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ABSTRACT

Chemical studies were conducted on by-product compounds of refining
stages of corn, soybean and sunflower oils (degumming, bleaching and
deodorizer distillate). Crude lecithin was separated from the degumming by-
product compounds and its effect as an antioxidant on frying process was

investigated.

There were significant differences (P<0.01) in the unsaponifiable matter
percent among the different studied vegetable oils besides of the by-pmducrs of
the three refining stages. Phospholipids (PL) were the major components in the
studied gums. The individual phospholipids subclasses were found to be
phosphatidylserine (PS), phosphatidylinosetol (PI), phosphatidylcholine (PC) and
phosphatidylethanolamine (PE). The predominant PL-bound fatty acids were
palmitic, oleic and linoleic acids.

Frying the sunflower oil caused significant increases (P<0.01) in acid
value, peroxide value and benzidine number. On the other hand, it caused
significant decrease (P<0.01) in the percentage of total unsaturated fatty acids.
Conversely, a significant increase (P<0.01) occurred in the percentage of total
saturated fatty acids. The addition of lecithin powder which was separated from
corn, soybean and sunflower gums caused a pronounced increase in the induction
period of sunflower oil.

INTRODUCTION

The technological processes of fat and oil manufactures result in
accumulation of large quantities of by-products. Proper utilization of these by-
products might reduce wasie disposal problems and provide a new potential
source for improving oil properties. Crude oils are subjected to a number of
commercial refining processes, both physical and chemical (namely degumming,,
neutralization, bleaching and deodoriztion), to remove substances that may cause
undesirable flavor, color and odor (Nawar, 1985). For example, degumming
remove phospholipids and mucilaginous; alkaline refining removes free fatty
acids, phospholipids, metals and chlorophyll. The process of bleaching reduces
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chlorophyll, carotenoids, and residual fatty acids. Deodorization removes volatile
compounds, free fatty acids and tocopherol (Jung er al, 1989). Thus, the by-
products of these stages of industrial processing ie gum, soapstock and
deodorizer distillate are rich in phospholipids, sterols and tocopherols.

Hollo et al. (1993) determincd the components of sunflower commercial
lecithin. The distribution of phosphatides were phosphatidyl-choline 41%,
phosphatidylethanolamine 17%, phosphatidylinositol 23% and phosphatidic acid
3%. The main fatty acid in phospholipids was linoleic 66.9%. The other fatty
acids were palmitic 16.9%, stearic 5.4% and oleic acid 8.6%. Ghyczy (1995)
reported that, the three basic constituent groups of lecithin are phospholipids
57%, oil or triglycerides 33% and secondary lipids 10%. Van Nieuwenhuyzen
(1999) reported that the crude lecithin derived from soybean oil contained a
mixture of vartious phospholipids 55% carbohydrates 10% and triglycerides oil
35%. However, Vandana ef al. (2001) reported that, soybean lecithin is a complex
consists of phospholipids, triglycerids and minor amounts of other constituents

like phytoglycolipids, phytosterols, tocopherols and fatty acids.

Antioxidants play an important role in manufacture, package and storage
of fats and fatty foods (Shabana er al., 1991; Shimada ez al., 1992 and Yen and
Duh 1993). However, the most widely used antioxidants i.e. butylated
hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) are suspected to
cause liver damge (Abd El-Rahman and El-Deeb 1999). Hildebrand (1984),
Ishkawa et al. (1984), Hayase et al. (1989) and Hui (1997) reported that, the
addition of phosphatidylethanolamine, phosphatidylcholine, phosphatidyliuosital
and tocopherol increased oil stability. Antioxidants have been detected in a
number of food and agricultural products, including cereal grains, vegetables,
fnuts and oil seeds (Yu et al., 2002 b) . Antioxidants are well recognized for their
potential health promotion and prevention of aging - related diseases, including
cancer and heart disease (Yu ef al., 2002 a),

The current investigation was conducted to illustrate the main
differences that might be found among the refining by-product compounds of
three different oils namely corn, soybcan and sunflower oils. Moreover, the effect
of frying sunflower oil and its chemical characteristies and its fatty acids
composition was investigated. Effect of crude lecithin additive as a natural
antioxidant during the frying process was also tried.

MATERIALS AND METHODS

il by-product samples used in this work were obtained directly from
refineries specialized in production of the oil. Sunflower gum, bleaching by-
product and deodorizer distitlate of sunflower oil were obtained from Misr Gulf
Oil Company, Attakah-Suez. Corn gum, bleaching by-product and dodrizer
distillate of corn oil were obtained from Savola Sime Egypt Company 10™ of
Ramadan, Soy gum, bleaching by-product and deodorizer distillate of soybean
were obtained from Tanta Oil Soap Company, Banha. Authentic fatty acids, and
phospholipids were obtained from Sigma Chemical Company (USA).
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Moisture contemt, acid value, peroxide value. iodine value and
unsaponifiable matter were determined according to A.O.A.C. (1990). The
benzidine number was determined according to Scharmulter (1969}). Commercial
phospholipids were obtained according to the method of Popov ef al. (1971). The
amount of phospholipids and their fractions were determined according to Kates
{1972). The fatty acids methyl esters obtained from different samples were
anzlyzed using a Pye Unicum Series 304 Gas Chromatograph, with flame
ionization detector.

All results were expressed as mean values. Analysis of variance for the
recorded data was performed according to the method described by Gomez and
Gomez (1984).

RESULTS AND DISCUSSION

The chemical composition of com, soybean and sunflower oils
degumming, bleaching and deodorizer distillate by-products are given in Table
(1). The moisture content is usually determined for commercial considerations,
because high content of moisture affects the induction penod. Quantity of
unsaponifiable matter of fats and oils is one of the most important analytical
determinations in lipid chemistry (Schwartz. 1988). The abovementioned results
indicate that, gum by-product can be considered as a rich source for
phospholipids. Soybean gum had significantly higher (P <0.01 ) phospholipids
percentage (65.00%) than corn and sunflower gums. On the other hand, bleaching
and deodorizer distillate were considered as rich sources for both neutral lipids
and free fatty acids. These results are within the ranges obtained by Woerfel
(1981) and Suresh and Alan (1993). i

The compositions of corn, soybean and sunflower phospholipids are
shown in Table (2) The phospholipids were separated into four fractions. ie.
phosphatidylserine (PS), phosphatidylinosetol (PE), phosphatidylcholine (PC) and
phosphatidylethanolamine (PE). Phospholipids of sunflower were found to
contain a significant higher (P <0.01) percentage of PS and PI followed by
soybean and corn. Corn phospholipids was found to contain a significant (P
<0.01} higher percentage of PC when compared with soybean and sunflower. On
the other hand, corn phospholipids contain the lowest percentage of PE when
compared with the other two by-products under investigation. These results are in
agreement with those of Carelli ef a/. (1997) and Ramadan and Morsel (2003).

The fatty acids contents in corn, soybean and sunflower phospholipids
are shown in Table (3). Soybean phospholipids contain the highest level of
saturated faity acids as compared with the other two by-products. Among the
saturated ones, palmitic acid constituent showed the highest percentage followed
by steanc acid. On the other hand. sunflower phospholipids contain the highest
level of unsaturated fatty acids as compared with the other two by-products under
investigation. The unsaturated fatty acids were dominated by linoleic acid which
was the major one followed by oleic acid. These results are in agreement with
those of Vijayalakshmi and Roa (1972)



Table (1) Chemical composition of degumming, bleaching and deodorizer distillate by-products of corm, soybea.n and

sunﬂower oils.

Components %

Degumming by-product '

Bleaching by-

Deodorizer dxsnihte

Corn

Soybean

Sunflower

Corn

Soybean

Corn

Soybean

Sunflower

Moisture

0.90
+0.03

1.34
+0.05

1.22
0.04

1.45
+0.05

1.05
+0.04

1.79
+0.03

2.14
+0.04

221
+0.08

Unsap. matter

1.20
+0.04

1.22
+0.03

0.82
+0.02

4.61
+0.06

2.97
+6.02

22.08
+1.04

16.86
+0.81

20.07
+0.92

Free fatty acids {as
i oleic acid}

18.20
+1.01

21.00
+1.04

20.50
+1.06

24.50
+1.11

12
+1.12

29.9
+2.01

29.00
+1.98

26.72
+1.15

I Neutral iipids

42.00

+2.13

11.44
+1.15

30.80
+2.08

| 69.50

+2.98

75.12
+2.60

46.22

+2.11

52.00
+3.17

51.00
+1.18

| Total phospholipids

3170

+1.98

65.00
3316

Fach valuc is a mean of three r!plicnlesSD.

46.66
+1.56

9L91
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Table (2): Phospholipids composition of native lecithin powder obtained
_from degumming by-products.

Native lecithin gowder %

Phosphohplds

Corn Soybean Sunflower
15, 28.27 3235
PS@1002) | 173 |- +198 +1.48
. ‘1 1359 17.16 22.56
Pi(1000) | . 3g +112 +152
4221 20.24 15.54
PC (2/1009) +2.24 +1.64 +1.74
28.833 33,99 29.41
PE (¢/100) +1.51 +1.98
" Each value is a mean of three rephcates+SD o
PS = Phosphatidylserine Pl= Phosphaudylmosctol
PC = Phosphatidylcholine PE = Phosphatidylcthanolamine

Table (3): Fatty acids composition of phospholipids in degumming by-

Relative content (%)
Sovbean Sunflower
44.50 14.58
+2.05 +1.18

C . 0.66 . 064
161 +0. 1'_0.01 . i{)oz
s . 10.13 635
18:0 . +054 | 4025
C ) 23.90 3714
181 +1.13 +198 . +1.44
Cor : 20.00 3971 .
18:2 +2, +1.15 +1.58
C . 0.38 0.67
18:3 +0. +0.02 +0.07
Cizo ; -
0.32
+).01
54.63
=+ +2.59
Total . 45.26
unsaturated +3. +3.16

Each value is a mean of three replicates+SD.

Fatty acids

. Clﬁ:o

CZI:I

Total saturated

The classical antioxidant butylated hydrpfcy! toluene (BHT) and native
lecithin powder produced from corn, soybean _and sunflower gums by-product
were separalely added to the refined sunﬂovggr oil in order 1o evaluate their effect

7

r
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as antioxidants on the rate of oil autoxidation and deterioration during deep fat
frying at 180+10°C. The obtained results (Table, 4) show a significant ((P <0.01)
gradual increase in acid value with heating time. The increase in the acid value of
oil may be attributed to slight random hydrolysis of triglycerides that resuits in
frec fatly acids and diacylglycerides (Yoshida et af., 1992). The increase may be
also due to the formation of acidic compounds and free fatty acids as a result of
secondary products cleavage formed during oxidation and frying (El-Said, 1993).

It is clear that (Table 4) the iodine value rapidly and significantly ((P
<().01) decreased in sunflower oil with heating time. However. the iodine value of
the sunflower oil that received corn, soybean, sunflower native lecithin powder or
butylated hydroxytoluene (BHT) decreased slowely. Such slow decreasc in the
iodine values was coincident with the rapid increase in benzdine number. The
decrease occurred in iodine value due to heating may be attributed to the decrease
in the relative percentage of total unsaturated faity acids due to oxidation
(Yoshida er al. 1950).

The results in Table (4) show thal, the peroxide value in sunflower oil
that received the corn, soybean, sunflower lecithin powder or BHT gradually and
significantly increased during frying for 24 hr, then, gradually and significantly
decreased after 32 hr of heating due to the breakdown of peroxides to secondary
oxidized products. The increase in peroxide value may be attributed to the
oxidation of unsaturated fatty acids due to heating of the oil (Yoshida er a/. 1990).
It could be noticed that the addition of native lecithin powder produced from
com, soybean or sunflower gums caused a pronounced prolongation in the
induction period of sunflower oil.

The changes in faity acids content during heating at 180+10°C of
sunflower oil without or with addition of native lecithine powder are shown in
Table (5). Generally, a significant decrease (P < 0.01) was observed in percentage
of total unsaturated fatty acids. Also, a significant decrease (P < 0.01) was
detected in linoleic and linolenic acids due to heating. Conversely, a significant
increase (P < 0.01) occurred in peroentage of total saturated fatty acids e.g.
palmitic and stearic acids after heating periods. These results are in good
agreement with those reported by Yoshida and Takagi (1997), who stated that
heating affected the composition and positional distribution of fatty acids. Also,
oxidation caused a decrease in the percentage of total unsaturated fatty acids afier
h&tmg (YOShida et al. l990) Changes in the ratio (C]a_z +C13;3/C;5—0) i.e. linoleic
% + linolenic % / palmitic acids may provide a reliable measure for oil
deterioration. This ratio in fresh sunflowes oil was 9.3 5, decreased rapidly 10 5.34
afier 16 hr of heating. Application of native lecithin powder of com. soybean
sunflower or BHT maintained the C,g:+Cig3/ C 60 ratio at higher values at 2ll the
heating times as comared with the control treatment. This means that these
additives elongated the induction period of the sunflower oil.
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Table (4); Effect of lecithin powder on chemical characteristics of heated

sunflower pil.
Time of heating Acid value Todine Peroxide | Benzidine
{hr) value value Number
Sunflower oil (control)
Zero time 0.14 £0.01 13443 £0.32 | 0.491001 92.2440.12
8 hrs 0.3740.01 123.6240.96 174740.22 | 156.73£1.35
16 hrs 1.09 £002 120314106 | 33.8740.30 | 187.2740.21
24 brs 1.06:0.01 78.9140,70 58931041 | 268.3540.66
32 bry 193+0.11 75.80+1.48 27041012 | 343.6940.55
40 brs 2134008 64.2112.00 17.9040.22 [ 631.17+1.01
48 hrs 2481001 51.7240.49 8.234).95 649.4111 49
Sunflower oil + 0.05% corm native lecithin powder
8 hrs 0.2940.01 126.26+1.05 15474046 | 140.8910.77
16 hrs 0.76 +0.06 123214101 24441033 | 164.1611.07
24 hrs 1.1740.04 115304006 | 484914024 | 18470423
32 hrs 1524009 98.36+0.45 36.2240.99 1§ 289.2640.25
40 hrs 2.760.22 74.23£1.97 20494160 | 525.35+1.55
48 hrs 2.54 £0.04 62.2240.99 15.4240.16 | 529.15%1.43
Sunflower oil + 0.05% soybean native lecithin powder
8 hrs 0.5040.03 122171099 10.09140.12 | 146.3311 88
16 hrs 082 £0.01 119.2241.04 30.6340.35 | 198.1310.21
24 hrs 1.1640.31 107.70£1.55 | 42.1310.14 | 215.4240.32
32 hrs 1.254£0.02 86.99H).72 41961070 | 288.2540.91
40 hry 1.77100 55.21140.32 37084026 | 511.73+1.24
48 hrs 262004 52.1740.01 19.1740.25 | 589.1242 11
Sunflower oil + 0.05% sunflower native lecithin powder
8 hrs 0.4310.01 1272641 94 104940.19 | 153.3242 88
16 hrs 0.78 £ 0.02 114474224 31114018 | 180.6640.94
24 hrs 0.9010.02 98.14£1.03 33884002 | 212143277
32 hrs 1314005 72.2440.96 15734059 | 313.8411.83
40 hrs 1.75:0.04 62.194001 14111018 | 525954372
48 hrs 2421003 47.5610.35 12.2340.11 | 660.7240.38
Sunflower oil + 0.05% BHT
8 hrs 0.4240.02 129.02+).80 12294005 | 112.8941.67
16 hrs 0.74£002 127034075 | 23.8010.18 [ 120.4611.54
24 hrs 0.9110.04 93.78+1.56 50664002 | 216.36+1.34
32 brs 1.20 £0.06 9021 £1.13 46.2940.32 1233871075
40 hrs 1.6710.05 75.01+2.20 35.0840.19 | 328.2516.09
48 hrs 2421003 65.74 +2.46 15.0110.40 | 481.7945.17
LS.D (.05 0.07 199 240 289
T 1 0.1 0.10 268 3.23 3.90

Each value is a mean of three replicates+SD.
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"Fable (5); Effect of lecithin powder on fatty acids compasition of hieated

~ Time of
[ heating (hir)

Fatty acids o

Ca | Cu [ Cun | Cror | Cina ] G| Cua [ Cona | 15 [0 |

Sunflower oif (control)

022 [ 048 | ad0 AV [ M3 ] 4747 [ 12 [ e 'T»T{.TT’ A
Zero - AS I W
E .01 | 0.0 £0.15 .09 |+ L 2076 L s SH L 4026 | 147 -
. 028 § 0.45 | Y86 | 231 | L8R | 3035 | 43.08 | vob | 1447 | %534 a
16 544024
+0.02 | +0.02 ] 4058 | #0105 | +0.04 | +0.05 [ +0.T8 | +0.28 [ 4066 [ +1.86 =
086 | 078 | 13.36 | 342 | 641 | 33A1 | 3655 ] 433 ) 214l [ 770l
a2 Aunr e
+0.03 | 2003 | 4078 | 4009 | 4003 | w09k | 2098 | 2041 | 2007 | s250 -
— 201 | 251 {1638 682 | 1%.26 { 31.07 2962 | 033
48 - ; [RUTAREY
2003 | 40.09 | +0.98 #0102 | 2056 | +0.71 RER IS =
Sunflower oil + 0.05% comm native lecithin powder
0.34 070 7.37 0.4 LA RITE A} J0. 146 L1 12.37 W1 4 -
16 ] F.6240.2]
4002 | +0.02 | -+04R | +0.001 | £0.26 [ +09R | +0.A2 | 1038 | 2078 | 2190 -
004 | 063 122 | B0l { Nds | N76 | ALA8 F w2l dtead w0 T
32 . - ERIRAINL
2001 | £0.03 | +0.36 | +002 | 2005 | +077 1 2024 | 2070 | a0ss | 420 -
0.5 | OR3 | 14.12 | 4.07 | 707 | 32A0 | 3541 | 541 | 2253 | 77.80
an A 201+8 10
+0.01 | 2001 | 2057t a032 | v0a7 | soer | 2061 | soas | suen | 2152 =
Sunflower oil + 0.05% soybean native lecithin powder
T026 | 052 1 755 ] 066 | 430 | Mua [ 4435 [ 1102 ] 1263 | 572}
16 i 7.37400y
00 | £0.02 | 4009 | 4000 [ 2000 | 4071 | UKZ [ 2040 [ 2000 | 1205 -
051 | 061 | 1098 T D34 | 448 | 3103 | 39481 993 | 17.5K | nifo | -
32 : : dh240 47
+0.02 | +0.02 | 4068 | +0.14 | 2022 [ +085 | 40 | 4002 1 s0.04 | 4202 -
062 F A4 | 132t | 383§ 6.26 | XRS5 | 342 | 499 | 2091 | To0?
. 48 : . ENETT]
« . +0,02 1 +0.04-] 4045 1 4020 | #0016 | 096 | 2097 | 2004 ] 4070 | 423K B
Sunflower oil + 0.05% sunlower native lecithin powder
T 0.23 | 033 | 7RG | %50 | 377 | vl | 4582 [ 1023 | 1209 | w746 Aremin
£0.01 | +0.00 | 40.52 [-+0.05 | 40.27 | 2008 | 2079 | 2007 | vt [ oavae e
12 a3 | 076 ] 1256 ] 230 | 259 | 2518 | 40.18 | 1038 | 17.34 | S1.84 a0l
. . | LA LI P
4002 | 4001 | 4044 | +0.14 | 4005 | 2060 [ 4075 F soin § s0nz | 217y, =
43 G40 | ORT | 1543 | 3.67- | 632 | 30.35 | M1t | 684 | 2002 | 7696 I
’ 007 | 20091 | 2026 | 3017 | 2008 | 2098 | 4070 [ 4026 [ 4030 [ 4211 e
Sunflower oil + 0.05% BUT
16 043 | 036 | 810 | U56 | 340 | 3083 | 46.08 | 10.15 | 12.29 | N7.5% sty
+0.02 | 001 | 2008 | 4005 | 016 | 2091 | #0068 | +0.21 { 2037 | 11841 ot
12 050 | 04S | 11.01 | 232 | 472 | 3174 | 4012 | 908 | 16.0% | #3326 PN
+002 | +0.02 | +0.28 | +0.03 | 40,12 | 2070 | £0.54 | 40002 | 2044 | 20140 o
4% 072 {Tosy [ 1250 [ 370 [ 633 [ 332 | 3702 ] 556 | 204l | 7950 e
) 40.03 | +0.02 [ +0.58 [ +0.10 [ +0.25 | +0.48 } +0.65 | +0.18 | s088 | +1.4) LAt
005 | on1 | ooz | 089 | 021 | 036 | 123 [ 127 | vse | 128 | a8 0.2t
LS.
001 | 002 | 003 | 120 | 028 | o4y ] 165 [ 170 | 067 | e | 423
I

Lach value is n mean of three replicates£S0).
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