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Abstract: Alabio ducks (Anas platyrinchos Borneo) are a local duck breed from South Kalimantan,
Indonesia. High feed cost is a major constraint in duck production. Therefore, many efforts have been conducted to
tind cheaper feedstutts, especially protein sources. Golden snail (Pomacea canaliculata) is abundantly available in
the wetland area of South Kalimantan and causes damages to paddy rice. This research aimed to determine the
effects of feeding Alabio ducks with fresh golden snails (FGS) in substituting fish meal (FM) on the egg production
and quality. The use of FGS to substitute FM has not been commonly applied; hence, this research will provide an
applicable method of golden snail utilization as an alternative protein source in feeding Alabio ducks. Five
treatment diets were used, namely 0% FGS + 30% FM; 10%FGS + 20% FM; 20%FGS + 10% FM; 30%FGS + 0%
FM; and commercial feed (0% FGS + 0% FM). There were four replications for each treatment and eight ducks in
each experimental unit. The experiment was carried out for 18 weeks. Results showed that FGS feeding levels
significantly effect the egg production, egg weight, feed intake, feed conversion ratio, nutrients intake, Ca and P
intakes, albumen index, yolk index, yolk color, feed economic value, and income over feed cost. However,
treatments had no significant effects on metabolizable energy intake and Haugh Unit. This research indicated that
10% FGS feeding in ration containing 20% FM resulted in the best laying performance and economic value of
Alabio duck farming. Utilizing the golden snail as a protein source in the diet could improve the production and
profit of laying duck farming while environmentally managing the golden snail invasion on paddy fields.

Keywords: Alabio ducks, golden snail, laying duck, egg production, egg quality.
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1. Introduction

Alabio ducks are one of the Indonesian duck breeds
that originated in the Alabio regions, Hulu Sungai
Utara District, South Kalimantan Province, Indonesia.
Alabio duck is an excellent local livestock resource that
needs to be maintained and developed, especially to
supply animal protein sources and livelihoods of small-
scale laying duck farmers. However, shifting the
production system from extensive to intensive resulting
many problems, especially high feed cost that
constitutes the bulk expenses in duck farming [1]. Feed
cost constitutes 50 to 80% of the total production cost
in duck farming [2], [3]. Many efforts have been
carried out to find non-conventional feedstuffs and
improve feeding management to reduce feed costs.
Local feed as non-conventional feedstuffs could be an
alternative source of cheaper feedstuffs [4]-[6].

One of the locally available protein sources for
duck’s diet is the golden snail. Golden snail
(Pomaceacanaliculata) is a pest for plants, especially
paddy rice, but it contains high protein and can be used
as feedstuffs for livestock [7]. As reported in [8],
golden snails are still abundantly available in South
Kalimantan province. Snails are often found in paddy
fields or wetland areas. [9] stated that the potency of
snails as feed material for ducks in tidal swamp areas is
as much as 140,618 .4 tons of dry matter (DM), which
could provide feed for as much as 25.57 million ducks.
It is estimated that a tidal swamp area could produce
34076.3 tons of golden snail, equivalent to feeding
6.19 million ducks.

According to [10], the golden snail is a good source
of animal feed due to high protein content that could
substitute fish meal in the ration. The nutrient content
of fresh golden snail flesh is 10.45% crude protein,
0.37% fat, and 1.74% ash [11]. Golden snails have the
potential as a protein source in the diet as the crude
protein content (CP) of golden snails powder ranges
from 16-50%. In addition, golden snails contain omega
fatty acids 3, 6, and 9. According to[12], snails have
good macro and micro mineral content, which are
beneficial for health.

As found in [13], ducks could play a significant role
in biological control when herded in the paddy field. A
recommended number of ducks, according to this
research, is about 5-10 duck/ha which could decrease
the number of snails drastically. The same experience
showed in the Local Collaborative Program in Bali that
the integration between paddy and duck could reduce

the cost of purchasing pesticides and extra benefit by
providing golden snail as feed for the duck. Ducks
received golden snails in ration have laying period of
up to 5 months, and farmers could get extra income
from selling eggs ranging from IDR. 189 000/month to
IDR.315,000/month [14].

Conventional protein sources have a high price and
tend to increase over the years. Thus, it is necessary to
look for alternative feedstutfs which are easily obtained
at low prices and have a high protein content [15].
Previous research reported that golden snails have high
protein content that meets the requirement for laying
duck [16]. In addition, the egg of golden snails contains
a carotenoid pigment, namely xanthophyll, which is
beneficial for yolk color [17]. Therefore, golden snails
can be used as an alternative protein source to increase
egg production of laying duck. Protein is useful to
replace cells of the body that have been damaged for
growth and is also a precursor for egg synthesis.
Protein requirements in poultry are influenced by age,
growth rate, reproduction, climate, energy requirement,
disease, and breed [18].

The possibility of golden snails’ utilization as
feedstuffs is also based on their abundant availability,
and it is a troublesome plant pest. According to [14],
the golden snail is a major pest in the paddy field. and
it has not been found effective ways to control it. A
golden snail could decrease rice production by 16-40%.
The utilization of golden snails in the diet for duck is
an effective and efficient way of pest management for
sustainable agriculture [19].

Several previous research has been conducted to use
Golden snail flesh powder in the ration for laying duck
[7]. [11]-[12]. However, the use of golden snail powder
in the diet is not applicable for small farmers due to the
high cost of processing snail flesh into powder. In the
Philippines, fresh golden snail was reported to improve
duck performance and profit [10]. Therefore, this
experiment is objected to studying the effects of
substitution of fish meal with fresh golden snail on egg
production and quality and its economic value.

2. Materials and Methods

2.1. Materials

This study was conducted in Teluk Baru Village,
Amuntai Selatan Sub-district, Hulu Sungai Utara
District, South Kalimantan Province, Indonesia. The
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study was carried out 18 weeks using 160 Alabio ducks
grouped in five treatments and four replications. Thus,
there were eight ducks in each experimental unit.

2.2. Feeding Experiment

The treatment included fresh Golden snail (FGS) to
substitute fish meal (FM) in the diet. Treatment diets
were as follows:

T1: 0% FGS and 30% EM

T2: 10% FGS and 20% FM

T3: 20% FGS and 10% FM

T4: 30% FGS and 0% FM

T5: Commercial diet (0% FGS and 0% FM)

The experiment was carried out for 18 weeks. Feed
was offered 250 g/head/d in two feeding times
(morning and afternoon). Feed refusal was collected
and weighed the next day before moming feeding.
Water was offered ad libitum. Feed ingredients and
nutrient composition of treatment diets are described in
Table 1.

Table 1 Feed ingredient and nutrient composition of experimental
diet

Treatment diet (%)

Feed Ingredient T1 T2 T3 T4 T5

Bran 300 300 300 300 00
Whole rice grain 8.5 85 8.5 8.5 0.0
Commercial feed 300 300 300 300 100
Fresh Golden snails 0.0 100 200 300 00
Fish meal 300 200 300 000 00

Mixed Lys + Met 0350 0350 0350 050 00

Mineral 0.50 050 050 050 00
Grit 0.50 050 050 050 00
Total amount 100 100 100 100 100

Nutrient Contents (in dry matter):

Metabolizable 3015 3089 3163 3236 2800
Energy (kcal/kg)

Crude protein (%) 202 21.83 235 251 1RO
Fat (%) 804 760 706 671 500
Crude Fiber (%) 634 618 602 587 5.00
Calcium (%) 294 321 347 374 300
Phosphorus (%) 120 155 189 224 1.00
Price (IDR/kg) 5635 5535 5435 5335 7500

2.3. Observed Variables

The observed variables were egg production, egg
weight, feed intake, feed conversion ratio (FCR), crude
protein intake, calcium intake, phosphorus intake, fat
intake, crude fiber intake, energy metabolism, Haugh

Unit (HU), Albumen Index (EAI), Yolk Index (EYI),
level of yolk color, feed economic value, and income
over feed cost (IOFC).

Feed intake was calculated daily, while feed and
feed refusal samples were composited and stored in the
freezer before proximate analysis. Egg production was
observed from weeks fifth to eighteenth. Egg quality
was determined from egg samples collected in the last
week of the experiment.

The variables for the internal quality of eggs were
Haugh Unit (HU), Egg Albumen Index (EAI), and Egg
Yolk Index (EYI). HU is calculated based on the
formula: HU = 100 log (H + 7.57 - 1.5%"%7), where

H = height of albumen (mm); W = egg weight (g).

EAI is calculated according to [20] as follows:

EAl Albumen Height
B 1/, (the Widht + the Lenghtof Albumen)

EY1is calculated according to [20] as follows:

EV] = Yolk height
~ Yolk diameter

Egg yolk color was measured using a yolk color fan
with a scale of 3-14. The economic value of feed (EV)
and the income over feed cost (IOFC) were calculated
as follows:

IDR
EV = Feed conversion X Feed price (E)

10FC = Egg selling income — feed cost

2.4. Data Analysis

The data were statistically analyzed using analysis
of variance with a completely randomized research
design (one-way ANOVA). Differences between mean
were tested by Duncan’s multiple range test. All
statistical analyses were performed using SPSS 220
(IBM, USA).

3. Results and Discussion

3.1. Egg Weight and Production

This research showed that feeding with fresh
Golden snails had a significant effect (P <0.05) on egg
production, egg weight, feed intake, FCR, crude
protein intake, calcium intake, phosphorus intake, fat
intake, crude fiber intake, and egg yolk color. On the
other hand, the treatment did not affect metabolism
energy, EALL EYI, and HU.

Table 2 shows the highest egg production resulting
from the T2 that was not significantly ditferent from T1
and T3. This difference indicated that FGS feeding up
to 20% of the diet increases egg production. According
to [7], the protein content of diet significantly
influenced daily egg production. However, this study
found the inclusion of fresh golden snail exceeding
20% decreased egg production, which was assumed
that there was a restricted factor (anti-nutrient)
contained in golden snail flesh such as thiaminase [21].
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Thiaminase is a destructive factor for thiamin or
vitamin Bl that affects growth and productivity in
poultry. Thiamin deficiency in livestock causes
decreases in egg production and animal growth [4].

Table 2 Effects of feeding fresh golden snail on egg weight and

production
Treatment diet
Variables Ti1 T2 T3 T4 TS SEM P
Egg production  69.8% 723  655° 614  4571° 247 0.00
(%)
Egg weight (g) 66.9° 672 673  639° 626° 6448 0.00

Notes: SEM - standard error of the mean
@ B¢ Means with different superscripts in the same row are
statistically different

Diet T1 produced eggs that were not significantly
different from T2 and T3). T1 is a diet containing 0%
FGS and 30% FM. This research indicated there is no
significant difference in egg production by replacing
FM with FGS. As stated in [7], egg production
efficiency can be achieved if the intake ratio meets the
nutritional requirements standards. The protein content
in the treatment diet was higher than the
recommendation (18%).

Furthermore, [7] reported that feeding with snails as
much as 20% resulted in the highest egg production
and egg weight compared to other treatments.
However, the substitution of FM with FGS reduced the
feed cost. Thus the T2 and T3 diets were more
atfordable by small farmers. It is necessary to look for
alternative feedstuffs that are easily obtained at low
prices and have high protein content [15]. It was shown
that the utilization of golden snails as feed is a non-
chemically way of controlling snail pests and an
opportunity for selling Golden snails as non-
conventional poultry feed.

This study shows T3 diet produced the heaviest egg.
but it was not different with T1 and T2. Heavier egg in
the T1, T2, and T3 diet is probably caused by protein
and amino acid supplies from golden snails. Protein is
the most important factor in the feed that affects egg
weight, especially the content of amino acids because
more than 50% of the dry weight of eggs is protein
[11]. Research by [22] showed that laying duck
performance and egg quality are not affected by the
interaction of cassava leaves powder and golden snail
powder. Their study indicated that the combination of
10% cassava leaves powder and 5% golden snails
powder in the diet result in the best laying duck
performance and egg quality. Likewise, [23] explains
that the factor affecting egg weight related to egg
production is the protein content in golden snails. The
effects of treatment on egg weight were similar to egg
production. According to [24], egg weight is influenced
by egg size, while egg size is influenced by body size,
physiological state, climate, the availability of feed and

nutrients, and other factors. There is also an enormous
range in egg size among different species and within
the species between individuals.

3.2. Feed Intake and Feed Conversion Ratio

The lowest feed intake resulted from ducks fed T2,
then T4, and T'1, while the T5 diet had the highest feed
intake, indicating that the TS5 diet was significantly
different from the other four treatment diets (Table 3).
However, the TS5 diet resulted in the highest or less
efficient conversion value. The lowest feed intake was
observed from the T2 diet, but this diet had the most
efficient feed conversion. This study indicated the
commercial feed (T5) had fewer nutrients to meet the
requirement for production; thus, instinctively, the
ducks consumed more feed to meet those needs.

The T5 diet contained the lowest nutrients (energy
and protein) based on feed formulation compared to T1,
T2, T3, and T4. According to [25], feed intake is
largely determined by the protein content in feed
because it is closely related to the proportion of
essential amino acid availability needed by livestock.
Feed intake increases when the ambient temperature is
low, and vice versa will decrease when the ambient
temperature is high. Feed intake is influenced by the
palatability of the feed, but the palatability is also
influenced by the presence of anti-nutrients in the feed.

3.3. Energy and Protein Intakes

The levels of FGS in the diet had no significant
effect on energy intake, whereas the highest energy
intake was observed in T3 (20% FGS) (Table 3). It is
presumably because there was no significant difference
in the energy content among treatment diets. Nutrient
intake is largely influenced by feed consumption.
Higher feed intake leads to higher nutrient
consumption. The nutrients will be absorbed and
metabolized in the body for duck production and
balance energy and protein content.

Table 3 Effects of feeding with fresh golden snail on feed and
nutrients intakes

Treatment diet

Variables T1 T2 T3 T4 Ts SEM P

Feed intake 2178 207.5% 221.6% 2137 236.1° 316 003

FCR 3250 3090 3290 3340 377 006 000

ME intake 6567 6410 7009 6915 6612 863 013
(Keal/g)

CPintake (g) 440° 453" 52.0* 536 425" 114 000
EE intake (g) 175 158° 159° 143 118 047 000
CFintake (g) 13.8* 128%° 133% 125 118 021 000
Caintake (g)  640° 666" 7.69° 799° 708" 0.6 000

Pintake (g) 2610 3215 4190 478 2367 022 000

Notes: FCR - feed conversion ratio: ME - metabolizable energy: CP




309

- crude protein; EE - extract ether; CF - crude fiber; SEM - stand ard
error of the mean

& 0ed Means with different superscripts in the same row are
statistically different

The use of FGS in the diet significantly affected
protein intake. The highest protein intake was found in
T4 (30% FGS). This study showed protein intake
increased along with the increasing use of Golden
snails in the diet. However, there was no difference
among T1, T2, and TS and between T3 and T4 diets.
This was caused by higher protein content in T3 and T4
diets, so the protein intake was also high. Factors
influencing protein intake are ration intake, live weight,
temperature, and humidity. High ration intake will be
followed by an increase in protein intake to meet the
amino acid requirements of the chicken. In addition,
protein intake is influenced by several factors,
including live weight, age, physiological phase,
temperature, ration protein content, and ration intake.
Furthermore, [26] suggested that higher feed intake
will result in higher protein intake that affects Alabio
duck performance.

3.4. Calcium and Phosphor Intakes

Calcium intake increased corresponded with the
increase of FGS levels in the diet (Table 3). The
increase in calcium intake is due to the increase of
potassium content in the diet. This study showed no
difference between T1 and T2 diets, but a significant
difference was found between T3 and T4 diets. The
highest intake of calcium in the T4 diet was due to the
high content of calcium in the diet as golden snail was
given freshly after being ground so that containing
snail shell. According to [10], golden snails contain
quite high calcium, around 3-4%. As recommended in
[27], calcium needs for laying ducks ranged from 2.90
to 3.25%. The calcium content of the feed is directly
related to the quality of eggs, mainly egg weight, and
shell thickness. The intake of phosphorus also
increased along with the increased levels of FGS in the
diet. The highest intake was in the T4 treatment (30%
FGS) (P < 001). It was presumably due to the high
phosphorus content in the T4 diet as the diet contains
the highest levels mix of fresh golden snails and their
shells.

3.5. Egg Internal Quality

Variables for determining intermal egg quality.
including EYI, EAI, and HU, were not affected by
treatment (Table 4). Research by [28] reported a similar
result that feed treatment did not affect EYI, EAI, and
HU wvalues. Likewise, [11] found that adding 9%
golden snail powder did not affect the EYIL, EAI, and
HU values.

EAT value in this study ranged from 0.11-0.12; this
value was considered normal because it was in the
range of 0.05-0.17 [29]. This study also corresponded

with the research reported by [30] that normal Al
values of duck’s egg are between 0.10-0.13.

Table 4 Effects of feeding with fresh golden snail on internal egg

quality
Treatment diet
Variables TI1 T2 T3 T4 T5 SEM P
EAI 0.11 042 012 012 012 0001 057
EYI 041 041 042 042 042 0002 055
HU 7645 77.18 7656 7835 7933 0588 051
Yolk 5565 672" 7.64° BO0* 660" 0212 000

colour

Notes: EAI - egg albumin index; EYI - egg yolk index; HU - Haugh
unit; SEM - standard error of mean

* B¢ Means with different superscripts in the same row are
statistically different

EYI value in this study (0.41-0.42) was in the normal
range, according to [29], who set the range for the
normal duck egg yolk index from 0.36 to 0.50 with an
average of 0.42 that in agreement with [25] that found
EYI of egg stored in 2-44°C is ranging from 0.38 to
0.45. Another study on Magelang ducks obtained EYI
values between 0.38-0.46 [26]. According to [11] and
[26], the EYI and HU are influenced by the protein
content in the diet. Higher protein content in the diet
will increase YI, EAIL, and HU values.

According to [31]. in a longer stored egg period,
albumin will decrease in its height. Likewise, the
longer the stored period will decrease egg weight.
During storage, there is an increase in pH, and a
complex ovomucin-lysozyme bonding will occur,
which results in the release of water from the ovomucin
nets so that the albumen becomes watery. As stated in
[32], the protein content in the feed affects the viscosity
of the albumen, which wraps egg yolk. Amino acid
(methionine) is a nutrient needed to form the albumen
structure and ovomucin nets. The more and stronger the
ovomucin nets, the thicker the albumen will be so that
the viscosity of the albumen will also be higher.

The HU values observed in this study ranged from
76.45-79.33, which was included in a good quality egg.
These HU values are similar to the result of [6] that
obtain the HU value for Alabio duck is 78.06.

According to [32], the criterion for good egg quality
was an HU value of 75, while the poor quality of egg
had an HU value below 50. Eggs that were not well
preserved would experience a fast change in HU. The
HU value was influenced by egg age. storage
temperature, age of poultry, and strain of poultry. The
albumen height and the HU value decreased along with
the longer storage period, and the high storage
temperature could decrease the HU value [31]. Results
of this study agree with [16] that feeding with golden
snail flour has no significant effects on EAI, EYI, and
HU, but it affects yolk color.
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This study showed that egg yolk color was
influenced by treatment (Table 4). The best or preferred
egg yolk color is the reddish/orange-yellow, produced
from ducks fed T3 (20% golden snail) and T4 (30%
golden snail) diets. Results of this study indicated that
the higher levels of golden snails would improve egg
yolk colour. As stated in [33], people generally
preferred duck eggs with orange yolk, which indicates
a high content of xanthophyll and carotenoids. The feed
contains high carotene, namely xanthophyll, which will
result in a more reddish-orange yolk color [34].
According to [35], yolk color is influenced by
carotenoids in the form of carotene and xanthophyll.
Research of [36] showed that golden snails contain
astaxanthin pigment. Astaxanthin is a carotenoid
compound in the xanthophyll group. This carotenoid
pigment is beneficial for health since it has antioxidant
activity. Golden snail contains xanthophyll [16] that
influences yolk color [17].

3.6. The Economic Value of Feed

The economic analysis showed that the treatment
significantly affects the FEV and IOFC (Table 5). The
higher the value of economic feed means the feed is
less efficient. There was no significant difference in
FED values among treatment diets. [OFC calculations
and analysis showed that T1, T2, T3, and T4 had
positive IOFC values, but these were not significantly
different. On the other hand, T5 (commercial diet) had
a negative IOFC value or did not provide a profit.
However, it appeared that T2 provided the most
economical value and the highest IOFC value. This
study urged that feeding with 100% commercial feed
without being mixed with local feedstuffs is not
economically feasible for duck farming. These results
also indicated that the economic value of feed and
IOFC corresponded to other laying performances of
ducks. This study agrees with the results of [16] that
10% golden snail powder in ducks’ diet had the best
effects on egg weight, eggshell quality, EAI, EYI, and
yolk colour.

Table 5 Economic analysis of feeding with fresh golden snail to

laying duck
Treatment dict
Variables  TI T2 T3 T 15 SEM P
FEVADRY  jga p7003 17920 17846 28200 o, 000
xio'
IOFCUDR) 539 63gh 373707°  172915°  150.800°  -§17.355° j("}'le?'“ 000

Notes: FEV - feed economic value; IOFC - income over feed cost;
IDR - Indonesian rupiah; SEM - standard error of mean

&P with different superscripts in the same row are statistically
different

3.7. Opportunity and Limitation
Kalimantan has a large wetland area, for example,
in Hulu Sungai Utara district, where Alabio ducks were

nitially developed, there is 84,556 Ha of wetland area
that suitable for paddy rice and duck farming.
However, according to [9], golden snails’ invasion
paddies rice every year. [37] estimated there are 12
golden snails per m? that equivalent to 0.52 kg per m”.
Thus, the estimated result was 8,996.758.4 tons of
golden snail dry matter from cultivated land for paddy
fields in the district. Therefore, utilizing the golden
snail as a non-conventional protein source in the diet
for duck will be a sustainable way of pest management

while increasing duck production and farm
profitability.
However, golden snails are not continuously

available throughout the year. The golden snail
population declines or is hardly found in the dried
swamp area in the dry season. Because the golden snail
is hiding under the dry land surface and being dormant,
the golden snail will wake up and reproduce in the
rainy season. The inconsistent supply of golden snail
will be a disadvantage for duck farmers because
changing the diet formulation will negatively affect
duck performance.

4. Conclusion

The use of fresh golden snails has not been widely
applied as a substitution for fish meal in the duck diet.
Previous research mostly used dry or powder of golden
snail flesh. However, those have not been adopted by
farmers because less applicable. This research shows that
feeding with fresh golden snails has improved the laying
performance and egg quality of Alabio duck.
Furthermore, fresh golden snail could substitute fish meal
up to 10% in the diet. However, the fresh golden snail is
not available throughout the year. Thus, the inclusion of
fresh golden snail is only possible in the rainy season. As
golden snail is abundantly available and a pest for rice
farming, fresh golden snails as a feed ingredient for
Alabio duck can be the best solution for sustainable
farming of egg and rice production in Indonesia.
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