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Abstract 
Oxidation of soybean lipids catalyzed by 

lipoxidase was prevented by heat treatment of 
soybean meats, which were then ground to give 
a full-fat soy flour free of rancid odor and 
flavors. Our previous studies showed that lipids 
in cracked, dehulled, soybeans rapidly oxidized 
after the lipoxidase system was activated by 
increasing moisture content to 20%. A series 
of experiments are reported in which various 
heat treatments were evaluated for effectiveness 
of lipoxidase deactivation. Dry heat to 212 F, 
steaming, or both, deactivated lipoxidase to give 
flours that had low values of peroxide, conjugated 
diene and free fatty acid and had good flavors 
after 2 years' storage. Wet heat alone was also 
an effective treatment, whereas wet heat preceded 
by dry heat at 180 P gave poor flavor stability 
after 2 years. Gas liquid chromatography studies 
gave evidence that the rapid formation of 
volatiles in full-fat soy flours was catalyzed by 
an enzyme system. A 10 member taste panel was 
able to detect significant flavor and odor dif- 
ferences between oxidized and nonoxidized 
samples. 

Introduction 
During the past 3 years, tile Agency for Inter- 

national Development, U.S. Department of State, 
supported in part a research program at the Northern 
Laboratory on converting soybeans to high-protein 
foods with emphasis on full-fat soy flour. The basic 
problems of upgrading the soybean to human food 
can be listed as follows: (a) inactivating growth 
inhibitors, (b) producing a bland and palatable 
product and (c) obtaining good storage stability. 
Storage stability of full-fat soy flour is related to 
its highly unsaturated fat  content (11) and rep- 
resents a problem that has been a deterrent to its 
greater use in foods. 

Several workers have proposed mechanisms to 
explain lipoxidase-catalyzed oxidation of soybean 
lipids (3-10,14,17,18). The enzyme catalyzes the 
oxidation of unsaturated fat ty  acids by  molecular 
oxygen and reportedly is specific for fat ty acids 
possessing methylene group-interrupted cis double 
bonds (17), such as linoleic acid. The development 
of conjugated dienes during the oxidation of linoleic 
acid and related substances has been demonstrated 
(4,6,9,10). Dolev et al. (5), at this Laboratory, 
found that crystalline lipoxidase (Nutritional Bio- 
chemical Corporation) exerts high specificity, with the 
exclusive formation of C13 hydroperoxide of linoleic 
acid, and that the oxygen molecule in lipoxidase 
oxidation originates with ambient air. 

Since lipoxidase was suspected as a key factor in 
full-fat soy flour stability, experiments were carried 
out to study the lipoxidase deactivation of cracked 
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soybeans by various heat treatments and to study 
the effectiveness of these procedures for controlling 
or improving shelf life of the flour. Information 
developed in this report should be useful for control 
of quality during the production of full-fat soybean 
products. 

Experimental Procedures 
M a t e r i a l s  

Hawkeye soybeans, 1966 crop, 6% moisture, were 
used in all the experiments. Soybeans were prepared 
by cracking through 6 in. corrugated rolls and then 
dehulled by passing over a shaking screen with use 
of aspiration. 

M e t h o d  a n d  P r o c e d u r e  

Peroxide values were determined on the extracted 
oil from the full-fat flour by the standard AOCS 
procedure (2);  conjugated diene on the extracted 
oil by measuring ultraviolet absorption at 233 m~ 
in isooctane according to AOCS methods (2) ; urease 
activity on the defatted meals by the official AACC 
method (1);  nitrogen solubility index (NSI) on the 
defatted meals for the measurement of water-soluble 
protein by a modified procedure (pH 7.2) of Smith 
and Circle (15) and lipoxidase deactivation of the 
full-fat flours by a modification of the technique of 
Smith (16). 

The GLC procedure as reported by Mattick et al. 
(12) and Wilkins et al. (19) was followed to correlate 
the development of volatiles with heat treatment. 
In their study, Mattiek and Wilkins suggested that 
lipoxidase could account for off-flavor development 
in soy milk. Samples of soy flour were suspended in 
water and the resulting mixture was distilled under 
vacuum at 80-90 C in a rotary flask evaporator. The 
volatiles were condensed in an ice bath and the 
distillate was extracted with carbon disulfide. The 
CS2 extract was concentrated and then chroma- 
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TABLE I 
Effect of Heat Treatments on Enzyme Activity, 

Oxidation Indices, NSI and Flavor Scores of FF Soyflours 

Lipoxidase  Peroxide Diene Urease  solubi l i ty  Ni t rogen r anc id i t y  F lavor  
va lue  eon~uga- Ft~A, a act ivi ty  index 

Sam- Pro- H e a t  deactiva- m e q / k g  t ion, a % p H  (water)  ,a s.core 
ple cedure t r ea tment  t ion  a oiI a % change a % (5) ,  b'c 

6 

7 
8 

9 

10 

11 

A Dry  heat  to 180 F 52.1 17.0 0.3 0.16 2.0 77 2.2 a 
A Dry  heat  to 212 F 8zl.1 1.7 0.2 0.12 1.6 63 8.0 
B D r y  heat  to 150 :F 

~- 5 min s teaming  e 93.3 0.5 0.15 0.14 1.2 52 7.0 
B Dry  heat  to 180 F 

~- 5 min  s teaming  e 98.4 0.8 0.13 0.08 1.1 zl9 8.0 
C Direct  s teaming,  

h igh  rate  r 98.4 1.1 0,09 0.29 0.6 39 7.7 
0 Direct  s teaming,  

low rateg 99.2 1.O 0.16 0.23 0.0 28 
D "Wet heat  96 3.9 0.22 0.33 0.2 31 7.3 
E Dry  heat  -~ wet  hea t  

in i t i a l  dry heat  level 
180 F 97 h 11.4 0.38 0.36 0.0 23 3.7 d 

E Dry  heat  + wet heat  
i n i t i a l  d ry  heat  level 
212 F 96 0.6 0.14 0.32 0.0 14 8.0 

Pi lot  p lan t  con t inuous  
dry-heat t r ea tment  in  
paddle  conveyor 98.4 0.7 0.13 0.21 1.1 76.5 .... 

Ra w wet control  (no 
enzyme deac t iva t ion)  ...... 19.9 0.26 0.40 2.0 79.2 1.0 d 

a Zero storage. 
b R a n c i d i t y  score by t r a ined  panel  of six tas te rs ;  samples stored 2 
e l%ancid, 0 ;  nonrancid ,  10. 
d Signif icant ly  lower scores ( 9 5 %  level) .  
e Tempera ture  re~ched 212 F af ter  5 rain s t eaming ;  mois ture  
f Tempera tu re  reached 212 F af ter  2 min  s t eaming ;  mois ture  
g T e m p e r a t u r e  reached only 1 8 4 F  in  25 rain s t eaming ;  mois ture  

Wet  heat  increased deact iva t ion  f rom 5 2 %  (occur r ing  from 

years  in  glass bottles at  room tempera ture  (77 F ± 8 F ) .  

before s teaming,  7 . 5 % ;  af ter  steaming,  9 . 1 % .  
before s teaming,  6 . 0 % ;  af ter  s teaming,  23.0070. 
before steaming,  6 . 0 % ;  af te r  steaming,  2 8 . 7 % .  
o r ig ina l  dry-heat t r ea tmen t )  to 9 7 % .  

tographed. Fo r  a blank control the soy flour was 
omitted. 

Other tests reported here, unless otherwise desig- 
nated, were conducted by  s tandard  AOCS pro- 
cedures (2). 

To test the development of rancidi ty  in enzyme 
active (unheated) soybeans or cracked soy meats, 
the samples were either moistened or water-soaked 
and held for various times. An unmoistened control 
was also run. Treated samples were dried at room 
tempera ture  for 16 hr in a forced-air drier. All 
samples were then analyzed for peroxide, F F A  values 
and checked for  rancid odors. 

Five deactivation procedures, shown in F igure  1, 
were investigated. 

A. Dry Heat Studies. Dehulled soybeans were 
heated by indirect  steam in a ribbon-blender cooker 
to a predetermined meal t empera ture  and immediately 
discharged and air-cooled. Tempera tures  evaluated 
were 180, 190, 200 and 212F.  Hea t -up  times for 
these tempera tures  varied f rom 28 rain ( 1 8 0 F )  to 
62 rain ( 2 1 2 F ) .  The samples were then moistened 
to 25% moisture and tempered for 2 hr  (to initiate 
oxidation by  any  residual lipoxidase not destroyed 
by  heat) .  The samples were finally air-dried at room 
tempera ture  for  16 hr and analyzed. This moistening 
and dry ing  procedure was also used af ter  test Pro- 
cedures B and C (Fig. 1), but  only air  d ry ing  was 
used af ter  test Procedures D and E since moisture 
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incorporated in the t rea tment  would have already 
activated the residual enzymes. 

B. Dry Heating Followed by Steaming. Same as 
A except tha t  the d ry  heat step at either 150F  or 
180 F was followed by direct s teaming for  5 rain. 

C. Direct Open Steaming. Steam was introduced 
at a high rate to reach a tempera ture  of 212F  in 
5 rain (Sample 5, Table I)  or at  a lower rate so that  
meal t empera ture  reached only 184F in a total 
steaming period of 25 rain (Sample 6, Table I ) .  

D. Wet-Heat Treatment. Meal was first tempered 
to 25% moisture, then heated to 200 F, held 20 rain, 
cooled, held 2 hr  and finally dried in a forced-air 
dr ier  at room temperature .  

E. Dry Heat. Procedure A was followed by  the 
wet-heat t rea tment  (Procedure D) .  Fo r  Sample 8 
(Table I )  the dry-heat  t empera ture  reached was 
180F  and for  Sample 9 (Table I)  the dry-heat  
t empera ture  was 212 F. 

F. Continuous Dry Heat. Soy meats were passed 
through a two-stage jacketed paddle conveyor (heated 
indirectly by 40 psig steam) at  such a rate that  
they left  the uni t  at 218-220F.  This procedure 
was generally comparable to continuous operation of 
Procedure A. Lipoxidase was deactivated in 6-8 min. 

Af te r  dry ing  at room temperature ,  samples were 
finely ground in a pin mill and evaluated for 
lipoxidase deactivation, oxidative stabili ty and flavor. 
Ext rac ted  oils f rom the samples were analyzed for 
peroxide value, conjugated diene and FFA.  Urease 
act ivi ty and N S I  were run on the defat ted flours. 
Organoleptic evaluations were made on the flour af ter  
2 years '  storage in glass bottles a t  room tempera ture  
(77 F ± 8 F ) .  The flours were diluted with 8 par ts  
of water  and tasted as beverages. Scoring was based 
on a 10 point scale with 10 indicat ing a nonrancid 
sample and 0 a highly rancid sample. Volatile off- 
flavors were measured both organoleptically and by 
GLC. 

R e s u l t s  and  D i s c u s s i o n  

Peroxide values of whole beans increased with 
soaking time in water  as shown in F igure  2. Also 
in a separate experiment  peroxide values of moistened 
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soybean meats (25% H20) increased markedly after  
2 hr storage at 75 F, going from 0.6 to 19.6 meq/kg 
oil. Rancid odors developed immediately upon 
wetting samples. A small increase 0.30% to 0.36% 
in F F A  content shows that  lipase action was slight, 
whereas the increase in peroxide value suggests that  
lipoxidase action was considerably greater. 

Peroxide formation in lipoxidase-active soybeans 
was also reported by Hand  (13) who measured a 
rapid increase during the early stages of wet grinding 
raw soybeans. 

D r y  H e a t  

Dry-heat  t reatment  was effective in deactivating 
lipoxidase and improving oxidative stability as 
demonstrated by peroxide values, diene conjugation 
and organoleptic data of treated samples (Fig. 3, 
Table I ) .  

Dry  heat at 180F or below gave less than 50% 
deactivation of the enzyme and resulted in high 
peroxide and diene values. However, as the dry-heat 
temperature and time was increased, enzyme deactiva- 
tion was more nearly complete. Nearly complete 
deactivation (98.4%) was obtained by dry  heating 
to 218F  in the continuous pilot-plant jacketed 
conveyor. 

In organoleptie evaluations conducted after 2 
years' storage, the 180 F dry-heated sample with high 
peroxide value (17.0) was significantly rancid, 
whereas the 212 F dry-heat  sample, which had more 
complete enzyme deactivation, contained little to no 
rancidity• 

The dry-heat  samples retained a high degree of 
protein dispersibility in water  (Samples 1 and 2, 
Table I) af ter  enzyme deactivation. This proper ty  
should have a distinct advantage in certain soybean 
processes or uses. 

L o w  D r y - H e a t  L e v e l s  F o l l o w e d  b y  S t e a m i n g  

Dry  heat to levels of 150 F and 180 F followed 
by 5 rain steaming was also effective for lipoxidase 
deactivation, although the same dry-heat tempera- 
ture levels without steaming were inadequate to give 
good stability. Data in Table I for Samples 3 and 4 
show high lipoxidase deactivation and good stability 
as evaluated by peroxide value, diene conjugation 
and F F A.  Neither Sample 3 nor 4 was rancid by 
flavor score af ter  2 years'  storage. Condensation 
of steam in the heat t reatment  added only about 1% 
moisture to the meals during treatment.  
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FIo. 3. Effect of dry-heat  treatment  on peroxide and dlene 
values. All samples rewetted to 25%, moistened for 2 hr at 
room temperature an¢l dried. 
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D i r e c t  S t e a m i n g  

Steaming raw soybean meats directly (Samples 
5 and 6, Table I) resulted in good enzyme deactiva- 
tion, although considerable protein denaturat ion oc- 
curred and some moisture condensed on the product.  
Urease activity was destroyed more completely than 
in the dry-heat procedures. Organoleptie scores on 
flour af ter  2 years '  storage indicated that  steamed 
Sample 5 (Table I) was not rancid, thus correlating 
with its low values of peroxide and FFA.  

W e t  H e a t  

The wet-heat test (Sample 7) gave effective enzyme 
deactivation. Although this t reatment  was somewhat 
less effective than some of the others, no significant 
degree of rancidi ty  was found by the taste panel in 
the stored sample (Table I) .  Wet  heat accelerated 
the denaturat ion of protein as shown by the low 
NSI value as compared with the NSI value of flours 
subjected only to d ry  heat. 

D r y  H e a t  F o l l o w e d  b y  W e t  H e a t  

Stabili ty data on samples subjected to dry-heat  
t reatment followed by wet-heat t reatment  are given 
in F igure  4 and Samples 8 and 9, Table I. Peroxide 
and diene values correlated with the maximum dry- 
heat temperature  used. F F A  values and protein 
denaturation were higher than ~dth dry  heat alone. 
Enzyme deactivation of the sample subjected to dry 
heat at 180 F was nearly complete (97%) since the 
subsequent action of wet heat was in addition to that  
of the dry-heat  effects. However, in this sample 
enzymatic oxidation occurred dur ing the early stages 
of wet heat as indicated by the high peroxide value 
of 11.4. This factor resulted in a significantly low 
flavor score of 3.7 for the 2 year stored sample. 
By contrast the sample subjected to d ry  heat a t  212 F 
showed low peroxide formation and excellent flavor 
stability af ter  the same storage. 

V o l a t i l e  Off -Flavors  as I n d i c a t e d  b y  GLC 

GLC was used to measure the formation of volatiles 
catalyzed by the enzyme systems residual af ter  the 
various processes. In this measurement, we used the 
gas chromatogram as a profile without any a t tempt  
to identify the compounds, just  as Mattick et al. 
(12) did on soy milk. They suggested that  the 
volatile off-flavors of soybean milk arise predominantly 
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FIG. 5. C h r o m a t o g r a m  s h o w i n g  e f fec t s  o f  e n z y m e  d e a c t i v a t i o n .  

from the lipid fraction through an oxidative mech- 
anism which is catalyzed by a ]ipoxidase system. 

Samples with and without heat t reatment  were 
evaluated. As discussed previously, all samples were 
subsequently tempered to 25% moisture for 2 hr  
and air-dried to activate any residual lipoxidase. 
After  the samples were dispersed in water and vacuum 
distilled, the concentrated CSe extracts of the con- 
densed volatiles were  chromatographed (Fig. 5). For  
Samples B and C the odor of rancid fa t  could be 
detected immediately in the distillates before CS2 
extraction. 

Mattiek reported that  high profiles were associated 
with off-flavor development but that  low profiles re- 
sulted when no off-flavors developed. Our s tudy cor- 
roborated his finding. The chromatograms indicate a 
high concentration of volatiles for flour samples with 
no heat (B) or d ry  heat at 190F (C). A blank 
control (A) was used as a reference. The samples 
with high profiles (B,C) also had strong rancid 
odors and high peroxide values. 

The enzyme-deactivated sample (D, Fig. 5) showed 
a very  low profile in comparison with the nonde- 
activated samples. Similar low profiles were obtained 
for direct steam deactivation and continuous dry- 
heat t reatment  to 218 F. 

By  sensory evaluation these samples were free of 
rancid odor and taste, and they also had low peroxide 
values. Distillate samples introduced to the GLC 
instrument, where no enzyme deactivation was car- 
ried out, had rancid off-odors. The GLC data, there- 
fore, corroborate other data in this report  that  show 
lipoxidase-active soy flours were associated with 

volatile rancid odors af ter  processing, whereas flours 
adequately deactivated by proper  heat t reatment  had 
n o n e ,  
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