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ABSTRACT 

Full  fat  and  d e f a t t e d  soy f lours  have been  used  
successful ly  as m a j o r  ing red ien t s  in a low cost  replace-  
m e n t  for  mi lk  solids in beverages  for  h u m a n  con-  
s u m p t i o n  in several coun t r i e s  of  the  world.  Milk 
solids r e p l a c e m e n t  p r o d u c t s  us ing vegetable  p r o t e i n  
may  have l imi ted  p o t e n t i a l  as long as surplus  mi lk  
solids exis t  on  a world  basis. Some  of  the  mi lk  t r e n d s  
tha t  are occur r ing  in the  U.S. are discussed as t hey  
per ta in  to  fu tu re  use of  vegetable  p ro te in .  It appears  
l ikely t ha t  there  will be a decl ine  in mi lk  p r o d u c t i o n  
wi th  a h igher  per  capi ta  d isposable  i n c o m e  avai lable 
for the  purchase  of  processed  dairy  p r o d u c t s  utili-  
zing vegetable  p ro t e in .  Ice cream is one  of  the  more  
sensi t ive test  sys tems  in which  to evaluate  the  f lavor  
and  f u n c t i o n a l  p rope r t i e s  of  vegetable  p ro t e in  for  use 
in dairy p roduc t s .  Sensory  panel  da ta  have s h o w n  
tha t  p rope r ly  processed  soybean  isolate p r o t e i n  can 
be used as a 50% r e p l a c e m e n t  for  mi lk  solids p ro t e i n  
wi th  no  d iscern ib le  d i f fe rences  f rom a c o n t r o l  pro-  
duct .  These  sensory  tes ts  in ice cream show signifi- 
can t  d i f fe rences  a m o n g  c o m m e r c i a l  soy isolates.  

INTRODUCTION 

This  p r e s e n t a t i o n  is to  show some of the  prac t ica l  
app l i ca t ions  of  vege tab le  p r o t e i n  in a beverage use,  to  
e x t e n d  n o n f a t  dry  mi lk  in a very del ica te  f lavor  p r o d u c t ,  
ice c ream,  and  to show some of  the  mi lk  t r ends  t h a t  are 
occur r ing  in the  U.S. It  may  be u n p o p u l a r  or  i n a p p r o p r i a t e  
to  discuss an e x t e n s i o n  of  mi lk  solids at  a t ime  of  great  
world  surpluses.  However ,  this  s i tua t ion  may  n o t  a lways  be 
wi th  us. Most  of  us  in the  U.S. r e m e m b e r  in 1973 w h e n  
mi lk  suppl ies  were shor t ,  and  we had  a rapid  esca la t ion  of  
mi lk  prices and  a shor tage  of  cheese.  This  pe r iod  of  t ime  
caused m a n y  bus inesses  in the  dairy area to r econs ide r  t he i r  
pos i t i on  relat ive to the  long  t e r m  avai labi l i ty  of  mi lk  so 
necessary  to the  m a n u f a c t u r e  of  these  i m p o r t a n t  dairy 
food  p roduc t s .  

WHEY-SOY DRINK MIX 

Dur ing  this  same t ime,  the  U.S. g o v e r n m e n t  f o u n d  i t se l f  
in a s imilar  shor t  supp ly  s i t ua t ion  in fulf i l l ing its c o m m i t -  
m e n t  to  the  Ti t le  II f ood  d o n a t i o n  p rog ram in var ious  par t s  
of  the  wor ld  for  the  p r e s c h o o l  chi ld .  In o rde r  to  m a i n t a i n  
and  even tua l ly  increase  the  q u a n t i t y  of  food  avai lable for  

TABLE I 

Composition of Soy-Whey Drink Mix 

% 

Sweet cheese whey solids 41.7 
Full fat soy flour 36.9 
Soybean oil 12.3 
Corn syrup solids 9,1 
Supplemented with vitamins and minerals 

foreign d i s t r i bu t ion  at  the  least  cost to  the  g o v e rnmen t ,  a 
new beverage p r o d u c t  was deve loped  and  b e c a m e  k n o w n  
as whey-soy  dr ink  mix .  Its i n t e n d e d  use is to  replace n o n f a t  
dry mi lk  in beverage app l i ca t ions  at a subs tan t i a l  cost 
r e d u c t i o n  in overseas p r e schoo l  feeding p rograms  sponsored  
by U.S. aid. 

A j o i n t  USDA-aid  e f fo r t  deve loped  a n u t r i t i o u s  beverage 
p o w d e r  mix  t ha t  was in several ways more  adap ted  than  
was n o n f a t  mi lk  solids to  the  needs  of  the  p reschoo l  
ch i ld ren  receiving i n a d e q u a t e  p ro te in .  It was n o t  i n t e n d e d  
to serve as a sole source  of  food ,  b u t  to  s u p p l e m e n t  the i r  
o t h e r  d ie ta ry  in take .  

Objec t ives  of  the  p r o d u c t  were to use a high level of 
cheese whey  and  provide  a high calorie dens i ty .  The  ingred- 
ient  c o m p o s i t i o n  is s h o w n  in Table  I. De fa t t ed  soy f lour  is 
used as an a l t e rna te  to  the  full fat  soy f lour  wi th  the  
necessary  oil add i t i on  to m a i n t a i n  the  same compos i t i on .  
The  high i ron c o n t e n t  of  soy wi th  some s u pp l emen ta l  
p remix  provides  this  n u t r i e n t  in a d e q u a t e  a m o u n t s  
c o m p a r e d  to mi lk  solids. 

Tab le  II (1)  shows the  n u t r i t i o n a l  c o m p o s i t i o n  of  the  
p roduc t .  The  p o w d e r  is a h igh p ro t e in ,  h igh  fat ,  h igh calorie 
p r o d u c t  which  has the  same p ro t e in  to  fat  ba lance  as milk.  
The  PER is 2.1 c o m p a r e d  to casein at  2.5. The  ne t  p ro t e in  
u t i l i za t ion  is 75 c o m p a r e d  to 84 for  casein.  

Ac tua l  exper i ence  and con t ro l l ed  s torage s tudies  have 
ind ica ted  the  dry p o w d e r e d  p r o d u c t  has accep tab le  f lavor 
w h e n  s tored u n d e r  n o r m a l  t e m p e r a t u r e s  80 F (26 C) for  
at  least  one  year.  Na tu ra l  a n t i o x i d a n t s  of  soy have a s t rong 
p ro tec t ive  e f fec t  on  the  h igh  lipid c o n t e n t  of  the  p roduc t .  

Ear ly  accep tab i l i ty  field work  (2)  in Chile, V ie tnam,  
India ,  Pakis tan ,  and  the  D o m i n i c a n  Repub l i c ,  r ep resen t ing  

TABLE II 

Nutritional Composition of Soy Whey Drink Mix 

% 

Protein (N x 6.25) 21.2 
Moisture 3.9 
Ash 5.1 
Fat 21.4 
Fiber 0.8 
Carbohydrates 47.6 
Calories/100 g dry powder 468 
Protein efficiency ratio 2.1 

TABLE III 

Whey Soy Drink Mix Shipments 
through PL 480 Title II (4) 

Fiscal year  Quantity shipped lbs 

1974 96,000 
1975 6,416,000 
1976 11,669,000 
1977 4,156,000 
1978 6,904,000 

(approved for shipment) 

3 9 2  



T A B L E  IV 

Ave rage  Milk  Pr ices  R e c e i v e d  b y  F a r m e r  Per  CWT - U.S.  

Milk Milk 
el igible  f o r  m a n u f a c t u r i n g  

f lu id  m a r k e t  g r a d e  

1 9 5 0  $ 4 . 3 6  $ 3 . 1 6  
1 9 5 5  4 . 5 0  3 .15  
1 9 6 0  4 . 6 9  3 .25  
1 9 6 5  4 . 6 3  3 . 3 4  
1 9 7 0  6 . 0 5  4 . 7 0  
1 9 7 2  6 . 3 8  5 . 0 8  
1 9 7 4  8 .66  7 . 1 3  
1 9 7 5  9 . 0 2  7 . 6 3  
1 9 7 6  9 . 9 3  8 . 5 6  
1 9 7 7  9 . 9 6  8 . 7 0  

different cultures, showed a high level of acceptance among 
the children. In Sierra Leone, where milk is not as exten- 
sively used, the acceptance was not as good. 

After the product had been shipped to several countries, 
the author was under contract (3) from the U.S. govern- 
ment to lend assistance and evaluate the acceptability of 
the beverage powder among the children using it in Guate- 
mala, Costa Rica, Bolivia, Chile, Haiti, Upper Volta, 
Dahomey, Burundi, and Pakistan. Generally, the whey-soy 
drink mix was accepted as well as milk, sometimes better. 
In each of these countries, the beverage product is prepared 
with sugar and some type of flavoring. The most common 
and acceptable flavoring was cinnamon. The sugar addition 
significantly improved the beverage acceptance. The pro- 
duct is used either on site by the young children (8 oz. 
per day) in day schools or two pounds per month  of the 
powder taken home for use. Many nutr i t ion directors in 
these countries have been very complimentary of the 
quality of the product. 

The French-speaking countries of Africa are basically 
nonmilk-drinking areas. Therefore, the use of this product 
as a beverage has limited use and acceptance. It is better 
accepted in solid foods. 

Table III shows the shipment of whey-soy drink mix 
from 1974 to the present as distributed through the PL480 
Title II donation program of the U.S. government. The 
drop in distribution from 1976 to the present reflects, in 
part, the great surplus of nonfat  dry milk on a worldwide 
basis. As long as various governments are paying storage 
and have this large amount  of milk solids to dispose of, the 
need or encouragement of a milk beverage alternate will be 
minimized. This supply situation is not  a reflection of 
the acceptability of the whey-soy drink mix. We have 
indicated earlier that the product has been generally well 
accepted. 

One of the problems with using alternate products in 
a given feeding program is the time necessary to train and 
condition a populace to accept a product that they are not  

accustomed to consuming. This takes time to properly 
introduce a new food. The agencies distributing these food 
commodities are frustrated when the program is changed 

too often or that one product substituted for another. In 
other words, they are not interested in switching from non- 
fat milk solids to vegetable protein altenates every time 
the availability or price changes. 
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FIG. 1. 

MILK PROTEIN PRODUCTION TRENDS 

In considering vegetable protein as an alternate or 
extension of milk solids in the food sytem, it may be useful 
to discuss briefly current trends that exist in the U.S. 
which are somewhat reflective of the world situation. 

Table IV shows that the cost of fluid manufacturing 
grade milk was relatively stable from 1950 to 1970. In the 
early 70s, some significant increases began to occur. There 
has been a two and one-half fold increase in the price of 
manufacturing grade milk since 1965. All indications 
suggest this upward trend will continue. 

If we project (Figure 1) these recent changes to the year 
1985, we observe it is likely that a two-fold increase in the 
price of manufacturing grade milk could occur. 

Comparing the last eight years (Table V), we observe 
that nonfat  dry milk solids have increased from 26cents/ 
pound to a high of 67cents/pound, butter  has remained 
stable at a price of 69cents/pound unti l  the last three 
years and then increased to 98cents/pound, and cheese has 
increased from 55cents/pound to a high of 97cents/pound.  
There are many factors which are causing the price of milk 
and the products manufactured from it to increase. Let's 
examine some of the historical milk production patterns in 
the U.S. and other factors affecting supply and demand. 

During the past 27 years (Table VI), milk cows on farms 
have decreased from ca. 22 million to less than 11 million 
(405,926 cows/year). During the same period, annual milk 
production per cow has increased from 5,134 pounds  to 
11,194 pounds/cow. This large increase in productivity per 
cow has nearly maintained milk production but  with a 
slight overall downward trend. Since 1965, overall milk 
production has decreased by 1%, while total U.S. food con- 
sumers have increased by 11.5%. Traditionally, total milk 
production has kept pace with populat ion growth. 

If we compare population growth and the demand for 
protein products against the decreasing trend of total milk 

T A B L E  V 

M a r k e t  Pr ices  o f  N F D M ,  B u t t e r  a n d  Cheese  - $ / C W T  - U.S .  

1 9 7 0  1 9 7 1  1 9 7 2  1 9 7 3  1 9 7 4  1 9 7 5  1 9 7 6  1 9 7 7  

N F D M  $ 2 6 . 3 1  3 0 . 7 4  3 3 . 0 6  4 6 . 3 8  5 8 . 6 2  6 3 . 3 2  6 3 . 5 0  6 7 . 0 0  
B u t t e r  6 9 . 4 3  6 8 . 3 5  6 8 . 6 0  6 9 . 7 5  6 5 . 7 2  7 9 . 3 8  9 2 . 0 3  9 8 . 4 2  
A m e r i c a n  cheese  5 4 . 9 5  5 6 . 4 8  5 9 . 8 2  7 2 . 6 3  7 9 . 8 9  8 6 . 6 1  9 6 . 3 0  9 6 . 8 3  

J .  A M .  O I L  C H E M I S T S '  SOC.  M a r c h  1 9 7 9  ( V O L .  56 )  393 



TABLE VI 

Milk Production in U.S. - 1950-1977 

Milk cows on farms Milk production 
average during year lbs Total 

(000) per cow (ram lbs) 

1950 21,944 5,314 116,602 
1955 21,044 5,842 122,947 
1960 17,515 7,029 123,109 
1965 14,953 8,305 124,180 
1970 12,000 9,747 116,962 
1975 11,140 10,352 115,326 
1976 11,049 10,893 120,356 
1977 10,984 11,194 122,957 
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TABLE VIII 

Sensory Evaluation 
of Experimental Soy Isolate in Ice cream 
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160 

Control (NFDM) vs. experimental A 
Control vs. experimental B 
Control vs. experimental C 
Control vs. experimental D 

No. Correct 
Total No. 

Judgments 

18/36 
17/36 
21/36 
14/30 

p r o d u c t i o n  (Figure  2), the  widen ing  gap b e c o m e s  very  signi- 
f i can t  a f t e r  1980,  p rov id ing  cu r r en t  t r ends  are n o t  reversed 
by  o t h e r  factors.  The  er ra t ic  f l uc t ua t i ons  occur r ing  in the  
ac tua l  p r o d u c t i o n  values are caused by m a n y  factors ,  such 
as the  d e m a n d  for  milk ,  pr ice and  avai labi l i ty  of  feed,  
wea the r ,  fore ign  marke t s ,  etc.  The  heavy  rigors o f  dairy 

fa rming  have b e c o m e  less a t t rac t ive  to the  y o u n g e r  genera- 
t ion  vs. an 8 to  4 f ac to ry  job .  Once a dec is ion  to get ou t  of  
the  dairy bus iness  has  been  made,  i t  is d i f f icul t  to  get back  
in to  the  business  because of  the  large f inanc ia l  c o m m i t m e n t  
involved.  

Dur ing  the  past  27 years  (Table  VII ) ,  t he  p o p u l a t i o n  
g rowth  in the  U.S. s lowed s o m e w h a t  c o m p a r e d  to per  
capi ta  d isposable  income .  This  four- fo ld  increase  in dispos- 
able i ncome  has  a l lowed the  c o n s u m e r  to  purchase  h igher  
priced dairy p roduc t s .  Thus,  the  pu rchas ing  pa t t e rn s  have 
shi f ted  f rom a decreased mi lk  fat  and  n o n f a t  dry mi lk  
solids to  a doub l ing  of  cheese  c o n s u m p t i o n .  

Re la t ing  all these factors ,  the  fo l lowing dairy t rends  
appear  likely in the  U.S. over  the  nex t  10 years:  (a) the re  
is some ind i ca t i on  of  a decl ine in mi lk  p r o d u c t i o n ;  (b) the  
U.S. p o p u l a t i o n  is e s t ima ted  to increase by a b o u t  10-15 
mil l ion people ;  (c) the  average pe r son  will have h igher  per  
capi ta  d isposable  i ncome :  and (d)  the  per  capi ta  consump-  
t ion of  milk fat and  n o n f a t  milk solids will decrease on ly  
slightly.  

For  the  fu tu re  we see some shi f t ing of  milk u t i l i za t ion  
to beverage use. If th is  occurs  we see a grea ter  need for  
a l t e rna te  p ro t e in  sources  to  e x t e n d  m a n u f a c t u r e d  milk in 
the  u t i l i za t ion  of  cheese and  o t h e r  dairy p roduc t s .  

SOY ISOLATE USE IN ICE CREAM 
One of  these o t h e r  dairy p r o d u c t s  is ice cream. It is one  

of the  more  sensi t ive tes t  sys tems  in wh ich  to evaluate  the  
f lavor and f u n c t i o n a l  p rope r t i e s  of  vegetable  p ro t e in  for  
use in dairy p roduc t s .  We have been  able to  d i f fe ren t ia te  
be tween  var ious  soy p ro t e in  isolates w h e n  inco rpo ra t ed  
i n to  ice cream mixes.  One -ha l f  of  the  p ro t e in  f rom the  mi lk  
solids are rep laced  by  the  soy isolate w h e n  mixed  wi th  
cheese whey  to s imula te  the  c o m p o s i t i o n  of  n o n f a t  dry  
milk. 

A n u m b e r  of  these  soy p ro t e in  samples  was s u b m i t t e d  
for  sensory  eva lua t ion  tes ts  at  ou r  research  center .  To give 
you  a bi t  of  b a c k g r o u n d  i n f o r m a t i o n  on  these  tests,  let  me 
br ief ly  ou t l ine  some of  the  general  tes t  p r o c e d u r e s  t ha t  are 
used in the  l a b o r a t o r y .  All tests  are c o n d u c t e d  u n d e r  care- 

1950 
1955 
1960 
1965 
1975 
1976 
1977 
1978 

apreliminary. 

TABLE VII 

Population, Disposable Income and Milk Utilization Trends 
(Milk Equivalent) 

Tbtal Per capita Per capita consumption 
population disposable milkfat NFDM Cheese 
(millions) income (dollars) 0bs) (lbs) (lbs) 

151.7 1,364 29.3 43.6 65.4 
165.3 1,666 27.2 44.5 67.1 
1 8 0 . 7  1 , 9 3 7  24.5 4 3 . 4  70.5 
194.3 2,436 22.9 42.9 77.4 
213.6 5,062 20.1 38.1 123.7 
215.1 5,493 20.1 39.1 136.5 
216.8 6,008 20.1 38.6 159 

6,480 a 
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fully c o n t r o l l e d  c o n d i t i o n s  to  m i n i m i z e  n o n t e s t  var iables .  
The  pane l  m e m b e r s  are selected f r o m  a m o n g  the  250  

e m p l o y e e s  pa r t i c ipa t ing  in the  to ta l  sensory  eva lua t ion  pro-  
gram - a b o u t  30 to 40  are used for  each  test .  T h e i r  selec- 
t ions  for  specif ic  eva l ua t i ons  are based  o n  ind iv idua l  t a s t i ng  
abi l i ty  - for  d i s c r im i na t i on  tes ts  - or the i r  degree o f  l ik ing 
of  the  p r o d u c t  u n d e r  tes t  for  p r e f e r e n c e / a c c e p t a n c e  evalua-  
t ions.  

The  p r ima ry  objec t ive  of  these  ice c ream s tudies  was to  
d e t e r m i n e  if  the  e x p e r i m e n t a l  samples  c o n t a i n i n g  soy 
isolate m a t c h e d  the  c o n t r o l  sample c o n t a i n i n g  n o n f a t  
dry  milk.  D i sc r imina t i on  tes ts  were  chosen  as t he  m o s t  
appropr i a t e  tes t  design.  D i sc r imina t i on  or  d i f f e rence  tes t s  
are f r e q u e n t l y  used  to es tab l i sh  if  t he  sample  is n o t  differ-  
en t  and,  t he re fo re ,  is as good as the  con t r o l  (i.e., equa l  
accep tab i l i ty ) .  

A duo  t r io  tes t  design was ut i l ized.  This  t es t  des ign is 
a t h ree - sample  eva lua t ion  t e c h n i q u e  where  one  sample  is 
iden t i f i ed  as the  r e fe rence  sample .  T he  r e m a i n i n g  two  
samples  are a con t ro l  and  an e x p e r i m e n t a l  sample .  Samples  
were p r e s e n t e d  in a ba l anced ,  s i m u l t aneus  o rde r  of  presen-  
ta t ion .  The  pane l  m e m b e r  was asked to  i den t i fy  w h i c h  o f  
the  two  u n i d e n t i f i e d  samples  is the  same as t he  r e fe rence  
sample W h e n  ice c ream m a d e  wi th  n o n f a t  d ry  mi lk  was 
used as the  con t ro l ,  and  ice cream m a d e  w i t h  a typ ica l  
commerc i a l  soy isolate,  t he  pane l  judged  cor rec t ly  33 o u t  
of  36 t imes.  The  n u m b e r  of  cor rec t  j u d g m e n t s  was stat is-  
t ically s ignif icant ,  i nd ica t ing  t h a t  the  samples  were  dis- 
ce rn ib ly  d i f fe ren t .  Thus ,  th i s  sample  r ep r e s en t i ng  the  s ta te  
of  the  art  in the  food  i n d u s t r y  did n o t  m e e t  the  p r o d u c t  
m a t c h i n g  object ive .  

Tab le  VII I  shows  the  sensory  eva lua t ion  resu l t s  o f  soy 
isolates used in ice c ream samples  r e p r e s e n t i n g  some 
improved  process ing  t e c h n i q u e s  and  p r o d u c e d  on  corn- 

merc ia l  scale e q u i p m e n t  by  ou r  o w n  research  sc ient is ts .  
In all cases the  n u m b e r  of  co r rec t  j u d g m e n t s  was n o t  
s ta t is t ica l ly  s igni f icant ,  i n d i c a t i n g  t h a t  the  c o n t r o l  and  the  
new e x p e r i m e n t a l  samples  were pe rce ived  as t h e  same.  

T h o u g h  th i s  was  a l imi t ed  e x p l o r a t o r y  t e s t  series,  we 
view the  resu l t s  as very  encou rag ing  in t h a t  t h e y  suggest  
these  soy isolates ,  p r o p e r l y  p rocessed ,  show cons ide rab l e  
p o t e n t i a l  as an  accep tab le  i n g r e d i e n t  for  a par t ia l  ex tens -  
ion  o f  dai ry  p ro t e in .  We have  e x p e r i e n c e d  s imilar  accep t -  
abi l i ty  in o t h e r  da i ry  p r o d u c t s  w i th  vege tab le  p r o t e i n  p ro -  
cessed in such  a way to  m e e t  the  cr i t ical  f u n c t i o n a l  n e e d s  o f  
a given food  p r o d u c t  type .  It  is ou r  c o n v i c t i o n  t h a t  w h e n  
the  n e e d  for  a l t e rna t e  p r o t e i n  sources  is r equ i red  by  the  
wor ld  supply  as an i n g r e d i e n t  in da i ry  p r o d u c t s ,  t he  c u r r e n t  
sc ient i f ic  t h r u s t  in deve lop ing  new  t echno log ie s  will a l low 
these  new  p r o t e i n  sources  to  be used:  to  he lp  c o n t r o l  spiral- 
ing food  cos ts ;  to  use i n d i g e n o u s  raw mate r i a l s  for  dai ry  
p r o d u c t s  in c o u n t r i e s  n o t  n o w  c o n s u m i n g  s ign i f ican t  q u a n -  
t i t ies  of  dai ry  foods ;  and  to  deve lop  and  use new  p r o d u c t  
types  n o t  c u r r e n t l y  be ing  m a r k e t e d .  
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