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ABSTRACT

Deep-fat fried foods have exquisite taste, good flavour, excellent mouthful,
and a characteristic texture. The primary functicn of oils during frying is to serve as a
heat-transfer medium. Chemical and physical changes took place during frying -
leading fo the odorous, flavours, and textures associated with fried foods. A myriad of
less desirable products also are formed, which in turn affect heat ~transfer efficiency
and also the nutritional value of the incorporated oil, The objective of this work was to
obtain a better understanding of using rice hulis (RHB) and rice straw (RSB) (10 % of
oil weighty with citric acid (CA) (0.5 % wiw), carboxy methyl celfulose (CMC) (10 %
wiw} and silica gel (SG) (10 % w/w), as inexpensive by-products as adsorbents for the -
heated oil used during deep-fat frying of potato chips at 180°C for 36h continousely.
The degradation products that formed due to the heat treatments were investigated .
using the GC/MS. The degradative products included short chain free fatty acids, butyl
esters, oxygenated compounds and hydroxylated products suggesting that the main
mechanism involved was the thermooxidation mechanism. The concentrations of
these products, however, were not quantitatively determined. The RHB and RSB were -
found to be more effective during the first 24h of heating and their effectiveness were
reduced during the following heating hours up to 36h. :

INTRODUCTION

Deep fat frying has by far received the most attention relative to. -
changes in oils and fats during product use. Two important stimuli, which
should receive considerable efforts, are: (1) safety / nutritive value *the
possible formation of toxic or deleterious materials as a consequence of the
exposure to heat and oxygen), and (2) changesinthe frying medium that
influence the sensory quality of the oil or fat and the food fried in it (Tyagi and
Vasishtha, 1996).

In frying process the fat serves as a heat transfer medium rather than .
an important ingredient of the fried food. However, when oil is used -
repeatedly at elevated temperature in the presence of a wide variety of
chemical reactions take place. This results in the accumulation of
decomposition products that not only affect the quality of fried foods but aiso
cause a potential hazard to human heaith and nutrition, particularly when
frying or oil is highly abused (Nawar, 1997). Barbary et al. (1999) studied the
effect of time and temperature of deep-frying on both sunflower oil and potato
chips qualities by using corncob powder as a natural adsorbent material
containing citric acid to regenerate the oil used for deep-frying as a trial to
extend the life of oil and produce high quality fried foods.
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The previous investigation deait with the effect of using some rice by-
products on the physicochemical properties of heated sunflower oil during
deep fat frying of potato chips at 1800C for 36 h (Barbary et al., 2003). The
present study was carried out to investigate the products formed during deep-
fat frying using sunflower oil as frying medium using GC/MS, and effects of
rice hulls and rice straw as natural adsorbents on the chemical composition of
heated oil.

MATERIALS AND METHODS

Materials:

Oils: Refined sunflower oil (a total of 30 L) was obtained from
Alexandria QOils and Soap Company. Alexandria, Egypt
Potatoes: Potatoes (Solanum tuberosum) (50 kg) were purchased from a
local market, Alexandria, Egypt.

Methods:

Experimental procedures and frying performance were previously
described as reported by (Barbary et al, 1999) using the deep-fat
fryers(Moulinex, France). Samples of potato chips (200 g) were fried at 180 C
for 10 min every an hour to 36 h.RHB or RSB as filtering powders {10% of oil
weight) was added to the whole cil at 180 C for 5 min after (8, 16,24 ,32 and
36 h of heating), then filterd with Wattman paper No (1) under pressure. Oil
sampies {50g) were collected every 8 hours before and after adding the RHB
or RSB . '

Identification of FAME’s using GC/MS

FAME's of unheated, heated and filtered sunflower oil and their
products that produced during deep fat frying of potato chips at 1800C for
36h were investigated and identified using gas chromatography/mass
spectrometry. (GC/MS) (Finnigan mat SSQ 7000, thermos instruments
systems Inc, USA). The chromatographic conditions were as foliow: H/P
5840 instrument with capillary column. (SGE BP-1, 75 m-x 0.25 lid). Helium
was-used as a carrier- gas at flow rate 37.9 cm/sec at 0.45 kg /cm was.
Injector temperature was 375°C; column temperature, was 240°C with
holding time for two min. The ramp rate was 7.5°C/min to 200°C. The mass
spectroscopic conditions were: ion source temperature, 200°C, ion source
pressure 0.5 to 0.8 tore, ion source voltage greater than 15 eV, electron
muitiplier, 2400 to 3000 volts, scanning 80 to 800 AMU in 3.6 seconds.

RESULTS AND DISCUSSION

Fatty acid composition of unheated sunflower oil

, Fatty acid composition of unheated sunflower oil was identified using
GC/MS as shown in Table (1). Data revealed that the fatty acid composition
of oil is a typical pattern of sunfiower oil and consisted of 14.0; 15:0; 16:1;
16:0; 17:0; 18:2; 18:1; 18:0 and 20:0. The GC/MS detected the presence of
odd numbered fatty acids which have not been reported before in sunflower
oil. '
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Table {1): GC/MS of FAME's, of unheated sunflower.

{dentified FAME’s Molecular Weight
Methyl Tetradecanoate {(C14:0) 242
Methyt Pentadecanoate (C15:0) 256
Methyl Hexadecenoate (C16:1) 268
Methyl Hexadecanoate (C16:0) 270
Methyl Heptadecanoate (C17:0) 284
Methyl Octadecadienoate {C18:2) 294
Methyl Octadecenoate (C18:1) 296
Methyl Octadecanoate (C18:0) 298
Methyi Eicosanoate (C20:0) 2 326

FAM's of heated sunflower ou :

FAME's and other products that formed from the sunflower oil durmg
deep-fat frying of potato chips at 180°C for 36 h were identified using the GC/
MS and are shown in Table (2). Methyl octanoic acid methy! ester (C8:0) was
not identified in the unheated oiland is considered as a product of thermal
decomposition of the oil during heating. The formation of this fatty acid may
be due to secondary processes, i.e.shortening of the original hydrocarbon
chain followed by scission of the alkyl oxygen bond (or vice versa) or
shortening of the alkyl chain in the original free fatty acids (lincieate) as

follows: -
R -CH-HC=CH-CH - (CH2i6 - COOMe

K i
CH-HC = CH - CH - (CH2e-COOMe

1
HO=CH - CH - CHz - {CH2)p - COOMe
+(}
oo ]

R-CIH 4 CH2 _(CH-COOMe
[ o
: +H

o '
CH3 L CHAOO0Me

MW =158 .
Methyi octanoaie

The 9-o0x0 octanoate is formed as a secondary praduct of oxidation of
oil during heating as follows:

- CH3 - HC = CH - CH2 - (CH2)6 - COOMe
G
-CH-CH=CH-CHy - {CH 2)§ - COOMe

.
CH - CH2 - {CH2)g - COOMe
. -0
R -+ CH - CH2 . {CH2)6-COOMe
P

MW = 186
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The 10, 11-undecenoate is believed to be formed from thermal

degradation of linoleic acid and the possible mechanism for its formation can

be explained as follows: i 0

9
R -CHy-HC = CH-(CH2)7 - COOMe
H

! 10 ]
R-Cli=CH- HC“- CH = CH - {Clh)7 - COOMe
+{
Hg {CH=CH-(CH27 - COOMe
 J
+H

Hac = CH. (CH2)7-COOMe

The 12-hydroxy dodecenoate in another product of oxidation of the
linoleate by the scission at 10-OQH Iigolelgte :

CH3-CH2-CH2- CH3z - CH2 - CH = CH - ~nmn CH - COOMe

CH-CH=CH

12
(l','ll—— 12 - OOH (hydrope roxide)

12 1 10 9
fH-CHz-CH-CH-(CH 2)7 - COOMe

OH

12 - hydroxy dodecenoate
The 3-hydroxy octyl or 7-hydroxy octyl propanoate are:

CH;-(CH;)-ICH .(CH;))-O-C-CH;-CH;
4

OH
3 - hydroxy octyl propanoate

CH3 - CH -(CH2)6-0-C-CH2-CH3
OH
7 - hydroxy octyl propanoate

Thought to be formed from linoleic acid and the possible mechanism
for the formation of these products can be explained by H-abstraction from
C11 and rearrangement on C9 or C12, which then reacts with oxygen to form
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uitimately the alkoxy radical, which in aurn is converted into a product via 11-
atom addition. These products have been formed in autoxidized linoleate
{Nawar, 1986).

The 13-oxo-dedecenoate is also a product formed during thermai
degradation of the oil as a secondary product. The possible mechanism for
the formation of 11-oxo-buty! undecanoate is from the degradation of
trigiyceride (TG) to form this product.

O

)
1}

CH-0-L-CH2-CHA.R fcu-o C-R

0

1
CH-0-C-X e CH-0-LX

! 1!
CH2-0-C-Y oty
CHO
I (“) L
CH-0-C-X. + C«{CH2n-R
| Q 0 |-
CH2-0-C-Y HC - (CHa)i - R

The 9-hydroxy undecenoate n-butyl propanoate and 9, or 10-keto
dodecenoate n-butyl propancate are alsc thought to be formed from
decomposition of TG as esters as follows:

0 o
1l
CH2-0-C-CH2-CH2.R  CH2-0-C-CHp.CH2.R
0

8]
Il Y i
CHz-0-C-X CH-0-C-X
i 9
CH2'O'C'Y CHZ"O'C'Y
ngz (“) 9 v[
C-0-C-X + O-C-CHx.CHa.R
0 .
+ alky! radical
ch-0-L.y SH’;
R<CH3-CH,
o CH3 - CH2 . CH2 ere

1]
R-0-C-CHr-CH2-R

The formation of methyl 9 or 10 keto acids involves analogous way
for the formation of 9,10 epoxy 12-octadecencate from linoleic acid. This
preduct has not been observed in heated oils before. The most probably
mechanism for formation of these products are as follows:
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CH3{CH2)4-HC=C H.CHo-HC=CH-(CH2)7-COOMe
R' HC=HC -g‘ H-(CH2)7-COOMe
R- HC—CH CH—(CH")‘I-COOMe

-:-C Ha- HC-%H-{CH")?-COOMe

CH3-(C H2)4- CH"-C (CH2)7-COOMe

Table (2): GC/MS identified products (FAMS's) of heated sunflower oil
during deep-fat frying of potato chips at 180°C for 36 h:

M.S. peak Identified FAME's Molecular
number Weight
1 Methyl octanoic acid (C8:0) 158
2 9-Oxo octanoate 186
3 10, 11-Undecenoate 198
4 12-Hydroxy dodecenoate 227
5 3 or 7-Hydroxy octyl propanoate 202
6 13-Oxo dodecenoate 226
7 11-Oxo butyl undecanoate 242
8 Metyl tetra decanoate (C14:0) 242
9 9-Hydroxy undecenoate n-butyl propancate 242
10 9 or 10-Keto dodecencate butyl propanoate 254
11 Hexadecenoate (C16:1) 268
12 Hexadecanoate (C16:0) 270
13 9 or 10-Keto pentadecanoate 270
14 12-Oxo hexadecenoate 282
15 Methyl hepatadecanoate (C17.0) 284
16 Methyl Octadecadiencate (C18:2) Isomer 294
17 Methyl Octadecadiencate (C18:2) Isomer 294
18 Methyl Octadecadienoate {C18:2) Isomer 294
19 Methyl Octadecadienoate (C18:2) Isomer 294
20 Methyl Octadecadienoate {C18:2) Isomer 284
21 Methyl Octadecandienoate (C18:2) Isomer 294
22 Methyl octadecenoate (C18:1) 296
23 Methyl octadecanoate (C18:0) 298
24 9-Keto 12, 13- octadecenoate or o
13-Keto 9, 10- cctadecenoate 310
25 9-Hydroxy 12, 13- octadecenoate or 312
13-Hydroxy 9, 10- octadecencate 312
26 9-Hydroxy octadecenoate 314
27 10-Epoxy octadecenoate 314
28 12-Epoxy octadecenoate 312
29 Methyl eicosanoate (C20:0) . 326
30 9-Hydroxy 12, 13-epoxyoctadecanoate
31 13-Hydroxy 9, 10-epoxy octadecanoate 326
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The 9- or 10-keto hexadecenoate are formed from linoleic acid, by
hydrogenation by formation of hydroperoxides on C12 or C13 to form two
isomers of methyl 12-oxo hexdecenoate. This product has been previously
reported to be formed in heated soybean oil {Meltzes et al., 1981).

Different isomers of linoleate were detected by GC/MS, however, the
position of the doubie bonds can not be located using the GC/MS under such
condition used. These isomers might be originated from the heat treatment.
Trans geometrical isomers of C 18:2 were identified as easily in several foods
(Ackman, 1974), such as vegetables oils and frying oils (Martin et al., 1898),
industrial refining of oil, by thermally induced mechanism (Wolf, 1993). Their
presence in food are of concern because they have been shown to be
desaturated and chain elongated into higher metabolites (Martin ef al., 1998).
These latter can modify physiological functions in comparison to their cis
homologues, such as platelet aggregation and eicosanoid metabolism
(Berdeaux et al., 1996). They also changes in electroretinograms of rat pups
whose mothers were fed trans n-3 fatly acid (Chardigny et al., 1996). Keto
acids such as 19, keto 9, 10 octadecenoate and 9 keto 12, 13 octadecenoate
and epoxy acids were reported on fried foods.

From the above mentioned results and products detected in
sunflower oil during fat frying of potato chips at 1800C for 36 h, it could be
concluded that these products were of decomposition products of
unsaturated fatty acids mainly linoleic acid.

Resuits also revealed that the hydroperoxides formed during deep fat
frying break down in several steps, yielding a wide variety of decomposition
products. The decomposition products can themselves undergo farther
oxidation and decomposition, thus contributing to a large and varied free
radical pool (Frankel, 1982). it should also be mentioned that hydropeoxides
begin to decompose as soon as they are formed. in the first stages of
oxidation, their rate of formation exceeds their rate of decomposmon The
reverse takes place at latter stages

Heating foods causes various chemical changes, some of which can
be important to flavors, appearance, nutritive value, and toxicity. The
chemistry of lipid oxidation at high temperatures is compiicated by the fact
that both thermolytic and oxidative reactions are simuitaneously involved.
Both saturated and unsaturated fatty acids undergo chemical decomposition
when exposed to heat. In the course of deep-fat frying, food contacts oil at
higher temperature and are partiailly exposed to air for various periods of
time. Thus, frying, more than any other standard food processor handling
method, has the greatest potential for causing chemical changes in fat and
sizeable amounts of this fat are carried with the food (5-40% fat by weight is
absorbed) {(Nawar, 1997).

Effect of RHB on the chemical composition of heated oil

Heated sunflower oil for 36 h was filtered using the RHB and the
chemical composition of the filtered oil is shown in Table (3). Results
revealed that the low molecular weight products, in the heated oil has been
totally disappeared from the fitered oil. Some of the. products with high
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molecular weights were still found in the filtered oil, however, no

quantification has been made. These results suggested that the RHB

absorbed the products with low molecular weights along with some products

with high molecular weight.

Table (3): GC/MS identification products (FAME’s) of filtered heated
sunflower oil using RHB:

M.S. peak Identified FAME's Moiecular
number Weight

1 Methy! octanoic acid (C8:0) 148

2 Metyl tetra decanoate (C14:0) 242
3 Hexadecenoate (C16:1) 268

4 Hexadecenoate (C16:0) 270
5 3 or 7-Hydroxy octyl propancate 282

6 13-Oxo dodecenoate 284

7 Methyl octadecadiencate (C18:2)  Isomer 294
8 Methyl octadecadienoate {(C18:2) isomer 294

9 Methyl octadecadienoate (C18:2) Isomer 294
10 Methyl cctadecadiencate (C18:2)  Isomer 294
1" Methy! octadecadienoate (C18:2) Isomer 294
12 Methyl octadecadiencate (C18:2) Isomer 294
13 Methyl octadecadienoate (C18:2) Isomer 294
14 -} Methyl octadecadienocate (C18:2)  Isomer 294
15 Methyl octadecadienoate (C18:2) lsomer 294
16 Methyl octadecenoate {C18:1) 296
17 Methyl octadecanoate {(C18:0) 208
18 13-Epoxy 9, 10-octadecencate 308
19 9-Epoxy 12, 13-octadecenoate 308
20 13-Hydroxy 9, 10-octadecenoate 312
21 9-Hydroxy 12, 13-octadecenoate 312
.22 8, 13-Diketo- octadecenoate 326
23 Methyl eicosanocate (C20:0) 326
24 9-Hydroxy 12, 13-epoxy octadecenoate 326

13-Hydroxy 12, 13-epoxy octadecenoate

Effect of RSB on the chemical composition of heated oil

Heated sunflower oi! for 36 h was also filtered using the RSB and the
chemical composition of the filtered oil is shown in Table (4). Results
revealed that, again, the products with low molecular weight along with some
of high molecular weights were absorbed on the RSB as they did not show up
in the identified products in the filtered oil using GC/MS. Using these two
blends (RHB) and (RSB) improved the oil quality during the first stages of
frying up to 24 h (Barbary et al, 2003), afterwards their effects became
gradually iess up to 36 h of frying. Investigation also indicated that these two
biends were capable of adsorbing considerable degradation products as
shown by GC/MS analysis. The adsorption mechanism and the sorts of
adsorbed polar material is still unknown, as a few number of studies have
dealt with this subject. Proctor ef al. (1395) suggested that alkaline metal
ions, especially K+, present inthe ash will react with the fatty acid products
forming oxylate ions. This mechanism was suggested to contribute the
adsorptive capacity of the RHB. They also showed that the adsorption mode
of oleic acid onto RHB partially occurred by surface hydrogen bonding of the
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carboxylic acid.
Table (4): GC/MS identification products (FAMS's) of filtered heated
sunflower oil using RSB.
M.S. peak Identified FAME'’s Molecular
number Weight

1 11-Oxo-butyl undecanoate 242
2 Metyl Tetra decanoate (C14:0) 242
3 Hexadecenoate (C16:0) 268
4 10 or 12-Oxo-hexadecenoate 270
5 3 or 7-Hydroxy octyl Propanoate 282
6 13-Oxo dodecenoate 284
7 Methyl octadecadienoate (C18:2) Isomer 294
8 Methyl octadecadiencate (C18:2) Isomer 294
9 Methyl octadecadiencate (C18:2) Isomer 294
10 Methyl octadecadienoate (C18:2) Isomer , 294
11 Methyl octadecenoate (C18:1} . 296
12 Methyl octadecancate (C18:0) - 208
13 9-Epoxy 12, 13-octadecenoate _ 308
14 12-Epoxy 8, 10-octadecencate

9-Oxo 12,-13-ocladecenoate 310
15. 9, 13- Diketo-octadecenoate : 324
16 Methyl eicosanoate (C20:0) 326
17 9-Hydroxy 12, 13-epoxy octadecenoate : 326

13-Hydroxy 9, 10-epoxy octadecencate

The organic chemical analysis of the RHB and RSB revealed that
silicon was the only element detected 20.55% in RHB and 13% in RSB.
Jones {1954) reported that 94.5% silicon oxide and 1.1% potassium oxide in
" raw ash, smaller amounts of the ox:des of Ca, Mg, Na and P are also
present.

Adsorption of RHB and RSB

Adsorbed oils on the RHB and RSB are shown in Figure (1) Data
revealed that the two materials showed different mode of adsorption. in case
of the RHB, it seems that, as a corn cob appearance, it adsorbed more non
polar triglycerides rather than pigments or components with higher molecular
weights. In contrast, the RSB mode a net form appearance and adsorbed
more pigments or components with high molecular weight. These resuits
confirmed the previous resuits (Barbary ef al, 2003) and results obtained
from GC/MS analysis. These results are supported by those of Barbary et al.
{2003).

The RHB removed the fragment components with low molecular
weights from the heated oil, whereas the RSB removed both the low and high
molecular weight products. However, the quality of the heated oil improved
better with RSB than that treated with the RHB. This is because the former
removed the most effective components accelerating the thermal oxidation of
the oil. The latter removed the terminal products formed during the thermal
oxidation process.
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Figure {(1): SEM micrographs of (A} RHB, (B) RSB as adsorbent material,
magnification (1) x100 and {2} x 200.
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