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 ,An Emulsion Method 

for the Sensory Evaluation of Edible Oils 1 

REBECCA STONE and EARL G. HAMMOND, Department of Food Technology, Iowa 
State University, Ames, IA 50011 

A B S T R A C T  

The flavor intensity of soybean oils was evaluated in emulsions sta- 
bilized with gum acacia. A 10-point scale was used with a blank to 
establish the bland end of the scale and a standard diacetyl solution 
to establish a point near midscale. Tasting oils in emulsion gave 
significantly different scores than tasting oil directly. Evaluation in 
emulsion decreased panel error for poor quality oils but not for very 
bland oils. At least six samples could be tasted in emulsion without 
casusing panel fatigue or reducing accuracy. The concentration of 
oil in the emulsion could be adjusted to increase sensitivity to weak 
flavors or improve the evaluation of intensely flavored oils. Soybean 
oils containing various amounts of tinolenic acid were evaluated by 
the emulsion method, and those with lesser amounts of linolenic 
acid were shown to be more stable. A gas chromatographic total 
volatile method was shown to correlate fairly well with sensory 
evaluation of oils tasted in emulsions under conditions where both 
flavors scores and total volatiles changed significantly with time. 

I N T R O D U C T I O N  

The tradi t ional  m e t h o d  for  the evaluat ion of  oil f lavor grew 
ou t  of  research at the Northern  Regional Research Labora- 
tory of  the United States Depar tment  of  Agriculture (174) , 
A lO-point  scale was developed on which a complete ly  
bland oil scored 10. To avoid taste carry-over and fatigue, it 
was r ecommended  that  only two samples at a t ime be tasted 
and that  the samples no t  be swallowed. Samples were to be 
smelled first and tasted in order  o f  increasing odor. 

The search for objective tests that  might  correlate with 
sensory evaluat ion of fats and oils has been pursued with 
considerably more diligence than the improvement  of  sen- 
sory evaluation,  but  sat isfactory objective tests have been 
elusive (5-8). Recent ly ,  gas chromatographic  measurement  
of  volatiles f rom fats and oils has been explored,  and good 
correlat ions between total  volatiles and flavor evaluations 
have been claimed (9-22). 

This paper  presents a me thod  for  the evaluat ion of  the 
flavor o f  fats and oils in emulsions stabil ized by gum acacia. 
Correlat ions be tween  the flavors of  oils tasted in this way 
and a total  volati le test are given. 

I Journal Paper no. J-10442 of the Iowa Agriculture and Home 
Economics Experiment Station, Ames. Project no. 2143. 

METHODS 

Water for  the emulsions was obta ined by adding 100 mg 
CaCO3, 35 mg MgCO3, l 0  mg NaC1, and 10 mg Na2SOa 
per liter of  deionized distilled water  and gently carbonat ing 
with stirring to dissolve the carbonates as bicarbonates.  The 
diacetyl  standard emulsion was made by blending 2 g gum 
acacia powder ,  300 mL of  water,  and 3 mL of  diacetyl  solu- 
t ion (10.gtL diacetyl  in 25 mL mineral  oil prepared fresh 
daily) for 1 min. The blank was made by blending 2 g of  
gum acacia in 400 m L  of  water  for  20 sec. Sample emulsions 
were made by blending 2 g o f  gum acacia, 6 mL of  sample 
oil, and 400 mL of water  for 1 min.  All blending was at the 
highest speed of  the blender  (Osterizer pulsematic  10, Mil- 
waukee,  Wl) in a glass b lender  jar. 

Oil samples were presented in plastic 30-mL cups, emul-  
sions and blank in 90-mL paper cups. All samples were coded 
with 3-digit r andom numbers .  Red lighting was used to mask 
color  differences in samples. Judging was done in individual 
booths  which provided a quiet ,  comfor tab le  a tmosphere.  

A 10-member  panel  was trained by presenting them with 
soybean oils and emulsions that  had a range of  qualities and 
flavor intensities. Af te r  initially scoring the samples, the 
panel discussed and retasted them to allow the judges to 
train themselves to  rank samples according to the expec ted  
degree of  oxidat ion.  Efforts  were made to keep the panel  
mot iva ted  and interested by providing treats, discussing 
exper imenta l  results, and soliciting suggestions. 

Panel members  were given the fol lowing intruct ions:  
"You  will evaluate oil-in-water emulsions for  f lavor inten- 
sity using a 1-10 scale. The emulsion marked  standard is the 
same intensi ty every day and should represent  a f ixed po in t  
on the scale for  you.  The blank has a score of  10. Score each 
sample using the flavor intensi ty of  the standard as a 
reference and the informat ion  on the scale describing its 
end points.  Smell  the samples before  tasting, taste the mos t  
oxidized samples last and do no t  swallow anyth ing" .  
Response was made by marking numbers  on a lO-number  
scale. The  number  10 was indicated as bland and tasteless 
and the number  1 as ex t remely  intense. Rinsing the mou th  
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between samples was recommended. 
Crude commercial solvent-extracted soybean oil was de- 

gummed, alkali refined, and deodorized on a laboratory 
scale. Results from the flavor evaluation of oil deodorized 
under two conditions are reported. In experiment I, deodo- 
rization was at 195 C for 1.5 hr. In experiment II, 235 C 
for 1.3 hr. No antioxidant was added. The two strains of 
soybeans having a low linolenic acid content  were obtained 
from the breeding program ofW.R. Fehr and E.G. [tammond 
at Iowa State University. These, along with a cultivar grown 
under the same conditions, were cracked and extracted in 
the laboratory by soaking in hexane. The hexane was evap- 
orated and the oils were refined as before. Deodorization 
was at 195 C for 1.5 hr. 

Oils were oxidized at 4, 30 and 55 C and by exposure 
to light at room temperature (25 C). I,ight-treated samples 
were kept ca. 50 cm from two 20-W white fluorescent tubes. 
The 30 and 55 C-sample were protected from light. Samples 
at 4 C were protected from light and kept tightly stoppered 
under nitrogen. 

The fatty acid composition of the oils was determined 
by converting them to methyl esters with sodium meth- 
oxide and analyzing on a 2 m x 3.3 mm column packed 
with 15% EGSSX on Chromosorb W 100/120 mesh at 
185 C with a Beckman GC-5 (Beckman, Fullerton, CA) 
fitted with a flame detector. Peak areas were determined by 
electronic integration and corrected with a standard methyl 
ester mixture. 

Oil samples were analyzed for total volatiles by the 
method of Jackson and Giacherio (22). The method was 
modified by reducing the sample size to 0.2 mL and by 
using an oil bath for heating the sample tube. 

RESULTS A N D  D I S C U S S I O N  

The emulsions required a bland emulsifier and a suitable 
water supply. Gum acacia was chosen as an emulsifier be- 
cause it contributed very little flavor and produced stable 
emulsions. The available tap water contained a considerable 
amount of iron which might act as a prooxidant, and dis- 
tilled water gave emulsions a characteristic astringent flavor, 
so we used distilled water with added minerals and carbona- 
tion. Triangle tests were used to determine if the flavor of 
the emulsions deteriorated within a period of 1 hr. No sign- 
ificant change was detected, allowing ample time for sam- 
ple preparation and evaluation. 

A diacetyl solution was used to make a standard that 
fixed a point near the middle of the scale for the average 
panel member. Diacetyl was chosen because its flavor was 
not objectionable to our panel members at the concentra- 
tions used, and it was readily available in pure form. Diace- 
tyl is found in many food products and is characteristic of 
certain occasionally encountered stages in soybean oil 
oxidation (23, 24). 

Oil storage experiments were conduced in which the 
scores for emulsions were compared to those of oil tasted 
directly (.Fig. 1). In the first experiment, the flavor as oil 
and in emulsion were comparable after 1 day's storage at 
55 C, but by day 5 the flavor as oil was more intense than 
in emulsion. In the second experiment, after two day's 
storage the flavor as oil was already more intense than in 
emulsion. The difference in scores for oil and emulsions was 
significant (P<0.1%). Probably oil in emulsion tasted 
blander than when tasted directly as oil because consider- 
ably less oil was actually being tasted in the emulsion form. 
Since oil frequently is consumed in emulsion (e.g., mayon- 
naise) it may be that evaluation of oil in emulsion form 
would give results that reflect consumer experience more 
accurately. 
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FIG. 1. Flavor scores for soybean oil oxidized at 55 C evaluated as 
oil and in emuls ion.  The oil for experiment I was deodorized at 195 
C for 1.5 hr. The oil for experiment 11 was deodorized at 235 C for 
1.3 hr. 

The concentration of oil in the emulsion is important 
in the response, as shown in Figure 2. The regression of 
flavor on oil percentage was significant (P<.01%). This 
suggestes that oils of high quality may best be tasted in an 
emulsion containing a higher percentage of oil, whereas 
scoring more oxidized oil might best be done at a lower 
concentration to improve the sensitivity of the method. 

Oils were oxidized under several conditions to generate 
a variety of flavor qualities and intensities to evaluate scor- 
ing in emulsions. Figure 3 shows the relationships of emul- 
sion flavor scores to time for different storage conditions. 
The flavor score of oil tasted as emulsion and stored at 4 or 
30 C did not change significantly over a 2-week period, but  
that stored at 55 C did. The oil in experiment 11 started 
with a score of at least * 8 as shown by the results at 
day's 2 and 3 for the 4, 30 and 55 C treatments. After two 
days the lighted sample had dropped to ,x, 5. The scores of 
the radiated sample were significantly different from any of 
the light-protected treatments. 

The standard deviation of the panel scores can be used as 
a measure of panel performance. The smaller the standard 
deviation, the smaller the difference in flavor that can be 
observed. Table 1 gives the average standard deviation of the 
observations made on oils of good (score 7-8) and poor 
(score 4-5) quality during the course of the experiments 
reported in Figure 1, 2 and 3. Tasting in emulsion rather 
than oil did not increase panel accuracy significandy for 
good quality oil, but for poor quality oil, the standard 
deviation of the panel was significantly lower for emulsions 
than for oil. The standard deviation was significantly 
greater for poor. quality oil than for good quality oil when 
tasted as oil but not as emulsion. Similar results were 
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FIG.  2.  E f f e c t  o f  oil  c o n c e n t r a t i o n  o f  e m u l s i o n  on f lavor  scores.  
1.5% oil  w a s  used in o t h e r  e x p e r i m e n t s .  The  oi l  w a s  that  used  in 
e x p e r i m e n t  !I. 
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FIG. 3. F lavor  scores  for  s o y b e a n  oi l  o x i d i z e d  u n d e r  var ious  condi-  
t i ons  eva lua ted  ha e m u l s i o n .  E x p e r i m e n t s  I and  II represent  t w o  
b a t c h e s  o f  oil  d e o d o r i z e d  u n d e r  d i f f e r e n t  cond i t i ons .  

TABLE I 

Average  Standard  D e v i a t i o n s  a o f  F lavor  Scores  
for  Panels  o f  8 -11  M e m b e r s  Tast ing  Oils  o f  G o o d  
and P o o r  Quality Both Directly and in E m u l s i o n s  

Emulsions tasted Oil tasted 
per session per session 

Flavor score 2 6 2 

7-8 1.72 +_ .45 1.43 +- .32 1.79 -+ .55 b 
4-5 2.00 +- .32 1.56 -+ .49 c 2.39 -+ .41b, c 

aThese are panel standard deviations for individual samples averaged 
over several samples and days of observation. They are not standard 
deviations of the panel means, The number after the -+ is the standard 
deviation of the panel standard deviations, 
b,CValues having the same letter were significantly different at P < 
.05 by a t-test. Pooled values for all emulsions were significantly 
lower than pooled values for oils at P < .05. Pooled values for 
emulsions having flavors at 4-5 were significantly lower than those 
or the corresponding oils at P < .05. 

repor ted  by Evans (4) who  found average standard deviations 
o f  0.78 when tasting oil scoring 8-10 and 1.22-1.36 when 
scoring oil of  poorer  quali ty.  The average standard devia- 
t ions of  our panel were greater than those of  Evans. The 
variance of  our  panel might  have been reduced by more 
intensive selection or  training to get the panel to respond 
more  uni formly to the oxidized samples and the standard. 
But when such practices are used to improve panel 
per formance ,  it is possible that  un in tended  biases are 
induced in the panel. We had hoped that  the use of  the 
diacetyl  standard would  give standard deviations as small 
for our  panel as those repor ted  by more rigorously trained 
and selected panels, but  this seemed no t  to be so. Possibly 
by selecting panel members  who  reacted uni formly  to the 
diacetyl  standard,  per formance  might  be improved wi thou t  
resort ing to me thods  that  may in t roduce  biases. When the 
panel was asked to rate the diacetyl  standard on a 10-point  
scale, they scored it f rom 3 to 7 with an average of  6. 

When emulsions were tasted, the number  of  samples 
could be increased to at least six wi thou t  causing an observ- 
able increase in panel standard deviat ion as shown in Table 
1. Thus, there was no indicat ion that  this many  samples 
caused fatigue or  reduced accuracy.  It is assumed f rom re- 
ports  in the l i terature (2, 3) that  tasting more  than two oil 
samples would  have increased panel  standard deviation.  

The  ratio scaling technique  called magni tude  es t imat ion 
was tr ied in an a t t empt  to improve the panel 's  per formance .  
In this technique,  one sample is assigned an arbitrary numer-  
ical value and others  are scored relative to it. For  example ,  
if the second sample is judged half  as intense as the first, it 
is assigned a score half as big (25). No statistically signifi- 
cant  improvement  was found for samples scored by mag- 
i tude es t imat ion vs the 10-point  scale. The  panel generally 
preferred the 10-point  scale. 

Soybean lines with reduced linolenic acid con ten t  were 
available f rom a local breeding program. We wished to see if 
the panel could de tec t  differences in flavor stability of  oil 
f rom these strains and normal  soybean oil. Figure 4 shows 
the regression lines for  the emulsion flavor scores for  these 
soybean oils oxidized at 55 C. The fat ty  acid compos i t ion  
of  the low-linolenic acid strains and the cultivar with which 
they were compared  are shown in Table 1I. The cuhivar  and 
FA 27168 were grown in 1980, F A  9656 in 1979. 

In Figure 4 only two lines appear for  flavor scores vs 
t ime because the scoles f rom the two low-linolenic acid 
varieties were a lmost  identical.  Even so, the flavor scores 
for  F A  27168 generally were slightly bet ter  than those for  
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FIG. 4. Flavor scores obtained during storage at 55 C of oll from 
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FIG. 5, Total volatiles relative to non~ae for soybean oil stored 
under a variety of conditions. 

TABLE 11 

Fatty Acid Composition of Soybean Oils 

Variety 16:0 18:0 18:1 18:2 18:3 

Cultivar 10.81 3.73 24.71 53.42 7.30 
FA 9656 9.59 5.28 42.73 37.81 4.57 
FA 27168 9.85 3.86 43.77 38.59 3.69 
Oil used in storage tests 11.51 4.35 24.32 53.03 6.76 

F A  9656. The regression for the low-linolenic acid varieties 
is significandy dif ferent  (P<.05)  f rom the line for the cul- 
tivar. An analysis of variance showed that  the means of  
the cultivar and low-linolenic varieties also were signifi- 
candy  di f ferent  (P<.01).  Clearly, the flavor scores for the 
oils having lower than normal  l inolenic acid contents  are 
higher. This supports  the belief that  l inolenic acid is mainly 
responsible for  the flavor instability o f  soybean oil (7, 26). 

The relative error of the total-volati le measurements  
varied considerably and at t imes were greater  than the 8% 
repor ted  by Jacksion and Giacherio (22). It is not  clear if 
this is caused by our  modif ica t ions  or incomplete  specifica- 
tions of  the controls  that  are needed,  in any event,  this con- 
t r ibut ion to variance generally was small compared  with 
that  of  the taste p ands. 

Deodor iza t ion  condi t ions  inf luenced the initial level of  
volatiles. In the course o f  this s tudy,  oils were deodor ized  
at temperatures  ranging f rom 190 to 240 C and for t imes 
varying f rom 1.5 to 3 hr. In agreement  with Moser et  al. 
(27), we found that  these condi t ions  gave quite bland oils. 
The total  volatiles relative to the internal standard,  nonane 
(TVRN),  averaged 18.4 and ranged from 1.7 to 67 in the 
freshly deodor ized oils, and the T V R N  correlated poorly  
with initial f lavor scores (r2=0.31) tasted as emulsions.  
This may be because the kinds of  volatiles left  in the oil 
vary with deodor iza t ion  condit ions.  

Figure 5 shows typical relationships of  t ime to T V R N  
for oil oxidized under  several condit ions.  Correlat ions of  
T V R N  and flavor scores for all exper iments  are shown in 
Table 111. Generally the volatiles increased linearly with 
t ime. Al though the flavor scores were fit  with linear regres- 
sions because the variance was great enough to obscure any 
nonl inear  effects,  some of the data suggest that  flavor 
changes nonlinearly with time. In spite of  this, the correla- 
t ion between flavor and T V R N  generally was good under  
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TABLE III 

Correlations of TVRN with Flavor Scores for All Experiments 

Experiment Correlation 

Oil vs emulsion/storage condition 
Expt. I 

4 C emulsion 0.06 
4 C oil 0.26 

55 C emulsion -0.89 a 
55 C oil -0.82 

Expt. II 
4 C emulsion 0.74 
4 C oil -0.63 

55 C emulsion -0.87 a 
55 C oil -0.81 
30 C emulsion -0.87 a 
Light-treated emulsions -0. 31 

Low 18:3-55 C emulsions 
Commercial cultivar -0.67 
FA 9656 -0. 34 
FA 27168 -0.82 

aSignificant P < .06. 

condi t ions  in which there was sufficient  change in flavor 
scores with t ime, that  is, at 55  C. These results are similar 
to correlat ions between flavor scores and analytical data 
obta ined previously (17, 19, 22). At 4 C the correlat ion was 
poor  because the panel de tec ted  no significant score change, 
al though the T V R N  increased slightly. The rather large pos- 
itive correlat ion between T V R N  and flavor score for emul-  
sion at 4 C in exper iment  I1 reflects these small and insign- 
i f icant  flavor score changes. In this instance the small 
changes in flavor score chanced to show a fairly steady pos- 
itive trend and resulted in a large but  insignificant and 
meaningless positive correlat ion.  In the l ight-treated sample, 
correlat ion of  T V R N  and flavor score also was poor  because 
the flavor scores had already dropped  to a low value in the 
two days before tasting began and therefore  the flavor score 
did no t  decrease much.  The T V R N  showed a contrast ing 
steady rise over  the per iod of  observation.  To obtain good 
correlat ion be tween T V R N  and flavor scores, it is impor-  
tant  to have both variables change significantly during the 
period of  observation.  
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 ,Lipid from Yeast Fermentation: Effects of Cultural Conditions 

on Lipid Production 

and Its Characteristics of Rhodotorula glutinis 
S.H. YOON and J.S. RHEE*, Department of Biological Science and Engineering, 
Korea Advanced Institute of Science and Technology, Seoul 131, Korea 

A B S T R A C T  

To produce lipids from microbial origins, Rbodotorula glutinis 
(syn. Rbodotorula gracilis) NRRI. Y-1091 was cultured in batch and 
continuous systems under nitrogen- and carbon-limited conditions. 
The lipid production patterns are shown to be different from each 
other depending on growing conditions. In continuous cultures 
under nitrogenqimited conditions, the maximum lipid accumulation 
was ob~rved at the lowest dilution rate examined, giving the effi- 
ciency of substrate conversion of 16.4 g lipid per 100 g glucose con- 
sumed. As the dilution rate increased, cell biomass, lipid content, 
lipid productivity and lipid yield decreased. In carbon-limited con- 
tinuous cultures, cell biomass decreased with increasing dilution 
rate, but lipid content remained almost constant. Neutral lipid por- 
tions in nitrogen-limited cultured yeast ceils decreased as the dilu- 
tion rate increased, and glyco- and phospholipid portions showed 
the reverse trend. Major components in the neutral lipid portions in 
yeast cells are triglyceride, free fatty acid, steryl ester and sterol. 
Phosphatidylserine was the predominant pbospholipid in yeast cells. 
The dilution rate also affected the fatty acid composition of all lipid 
portions; polyunsaturated fatty acids increased and saturated and 
monounsaturatcd fatty acids decreased with increasing dilution 
rates. The degrees of unsaturation of each lipid class and total 
lipids were also increased by increasing the dilution rate. 

INTRODUCTION 

With the increasing demands for fats and oils for edible and 
industrial purposes,  many assessments have been made to 
find new possible lipid sources o ther  than the convent ional  
plant and animal sources. As a result of  such assessments, 
the lipid f rom microbial  origins was found to be a possible 
source. As a mat ter  of  fact,  the microbial  lipid produc t ion  
has long been an at tract ive subject of  research interests in 
both laboratories and industries ( 1 - 4 ) .  

Most of  the organisms used for lipid produc t ion  were 
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yeast,  fungi and algae (5, 6). Lipid product ion  with Rbodo- 
torula glutinis (syn. Rbodotorula gracilis), one of  the 
oleaginous yeasts used widely,  have been carried out  for a 
long t ime and cont inued to recent  years ( 7 - 9 ) .  The charac- 
teristics o f  lipids of  R. glutinis obta ined f rom batch cultures 
were well established with respect to the effects  of  nutr ient  
sources, pH and tempera ture  ( 1 0 - 1 2 ) .  

The  cont inuous  cult ivat ion of  R. glutinis, however ,  was 
first per formed by Rat ledge and Hall to s tudy the oxygen 
demands  under nitrogen- and carbon-l imited condi t ions  
(13). In another  work  of  Rat ledge and flail (14), they re- 
por ted  that  the  fa t ty  acid composi t ions  of  total  lipids were 
unchanged depending on the growth rates under  nitrogen- 
l imited condit ions,  but  slight changes were observed under  
carbon-l imited condit ions.  In contrast  to the results of  
Ratledge and Ilall (14), we found that  the fa t ty  acid com- 
posit ions of  total  lipids were changed as the growth rate 
altered under ni trogen-l imited condi t ions  and, therefore,  
the degrees o f  fa t ty  acid unsaturat ion were also changed 
(15). 

The analyses of  lipids f rom R. glutinis in the above- 
men t ioned  studies (14, 15) were all aimed at the analyses of  
total  lipids. The character izat ion of  f ract ionated lipid 
classes in R. glutinis and fa t ty  acid composi t ions  of  each 
lipid class have no t  been reported elsewhere to our 
knowledge.  In this paper, we repor t  the lipid produc t ion  
data obta ined f rom batch and cont inuous  cultures and the 
results of  analyses of  lipid classes in R. glutinis; we believe 
this is the first report  to elucidate the quant i ta t ive  and 
quali tat ive changes in lipid classes depending on the growth 
condit ions.  

E X P E R I M E N T A L  PROCEDURES 
Materials 

Standard materials used in thin layer chromatography  
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