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Abstract. The search for alternative protein sources for duck feed is important
considering its high cost. An experiment involving 100 forty-wk-old laying ducks was
conducted for eight weeks to study the effects of fresh water fish (sapu-sapu fish -SSF)
as single protein sources on egg quality and heavy metal concentration. The SSF levels
were 28 and 35% of the feed and the remaining constituent was rice bran with
metabolizable energy approximately 2,943 and 2,934 kcal/kg, respectively. Fresh water
fish did not effect on egg quality measured except egg weight and shell thickness
(63.2+0.30 to 67.920.229) and shell thickness (0.50+0.04 to 0.52+0.04g) with increasing
dietary SFF(P<0.05). Mean concentrations of heavy metals in local duck samples
decreased in the order kidney>liver>egg>meat for Pb and liver>kidney>meat>egg for
Cu. Lead concentrations in meat, eggs, liver and kidney were 1.267+ 0.825, 1.311+0.737,
1.762+0.729 and 2.172+0.770 mg/kg respectively. These values were higher than the
admissible amounts under the Indonesian National Standards (1.0 mg Pb/kg) and FAO
(0.1 mg Pb/kg). Accumulation of Cu in the meat, eggs, liver and kidney was
12.798+4.181, 7.011+1.949, 30.165+16.561 and 14.392+ 4.208 mg/kg respectively.
These levels were also higher than that recommended by the European Commission. The
conclusion of this study proved that feeding SSF to laying ducks raised by small farmers
contained a significantly high concentration of heavy metals not appropriate for human
consumption when high levels of SSF was fed.
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1.Introduction

Previous study by the author [1] revealed that feeding fresh sapu-sapu fish (SSF)“(Hyposarcus
pardalis) as a single protein for laying Mojosari ducks at level 20% offered the maximum egg
production. Another study conducted to evaluate the properties of SSF revealed that although its
protein content ranged from 33.32 to 41.7% [2] or higher (42.49%) [1], the fish contained copper
(Cu) and lead (Pb), ranging from 2.48 to 16.70 and from 4.22 to 15.23 mg/kg respectively [2].
This implies that while SSF is a potential protein source, it may be highly contaminated with

heavy metals and may even endanger human health. SSF has been used in duck’s feeding by small
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farmers in Lombok, Indonesia for years where their skill and knowledge regarding the negative
effect of the fish were limited. Other side, duck meat, duck eggs, and inner organs (kidney and
liver) are commonly consumed as a protein source for human. Therefore, the present study was
undertaken to evaluate the concentrations of these two heavy metals (Pb and Cu) in tissues, eggs
and inner organs of laying ducks fed with SSF under rural feeding management and also to save

the consumers from toxicity.
2.Materials and Methods
2.1.Animals and management.

This research was carried out at the farm of a duck grower who practiced village condition
management (as described below). Laying ducks of the Mojosari breed approximately 40 wks.
of age (laying plateau period) were obtained from local growers who procured and reared day-
old ducks. One hundred laying ducks were procured from two groups of small duck growers and
wing-banded, weighed, and distributed to 20 cages (1.5 m long, 1.0 m width, and 0,45 m high).
The ducks were raised in a traditional way where they were group—housed in an intensive pen
made from bamboo with average density of 10 birds/1.50 m2 or and zinc roof in an open-sided
house with uncontrolled temperature. Rice bran and SSF were the main ingredients used for
feeding the laying ducks and were offered in different amounts, depending on the availability of
SSF. Birds of group A were fed 28% with SSF whilst group B was provided with 35% SSF: the
remaining constituent of the feed was rice bran (Table 1). Ducks were housed in colony cages of
10 birds with floors constructed from solid soil. The cages were equipped with two rounded
plastic feeders (30 cm diameter) for 10 birds. They had free access to drinking water. No routine

disease controls were carried out except when disease outbreak occurred.
2.2.Diets and Treatments

A total of 100 laying ducks were divided into two treatment groups of 50 birds each and these
were further subdivided into five replicates of 10 each. They were fed with two dietary treatments
which were prepared from different levels of SSF containing 16.78 and 19.28% crude protein
with energy levels of 2,943 and 2,934 kcal of ME/kg for T-A and T-B groups respectively until 8
weeks of the experimental period. SSF was calculated on wet basis, weighed and then ground.
SSF used for feeding was ground fresh and mixed with rice bran with addition of two cups of
water and fed in a slurry form. Both SSF and rice bran were analysed for proximate composition
as per AOAC [3]. Feeding was restricted to 200 g/bird/day and twice a day to avoid over-spilling
due to the duck eating behavior. Spillage of the feed was calculated by weighing and drying the

remaining feed on the feeder. No vitamin and mineral mix were added into the ration.
2.3.Measurements.

Egg quality characteristics viz. albumen index, egg yolk index, Haugh unit, shell thickness and
yolk color were measured on wk 4 and 8 for two consecutive days. Ten eggs per diet group were

randomly collected and evaluated for egg quality. A total number of 80 eggs (40 eggs from each
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dietary treatment) per collection were taken and the contents were taken in a clean Petri dish and
then yolk color was measured against the Roche Yolk Color Fan scale (RYCF) as a tool for a
standard color. This study was carried out at the Laboratory of Animal Product Processing
Technology- Faculty of Animal Science, Mataram University.

Table 1. Composition of experimental diets for laying ducks feed different dietary SSF

Ingredients: (%) Diets

T-A T-B
Rice bran 72 65
Sapu-sapu fish 28 35
Total 100 100
Calculated nutrient composition
Metabolizable Energy (ME) (kcal/kg) 2,943 2,934
Crude protein 16.78 19.28
Crude fiber 22.52 21.40
Ether extract 6.23 7.02
Ash 20.6 21.16
Calcium 1.14 1.40
Available phosphorus 0.90 0.90
Cu 1.22 1.52
Pb 1.03 1.28

Ducks fed sapu-sapu fish 28% and rice bran 72% (T-A) ; ducks fed sapu-sapu fish 35% and rice
bran 65% (T-B). SSF=Sapu-sapu fish
No vitamin and mineral added

2.4. Meat, liver and kidney samples.

Two ducks were randomly selected from per treatment replicate and were killed with a sharp
knife. Approximately 1 g (wet weight) of tissues from the thigh or breast, liver and kidney were
dissected using surgical knife and rinsed thoroughly with distilled water. All samples were

labeled according to their parts of the tissues and frozen and stored at -200C.
Sample analysis.

Samples were thawed and placed in a plastic bottle with top cover were added with 5 ml HNO3
and 1 ml HCIO4, and left for 24 hours. On the following day, the samples were heated at a
constant temperature of 3000C for 90 minutes. The dried samples were dissolved with distilled
water to 25 ml. The samples were allowed to cool, and then were filtered with a filter paper
“Sartorius 393” to determine Cu and Pb which were quantitatively analyzed using atomic
absorption spectrometry method (AAS) “Perkin Elmer*. The absorption wavelengths were 217.00

nm for Pb and 324.765 for Cu respectively. All samples were analyzed in 4 replicates.
2.5. Egg sample

Two eggs were randomly selected and broken and after evenly mixing the albumen and yolk,
approximately 5 g were weighed out. The samples were dried into the oven at 4500C for 16 hours.

Subsequent analytical procedures were similar to the previous samples. The analyses were
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conducted in the Analytical Laboratory of Mataram University.
2.6. Statistical analysis

The data were represented as means and standard error and analyzed using procedure of SAS
package version 8 [4]. The Student’s t-test was used for data with two groups, while One way
Analysis of Variance was used to compare data at significant differences.

3. Results and Discussion
3.1. Egg quality

For data on egg quality, from this study it is known that laying ducks fed with different SSF
showed differences in egg shell thickness and egg weight (p<0.05) but did not demonstrate any
differences (p>0.05) in egg index, egg yolk color, Haught unit and height albumen during the
experimental period (Table 2). Improved shell thickness was shown by T-B which was fed with
35% SSF containing 1.40% calcium compared to the T-A containing 1.14%. The present results
are consistent with the findings of [5] who found that feed consumption and egg production were
significantly reduced by feeding a diet containing 1% calcium. In addition, eggshell thickness
was 0.352 mm and increased to 0.410 mm when the diet had 5% calcium. In our study, egg shell
thickness was 0.520 mm with 1.4% calcium diet and 2.33 g calcium intake (Table 1 and 2). This
may be explained by the high bone fish containing high minerals contributing to the eggshell
thickness. Again that the SS fish is fresh water which is its dorsal fin have barbed hard bone.
Although SSF is at present not commonly used for animal feeding, it can be easily grown in any
fresh water body and can form a potential feed for ducks without any further processing as a fish
meal under farmer management. Khatoon et al. [6] reported that there was a variation in
composition of fish meal which is dependent on species of the fish and the processing method. In
this study, the fish was offered in ground fresh, therefore the quality of calcium sources and
other nutrients might be higher than that the processed fish. This was reflected in egg weight
increasing from 63.2+0.30 to 67.9+0.22 g or 7.43% improvement from low to high SSF.

The mean concentrations of Cu in local duck samples were in the order of
liver>kidney>meat>egg while that of Pb was in the order of kidney>liver>egg>meat (Table 3).
Mean concentration of Cu and Pb in liver and kidney was higher than that in muscle and eggs.
This is consistent with earlier reports [7; 8; 9] Metal uptake is generally dependent on feeding
habits [8], the time of exposure to the metals [10;11], the concentration on the feed [7;12;13;14],
and heavy metal source [12]. As an essential metal, copper have an important role in the
physiological function of animals but excessive amount will make it toxic [15] and may reduce
growth rate [16]. Our study found that accumulation of Cu in the meat, eggs, liver and kidney was
12.798+4.181, 7.011+1.949, 30.165+16.561 and 14.392+ 4.208 mg/kg respectively. These levels
were higher than that recommended by the European Commission [17] in chickens (range; 17 to

23 mg/kg, 16 to 24 mg/kg and 0.66 mg/kg to 1.1 mg/kg for liver, kidney and eggs respectively).
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Table 2. Feeding of SSF in laying ducks on egg quality during the 8 -wk of experimental period
(Mean +SE) from 40 to 48 weeks of age.#

Parameters Diets
T-A T-B
Egg weight (g) 63.20+0.30° 67.9+0.222
Egg index 76.42+1.82 77.54+1.24
Egg yolk color (R.Y.C.F) 4.9+0.20 4.7+0.48
Eqgg shell thickness (mm) 0.50+0.04° 0.52+0.04?
Haught unit 95.82+5.13 95.97+7.25
Height albumen (mm) 9.71+0.81 10.04+1.06

Ducks fed sapu-sapu fish 28% and rice bran 72% (A) ; ducks fed sapu-sapu fish 35% and rice
bran 65% (T-B).

&b Means within a row with no common superscript differ significantly (p<0.05).

SE= standard error SSF=Sapu-sapu fish

# Means represent 5 replicates and 8 eggs in each, comprising 40 eggs per treatment.

3.2. Heavy metal concentration (Cu and Pb)

Table 3. Metals concentration mg/kg of sample of meat, eggs and inner organs of laying ducks
fed different SSF levels from 40 to 48 weeks of age (Mean +SE).#

Metals T-A
Meat Egg Liver Kidney
Cu 13.40+4.76  7.67£1.10 34.66%£17.21 15.37%5.60
Pb 1.063£0.71  0.87+0.52 1.51+0.83 2.08+0.58
Metals T-B Pooled
Meat Egg Liver Kidney
Cu 12.18+3.96  6.34+2.49 25.66+16.44 13.41+2.45 16.091+12.155
Pb 1.47+0.49 1.74+0.68 2.02+0.58 2.25+0.98 1.628+0.825

Ducks fed sapu-sapu fish 28% and rice bran 72% (A) ; ducks fed sapu-sapu fish
35% and rice bran 65% (T-B).

SE-= standard error SSF=Sapu-sapu fish
# Means represent 5 replicates and 2 samples in each, comprising 10 per
treatment.

Lead, not an essential metal [11], derives its concentration in the body mainly due to uptake from
contaminated or polluted feed sources. In this study, the SSF have become an alternative common
fish meal and fed to the laying ducks since the starting period. Thus for at least 6 months the ducks
were fed with animal protein source containing heavy metals. According to Kalay and Canli [11],
accumulation of heavy metals was higher than their elimination, indicating there are difficulties
of the body to remove the accumulated heavy metals that occurred in important organs of living
animals. Lead is the most common industrial metal [18] and its accumulation and contamination
of edible poultry tissues and eggs represent a potential public health hazard [19]. The distribution
of lead (Pb) in body tissues is dependent on the entry point of this metal in the body and its

chemical form. However, most of the lead enter through the intestinal wall will accumulate in
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bone and liver [20]. In current study, the lead concentrations in the meat, eggs, liver and kidney
were 1.267+0.825, 1.311+0.737, 1.762+0.729 and 2.172+0.770 mg/kg respectively higher than
the 1.0 mg/kg admissible amount set by the Indonesian National Standard [21]and FAO [22].

4. Conclusion

This study indicates that feeding SSF to laying ducks at high level on rice bran diet resulted in
copper and lead accumulated in meat, eggs and inner organs (liver and kidney). Inner organs
accumulated higher levels of heavy metals than that of meat and eggs. Therefore, there is a need
to identify the appropriate levels of SSF with no risk for humans.
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