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Effects of Sugar, Salt and Water on Soybean Oil Quality 
During Deep.Frying 
Yan-Hwa Chu* and Shiuan Luo 
Food Industry Research and Development Institute, Hsinchu, 30099, Taiwan, Republic of China 

The effects of flour dough components {water, sugar and 
salt) on soybean oil deterioration during deep-fat frying 
have been investigated. Flour dough sheets made from 
flour and water were used as the carrier of salt and sugar. 
Several analyses, including acid value, carbonyl value, p 
anisidine value, color, dielectric constant, Fritest, total 
polar compounds and polymer content, were used to evalu- 
ate deterioration of oil quality during deepfat  frying. The 
relationship between frying time and analytical data was 
analyzed by Duncan's multiple range test. Oil quality after 
frying simple flour dough sheets without additives was in- 
ferior to that after frying dough sheets with added sugar 
or salt. The sugar and salt in the flour dough sheets may 
play a role as water-binding substances during frying. 
Among the effects of water, salt and sugar, the rate of oil 
deterioration was found to be highest for water, followed 
by salt and sugar. The combined addition of salt and sugar 
had no enhancing effect on the oil deterioration during 
deep-fat frying. 

KEY WORDS: Flour dough, frying, oil deterioration, salt, soybean 
oil, sugar, water. 

Deep-fat frying is widely used by both the food industry 
and by consumers. Various chemical reactions, such as ox- 
idation, hydrolysis, polymerization and scission, occur dur- 
ing frying (1). The extent of these reactions depends on the 
frying temperature, duration, aeration, frequency that the 
fat is changed, frying equipment, cleaning of the fryer, type 
of frying oil or fat, and the food that is being fried {2,3}. 
Although several methods have been used to evaluate 
deterioration of frying oils (4), no single method is satisfac- 
tory. A previous study suggested that heat abuse accen- 
tuates the normal deterioration of oils and fats (5). A myriad 
of (volatile and nonvolatile) decomposition products accmnu- 
late with increased use, in a frying oil to some extent. Soy- 
bean oil heated under static conditions for 80 h contained 
29% total polar (TP) compounds (6), which exceeds the ac- 
eeptable limit (27% TP compounds} proposed by the Get ~ 
man Society for Fat Research (4,7). During frying, equip- 
ment design, control of operating conditions, the type of food 
being fried and oil type all affect end-product quality as well 
as the life of the oil (8). The type of food being fried and 
its interaction with oil have been reported to contribute to 
the deterioration of frying oil (8,9). Stevenson et aL (9) in- 
dicated that, when the food being fried contains a large 
amount of water, it increases the rate of oil breakdown. In 
this study, attempts were made to characterize the extent 
of frying oil deterioration by using a food system contain- 
ing various levels of water, sugar and salt. 

MATERIALS AND METHODS 

Materials. Refined, bleached and deodorized soybean oil, 
flour with low protein content {7.5%), sugar and salt were 
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purchased from a local market. Potassium hydroxide, 
trichloroacetic acid, 2,4-dinitrophenyl hydrazine, absolute 
ethyl alcohol, benzyl alcohol, ethyl ether and petroleum 
ether were purchased from E. Merck {Darmstadt, Ger- 
many); benzene and isooctane were purchased from Fisher 
Scientific Co. (Fairlawn, NJ); and p-anisidine {p-AnV) was 
purchased from Sigma Chemical Co. (St. Louis, MO). 

Methods. Soybean oil (4.5 L), contained in a 6-L fryer, 
was heated to 185-190~ The compositions of samples 
used for frying were as follows: (a) control, oil was heated 
without sample; (b) water, 18 g of cotton balls saturated 
with 225 mL water; (c) flour-water, a flour dough made 
from 450 g flour and 225 mL water; (d) flour-water-sugar, 
dough (c) with 75 g sugar added; (e) flour-water-salt, 
dough (c) with 30 g salt added; (f} flour-water-sugar-salt, 
dough (c) with 75 g sugar and 30 g salt added. Samples 
(c)-(f) were prepared by proper mixing and kneading and 
then divided into six lots for one-hour frying tests. Each 
lot was again divided into ten portions, and each portion 
was flattened into a sheet with a diameter of 5-6 cm. The 
total time needed for frying each lot of ten dough sheets 
was 10 min, which included 5 min for temperature rise and 
5 rain for frying. These frying processes were conducted 
continuously for six hours a day on four consecutive days, 
and the oil after each six-hour frying period was allowed 
to cool to ambient temperature for 18 h before resuming 
frying. Oil samples (100 mL) from each frying test were 
taken after the 18-h cooling cycle 

Analyses.  American Oil Chemists' Society methods 
were used for the determination of acid value (AV) 
(Method Cd 3d-63), TP compounds (Method Cd 20-91) and 
color (Method Cc 13b-45) (10). Carbonyl value (COV) and 
p-AnV were determined according to Bhalerao et al. (11) 
and Paquot and Hautfenne (12), respectively. The change 
in dielectric constant (DC) was measured with a Foodoil 
Sensor Model NI-20 (Northern Instruments Corp., Lino 
Lakes, MN) (13). The Fritest, based on the reaction of ox- 
idative products, (i.e., aldehyde with alkali solution) was 
measured with a spectrophotometer at 520 nm (4). Vis- 
cosity was determined with a VT-03 portable viscometer 
(Rion Co., Tokyo, Japan). 

Statistical analysis. All the data were analyzed for dif- 
ference with Duncan's multiple range test on SAS soft- 
ware (14). 

RESULTS AND DISCUSSION 

Changes in the physicochemical properties of soybean oil 
during static heating and frying of flour dough sheets 
with different additives are shown in Figure 1. Control soy- 
bean oil during static heating without any frying showed 
the lowest values in AV, COV, DC, Fritest, oil color, p-AnV, 
TP compounds and polymer content among all the sam- 
ple groups. However, when soybean oil was used to fry 
either water absorbed in cotton balls or flour dough sheets 
containing salt and/or sugar additives, the oil deteriorated 
more rapidly than the control oil. Water, salt and sugar 
adversely affected frying oil quality, and their effects were 
different. Table 1 shows the effects of dough preparations, 
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FIG. 1. Changes in: (A), acid value; (B), carbonyl value; (C), dielectric constant (DC); (D), Fritest; (E), red color; 
( F ) ,  p-anisidine value (p-AnY); (G), polymer content; (H), total polar (TP) compounds during frying of soybean 
oil with various preparations of food being fried, o, Control; V, water; I ,  dough without additives; O, dough 
with added sugar; V, dough with added salt; D, dough with added salt and sugar. 
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E F F E C T S  OF SUGAR,  SALT A N D  W A T E R  ON S O Y B E A N  O I L  Q U A L I T Y  

T A B L E  1 

Effects of Different Food Ingredients on the Changes in Parameters of Soybean Oil Q u a l i t y  
D u r i n g  F o u r  Days of Frying 
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A v e r a g e  change  a 

P a r a m e t e r  b Cont ro l  W a t e r  F + W  F + W + S u  F + W + S a  F + W + S u + S a  

AV 0.0653 h 0.3757 d 0.1520 f 0.1250 g 0.2190 e 0.1970 e 
COV 2.511 h 9.479 d 6.791 e 4.291 g 5.486 f 5.547 f 
DC 0.34733 i 1.24367 d 0.93933 e 0.64433 h 0.77800 g 0.81933 f 
F r i t e s t  0.005400 i 0.038033 d 0.022333 e 0.011600 h 0.018000 g 0.019767 f 
Color~R) 0.03000 i 0.22333 e 0.15667 t 0.08000 h 0.26000 d 0.14333 g 
p - A n V  27.684 h 59.534 d 45.319 e 35.098 g 34.912 g 37.640 f 
T p  c 1.773 g 6.366 d 5.297 e 3.919 f 4.845 e 4.896 e 
P o l y m e r  1.8489 i 5.5285 d 4.0359 e 2.6076 h 3.3278 g 3.5319 f 

aThe slope of the linear regression equation for each item. The means (n = 3) with the same superscript let- 
ter in the same row are not significantly different at 95% level by Duncan's multiple range test. 
bAy,  acid value; COV, carbonyl value; DC, dielectric constant; Color(R), Lovibond (red color); p-AnV, p- 
anisidine value; TP, total polar content; Polymer, polymer content. 
eTP, n -- 2. 

absorbed water in cotton balls and control oil for each 
quality parameter. All values were determined from linear 
regression equations between each analysis and frying 
time {4-day frying). The correlation coefficients were 0.99 
or higher. 

Effect of water. When the oil was used to fry moist cot- 
ton balls (225 mL water/18 g cotton balls/h), the oil showed 
significantly higher AV, COV, DC, Fritest, p-AnV, TP com- 
pounds and polymer content than in other sample groups 
(Table 1). The water in cotton balls showed the greatest 
deterioration rate of all the sample groups (4-day frying}. 
Oxidation, hydrolysis and polymerization were greatly ac- 
celerated during frying of the moist cotton balls probably 
resulting from release of free water (~g., 225 mL water/h) 
into the oil. 

Effect of additives on flour dough sheets. During fry- 
ing, the total amount of water supplied by the dough 
sheets (225 mL water/450 g flour/h) was identical to that  
from the moist cotton balls. As shown in Table 1, higher 
values of all quality indicators, other than AV and red col- 
or, were observed in the oil from frying flour dough sheets 
without additives iF + W) in comparison to those with 
either added salt iF + W + Sa) or sugar (F + W + Su). 
In comparing the effects of added sugar or salt, the oil 
from F + W + Sa showed higher AV, COV, DC, Fritest 
values, higher TP compounds and polymer content and 
is inferior to the oil from F + W + Su. These results iF 
+ W + Su > F + W + Sa > F + W} indicate that  water 
binding by 75 g sugar in the F + W + Su reduced the 
release of free water into the frying oil more effectively 
than did 30 g salt. 

Addition of sugar and salt (F + W + Su + Sa) to the 
flour dough sheets at the level used in F + W + Su and 
F + W + Sa had no additive or synergistic effect on the 
deterioration of oil quality. Although the results of some 
quality analyses, such as DC, Fritest, p-AnV and polymer 
content, showed that  the oil from F + W + Su + Sa was 
significantly different from that of F + W + Sa, other 
quality indicators (AV, COV and TP) showed no signifi- 
cant differences (P > 0.05} between F + W + Su + Sa 
a n d F  + W +  Sa. 

For oils from static heating and frying with different 
flour dough sheets with various additives, the rate of 

deterioration, determined from DC, Fritest and polymer 
analyses, declined in the following order: water absorbed 
in cotton balls, F + W , F  + W + S u +  Sa, F + W +  
Sa, F + W + Su and the control oil from static heating 
(P < 0.05}. In the TP analysis, frying cotton balls with 
added water was found to accelerate deterioration most 
rapidly, and the control group was the slowest. However, 
there was no significant difference (P > 0.05) in the 
deterioration determined by TP analysis among the oils 
f r o m F  + W,F  + W +  S a a n d F  + W  + S u +  Sa. 

Correlation between analytical methods for soybean oils 
during frying. Table 2 shows correlations between analyti- 
cal methods for all frying oils used: heating (control), fry- 
ing cotton balls/water, and frying flour dough sheets with 
additives (n = 90). The correlation coefficients (r} between 
each pair of analytical methods, given in Table 2, were ob- 
tained by using the SAS method (14}. Among these 
analytical methods, polymer content showed high correla- 
tions with COV, DC, Fritest, p-AnV and TP analyses, 
respectively (r > 0.970); DC and COV determinations also 
showed high correlations between each other and with 
Fritest, TP and polymer analyses (r > 0.970). However, 
red color, p-AnV and AV analyses showed no correlations 
between each other or with other analyses. The correla- 
tion coefficients of red color with other analyses, except 
p-AnV, were in the range of 0.880-0.902. The r value be- 
tween red color and p-AnV was even lower (0.803). Color 
is an important physical property of oil, and the color 
darkens as heating or frying proceeds. However, the kind 
of food being fried also affects oil color during frying. 
Some browning products formed from the interaction of 
food components, ~g., MaiUard reaction products, affect 
oil color during frying. As a result, the measurement of 
oil color cannot be used to monitor oil quality due to the 
possibility of interference of food components with oil dtm 
ing frying. 

Although AV is a simple method for oil quality assess- 
ment, the correlation coefficients were in the range of 
0.859-0.939 between AV and the other analytical methods 
(except Fritest; r = 0.968}, which indicates that  AV does 
not reflect oil quality as well as COV, DC, Fritest, TP or 
polymer content. These results suggest that  COV, DC, 
Fritest, TP compounds and polymer contents are good 

JAOCS, Vol. 71, no. 8 (August 1994) 



900 

Y-H. CHU AND S. LUO 

TABLE 2 

Correlation Coefficients Between the Results of Analytical Methods for Soybean Oil Quality 
During Four Days of Frying (n = 90) 

AV COV DC Fritest C o l o r ( R )  p-AnV TP Polymer 

AV 1.000 0.934 0.929 0.968 0.900 0.859 0.918 0.939 
COV 1.000 0.982 0.968 0.880 0.964 0.970 0.991 
DC 1.000 0.969 0.905 0.951 0.990 0.991 
Fritest 1.000 0.902 0.899 0.947 0.970 
Color(R) 1.000 0.803 0.903 0.889 
p-AnY 1.000 0.938 0.971 
TP 1.000 0.980 
Polymer 1.000 

aAbbreviations as in Table 1. 

ind ica tors  for oil q u a l i t y  a s s e s s m e n t  while AV, AnV a nd  
color ana lyses  require  o ther  aux i l i a ry  t e s t s  for a s sess ing  
f ry ing  oil de ter iora t ion.  

ACKNOWLEDGMENTS 
Research supported by Ministry of Economic Affairs, Taiwan, 
Republic of China (project na  FIRDI-072-P404). C.R. Lin and C.B. 
Yang gave frying process assistance, and C.C. Chert provided 
statistical assistance. 

REFERENCES 
1. Wu, P.F., and W:W. Nawar, J. Am. OilChern. Soc. 63:1017 (1986). 
2. Clark, W.L., and G.W. Serbia, Food Tech. 45.'84 (1991). 
3. White, P.J., Ibid, 45:75 (1991). 
4. Croon, L.B., T.L. AstriRogstad and T. Kiutam~ Fette Seifen 

Anstrichm. 88:87 (1986). 

5. Gere" A., Ibid~ 85:18 (1983). 
6. Chu, Y.H., J. Am. Oil Chem. Soa 68:379 (1991). 
7. Firestone, D., R.F. Stier and M.M. Blumenthal, Food Tech. 45:90 

(1991). 
8. Berger, K.G., and T.Y. Kun, Food Processing 49:43 (1988). 
9. Stevenson, S.G., M. Vaisey-Genser and N.A.M. Eskin, J. Am. Oil 

Chem. Soa 61:1102 (1984). 
10. Official Methods and Recommended Practices of the American 

Oil Chemists' Societ~ 4th ed~, edited by David Firsstone, AOCS 
Press, Champaign, 1993. 

11. Bhalerac~ V.R., J.G. Endres and EA. Kummerow, J. Am. Oil Chern~ 
Soa 38:689 (1961). 

12. Paquot, C., and A. Hautfenne, in Standard Methods for the 
Analysis of Oils, Fats and Derivatives, BlackweU Scientific 
Publications, Oxford, London and Edinburgh, 1987, p. 210. 

13. Grazian~ V.J., Food Techn. 33:50 (1979). 
14. S A S  User's Guide, SAS Institute~ Cary, North Carolina, 1985. 

[Received October 18, 1993; accepted May 9, 1994] 

JAOCS, VoI. 71, no. 8 (August 1994) 


