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ABSTRACT

Repeated use of frying oil is a common practicendonesia. Quality of oil easily changes duringeafed frying.

In this research, four types of oil obtained logalpalm, coconut, soybean, and corn oil) were ugea repeated
frying model using tempeh as food model. The répetivas done until 15 batches at 18(€5with 5 minutes
frying time in each batch and 10 minutes intermitttme between each batch. Gas Chromatographyyaisal
showed decrease in total fatty acid in all oilsytgaularly in those abundant in poly-unsaturatedtyaacid, while

there was no significant increase in trans fattyjdadhroughout the frying. There was a significaffect of oil type
and frying repetition towards the deterioration ébwf frying oil. Soybean oil and corn oil have Inéy deterioration

rate compared to palm oil and coconut oil, duehe tlifference in fatty acid composition. The detations are

also exhibited in the gradual increase of the fiatéy acids (FFA), Totox values and the increasthanformation of
secondary oxidation products (conjugated diene taiete).
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INTRODUCTION

Frying is one of the most common types of food prapon in Indonesia, because it could create ttendt flavor
and favorable golden color and crispy texture Hrfying oil as a medium for frying is often used eatedly to
overcome the cost of frying oil. This is a commaaqpice for peddlers and several snack vendorsidioriesia.
However, repeated use of frying oil tend to undamyseveral degradative chemical reactions, sudtydolysis,
oxidation and polymerization, resulting in numerdmgproducts such as free fatty acids, cyclic aimieds
compounds and volatile compounds that are eastee tbsorbed into fried foods and eventually enthuqur body
system[2][3]. Some of the new compounds formedmiyfiying have been already proven as toxic mdtef[5].
The deterioration rate of the frying oil is high&ffected by its fatty acids composition [6]. Themef in this
research, different fatty acid composition of fiyiails is used as they might affect the qualityfrging oil during
repeated frying. Several types of frying oil ar@stn to represent different fatty acid compositid@asrn oil and
soybean oil were selected as a model of cookingvittil high percentage of polyunsaturated fatty aailile palm
oil was selected as a model for cooking oil witgrhpercentage of saturated and monounsaturatgdafzitt, and
coconut oil was selected as a model for cookingviiit high percentage of saturated fatty acid [7].

As food is fried, the moisture inside of the foadldhe air of frying environment can initiate seateeactions [3].
Hydrolysis reaction will eventually release fre¢tyeacid, inducing a series of reaction, indicagdthe formation
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of rancid flavor. Tempeh, an original Indonesiamdpwas selected due to its high water content hviniight
further induce the degradation of cooking oil dgriveating [8][9].

This research is aimed to study the changes inigdlyend chemical characteristics of oil during thpeated frying
process. Chemical properties of frying oil will bgamined through several parameters such as perozidiep-

anisidine value, free fatty acid value, conjugatiéehe and triene, and their changes in fatty acichgosition.
Meanwhile physical analysis toward oil color wasoaéxamined to study the color change during repeaying.

EXPERIMENTAL SECTION

Procedure of Repeated Frying

The repeated frying procedure was based on [10JwiHification. Four types of cooking oils (cocomilt corn oil,
soybean oil and palm oil) and cooking oil froff) ", 10" and 18' cycle of frying were taken as samples for quality
analysis. As a food model, one of the most commyging foods in Indonesia (tempeh) was used. Frestpeh was
bought on the same day of frying and cut with tireeshsion of 3 cm x 8 cm x 5 mm. Electronic deepffgér
(Restomart 2890) with a capacity of 4 L is use@shkroil was loaded into the fryer and heated to1BOC before
frying. Each batch of tempeh was fried for 5 minm&dium load 1:20 (kg/L) ratio of food to oil wagpdied. There
were a total of 15 batches for frying with intenmiit time between each batch was 10 minutes. Tiser®
replenishment of fresh oil during the 15 batchémréfore the amount of tempeh added for each batsh
determined first by measuring the amount of oil &fer each frying batch

Peroxide Value Analysis (IUPAC no. 2501) [11]

Peroxide value was determined using a redox titrimeeaction. About 5 grams of oil samples wereaediwith 30
ml solvent (acetic acid: chloroform =3:2). Aboub Onl of saturated potassium iodide (KI) solutionsvedso added
and the mixture was shaken for 1 minute. After hute, 30 ml of distilled water was added. The migtwas then
titrated using 0.01N N&,0; solution until the color changes to light yellodbout 0.5 ml of 1% starch indicator
was added until the solution changed to blue cdliwration was continued while shaking the flasgasiously until
blue color disappeared. Titration was also perfatrite blank solution. Peroxide value can be caladay using
the formula:

(B—S)xNx 1000

Peroxide value =

w
Where:
Peroxide Value (PV) = mEq peroxide per kg of siemp
B = volume of titrant (ml) for blank
S = volume of titrant (ml) for sample
N = NaS03; molarity (mEg/ml)
1000 = conversions of unit (g/kg)

W sample weight (g)

Acid Value Analysis (ITUPAC no 2.201) [11]

Acid value represents the amount of KOH (mg) rezpito neutralize free acid in 1 g fat/oil. About @@ms of oil
samples was dissolved in 50 ml of solvent mixtud®% ethanol: diethyl ether = 1:1). About 0.2 ml of
phenolphthalein solution and the mixture was #dafwith shaking) using 0.1 N potassium hydroxidkitson in
ethanol. The titration was carried out until pirdar persisting for at least 10 seconds was forndaid value is
then calculated based on formula:

Acid value = ml KOH x N KOH x 56.1 g/sample
Conjugated diene-triene analysis
1% solution of oil samples was made and dilutedc(rcentrated when necessary) with isooctane soteerbtain

an absorbance value between 0.1 and 0.8. The avs@rtat 232 nm (for conjugated dienehydroperoxided)270
nm (for conjugated trienes) were measured with "rsplectrophotometer. Pure solvent was used asé.bla
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p-anisidine value analysis (IUPAC no. 2.504) [11]

p-anisidine value was determined using spectrophetaecnmethod. About 0.5-0.7 gram of the oil samplese
weighed into 25 ml volumetric flask and then ditit® volume with isooctane. The absorbance of dseilting
solutions was measured at 350 nm using isooctartheaseagent blank. Each 5 ml of the solution anulSof
isooctane was mixed with 1 mtanisidine solution. The absorbance of both solstian350 nm was read with the
isooctane as blank. The value can be calculatacsing the formula:

100QV
p— AV ¢

[1,2(4;,—4, — 4,)]

Where:

V= volume in which the test sample is dissolvednitiiliters (V=25 ml)

M = mass of the test portion, in grams

Q = sample content of the measured solution based/ach thep-anisidine value is expressed, in grams per
milliliter (Q 0.01 g/ml)

Ao = absorbance of the unreacted test solution

A1 = the absorbance of the reacted solution

A, = the absorbance of the blank

Totox value[12]
Totox value indicates the total oxidation of a slamysing both the peroxide apehnisidine values. Totox value can
be calculated by using the formula: TV = (2 x PWW:

Color Measurement

Chromameter (Konica Minolta) was used to measureotdr. About 20 ml of oil samples were placedlisposable
Petri plate and the chromameter lamp was projeidtie sample two times in three different spotsfoBe the
color of oil samples was measured, calibration ssovas done by using chromametric calibratiorepk&tom the
measurement displayed (L*, a*, b*Hue value and Yellowness Index (YI) were calculated

°Hue value [13] can be calculated using the formthae = <tan‘1 ab: ) 360 , while YI [14] can be calculated

—=T
2

using formula: Yl = 142.86 b*/L*

Statistical Analysis

The statistical analysis was performed using SP&Sion 16.0. The factors that were used in thisaiesh were
types of frying oil (palm oil, corn oil, soybean aind coconut oil) and frying repetition. The resuvere analyzed
using ANOVA and for the Post hoc test, Duncan et used. All results were determined at p = 0.05.

RESULTSAND DISCUSSION

During repeated frying, triglycerides in the oillWindergo a series of chemical reactions, namegigrdiysis,
oxidation, isomerization and polymerization, caubgdexposure toward high temperature and the abeorpf

oxygen and water from food. The steam releasednguiood frying will initiate the chemical reactidn oil

degradation. Water, as a weak nucleophile, wikaktthe ester linkage in triacylglycerol producicmmbination
compounds of di- and monoacylglycerols, glyceraid dree fatty acids [15], which is shown in the @G&3ults
(Table 1). There is a significant decrease inyfattid composition of all the cooking oils, withetexception of
coconut oil composition.

All cooking oils after repeated frying showed a @ese in the poly-unsaturated fatty acid conteit arslight
increase in the elaidic acid contenttrans monounsaturated fatty acidbrans fatty acid is usually formed as a
result of partial hydrogenation of vegetable oil§][ This partial hydrogenation process producasixure of
positional and geometrical isomerss(andtrans) [16]. In this research, the formation whns fatty acids was
recorded during an intense heat treatment whicladoordance with previous study. Hydrolysis mighldoa
contribute to the isomerization of the double boimdsinsaturated fatty acids in frying oils whiclsu#ing in the
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increase ofransfatty acids [17]. A small increase iransfatty acid amount was found after four hours oftimeg
although these results suggest that in those pefifgling, heat has little impact on trans fattydaincrement [16].

Table 1 Fatty acid composition of cooking oil beforeand after 15" cycle of repeated frying

Palm (%w/w) Corn (%w/w)  Soybean (%w/w) Coconut (Yow/w)

Component Before After Before After Before After Before After
Total Fatty Acid 84.15 7759 84.89 76.00 91.16 83.02 79.84 78122
Saturated Fatty Acid

- Short Chair 1.02 0.97 0.0¢ 0.0z 0.11 0.27 64.8( 63.4:%
- Long Chain 3551 33.00 1154 10.05 13.15 16.13 9.04 9.00
Unsaturated Fatty Acic

Monounsaturate 37.7C 34.8( 2291 22.8] 18.5¢ 21.1¢ 4.717 4.6¢€
- Elaidic Acid, C18:1 0.06 0.07 0.03 0.04 0.03 0.04 0.05 0.07
Polyunsaturated 9.91 8.82 50.39 43.11 49.33 45.43 1.23 1.15

- Linoleic Acid, C18:2  9.69 8.63 49.58 42.25 44.27 40.94 1.23 1.13

The formation of free fatty acid compounds uporestpd frying, were also observed in the increaarid value
level (Table 2). During repeated frying model, @asly increase of acidity was observed for all tgpeils, with
final value between 0.8 to 1.2 mg KOH/g oil. Basedstatistical analysis results, there was a digait effect of
oil type and frying repetition toward the increasecidity level of frying oil, but there was natémaction observed
between the two factors (p<0.05). The initial agidif palm and corn oil were significantly highesnapared to
soybean and coconut oil, which might be due torthgjh poly-unsaturated fatty acid content whichkegthem
prone to lipid peroxidation during refining procelds8]. Therefore the fresh palm and corn oil haheay
contained free fatty acids to certain extent.

Degree of oil rancidity was also observed in thange in peroxide value during repeated frying. Kidmis the
primary oil degradation product in which at lateage, peroxides will further broken down into vasovolatile and
non-volatile compounds (aliphatic aldehydes, kesomécohols, acids and hydrocarbons) In general]dtver the
peroxide value, the better the quality of the @]l [The results show a steady increase of peroxidiee for all oils
except corn oil. However, peroxide value canndy/ftépresent the condition of oxidized oil sincésitery unstable
at frying temperature [19]. Besides, peroxide valaereases as secondary oxidation products apfesnefore, the
degree of oil rancidity is usually also expresssidgp-anisidine and Totox value.

Table 2 Oxidation parameter of oilsduring repeated frying

Acid value (mg KOH/g sample) during Frying Repetiti

Oil Type ) 1 3 ) 5 Reaction Rate
Palm 0.42+0.36 052+0.38 0.54+0.11 1.17%0.91.06+0.10 0.049
Coconut 0.14+0.13 0.34+0.21 0.55+0.07 O0.6806 0.86+0.14 0.043
Soybean 0.16+0.13 0.26+0.13 0.54+0.04 0.086 0.92+0.14 0.051
Corn 0.38+0.23 0.52+0.14 0.77+0.10 0.8380.00.97 +0.10 0.036
Oil Type - Peromdi Value (mEq;dunng Fryln:gL;ORepetltlon = Reaction Rate
Palm 0.80 +0.22  3.87+0.71 7.69+0.93 10.62 +0.530.73+0.12 0.633
Coconut  1.24+0.13  3.24+0.23  8.37+0.76  16.68%0.420.06 +1.65 1.293
Soybean  2.18+0.42 3.19+0.21 5.45+0.23 5.75+0.88.87 +0.14 0.288
Corn 5.77+0.51 3.22+0.77 1.46+0.21 153+0.72 66%0.34 -0.213
0il Type - p—a1n|5|d|ne durlng Frying Repizgtlon = Reaction Rate
Palm 2499 +2.34 29.2+3.23 26.13+2.63 26.65+3.237.22+2.31 0.0168
Coconut 4.40£0.23 7.54+0.62 12.67+1.31 24.22+2.667.2@+2.64 1.575
Soybean 8.02+0.53  14.21+1.22 23.70+3.78 32.94+4.040.31+5.13 3.173
Corn 10.33+0.76  12.25+0.23 10.45+1.21 7.14+1.52 76H5.54 1.934
Oil Type - Tot;)x Value dur|r;g Frying Repleotltlon = Reaction Rate
Palm 26.58+3.54  34.404+5.33 41.50+5.11 47.90+5.33 .704%5.28 1.267
Coconut 6.87+1.12  14.02+1.83 29.40+3.15 57.57+7.367.3945.63 2.163
Soybean  12.38+2.17 20.59+2.23 34.90+3.22  44.44+3.8B4.06+5.69 3.746
Corn 21.80+5.02 18.70+2.23 13.36+0.23  10.19+4.44 .0B£B.32 1.565
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The Totox value indicates an oil's overall oxidatistate, because Totox value is calculated usitly peroxide
value andp-anisidine value. The lower the Totox Value, thédyethe quality of frying oil [10]p-anisidine value
measures the formation of secondary oxidative prtsdthus the addition of both peroxide gmanisidine values in
Totox Value will give more accurate descriptiorateld to the oxidative conditions of the cookingadter repeated
frying.

The increase in oxidation rate can also be observélde change of OD specific absorptivity at 23@ 270 nm,
which measures the contents of conjugated dienBs)(&nd conjugated trienes (CTs). After peroxidesfarmed,

the non-conjugated double bonds present in undatifatty acid will undergo rearrangement genegationjugated
dienes (CD), which absorb at 232 nm. When polyumagtd fatty acids containing three or more dobloleds (e.g.
linolenic acid) undergo oxidation, the conjugatiafil result in the formation of conjugated trien@ST) which

absorb at 268 nm [9]. Therefore the presence dkpaeaboth 232 nm and 268 nm will indicate that dkélation

reactions have advanced into the next stage. Frigurd-1 and Figure 2, it can be observed that ahpes
exhibited a steady increase of absorbance in 232min268 nm, indicating an increase in the fornmatb both

conjugated diene and triene during repeated fry@an and soybean oil showed a high absorptivitthe 268 nm
region, showing a high formation of conjugatedrtei@ue to their high linoleic content. On the othand, coconut
oil, which has a fairly low polyunsaturated fattyidy exhibited a very low formation of conjugatei@ne.
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Figure 1 Correlation between frying repetition and conjugated diene content
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Figure 2 Correlation between frying r epetition and conjugated triene content

Color change in frying oils after repeated fryingsaalso observed. It is because color has beenassadubjective
or objective parameter to determine the qualityuséd oil. When oils are repeatedly used for fryitigy will
change from a light yellow to a brown color. Cotidvange could indicate that oxidation, polymerizatéy other
chemical reaction have occurred as a result ohdnfil6]. In this research, yellowness index (YI) gdlm oil
steadily increased during repeated frying, mearenvtait other oils; statistically there was no sigraht increase of
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Y1 (Figure 3). All samples from series of repeafeging had °Hue value in the range from 63.07 - 88.49 (all
categorized as yellow color). Previous study staked the color of used frying oils remained constafter 3¢'
frying and then increased suddenly [16].
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Figure 3 Changein yellownessindex between frying repetition
CONCLUSION

Repeated frying until 15 batches caused changkstinacid composition. Poly-unsaturated fatty a@tUFA) (e.g.
linoleic and linolenic) drastically decrease, mehitthere is only a slight increasetmans fatty acid content. Oil
composed mainly with unsaturated fatty acid (sogbaad corn oil), have higher deterioration rate parad to
palm oil (which is composed from a balance mixtofsaturated and monounsaturated fatty acids) andmut oil
(which is mainly composed of short chain saturdggty acid). The deteriorations are also exhibitethe gradual
increase of the FFA, Totox values and the formatibesecondary oxidation products (conjugated dieme triene).
Color change in palm oil, expressed in Yellownesdek, steadily increased during repeated fryingwéier, the
color change did not occur in other cooking oils.

Acknowledgement
The authors wish to thank Universitas Pelita Handpaundation for its assistance in research funding

REFERENCES

[1] E Chloe; D Min,Journal of Food Scienc@007,72(5), 77-86.

[2] TNK Wai,International Journal Medical Universif007, 55-60.

[3] K Warner. Food Lipids, Marcel Dekker, Inc, Nefork, 2002, 205-221.

[4] JL Sebedio; A Grandgirarérogress in Lipid Researcth989, 28, 303-336.

[5] S Lépez-Varela; FJ Sanchez-Muniz; C Cudésiad Chemistry and Toxicolog}995, 33(3), 181-189.

[6] SP Kochhar. Frying: Improving Quality, WoodheRdblishing Limited, Cambridg@001, 87-114.

[7] HD Belitz; W Grosch; P Schieberle. Food Chemyist™ Edition, Springer, New York2009.

[8] A Azman; M Sahrul; S Chan; A Noorhazliza; M Khanisak; MF Nur Azlina,The Medical Journal of
Malaysia,2012, 67(1), 91-101.

[9] C Wei An; CP Chih Wei; WC Cheng; CK Hsigurnal of Food and Drug Analysig013, 21(1), 58-65.

[10]E Kalogiani; T Karapantsios; R Milldlgurnal of Food Engineerin@011, 169-179.

[L1]IUPAC. Standard methods for the analysis offails and derivatives, Pergamon Press Ltd, Oxftgéo.
[12]WT Wai; B Saad; BP Linfsood Chemistry2009, 113(1), 285-290.

[13] F Balestra; C Emiliano; P Giangaetano; R Sejtebensmittel-Wissenschaft + Technologigll, 44 (3), 700-
705.

[14]FJ Francis; FM Clydesdale. Food Colorimetryedty and Applications, Avi Publishing Company, West,
1975.

[15] W Sunisa; S Sunisa; U Worapong; J SaowalM¢kSaowakon]nternational Food Research Journ&011,
18, 615-620.

[16] W Tsuzuki; A Matsuoka; K Ushidagod Chemistry2010, 123, 976-982.

588



Yuniwaty Halim et al J. Chem. Pharm. Res., 2016, 8(3):583-589

[17]S Hara; E Ogawa; Y Totadpurnal of Oleo Scien¢@006, 55 (4), 167-172.
[18]ER Sherwinjournal of the American Oil Chemists’ Societ§78, 55(11), 809 - 814.
[19]CW FritschJournal of the American Oil Chemists’ Societ981, 58(3), 272-274.

589



