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ABSTRACT

The objective of the present research was to
examine the effects of feeding laying hens with sardine
oil on the -3 fatty acids levels of the egg yolk. Results
of the study show that changes in the composition of the
diet influenced the fatty acid composition of the yolk lipid.
Diets with sardine oil from 2 to 8% significantly
increased -3 PUFAs content of the yolk. The increase
of w-3 PUFAs was predominated by docosahexaenoic
acid (DHA); followed by eicosapentaenoic acid (EPA),
and o-linolenic acid (ALA). In term of egg weight basis,
the increase of -3 PUFAs in egg due to sardine oil con-
sumption was from 8.17mg/egg in diet without sardine
oil to 102.27 mg/egg in diet with 2% sardine oil, and
232.63mg/egg in diet with 8% sardine oil. @-6 PUFAs
especially arachidonic acid tended to decrease with the
increasing intake of sardine oil.

Diets with sardine oil significantly (P<0.05) de-
creased the cholesterol content of the yolk compared to
that without sardine oil. Cholesterol content of the eggs
produced by laying hens fed with 2% sardine oil was
191.73 mg/egg significantly lower than that of egg
produced by laying hens fed without sardine oil. The
cholesterol content of 179.74mg/egg was produced by
hens fed with diet containing 8% sardine oil, this is lower
than that of eggs produced by the commercial feed of
208.09mglegg.

INTRODUCTION
Recently, functional foods have been gaining spe-

~ cial concern since people are now obsessed with health,
that it is believed to be associated with the food they
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consume. Foods are consumed not only for their nutri-
tional but also for their health or medicinal benefits.
®-3 Polyunsaturated fatty acids (PUFAs) such as
eicosapentaenoic acid (EPA), docosahexaenoic acid
(DHA) and a-linolenic acid (ALA) are recognized as
functional compounds. These fatty acids are now gain-
ing special attention as they are considered to be benefi-
cial in decreasing plasma triacyl glycerols and choles-
terol, and lowering the risk of atherosclerosis (Meydani
et al., 1991). Epidemical studies suggest that consump-
tion of fish oil that are rich in -3 PUFAs may protect
against coronary heart diseases (Kobatake et al., 1983;
Herold & Kinsella, 1986; Chee et al., 1990; Nardini et
al., 1995). Result of some studies indicate that DHA is
essential for normal functional development of the retina
and brain, particularly in premature infants. Emerging
scientific evidences suggest that these acids, especially
DHA may be a dietary essential in growing infants as it
is naturally found in human milk. Because w-3 fatty
acids are essential in growth and development through-
out the life cycle, the should be included in the diets of
all humans (Simopoulus, 1991), Thus, recent recommen-
dations pertaining to the consumption of dietary fats have
emphasized the importance of consuming higher levels
of these fatty acids (Simopoulus, 1991; Chee et al., 1990).
In addition to increasing consumption of fish and
fish oil products, intake of ®-3 fatty acids can be
enhanced through the consumption of commonly occur-
ring non-fish foods containing elevated levels of these
fatty acids. Egg is an important food as a source of
protein with high nutritional value, but the fat that con-
centrates in-the yolk is relatively poor in ®-3 fatty acids
(Noble, 1987). However, the lipid composition of the
egg yolk can be modified by changes in the composition
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egg yolk can be modified by changes in the composition
of the poultry diet (Leskanich & Noble, 1997). Some
investigations suggest that increasing dietary levels of
mono- and polyunsaturated fatty acids have large effects
on the unsaturated fatty acids of the yolk, feeding of long
chain ®-3 PUFAs increases in their levels in yolk lipid
(Caston & Leeson, 1990; Marshall et al., 1994, Oh et
al., 1994).

Fish oil is abundantly available as a byproduct from
fish meal and fish canning industry. There are many fish
industries in Indonesia, one of them is the prominent
sardine canning at Muncar, Banyuwangi, East Java. The
factory processes approximately 30,000 tons marine
fishes - chiefly sardine, annually. Sardine oil, the
byproduct of the factory, is now unutilized commercially
yet and the waste is potential to bear ecological prob-
lem. Sardine oil is potential as a source of -3 PUFAs
(Chee et al., 1990), therefore, it is necessary to develop
the utilization of the byproduct such as to enrich non-
fish foods with ®-3 PUFAS so as to maximize its poten-
tial use.

The objective of the present research was to exam-
ine the cffects of feeding laying hens with sardine oil on
the m-3 fatty acids levels of the egg yolk.

MATERIALS AND METHODS

L.aying hens and rations

Laying hens of Lohmann MB 402 aged 28 weeks
were purchased from PT Multibreeder Adirama, Indo-
nesia. Ninety eight hens were selected and used for the
experiments. Sardine oil was obtained from fish meal
factory of PT Fishindo, Muncar, Banyuwangi, and palm
oil was from PT Intiboga Scjahtera, Jakarta, Indonesia.
Commercial feed was a product of PT. Comfeed.

The animals were divided into seven groups and the
experiments were conducted in triplicate with two
animals in each cage. Each group of animals were fed
diet with different levels of sardine oil, i.e., the different
ratio of fish and palm oils. The diets were formulated
according to NRC (1994) to meet the requirement for
laying hens. Group 1 (SP-0/8) was given diet containing
(% sardine oil and 8% palm oil, group 2 (SP-2/6) was
with diet containing 2% sardine oil and 6% palm oil,
group 3 (SP-4/4) was with diet of 4% sardine oil and 4%
palm oil, group 4 (SP-6/2) was with diet of 6% sardine
oil and 2% palm oil, group 5 (SP-8/0) was with diet of
8% fish oil and 0% palm oil, group 6 (Control) was with
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diet of no addition of oil, and group 7 (F-Com) was with
a commercial feed. The composition of the diets given
to each group of animal are presented in Table 1, and the
fatty acid composition of the diets are shown in Table 2.
Laying hens were fed ad libitum and maintained in the
cage for three months.

Table 1. Composition of diets*

Material (%) SP-oN SP-26 SP-4/4 SP-62 SP-4o Control F-Com,
Ground corn 41.00 4100 41.00 4100 4100 67.00 40.00
Sayhcan meal 2150 21.50 2150 27.50 27.50 17.00
Rice hran 13.00 13.00 12.00 13.00 13.00 3000
Giils (CaCOJ) 9.50 4.50 9.50 9.50 9.50 9.00
Fish mcal - - - - - 6.2%
Commercial diet - - - -~ Ri114)
Topmix 0.25 024 0.28 025 028 0.2§
Salt (NaCh 0.50 0.50 0.50 0.50 .50 0.25
DL.-metionine 0.25 0.28 028 028 0.25 0.25 -
Sardine oil 0.00 2.00 4.00 6.00 8.00 - -
Palm oi} 8.00 £.00 4.00 2.00 0.00 - -
TOTAL 1XL.00 100.00 100.00 10Xy 1000 10000 11).00
Nutrent coments¥
MF (Kcalkg) 2861 2863 2861 2863 2863 2800 27500
Crude protein (%) 16.67 16.67 16.67 te.67 16.67 16.67 16.49
Crude fal (‘%) 1179 1.79 11.79 11.19 1.7 295 100
Crude fiber (%) s .43 hEX) 543 5 295 431
Capygal (%) 367 367 161 167 167 3.9 163
Proagal (%) ] 1on Lim 1w g 1.08 097
*NRC (1994)
#Results of analysis in our lahoratory,

Table 2. Fatty acid composition™ of rations
Faty ncid SPR SP-2/6 SP-4/4 Sr-6/2 SP-R0 Control F-Com.
Cl4:0 [$Xe) 0.28 038 0n 094 0.02 0.04
Clo:0. in .51 an 296 P 0.40 1.50
Cte:l 0 0.24 41 0.68 .94 0.02 0.08
CIRD 0.44 0.46 047 49 0.53 0.80 0.63
CIR:1 478 4 190 291 127 {180 2
CIR:2m-6 PR w 238 217 1.96 OR2 .45
CIR:2m-3 O0R om on 012 [iA1) 0.0 0.0l
CAx0 0.06 o.m om nm 0.08 0.0 0.08
caxt 023 0.11 0.16 0.2t .40 nm 0.2
C2x4m-6 0 0.04 0w 040 .19 0.0 008
C2ArSw-3 0.00 0.20 0% 0.56 0.89 0n.00 0.m
C22:60-3 0.00 .16 0.36 0.55 0.7 0.02 AL
SFA 4m 428 404 419 122 L2t wn
USFA 149 7.51 1.8 7.60 1.57 1.2 487
MUFA m 470 447 IR 162 0.4 278
PUFA 245 281 IR 1R0 196 088 209
-3 FA O0R 045 084 1.4 | 81 0.05 0.16
w6 FA A 2.36 243 2.56 2.5 083 193
@-6/w-3 ralio 9.1 s 29N 217t .21 16.6/1 12.1n

* Analyred by Gas Chromatopraph of HIT ACHI 1630 campleted with Fused Sitics Cappitary Colunn of Carbowax
L 2 30m, D: 0.25 cm). equipped with FID. ’
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Eggs

The eggs taken for analysis were those produced at
the 4™ week every month.The eggs were analyzed for
fatty acid composition and cholesterol content. Daily egg
production (% hen day average) and the average weight
of egg produced daily were also recorded.

Fatty acid analysis

Fat was extracted from the yolk with chloroform:
methanol (2/1) according to Folch et al. (1957), and
methylated with BF3-methanol. Methyl esters were
analyzed by Gas Chromatograph of HITACHI 163 GC
equipped with Flame Ionization Detector (FID) of
Shimadzu C-RGA and Chromapac recorder. Column
used was Fused Silica Capillary (L:30m, D:0,25Cm)
filled with carbowax. The condition of HPLC analysis
were, carrier gas of N, (30mL/min), ignition gas of H,
(0.9kg/Cm?), air (1.5kg/Cm?), column temperature
200° C, injection temperature 250°C, attenuation 7,
recorder speed 4mm/min, and injection volume 0.1pL.

Cholesterol

Analysis of cholesterol was conducted by
Leiberman-Burchard method. Cholesterol was extracted
from the yolk with acetone:ethanol (1/1) at boiling
water temperature. After centrifugation, supernatant was
transferred into a test tube and the solvent was evapo-
rated. To the precipitate was added chloroform and a
mixture of acetic acid anhydride : sulfuric acid (30/1),
after mixing thoroughly, the absorbance at 680nm was
read on a spectrophotometer. Purified cholesterol was
used to plot a standard curve.

RESULTS AND DISCUSSION

The eggs produced by laying hens fed with differ-
ent levels of sardine oil were analyzed for fatty acid
composition and cholesterol contents.

-3 PUFAs and -6 PUFAs

Fatty acid composition of the yolk lipid of each
group of hens is presented in Table 3. Changes in the
composition of the diet influenced the fatty acid compo-
sition of the yolk lipid. The increase of sardine oil of the
diet significantly increased ®-3 PUFAs content of the
yolk. '
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Table 3. Fatty acid composition™ of yolk lipid

Fatty acld SP-OR SP-u6 sp4a | spa2 | sp8m [Contrdl | F-Com.
Cl4:0 0.3 049 .64 0.88 .19 0.40 032
CI6:0 2321 2364 .18 4.4 24.89 297 233
cl6:l 462 330 “m 6.04 6.57 6.12 638
CI8:0 6.36 6.24 648 6.34 694 7.38 6.27
cig:l 46,39 44.49 42.52 3896 36.19 4375 41,10
Cl&:20-6 dinoleicy} 1677 1693 1672 1672 16.98 15.78 19.73
Cl83w-3(ALA) | 0.142 0.26P 032 0.36¢ 046¢ 0.13% 0.2sh
c200 0.02 0.06 0.08 0.01 0.07 003 0.05
c0:1 0.16 0.28 0.41 (¥ 0% 012 0.18
C20:4w-6(Arsch) | 153 114 081 075 oM 1.65 1.9
C20:5w-3 (EPA) ND? 0.3 031b 0.39b 0e ND*® ND®
C2260-3 (DHA) | 0230 3.04¢ 37ad ant 49° o.69P 04630
SFA 2995 30.43 31.29 3167 3309 378 275
USFA 70.05 69.57 6871 68.33 6691 68.25 70.08

@-3FA 074 347¢ a.pd 856t 6.067 091" o0.718h
w6 FA 18450 | 1a.0nb 17.32% 1746° | 17.50% 1174420 21.99¢
@-6/0-3 ratio 4991 st | am 3.1 201 1921 30.9/1

*Analyzed by Gas Chromatograph of HITACHI 163GC conwpleted with Pused Sitica Cappllary Column of Carhow tx
(L : 30m, D: (.25 cm). equipped with FID.

Diets with sardine oil from 2 to 8% significantly
increased -3 PUFAs content of the yolk, which were
significantly different from that of diets without addi-
tion of fish oil. This result is in agreement with the
investigation of Marshall et al (1994) that diet contain-
ing 1.5% menhaden oil increased ®-3 PUFAs content of
the yolk compared to control.

Diet with 2% sardine oil (SP-2/6) elevated 0.37%
-3 PUFAs if compared to diet without sardine oil (SP-
0/8). and the elevation of 6.06% ®-3 PUFAs was reached
by diet with 8% sardine oil (SO-8/0) (Table 3). The
increase of ®-3 PUFAs was predominated by docosah--
exaenoic acid (DHA), followed by eicosapentaenoic acid
(EPA), and a-linolenic acid (ALA).

Astuti (1997) used diet with the waste of sardine
canning to increase the level of w-3 PUFAs of eggs. She
reported that diet with 5% of the sardine waste could
elevate -3 PUFAs content of 1.77%. Caston and Leeson
(1990) investigated that diet with flaxseed as a source of
-3 PUFAs given to laying hens produced eggs with the
increase of DHA of 0.22%. -3 PUFAs are essential for
poultry, and the ®-3 PUFAs content of egg is dependent
of ®-3 PUFAs intake (van Elweysk, 1997).

®-6 PUFAs especially arachidonic acid tended to
decrease with the increasing intake of sardine oil. The
result is in accordance with the report of Caston and
Leeston (1990) that the intake of ®-3 PUFAs from flax-
seed decreased the arachidonic acid of the yolk. This
might be associated with the inhibition of w-6 biosyn-
thesis by -3 PUFAs.
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In term of egg weight basis, the increase of ®-3
PUFAs in egg due to sardine oil consumption was from
8.17mg/egg in diet without sardine oil to be 102.27 mg/
egg in diet with 2% sardine oil, and 232.63mg/egg in
diet with 8% sardine oil (Table 4). The increase ®-3
PUFAs content was similar with the report of Hargis and
van Elswyk (1993) that diet with 3% menhaden oil
elevated ®-3 PUFAs to be 235 mg/egg.

Table 4. ®-3-, -6 PUFAs and cholesterol content of eggs

Description spom- | spue | spwa| spa2| sP8o | Control | F-Com,
-3 PUFAs (mglegg) 217 | j02.27¢ | 132989 | 1s6.64¢ | 22630 | 1714 {16788
06 PUFAs (mglegg) 30490 | 443367 | 410803 | 399.530 [388.3530 | 3326970 | sansc
EPA (miglegg) 0” 343 94| 1ogsh | 27.25¢ 0? i
DHA (mg/egg) S.088 R8s | 113229 | nasee| sl | togeb | 0890
Cholesterol (mg/g yolk) 13.074 13.132 12.523 1253 | 12543 12128 | 13.00b
Chalesicrol (mp/egg) 201469 | 191.73¢ {18780 [1g3a6he | 179740 | 16669 | 208.099
*Mcans wilhin the same row wilthoul a commaon superseript leiter are significantly dif_fcrcm a1 P<0.O1.

Fatty acid composition

Table 3 shows that the profile of fatty acids of the
egg yolk was predominated by oleic, palmitic, linoleic,
stearic acids. The result shows that palmitic and stearic
acids were constant with the increasing of sardine oil in
the diets. Powrie (1977) suggested that palmitic and
stearic acids are relatively constant in eggs, i.e., approxi-
mately 30%. The composition of saturated and unsatur-
ated fatty acids in eggs were relatively the same pro-
files, i.e., the unsaturated have a higher proportion of
69-70% and the saturated was 30-33%.

Cholesterol

Cholesterol content of eggs is shown in Table 4.
Diets with sardine oil significantly (P<0.05) decreased
the cholesterol content of the yolk compared to that with-
out sardine oil. This is associated with the ®-3 PUFAs
content of the diets.

Cholesterol content of the eggs produced by laying
hens fed with 2% sardine oil was 191.73 mg/egg (SP-
2/6) significantly lower than that of egg produced by
laying hens fed without sardine oil (SP-0/8). The
cholesterol content of 179.74mg/egg was produced by
hens fed with diet containing 8% sardine oil, this is lower
than that of eggs produced by the commercial feed of
208.09mg/egg. The cholesterol content of hen eggs gen-
erally ranges between 200-250mg/egg depending on the
diet composition (Griffin, 1992).

The decreasing effect of sardine oil on the choles-
terol level in the egg yolk is associated with the inhibi-
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tion effect of -3 PUFAs on the cholesterol biosynthe.-
sis. The advantages of fish oil diet on lowering choles.-
terol level of serum and organs have been well recog-
nized (Herold et al., 1986; Podczasy et al., 1995;
Cameron et al., 1995, Griffin, 1992).

The increasing intake of sardine oil influenced the
weight of the yolk. The more sardine oil in the diets the
lower weight of the yolk (data not shown). This is in
agreement with the report of Jiang & Sim (1991) that
cholesterol content correlates with the weight of the yolk.

Egg production

Egg production of laying hens fed diet with sardine
oil was higher than that of those fed without sardine oil.
Among those experimented, diet containing 2% sardinc
oil gave the highest egg production (89.9 %/ hen day
average). The result of the present investigation is in
agreement with the report of Farrel (1995) that diet con-
taining ®-3 PUFAs performed a better egg production.

The average weight of eggs produced in the present
research ranged from 59-64g. Diets with sardine oil
tended to decrease the weight of eggs. However, egg
weight of laying hens fed with sardine oil were not
significantly different from that of laying hens fed with-
out oil (Control) or with the commercial feed (F-Com.).
It seemed that the size and weight of eggs are influenced
by linoleic acid level of the ration (March & McMillan,
1990).

CONCLUSION

The results of this study show that laying hens fed
diets containing sardine oil produced eggs with elevated
level of total ®-3 PUFAs. The higher content of sardine
oil of the diets, the higher level of ®-3 PUFAs, espe-
cially DHA and EPA of the yolk. Diet with 8% sardine
oil produced eggs with 232.63mg/egg of total ®-3
PUFAs. However, the optimum egg production (% hen
day average) was achieved with diet containing combi-
nation of 2% sardine oil and 6% palm oil. Diets with
sardine oil also have advantages in decreasing choles-
terol levels of the yolk.
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