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ABSTRACT

The study aimed to assess the effects of Papain Enzyme Supplement in Feed on Protein Digestibity,
Growth and Survival Rate of Sangkuriang Catfish (Clarias sp). Fingerlings used in the study were
acquired from the Center for Freshwater Hatchery and Aquaculture, Muntilan, Central Java,
Indonesia. The fingerlings had average weight of 3.43+0.50 g/fish. Completely Randomized Design
was used in the experiments with 5 (five) treatment and 3 (three) repetitions. The experimental feed
contained 31% of protein and 252.06 Kcal/g of energy. Various doses of the addition of papain
enzyme were incorporated into the feed, those doses were A (0 g/kg feed), B (2 g/kg feed), C (4 g/kg
feed), D (6 g/kg feed) and E (8 g/kg feed). Parameters of digestibility of protein (ADCp), relative
growth rate (RGR), efficiency of feed utilization (EFU), feed conversion ratio (FCR), protein efficiency
ratio (PER), survival rate (SR) and water quality were evaluated. The papain enzyme supplement
significantly (P<0.01) influenced on ADCp, RGR, EFU, FCR, and PER, otherwise SR of catfish was
insignificantly affected by the papain enzyme supplement. The best treatment result was the addition
of 6/kg feed papain enzyme (treatment D). The study concluded that the optimum dose of the papain
enzyme supplement for ADCp, EFU, FCR, PER and RGR were 5.65, 5.62, 6.0, 5.66, 6.0 g/kg feed
respectively. Water quality during study was still in favorable condition for nurturing Sangkuriang
catfish (Clarias sp).

Keywords: papain enzyme, apparent protein digestibility, feed utilization efficiency, growth,
Sangkuriang catfish, Clarias sp

1. Introduction

Sangkuriang Catfish (Clarias sp) is one
of fresh water fish that has high economic
value. The success of the Sangkuriang Catfish
(Clarias sp) production highly depends on the
availability of feed. Sangkuriang Catfish
(Clarias sp) was generated through genetically
modified inbreeding between African Catfish
(Clarias gariepinus). Sangkuriang Catfish (Clarias
sp) has some advantages, such as fast growth,
a lot of eggs, disease resistance, high yiled,
and easy to raise (BBPBAT, 2010).

One of the problems in this aquaculture
is inefficiency of feed utilization. The share of
feed cost is between 40% and 60% of total cost
(Olmos et al.,, 2011). Efficiency of feed
utilization can be improved by adding papain
enzyme in feed (Kazerani et al., 2011). Patil
and Singh (2014); Amri and Mamboya (2012);

Farraq et al. (2013) and Rostika et al. (2018)
reported that the papain enzyme was able to
break down long chained amino acids into
digestible amino acids.

Patil and Singh (2014) found that the
addition of papain enzyme in the feed of 0,1%
can give the best growth of shrimp
(Macrobrachium rosenbergii). Meanwhile the
best growth and the best protein efficiency in
Labeo rohita fingerlings was achieved at the
dose of 10 g papain enzyme per kg feed (Khati
et al. (2015). Muchlisin et al. (2016) also
reported in keureling fish that the best dose
was 27,5 mg/kg feed. Those studies show that
different species of fish need different dose of
papain enzyme. Utomo et. al. (2013) also found
that feed made of fish meal in the Sangkuriang
Catfish (Clarias sp) brought about the best
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growth, the best feed efficiency, and the
highest survival rate as high as 5.56%,
63,15%, and 100% respectively. There were
still lacks of studies in Sangkuriang Catfish
(Clarias sp); therefore study of papain enzyme
supplement in the feed on protein utilization in
the feed and growth of Sangkuriang Catfish
(Clarias sp) was still needed.

2. Materials and Methods
Experimental design

The experiment was conducted in the
Laboratory of Aquaculture, Department of
Aquaculture, Faculty of Fishery and Marine
Science, Diponegoro University, starting from
October 2017 until January 2018. The study
used Completely Randomized Experimental
Design. There were 5 (five) treatments. Every
treatment had 3 (three) repetitions. The
treatments used various doses of papain
enzyme supplement. Those treatments were A
(0 g/kg feed), B ( 2 g/kg feed), C ( 4 g/kg feed),
D (6 g/kg feed) and E ( 8 g/kg feed). Modified
method of Farrag et al. (2013) was used to
assign the dose of papain enzyme supplement.
They found that the best dose for Oreochromis
niloticus growth was 6 g/kg feed. The
consideration to prescribe dose levels in this
study was to identify the effects of various
doses of papain enzyme below and above of
optimum dose in the Oreochromis niloticus.

Sampled fish preparation

Sangkuriang  Catfish  (Clarias  sp)
fingerlings were acquired from the Center for
Freshwater Hatchery and  Aquaculture,
Muntilan, Central Java, Indonesia. The
fingerlings had average weight of 3,43+0,50
g/fish. Before the treatment, the fingerlings had
adapted for one week in which the fingerlings
had only been given feed without papain
enzyme supplement. Then the fingerlings
fasted for one day to neutralize previous
treatment (Rachmawati et al., 2017). At the
beginning of the study the fingerlings were
weighed. The fingerlings were cultured for 49

days with the density of 1 (one) fish per liter
(Dasuki et al., 2013).

Container preparation

Aquariums with the dimension of
50x50x30 cm® were used in the study. Every
aquarium was installed with an aerator.
Disinfectant was used to clean containers,
tools, and media culture. The disinfectant was
5 mg/L Chlorine (CI2). After that they were
kept one day unused. Natrium Triosulphate
(Na,S03) 3 mg/L was applied to neutralize the
disinfectant. Then they were washed with
freshwater (APHA, 1990). After sterilizing the
containers, tools, and media culture, freshwater
was used to fill the containers as needed.

Feed preparation

Feed for the study contained 31%
proteins and 252 Kcal/g feed. The feed was
made of fish meal, soy meal, corn meal, rice
bran, wheat flour, fish oil, vitamin mix, 0.5%
Cr,03, and papain enzyme. Fish meal and soy
meal were as source of protein, while corn
meal, rice bran, and wheat flour as source of
carbohydrate. A source of fat was fish oil.
0.5% Cr,0; was used as an indicator of
digestibility (NRC, 1993). Papain enzyme with
a brand name “NEWZIME” was produced by
Center for Brackish Water Aquaculture Jepara.
The ingredient contents of the feed were
analyzed using proximate analysis AOAC
(1990). The results were shown in the Table 1.
Feed preparation was based on NRC (1993).
First soy meal was homogeny mixed with
papain enzyme. To get hydrolyzed the mixed
feed was marinated for one hour. Then the
papain enzymized soy meal was mixed with all
the ingredients of protein and carbohydrate
sources, starting from the least amount to the
most. Meanwhile, vitamin, mineral and fish oil
were dilated with water. Then the dilated
vitamin, mineral and fish oil were evenly mixed
with all ingredients. All mixed ingredients were
molded into pellets. Then the pellets were
dried. Before pellets being used, the pellets
were stored in the refrigerator. Feeding was
given in an incremental amount until at
satiation.
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Table 1. The feed composition and the proxymate analysis results

Ingredients (%) Treatment

A B C D E
Papain 0 2 4 6 8
Fish meal 34.76 34.55 34.32 34.20 34.08
Soybean meal 34.32 34.22 33.99 33.77 33.55
Corn meal 10.52 9.79 8.71 7.44 6.17
Rice bran 8.03 6.87 6.82 6.78 6.74
Dextrine 8.37 8.57 8.16 7.81 7.46
Fish Oil 1.5 1.5 1.5 1.5 1.5
Corn Ol 0.5 0.5 0.5 0.5 0.5
Min. Vit 1 1 1 1 1
CMC 1 1 1 1 1
TOTAL 100 100 100 100 100
Results Proximate Analysis
Protein (%) 31.32 31.37 31.37 31.40 31.40
Fat (%) 7.03 7.04 7.04 7.04 7.04
BETN (%) 32.75 32.85 32.81 32.29 32.29
Energy (kkal/g) 252.06 252.02 252.27 250.04 250.04
Ratio E/D (kkal/g Feed) 8.02 8.05 8.03 8.02 8.02

% The values for 1 g protein, 1 g fat, and 1 g carbohydrate equal 3.5 kcal, 8.1 kcal, and 2.5 kcal respectively. The
calculation was based on Digestible Energy (Wilson, 1982)

® The optimal E/P ratio for growth ranges from 8 kcal/g to 12 kcal/g (De Silva,1987).

¢ Animal Nutrient Laboratory, Faculty of Husbandry and Agriculture, Diponegoro University (2017)

Measured parameters

Parameters evaluated in the study were
digestibility of protein (ADCp) based on the
study of Fennuci (1981), efficiency of feed
utilization (EFU), feed conversion ratio (FCR),
and protein efficiency ratio (PER) based on the
research of Takeuchi (1988), relative growth
rate (RGR) and survival rate (SR) based on the
Tacon (1995) study, and water quality. To
measure the pH used Jenway 3510, while
JENWAY 970 was used to measure dissolved
oxygen (DO). Temperature and ammoniac
content were measured using HANNA: HI
8633. To measure the Cr203 content in the
feed and feces used Colorimetric method
(Fenucci, 1981). The parameters were
calculated using equation as follows :

ADCp = 100 X [(%Cr203 feed X % protein
feces)/ (%Cr,o3 feces X %protein feed)]

EFU = {(Final weight — Initial weight) / the
amount of feed consumed} x 100%

FCR = f{the amount of feed consumed /
[(Final weight + Total weight fish death) —
Initial weight]}

PER = {(Final weight — Initial weight)/ (the
ampunt of feed consumed X Prptein content
of feed)} X 100%.

RGR = {(Final weight - Initial weight) / (initial
weight x time experiment)} X 100%

SR = (Final count / Initial count) X 100%

Statistical analysis

To evaluate the effects of papain enzyme
supplement in the feed on ADCp RGR, EFU,
FCR and PER of Sangkuriang catfish
fingerlings used analysis of variance (ANOVA).
If the analysis of variance was significant
(p<0.05) or highly significant (p<0.01), Duncan
test was applied to find out the mean of the
treatment (Steel et al. 1996). To determine
optimal dose of papain enzyme used
polynomial orthogonal test using SAS9 and
Maplel2. Descriptive analysis was used to
explain water quality data.

3. Results and Discussion

Parameters data

The results of digestibility of protein
(ADCp), relative growth rate (RGR), Efficiency
of feed utilization (EFU), feed conversion ratio
(FCR), protein efficiency ratio (PER), and
survival rate (SR) were presented in the Table
2.
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Table 2. The Values of digestibility of protein (ADCp), relative growth rate (RGR), Efficiency of feed
utilization (EFU), feed conversion ratio (FCR), protein efficiency ratio (PER), and survival rate (SR) of

Sangkuriang Catfish Fingerlings

Parameters Treatments
A B C D E
ADCp 50.27+0.03"  63.42+0.03°  72.38+0.04° 82.13+0.05  70.15+0.05"
EFU (%) 50.32+0.06° 60.26+0.07°  67.15+0.26" 75.09+0.75°  65.25+0.57°
FCR 2.58+0,15° 2.26+0,14" 2.10+0,22° 1.68+0,13° 2.20+0,21°
PER 1,25+0,05° 1,87+0,26" 2,14+0,27" 2.5620,06% 2,10+0,13"
RGR (%/day) 2.25+0.07° 4.2620.06° 5.89+0.06" 7.05+0.07% 5.24+0.04°
SR (%) 88.33+0.77° 90.33+0.26°  88.33+0.77° 92.33+0.77°  88.33+0.78"

Note: The Values with the same superscripts in

The results of analysis variance show
that the papain enzyme supplement in the feed
significantly (P<0.01) increased ADCp in the
Sangkuriang catfish fingerlings, as presented in
the Table 2. It was thought that the papain
enzyme can hydrolyze protein. The increase
was indicated by the boost of ADCp value after
the papain enzyme has been added into the
feed with the doses of 2 — 8 g/kg feed). Similar
result was reported by Spinelli et al. (1983);
Dabrowski and Glogowski (1977). They stated
that protein digestibility went up as the papain
enzyme supplement increased. It was due to
the activity of papain enzyme to dephosphorize
phytate acid and phosphor to provide more
readily available phosphor to absorb, as
reported by Lanari et al. (1998). The treatment
D (6 g/kg feed) gave the highest ADCp value
with the value of 82.13%. The highest ADCp
thought that the papain enzyme dose was the
appropriate amount to hydrolyze amino acids,
therefore it can provide digestible protein for

ADCp (%)
= Lh O ~) G0
Lo o R - o B

o

the column show that there was no difference

the catfish. This finding was supported by the
Steffens (1989) study that high protein
digestibility meant there was more protein that
can be digested by the fish. The next best
doses were followed by C (4 g/kg feed), E (8
o/kg feed), B (2 g/kg feed) and A (0 g/kg feed)
as much as 72.38%,

The best dose of 6 g/kg feed also
generated the highest EFU (75,09%) and the
lowest FCR (1,68). It can be concluded that
the higher the protein digestibility brought about
the higher EFU and lower FCR. The same
results were also discovered by Singh et al.,
(2011), Farraq et al. (2013), Muchlisin et al.
(2016), Mo et al. (2016) and Rostika et al.
(2018). The polynomial orthogonal test show
that the relationship between papain enzyme
and ADCp (Figure 1) has quadratic form Y = -
0.883x° +9.990x + 48.90, R®* = 0.93. The
optimum ADCp was generated at the dose of
5.65 g/kg feed with the value of 77.15 %.

*

Y =-0.883x% + 9.990x + 48.90

2=10.93

[

Dose

4 ) 10

of Papain Enzyme

Figure. 1. The relationship between papain enzyme supplement in the feed and ADCp of

Sangkuriang Catfish (Clarias sp) fingerlings
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Efficiency of feed utilization (EFU) is an
indicator for feed utilization. High value of EFU
indicated that the feed can be well utilized to
grow the fish (Tacon, 1995). The results of
Analysis of Variance show that papain enzyme
supplement was highly significant (P<0.01) on
EFU of Sangkuriang Catfish (Clarias sp)
fingerlings. Table 2 presented the results and
show that the treatment D (6 g/kg feed) gave
the highest value of EFU (75%), while the
lowest value of EFU (50.32%) reached by the
treatment A (0 g/kg feed). The high value of
EFU was suggested the amount of papain
enzyme supplement was appropriate to
hydrolyze polypeptide protein into amino acid;
therefore, they were easily absorbed by the
fish. This phenomenon would help the fish to
utiize most energy for growth, not for
metabolism. The finding was also supported by
the finding of the studies by Mo et al. (2016)
and Rosita et al. (2018). They found that papain
enzyme can increase the breakdown and
digestibility feed ingredients that made of plant
based feed.

The high value of efficiency of feed
utilization show that the feed was high quality,
therefore the fish can optimally digest the feed
(Huet, 1970). Efficiency of feed utilization was
an indicator for feed utilization; the low
conversion ratio means nutrient has been
digested and absorbed optimally by fish
(Steffens, 1989). Their findings were in line
with this study that the best dose of 6 g/kg feed
(treatment D) also generated the highest EFU
(75,09%) and the lowest FCR (1,68). Muchlisin
et al. (2016) also reported that Keureling Fish
(Tor tambra) that had been given by papain
enzyme supplement had high value of EFU.
The 27,5 mg papain enzyme addition for every

O .

*
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kg feed was the best dose for Keureling fish
(Tor tambra), therefore the treatments brought
about the highest values of SGR (2,19% per
day), EFU (53,44%), FCR (1.87), and ADCp
(53.44 %). Figure 2 presented the relationship
between papain enzyme and EFU.The
relationship had a quadratic pattern as the
following: Y = - 0.687x? +7.735x + 49.17, R? =
0.91. The equation resulted in the optimum
dose of EFU at the dose of 5.62 g/kg feed with
the maximum value 70.94 %.

The doses of 2-8 g/kg feed of the papain
enzyme supplement improved metabolism; in
turn it brought about FCR lower. The dose of
papain enzyme supplement of 6 g/kg feed
yielded the lowest FCR. Similar result found in
Sing et al. (2011) study, Chanos channos fed
2% papain enzyme supplement generated the
lowest FCR. Patil and Singh, (2014) found that
the 0,1% papain enzyme supplement caused
the growth and efficiency feed utilization go up
on post larvae of M. rosenbergii. Khati et al.
(2015) also reported that the dose of 10 g/kg
feed of papain enzyme supplement increased
feed digestibility and reduced FCR of Labeo
rohita. Muchlisin et al. (2016) reported that the
best dose of papain enzyme for keureling fish
(Tor tambra) on FCR was 27,5 mg papain
enzyme supplement per kg feed.

Figure 3 presented the relationship
between papain enzyme and FCR. The
equation was approached using polynomial
orthogonal test. The equation form was in
quadratic as Y = 0.0254x° - 0.2699x + 2.6349,
R® = 0.77. From the equation, the optimum
dose was derived. The optimum dose was 6
gram papain enzyme supplement per kg feed
with the value of 1.68.

Y =-0.687x% + 7.735x% + 49.17

Rz=0.912

0 2

4

6 8 10

Dose of Papain Enzyme (g/kg diet)

Figure. 2. The relationship between papain enzyme supplement in the feed and EFU of Sangkuriang

Catfish (Clarias sp) fingerlings
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Figure. 3. The relationship between papain enzyme supplement in the feed and FCR of Sangkuriang

Catfish (Clarias sp) fingerlings

Manush et al. (2013) stated that Protein
efficiency ratio (PER) was an indicator to show
how good protein in the feed was able to
provide amino acids for fish growth. Table 2
depicted that the value of PER (1.87-2.56) went
up as the papain enzyme supplement (2 — 8
o/kg feed) increased. The treatment D (6 g/kg
feed) resulted in the highest PER (2.56). It was
suggested that the availability of protease
enzyme improved PER. As Singh et al. (2011)
found that papain enzyme supplement had
protein digestibility go up. It was because of the
increase of digestible protein and protease
enzyme. Khati et al. (2015) also reported that
papain enzyme was a type of protease enzyme
that can hydrolyze protein, in turn it provided
more digestible protein. Papain enzyme acted
as a biological catalyst which can improve
quality feed. Papain enzyme can also reduce
negative effects from phytate acid in plant
based feed.

The lowest value of PER (1.25) was
obtained from treatment A (0 g/kg feed). The
lowest value of PER was suggested by lack of
protease enzyme that can help to digest plant
based protein. If there was lack of the enzyme,

3
2.5
2

1.5

PER

1

0.5

0 2

4

the feed cannot be absorbed well by the fish.
The finding was supported by Mo et al. (2016)
study that plant based protein such as soy meal
has anti-nutrient that inhibited protease release
and methionine that reduced amino acids
absorption. Singh et al. (2011) suggested in
their study that papain enzyme supplement was
highly effective to reduce anti-nutrient in plant
based feed, as it was known that the anti-
nutrient in plant based feed can reduce growth
of fish.

PER value highly depends on the quality
and quantity of the feed. The higher PER
would give higher protein efficiency, in turn it
would increase growth. This discovery was
also reported by Hepher (1988). The value of
PER was also influenced by the ability of the
fish to digest the feed. The polynomial
orthogonal test on PER resulted in the
guadratic relationship between papain enzyme
and PER (Figure 4) with the equation of Y = -
0.0359x° + 0.4066x + 1.2189, R* = 0.93. The
equation show that the optimum dose of papain
enzyme for PER was 5.66 gram per kg feed
with the PER value of 2.37.

Y =-0.0359x2 + 0.4066x+ 1.2189
R*=10.93

6 8 10

Dose of Papain Enzyme (g/'kg diet)

Figure 4. The relationship between papain enzyme supplement in the feed and PER of Sangkuriang

Catfish (Clarias sp) fingerlings
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Table 2. presented the results that
papain enzyme supplement in the feed could
improve the value of RGR. The best dose of
papain enzyme supplement for RGR of
Sangkuriang Catfish (Clarias sp) was 6 g/kg
feed (treatment D) with the value of 7.05 %/day,
while the lowest value of RGR (2.25%/day) was
in the treatment A (0 g/kg feed). The high RGR
in the treatment D was suggested that the
amount of papain enzyme supplement was
suitable to break down protein in the feed from
long chained peptide into short chained
peptide; therefore it was easily absorbed by
fish. Treatment A with zero dose of papain
enzyme has a lack of enzyme to hydrolyze long
chained peptide into short chained peptide,
therefor it caused low in RGR. As reported by
Wong et al (1996) that papain enzyme was
protease enzyme that would break down long
chained peptide into short chained peptide that
an essential factor in the protein digestibility,
nutrient absorption, and growth of fish. Studies
of papain enzyme supplement on some species
were also conducted, such as on Chanos
channos (Singh et al.,, 2011), M. rosenbergii
(Patil and Singh, 2014), Oreochromis niloticus
(Farrag et al. 2013; Manguti et al., 2014,
Rostika et al. 2018), Labeo rohita (Khati et al.,
2015), Epinephelus bleekeri (Mo et al., 2016)
and keureling fish (Tor tambra) (Muchlisin et al.,
2016). Figure 5 presented the graph that show
the relationship between papain enzyme and
RGR in the form of quadratic equation such Y =
- 0.144x% + 1.597x + 2.025, R? = 0.94. The

Omni-Akuatika Vol. 14 No. 2 July 2018 : 91 - 99

equation yielded an optimum dose for RGR at 6
o/kg feed with the value of 7.05 %/day.

At the dose of 8 gram papain enzyme per
kg feed, the values of PER and RGR
decreased. The decrease was becauase the
dose has passed the optimum dose. When the
dose passed the optimum level, the availability
of amino acids were becoming too much. Too
much amino acids can have negative effect on
PER and RGR.

Analysis of Variance (ANOVA) show that
papain enzyme supplement did not significantly
(P>0.05) influence on survival rate (SR) of
Sangkuriang Catfish (Clarias sp) fingerlings.
The finding was in accordance to the results of
Dabrowski and Glogowski (1977) studies. They
reported that the addition of papain enzyme in
the feed did not significantly influence survival
rate of the fish. Yakuputiyase (2013) also
suggested similar result, but the quality of the
media culture that influence survival rate.
Similar results were also found on the studies
of Channos channos (Singh et al.,, 2011),
Macrobrachium rosenbergii (Patil and Singh,
2014), Labeo rohita (Khati et al., 2015) and
Oreochromis niloticus (Farraq et al. 2013;
Manguti et al., 2014; Rostika et al. 2018).
Water quality during the research was still in
favorable condition to the cultivation of
Sangkuriang Catfish (Clarias sp) fingerlings.

Parameters of water quality
(temperature, pH, DO and ammoniac) as
presented in the Table. 3 were still in viable
condition during the study for Sangkuriang
Catfish (Clarias sp) fingerlings.

u -
7 - .
6 -
s S Y =011 + 1.597x +2.028
g 4 R” =094
2,
2 2
1
0 T T T 1
0 2 4 6 8 10

Dose of Papain Enzyme (2/kg diet)

Figure 5. The relationship between papain enzyme supplement the feed and RGR of Sangkuriang

Catfish (Clarias sp) fingerlings
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Table 3. Parameters of water quality for cultivation of Sangkuriang Catfish (Clarias sp) fingerlings

No. Variables A Values B C D Feasibility
1. Temperature (°C) 26.15-28.05 26.43-28.15 6.23-28.21 6.15-28.10 25-32*
2. pH 7.05-8.15 7.24-8.23 7.15-8.39 7.16-8.52 7-9*

3. DO (mgl/L) 3.25-4.87 3.28-4.93 3.82-4.86 3.50-4.67 3-6*

4. Ammoniac (mg/L) 0.24-0.5 0.24-0.5 0.24-0.5 0.25-0.5 <1*

Noté: * Boyd, (1992)

4. Conclusion

It could be concluded that papain
enzyme supplement increased protein
digestibility and growth of Sangkuriang Catfish
(Clarias sp) fingerlings. The dose of 6 g papain
enzyme supplement per kg feed (treatment D)
was the best dose for Sangkuriang Catfish
(Clarias sp) fingerlings. The optimum doses of
ADCp, EFU, FCR, PER and RGR in the
Sangkuriang Catfish (Clarias sp) fingerlings
were 5.65, 5.62, 6.0, 5.66, and 6.0 g/kg feed
respectively.
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