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I 

P r o t e i n  m a l n u t r i t i o n ,  n s e r i o u s  problem o i  p e o p l e  whose d i e t s  c o n s i s t  rns in ly  
c f  c e r e a l  o r  s t a r c h y  p r c d u c t s ,  h a s  a r o u s e d  i n t e r e s t .  i n  f d r t i f y i n g  c o r n o n l y  con- 
sumed f o o d s  w i t h  p r o t e i n .  

I 

Because bread  i s  a s t a p l e  food i n  many c o c n t r i e s ,  it i s  a n  i d e a l  food t o  f o r -  
t i f y  w i t h  p r o t e i n .  P r ~ a d  has h i g h  consurcpt ion,  wide a c c e p t a b i l i t y ,  and  low p r i c e .  
Znr iching b r e a d  wi th  v i t a m i n s  and x i i l e r a l s  a l r e a d y  h a s  g e t  a s u c c e ~ s f ~ : l  example f o r  
benefiting public h e ; l t h  ( 1 , 2 ) .  E n r i c h e d  bread is a comnon practice in :his coun- 
t r y  and many o t h e r  c o u n t r i e s .  The t ime  h a s  now cone  t o  f o r t i f y  whea t  f l o u r  w i t h  
p r o t e i n - r i c h  f o o d s t u f f s  t o  r a i s e  t h e  p r o l e i n  c o n t e n t  and t o  b a l a n c e  e s s e n t i a l  anin' 
a c i d s  o f  b read  and  o t h e r  baked p r o d u c t s  t o  i n p r o v e  i he n u t r i t i o n t i 1  s t c t u s  o l  p e o p l e .  

Of a l l  p r o t e i n - r i c h  f o o d s t u f f s  now a v a i l a b l e ,  soy f l o u r  i s  t h e  mos t  a t t r a c t i v e  
i n  p r i c e ,  q u a n t i t y ,  and q u a l i t y .  I t  is z v a l u a b l e  a d d i t i v e  f o r  b r e a d  n o t  o n l y  f o r '  
i t s  ! ~ i g h - p r o t e i n  conLent  b u t  a1 s o  f o r  i t s  3.2 r o  3.8% l y s i n s  t o  e n r i c h  whea t  f l o u r '  B ?. ,.. &+,,-,;It fie??,? ? - c s : . r , ~  ( 3 . ! ,  f i ~ y t  ,;?-!!:i:i::< e:ze:!f-i:21 2>!:zz :cis <= ?&p.z: z::::: :c; - 
F o r i i i y i n g  wileat f i o u r  w i r n  127; soy f i o u r  morz tnnn i loub ies  i t s  l y s i n e  c o n t e n t ,  t o  
0.76 t o  0.835:. F i n i s h e d  b r e a d ,  t h u e  f o r t i f i e d ,  would g r e a t l y  improve huinan d l e t s  
n u t r i t i o n a l l y .  

Al though  f o r t i f y i n g  whea t  f l o u r  w i t h  soy f l o u r  o f  £ e r e  a n  e f f e c t i v e  wag t o  com- 
b a t  p r o t e i n  m a l n u t r i t i o n ,  a d d i n g  inore t h a n  6% o f  s o y  f l o u r  to wheat  f l o u r  c a n  i n d u c e  
a d v e r s e  e f f e c t s  .on a b s o r p t i o n ,  mix ing ,  and f e r m e n t a t i o n  a s  w e l l  a e  on vo luoo ,  g r a i n  
o r  crumb and  c o l o r  o f  bread.  To a l l e v i a t e  t h o s e  a d v e r s e  e f f e c t s ,  two a p p r o a c h e s  a r c  
g e n e r a l l y  t aken :  (a) s e l e c t i n g  p r o p e r l y  t r e a t e d  s o y  f l o u r  and good whea t  f l o u r ,  and 
( b )  m o d i f y i n g  t h e  p r o c e s s i n g  procet iure.  

Trea tment  of Soy F l o u r  

C o m n e r c i a l l y  n v a i l n b l e  soy p r o d u c t s  i n c l u d e  ( a )  soy  f l o u r e  end g r i t e ,  (b) soy 
p r o t e i n  c o n c e n t r a t c a ,  nnd (c) soy p r o t e l n  i o o l a t e s .  Althoup,h a e v e r a l  w o r k e r s  
(MLzrshi e t  a l . ,  5 ;  Turro and  Sipati,  6 ;  Mugler e t  e l . ,  7; and K L r l e f e ,  8 )  have  
used  c o n c c n t r a t c n  rint! I s e l n  trns f o r  brcndnbklng ,  soy i l o u r e  and g r i t e  are t h e  n o a t  
comnlorrly used by cornnlerc i n 1  linkeru. 

.Mix ing  p r o p e r t l e e  and bcl t lng performance o f  e o y - i o r t l f i e d  f l o u r  depand l a r g e l y  
on how eoy f l o u r  i s  procehoed.  

H e a t  t r c a t m e n  t i r n ~  r o v e s  i ts n u t r i t i o n a l  v a l u e  and b a k i n g  p r o p e r t f e r .  Oaborne 
and Mendel r e p o r t e d  t h a t  r n t f i  8rc.-w p o o r l y  when f e d  raw aoy meal  and t h a t  molrterf 

' c o n t r i b u t i o n  770, Department of S r a l n  Scier icc and I n d u s t r y ,  Kanuae A g r i c u l t u r a l  
Experiment  S t a t i o n ,  Kunsns S t a t e  !Jnl.varei t y ,  t ' ianhat tan,  Iranaas 66502. 

BEST AVAILA BLE COPY 



Table I.  Effect of Heat on Protei i  Dispersible Index 
and Relative Protein Efficiency of Defatted 

- . Soy Flour 

Protein Dispersible Relative Protein 
Index (PDI) Efficiency * 

Negligible  heat 90-95 40-50 

Light heat 70.-80 50-60 

Moderate heat , 35-45 75-80 

' Toaa ted , 8-20 85-90 

*Dried skim milk equals 100 percent. 



Table 11. Enzyme ac t iv i ty  in ~ o y  protein products 

Uncooked Pertly Fully Toasted 
PDI cooked cooked PDI 

PDI * POI 
80-100 50-80 20-50 - 0-20 

Lipoxidase + 

Ureaee + 

Diastase + 

Lipaee 

Protease 



h e a t  treatment p r m o t e d  normal growth (9). Miy h e a t  impravea t h e  n u t r i t i o n a l  
q u a l i t i e s  of soy meal e t i l l  i s  no t  understood. Wolf (10) suggested t h a t  s e v e r a l  
soybean componente, such a$ t r y p s i n  i n h i b i t o r s ,  h e ~ n a g l u t i n i n s ,  saponins,  and 
i so f l avone ,  may be  a n t i n u t r i t i o n a l  f a c t o r s ;  both  t r y p s i n  i n h i b i t o r s  and hemaglu- 
t i n i n e  a r e  r e a d i l y  i n a c t i v a t e d  by h e a t  treatment.  

One method, g e n e r a l l y  used t o  measure t h e  e f f i c i e n c y  of heat - t rea tment  when 
soy meal i n  proceeeed,  i e  by determining .water-ecluble p r o t e i n  con ten t  ( p r o t e i n  

. d i e p e r s i b l e  index (PDI). Table  I shows va r ious  h e a t - t r e a t e d  aoy f l o u r s  ( d e f a t t e d ) ,  
t h s i r  p r o t e i n  d i e p c r e i b l e  indexes,  and r e l a t i v e  n u t r i t i o n a l  va luee ,  a a  presented 
by Horan t o  ahow h e a t l e  e f f e c t e  on n u t r i t i o n a l  va luee  of soy f l o u r  (11).  However, 
a s  f a r  a s  t h i s  h e a t  and n u t r i t i o n  r e l a t i o n s h i p  i s  concerned,  t h e  h e a t  t rea tment  
does  n o t  Beem neceeeary f o r  soy f l o u r  intended t o  be used i n  baked foods. Pomeranz 
ruggeeted t h a t  t h e  h e a t  i n  t h e  baking p rocess  may be s u f f i c i e n t  t o  des t roy  raw eoy 
f l o u r ' s  a n t i n u t r i t i o n a l  f a c t o r s  (12).  

(Table I )  

Raw eoy f l o u r  i s  r i c h  i n  many enzymes such a s  l i p o x i d a s e ,  u rease ,  amylases,  
l i p a e e ,  and proteaeee .  Lipoxidase p repa ra t ions  from raw f,lour long have been used 
i n  mall q u a n t i t i e s  t o  b leach end improve dough arid i t s  f l a v o r  (13).  The improving 
mechanism, Teen and Hlynka suggest ,  involvee  o x i d a t i o n  of su l fhydry l  groups i n  
dough by l i p i d  peroxides  formed by l i p i d  pe rox ida t ion  through t h e  c a t a l y e e e  of 
l i pox idoee  (14). O f a l t  e t  a l .  (151, Finney (16)', and Pol lock and Geddes (17) have 
e h m  t h a t  raw soy f l o u r  s o f t e n s  bread dough and reduces l o s f  volume, perhaps by, 
t h e  amylaeee (181, p ro teaees  (151, o r  some o t h e r  u n i d e n t i f i e d  enzyme o r  reducing 
substance.  

Enzyrr.ee a r e  r e a d i l y  i n a c t i v a t e d  by hea t .  Table  I1 showe h e a t  e f f e c t s  on v a r i -  
-..- - - - - -a-  - - . .4 . .< .. 
"u, - . . - , . , - i sa  f:: z:;. fl=-r i e ~ s r t c d  5;. 32Z--,r (2CI)- k c =  r - r n l r - r ! ~  t---r---A h u t -  
t r e a t e d ,  eoy f l o u r ' s  enzymatic a c t i v i t i e s  should have i i t t i e  o r  no e f f e c t  on dough 

, p r o p e r t i e e  o r  baking performance. 

(Table XI) 

Two o b j e c t i o n e  t o  ueing eoy f l o u r  i n  baking,  a Itbeany" odor and b i t t e r  t a s t e ,  
can be a l l e v i a t e d  by ueing a toas t ed  product. However, t o a s t i n g  darkens  t h e  baked 
product and o f t e n  a f f e c t e  o t h e r  p r o p e r t i e s ,  p a r t i c u l a r l y  i n  whi t e  bread. But soy 
f l o u r  t r e a t e d  chcmicaUy, a s  w i t h  calcium c h l o r i d e  and hydrogen peroxide ,  improves 
baking performance (20). 

Bookwater e t  a l .  (27)  found t h a t  f u l l - f a t  soy f l o u r s  prepared by e x t r u s i o n  and 
used t o  f o r t i f y  wheat f l o u r  improved baking performance. 

Adding soy f l o u r  of va r loue  p a r t i c l e  e i z e s  t o  wheat f l o u r  a f f e c t s  breadmaking 
and loa f  q u a l i t y .  D o u g l ~ ~ ,  incorpora ted  with f i n e l y  powdered soy products, required  
more wa te r  and mixing und sllp.11tly rnorc brornr~te 'thnn thoftc wi th  coa r se  soy products  
o r  t h e  c o n t r o l  ( 2 2 ) .  Add lrre c o i ~ r u c  ~ o y  prc)cIucLs gave brend b e t t e r  .crumb g r a i n ,  
c o l o r ,  and l a r g e r  lonf volutrlc t l ~ t ~ n  rtcId11l~ l e r l s  grnnulnr  soy producLs. T o ~ s t e d  eoy 
g r i t s  gave moie n p p e t i z i n ~  breaJe  and 'overcnme tile o b j e c t i o n a b l e  brown c o l o r  o f  
breads  con ta in ing  f i n e l y  powdered soy f l o u r s  (12) .  

Modif l c n t i o n  of t h e  Proceueing PI-act&% 

Besides t r e a t i n g  soy f l o u r e  f o r  baking use ,  va r ious  e f f o r t s  have been made t o  
modify prciceesing e i t h e r  by chnilging process ing c o n d t t t o r ~ s  o r  using a d d i t i v e s .  . 

, . . , . . , . . . 
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Ear ly  workers, no tab ly  L ' fe l t  e t  a l .  (18 ,23 ,24) ,  Dohn and Fnver (251 ,  Bayfie ld  arid 
. S s n n ~ o n  (261, and Finney (16,221, r.ho;red t h a t  ( a )  rn ls inp,  absorp t ion  (16,23, ; ? 4 ; ,  

( 0 )  decreudi~ng mixing t i n e  (2? ,25? ,  ( c )  Lr~creas ing o x i d ~ n t  (b rmla te )  trsnrrnerit . .'. 
(16,23,24,26)  and ( d )  reducing f e r n e n t a t i o n  pe r iod  (25 ,26) ,  improves baklrlm (:el-- 
fonxance of f l o u r s  t o r t i f i e d  wi th  zciy products .  

Hathews, S h ~ r r e ,  and Clark  r e c e n t l y  s tud ied  changeo i n  formulat ion and r r ~ x -  
i ng  time w i t h  brecds  conta in ing o i l s e e d  f l o u r s ,  i nc lud ing  up t o  25% coy f l o u r  ( " 7 ) .  
A 1  though they found t h a ~  the  s o r t  dough m e  tlrod gave a l a r g e r  volume of f o r t i f  L ~ C .  

bread than t h e  straight-dough method, both  loa f  volumes were below accep tab le  
s tandards .  / 

Pomeranz and h i s  a s s o c i a t e s '  s e r i e s  of s t u d i e s  on l i p l d s t  r o l e  i n  b r e a d - q u a i l [ .  
showed t h e  importance of the  g l y c o l i p i d  component of wheat f lou r .  I n  1969, Pomeran;, 
Shogren, and Finney found t h a t  adding n a t u r a l  (wheat o r  Br iza  s p i c a t a )  and s y n t h e t i c  
g l y c o l i p i d s  o r  s u c r o e s t e r s  t o  wheat f l o u r  permit ted  adding up t o  167. soy fllour and 

, o t h e r  p r o t e i n - r i c h  f o o d s t u f f s  t o  bread fonnulas  wi thout  a s i g n i f i a a n t  l o s s  i n  .physi-  
c a l  q u a l i t i e s  (28,291. However, n a t u r a l  g l y c o l i p i d s  a r e  uneconomical, and approval  
of s u c r o e s t e r s  has no t  been requested of the  Food and Drug Adminis t ra t ion .  

During r e c e n t  y e a r s  r e sea rch  on how t o  make accep tab le  bread o r  baked products  
has  been i n t e n s i f i e d  through FA0 sponsorship.  K i m  and d e  R u i t e r  developed formulas 
f o r  making breade from nonwheat f l o u r s  and from wheat and nonwheat f l o u r  mix tu res ,  
us ing g lyce ry l  monostearate,  calcium e tea roy l -2  l a c t y l a t e ,  o r  hydroxyl propyl-  
me thy lce l lu lose  a s  an emulsifying agent  (30,31).  P r i n g l e ,  Williams, and Hulse 
showed t h a t  accep tab le  bread could be made w i t h  mechanically developed doughs from. 
composite f l o u r s  (32) ;  f u r t h e r  work a long t h a t  l i n e  has  been done by Dendq, C la rke  
and James (33). However, t he  major o b j e c t i v e  o f  t h e  work on composite f l o u r  i s  t o  
r ep lace ,  a t  l e a s t  i n  p a r t ,  wheat . f lour hy o t h e r  indigenous f l n i ~ r s  and meals i~ whe~t- 
importing c o u n t r i e s ,  r a t h e r  than a t t empt ing  t o  prepare  h igh-prote in  breads. 

Our s t u d i e s  s i n c e  1968 on a c t i o n s  of va r iouc  s u r f a c t a n t s  i n  r e l a t i o n  t o  doygh 
s t r eng then ing  e f f e c t s  show t h a t  sodium s t ea roy l -2  l a c t y l a t e  (SSL) and calcium 
s tearoyl-2  l a c t y l a t e  (csL) can form a complex w i t h  g l u t e n  t o  s t a b i l i z e  t h e  g lu ten -  
network i n  dough (35,35).  Severa l  workers e a r l i e r  had observed dough-strengthening 
e f f e c t s  of SSL and CSL: I n  bread,  CSL i 'ncreased dough t o l e r a n c e s  and improved 
bread q u a l i t y  (36,37,38).  SSL imparted s t r e n g t h  t o  dough and pe rmi t t ed  t h e  manu- 
f a c t u r e  of yeast-lezvened sweet goods w i t h  e x c e l l e n t  she l f  l i f e ,  good volume, and 
tenderness  (39). 0 

The dough-etrengthening e f f e c t s  of CSL and SSL, t o g e t h e r  w i t h  t h e i r  improve- 
ment of bread q u a l i t y ,  suggested supplementing wheat f l o u r  dough t r e a t e d  Q i t h  CSL 
o r  SSL w i t h  h igh  l e v e l s  of soy f l o u r  o r  o t h e r  p r o t e i n - r i c h  foods tu f f s .  Teen, Hoover, 
and t h e i r  a s s o c i a t e a  extcneivc.1 y examined cond i t ions  f o r  prepnr ing soy breade,  ax- 
p l o r i n g  t h e  effecLiveneao of CSL o r  SSL a s  an  a d d i t i v e ,  and s impl i fy ing  methods f o r  
making soy bread#. Pnr t  of t h e i r  r e s u l t 8  have been published o r  a r c  i n  p r e s s  (40, 
41,421. High l igh t s  of t h e l r  r e s u l t s  follow. 

Condi t ions  f o r  Prepar ing Soy Breads 

To e s t a b l i s h  optimum procesuing cond i t ions  f o r  nuking high-prote in  bread,  ' three 
b a e i c  responses a r e  evaluated:  1. mixing, 2. abso rp t ion  and 3. oxidat ion.  

I4ixing Reeponse 

Dough mixing i e  p n r t i c c l n r l y  c r i t i c a l  i n  determining q u a l i t y  o f  bread conta in-  
ing  soy f lou r .  A s  ehown i n  Table 111, optimum mixing t ime f o r  soy dough is 2.5 
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minutes compared with  5.5 minutes f o r  con t ro l  dough. Tha t  i e ,  t h e  mixing requ i re -  
m n t  i r  only  651n so long when 12% soy f l o u r  is incorporated (40). The f ind ing  t h a t  
eoy dough requ i rca  s h o r t  mixing confirme o t h e r s '  r e s u l t s  (22,251. 

(Table 111) 
J 

Absorption E f f e c t  
-. 

Abeorption changes when f l o u r  i e  f o r t i f i e d  w i t h  soy f l o u r  (16,23,24). Table  I V  
shows t h a t  optimum absorpt ion of f o r t i f i e d  127. soy f l o u r  ranges from 77 t o  792, an 
increase  of 11 t o  13%, frcm the  65% of control  f l o u r  (40).  So, about 1% e x t r a  water  
i e  required f o r  each 11 soy f lour .added t o  dough. 

(Table IV) 

Oxidation Reeponee 

Many adveree e f f e c t s  of soy f l o u r  can be overcome by inc reas ing  t h e  bromate 
(16,23,24,26). Table V shows t h a t  20 ppm b r o m t e  i s  optimum t o  ox id ize  f l o u r  fo r -  
t i f i e d  w i t h  12% soy f lour .  Since 0.257.Arkady (yeaot  food) oxidized con t ro l  f l o u r  
adequately,  Tsen e t  a l .  estimated optimum bromate would be approximately 1.7 ppm 
f o r  each 1% soy f l o u r  added (40). 

. Under- o r  o v e r t r e a t i n g  with  bromate lowere baking q u a l i t y  of eoy breads. 

(Table V) 

Effect iveneee of SSL and CSL 

, SSL and CSL can improve baking performance of soy f o r t i f i e d  f l o u r  Fig.  1 and 
Table VI (40) . 

Although SSL isodium e a l t j  d i f f e r s  from CSL icalcium s a l t )  i n  t h e  s a l t  form, 
SSL improves soy products more than CSL. The d i f f e r e n c e  i n  s o l u b i l i t y  may, i n  p a r t ,  
account f o r  SSL1s super io r i ty .  

(Table VI) (Fig. 1 )  

Ef fec t  of Di f fe ren t  Levels of Soy Flour  

Adding eoy flou'i- adversely  a f f e c t s  loaf volume and score  of t h e  f in i shed  bread. 
The adveree e f f e c t s  i n t e n s i f y  a s  ooy f l o u r  i s  increased. SSL, CSL, and ethoxylated 
monoglycerides (EM) a l l  a l l e v i a t e  the  adverse e f f e c t s  s o  high-protein bread can be 
made from wheat and Boy f l o u r s  (40,431. How much soy f o r t i f i c a t i o n  may be used de- 
p e n d ~  on the  type and q u a l i t y  of soy and wheat f loure .  For example, wit11 the  addi- 
t i o n  of 0.57. SSL, 12% of a d c f a t t e d  and t r e a t e d  soy f l o u r  could be incorporated i n t o  
wheat f l o u r  t o  produce ncceptnble bread; whi le  wi t11  a  f u l l - f a t  soy f l o u r  t h e  per- 
centage could be r ~ i s e c l  a s  higl, a e  24Z (40,l+4). 

Shortening-sparing Ef fec t  of Sodium Stearoyl-2 Loctylnte  nncl ~ a l t i u m  Stc~aroyl-2  
Lac ty la te  i n  Breatlnloking 

Host United S t a t e c  conmerc'ial bakere add 3% ehor tcn i r~g ,  general ly  t ex tu ro ted  
l a r d ,  t o  produce whi te ,  p l a i n  bread. Shortening n o n n d l y  i s  not. added t o  whi te  
bread i n  most European coun t r i es  o r  Auatrnlla: Shortening can in f luence  dough mix- 
ing, handling, proofing, and bread volume, and i t  imparts d e e l r a b l e  e a t i n g  and 
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~ a b l / e  111. Effect of Mixing Time on the 
Quality of Bread Containing 

12% Soy Flour and 0.5% SSL 

- - - 

Mix time Av . Av. Loaf score 
vol . / lb .  ep. vo l .  

min. c c cc /g  , I E 

/ * 
Mixing Time: 5.5 min. for control dough. 



Table IV. Effect  of Absorption on the 
Q u ~ l i t y  of Bread Containing 

12% Soy Flour and 0.5% SSL 

Abe. Av. sp. Loaf score 
loaf -vol. 

% C C / ~  J. E 

- - - - -- 

* 
Absorption: 66% for control dough. 

i ,. , . ; . . : c , ,  3 .  , a ,  . . . : . . . . dl-. ......- i . -< " 



Table V. Effec t  of Bromate on the 
/ Quality oi i3rend Containing 

12X Soy Flour and 0.5% SSL 

-- - 

Bromate Av. sp. Loaf ecore 
loaf  -vol.  

PPm cc/g  I E ' 



Table  VI. Effect of Indicated Treatments of SSL or CSL on Specific Volumes of 
Loavee Made Fron Flour ,Supplmented Kith 12% Soy Flour / 

- - - 

Amount Av. toaf- Av. sp. Loaf 
Agent added vol. loaf -vol . more 

7. cc cc/g - I E 

Control 0 2443 5.38 3 4 

0.25 2556 ... 5.63 6 7 , 
SSL 0.50 ' 2835 6.25 7 8 

1.00 2833 6.24 7 7 



Fig. 1. . E i f e c t s  o f  SSL and CSL on the  qual i ty  o f  bread containing 1TX 
soy flour. 



-123- 
keaping p r o p e r t i e e  t o  the  f in i shed  bread. Of  those funct ior ls ,  t h e  moet important 
i r  to a u b e t a n t i a l l y  inc rease  loaf  volume. 

SSL and CSL, added t o  a sponge formula a t  0.25 t o  0.502, could spore o r  re-  
p lace  shor ten ing  ( t ex tu ru ted  l a r d )  normally required ic whi te  ( p l a i n )  bread or 
bread con ta in ing  12% 60y f lour .  SSL was more e f f e c t i v e  than CSL i n  spa r ing  shor ten-  
ing. I n  pzwtucing high-prote in  brcad,  0.507, SSL rep lace4  a l l  shor tening and gave 
an accep tab le  loa f  super io r  t o  t h a t  wi th  3% ehor tening i n  volume and g r a i n  score. 
With SSL o r  CSL i jsnitad to 0.252 and shor tening t o  1 o r  27., a complementary a c t i o n  
appeared batwean SSL o r  CSL and ohortening, r e f l e c t e d  by b e t t e r  volume than wi th  
SSL, CSL, o r  shor tening alone.  White breade s to red  a t  2 5 3 ~  up t o  5 days were e l i g h t -  
l y  s o f t e r  when SSL, r a t h e r  than strortening, was used (41). 

N o - t h e  &ugh Procees f o r  Haking High-protein Breads 

A s imple  method f o r  making high-prote in  bread8 should inc rease  t h e i r  use  i n  
improving man's d i e t .  With a airnple method, bakere wi thou t  much knowledge o r  exper i -  
ence  i n  breadmaking could e a s i l y  produce accep tab le  h igh-pro te in  breada i n  poverty 
a r e a s  o f  t h e  United S t a t e s  o r  developing c o u n t r i e s  where euch breads a r e  needed most. 

In t h e i r  e f f o r t  t o  s impl i fy  p resen t  baking methods f o r  making high-prote in  
breads,  Teen and Tang (42) found t h a t  no-time dough gave. l a r g e  loaf  volume o f  soy - ' bread w i t h  b e t t e r  g ra in  ocore than d i d  t h e  40- and 75-min f  ennented doughs baked 
wi th  a etraight-dough method (E'ig. 2, Table VII). 

No-time dough a l s o  exhibi ted  e x c e l l e n t  molding p roper t i e s .  Dough fermented f o r  
75 min had t o r n  su r faces  a f t e r  proof ing,  so  t h e  c r u e t  of t h e  f in i shed  bread wrcnkled. 

SSL could f u r t h e r  jriilprovk baking performance of no-time dough con ta in ing  127. 
soy' f lour .  Soy bread rada  wi th  SSL, added a t  0.51, had an acceptable  volume, excel-  
l e n t  g r a i n  and appaarp.nce, and sood hreak And shred,  yhcn compared wi th  con t ro l  
bread end lerd-trelter! bresd !Fig. 3, Table VIIZ!. Tsen ond Tang concludedt thet  t h e  
no-time dough p rocess  d id  n o t  r e q u i r e  a s p e c i a l l y  designed high-speed mixer ( a s  does 
t h e  Chorleywood process  (45) )  o r  use  cys te ine  ( a s  does t h e  Rcddispor~ge process  (46) )  
because soy f l o u r  reduces both n ix ing  and fermentat ion requirements. The no-time 
process ,  r e f e r r e d  t o ,  simply, a s  t h e  "Kansas S t a t e  Process1t could be used advan'ta- 
geously t o  make high-prote in  breads. 

Conclusion 

O f  a11 p ro te in - r i ch  f o o d s t u f f s  a v a i l a b l e  today, soy f l o u r  i s  t h e  most a t t r a c -  
t i v e  i n  p r i c e ,  q u a l i t y ,  and q u a n t i t y  f o r  making high-prote in  breads. Recent ad- 
vances i n  eoy f l o u r  process ings ,  including h e a t  and chemical t r ea tment s  o r  cook- 
ex t rus ion ,  make soy f l o u r  more s u i t a b l e  f o r  baking uses.  

Cond i t ionamfor  making soy breads have been well  s tud ied  i n  conjunct ion t o  ab- 
eo rp t ion ,  mixing, oxidation, and i e ~ m c n t a t i o n  requirements.  Various agen t s  such 
as l e c i t h l n  (471, ~ l y c e r y l  monostearate, n a t u r a l  and  s y n t h e t i c  g l y c o l i p i d s ,  and 
l a c t y l a t e s  (CSL ant1 SSL) havc beerr used t o  improve the  baking performance of soy 
dough. 

Hechnniems concerning the.improving a c t i o n  of t h e  agen t s  o r e  s t i l l  obscure.  
Poineranz. e t  .?I. suggested t h a t  suc roes te r s  seemed t o  improve q u a l i t y  of p ro te in -  
enriched bread by 1-enclerin~ nonccreirl p r o t e i n s ,  f~tncti .ona1 i n  breadrr~aking (28,291. 
'Tsen e t  a l .  poetula tcd that  SSL and CSL could form a complex wi th  g lu ten  t o  
s t rengthen o r  o t a b i l i z e  the gluten-network i n  dough so  t h a t  they may enforce  soy 
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F i g .  2.  E f f e c t s  of fer.zenLatio11, f c t 3 r  t i ~ e ,  and bro31ate on the  c 

of breads  czmtal'ning 12% soy f l o u r  and 3% Crisco !con~vc 
shortening:. (Refer to T a b l e  VII f o r  the  loaf number.: 



..:'x V;:= EFFECT OF FEMENTATlON AND FLOOR TIMES AND BROMATE 

Y l w r  time fjrmate Av. sp .  vo l .  Grain score Loaf' NO. 
r l - -n ppm c c l g  

30 60 5.90 9 1 
h0 GO 5.95 9 2 
50 GO 5.85 8 3 
LO 30 5 . 9 0 .  7 4 

B ~ S T  AVAILABLE COPY. 
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Fig. 3. Z f f e c t s  o f  sbdium s t e a r o y l  l a c t y l a t e  (SSL), bromate,  and ye:lcv 
and bromate  on t h e  q u a l i t v  of 5 r e a d s  c o n t a i n i n g  12% soy f l o u t  
b u t  no C r i s c o  ( c o m e r c i a 1  s h o r t e n i n g ) .  ( R e f e r  t o  Table  . 
t h e  l o a f  number.) 



TABLE VIII.  EFFECTS OF ADDITIVES, YEAST, AND BROMATE 

Additivc Yeast Bromate Av. sp. v o l .  Grain score Loaf no. 
7. 2 ppm cc/ g 

0 3.0 60 4.15 4 1 
3% Lard 3 .0  60  5.45 5 2 . 
.257. SSL 3 .0  60 5.30 5 - 
.507. SSL 3.0 60 6.30 9 3 

.507. SSL 2.5 60 6.15 

.507. SSL 3 .5  60 6 .30 .  

.SOX SSL 3.0 40 6 .50  
1 
I .50X SSL 3.0 80  6.50 



dou?," t.o endure  t h e  stress  of mixing ,  f e rn l en t a t i on ,  and e s p e c i a l l y  ovrrr ~ p r l n g  
d u r i n g  e a r l y  s t a g e  o f  baking  ! 3 h ;  35,40,42).  Addit  i , )nn l  s t u d i e s  a rc  r~et?tiud tc, 
e l u c i d a t e  t h e  improving mechanisn~. 

SSL and CSL, added t o  a sponge fonnu la  a t  0.25 and 0.501, can  spa re  o r  r t - -  

p l a c e  s l lor ten ing  ( t e x t u r a t e d  l a r d )  normal ly  r equ i r ed  i n  w h i t e  bread  o r  bread  
c o n t a i n i n g  12% soy f l o u r .  

SSL e x e r t s  more dough-impcovlng afld s h o r t e n i n g  s p a r i n g  e f f e c t s  than  CSL c' -G. 

As t h e  l a c t y l a t e s  a l r e a d y  a r e  be ing  used by commercial b a k e r s  and have been el 
proved by t h e  Food and Drug Admin i s t r a t i on  a s  s a f e  food a d d i t i v e s ,  c o m e r c i a l  
p roduc t ion  o f  h i g h - p r o t e i n  b r eads  o r  o t h e r  baked p roduc t s  w i t h  l a c t y l a t e s  c o u l c  
s t a r t  immediately.  

A no-t ime dough p r o c e s s  h a s  been  developed  t o  make a c c e p t a b l e  soy bread  w i t h  
SSL added. The s i m p l i f i e d  p r o c e s s  w i t h  o g r e a t  t ime-saving  advantage  cou ld  become 
a n  a s s e t  i n  expanding p roduc t ion  o f  soy b r e a d s  in  pove r ty  a r e a s  o f  t h e  Uni ted  
S t a t e s  and o t h e r  c o u n t r i e s  where such b r e a d s  a r e  needed most. 




