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ABSTRACT

Flaxseed cake powder (FCP) was evaluated as a natural antioxidant. Freshly pressed
flaxseed oil (either alone or with added antioxidants) was stored at room temperature (24°C) and
oven temperature (60°C) for 30 days. Antioxidant activity of FCP was compared with that of
green tea powder (GTP) as a natural antioxidant and tertiary-butythydroquinone (TBHQ) as a
synthetic one. Peroxide vaiues (PVs), anisidine values (AVs), totox values and free fatty acids
{FFA%) were determined at 5 day intervals as criteria to assess the antioxidant activity of FCP,
GTP and TBHQ. Fatty acid composition of flaxseed oil was determined at zero ime as well as
after 30 days of storage with or without added antioxidants. The results obtained for peroxide
value revealed that adding FCP (400 ppm) decreased the rate of oxidation as comparing to the
confrol sample (without antioxidants) as the initial PV was 3.2 and reached 38.00 and 24.86
meq/kg in the control sample-and in that containing 400 ppm FCP, respectively after 30 days of
storage at 24°C. With increasing FCP to 600 ppm the rate of oxidation became much lower as
indicated by PV while with adding 800 ppm FCP the rate of oxidation became the lowest
compared with GTP (800 ppm) and TBHQ (200 ppm). At 60°C the data of peroxide value clearly
confirmed the same trend cbtained at 24 °C which concluded that FCP (800 ppm) was much
effective than GTP (800 ppm) or TBHQ (200 ppm). Similar results were obtained for anisidine
value (AV) and totox value at 24 and 80°C up to 30 days of storage. Regarding the fatty acid
composition, it was dlear that The effect of different antioxidants on maintaining the unsaturation
of the ofl came in the following order: FCP (800 ppm) > TBHQ (200 ppm} > GTP (800 ppm)
which proof the above mentioned results obtained for PV and AV. it was apparent that FCP (800
ppm) exhibited a strong antioxidant activity during storage of flaaseed oil which was almost equal
to or sometimes higher than that of the synthetic antioxidant (TBHQ) (200 ppm). As FCP is a.
natural, safe, cheap and effective material, therefore, it is suggested that it can safely be used as
a natural antioxidant in vegetable oils.

INTRODUCTION

Flaxseed oil is the richest natural source of adinolenic Cigs w-3
essential fatty acid, which presents about 50 — 60% of the oil fraction. The
other essential fatty acid present in flaxseed oil is linoleic acid {Cis> W-6)
(Richard and Thompson, 1997). Owing to its high content of polyunsaturated
fatty acids (PUFAs), flakseed oil becomes susceptible to oxidative reactions,
decreasing its shelf life. It is, therefore, used only as a salad oil and not
preferred as cooking or frying oil as it is rapidly thermally degraded
(Malcolmson et al., 2001). The use of polyethyleneterephtalate packaging has
also increased in the oil industry. However this packaging does not give a total
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protection against light, oxygen and heat as the metallic packaging does
(Oliveira and Regitano, 2004).

Lipid oxidation lowers the nutritive value and deteriorates the flavour
and taste of foods (Addis and Wamer, 1991). It also causes aging, heart
diseases, stroke, emphysema, mutagenesis and carcinogensis (Barlow,
1990). Overall, it has been implicated in the pathogenesis of at least .50
diseases (Langseth, 1993 and Halliwell, 1994). 1t is necessary to suppress lipid
oxidation for maintaining the safety and effectiveness of foods. Generally, the
most common synthetic antioxidants used in the food industry are butylated
hydroxy anisole (BHA), butylated hydroxy toluene (BHT), propyl gallate (PG)
and Tertiary-butylhydroquinone (TBHQ), but their safety has been questioned
(Barlow, 1990; Tang et al, 2001). Hence, there is a need to identify new
natural antioxidants for prevention of lipid oxidation in the food industry.

According to Pokorny (1991) when compared to synthetic antioxidants,
natural antioxidants have the following advantages: they are readily acceptable
by the consumer, they are considered to be safe, and they not only stabilize
the edible oils but also add to the nutraceutical value of these oils. Recently,
natural antioxidants have become a part of the diet in human nutrition with the
aim of decreasing the risk of diseases {McCune and Johns, 2002; Higdon and
Frei, 2003). Moreover, natural antioxidanis are reporied fo be more powerful
than the synthetic ones, especially, rosemary, sage, and green tea extracts
(Tang et al., 2001; Yanishlieva and Marinova, 2001).

Green tea leaf extracts are becoming increasingly important as a
functional food because of their high polyphenol contents (Manzocco et af.,
1998). Its polyphenol contents can increase up to 36% (dry basis) due to
climate, season or variety (Wanasundara and Shabhidi, 1998). The major
polyphenolic compounds causing the antioxidative properties of green tea are
catechins. The four most abundant naturally occurring tea catechins are: (-)-
epicatechin (EC), (-)-epigallocatechin (EGC), (-)-epicatechin gallate (ECG),
and (-)-epigallocatechin gallate (EGCG). They are free radical scavengers,
metal chelators, inhibitors of transcription factors, and enzymes (Zandi and
Gondon, 1999; Higdon and Frei, 2003). Therefore green tea extracts have
been used as natural antioxidant, antibacterial, antiviral, anticarcinogenic and
antimutagenic agents (Manzocco ef al., 1998; Yang et al,, 2000; Tang et al.,
2001; Higdon and Frei, 2003). Green tea extract is the most effective and
extensively used natural antioxidant. It has been used in canola oil (Chen et
al., 1996), marine oil (Wanasundara and Shahidi, 1998), rapeseed oil (Zandi
and Gondon, 1999), sunflower oil {Ziada, 2002) and comn oil (Yanishlieva and
Marinova, 2001). Wanasundara and Shahidi (1998) reported that crude tea
catechins have been found to be more effective to reduce the lipid oxidation
than a-tocopherol or BHA.
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Lignans are phytoestrogens comprising a group of plant-derived
diphenolic compounds structurally similar to the estrogens produced in
humans (IUPAC, 1999). Bakke and Klosterman {1956) isolated SDG 1 from a
fat free extract of linseed meal with a 3% yield. SDG 1 (CaHeeO1s, MW=
686.3) was found to be very soluble in water and alcohol. They also isolated
SECO 2 (2,3-di-{methoxy-4-hydroxybenzyl} butane-1,4-diol) by acid
hydrolysis of SDG 1. SECO 2 (CxHx0s, MW= 362.3) is the major lignan
present in flaxseed, (Ford et al., 1999). it is the non-sugar portion of SDG 1.
Both SDG 1 and SECO 2 have a UV absomption maximum at 280 nm, which is
characteristic for lignans. Flaxseed also contains small amounts of the lignans
matairesinol, pinoresinol, pinoresinol diglucoside, and isolariciresinol (Whiting,
1987, Mazur ef al, 1996; Meagher et al.,, 1999; Ford et al, 2001). Among
foods, flaxseed is the richest source of lignans (7 mg/g SDG 1 or 3.7 mg /g
SECO 2). It contains 75-800 times more SDG 1 than any other food
depending on the variety, location and year (Mazur et al., 1996; Westcott and
Muir, 1996). Whole and ground flaxseed typically contain between 0.7 and
1.9% SDG 1, which is approximately 77-209 mg SDG 1/tbsp of whole seed or
56152 mg SDG 1Absp of ground flaxseed (Morris, 2004).

Lignans have been shown to exhibit significant antioxidant (Kitts ef a/.,
1999), antibacterial, antifungal and antiviral activity (Semaino and Thompson,
1991). In Chinese traditional medicine lignans are used for treatment of viral
hepatitis and protection of the liver (USDA, 1999). The flaxseed lignans
scavenge certain free radicals like the hydroxyl ion (*OH) (Parasad, 1997).
The antioxidant action of flaxseed lignans was reported to be greater than that
of vitamin E (Bhathena and Velasquez, 2002).

TBHQBasdﬁanhomdaMﬂ;atnsreadlysolubleatuselevelsmfats
and oils and in a number of food-grade solvents, but is practically insoluble in
water. It has a melting point range of 126.5 — 128.5°C. TBHQ! is especially
effective for highly unsaturated vegetable oils and many animal fats and
caries advantage over other previously approved antioxidants in its ability to
extend the storage stability of vegetable oils. TBHQ is intended to be used at a
level of up to 200 mg/kg fat or oil (WHO, 1999; Williams ef al., 1999).

The objective of this work was to study the effect of flaxseed cake
powder as an antioxidant in flaxseed oil.

MATERIALS AND METHODS

Materials: :

Fresh cold pressed flaxseed oil (Eliaza variety, 10 kg) and flaxseed
cake (2 kg) were obtained from a private commercial flaxseed press mill,
E-Mahalia El-Kobra, Gharbia Governorate, Egypt. Green tea (Camellia
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sinensis) was obtained from a local grocery. TBHQ was obtained from
Extracted oils and Derivatives Company, Alexandria, Egypt.

Green tea (rinsed with distilled water) and flaxseed cake were dried
overnight at 40 + 2°C in an air-draft drying oven (WT-binder labortechnic
GMBH). The samples were cleaned, ground, sieved through 60-mesh and
kept at -18°C until using. Flaxseed oil samples (200 g each) were placed in
500 ml! obscure glass botties.

Methods:

Flaxseed cake was characterized according to AOAC (1990) in
terms of moisture content. crude oil content, crude protein content, crude
fiber content, and ash content. Carbohydrate content was calculated by
difference.

Natural antioxidants (Flaxseed cake powder FCP and green tea
powder GTP) were individually added to the flaxseed oil samples in
concentrations of 400, 600 and 800 ppm. TBHQ was added to the flaxseed
oif samples in concentration of 200 ppm. A total of eight samples including
the control sample (without any additives) were prepared. Each sample
was divided into two parts; one was stored at room temperature (24 + 2°C)
while the other at oven temperature (60 + 2°C) up to 30 days. Samples
were taken regularly every five days for analysis.

Physicochemical characteristics of the oit were investigated in terms
of peroxide value (PV) Method (Cd 8-53), free fatty acid (FFA%) method
(Cd 3a-94) according to AOCS (1989). Anisidine value (AV) was
determined by colorimetric method as described by Egan et al,, (1981). The
total oxidation value (Totox value, TV) was calculated according to
Hamilton and Rossel (1986) using the following equation: Totox value =
2PV + AV.

Fatty acid compositions of the fresh and stored oils were
determined according to the procedure of Radwan (1978) using a gas
chromatography (Shimadzu GC-4CM-PFE) equipped with stainless steel
column packed with 3% di-ethylene glycol succinate on chromosorb W
80/100 and flame iohization detector (FID). The oven and detector
temperatures were 180°C isothermal and 270°C, respectively. N, was used
as a carrier gas at a flow rate of 20 ml/min.
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RESULTS AND DISCUSSION
Characterization of flaxseed cake:

The proximate chemical composition of flaxseed cake (Table 1) was
7.10, 6.00, 39.00, 4.80, 7.00 and 36.10% for moisture, crude oil, crude
protein, crude fiber, ash and carbohydrate contents, respectively.

Table (1). Proximate chemical composition (%) of flaxseed cake:

Moisture Crude oil Crude protein Crude fiber Ash Carbohydrate

7.10 6.00 39.00 4.80 7.00 36.10

These results are in accordance with those of Batterham et al,
(1991), Oomah and Mazza (1993) and Jenkins {1995).

Oxidative stability of flaxseed oil: »

From the fatty acid composition of flaxseed oil (Table 11) it was
observed that the oil contained high amount of unsaturated fatty acids
{more than 88%). These are more liable to epoxide formation by reaction
with oxygen in air. This was experimentally proved by the sharp increase in
peroxide values (Table 2 and 3) especially at oven temperature which
indicated that flaxseed oil has an extremely high tendency to be oxidized.
The initial PV of flaxséed oil was 3.2 meq./kg and reached to 38.00 and
112.80 meq./kg after 30 days of storage at 24 and 60°C, respectively.

Effect of adding flaxseed cake powder (FCP) on the oxidative
stability of flaxseed oil as monitored by different oxidation
criteria:

Oxidative stability of flaxseed oil with either synthetlc (TBHQ) or
natural (GTP and FCP) antioxidants was studied at different temperatures.

A. Peroxide value (PV):

Since hydroperoxides are the primary products of lipid oxidation,
measurement of peroxide value is an indicator of initial oxidation (Sherwin,
1968). Peroxide values of flaxseed oil containing antioxidants (TBHQ, GTP
or FCP) (Table 2 and 3), were lower than that of the control oil.
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Table (2). Peroxide value (meq/kg) of flaxseed oil with added powder of FCP,
GTP and TBHQ stored at room temperature (24°C) for 30 days.

Green tea powder Flaxseed cake powder

Storage o TBHQ (GTP) (FCP)
time 200 400 600 800 400 600 800
(days) ppm __ppm _ppm ppm _ ppm _ ppm  ppm

0 3.20 320 320 320 320 3.20 3.20 3.20
5 6.00 324 376 326 324 3.90 3.28 3.22
10 1200 542 750 588 384 7.80 6.10 3.64
15 16.00 7.30 1000 780 516 . 10.50 8.20 4.88
20 2100 950 “3.20 1020 '7.44 13.70 11.00 6.40
25 3000 1352 1900 1440 915 2000 1550 9.00
30 38.00 1720 2370 1886 1260 2486 1960 11.60

After 5 days of storage at room temperature (24°C), the PVs were
3.24, 3.76 and 3.90 meq./kg for flaxseed oil containing TBHQ (200 ppm),
GTP (400 ppm) and FCP (400 ppm), respectively. These values reached
17.20, 23.70 and 24.86 meq./kg after 30 days of storage. By increasing the
natural antioxidants level, the PVs tended to decrease gradually and
reached 18.86 and 19.60 meq./kg when adding 600 ppm GTP and FCP,
respectively. Increasing the level of GTP and FCP to 800 ppm decreased

the PVs to 11.60 meq./kg.

At oven temperature (60°C), there was a higher increase in PVs
than that at room temperature during storage up to 30 days. After 5 days,
the PVs reached 10.10, 7.00 and 6.80 meq./kg when adding TBHQ, GTP
(800 ppm) and FCP (800 ppm), respectively.

Table (3). Peroxide value (meq/kg) of flaxseed oil with added powder of of
FCP, GTP and TBHQ stored at oven temperature (60°C) for 30

days. ' _
H Green tea powder Flaxseed cake powder

Storage .o OHG (GTP) (FCP)
time 200 400 600 800 400 600 800
(days) ppm  ppm  ppm  ppm___ ppm__ ppm __ ppm
0 320 3.20 3.20 3.20 3.20 3.20 3.20 3.20
5 2025 10.10. 1290 - 1050 7.00 1430 1110 680
10 3326 17.00 2200 1760 1150 2340 1900 11.40
15 4338 2210 2920 2280 1620 3037 2390 1520
20 6508 3260 4368 3480 2300 4560 3590 2290
25 8532 4300 5720 4610 3264 59.80 4620  32.00
30 11280 5600 7570 6040 4215 7896  62.00 4160
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This increment in PVs continued with increasing the storage time
but with higher increment rates than that at room temperature. The PVs
reached 56.00, 40.15 and 41.60 meq./kg, respectively after 30 days of
storage at 60°C. It was clear that adding 800 ppm FCP was more effective
in reducing the peroxide values than TBHQ (200 ppm) at different
temperatures up to 30 days of storage.

B. Anisidine value (AV):

The peroxides in an oxidized oil are transitory intermediates, which
decompose readily during storage and heating into carbonyls and other
compounds. This decomposition accelerates as the temperature is raised,
and the PV of an oil may therefore be reduced or eliminated. The peroxide
decomposition products in the oil may catalyze further oxidation, or
alternatively, decompose and react further giving rise to new off-flavor
compounds. The p-anisidine values have been measured to determine the
total amounts of carbonyl compounds and aldehydes (especially 2-
alkenals) in oxidized oils. .

Since the peroxide value is nondinear in nature, meaning that it
does not increase. in a linear fashion over time, the anisidine value is a
good indication of the freshness of an oil. The analysis is based on the
reaction of p-anisidine and unsaturated aldehydes forming a yellowish

) pigment measured at 350 nm. For fresh refined oils, the AV should be less

than 10 (Rossell, 1986). McMulien (1988) reported a good correlation
between AV and sensory attributes of oils subjected to shallow-pan frying
and deep fat frying. '

Tables 4 and 5 show the AV of the control flaxseed oil and that with
added antioxidants during storage for 30 days at different temperatures.

Table (4). Anisidine value (AV) of flaxseed oil with added powder of of FCP,
GTP and TBHQ stored at room temperature (24°C) for 30 days.

TBHQ Green tea powder Flaxseed cake powder

Storage Control - (GTP) {FCP)
time 200 . 400 600 . 800 400 600 800
(days) pPM  ppm  ppm  ppm  ppm  ppm  ppm
0 1.60 1.60 160 160 160 1.60 1.60 1.60
5 260 1.61 192 162 161 1.94 1.61 1.61
10 5.40 2.56 394 320 302 3.95 3.21 2.58
15 9.00 4.10 870 498 452 670 518 415
20 17.60 9.92 1440 1136 1060 1430 1162 9.92
25 23.86 1311 1910 1492 1402 1905 1530 13.14
30 33.16 17.20 26.00 2000 1900 26.00 2080 17.30
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Data indicated that the initial AV of flaxseed oil was 1.60. This
value reached 33.16 (20.7 folds) and 64.42 (40.3 folds) after 30 days of
storage at room and oven temperatures, respectively.

Table (5). Anisidine value (AV) of flaxseed oil with added powder of of FCP,
GTP and TBHQ stored at oven temperature {60°C) for 30 days.

TBHQ Green tea powder Flaxseed cake powder

Storage . (GTP) (FCP)
time 200 400 600 800 400 600 800
(days) pPM  ppPM  ppm  ppm  ppm  ppm  ppm
0 160 160 160 160 160 160 160 160
5 880 570 588 578 368 591 5.81 5.70
10 1430 810 840 820 799 860 820 8.03
15 2150 1160 1215 11.80 1140 1231 11.86 11.48
20 3460 19.20 1999 1940 1888 2020 1950 19.05
25 4880 2570 2690 2595 2514 27.20 2622 2560
30 64.42 3298 3452 3330 3220 3500 3350 3244

At room temperature, AV reached 17.20, 26.00, 20.00, 19.00,
26.00, 20.80 and 17.30 when adding TBHQ, GTP (400 ppm), GTP (600
ppm), GTP (800 ppm), FCP (400 ppm), FCP (600 ppm) and FCP (800
ppm}, respectively. The corresponding values were 32.98, 34.52, 33.30,
32.20, 35.00, 33.50 and 32.44, respectively when storing at oven
téemperature (60 + 2°C) for 30 days (Table 5). '
C. Totox value:

Total oxidation value, the so-called Totox value, calculated from
twice the peroxide value plus the p-anisidine value, is a useful indicator of
measuring the onset of progressive deterioration in oil and provides
information regarding progression of the formation of primary and
secondary oxidation products It is used as a measure of the precursor non-
volatile carbonyls present in a processed oil, plus any further oxidation
compounds developed during storage (Hamilton and Rossell, 1986).

Tables 6 and 7 show the totox values of the control flaxseed oil as
well as that with added antioxidants during storage for 30 days at different
temperatures. Data clarified that the initial totox value of flaxseed oil was
8.00. This value reached 109.16 (13.65 folds) and 290.02 (36.25 folds)
after 30 days of storage at room and oven temperatures, respectively. At
room temperature, the totox values were 51.60, 73.40, 57.72, 42.20, 75.72,
60.00 and 40.50 when addlng TBHQ GTP (400 ppm), GTP (600 ppm),
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GTP (800 ppm), FCP (400 ppm), FCP (600 ppm) and FCP (800
ppm), respectively. :

Table (6). Totox value of flaxseed oit with added powder of of FCP, GTP and
TBHQ stored at room temperature (24°C) for 30 days.

Green tea powder Flaxseed cake powder
storage TBHQ (GTP) (FCP)

(é'g‘es) 200 400 600 800 400 600 800
y PPM  ppm  ppm ppm  ppm  ppm  ppm
0 800 800 800 800 B800 800 800 800
5 1460 809 944 814 809 974 817 805
10 2040 1340 1894 1496 10.70 1955 1541 9.86
15 41.00 1870 2670 2058 14.84 .27.70 2158 13.91
20 5960 2892 4080 3176 2548 41.70 3362 22.72
25 8386 4015 57.10 4372 3232 5905 4630 31.14
30 109.16 51.60 73.40 57.72 4420 7572 60.00 4050

The corresponding values were higher when

storing at oven

temperature (60 + 2°C) as they reached 144.98, 185.92, 154.10, 112.50,
© 192.92, 157.50 and 115.64, respectively for 30 days (Table 7). _

Tabte (7). Totox value of flaxseed oil with added powder of of FCP, GTP and
TBHQ stored at oven temperature (60°C) for 30 days.

. TBHQ Green tea powder Flaxseed cake powder
Storage Control  (GTP) (FCP)
gme 200 400 600 800 400 600 800
(days) ppm ¢ ppm  ppm . ppm ppm  ppm  ppm
0 800 8.00 800 800 800 800 800 800
5. 49.30 25.90 31.68 2678 1768 34.51 28.01 18.30
10 80.82 4210 52.40 4340 3098 5540 46.20 30.83
15 108.26 55.80 70.55 57.40 4380 7305 59 66 41.88
20 16476 8440 107.35 89.00 6488 11140 91.30 6485
25 21944 111.70 14130 11815 9042 146.80 11862 89.60
30 116.5
2980.02 14498 18592 154.10 0 182.82 15750 115.64

It was clear from these results that increasing the antioxidant level
up fo 800 ppm had reduced the total oxidation of flaxseed oil at either room

or oven temperature.
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The effect of di?ferent used antioxidants in reducing total oxidation
of flaxseed oil was in the following order: GTP (800 ppm) > FCP (800 ppm)
> TBHQ (200 ppm) > GTP (600 ppm) > FCP (600 ppm) > GTP (400 ppm) >

FCP (400 ppm). The effect of TBHQ was higher than that of GTP and FCP
at 400 or 600 ppm but it was lower than that of the two natural antioxidants
when used at 800 ppm. _
D. Free fatty acids content (FFA%):

Free fatty acids contents (FFA%) of the control flaxseed oil as well
as that containing antioxidants and stored at different temperatures for 30
days are shown in tables 8 and 9. The initial FFA% of flaxseed oil was
0.80%. Data indicated a graduate increase in free fatty acids with
increasing the storage time. The FFA% reached 1.85 and 3.30% after 30
days of storage at room and oven temperatures, respectively. Application of
synthetic and natural antioxidants reduced the development of free fatty
acids. Data showed that.increasing the levels of GTP and FCP caused.a
consequent reduction in FFA% at different temperatures up to 30 days of
storage. FFA% reached 1.06, 1.22, 1.12, 1.08, 1.22, 1.14 and 1.08% when
adding TBHQ, GTP (400 ppm), GTP (600 ppm), GTP (800 ppm), FCP (400
ppm), FCP (600 ppm) and FCP (800 ppm), respectively.

Table (8). Free fatty acids (FFA%) of flaxseed oil with added powder of of
FCP, GTP and TBHQ stored at room temperature (24°C) for 30

days.
TBHQ Green tea powder Flaxseed cake powder
Storage Control (GTP) (FCP) -
time 200 400 600 800 400 600 800
(days) ppm  ppm  ppm  ppm  ppm  ppm  ppm
0 080 080 080 080 080 080 080 0.80
5 085 080 082 08 080 085 082 080

10 0.90 083 08 08 082 088 08 083
15 1.00 085 091 09 084 092 091 086
20 1.15 090 100 09 090 100 098 091
25 1.40 101 110 106 101 110 106 1.02
30 1.85 106 122 112 108 122 114 1.08

When storing at oven temperature (60°C) for 30 days (Table 9), the
coresponding FFA values were 1.92, 2.20, 2.14, 1.96, 2.18, 2.05 and
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1 90% respectively. Results clarified that the antioxidant effect of FCP was
almost equal to that of TBHQ at room temperature and slightly higher at
oven temperature.

Table (9). Free fatty acids (FFA%) of flaxseed oil with added powder of of
FCP, GTP and TBHQ stored at oven temperature (60°C) for 30

days. _ . ,
TBHQ " Green tea powder Flaxseed cake powder
Storage ontrol (GTP) (FCP) :
gme ' 200 400 600 800 400 600 800
(days) pPM  ppPM  ppM  ppm  ppm  ppm  ppm
0 080 080 080 08 080 0.80 080 0.80
5 105 08 110 090 086 09 088 085
10 135 098 130 112 099 115 110 096
15 176 112  147. 134 115 138 130 110
20 210 138 168 160 140 158 154  1.32
25 260 165 192 18 170 182 178 160
30 330 192 220 214 196 218 205 1.90

Effect of adding different antioxidants on the reduction of

~flaxseed oii oxidation:

Table {(10) shows the reduction percentages in PVs, FFAs%, AVs
and totox values of flaxseed oil with added antioxidants during storage at
different temperature for 30 days. '

Table (10). Effect of adding different -anﬁoxidanis to flaxseed oil on the
reduction (%) In oxidation rate after 30 days of storage at different

temperatures.

TBHQ : GTP FCP

200 400 600 800 400 600 800

ppm  ppm  ppm ppm  ppm  ppm  ppm
Peroxide (24°C) 54.74 37.63 50.37 66.84 34.58 4842 69.47
value (60°C) 50.35 32.89 4645 6263 30.00 4504 63.12
F. fatty (24°C) 4270 3405 3948 4162 34.05 3838 4162
acids  (60°C) 41.82 33.33 3515 40.61 33.94 37.88 4242
Anisidine (24°C) 48.13 2159 3969 4270 21.59 37.27 47.83
value (60°C) 48.80 4641 4831 5002 4567 48.00 49.64
Totox (24°C) 5273 .32.76 47.12 5951 3063 4503 62.90

value (60°C) 50.01 3589 4687 59.83 3348 4569 60.13
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Data revealed that adding 200 ppm TBHQ at 24°C caused a reduction
of 54.74, 42.70, 48.13 and 52.37% in PVs, FFAs, AVs and totox values,
respectively. Although TBHQ was reported to exhibit higher thermal stability
than other natural (ajowan: Carum copticum) and synthetic (BHA and EQ)
antioxidants (Bera et al., 2006), these percentages were reduced to 50.35,
41.82, 48.80 and 50.01%, respectively when storing at 60°C.

The effect of GTP and FCP was almost the same on reducing the
previous oxidation criteria. The effect of TBHQ was higher than that of
either GTP or FCP at 400 or 600 ppm but lower when increasing their
levels to 800 ppm. At 800 ppm, GTP and FCP caused a reduction of 66.84
and 69.47% in PVs, 41.62% in FFAs, 42.70 and 47.83% in AVs and 59.51
and 62.90% in totox values, respectively. A same trend was observed at
60°C. FCP (800 ppm) caused the highest reduction in the total oxidation of
flaxseed oil at oven temperature. It may be clarified on the fact that lignan is-
more stable at elevated temperatures. It was reported that the flaxseed
lignan is stable to baking (Muir and Westcott, 2000). In a study of SDG
stability, there were no differences in the SDG content of the crust and
crumb of baked bread, despite there being a difference in exposure to heat
between the crust and the intemal loaf (Muir and Westcott, 1996).

Effect of adding flaxseed cake powder (FCP) on fatty acid
composition of flaxseed oil stored at different temperatures up
to 30 days: :

Table (11) shows the mean values for fatty acid composition (%) of
flaxseed oil. Data revealed that the oil consisted of 0.12% (Ci40), 6.20%
(C1e0), 0.98% (Cie4) 5.00% (Cigv), 18.90% (Cien), 14.80% (Cya2), and
54.00% (C1g:3). Storage of the oil for 30 days at 24°C and 60°C reduced the
total unsaturated fatty acids from 88.68 to 78.40% and 61.48%,
respectively. Adding different antioxidants had increased the unsat./sat.
percent at different temperatures. At room temperature, this percent was
4.98, 495 and 5.28 when adding TBHQ (200 ppm), GTP (800 ppm) and
FCP (800 ppm), respectively. When storing at 80°C, the corresponding
values were 2.79, 2.71 and 2.90, respectively. At either room or oven
temperature, the effect of different antioxidants on maintaining the
unsaturation of the oil came in the following order: FCP (800 ppm) > TBHQ
(200 ppm) > GTP (800 ppm). FCP (800 ppm) caused the least reduction in
total unsaturation {5.20 and 16.15%) compared to that of GTP (800 ppm)
(6.20 and 17.60%) and TBHQ (200 ppm) (6.10 and 17.00%) at 24 and
60°C, respectively. Out of these resuits, it was apparent that FCP (800
ppm) had the highest antioxidant effect among the studied antioxidants. It
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may be explained on the base that lignans and other phenolic antioxidants
of flaxseed are present in the seed hull and stay in the cake after -oil
extraction. This explain why whole or ground flaxseeds can be stored at
room temperature for at least 1 — 2 years indicating the presence of a
strong protective system against oxidation (Malcoimson et al, 2000;
Przybyiski and Daun, 2001). It is most likely because it is rich in lignans
which are powerful antioxidants. This study provided useful evidence that
flaxseed cake can be used as natural antioxidants.

CONCLUSION ' .

In view of some likely bad effects of synthetic antioxidants, some
efforts are being made to add natural substance or their extracts to control or
lessen the oxidative deterioration. The results of our study clearly indicate that
there is a possibility of achieving useful effect of natural antioxidants. it was
apparent that FCP exhibited a strong antioxidant activity in flaxseed oil during
storage which was almost equal to or sometimes higher than that of the
synthetic antioxidant (TBHQ). However, the level of FCP needed was 4 times
higher than that of TBHQ. Therefore, it is suggested that FCP can safely be
used as a natural cheap source of antioxidants instead of the synthetic
antioxidants to suppress lipid oxidation and prolong the shelf iife of the highly
‘susceptible flaxseed oil.
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Table (11). Effect of adding different antioxidants® on fatty acid composition of flaxseed oll stored at different temperatures up

to 30 days.
After 30 days of storage
c I Room temperature (24 +2°C) Oven temperaturs (60 +2°C)
ontro - TBHQ GTP FCP - TBHQ GTP ‘FCP
| (oo WML oo (g0 soo WL oo @00 (800
Fatty acids time) ppm) ppm)  ppm) ppm) ppm). ppPmM)
Cien 0.12 0.80 0.33 0.40 0.22 310 2.80 2.88 2.90
Cieo 6.20 8.40 7.00 7.68 7.00 13.40 11.20 11.80 11.50
Ciot 0.98 1.20 1.10 1.12 1.10 1.80 1.52 1.50 1.60
- Ciso 5.00 12.60 8.40 9.40 820 . 2202 18.00 18.60 17.30
Cnt 18.90 22.18 19.97 20.20 19.28 23.88 21.68 21.24 20.70
2 14.80 12.80 13.40 13.20 14.00 10.40 12,00 11.08 14,20
Ces - 54.00 42,22 48,80 48,00 5020 25.40 32.80 32.00 31.80
Total Sat. 11.32 21.60 16.73 17.48 15.42 38.52 32.00 33.28 31.70
Total Unsat. 88.68 78.40 B3.27 82.52 84.58 81.48 68.00 86.72 68.30
UnSat. / Sat. 7.83 3.63 498 472 5.49 1.60 2.60 2,00 2,15
Cuaa/ Ciez 3.65 3.30 3.64 364 3.59 244 273 267 2.24
Reduction (%)
in total uneat, 0.00 11.59 6.10 6.20 520 30.87 17.00 17.60 18.15

(eyseq eqes L3y ey ) sy By APY T



J. Adv. Agric. Res. ( Fac. Agric. Saba Basha)

REFERENCES

Addis, P. B., and Warner, G. J. (1991). The potential aspects of
lipid oxidation products in food. In: “Free Radicals and
Food Additives”. Aruoma, O. 1. and Halliwel, B. (Eds.),.
London: Taylor Francis Ltd.

American Oil Chemist Society (1989). Official and Tentative
Methods (AOCS) Chicago-USA. '

AOAC (1990). Official Methods of Analysis of the Association of
Official Analytical Chemists. Kenneth Herlich (Ed.)
Arlington Virginia. 22201 USA.

Bakke, J.E. and H.J. Klosterman, (1956). A new diglucoside
from fiaxseed. Proceedings of the North Dakota
Academy of Science. 10: 18-22.

Barlow, S. N. (1990). Toxicological aspects of antioxidants used -
as food additives. In B. J. F. Hudson (Ed.), Food
antioxidants {pp. 253—-307). Amasterdam: Elsevier.

Batterham, E.S., Anderson, L.M., Balgent, D.R. and Green,
A.G. (1991). Evaluation of meals from Linola™ low-
linolenic acid linseed and conventional linseed as protein
sources for growing pigs. Anim. Feed Sci. Technol., 35 :

181 —190.

Bera, D., Lahiri, D. and Nag, A. (2006). Studies on a natural
antioxidant for stabilization of edible oil and comparison
with synthetic antioxidants. J. Food Engineering, 74: 542
— 454,

Bhathena, S.J. and Velasquez, M.T. (2002). Beneficial role of
dietary phytoestrogens in obesity and diabetes. Am. J.
Clin. Nutr., 76: 1191 - 1201.

Chen, Z. Y., Chan, P. T., Ma, H. M., Fung, K. P., and Wang, J.
(1996). Antioxidative e.ect of ethanol green tea extracts
on oxidation of canola oil. . J. Amer. Oil Chem. Soc, 73, -
375-380. :

Egan, H.; Kirk, R.,, and Sawyer, R. (1981). In “Pearson’s
Chemica! Analysis of Foods”. 8" ed., Churchell
Livingstone, London and New York.

Ford, J.D., K.S. Huang, H.B. Wang, L.B. Davin, and N.G.
Lewis. (2001). Biosynthetic pathway to the cancer
chemopreventive secoisolariciresinol diglucoside-

Vol. 11 (4), 2006 777




1. Adv. Agric. Res. ( Fac. Agric. Saba Basha)

hydroxymethyl glutaryl ester-linked lignan oligomers in
flaxseed. J. Nat. Prod. 64: 1388-1397.

Ford, J.D., L.B. Davin, and N.G. Lewis. (1999). Plant lignans -
and - health: cancer chemoprevention and
biotechnological opportunities. Basic Life Sci. 66: 675-
694.

Halliwell, B. (1994). Free Radicals, Antioxidants, and Human
Disease: Curiosity, Cause, or Consequence?. Lancet
:344:721-724. .

Hamilton, R. J., and Rossel, J. B. (1986). Analysis of Oils and
Fats. Elsewer Applied Science Publishers LTD., London
pp. 23-32.

Higdon, J. V., and Frei, B. (2003). Tea catechins and
polyphenois: health e.ects, metabolism, and antioxidant
functions. Critical Reviews in Food Science and
Nutrition, 43, 89-143.

IUPAC (1999). Commission on the Nomenclature of Organic
Chemistry (CNOC), Nomenclature of Organic Chemistry,
Revised "Section F: Natural Products and Related
Compounds, Recommendations. Pure App. Chem., 71
587 - 643.

Jenkins, D.J. (1995). Incorporation of ﬂaxseed components into
cereal foods. In "Flaxseed In Human Nutrition".,
Cunnane, S.C. and Thompson, L.U., Eds.; AOAC Press
Champaign, IL: 281 — 294.

Kitts, D.D., Yaun, Y.V., Wijewickreme, A.N. and Thompson,
L.U. (1999). Antioxidant activity of the flaxseed lignan
secoisolariciresinoi digfycoside and its mammalian lignan
metabolites enterodiol and enterolactone. Molecular and
Cellular Biochem., 202 : 91 - 100.

Langseth, L. (1993). From the Editor: Antioxidants and Dlseases
of the Brain. Antioxidant Vitamins Newsletter :4:3.

Malcolmson, L.J., Przybylski, R. and Daun, J.K. (2000).
Storage stability of milled flaxseed. J. Am. Oit Chem.
Soc., 77: 235 - 238. _

Malcolmson, L.J.; Przyhyiski, R. and Daun, J.K. (2001). Additional
data on the storage stabifity of flaxseed. J. Am. Oif Chem.
Soc., 78 (1) : 105 - 106.

Manzocco, L., Anese, M., and Nicoli, M. C. (1998). Antioxidant
properties of green tea extracts as a.ected by

Vol. 11 (4),2006 778



J. Adv. Agric. Res. ( Fac. Agric. Saba Basha)

processing. Lebensmittel-Wissenschaft und
Technologie, 31, 694—698.

Mazur, W., T. Fotsis, K. Wahala, S. Ojala, A. Salakka, and H.
Adlercreutz. (1996). Isotope dilution gas chromatographic-
mass spectrometric method for the dertermination of
isoflavonoids, coumestrol, and lignans in food samples.
Anal. Biochem. 233; 169-180.

McCune, L. M., and Johns, T. (2002). Antioxidant activity in
medicinal plants associated with the symptoms of
diabetes mellitus used by the Indigenous Peoples of the
North  American boreal forest. Joumal of
Ethnopharmacology, 82, 197-205.

McMullen, L. M. {(1988). The efficacy of ascorby! paimitate in
enhancing the storage and heat stability of canola oil. M.

" Sc. Thesis. University of Alberta.

Meagher, L.P., G.R. Beecher, V.P. Fianagan, and B.W. Li.
(1999). Isolation and characterization of the lighans,
isolariciresinol and pinoresinol, in flaxseed meal. J.
Agric. Food Chem. 47: 3173-3180.

Morris, D.H. (2004). Flax - A Health and Nutrition Primer.

- www flaxcouncil.ca (accessed Sep 2004).

Muir, A.D. and Westcott, N.D. {1996). Quantitation of the lignan
secoisolariciresinol  diglucoside in baked goods
containing flax seed or flax meal. Proc. Flax Inst., 56: 81
- 85. ‘

Muir, A.D. and Westcott, N.D. (2000). Quantitation of the lignan
secoisofariciresinol  diglucoside in baked goods
containing flax seed or flax meal. J. Agric. Food Chem.,
48: 4048 — 4052.

Oliveira, J. T. and Regitano, M. A. B. (2004). Determining
economical TBHQ doses for com oil stability. Aliment.,
Campinas, 24(3): 413-418.

Oomah, B.D. and Mazza, G. (1993). Flaxseed proteins — a
review. Food Chem., 48 : 108 — 114.

Parasad, K. (1997). Hydroxyl radical-scavenging property of
secoisolariciresinol diglucoside (SDG) isolated from flax-
seed. Mol. Cell. Biochem., 168 : 117 — 123. ‘ :

Parasad, K. (1999). Reduction of serum cholesterol and
hypercholesterolemic atherosclerosis in rabbits by

Vol. 11 (4), 2006 779




J. Adv. Agric. Res. ( Fac. Agric. Saba Basha)

secoisolariciresinol diglycoside isolated from flaxseed.
Circulation, 99 (10) : 1355 - 1362.

Pokorny, J. {1991). Natural antioxidants for food use. Trends in
Food Science & Technology, 2, 223-227.

Przybyiski, R. and Daun, J.K. (2001). Additional data on the
storage stability of milled flaxseed. J. Am. O Chem.
Soc., 78: 105 - 106.

Radwan, S.S. (1978). Coupling of two dimension thin layer
chromatography with gas chwomatography for the
quantitative analysis of lipid dlasses and their constituent
fatty acids. J. Chromatography Sci., 16 : 538 — 542.

Richard, S.E. and Thompson, L.U. (1997). Heaith effects of
flaxseed mucilage, lignans. INFORM, 8 (8) : 860-865.

Rossell, J. B. (1986). Classical analysis of oils and fats. In
“Analysis of QOils and Fats”, Eds. Hamilton, R. J. and -
Rossell, J. B. New York, Elsewer Applied Science Publ.
1-90.

Serraino, M. and Thompson, L.U. (1991). The effect of flaxseed
supplementation on early risk markers for mammary
carcinogenesis. Cancer Letter, 60 (2) : 135 — 142.

Sherwin, E. R. (1968). Methods for stability and antioxidants
measurement. J. Am. Oil Chem. Soc., 45: 632A — B49A..

Tang, S., Kerry, J. P., Sheehan, D., Buckley, D. J., and
Morrissey, P. A. (2001). Antioxidative e.ect of added tea
catechins on susceptibility of cooked red meat, poultry
and .sh patties to lipid oxidation. Food Research
International, 34, 651657 .

USDA (United States Department of Agriculture), Agriculture
Research Service. {1999). USDA Nutrient Database for
Standard Reference, Release 13. Nutrient Data
Laboratoty Home Page:
www.nal.usda.gov/fnic/foodcomp. _

Wanasundara, U. N., and Shahidi, F. (1998). Antioxidant and
pro-oxidant activity of green tea extracts in marine oils.
Food Chemistry, 63, 335-342.

Westcott, N.D. and Muir, A.D. (1996). Variation in the
concentration of the flax seed lignan concentration with
variety, location and year. in Proc 56th Flax Institute of
- the United States Conference, Fargo, ND, Flax Institute
of the United States, 77-80.

Vol. 11 (4), 2006 780



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

Whiting, D.A. (1987) ngnans neolignans and related

' compounds. Naf. Prod. Rep. 4. 499-525.

WHO (1999). Safety evaluation of certain food additives, 51st
meeting of the Joint FAOMWHO Expert Committee on
Food Additives (JECFA), WHO Food Additives Series,
No. 42, 453-459. :

Williams, G.M., latropoulos, M.J. and Whysner, J. (1999).
Safety Assessment of butylated hydroxyanisole and
butylated. hydroxytoluene as antioxidant food additives.

, Food Chém. Toxicol. 37, 1027-1038.

Yang, C. S., Chung, J. Y., Yang, G., Chhabra, 8. K, and Lee,

M. J. (2000) Tea and tea polyphenols in cancer
. Journal of Nutrition, 130, 472-478. :
Yanishlieva, N. V., and Marinova, E. M. (2001). Stabilisation of
- edible oils with natural antioxidants. European Joumal of

Lipid Science and Technology, 103, 752-767.

Zandi, P., and Gondon, M. H. (1999). Antioxidant activity of
- extracts from old tea leaves. Food Chemistry, 64, 285—
288.

Ziada, N. N. A. (2002). Studies on natural antioxidants
effectiveness in oils. Ph.D. Thesis, Fac. Agric. (Saba
Basha), Alexandria Univ.

o al padld |
S B3y ) b gl Banell SliaaS GUSH GuuaS (3 gaias pladiud

Uy g sy i 3 ol
3t e — L2l Yo — e S — A8Y) sl ud
cmd e 5] L J  Bmaa il g B8 2 o pd 8

o3 iy g o god tasm  guandd SN 553y Ca) S S A B Sy (gl it
SRl S (V) B e S (s s f ad

Vol. 11 (4),2006 781




J. Adv. Agric. Res. ( Fac. Agric. Saba Basha)

pmawu&ummmpﬁ pp T 82l (1) @
(fumm“qmmqm,(ﬂhmwpmgmw .
euuswmu-h&w,mw&ﬂa ool o 3y pd o i
b Ll otall G5 ud 5 Aadied Jpall G daadd WD il e
Bk Cddine A 9y F pa slpe pp TeoBad AT Sy AT O Cu
£ 0) IV s Byaana A f 380 08 ) WS (e Lo St 3T i
Bl Cddaine 4 il A Syl A3 Ay sl de JB (Ol i e n
YEAT 5 YA ) Gy TY il A sl Aad S S (U 50)
R I PN I PSS SR I KV PRTY- JCW PR OV Ay
Gui Agaune 305305 (s"VE) i 5 ) da 0 o e T S0 AT oy I A
S Jyay A LS g Jua adind 43 cpld s e e ) Ciliad o8
Astindy 3 fia K Lo ol Al Joma b i S el (B eSm Ace
s (ol Ghen Yeor) TBHQ 3 J (Quled (b o A o) pumilll (Gl & ganse
de LoDl ola i 3yl pF i i @ M TS A R e a3l
38 S (il s Ace) KD ul B liiiud f Ky lea OVE o R
1 (sl i o Av ) i (A B smmnne G 0 o ik B Al
oY b i pB sy cpedl) o LA eld (1l d 63 Yo ) TBHQ
Ld pom To 23 (™0 J2°YE 5 5n dap o cy5add die Syl all e LY
o iad. o ekl sadil cidias il 3 elp Ll ¥l GE S ety
(el (b o3 Ar <) I auk Gimuse 110 a3 b b g oD e T
(Ol he A )J-‘i“;uuﬁ-—-dm!uqu»‘ ) TBHQ <
MR MJ#M&UﬂHWMM@meh-
mwﬂu&hﬁcﬁﬁq@;mﬂ-ﬂd&u!ﬁﬂdﬂww
muwmdﬂﬁwdq.ﬂm@@mw:@ﬁ
B e Adsitil) gumst A Aflad ud 3 3t 46 ekl LS S0 auia niy 25
| W g B

Vol. 11 (4), 2006 782





