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Lipoxygenase-mediated oxidation of fatty acids has 
long been implicated in the production of off-flavors in 
soybean products. This assumption was tested by use 
of preparations from soybean lines nearly isogenic to 
the cultivar Century that lack the l ipoxygenase isozyme 
or isozyme combinations L1, L~, L3, L1 -}- L3, or L 2 -}- L3. 
Near-isogenic lines were used to ensure that any effects 
observed were due to elimination of l ipoxygenase iso- 
zymes, and not  to other unrecognized genetic differ- 
ences between lines. Full-fat soy flour and unblanched 
soymilk preparations from the lines were evaluated by 
a six-member taste panel for eight flavor and/or aroma 
attributes common to soybeans.  By comparison to 
near-isogenic controls, removal of the L 2 isozyme from 
soymilk  preparations produced s ignif icant ly  lower 
scores for beany, rancid and oily flavor and aroma 
attributes, as well as higher scores for dairy and cereal 
flavor and aroma attributes. Similar trends were noted 
for soy flour flavor attributes.  Thiobarbituric acid 
(TBA} numbers, a measure of lipid oxidation, were lower 
in homogenized soy flour suspensions from lines lack- 
ing L2. Removal of the L1 and L3 isozymes did not result 
in improved flavor scores or lower TBA numbers. Total  
oil content and the fatty acid profile of the near isolines 
did not vary appreciably. The results indicated that  
genet ic  removal of the L 2 i sozyme may reduce off- 
flavors in soy products. 

Soybean oil contains between 7 and 9% linolenic acid 
(18:3) and about 55% linoleic acid (18:2}. Oxidation of 
these fatty acids during processing and storage of soy- 
beans poses a significant problem to the food industry. 
Breakdown products from fat ty acids have been asso- 
ciated with grassy-beany and rancid flavors (1,2}. These 
oxidation products are considered responsible, at least 
in part, for reduced consumer acceptability of soy pro- 
ducts. The flavor problems can occur in protein as well 
as oil products because the undesirable compounds are 
reactive and can bind covalently to proteins during 
processing {3,4}. 

Considerable indirect evidence has implicated seed 
lipoxygenase as a major factor contributing to the 
oxidation of lipids during processing, thereby lowering 
product quality {3,5}. This enzyme catalyzes the hydro- 
peroxidation of cis-cis pentadienes and is present in 
relatively large quantities {about 2% of the protein} in 
soybean seeds (6). The hydroperoxides formed by 
lipoxygenase activity and their breakdown products 
are known to exhibit off-flavors {3,7}. Furthermore, 
lipoxygenase inactivation by heat during processing 
has been correlated with the improvement of sensory 
evaluation scores (8}. Heat treatments are widely used 
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to inactivate lipoxygenase, but they are expensive, can 
produce undesirable alterations of the proteins and 
themselves can add to the flavor profile of soy products. 

Three lipoxygenase isozymes, denoted L1, L2 and L3, 
are present in soybean seeds (6}. They differ from one 
another in reaction products, pH optima, substrate 
specificity and mobility in SDS gels {6,9,10}. Each of 
the isozymes is encoded by a single gene, denoted Lx~, 
Lx2 and Lx3, respectively. Null-alleles {designated lxl, 
lx2 and lx~) for each of the three lipoxygenase gene loci 
have been documented {9,11-13}. Their identification 
has, for the first time, permitted direct testing of the 
effect of each of the lipoxygenase isozymes on the 
generation of off-flavors. Here we report the results of 
sensory evaluation of soy flour and soymilk samples as 
well as TBA (thiobarbituric acid} analysis to measure 
lipid oxidation of soy flour samples prepared from these 
lines. This was done by comparing preparations made 
from seeds of near-isolines that genetically lacked one 
or two of the isozymes, to preparations from a near- 
isogenic control that  contained the isozymes. Both the 
sensory and chemical data implicate the L2 isozyme as 
a principal contributor to off-flavors and provide evi- 
dence that  genetic elimination of this isozyme could be 
used to reduce the flavor problems. 

MATERIALS AND METHODS 
Lipoxygenase lines. The soybean lines evaluated in this 
study are near-isogenic for the lipoxygenase null-alleles 
lxl, lx2, lx3, Ix1 + lx3 and lx2 + lx3. They lack the L1, L2, 
L3, L1 + L3 or L2 + L3 isozymes, respectively. The lines 
were developed by backcrossing the alleles into the 
cultivar Century {14}. Soy flour was prepared from the 
following experimental lines: L~-5 (L,less phenotype, 
lxllxl genotype, backcross generation 5), L2-3, L3-5, 
L1L3-2-2 and L2L3-2-4. Soymilk was prepared from 
the following lines: L1-4, L2-2, L3-4 and L1L3-2-2. 

The lipoxygenase lines were grown along with the 
cultivar Century at one location at the Purdue Agronomy 
Farm, West Lafayette, Indiana, during the summer of 
1985. The seed lots for L15, L2-3, L3-5, L2L3-2-4 and 
Century-1 were obtained from bulked seeds of 3-6 
plants. The seed lots for L1L3-2-2, L1-4, L2-2, L3-4 
and Century-2 were a bulk of three to six 3-ft rows for 
each of the five lines. The Century seeds were used as a 
control for sensory analysis and TBA tests. The soymilk 
and soy flour anchor samples were prepared from a 
1984 harvest of Century. 

The plants and seeds from the evaluated lines were 
similar in size, shape and color to those of Century 
from the same location. Fat ty acid compositions were 
determined in duplicate for a 10-g sample of seed meal 
from each of the isotines as reported earlier {15}. 

Soy flour and soymilk preparation. Soy flour was 
prepared by grinding 15 g of seeds in an Osterizer 
blender at "liquify" speed for one min, and the flour 
was sieved through a 20-mesh screen to remove seed 
coat fragments. 
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Unblanched soymilk was prepared  by  soaking 50 g 
of rinsed seeds overnight  at  4 C in 150 ml of triple 
distilled, deionized water.  The seeds were rinsed three 
t imes with fresh water,  drained and ground in 125 ml 
water  for two min at high speed in a War ing  blender. 
The homogena te  was poured into a beaker,  and 25 ml 
of water  was used to rinse the blender jar. The rinse 
was added to the homogenate,  and the resul t ing mix- 
ture was allowed to s tand one hr at  room temperature .  
The mixture was filtered through three layers of cheese- 
cloth to obtain the soymilk. Samples  were prepared 
fresh for each day of testing. Because there was an 
insufficient quan t i ty  of seeds available when these 
exper imen t s  were done, soymilk  samples  were not  
prepared  for L2L3-2-4. 

Sensory evaluation. Six subjects  f rom the Kansas  
S ta te  Univers i ty  Sensory Analysis  Center  evaluated 
the flavor and a roma in tens i ty  of the soymilk  and soy 
flour preparat ions.  The subjects,  each with at  least  one 
year  of professional  experience in flavor profiling, were 
t rained to identify eight a t t r ibu tes  common to soy 
products  us ing the s tandards  listed in Table 1. Before 
tes t ing  began, the subjects  jointly agreed on a value for 
each of the s tandards  and on a value for prepara t ions  
from a control sample of Century seeds for each attribute. 
This sample of Century seeds was from a different seed 
lot than  the exper imental  samples,  and served as the 
anchor for use by  the subjects  during the tes t  periods. 
Anchor and s tandard  intensit ies are l isted in Table 1 
with a descript ion of the s t andard  for each at t r ibute .  
The technique of a t t r ibu te  scaling, similar to tha t  of 
Kalbrener  et al. (7}, was  used to quant i fy  the flavor or 
a roma in tens i ty  of the preparat ions .  With  this tech- 
nique, the subjects  ra ted  the samples  on an integer 
scale of 1-10. This scale was subdivided into the fol- 
lowing categories: 1, bland; 2-4, weak; 5-6, moderate;  

7-8, strong; 9-10, very  strong. Both  scores and sam- 
ples f rom the anchor were available as references for 
each subject  dur ing the t es t  periods. 

The samples  were coded and presented in a r andom 
order. A min imum of 10 min was required between 
samples  to allow the subjects '  t a s t e  senses to re turn  to 
a neutral  state.  Crackers, distilled water,  apples and 
peanut  bu t t e r  were used to help cleanse the mouth  of 
bo th  flavor and af ter tas te .  

Soy flour samples  were evaluated only for flavor, 
while soymilk samples were evaluated for bo th  flavor 
and aroma. For soy flour samples, each subject received 
approx imate ly  three-fourths teaspoon of flour in a 30- 
ml glass beaker  covered with a watch  glass. To allow 
for full development of flavor and feeling in the mouth,  
about  three small tas tes  (one-eighth teaspoon} of sample 
were taken  before its character is t ics  were rated.  For  
soymilk samples,  each subject  received approx imate ly  
15 ml of milk a t  room tempera tu re  in a 30-ml glass 
beaker  covered with a watch  glass. The a roma  attri-  
butes  were ra ted  first  by  a series of shor t  sniffs; this 
was completed in three min. Each  subject  took three 
sips before beginning to ra te  the f lavor a t t r ibu tes  of 
the soymilk. The subjects  then sipped as much milk as 
needed to complete the response form. They could then 
check the control if they desired and change their ra t ing 
as appropriate .  

Soy flour samples were rated for flavor in one exper- 
iment, and soymilk  samples  were ra ted  for a roma and 
flavor in a second experiment conducted one week later. 
Both  exper iments  consisted of three t es t  periods con- 
ducted on the mornings  of three consecutive days  (1 
t es t  period per day). Each  sample  was ra ted  once by  
each subject  during a t es t  period. 

Mean values for scores f rom the six subjects  were 
obtained for each combinat ion of a t t r ibute ,  day  and 

TABLE 1 

Standards and Intensity Values Assigned to Standards and Anchors Used for 
Evaluation of Flavor and Aroma Attributes  

Attribute Standard 

Anchor intensity 

Soymilk a Soyflour 
Standard 
intensity A F F 

Dairy/milky Carnation nonfat dry milk 4 5 -- 
Liquid 7 -- -- -- 
Powder 8 -- -- -- 

Cereal Quaker quick grits 6 4 3 4 
Beany Lima bean extract b 9 5 6 8 
Rancid Aged Wesson oil 9 8 8 3 
Oily Soybean oil 5 7 7 4 
Chalky 2% Calcium carbonate 5 -- 4 3 
Bitter 0.03% Caffeine 5 -- 4 3 
Astringent 0.1% Tannic acid 5 -- 3 2 

aA, aroma, F, flavor. 
bl00 g dry lima beans {Brown's Best Baby Lima Beans} were pulverized in a blender for 
one minute; the resulting flour was then mixed with 500 ml distilled deionized water and 
held for 1 hr; this mixture was then strained through four layers of previously washed 
cheesecloth and the strained liquid was used as the standard. 
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lipoxygenase line. These values were analyzed statisti- 
cally by analysis of variance using a randomized com- 
plete block design for each flavor or aroma attribute. 
Each lipoxygenase line was considered a treatment, 
and day was considered a treatment, and day was 
considered a blocking factor. Statistical significance 
was based on an F-protected LSD test. 

TBA analysis. The 2-thiobarbituric acid (TBA) 
assay was used as a measure of lipid oxidation in soy 
flour prepared from seeds of Century and lipoxygenase 
lines L15, L2-3, L3-5 and L1L3-2-2. The distillation 
method of Tarladgis et al. (16) as modified by Rhee and 
Watts (17) was used. A suspension of 4 g flour in 50 ml 
deionized, distilled water was homogenized with a 
polytron for up to 10 min. To inactivate lipoxygenase 
immediately after mixing, the sample was acidified to 
pH 1.1 to 1.2 by addition of hydrochloric acid (acid/water, 
t:2, v/v} and 150 ~1 of a 15% solution of butylated 
hydroxy toluene (BHT) in ethyl alcohol. The mixture 
was quantitatively transferred to a 500-ml flask, and 
the volume was adjusted to 100 ml with water. Boiling 
chips and 0.5 ml of antifoam A concentrate (Sigma} 
were added. The mixture was distilled until exactly 50 
ml of distillate was collected (13 to 14 min). A 3-ml 
aliquot of the distillate was combined with 3 ml of 0.02 
M TBA in water, boiled for 35 min and its absorbance 
determined at 530 nm. "TBA numbers" were calcu- 
lated by converting the absorbance reading to mg 
malonaldehyde per 1000 g of sample, according to the 
procedure of Tarladgis et al. (16). Soy flour samples 
homogenized for different periods were distilled in 
duplicate, and then triplicate aliquots of distillate were 
reacted with the TBA reagent. 

RESULTS AND DISCUSSION 
A summary of scores obtained from sensory evaluation 
of the soymi lk and soy f lour preparations of the 
lipoxygenase lines is shown graphically in Figure 1. 
Pertinent statistical data that relate to these data are 
shown in Table 2. The score for each attribute was 
recorded at the time it was most intense. Subjects 
reported that samples with high scores for the beany, 
bitter, astringent and rancid attributes had less intense 
"aftertastes" that linger after swallowing. The after- 
taste, however, was not scored. 

The most striking observation from sensory evalua- 
tion of the preparations was the large difference be- 
tween scores of the L2-1ess line and those of the other 
lines in the soymilk samples. For example, when the 
soymilk was evaluated for aroma, all significant differ- 
ences could be attributed to the L2-1ess line. For both 
aroma and flavor evaluations, the differences were 
greatest for the rancid attribute. 

The raw scores for the dairy and beany flavor attri- 
butes in full-fat soy flour samples varied more than 
those for soymilk samples. This is reflected in the 
larger LSD values obtained for these attributes after 
statistical treatment of scores generated by the panel 
(Table 2). These data indicated that panel members had 
more difficulty classifying differences in flavor intensity 
for the attributes in soy flour than in soymilk. 

The mean scores for the dairy, cereal and beany 
attributes showed the same trends for soy flour as the 

Soymi]k Soymilk Soy Flour 
Aroma Flavor Flavor 

bbabb aaaaa 

bbabb bbabb 

II IB I111 
aabaa bacaa 

aabaa Oacaa 

lUl lilll 
aabaa bbcba 

Bitterl I 

Standard 

ll~fl~ [o 
aaaaaa Powdered 

Mllk 

ullll I I ° 
bbaaaa Corn b Grits II HII [o 
aaaaaa Lima Bean 

bb Extract 

I |R~  f 0 

aaaaaa AgeO 
b b Wesson 0t1 

aabcbc Soybean 
bc C 0 t ]  

aaaaa aaaaaa Calcium 
Carbonate 

IIH I IIH I B I l ° 
aaaaa aaaaaa Caffeine 

Ast l ° 
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ACId 
Century -LI  -L2 -L3 -L~L3 -L2L3 

FIG. 1. Taste panel scores (y axis) of soymilk and soy flour 
preprations from seeds lacking one or two of the lipoxygenase 
isozymes. Preparations of Century seeds that contain all three 
isozymes were included as a control. The scores of 110 were 
subdivided into categories: 1, bland; 24, weak; 56, moderate; 78, 
strong; and 910, very strong intensity. Each bar represents the 
mean of 18 evaluations (six judges averaged over three days). 
Bars with the same letter are not statistically different at the 5 
level of significance. LSD and P values for each cluster of bars 
are listed in Table 2. Intensity values for the standards used to 
train the subjects are included for reference. 
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differences detected in the soymilk evaluations {Fig. 1)o 
For example, the average scores for cereal flavor in 
full-fat soybean flour from seeds that lacked the L2 
isozyme were higher than scores for flour from Cen- 
tury seeds that had the isozyme. Lower scores for 
beany flavor were obtained for flour from the L2-1ess 
isoline compared to Century controls. The differences 
in cereal scores for soy flour from the Century control 
vs the L2- and L2L3-1ess lines were significant at the 
95% level (Table 2 and Fig. 1), although distinction 
between flavors of flour from the L2-1ess genotype and 
the other null alleles was not clear as for soymilk samples. 
LSD analysis indicated that the differences in beany 
attribute between flour from Century and the L2-1ess 
lines were significantly different at the 95% level. How- 
ever, since the P value was significant only to the 93% 
level (Table 2), this difference was not indicated as 
significant in Figure 1. No statistical significance was 
associated with the dairy scores for soy flour samples, 
probably because of the large standard deviations associ- 
ated with these data. Scores for the rancid attribute 
were substantially lower in soy flour samples compared 
to soymilk; they were apparently not as important a 
factor in their flavor profile. 

For both soymilk and soy flour samples, no differ- 
ences between the lines were identified for the chalky, 
bitter or astringent attributes. Additional statistically 

TABLE 2 

P and LSD Values of Taste  Panel Scores for 
Eight Sensory Attr ibutes  a 

Attribute Soymilk Soymilk Soy Flour 
aroma flavor flavor 

Dairy 
P>F 
LSD 

Cereal 
P>F 
LSD 

Beany 
P>F 
LSD 

Rancid 
P>F 
LSD 

Oily 
P>F 
LSD 

Chalky 
P>F 
LSD 

Bitter 
P>F 
LSD 

Astringent 
P>F 
LSD 

0,0001 b 0.0653 0.2771 
0.22 0.79 1.40 

0.0293 c 0.0048 b 0.0277 c 
0.83 0.57 0.63 

0.0306 c 0.0036 b 0,0681 
0.60 0.48 1.45 

0.0003 b 0.0011 b 0.1883 
0.87 0.90 0.75 

0.0004 b 0.0037 b 0.0110 c 
0.52 0.46 0.27 

0.1743 0.8705 
0.39 0.61 

0.3279 0.8643 
0.51 0.83 

0.1875 0.2669 
0.32 0.40 

aData illustrated in Figure 1. 
bSignificant at a = 0.01%. 
cSignificant at a=0.05%. 

significant differences occurred between lines other than 
those that  involved the L2-1ess phenotype, but the 
differences were small and inconsistent. 

TBA numbers of homogenized flour suspensions 
from the L2-1ess line were significantly lower (a ---- 0.05) 
after two min of homogenization than those of Century, 
as well as those of the Ll-less, L3-1ess and L~Ls-less 
lines (Fig. 2). This difference increased slowly after 4, 7 
and 10 min of homogenization. As expected, TBA num- 
bers from all lines, including the L2-1ess line, increased 
with increasing times of homogenization. 

Based on comparison of non-isogenic lines with and 
without Lt, Hildebrand and Kito (18} concluded that 
mutants lacking this isozyme had less capacity to 
generate TBA-reactive oxidation products. This result 
conflicts with the one shown in Figure 2, where Ll-less 
allele does not cause a detectable reduction in the rate 
of oxidation compared to the near-isogenic control. 
The bases for this inconsistency is unclear, although 
several obvious differences exist between the two 
experiments. In addition to using non-isogenic lines 
where varietial differences could exist, Hildebrand and 
Kito used a direct extraction method for TBA analysis 
rather than the distillation method used in this study. 
The advantages of the elistillation method have been 
noted in the literature (19). In our experience, the dis- 
tillation procedure was required to obtain precise and 
reproducible results. Inconsistent values were obtained 
using the direct extraction method. The absorbence 
values obtained for matonaldehyde-like products when 
soybean samples were reacted with TBA in the direct 

{_  

-Q4'E~ { 
z 

< 3  r 'n 

2. 

1 
T 

0 / ~ I , 1 * I , I , I 
0 2 4 6 8 lO 

Time (rain.) 
FIG. 2. Effects of homogenization time on TBA number (malonaide- 
hyde equivalent) for soy flour preparations from Century (o) and 
l i p o x y g e n a se  l ines L1-5 (Ll-less) (A), L2-3 (L2-1ess) (R), L3-5 
(L3-1ess) (~') and  L1L3-2-2 (L1L3-1ess) (41~). The soy flour/water 
suspensions were homogenized for 0, 2, 4, 7 or 10 min before 
addition of acid and butylated hydroxytoluene. Values at each 
time point are the averages of duplicate distillations and triplicate 
distillate samples reacted with the TBA reagent. Verticle bars at  
time points reflect standard deviations. Standard deviations greater 
than  0.1 for the duplicate distillation samples are indicated by 
vertical lines on one or both sides of the data points. Data points 
with no vertical lines have a standard deviation of less than 0.1. 
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ext rac t ion  method were considerably greater  a t  450 nm 
than  at 530 nm. The lat ter  is the absorption max imum 
of the complex formed between TBA and the malonalde- 
hyde derived from 1,1,3,3-tetraethoxypropane standards. 
By  contrast ,  distilled soy flour samples had an absorp- 
t ion m a x i m u m  at  530 nm and a very low absorpt ion a t  
450 nm. 

The sensory  da ta  and T B A  resul ts  we have  repor ted 
indicate tha t  both  off-flavors and lipid oxidation were 
lower in sample preparat ions from the L2-1ess line. We 
at t r ibute  these differences specifically to the L 2 isozyme, 
since the exper iment  was designed such tha t  other 
genetic and environmental ly induced differences among 
lines t ha t  could have  affected lipid oxidat ion were 
minimized. Genetic  influences were reduced by  use of 
the near-isolines, and the lines were grown in the same 
location to control environmenta l  variabil i ty.  

The performance of the L2-1ess line in the sensory 
evaluations could have reflected large differences among 
lines in ei ther total  oil content  or levels of polyunsat-  
u ra ted  f a t t y  acids. Al though small differences were 
observed (Table 3), they  were considered unlikely to be 
responsible for the large changes  in sensory percept ion 
observed among  lines. 

Differences among  the three isozymes in p H  opt ima 
and reaction products  p robably  accounted for some of 
the var ia t ions  between isolines tha t  were observed. L1 
has  a p H  o p t i m u m  of 9.0-9.5 (6) and is therefore  
p robab ly  not  act ive in the prepara t ions  evaluated.  
However,  L2 and L 3 have p H  op t ima  between 6.0 and 
7.0 (6) and were probably  active. During l ipoxygenase- 
catalyzed oxidation, the cis, cis 1,4-pentadiene struc- 
tures  in linoleic and linolenic acid yield either 13-hydro- 
peroxy or 9-hydroperoxy f a t ty  acids. These isomers 
produce different breakdown products .  Hexanal  (from 
18:2) and hexenal (from 18:3) are produced from the 
13-hydroperoxy isomer, whereas  9-carbon aldehydes are 
considered to arise f rom the 9-hydroperoxide (20,21}. 
Both  hexenal and hexanal  have a grassy-beany flavor 
and subs tan t ia l ly  lower f lavor thresholds  than  the 

TABLE 3 

Total Oil Content and Fatty Acid Profile of Seeds from the 
Soybean Isolines 

Oil % Fatty acid % 

Line a 16:0 18:0 18:1 18:2 18:3 

L1-5 21.1 11.5 3.2 21.3 56.4 7.6 
L1-4 19.7 11.5 3.2 20.8 56.7 7.6 
L2-3 19.7 12.3 3.2 20.5 56.7 7.2 
L2-2 19.6 12.0 3.2 21.6 55.9 7.3 
L3-5 19.0 12.1 3.2 17.5 58.5 8.8 
L3-4 19.3 12.0 3.2 18.0 57.9 8.7 
L1L3-2-2 18.8 11.3 3.2 20.1 57.4 8.0 
Century-1 20.6 11.5 3.3 21.2 56.2 7.8 
Century-2 20.5 11.7 3.3 19.1 58.0 7.9 

Values are the average of duplicate determinations on a 5-g sample 
of seed meal from each line. 
aLipoxygenase phenotype and genotype, backcross generation and 
conditions of growth for each line are given in Materials and 
Methods. 

corresponding 9-carbon compounds (22). If  the isozymes 
va ry  in the ra t io  of 13- to 9-hydroperoxy isomers  
produced, the level of hexenal or hexanal  in the product  
could be altered significantly and resul t  in the different 
f lavor perceptions observed in these experiments,  

The higher scores for the dairy and cereal a t t r ibutes  
in the preparat ions f rom the L2-1ess line could be due to 
the phenomena of masking  and counteraction (23,24}. 
These two terms are used in connection with the control 
of objectionable odorants. Each component  of a mixture 
displays some abili ty to mask  the other component,  
and the perceived intensi ty  of chemicals in a mixture  is 
lower than  the sum of the intensit ies of the unmixed 
components .  Thus,  when the beany,  oily and rancid 
a t t r ibu tes  were reduced in in tens i ty  by  removal  of 
breakdown products  from the L2 isozyme, the subjects  
m a y  have perceived an increase in the cereal and dairy 
a t t r ibutes ,  even if no absolute in tensi ty  differences 
were present.  

The results  we described have clear practical  impli- 
cat ions for the soybean industry.  The da ta  indicate 
t ha t  genetic elimination of the L2 isozyme may  reduce 
some of the off-flavors associated with soy products  
and the reby  increase their  consumer  acceptabi l i ty .  
However,  only af ter  these or similar genetic lines have 
been evaluated in a number  of commercial ly feasible 
sys t ems  will a clear unders tanding  of the value of 
removing  the L2 isozyme be reached. 
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