00 95.08
236.00 231.00 97.89
152.00 152.00 100.00
312.00 304.00 97.59
892.00 882.00 98.64

The method described here is simple, and suitable for 
the estimation of chloral hydrate in toddy in a short 
time.

Chloral hydrate at different levels was added to toddy 
free of chloral hydrate and estimated according to the 
method developed and the percentage recovery of the 
same was determined. The results are shown in Table 1.

The per cent recovery is almost quantitative indicating 
that there are few, interfering substances in toddy which 
aflect colour development. Fourteen market toddy 
samples collected in the city of Mysore were analysed for 
their chloral hydrate content. In all the samples, chloral 
hydrate was present in amounts ranging between 200 and 
480 mg per litre.
Central Food Technological M. S. Prasad
Research Institute M. 3. Subba R ao
Mysore,
20 Septem ber 1976
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Nutrition Technology of Processed Foods: by Nicholas
D. Pintauro, Noyes data Corporation, Park Ridge,
New Jersey, London, England 1975, pages 332.
This book is based on U.S. Patents in the area since 

1961 and deals with the nutrition technology of processed 
foods. It consists of the following 10 chapters; (1) 
Cereal Products; (2) Enriched and Dietetic Breads;
(3) Rice and Potato Products; (4) Milk and Dairy 
Products; (5) Nutrition Beverages; (6) Low Cholesterol 
Egg Products; (7) Salt Substitution; (8) Complete 
Diets; (9) Special Fortification Processes and (10) 
Special Processes and Products. In addition it has Com­
pany Index, Inventor Index and US Patent Number 
Index. Each Chapter contains information gleaned out 
from a number of US Patents and contains sufficient 
details for any one to plan the experiments.

Nutrition technology is a vague phrase and perhaps 
there can be more than one definition. For the purpose 
of the book patent literature, which discusses both 
the ingredients and technology of food processing 
specifically designed for their nutritive benefits, has 
been used. It includes “processes designed to pre­
serve the nutritional quality of foods; formulations, 
ingredients, supplements or other additives intended to 
improve the nutritional quality of foods; or where 
nutritional values were given which might then be used 
for labelling purposes”.

There is a wide coverage of the subject which en­
compasses animal foods, foods from vegetable sources, 
protein beverages, inorganic nutritents, etc. Although 
certain foods such as low calorie foods may be of interest 
to Western Society only, there are many other foods 
described which will be of interest in the Indian context 
also.

Perhaps it can be said with some justification that a 
published patent conceals more than it discloses. Sub­
ject to this limitation one may agree with the publishers 
that this book describes “the number of technical 
possibilities available, which may open up profitable 
areas of research and development”. The book will 
certainly be found useful by Food Scientists and Techno­
logists because information is available in a single com­
pilation on a wide variety of foods.

M. S. N a r a sin g a  Rao

Recent Studies on the Thermophysical Properties of 
Foodstuffs-. In:ernational Institute of Refrigeration, 
177, Boulevard Malesherbes, 75017, Paris, pp. 345.

Knowledge about thermophysical properties of food­
stuffs is undoubtedly an essential pre-requisite for work 
in the field of application of cold to the science of food 
technology. A large number of workers in different 
institutions all over the world have been working in 
collecting basic data on the thermophysical properties 
of different types of food materials. The International 
Institute of Refrigeration has brought out several such 
workers in the field on a common platform at a meeting 
of their Commissions B1 (Thermodynamics and trans­
port processes); Cl (Freeze-drying-Cryobiology-Medi­
cal applications) and C2 (Food Science and Technology) 
at Bressanone, Italy, in September 1974 and have docu­
mented and pulished all the reports and discussions 
held at these meetings.

The Publication contains 41 reports in all—29 in 
English and 12 in French. They have been divided into 
7 sections. Section l deals with Heat transfer during 
the change of state of foodstuffs. Of the 5 papers in this 
Section, 2 deal with computer application, one on heat 
transfer in general, one on freezing times and one on 
heat transfer coefficients. Section 2 deals with heat 
transfer problems in cooling and freezing and has 9 
papers in all. Section 3 deals with heat transfer during 
freeze drying of foodstuffs and has 8 papers starting 
from the theory of sublimation to drying time calcula­
tions. Section 4 has 8 papers bearing on thermal pro­
perties of foodstuff's particularly thermal conductivities. 
Section 5 has 9 papers dealing with structure and micro­
structure of food products. Section 6 has 3 papers 
dealing with formation and growth of ice crystals. 
Section 7 gives a gist of the round table discussions that 
followed the meeting of the Commissions.

There will be wide variations in the thermal properties 
of different food materials depending on variety, time of 
harvesting, location, climate, etc., and it is difficult to 
give accurate data on any one product. But an indication 
of the probable average values could be arrived at with 
the help of the available data.

The most interesting part of the report is the round 
table meeting and the conclusions arrived at. The 
Panel for the round table consisted of several experts. 
After discussing the various methods used for collecting 
the data on thermophysical properties of foodstuffs, the 
Panel came to the following conclusions.

(1) A very high degree of accuracy does not seem 
necessary if physical data are used for thermal 
design.

(2) Availability and accessibility of experimental 
data are the most important requirements which 
are to be met through intensive international

3 4 1
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cooperation and efficient classification proce­
dures.

(3) Whatever method is developed, if it is to be 
useful to Engineers, it must be relatively simple 
and useable under a wide range of conditions.

(4) Since a large number of institutions are working 
on this problem all over the world, the HR or the 
ASHRAE should act as a liason between them by 
forming a working group, whose task is to furnish 
contacts in this field to all those who are in need 
of information on the physical and thermal 
properties of food and related compounds. 
Another solution is either publication of a Biblio­
graphy or Handbook or organisation of a data 
bank with easy methods of manual or automatic 
filing and retrieval of information by a computer. 
A list of organisations gathering such information 
is also given at the end.

All the papers are in the nature of research publi­
cations and these and the discussions that followed 
the presentation of the papers will be very useful to 
researchers in the field of cold and frozen storage of food 
materials. The data would also be useful to designers of 
plant and machinery to cold and frozen storage.

S. K. L a k s h m in a r a y a n a

Food Emulsions-Food Science Series: Vol. 5—Edited by 
Stig Friberg, Swedish Institute for Surface Chemistry 
in Stockholm, Sweden, 1976; pp. 488, Price: 48.50 
U.S. $.
The present volume consists of eight chapters of which 

Chapters 1, 2, 3 and 6 deal with basic aspects of emulsion 
science, and Chapters 4, 5, 7 and 8 deal with applied 
aspects of the food emulsion. Adequate information 
regarding the basic aspects relevant to each of these 
Chapters have been presented before elaborating the applied aspects.

In Chapter 1, Friberg presents the physico-chemical 
aspects of emulsion stability and theories propounded 
to explain them are briefly reviewed. This is followed 
by a list of references for further reading. In the second 
Chapter K. Karsson describes the recent advances in the 
crystal and liquid crystal structures of lipids under dif­
ferent experimental conditions by X-ray and phase 
analysis. This area. I believe, would get increasing atten­
tion from physicists and physical chemists because of 
the uniqueness of lipids in regard to their structures 
which have not been anticipated in theoretical classifi­
cation of possible states of order—amorphous state of a 
perfect crystalline state. N. Krog and J. B. Lauridsne

in Chapter 3 have elaborated extensively the manufac­
ture, properties, application of some food emulsifiers, 
their behaviour in aqueous solution, their role in food 
emulsions, their physical state and their dependence on 
the interaction with starch components. In Chapter 6 
the physical properties of the lipids and different types 
of interaction between protein and lipids are discussed 
by R. P. Rand. The information collected from NMR 
study in this area is lacking.

In Chapter 4, K. G. Berger deals at length on the 
applied aspects of ice-cream processing, including dis­
cussion on the chemistry of ingredients, structural and 
textural aspects of ice-cream. These are mostly taken 
from the results of E. M. study. A detailed analysis has 
been made of ice-cream structure, its dependence on 
ingredients and processing. T. S. Shepherd and R. W. 
Yoell in Chapter 5 present a detailed account of the 
technology of cake emulsion which I believe will be of 
interest to both housewives or bakers and to scientists 
who want to improve the quality of cake. Relevant 
basic information has also be n presented in this Cha­
pter. E. Grof and H. Bauer in Chapter 7 deals with 
basic and applied aspects of milk and milk products 
which include characteristics of the fat globules, stability 
of the milk emulsion for long period and its physical 
properties, and mode of homogenisation. The arrange­
ment of sub-heads is very thoughtfully done as in other 
Chapters. Meat emulsion aspects presented in Chapter 
8 by J. Schut provide equally useful information.

In conclusion, I would say that this book is extremely 
useful for a food research laboratory. Every chapter of 
the book contains very useful information and the 
presentation has been very thought provoking. This 
book probably, for the first time, has been able to bring- 
out the role of crystals or liquid crystals in aqueous 
medium from the surfactant molecules which determine 
emulsion properties of a system. Binding and the print­
ing are attractive. A few printing errors in the book 
could have been avoided.

P. K. Nandi

New International Dictionary of Refrigeration: Published 
by the International Institute of Refrigeration, 177 
Boulevard Malesheaber, 75017, Paris, France, pp. 600. 
Price: 300 F.F.
This new International Dictionary is a revised edition 

of the first one published by the same organisation in 
1961. This second edition contains 2400 elements 
corresponding to 3000 expressions used in the field of 
Refrigeration, Air-conditioning and allied fields and is
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given in seven languages viz. English, French, Russian, 
German, Spanish, Italian and Norwegian.

Since the publication of the first dictionary, the field 
of refrigeration has been considerably enlarged during 
the past 15 years and includes such fields as Cryogenics 
and Freeze Drying. The Dictionary is in two parts; the 
first part consists of all concepts and expressions metho­
dically grouped together subjectwise in 15 Sections 
ranging from basic data to industrial applications and 
covers all subjects one is likely to encounter in the field 
of Refrigeration & Air-conditioning. The second part 
consists of indices in each of the languagts giving a 
reference to the expressions in the first part. It is thus a 
very useful reference book on the shelf of all scientific 
workers in the field of Refrigeration, Air-conditioning, 
Cryogenics, Freeze Drying and other allied fields. A 
work of this nature conforming to rules of several 
international organisations involves considerable com­
pilation work with international cooperation and the 
I.I.R., Paris, is to be commended for bringing out such 
a useful reference work.

S. K. L a k sh m in a r a y a n a

Guide to English Language Publications in Food Science 
and Technology: by S. Green, Food Trade Press Ltd, 
London, England, 1975.
This fourth revised edition of the book list attempts to 

provide a comprehensive information on primary, 
secondary and other serial publications, conference and 
seminar proceedings, surveys and reviews, directories, 
handbooks, encyclopedias, dictionaries, patents, stand­
ards and food legislation, reference and text books 
published in the area of food science and technology 
upto 1974 (?). The method of arrangement of titles is 
very helpful but in a few situations multiple entries lead 
to confusion in understanding the exact nature of the 
publication.

The author has attempted to provide an exhaustive 
list of source materials under very widely distributed 
categories in Food Science and Technology, but quite a 
few of them are left at large. Among these are Packaging 
Abstracts, Review of Applied Entomology, Food 
Composition Tables for Use in East Asia, Encyclopedia 
in Food Technology, English-German Dictionary of 
Food Science, Dictionary of International Food and 
Cookery Terms, Proceedings of International Sympo­
sium on Proteins (CFTRI), Tropical Products Institute 
publications—to mention a few.

Although the author has attempted to internationalise 
the publication, still leaving apart a couple of countries,

this proves to be a poor source material for publications 
in Food Science and Technology for any other country. 
This is quite possible when we realise the limitations in 
knowing the publications of other countries and in most 
cases in compiling such a publication, it is natural to be 
carried away by the internationally established publi­
shers. It would be more appropriate if each country 
prepares a similar booklist covering exhaustively of 
what has been published in their own country in the area 
of Food Science and Technology which in turn can be 
used to prepare an international booklist having rele­
vance to each and every country. A word about food 
standards specifications and food legislation. As these 
are very essential in international trade and are innu­
merable in number it would have been more helpful 
if addresses of organisations and bodies dealing with 
these in different countries had been furnished so 
that they could be procured from the concerned 
countries.

However, the publication under review will be of 
immense use to those who are in the initial stages of 
establishing a library in Food Science and Technology 
and will serve as a checklist for those who have already 
established a library in this area.

K. A. R a n g a n a t h

The Mango (Mangifera indica L.): Harvesting and Sub­
sequent Handling and Processing—An Annotated 
Bibliography, by J. C. Caygill, R. D. Cooke, D. J. 
Moore, S. J. Read and H. C. Passam, Tropical Pro­
ducts Institute, 56/62 Gray’s Inn Road, London 
WC1X8LU, 1976, pp. 124, Price: £2.10.
This exclusive annotated bibliography on mango is 

based on survey of literature from 1960-74 scanned from 
various abstracting journals. Pertinent earlier references 
have also been included.

For facility, the subject matter has been included under 
ten chapters with a preface at the beginning of each 
chapter viz., harvesting and distribution, storage and 
ripening, storage disorders and diseases, use of radiation 
in fruit storage, technology, composition, flavour, pre­
servation, processing, by-products and marketing. For 
each reference, authors name in alphabetical order and 
full title is given followed in most cases by brief annota­
tions.

This bibliography serves as a source book for those 
connected with mango storage and processing.

S. R a n g a n n a
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Food from Waste: Edited by G. G. Birch, K. J. Parker
and J. T. Worgan, Applied Science Publishers Ltd.,
London, 1976; pp. 301; Price: £ 16.00.
The book represents a compilation of the 20 papers 

with reports of discussions presented at an Industry— 
University Cooperation Symposium organised under the 
auspices of the National College of Food Technology. 
University of Reading, England. Papers presented and 
discussions cover 291 pages; leaving the rest for an 
index. Food From Waste is the main theme of the 
Symposium. Hence, the first two papers deal in a general 
way with two aspects of this problem; namely, present 
world situation and an over view. The area covered 
relates to the concept of producing food from waste, 
availability of raw-material with respect to quantity and 
distribution and indicates how economics is the over­
riding factor in the decision to implement any process.

The remaining eighteen papers are brought under four 
sessions with a chairman for each session. Four papers 
are presented in Session One, dealing largely with the 
utilization of wastes from crop plants, carbohydrates 
and molasses either to upgrade these by microbial 
processing or alternatively for production of yeast and 
protein. The use of fungi as the up-grading agents offers 
many advantages; particularly in the context of produc­
tion of protein from carbohydrate wastes.

In session two we have five papers, dealing with 
microbial production of oils and fats, algal proteins, food 
from waste paper and carbohydrates derived from 
potato wastes. The data provided under microbial 
production of oils and fats, indicates the feasibility to 
produce a cheap microbial fat in the present context of 
world’s available fat resources. Four papers are listed in 
session three and cover the areas of leaf protein, protein

from starch mill effluent and meat, poultry and fish 
processing plants. The author on leaf-protein coucludes 
“that while the importance of circumventing waste is 
gaining ground, it is more important to avoid producing 
waste in the first place”. The rest of the papers deal with 
starch, meat and dairy industry effluents. Even though 
the authors of these three papers have indicated the pos­
sibility of recovering protein from all these effluents yet 
the economic feasibility for large scale production still 
remains to be worked out.

The last and fourth session has an assorted assem­
blage of ffte papers. The more appropriate papers in 
this session deal, with, nutritional and toxicological 
evaluation of novel feed and socio-economic impli­
cations of producing food from wastes.

The theme selected for this symposim “Food from 
Waste” and now presented in the book from is welcome 
and timely. It would have been more purposeful if the 
papers had been classified either on the basis of the main 
component of the substrate or on the nature of the efflu­
ent. As matters stand, papers on protein from carbohy­
drates are to be found in Session 1, 2 and also 3. There 
are in all four general papers which again are distri­
buted somewhat randomly both at the begining and 
again in session four. These are matters of minor 
importance in a book which is otherwise beautifully 
brought out. The present work brings under one cover, 
the expertise of the leading workers in the field with the 
added interest of discussions under each paper: Today 
all of us are involved in reducing waste and also for ré­
utilisation of waste for feed or food. The editors deserve 
our thanks for bringing out such a timely and useful 
publication.

T. N. R a m a c h a n d r a  R ao
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New Editor of Journal of Food Science & Technology 
(1977-1979)

The Executive Committee of the Association of Food 
Scientists & Technologists (India), is happy to announce 
the nomination of Dr. D. Rajagopal Rao as the New 
Editor of the Journal of Food Science and Technology 
from 1st January 1977 for a period of 3 years.

Dr. D. Rajagopal Rao had his initial academic train­
ing at Andhra University, Waltair, from where he 
graduated with B.Sc. (Hons) and took his M.Sc., degree 
in Chemical Technology. After research work in Bio­
chemistry for an Associateship at the Indian Institute 
of Science at Bangalore, he took Ph.D. in Biochemistry 
in 1958 at Philadelphia, U.S.A. Later he was a research 
associate at the University of California Medical Centre, 
San Francisco; a visiting fellow at the John Curtin 
School of Medical Research, Australian National 
University, Canberra and recently as Senior Fellow 
of the Alexander Von Humboldt Foundation at the 
University of Colonge, West Germany. He was also 
associated with Hindustan Lever Ltd., for about a 
year as a Research Manager, involved in the develop­
ment of infant foods, dairy products, etc.

Dr. D. Rajagopal Rao has been in the Central Food 
Technological Research Institute, for more than a de­
cade, and his research interests have been mainly in the 
area of proteins and amino acids.
Bangalore Chapter

The Bangalore Chapter of the Association organised 
a Symposium on “Strategies for Storage, Handling and 
Processing of Food Grains in the Present Day Context”,

from 3rd to 5th September 1976 at the Conference Hall 
of the West End Hotel, in Bangalore. The Symposium 
was inaugurated by the Union Minister for Agriculture, 
Shri Jagjivan Ram, and was presided over by the Mini­
ster for Agriculture in Karnataka State, Shri Chicke- 
gowda. The Souvenir for the occasion, was released by 
Srimathi Eva Vaz, Minister for Food, Karnataka State 
Government.

The deliberations of the Symposium took place in 
four technical sessions: (/) Storage and Conservation 
of Food Grains; (/'/') Transport and Handling of Food 
Grains; (in) Processing of Food Grains; and (iv) Logis­
tics of Build Up and Maintenance of Dynamic Buffer 
Stocks.

The Symposium was significant in several ways. The 
theme was of very great importance because of the recent 
decision of the Union Government to build up buffer 
stocks, to overcome dependence of the country on 
imports of food grains, and as a measure for improving 
the productivity of the Indian agricultural system, 
ensuring ultimately food security. The problems that 
emerge from such a national policy had not been dis­
cussed in an open forum up till now. The Symposium 
provided a platform for the much-felt need for such a 
discussion. The response from several sectors who arc 
concerned in this, programme, was very encouraging. 
The Food Corporation of India, which is the major 
executive body in the programme of grain procurement, 
gave its full cooperation, by participating in the discus­
sions. Several of the senior officers of the Karnataka 
State Government, presented papers and took part in the 
discussions. Research Institutes like, the Central Food 
Technological Research Institute, Mysore, Defence Food 
Research Laboratory, University of Agricultural Sciences 
Bangalore, sent delegations to the conference. The Food 
Department of the Ministry of Agriculture, the Modern 
Bakeries, the Flour Millers Association and other 
organizations cooperated and took part in the delibera­
tions. Representatives from the Madras region, 
Hyderabad and Trivandrum Chapters of the Association 
attended the Symposium and took part in the discus­
sions.

The Plenary Session at the conclusion discussed the 
resolutions and drafted the recommendations. Before 
the conclusion of the Symposium, a Panel discussion 
on “Rationale and Need for Buffer Stocks”, was held. 
This Session provided for a frank discussion of the 
ramifications of the philosophy of buffer stocking. The 
views expressed, highlighted the achievements, but at 
the same time brought the difficulties encountered in 
such a massive operation.
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Shri Jagjivan Ram, Union Minister for Agriculture inagurating the Symposium on “Strategies for Storage, Handling and Processingof Food Grains in the Present Day Context”.
Lt to Rt : M. M. Krishnaiah, Secretary AFST, Dr. V. Subrahmanyan, Project Head, Paddy Processing Research Centre, Tiruvarur, Smt. Eva Vaz, Minister for Food & Civil Supplies, Karnataka, N. Chikkegowda, Minister for Agriculture and Animal Husbandry, Karnataka, M. R. Chandrasekhara, President-AFST, M. K. Panduranga Setty, President, Bangalore Chapter- AFST.

Dr. H. S. R. Desikachar, Project Coordinator, Cereal Processing Technology, CFTR1, Mysore, receiving the Prof. V. SubrahmanyanIndustrial Achievement Award for 1975, from Dr. V. Subrahmanyan.
Lt to Rt: M. K. Panduranga Setty, President, Bangalore Chapter, AFST, M. C. Madhura, Councillor, AFST, and M. M. Krishr.aiah, Secretary, AFST.
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The papers presented were based on expertize and 
experience. The recommendations evolved from the 
Symposium, have now been sent to all the important 
organisations connected with the building up of buffer 
stocks.

The Association is maintaining a close watch on the 
follow-up operations and where necessary is willing to 
provide its cooperation to the Government and other 
agencies in this national activity.

The Proceedings of the Symposium are now being 
printed and will be published by the Bangalore Chapter. 
This will include besides the papers presented at the 
Symposium, the discussions and the recommendations.
Recommendations drawn at the Symposium:

1. The Symposium emphasised the overall need for 
accumulation of buffer stocks as an essential element in 
the policy of food management to tide over lean years, 
to overcome the need for import of food grains and as 
an important strategy for overall agricultural develop­
ment of the country.

2. It was recognised that the basic objective of this 
strategy was to provide a ready market to the farmer, 
ensuring him price, support and at the same time sustain­
ing the distribution system, with the objective of improv­
ing the productivity of the Indian agricultural system, 
ensuring ultimately food security.

To achieve this end effectively it was recommended 
that buffer stock operations should be linked with 
support prices, which should be announced in advance 
of the agricultural season and could be manipulated in 
such a manner as to increase, maintain or decrease 
production of particular commodities depending on the 
need of the time.

3. The Symposium recognised that there are many 
problems in the accumulation of buffer stocks, like the 
quality of the grains to be stored, handling, storing, 
transport and disposing of these. These problems have 
to be dealt with urgently by competent bodies with 
accumulated experience and by problem-oriented re­
search.

4. It was also recognised that there is an immediate 
need for building up of professional and technical man­
power to deal with food commodities when stocked on 
this massive scale. In this effort the universities and 
other organizations should train the personnel at the 
graduate and technical level in post-harvest technology.

5. Among the recommendations adopted for imple­
mentation to ensure the overall efficiency of the working 
of buffer stocks the following are of immediate interest.

(a) Taking note of the fact that buffer stocks have to 
last for a long period, the quality of the grain

stored becomes very important. It is necessary 
to educate the farmers to supply clean and dry 
produce at the time of procurement. The Save 
Grain Campaign, the extension services of the 
Agricultural Departments and the Agricultural 
Universities should intensify this educational 
programme to provide the know-how to the 
farmers. At the same time it was recommended 
that in order to ensure the proper quality of the 
grain procured, adequate facilities for preclean­
ing and drying should be provided both at the 
farm and bulk storage levels.

(b) It is very necessary that grains procured as a 
measure of price-support policy, specially under 
adverse weather conditions, should be checked 
for quality standard and if these cannot be 
met, the grain should not be stored for long 
periods.

(c) Under conditions of surpluses, it is often difficult 
to store grains under ideal storage. To guard 
against sprouting, discolouration and mould 
growth, it is necessary to evaluate various simple 
and quick methods of assessment of the quality 
indices including mycotoxins and standardize 
them. For this more intensive scientific research 
in this field has to be undertaken on a cooperative 
basis between research institutes and organi­
sations handling the grain. Suitable equipment 
for on-the-spot checking should be manufactured 
and made available on a large scale to all those 
concerned with procurement.

(d) To encourage the farmer to offer better grains for 
procurement for buffer stocks, it was recommend­
ed that premium price should be offered for 
quality grain intended for long storage.

6. The Symposium recognised that several types of 
storage constructions are used and are made of different 
types of material, both at the rural level and large scale 
operation. It was recommended that the use of various 
materials for construction and types of structures be 
comparatively evaluated in the light of cost benefit 
analysis. Suitable structures and materials of construc­
tion thus evaluated and found satisfactory both at 
farmer’s level and at bulk level should be given wide 
publicity.

7. The mechanical drying equipment both at farm 
level and at the level of large scale operations require 
improvement in design and efficiency. It was recom­
mended that research institutes and agricultural universi­
ties should take up research work on fabrication of such 
driers and incentive should be provided for such research 
activities.
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8. It was recognised that regulated markets are the 
appropriate places where quality requirements need be 
emphasised. It was recommended that machinery for 
cleaning, drying, grading and bulk weighing of food 
grains be installed in these markets.

9. It was recognised that contamination of foodgrains 
with harmful dusts and foreign matter took place in 
transport. To overcome this it was recommended that 
for transport of foodgrains special vehicles for both rail 
and road be designed, and these should be used exclusive­
ly for this purpose. For intermediate handling bags are 
needed. Storage bags for foodgrains should be colour- 
coded to prevent their use for other harmful commodi­
ties.

10. It was recommended that apart from procurement 
of coarse cereals that are produced in the dry farming 
areas they should also be adequately protected.

The Symposium appreciated the role of Save Grain 
Campaign which is actively functioning in some parts 
of the country. At the same time it was recommended 
that this programme should be intensified in the rural 
areas and other organisations like the Food Corporation 
of India, State and Central Warehousing Corporations 
should be associated with this campaign. It was recom­
mended that more funds should be earmarked for this 
campaign in order to attain total coverage of rural areas 
in the next ten years.

11. Based on the information available on the con­
dition of storage of food grains in the rural areas the 
Symposium felt that it was now necessary to educate the 
farmers on proper storage methods and impress on them 
the nutritional losses which occur if the grains are not 
stored properly. It further recommended that rural level 
pest control operators should be trained for work in 
every taluka and they should be provided with adequate 
supply of fumigants and rodenticides. The extension 
activity of the Save Grain Campaign should be geared 
to this activity. In order to ensure proper storage at the 
farm level it was recommended that development of 
economical threshing floor and drying facilities for the 
farmers should be urgently undertaken.

12. The Symposim discussed the methods of pro­
cessing of food grains with the object of either extending 
their use or for enhancing their nutritive value. It felt 
that there is a need for a natural policy for modernisation 
of rice milling for higher out-turn of rice and production 
of oil-rich bran. This is urgently needed in the case of 
conventional units which do the bulk of the rice milling 
in the country. Methods developed for the elimination 
of smell and loss of rice during soaking of paddy for 
production of parboiled rice should be quickly applied. 
There is need for more extension work with support 
from both the center and the state.

13. Priority should be given for the development of 
the edible rice oil industry with stabilisation of the bran 
by the methods which have already been developed and 
successfully applied.

14. There should be greater economy in the proces­
sing of wheat with due consideration for the quality of 
the products. For certain categories of products, ad­
mixture with flours of other grains and tubers can also 
be tried. This will help to extend the uses and reduce the 
costs. Clean wheat flour with adequate and strong 
gluten content should be made available for producing 
bakery products specially bread which have become 
increasingly popular and successful. There should also 
be intensive research for further advances in bakery 
technology for better use of low gluten flour. Bulgar 
wheat which has already proved to be popular should be 
produced on a large scale with the techniques already 
developed in India. Its use should be popularised and a 
market built up for its use. Side by side with the above, 
there is also a case for developing toasted products based 
on wheat. These products can find application in a 
variety of programmes like mid-day meal feeding pro­
gramme and special nutrition programme which now 
largely depend on imported gift foods.

15. Special attention should be paid for the proces­
sing of millets for the production of quality products 
with consumer appeal. Application of scientific work in 
the line, which has already proved to be successful 
should be extended.

16. It is of paramount importance that large pro­
curement agencies like the F.C.I. and State Civil Supplies 
Corporations pay greater attention to the supply of 
quality products meeting the requirement of consumers. 
Concerted efforts should be made by the procurement 
agencies and the scientists in solving the practical pro­
blems relating to quality improvement, particularly 
cleaning and drying of grains prior to storage, so that 
the consumers’ requirements are met.
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