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Summary: In this study, the effects of a specific herbal mixture as a feed additive in layer diets which are enriched with
omega-3 fatty acids by fish oil on egg yolk lipid oxidation, hen performance and egg quality were investigated. A total of 140
Lohmann white 34 week old hens were divided into four groups and the study was carried out 16 weeks. Negative control diet was
not included supplemental oil, herbal mixture and synthetic antioxidant (NC); fish oiled control diet (FOC) was involved fish oil (1.5
%) and soy oil (1.5 %) but herbal mixture and synthetic antioxidants free; herbal mixture diet was formulated as of FOC diet + herbal
mixture [Origanum Vulgare (dried leaf), Thymus Vulgaris (dried leaf), Thyme Oil, Origanum Oil, Garlic Oil, Anise Oil and Fennel
Oil] (FOHM) and synthetic antioxidant diet (FOSA) was prepared with FOC diet + synthetic antioxidants ( ethoxyquine,
butylhydroxitoluene, butylhydroxianisole and citric acid). Egg production, feed conversion ratio, feed consumption egg weight,
eggshell breaking strength and haugh unit were not affected by the dietary treatments. There were no significant differences between
egg yolk MDA values of NC and FOC until 42™ storage day (+4°C ) but MDA values in egg yolk of FOC was higher(p<0.05) than
NC’s after 42" storage day. Addition of herbal mixture and synthetic antioxidant separately to FOC’ diet reduced egg yolk MDA
values during 56 days storage period even if it is in the first day (p<0.05). According to these data, addition of herbal mixtures to fish
oiled layer diets instead of synthetic antioxidants can be a natural method to prevent egg yolk from oxidation.
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Balik yagi iceren yumurta tavugu rasyonlarina bitkisel karisim katkisinin yumurta sarisi oksidasyonu
ve yumurta verimi iizerine etkileri

Ozet: Bu caligmada, balik yagi ile omega-3 yag asitlerince zenginlestirilmis yumurta tavugu yemlerinde yem katki maddesi
olarak kullanilan bir bitkisel karisimin yumurta sarisi lipit oksidasyonu, yumurta verimi ve yumurta kalitesi {izerine etkileri incelendi.
Deneme siiresi 16 hafta olan ¢alismada, 34 haftalik yasta 140 adet beyaz Lohmann yumurtaci tavuk 4 gruba ayrildi. Negatif kontrol
(NC) rasyonuna ilave yag, bitkisel karigim ve sentetik antioksidan katilmadi. Kontrol rasyonuna (FOC) ise balik yagi (%1.5) ve soya
yagt (%1.5) katkisi yapildi. Deneme rasyonlarindan biri (FOHM) balik yagl kontrol grubunun (FOC) rasyonuna %0.5 bitkisel
karisim (kurutulmus Origanum vulgare ve Thymus vulgaris, kekik yagi, oregano yagi, sarimsak yagi, anason yag1 ve rezene yagi),
digeri (FOSA) ise FOC rasyonuna %0.5 sentetik antioksidan karigimi (ethoxyquine, butylhydroxitoluene, butylhydroxianisole ve
sitrik asit) ilave edilerek hazirlandi. Yumurta verimi, yumurta agirligi, yemden yararlanma, yem tiiketimi, kabuk kirtlma direnci ve
haugh birimi yeme katilan bitkisel karigim ile sentetik antioksidandan etkilenmedi (p>0.05). Balik yagli (FOC) ve yagsiz (NC)
kontrol gruplarinin yumurta sarist MDA degerleri arasinda depolamanin (+4°C ) 42. giiniine kadar 6énemli farklilik bulunmadi, ancak
depolamanin 56. giiniinde FOC’ un yumurta sarist MDA degeri NC” un degerinden yiiksekti (p<0.05). Balik yagli kontrol grubu
yemine sentetik antioksidan ve bitkisel karisimin ayr1 ayri katilmasi depolamanin 1. giiniinden 56. giiniine kadar yumurta saris1t MDA
degerlerini diisiirdii (p<0.05). Bu verilere gore, balik yagh yumurta tavugu rasyonlarina sentetik antioksidan yerine bitkisel karisim
katkisi, yumurta sarisini depolamada olusacak oksidasyondan korumak i¢in daha dogal bir yontem olabilir.

Anabhtar sozciikler: Antioksidan, balik yagi, bitkisel iiriin, oksidasyon, yumurta sarisi.

Introduction
The egg is the most complete food in nutritional
point of view. Consumers refrain from egg consumption
because of the relatively high cholesterol content in eggs,
which is supposed as a reason of the heart diseases and
atheriosclerosis (26). The growing role of diet in
prevention from heart diseases caused both consumer and

* This paper is summarized from Fatih ORHAN’ s PhD thesis

governmental attention on the composition and the
quality of foods (12). Soy oil commonly used for
providing energy and optimum egg weight in layer diets.
But soy oil has high level of omega-6 fatty acids (6).
Whereas fish oil include omega-3 (n-3) polyunsaturated
fatty acids (PUFA), particularly eicosapentaenoic (EPA)
and docosahexanoic (DHA) acids, which have positive
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effects for preventing from coronary heart diseases,
hypertension, inflammation and autoimmune disorders
(30). Feeding strategies are being incorporated to
increase the n-3 fatty acid (FA) composition of chicken
eggs (11). The increasing level of fish oil in the layer
diets leads to an increase in omega-3 fatty acids of egg
yolk (10). Nevertheless, PUFA are sensitive to oxidation
(4). For this reason, the use of antioxidants take an
important place in PUFA rich poultry diets. Some
synthetic antioxidants (BHA; BHT and ethoxyquine)
have been commonly used in foods and feeds. However,
the detrimental effects of butylhydroxianisole (BHA),
butylhydroxitoluene (BHT) and ethoxyquine have been
reported as a reason of cancer (22). The effect of dietary
tocopherol acetate supplementation to improve lipid
stability in egg yolk has been repeatedly reported (14,
16). Recently, antioxidative ingredients (flavanoids,
cineol, etc.) of aromatic herbal products (leaf, plant
extract, essential oil, etc.) have been documented though
their antimicrobial properties are well known for a long
time (24). But the antioxidative effects of aromatic herbal
products (leaf, plant extract, essential oil, etc.) on egg
yolk have not been examined enough yet.

This study was conducted to determine efficiency of
a specific herbal mixture on the lipid oxidation of egg
yolk, hen performance and egg quality when it is
supplemented to feeds which are enriched with n-3 fatty
acids by using fish oil.

Materials and Methods

Hens Management and Production Parameters : A
total of 140 Lohmann white laying hens, 34 week old,
were used in the experiment. They were randomly
distributed into 28 cages(50x50x50) at four dietary
treatments replicated seven times with five hens per cage
under conventional conditions with access to feed and
water adlibitum and photoperiod of 16 hours was
maintained. Experimental study was carried for 16
weeks. Feed consumption was recorded in each two
weeks period and feed conversion ratio was calculated
biweekly as feed consumption (kg) / egg production (kg)
of each replication. Hen - day egg production was
recorded daily but mean of data were statically analyzed
weekly.

Experimental Diets and Treatments : Experimental
diets (Table 1) were prepared weekly, to avoid oxidation,
in powder form by grinding and mixing by a 500 kg
capacity mixer. Diets were formulated by using
Moonstar® computer program. In the experiment, both
synthetic antioxidants and herbal were
supplemented to the diets as follows:

Group NC: Negative control (supplemental oil, antioxidant
and herbal mixture free), Group FOC: Control (1.5 %
Fish oil + 1.5 % Soy oil), Group FOHM: Control diet +

mixture

herbal mixture (0,5 g/kg), Group FOSA: Control diet +
synthetic antioxidant preparation (0,5 g/kg)

Fish oil was supplemented to diet at value of 1.5%
for preventing fish taste in egg yolk (17, 21) Unrefined
fish oil (antioxidant free) used in experiment was
provided by a anchovy processing fish factory in Black
Sea Region. Unrefined soy oil (antioxidant free) was
provided by a factory in Marmara Region. Fatty acid
composition of fish and soybean oil are presented in
Table 2. The soy oil and fish oil were stored at +4°
during the experiment. The experimental diets were
formulated according to N.R.C (27). The diets were
chemically analyzed according to the A.0.A.C. (2)
methods and metabolizable energy was calculated by the
equation of Hartel (19) as follows:

ME (kcal/kg) =239 x ((Ether extract, % x 0.3431) +
(Crude Protein, % x 0.1551) + (Saccharose, % x 0.1301)
+ (Starch, % x 0.1669)) (Table 1).

Table 1. Experimental diets
Tablo 1. Deneme Rasyonlari

Experimental Diets

Feed Ingredient (%) NC*  FOC*' FOHM* FOSA*
Comn 63.28 58.16  58.11 58.11
Soybean Meal 2557 2486  24.86 24.86
Sun Flower Meal 0.12 3.00 3.00 3.00
Fish Oil - 1.50 1.50 1.50
Soy Oil - 1.50 1.50 1.50
Limestone 8.12 8.12 8.12 8.12
Dicalcium Phosphate 2.09 2.06 2.06 2.06
DL-Methiyonin 0.17 0.15 0.15 0.15
Salt 0.40 040 0.40 0.40
Vit-Min Premix! 0.25 0.25 0.25 0.25
Synthetic Antioxidant? - - - 0.05
Herbal Mixture’ - - 0.05 -
Total 100 100 100 100
Analyzed Chemical Composition
Dry Matter(%) 90.09 89.23 89.23 89.23
Crude Protein(%) 16.54 16.65 16.65 16.65
Ether Extract(%) 2.67 5.68 5.68 5.68
Ash(%) 12.67 12.89 12.89 12.89
ME(kcal/kg)(calculated) 2702 2745 2745 2745
Ca(%) 3.54 3.54 3.54 3.54
P(%) 0.68 0.68 0.68 0.68

! Premix: 10.000.000 IU Vit. A, 2.500.000 IU Vit. D, 20.000
mg Vit. E, 2.500 mg VitK;, 2.000 mg Vit.B;, 5.000 mg
Vit.B,, 3.500 mg. Vit.Bs15 mg.Vit.B,, 30.000 mg Niacin,
8.000 mg. Cal-D-Pan, 1000 mg Folic acid, 25 mg D-Biotin,
160.000 mg Colin Clorid, 50.000 mg Vit. C, 1.000 mg Carofil
red, 80.000 mg Mn, 40.000 mg Fe, 60.000 mg Zn, 5.000 mg
Cu, 2.000 mg I, 500 mg Co, 150 mg Se.

2(0.95 % ethoxyquine, 4.74 %, butylhydroxitoluene, 0.95 %
butylhydroxianisole and 0.48 % citric acid)

3 [Origanum Vulgare (dried leaf), Thymus Vulgaris (dried
leaf), Thyme Oil, Origanum Oil, Garlic Oil, Anise Oil and
Fennel Oil]

* Group NC: Negative control (supplemental oil, antioxidant
and herbal mixture free), Group FOC: Control ( 1.5 % Fish oil
+ 1.5 % Soy oil), Group FOHM: FOC diet + herbal mixture
(0.5 g/kg), Group FOSA: FOC diet + synthetic antioxidant
preparation (0.5 g/kg)
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Table 2. Fatty acid composition of oils used in diets
Tablo 2. Yemlerde kullanilan yaglarin yag asidi bilesenleri

Fatty Acid (%) 14:0 15:0 16:0 16:1 17:0 180 181 182 183 20:0 22:0 20:5 22:6 20:4
Fish Oil 6.89 0.12 1869 7.08 0.68 355 1492 196 142 06 029 1433 1339 859
Soy Oil 007 - 1063 0.09 - 483 2318 521 771 039 04 021 - -
Fatty Acid (%) Total Total Total Total Total -6/ 13

SFA MUFA PUFA n-3 n-6
Fish Oil 30.02 22 39.69 29.14 10.55 0.36
Soy Oil 16.32 23.27 60.02 7.92 52.1 6.58

Experimental Additives:

Herbal mixture (powder form): Origanum Vulgare
(dried leaf), Thymus Vulgaris (dried leaf), Thyme Oil,
Origanum Oil, Garlic Oil, Anise Oil and Fennel Oil.
Active compounds of herbal mixture are shown in Table 3.

Synthetic Antioxidant Preparation (powder form):
0.95 % ethoxyquine, 4.74 %, butylhydroxitoluene, 0.95
% butylhydroxianisole and 0.48 % citric acid (Table 3).

Table 3. Active compounds of herbal mixture
Tablo 3. Bitkisel karigimin aktif bilesenleri

Active compounds' Ppm
1,8-CINEOLE 2498
ALLYL DERIVATES 3520
ALPHA-PINENE 1150
ALPHA-TERPINEOL 7010
BORNEOL 1784
CAFFEIC-ACID 22796
CAMPHENE 754
CARVACROL 44828
EUGENOL 1236
GERANIOL 10340
LIMONENE 5540
LINALOOL 9576
MYRCENE 1836
P-CYMENE 23800
PHENOL 8520
POLYPHENOL 59960
TANNIS 129000
ROSMARINIC-ACID 76000
TERPINEN-4-OL 692
URSOLIC AC 19200
THYMOL 32616

! Active ingredients were notified by producer.

Egg Sampling Protocol and Egg Quality
Parameters : In the experiment, all eggs were visually
checked for cracks and breakage under artificial lighting
and cracked egg ratio was calculated weekly. Egg quality
characteristics (egg weight, eggshell strength, cracked
egg, and haugh units) were measured weekly using mean
of 14 eggs from each dietary treatment (2 eggs from each
replication). At 105™ day of trial, six eggs were collected
from control (fish oiled — Group FOC) and negative
control (oil free-Group NC) groups for fatty acid

composition of egg yolks. At the end of the trial 30 shell
eggs from each treatment were randomly collected for
thiobarbituric acid (TBA) analysis. Egg samples were
stored at 4 C” for 56 days. Egg samples were stored for
24 hours at room temperature and weighted. Eggshell
breaking strength was measured as Newton (N) by using
a cantilever system applying increased pressure by force
gauge (Imada®) to the broad pole of the shell (7). Egg
albumen height was measured by a tripod micrometer
and haugh unit was calculated by equation as follows:

Haugh unit = 100 x Log(h + 7.51 — 1.7G*")

[h = albumen height (mm) , G = Egg weight (g) ]

Fatty Acids of Experimental Oils and Egg Yolk :
Eggs were boiled and egg yolks separated. Egg yolks
were treated with ethyl ether (Merck) by Soxhaleth Fat
Extractor. Both egg yolk extracts and experimental oils
were esterified. For esterification 0.2 g sample was taken
from oils then 4cc %2 Metanolic NaOH (Merck) added
and boiled until saponification. After saponification Scc
%14 BF3-Methanol (Merck) was added in fat extract
balloon and boiled for 5 minutes. 2cc n-heptane (Merck)
was added and boiled for 1 minute after that 4cc NaCl
(Merck) was added and mixed well. Solution was waited
for 5-10 minutes for separation of phases. Colored
supernatant was taken away to storage bottle. After
esterification, samples were injected into Supercovacs -
10 silica capillary column of Gas Choromatograph
(Hewlett Packard Agilent Tech. 6890N Network GS) and
fatty acids profiles were determined by using A.O.A.C.
(3) protocols.

Thiobarbituric Acid (TBA) Analyses : Thiobarbituric
acid (TBA) analyses were used as described by Salih et
al. (28) with some modifications for determination
malondialdehyde (MDA) level of egg yolks. Fresh
collected six shell eggs from each treatment for each
group were placed in refrigerator at 4 C* to be analyzed
for TBA levels at 1, 14, 28, 42 and 56 days of storage.
Egg yolk samples (2g) were weighted into 50 ml test
tubes and 18 ml of 3,86 % perchloric acid (Merck)
added. The samples were homogenized and 0,1 ml
butylhydroxytoluene (Merck) was added during
homogenization to control lipid oxidation. The
homogenated sample was filtered through Whatman 1
Filter paper. Filtrate (2ml) was mixed with 2 ml of 20
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mM TBA (Merck) in distilled water, and incubated in a
boiling water bath for 30 minutes. Absorbance was
determined at 531 nm. The TBA levels were expressed as
milligrams of malondialdehyde (MDA) per kilogram of
yolk.

Statistical Analyses: The data from the entire
experimental period were pooled and analyzed by
analysis of variance. Differences between means were
tested according to Tukey’s test and t test (31,33). All
analyses were performed using SPSS® 12.00 (SPSS Inc.,
Chicago, USA, 1999) computer software. Differences
were considered significant when P values were less than
0.05.

Results

The values of egg production, feed consumption,
feed conversion ratio (FCR), egg weight, eggshell
breaking strength and cracked egg ratio were not
significantly different between treatments (Table 4-5).
Although haugh units were not significantly different
when compared between experimental groups but haugh
units were increased significantly (Table 7) in all groups
by storage time (1, 14™, 28" 42™ 56™ day). Mean value
of omega-3 FA in egg yolk (Table 6) at FOC group was
higher than NC group (p<0.05). Whereas, there was no
significantly difference in total n-6 FA value between
FOC group and oil NC group (Table 6). Herewith, n6/n3
FA ratio of FOC group was higher (p<0.05) than NC
group (Table 6). Egg yolk MDA values of Group NC,

Table 4. Production parameters
Tablo 4. Performans parametreleri

FOC, FOHM and FOSA were increased significantly at
42 28™ 28™ and 14™ storage days respectively.
Malondialdehyde values of herbal mixture and synthetic
antioxidant free groups (Group NC and FOC) were
higher (p<0.05) than both herbal mixture and synthetic
antioxidants supplemented groups (Group FOHM and
FOSA) in the first and 14™ days of storage (Table 8). Egg
yolk MDA values of Group FOHM and FOSA were
lower (p<0.05) than Group FOC but the values were not
significantly different with Group NC at the storage days
28™ and 42™ . However, at the 56™ storage day egg yolk
MDA values of fish oiled-Group FOC was higher than
the other groups (p<0.05).

Discussion and Conclusion

We are reporting that neither herbal mixture nor
synthetic antioxidant feeding could influence (p>0.05)
egg production, feed consumption, feed conversion ratio
(FCR), egg weight, eggshell breaking strength and
cracked egg ratio (Table 4-5). As far as the effect of
dietary supplementation with herbal products or synthetic
antioxidants on layers performance is concerned, there
were no clear evidence in pertinent studies (6, 8,14,15).
Haugh units was not effected significantly by antioxidant
type and oil addition (Table 7). However, haugh unit was
started to decrease at first storage period and continue
decreasing significantly for each storage period in all
groups (p<0.05). It is known that, increasing storage time
leads to decrease in haugh unit (29, 32).

Egg Production Hen-day (%) Feed Intake (g/day) Feed Conversion Ratio,

Groups n=16 n=8 n=8
Mean SEM Mean SEM Mean SEM
NC 88.98 0.772 108.66 0.557 2.07 0.023
FOC 89.43 0.533 108.50 0.846 2.04 0.027
FOHM 89.79 0.513 107.83 1.013 2.09 0.018
FOSA 90.57 0.394 107.16 0.307 2.05 0.016

Group NC: Negative control ( supplemental oil, antioxidant and herbal mixture free), Group FOC: Control ( 1.5 % Fish oil + 1.5 %
Soy oil), Group FOHM: Control diet + herbal mixture (0.5 g/kg), Group FOSA: Control diet + synthetic antioxidant preparation (0.5

g/kg)

Table 5. Egg quality parameters
Tablo 5. Yumurta kalite parametreleri

Cracked Egg Eggshell Strength, Egg Weight
% N

Groups n(= 1)6 n(= 1)6 n(=g1) 6
Mean SEM Mean SEM Mean SEM
NC 1.42 0.127 35.08 1.724 61.51 1.133
FOC 1.36 0.084 36.32 1.257 61.11 1.122
FOHM 1.56 0.134 35.84 1.233 60.37 1.122
FOSA 1.30 0.081 37.33 1.288 62.51 1.122

Group NC: Negative control ( supplemental oil, antioxidant and herbal mixture free), Group FOC: Control ( 1.5 % Fish oil + 1.5 %
Soy oil), Group FOHM: Control diet + herbal mixture (0.5 g/kg), Group FOSA: Control diet + synthetic antioxidant preparation (0.5

glkg)
(N): Newton
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Table 6. Fatty acid composition of egg yolk, (% of total fatty acids)
Tablo 6. Yumurta saris1 yag asidi bilesimi, (toplam yag asitlerine oran1,%)

Fatty Acid NC FOC Fatty Acid NC FOC
mean SEM mean SEM mean SEM mean SEM
14:0 0.44 0.01 0.41 0.04 20:5n-3 0.27° 0.02 0.65? 0.03
16:0 26.57° 0.89 24.26° 0.30 22:6 n-3 - 3.64 0.01
16:1n-7 3.42 0.30 2.96 0.23 20:4n-6 - 0.11 0.02
18:0 10.42° 0.09 7.62° 0.48 Total SFA 37.51° 0.92 32.32° 0.54
18:1n-9 41.90 0.73 40.93 0.73 Total MUFA 45.33 0.82 43.89 0.87
18:2n-6 13.41 0.42 13.32 0.21 Total PUFA 13.97° 0.43 18.64° 0.25
18:3n-3 0.29° 0.01 1.42° 0.08 Total n-3 0.55° 0.02 5.71° 0.06
20:0 0.033 0.01 - Total n-6 13.41 0.42 13.32 0.21
22:0 0.043* 0.01 0.016° 0.02 n-6 : n-3 24.02° 0.49 251° 0.12

*¢ Within a row values with no common superscripts indicate significantly different (P<0,05)
Group NC: Negative control (supplemental oil, antioxidant and herbal mixture free), Group FOC: Control (1.5 % Fish oil + 1.5 %
Soy oil)

Table 7. Haugh unit
Tablo 7. Haugh unit

Groups 1%'day 14" day 28™ day 42™ day 56™ day p'
n=6 n=6 n=6 n=6 n=6
NC Mean 94.024 86.148 73.29°¢ 61.24P 51.32F *
SEM 1.606 4.013 4.002 3.837 4267
FOC Mean 94354 84.54 B 73.46° 64.24° 49.11°F *
SEM 1.824 3.688 4.288 3.387 4.122
FOHM Mean 94.874 85.84B 74.77 € 63.87P 50.82F *
SEM 1.824 3.688 4.288 3.387 4.122
FOSA Mean 95.244 85.258 72.56¢ 62.84° 49.71F *
SEM 1.824 3.688 4.288 3.387 4.122
p? N.S N.S N.S N.S N.S

P': A#F Mean values within a row with different superscripts are significantly different (P<0,05)

P? : N.S: Non-significant within a column. Group NC: Negative control ( supplemental oil, antioxidant and herbal mixture free),
Group FOC: Control ( 1.5 % Fish oil + 1.5 % Soy oil), Group FOHM: Control diet + herbal mixture (0.5 g/kg), Group FOSA:
Control diet + synthetic antioxidant preparation (0.5 g/kg)

Table 8. MDA values of Egg Yolks in storage periods (mg/kg)
Tablo 8. Depolama donemlerine gore yumurta sarist MDA degerleri (mg/kg)

Groups 1%day 14™ day 28™ day 42™ day 56™ day
n=6 n=6 n=6 n=6 n=6

NC Mean 031°4 0.34°4 0.34%4 0.38%0AB 0.39*B
SEM 0.020 0.031 0.026 0.033 0.019

FOC Mean 0.31°% 0.35%48 0.38 °BC 0.41 °B¢ 0.44°C
SEM 0.016 0.008 0.007 0.011 0.016

aA aAB aBC aBC aC

FOHM Mean 0.24 0.29 0.32 0.36 0.37

SEM 0.011 0.013 0.008 0.007 0.009

FOSA Mean 0.23% 0.30 %8 0.32% 0.35% 0.36 %8
SEM 0.009 0.010 0.008 0.014 0.007

A€ Mean values within a row with different superscripts are significantly different (P<0,05)

*¢ Mean values within a column with different superscripts are significantly different (P<0,05) Group NC: Negative control
(supplemental oil, antioxidant and herbal mixture free), Group FOC: Control ( 1.5 % Fish oil + 1.5 % Soy oil), Group FOHM:
Control diet + herbal mixture (0.5 g/kg), Group FOSA: Control diet + synthetic antioxidant preparation (0.5 g/kg)
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Addition of fish oil to experimental diets enriched
n-3 FA in egg yolk but there were no change in n-6 FA
(Table 6). Herewith, n6/n3 FA ratio decreased by
addition of fish oil to the diets (Table 6). It is known that
the type of dietary supplemented oil effects fatty acid
composition of egg yolk (1, 11, 13,18). Fish oil in layer
diets increases n-3 FA in egg yolk because of its high n-3
FA content (6, 9, 13, 20). High n-6 content of corn (23,
34) which used in all experimental diets may cause
similar n-6 values in egg yolks of groups.

Malondialdehyde values of egg yolks were started
to increase in different storage period (in Group NC,
FOC, FOHM and FOSA at 42", 28™ 28" and 14"
storage days respectively) during 56 days of storage
(Table 8). Different data were documented about MDA
values of egg yolk during storage time (14, 15). It is
reported that this discrepancy is most likely to reflect a
difference in the methods applied to detect lipid
oxidation (14).

Addition of both synthetic antioxidant and herbal
mixture to fish oiled diet caused a decrease in egg yolk
MDA values until the end of the storage time (Table 8).
This decreased value was even lower than the value of
fish oil free diet at 14™ storage day (Group NC). This
decrease may be explained with possible transfer of the
antioxidant constituents of herbal mixture (1,8- Cineole,
Limonene, Eugenol, Carvacrol, Rosmarinic acid, etc.) or
synthetic antioxidant (ethoxyquine, butylhydroxitoluene,
butylhydroxianisole and citric acid) into hen organism
through feeding might inhibit the chain reaction involved
in oxidation of the consumed lipids, thus decreased
oxidation products transferred into the yolk (5, 14-16,
25). From 28" to 42™ day of storage, egg yolk MDA
values of fish oil and antioxidant free Group NC was
similar with MDA values of other three groups. It is
interesting that the MDA values of fish oil free Group
NC and fish oiled antioxidant free Group FOC were
similar until 42" storage day. However, at the 56
storage day egg yolk MDA values of fish oiled-Group
FOC was higher than the other groups (P<0.05).
Oxidation of n-3 FA and n-6 FA from fish oil, corn oil
and soy oil passed to egg yolk is concerned, they were
similarly affected by refrigerated storage until 42™ day
but oxidation of n-3 FA was higher than n-6 FA’s at 56™
day of storage. Also, the present study gives evidence
that not only synthetic antioxidants but antioxidant
constituents of herbal products could pass into egg yolk
and efficiently prevent lipid oxidation.

Consequently, these  data  indicate  that
supplementation of synthetic antioxidant and herbal
mixture to fish oiled layer diets retard oxidation in egg
yolks until 56™ day of storage. Also, according to these
data using herbal mixtures, which involves antioxidant

active ingredients, as a feed antioxidant instead of
synthetic antioxidants in fish oiled layer diets can be a
natural method to prevent egg yolk from oxidation
during storage.
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