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Abstract. High feed prices and its low nutritional quality are the inhibitions in the process of red tilapia
fish cultivation. Therefore, the use of feed additives in feed becomes significant in order to optimize fish
growth. Especially the ones made of natural ingredients, such as noni (Morinda citrifolia) fruit. The
purpose of this study was to determine the effect of added noni fruit extract to the growth rate and
protein retention of red tilapia fish. The method used was an experimental method with a completely
randomized design, consisting of four replications and four treatments of noni fruit extract dosages given
to red tilapia. The treatments used were the dosage amount of noni extraction given to red tilapia,
namely PO: commercial feed as the control group without noni fruit extract + 2 g Progol (fish feed
binder); P1: commercial feed 1 kg + noni fruit 100 mL kg™ feed + 2 g Progol; P2: commercial feed 1 kg
+ noni fruit 300 mL kg™ feed + 2 g Progol; P3: commercial feed 1 kg + noni fruit 500 mL kg™ feed + 2 g
Progol. The parameters observed were specific growth rates, feed conversion ratio, survival rate, and
protein retention of red tilapia. The result showed that the addition of noni fruit extract in commercial
feed with different doses significantly affected the specific growth rate, daily length growth rate, feed
conversion ratio, and protein retention of red tilapia. The survival rate from the preservation of red
tilapia is not significantly different between treatments. The best result for the specific growth rate is P3
(500 mL kg™) of 0.0150% day™, daily length growth rate is P3 (500 mL kg™) of 1.599% day™, feed
conversion ratio is P2 (300 mL kg™) of 0.846%, survival rate of 100% in all treatments, and protein
retention with the best results is P1 (10 mL kg™) of 12.6246%. The addition of noni fruit extract in
commercial feed can increase the specific growth rate and daily length, lowering the value of feed
conversion ratio in red tilapia, and increasing the protein retention of red tilapia (Oreochromis niloticus).
Key Words: fish meal substitution, noni fruit (Morinda citrifolia) extract, red tilapia (Oreochromis
niloticus).

Introduction. Red tilapia is one of the freshwater fish commodities that are currently in
high demand for consumption and cultivation. The meat of red tilapia is delicious, solid,
easy to serve, does not have many thorns, is a source of animal protein, and is relatively
inexpensive (Siddiqui & Al-Harbi 1995; Zonneveld & Fadholi 1991). Red tilapia is popular
within the community, making it an opportunity for fish farmers to increase the
productivity of their ponds. Therefore, the availability of red tilapia for consumption
needs to be increased. The demand for red tilapia continues to increase in the
international market, mainly the American and European Union markets (Widanarni et al
2012). Red tilapia is one of the export fish which provided as a whole or in the form of a
filet. The effort to increase the export of red tilapia is by increasing its production through
cultivation.

The feed is one of the essential factors in the agriculture business. Feed is an
energy source for fish to grow and develop (Younos et al 1990). The availability of
adequate and balanced feed will affect the growth and survival of cultivated fish (Tiamiyu
2016). Feed must contain all necessary nutrients such as carbohydrates, fats, proteins,
minerals, vitamins, and feed additives with sufficient and balanced amounts (Halver &
Hardy 2003). High feed prices and low nutritional quality are inhibitions in the fish
farming process. Feed as an energy source for growth is the most significant amount of
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Abstract. High feed prices and its low nutritional quality are the inhibitions in the process of red tilapia
fish cultivation. Therefore, the use of feed additives in feed becomes significant in order to optimize fish
growth. Especially the ones made of natural ingredients, such as noni (Morinda citrifolia) fruit. The
purpose of this study was to determine the effect of added noni fruit extract to the growth rate and
protein retention of red tilapia fish. The method used was an experimental method with a completely
randomized design, consisting of four replications and four treatments. The treatments used were the
dosage amount of noni extraction given to red tilapia. The parameters observed were specific growth
rates, feed conversion ratio, survival rate, and protein retention of red tilapia. The result showed that the
addition of noni fruit extract in commercial feed with different doses significantly affected the specific
growth rate, daily length growth rate, feed conversion ratio, and protein retention of red tilapia. The
survival rate from the preservation of red tilapia is not significantly different between treatments. The
best result for the specific growth rate is P3 (500 mL kg*) of 0.0150% day*, daily length growth rate is
P3 (500 mL kg') of 1.599% day*, feed conversion ratio is P2 (300 mL kg™) of 5.846%, survival rate of
100% in all treatments, and protein retention with the best results is P1 (10 mL kg*) of 12.6246%. The
addition of noni fruit extract in commercial feed can increase the specific growth rate and daily length,
lowering the value of feed conversion ratio in red tilapia, and increasing the protein retention of red
tilapia (Oreochromis niloticus).

Key Words: fish meal substitution, noni fruit (Morinda citrifolia) extract, red tilapia (Oreochromis
niloticus).

Introduction. Red tilapia is one of the freshwater fish commodities that are currently in
high demand by the community ffor consumption and cultivation. The provision of feed is
considered necessary in fish farming, including the addition of feed additives to spur
growth and production. The addition of natural ingredients to commercial feed is still
limited in use so that efforts to provide natural additives in the form of noni fruit extract
(Morinda citrifolia) are used to obtain the desired results, especially for the growth rate
and protein retention of red tilapia (Oreochromis niloticus)l.

The meat of red tilapia is delicious, solid, easy to serve, does not have many
thorns, is a source of animal protein, and is relatively inexpensive (Siddiqui & Al-Harbi
1995; Zonneveld & Fadholi 1991). Red tilapia is popular within the community, making it
an opportunity for fish farmers to increase the productivity of their ponds. Therefore, the
availability of red tilapia for consumption needs to be increased. The demand for red
tilapia continues to increase in the international market, mainly the American and
European Union markets (Widanarni et al 2012). Red tilapia is one of the export fish
which provided as a whole or in the form of a filet. The effort to increase the export of
red tilapia is by increasing its production through cultivation.

The feed is one of the essential factors in the agriculture business. LAccording to a
study, feed as an energy source for fish to grow and develop ](Younos et al 1990). The
availability of adequate and balanced feed will affect the growth and survival of cultivated
fish (Tiamiyu 2015). Feed must contain all necessary nutrients such as carbohydrates,
fats, proteins, minerals, vitamins, and feed additives with sufficient and balanced
amounts (Halver & Hardy 2003). High feed prices and low nutritional quality are
inhibitions in the fish farming process. Feed as an energy source for growth is the most
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significant amount of production costs component (Shepherd & Jackson 2013). One way
to overcome this problem is to use feed additives. Feed additives in fish farming,
especially red tilapia, are ingredients that are intentionally used to increase appetite,
digestibility, endurance, reduce stress levels, and spur fish growth (Alemayehu et al
2018).

Phytobiotics is one type of natural feed additive derived from plants
(Vidanarachchi et al 2005). The purpose of adding natural feed additives to the feed is to
spur growth, as well as improve the health and productivity of fish (Citarasu 2001;
Citarasu et al 1998, 1999, 2002; Sivaram et al 2004). Noni fruit can be used as
phytobiotic (feed additive) because it has antibacterial effects and bioactive substances
such as alkaloids, flavonoids, and tannins which are very effective in suppressing the
growth of pathogenic bacteria and improving intestinal morphological characteristics
(Murdiati & Adiwinatai 2000). Bioactive substances in noni include xeronine and precursor
of xeronine (proxeronine). Proxeronine will be converted to xeronine in the intestine by
proxeronase enzymes and other substances. Xeronine increases the permeability of cell
membranes, facilitates the transfer of peptides and increases nutrient absorption, as well
as effectuates amino acids, vitamins, and minerals. Xeronine can activate several
enzymes and regulate protein synthesis (Solomon 2001). Therefore, noni fruit extract
can be used as an additional ingredient in feed to help the digestion process of fish, so
that the consumed feed can be optimally utilized for growth and feed efficiency, as well
as the protein content of fish. This study aims to determine the potential of given noni
fruit (Morinda citrifolia) extract to the growth rate and protein retention of red tilapia
(Oreochromis niloticus).

Material and Method

Preparation of red tilapia (Oreochromis niloticus) and rearing conditions. This
research was conducted from April to May 2017 at the Education Laboratory of the
Airlangga University, Faculty of Fisheries and Marine, Surabaya, Indonesia. The
proximate test of feed and protein retention test were conducted at the Laboratory of the
Faculty of Veterinary Medicine, Universitas Airlangga, Surabaya, Indonesia. The
instruments used in this study were an aquarium measuring 45 cm x 30 cm x 30 cm, a
set of aerators, digital scales, pH pens, thermometers, rulers, plastic bags, plastic hoses
with a diameter of 1 cm, dissolved oxygen (DO) meters, and ammonia kits. The fish used
were 140 red tilapia fry in healthy condition, measuring |5-6 cm, ]weighing 2-5 g/head.
The red tilapia fry were obtained from the Gunung Sari fish market, Surabaya, East Java.
Noni fruit extract was obtained from the result of squeezed noni fruit. The noni fruit used
was ripe noni fruit, which is yellow and soft with a distinctive smell.

Experimental design. This research method was experimental. The primary test
parameters in this study were protein retention, specific growth rate, feed conversion
ratio, and survival rate of red tilapia. The variables observed were independent variables,
dependent variables, and control variables. The independent variable is the dose of noni
extract. The dependent variables are specific growth rate, feed conversion ratio, survival
rate, and protein retention. Control variables are water quality (temperature, pH, DO,
and ammonia). This study used a Completely Randomized Design (CRD) with four
treatments and four replications, which treatments explained as follows:
PO: commercial feed as the control group without noni fruit extract + 2 g Progol (fish
feed binder);
P1: commercial feed 1 kg + noni fruit 100 mL kg* feed + 2 g Progol;
P2: commercial feed 1 kg + noni fruit 300 mL kg! feed + 2 g Progol;
P3: commercial feed 1 kg + noni fruit 500 mL kg* feed + 2 g Progol.

The feed given in this study was PF 1000 commercial feed from PT Matahari Sakti,
with a protein content of 39-41%, 5% lipid, 6% crude fiber, 16% ash, and 10% moisture
content.
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Preparation of the experimental diets. First, ripe noni fruits were cleaned with water,
then washed with warm water. The noni fruits were crushed and then squeezed by using
strain cloth. The squeezed noni fruit extract was put in a bottle and stored.

The commercial feed was mixed with noni fruit extract and 2 grams of Progol with
a different amount in each treatment, as previously explained. The commercial feed and
noni fruit extract were smoothly mixed. The mixed feed was dried in an open room and
was aerated until dry. After that, the dried food was stored in a plastic jar. The mixed fish
feed with different doses were then analyzed through the proximate test in the
laboratory. The nutrient content of the feed used in this study can be seen in Table 1 as
follows.

Table 1
Nutrient content of feed with various doses of noni fruit extract
Analysis PO P1 P2 P3
(Control) (100 mL kg*) (300 mL kg') (500 mL kg!)
Dry ingredients (%) 90.1441 87.3484 86.7339 84.5036
Ash (%) 8.9591 8.7352 8.6875 8.5261
Crude protein (%) 29.1112 30.9015 30.2753 29.2539
Crude lipid (%) 8.3165 7.6176 6.9983 6.872
Crude fiber (%) 3.5026 2.488 2.6143 2.2593
Ca 2.5824 2.4109 2.4069 2.1481
Nitrogen-free extract (%) 40.2547 37.6061 38.1585 37.5923

Metabolism energy (Kcal kg-!) 3057.9622 2967.4828 2922.6623 2857.8501

The analytical procedure of the diets. The aquarium was then filled with 30 liters of
water, aerated, and then left for 24 hours. The fish were selected based on a similar
length and weight and its healthy condition. The fish were acclimatized for one week and
were fasted for 24 hours before being treated. The fish were placed in fourteen
aquariums according to the treatment given with a stocking density of 10 fish per
aquarium. The fish were kept for thirty days and fed according to the treatment doses.
Feeding was given three times a day: morning, afternoon, and evening, with a dose of
3% every day.

Below is the protein retention (PR) calculation based on a formula from Tung &
Shiau (1991):

Ln final body weight — Ln initial body weight (g)

PR x100%

Total protein intake (g)

The specific growth rate was calculated based on a formula from Effendie (1997):
LnWt — LnWo
SGR = fx 100%

where: SGR = specific growth rate (% day!);
WO = initial body weight (g);
Wt = final body weight (g);
T = treatment time (in days).

The daily length growth rate (LPP) was calculated based on a formula from
Aggraeni & Abdulgani 2013):

ILnlLt—LnlLo
LPP = fx 100%

where: LPP = daily length growth rate (% day);
Lt = average total length on day t (cm);

LO = average total length on day 0 (cm);
t = total of observation time (in days).
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The survival rate was calculated based on a formula from Wirabakti (2006):
Nt
SR=—x100%
No

where: SR = survival rate (%);
Nt = the number of survived fish at the end of the experiment (in heads);
No = the number of survived fish at the start of the experiment (in heads).

The feed conversion ratio was calculated based on a formula from Council (1997):
F

FCR= —mM8M8M
Wt 4+ D)-Wo

where: FCR = feed conversion ratio;
Wo = the biomass weight of fish at the start of the experiment (g);
Wt = the biomass weight of fish at the end of the experiment (g);
D = total weight of dead fish (g);
F = feed intake (g).

Statistical analysis. Data analysis using Variant Analysis (ANOVA) with the study
design was a Completely Randomized Design (CRD) to determine the differences in
treatment. If there is a difference in treatment, Duncan’s Multiple Range Test is applied.

Results. The calculation results of the average value of the specific growth rate, feed
conversion ratio, and survival rate of red tilapia using statistical analysis after being
treated for 30 days can be seen in Table 2.

Table 2
Average value of the specific growth rate, survival rate, feed conversion ratio, daily
length growth, and protein retention of red tilapia

Treatment Specific growth  Survival Feed conversion Daily length growth Protein retention

rate (% day?) rate (%) ratio (%) rate (% day?) (%)
PO 0.0105+0.000 7¢ 100 7.712+0.588P 1.070+0.189° 7.3345+0.3434¢
P1 0.0135+0.0006° 100 6.157+0.226° 1.145+0.050° 12.6246+0.3074b
P2 0.0147+0.00052 100 5.846+0.2342 1.435+0.1862 11.5692+0.40542
P3 0.0150+0.00092 100 5.918+0.436? 1.599+1.3122 11.4289+0.73567

PO (0% noni fruit extract), P1 (100 mL kg™ noni fruit extract), P2 (300 mL kg commercial feed with noni fruit
extract), P3 (500 mL kg commercial feed with noni fruit extract). Different superscripts show significant
differences.

According to Table 2, the value of the specific growth rate (SGR) of red tilapia was
0.0105-0.0150% day'. The results of the statistical analysis of added noni fruit extract
on commercial feed to the SGR of red tilapia showed significantly different results (p <
0.05). Duncan’s Multiple Range Test (DMTR) results showed that the highest growth rate
in this study was P3 (0.0150% day'!) which was not significantly different from P2
(0.0147% dayt), while it was significantly different with PO (0.0105% day!) and P1
(0.0135% day!). The lowest specific growth rate was PO (0.0105% day!) which was
significantly different from P1 (0.0135% day'), P2 (0.147% day), and P3 (0.0150%
day1t).

The feed conversion ratio (FCR) of red tilapia was 5.846-7.712%. The results of
statistical analysis of the added noni fruit extract to commercial feed to FCR of red tilapia
showed significantly different results (p < 0.05). Based on the results of DMTR, the
highest FCR in this study was PO (7.712%) which was significantly different from P1
(6.157%), P2 (5.846%), and P3 (5.9188%). While the lowest feed conversion ratio was
P2 (5.846%) and was not significantly different from P1 (6.157%), P3 (5.918%), and
significantly different from PO (7.712%). These results indicate that the addition of noni
fruit extract to commercial feed can reduce feed conversion ratio of red tilapia.

The survival rate of red tilapia from all treatments was 100%. The average
survival rate of red tilapia showed no significant difference (p > 0.05). Based on the
results of DMTR, the survival rates of PO, P1, P2, and P3 were not significantly different.
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The value of the daily length growth rate of red tilapia for thirty days of
preservation was 1.070-1.599% day-!. The results showed significant differences (p <
0.05). The highest daily length growth value was at P3 (1.599% day') which was not
significantly different from P2 (1.435% day'!) but was significantly different from PO
(1.070% day?') and P1 (1.145% day!). The lowest daily length growth rate was PO
(1.070% day!) which was not significantly different from P1 (1.145% day!) but
significantly different from P2 (1.435% day!) and P3 (1.599% day-1!).

The results of the statistical analysis of the addition of noni fruit extract to
commercial feed showed significantly different results (p < 0.05) to the protein retention
of red tilapia. The results of DMTR showed that the highest protein retention value was
P1 (12.6246%) which was significantly different from PO (7.3345%), P2 (11.5692%), and
P3 (11.4289%). Protein retention value in P2 (11.5692%) was not significantly different
from P3 (11.4289%) but was significantly different from PO (7.3345%) and P1
(12.6246%). The lowest protein retention value was PO (7.3345%), which was
significantly different from P1 (12.6246%), P2 (11.5692%), and P3 (11.4289%).

Data on the range of water quality parameters for red tilapia preservation for
thirty days can be seen in Table 3.

Table 3
Water quality range value of red tilapia in 30 days of preservation
Parameter Range
Temperature (°C) 27.4-29.2
pH 7.2-7.9
DO (mg L1) 3.3-5
Ammonia (mg L) 0-0.5

IThe water quality was observed based on the measurements of temperature, pH, DO,
and ammonia intensity in the tilapia fish for 30 days. The observations used
temperatures ranging from 27.4-29.2°C, pH (acidity degree) ranging from 7.2-7.9, DO
(dissolved ‘oxygen level) ranging from 3.3 to 5 mg L'!, and ammonia ranging from 0 to
0.5 mg L.

Discussion. The noni fruit extract mixed in the commercial feed had a significantly
different effect on specific growth rate, daily length growth rate, feed conversion ratio,
and protein retention of red tilapia for thirty days of preservation. These effects are due
to the optimum absorption process or nutrient absorption of the feed in the digestive
tract. Noni extract contains anthraquinone or acidic ingredients that can affect the pH of
the digestive tract to be more acidic (Bayu et al 2015). The statement is right considering
that in an acidic environment, protein-breaking enzymes (pepsin) can work optimally, so
that protein intakes are absorbed more by the body which supports the optimal fish
growth rate (ME et al 1990).

The extract of noni fruit contains proxeronine and xeronine. Proxeronine is
converted to xeronine with the help of proxeronase enzymes. Xeronine is an active
compound that has a role in facilitating metabolism inside the body of the animals and
increasing nutrient absorption (Solomon 2001). Xeronine in noni fruit can function to
expand the absorption in the intestine surface and facilitate the absorption process of
food so the nutrients in the feed can be absorbed optimally (Wang et al 2008). The
optimal absorption process will affect increased protein retention (Schlegel 1987; William
& Westhoff 1988; Cui et al 1992; Solomon 2001; Sjofjan 2003; Sujono 2006; Bayu et al
2015). Increased protein retention in the treatment results was caused by adding noni
fruit extract in commercial feed, which can suppress the growth of microbial pathogens
and increase non-pathogenic microbes in the digestive tract, resulting in the ability to
decompose feed ingredients, especially crude fiber. The use of noni fruit extract can
inhibit the growth of pathogenic bacteria in the intestine so that the number of non-
pathogenic bacteria in the intestine was increased (Solomon 2001). Noni extract can
increase the absorption process in the digestive tract and help decompose feed
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ingredients, especially crude fiber (Bayu et al 2015). Non-pathogenic bacteria can
produce enzymes that digest crude fiber, protein, and lipid (Sjofjan 2003). Bacillus sp.
bacteria in the digestive tract can break down proteins into amino acids (Sujono 2006).
These amino acids are used by bacteria to multiply themselves. Bacteria are a source of
single-cell proteins so that the bacteria multiplication can increase protein feed and
reduce crude fiber (Schlegel 1987).

Moreover, Bacillus sp. is a pectinolytic bacteria, which is an organism that can
produce pectin or complex carbohydrates (William & Westhoff 1988). The characteristics
of Bacillus sp. bacteria are proteolytic, saccharolytic, and pectinolytic, which increases
protein and carbohydrate feed. Protein retention indicates the amount of additional body
protein from the consumed feed protein. The feed consumed was a source of protein
used for preservation, metabolic activity, and growth (Cui et al 1992). The high protein
retention in P1 treatment was caused by the increase in protein and carbohydrate
content by the activity of non-pathogenic microbes that increase due to the addition of
noni fruit extract in the feed. The only issue was the more noni fruit extract dosage in the
feed cannot help at breaking down the crude fiber and result in higher crude fiber amount
in the feed.

The feed conversion ratio is one of the standards to determine the quality of feed
given to livestock in fulfilling the required nutrition. The higher the value of feed
conversion, the worse the quality of the nutritional value of the feed. Noni fruit contains
saponins which are bioactive in the growth of animals and digestive microbes. Giving
saponins can increase the permeability of cell walls in the intestine, increase absorption
of food substances hence result in higher conversion value (Onning et al 1996).

Survival rates of red tilapia were not significantly different between treatments.
Thirty days preservation of red tilapia with the treatments given did not cause death in
fish. This proves that adding noni fruit extract in commercial feed did not contain toxic
ingredients that cause death. One study using noni fruit extract with a dose of 15,000 mg
per kg body weight in experimental animals was not found any sign of toxic effects (Peter
& Abu Saleha 2006). The study had performed surgery on experimental animals but still
did not find any signs of toxicity in the animals’ organs. Noni fruit is categorized as non-
toxic substances (Wang et al 2008; Younos et al 1990).

Water quality in this study is an essential supporting parameter for the survival
rate of red tilapia. Water as a living medium for fish that is preserved must meet the
requirements. Water quality needs to be controlled in order to maintain its optimal
conditions, thus creating an environment that is suitable for the habitat of red tilapia. [In
order to keep the optimum quality, dirt in the water needs to be cleaned once every day
and changing the water as much as 50% of the total volume. The supporting parameters
of this study are water quality parameters such as temperature, DO, pH, and ammonia.
The temperature in this study averaged around 27.4-29.2°C. This temperature is good
enough for the survival of red tilapia. The optimal water temperature for red tilapia is 25-
30°C (Kungvakij & Pudadera 1984). Temperature is an environmental factor that
influences the body metabolism speed. The optimum speed metabolism for fish will be
achieved at optimal temperatures. The pH value has an essential influence on the
survival of fish in the water. The pH in this study ranged from 7.2 to 7.9, which is quite
adequate for the survival rate of red tilapia. The pH range required by fish is 6-9 (DelLong
et al 2009). The average DO content in this study ranged from 3.3 to 5 mg L!. Based on
these results, the DO during the study indicated a suitable level for the survival of red
tilapia (Yildiz et al 2017). Thus DO in the preservation of red tilapia met the
requirements. Ammonia in the water is derived from fish feces and from the rest of the
feed that is not consumed by fish. In general, the concentration of ammonia contained in
the water must not exceed 1 mg L' (BFAR-NFFTC 2000; Indian Council of Agricultural
Research 2006). Ammonia during this study was 0-0.5 mg L!, which is suitable for the
preservation of red tilapia.

Conclusions. Based on this research, it can be concluded that the addition of noni fruit
extract in commercial feed can increase specific growth rate, daily length growth rate,
lower the feed conversion ratio, and increase protein retention of red tilapia (Oreochromis
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niloticus). Moreover, the addition of noni fruit extract in commercial feed did not show
any toxic effect on the survival rate of red tilapia during the thirty days of preservation.
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Abstract. High feed prices and its low nutritional quality are the inhibitions in the process of red tilapia
fish cultivation. Therefore, the use of feed additives in feed becomes significant in order to optimize fish
growth. Especially the ones made of natural ingredients, such as noni (Morinda citrifolia) fruit. The
purpose of this study was to determine the effect of added noni fruit extract on the growth rate and
protein retention of red tilapia fish. The method used was an experimental method with a completely
randomized design, consisting of four replications and four treatments of noni fruit extract dosages given
to red tilapia. The parameters observed were specific growth rates, feed conversion ratio, survival rate,
and protein retention of red tilapia. The result showed that the addition of noni fruit extract in
commercial feed with different doses significantly affected the specific growth rate, daily length growth
rate, feed conversion ratio, and protein retention of red tilapia. The survival rate from the preservation
of red tilapia is not significantly different between treatments. The best result for the specific growth rate
is P3 (500 mL kg') of 0.0150% day !, daily length growth rate is P3 (500 mL kg*') of 1.599% day™!, feed
conversion ratio is P2 (300 mL kg') of 5.846%, survival rate of 100% in all treatments, and protein
retention with the best results is P1 (10 mL kg') of 12.6246%. The addition of noni fruit extract in
commercial feed can increase the specific growth rate and daily length, lowering the value of feed
conversion ratio in red tilapia, and increasing the protein retention of red tilapia (Oreochromis niloticus).
Key Words: fish meal substitution, noni fruit extract, red tilapia.

Introduction. Red tilapia is one of the freshwater fish commodities that are currently in
high demand for consumption and cultivation. The meat of red tilapia is delicious, solid,
easy to serve, does not have many thorns, is a source of animal protein, and is relatively
inexpensive (Siddiqui & Al-Harbi 1995; Zonneveld & Fadholi 1991). Red tilapia is popular
within the commodity, making it an opportunity for fish farmers to increase the
productivity of their ponds. Therefore, the availability of red tilapia for consumption
needs to be increased. The demand for red tilapia continues to increase in the
international market, mainly the American and European Union markets (Widanarni et al
2012). Red tilapia is one of the export fish which provided as a whole or in the form of a
filet. The effort to increase the export of red tilapia is by increasing its production through
cultivation.

The feed is one of the essential factors in the agriculture business. Feed as an
energy source for fish to grow and develop (Younos et al 1990). The availability of
adequate and balanced feed will affect the growth and survival of cultivated fish (Tiamiyu
2015). Feed must contain all necessary nutrients such as carbohydrates, fats, proteins,
minerals, vitamins, and feed additives with sufficient and balanced amounts (Halver &
Hardy 2003). High feed prices and low nutritional quality are inhibitions in the fish
farming process. Feed as an energy source for growth is the most significant amount of
production costs component (Shepherd & Jackson 2013). One way to overcome this
problem is to use feed additives. Feed additives in fish farming, especially red tilapia, are
ingredients that are intentionally used to increase appetite, digestibility, endurance,
reduce stress levels, and spur fish growth (Alemayehu et al 2018).
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The provision of feed is considered necessary in fish farming, including the
addition of feed additives to spur growth and production. Phytobiotics is one type of
natural feed additive derived from plants (Vidanarachchi et al 2005). The purpose of
adding natural feed additives to the feed is to spur growth, as well as improve the health
and productivity of fish (Citarasu 2001; Citarasu et al 1998, 1999, 2002; Sivaram et al
2004). Noni fruit can be used as phytobiotic (feed additive) because it has antibacterial
effects and bioactive substances such as alkaloids, flavonoids, and tannins which are very
effective in suppressing the growth of pathogenic bacteria and improving intestinal
morphological characteristics (Murdiati et al 2000). Bioactive substances in noni include
xeronine and precursor of xeronine (proxeronine). Proxeronine will be converted to
xeronine in the intestine by proxeronase enzymes and other substances. Xeronine
increases the permeability of cell membranes, facilitates the transfer of peptides and
increases nutrient absorption, as well as effectuates amino acids, vitamins, and minerals.
Xeronine can activate several enzymes and regulate protein synthesis (Solomon 2001).
Therefore, noni fruit extract can be used as an additional ingredient in feed to help the
digestion process of fish, so that the consumed feed can be optimally utilized for growth
and feed efficiency, as well as the protein content of fish. This study aims to determine
the potential of given noni fruit (Morinda citrifolia) extract to the growth rate and protein
retention of red tilapia (Oreochromis niloticus).

Material and Method

Preparation of red tilapia (Oreochromis niloticus) and rearing conditions. This
research was conducted from April to May 2017 at the Education Laboratory of the
Airlangga University, Faculty of Fisheries and Marine, Surabaya, Indonesia. The
proximate test of feed and protein retention test were conducted at the Laboratory of the
Faculty of Veterinary Medicine, Universitas Airlangga, Surabaya, Indonesia. The
instruments used in this study were an aquarium measuring 45 cm x 30 cm x 30 cm, a
set of aerators, digital scales, pH pens, thermometers, rulers, plastic bags, plastic hoses
with a diameter of 1 cm, dissolved oxygen (DO) meters, and ammonia kits. The fish used
were 140 red tilapia fry in healthy condition, measuring total length of 5-6 cm, weighing
2-5 g/head. The red tilapia fry were obtained from the Gunung Sari fish market,
Surabaya, East Java. Noni fruit extract was obtained from the result of squeezed noni
fruit. The noni fruit used was ripe noni fruit, which is yellow and soft with a distinctive
smell. In order to keep the optimum quality, dirt in the water needs to be cleaned once
every day and changing the water as much as 50% of the total volume.

Experimental design. This research method was experimental. The primary test
parameters in this study were protein retention, specific growth rate, feed conversion
ratio, and survival rate of red tilapia. The variables observed were independent variables,
dependent variables, and control variables. The independent variable is the dose of noni
extract. The dependent variables are specific growth rate, feed conversion ratio, survival
rate, and protein retention. Control variables are water quality (temperature, pH, DO,
and ammonia). This study used a Completely Randomized Design (CRD) with four
treatments and four replications, which treatments explained as follows:

PO: commercial feed as the control group without noni fruit extract + 2 g Progol (fish
feed binder);

P1: commercial feed 1 kg + noni fruit 100 mL kg-* feed + 2 g Progol;

P2: commercial feed 1 kg + noni fruit 300 mL kg! feed + 2 g Progol;

P3: commercial feed 1 kg + noni fruit 500 mL kg-! feed + 2 g Progol.

The feed given in this study was PF 1000 commercial feed from PT Matahari Sakti,

with a protein content of 39-41%, 5% lipid, 6% crude fiber, 16% ash, and 10% moisture
content.
Preparation of the experimental diets. First, ripe noni fruits were cleaned with water,
then washed with warm water. The noni fruits were crushed and then squeezed by using
strain cloth. The squeezed noni fruit extract was put in a bottle and stored at room
temperature.
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The commercial feed was mixed with noni fruit extract and 2 grams of Progol with
a different amount in each treatment, as previously explained. The commercial feed and
noni fruit extract were smoothly mixed. The mixed feed was dried in an open room and
was aerated until dry. After that, the dried food was stored in a plastic jar. The mixed fish
feed with different doses were then analyzed through the proximate test in the
laboratory. The nutrient content of the feed used in this study can be seen in Table 1 as
follows.

Table 1
Nutrient content of feed with various doses of noni fruit extract
Analysis PO P1 P2 P3
(Control) (100 mL kg*) (300 mL kg') (500 mL kg)
Dry ingredients (%) 90.1441 87.3484 86.7339 84.5036
Ash (%) 8.9591 8.7352 8.6875 8.5261
Crude protein (%) 29.1112 30.9015 30.2753 29.2539
Crude lipid (%) 8.3165 7.6176 6.9983 6.872
Crude fiber (%) 3.5026 2.488 2.6143 2.2593
Ca 2.5824 2.4109 2.4069 2.1481
Nitrogen-free extract (%) 40.2547 37.6061 38.1585 37.5923

Metabolism energy (Kcal kg-!) 3057.9622  2967.4828 2922.6623 2857.8501

The analytical procedure of the diets. The aquarium was then filled with 30 liters of
water, aerated, and then left for 24 hours. The fish were selected based on a similar
length and weight and its healthy condition. The fish were acclimatized for one week and
were fasted for 24 hours before being treated. The fish were placed in fourteen
aquariums according to the treatment given with a stocking density of 10 fish per
aquarium. The fish were kept for thirty days and fed according to the treatment doses.
Feeding was given three times a day: morning, afternoon, and evening, with a dose of
3% of body weight, every day.

Below is the protein retention (PR) calculation based on a formula from Tung &
Shiau (1991):

PR Ln final body weight- Ln initial body weight (g)
= X

100
Total proteinintake (g)

The specific growth rate was calculated based on a formula from Effendie (1997):

LnWt - LnWo
—_—X

SGR = 100

where: SGR = specific growth rate (% day1!);
WO = initial body weight (g);
Wt = final body weight (g);
T = treatment time (in days).

The daily length growth rate (LGR) was calculated based on a formula from
Aggraeni & Abdulgani 2013):

3 LnLt-LnLo

LGR x 100
where: LGR = daily length growth rate (% day);
Lt = average total length on day t (cm);
LO = average total length on day 0 (cm);
t = total of observation time (in days).

The survival rate was calculated based on a formula from Wirabakti (2006):
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N
sr="t 100
No

where: SR = survival rate (%);
Nt = the number of survived fish at the end of the experiment (in fish);
No = the number of survived fish at the start of the experiment (in fish).

The feed conversion ratio was calculated based on a formula from Council (1997):
F

FCR Wt +D)-Wo

where: FCR = feed conversion ratio;
Wo = the biomass weight of fish at the start of the experiment (g);
Wt = the biomass weight of fish at the end of the experiment (g);
D = total weight of dead fish (g);

F = feed intake (g).

Statistical analysis. Data analysis using Variant Analysis (ANOVA) with the study
design was a Completely Randomized Design (CRD) to determine the differences in
treatment. If there is a difference in treatment, Duncan’s Multiple Range Test is applied.

Results. The calculation results of the average value of the specific growth rate, feed
conversion ratio, and survival rate of red tilapia using statistical analysis after being
treated for 30 days can be seen in Table 2.

Table 2
Average value of the specific growth rate, survival rate, feed conversion ratio, daily
length growth, and protein retention of red tilapia

Treatment Specific growth Survival Feed conversion Daily length growth Protein retention

rate (% day?!) rate (%) ratio (%) rate (% day?) (%)
PO 0.0105+0.000 7¢ 100 7.712+0.588P 1.070+0.189° 7.3345+0.3434¢
P1 0.0135+0.0006° 100 6.157+0.2262 1.145+0.050° 12.6246+0.3074°
P2 0.0147+0.0005% 100 5.846+0.2342 1.435+0.18672 11.5692+0.40542
P3 0.0150+0.00092 100 5.918+0.4362 1.599+1.3122 11.4289+0.73567

PO (0% noni fruit extract), P1 (100 mL kg™ noni fruit extract), P2 (300 mL kg commercial feed with noni fruit
extract), P3 (500 mL kg commercial feed with noni fruit extract). Different superscripts show significant
differences.

According to Table 2, the value of the specific growth rate (SGR) of red tilapia was
0.0105-0.0150% day-!. The results of the statistical analysis of added noni fruit extract
on commercial feed to the SGR of red tilapia showed significantly different results (p <
0.05). Duncan’s Multiple Range Test (DMTR) results showed that the highest growth rate
in this study was P3 (0.0150% day!) which was not significantly different from P2
(0.0147% day'), while it was significantly different with PO (0.0105% day!) and P1
(0.0135% day-!). The lowest specific growth rate was PO (0.0105% day!) which was
significantly different from P1 (0.0135% day'), P2 (0.147% day), and P3 (0.0150%
day1).

The feed conversion ratio (FCR) of red tilapia was 5.846-7.712%. The results of
statistical analysis of the added noni fruit extract to commercial feed to FCR of red tilapia
showed significantly different results (p < 0.05). Based on the results of DMTR, the
highest FCR in this study was PO (7.712%) which was significantly different from P1
(6.157%), P2 (5.846%), and P3 (5.9188%). While the lowest feed conversion ratio was
P2 (5.846%) and was not significantly different from P1 (6.157%), P3 (5.918%), and
significantly different from PO (7.712%). These results indicate that the addition of noni
fruit extract to commercial feed can reduce feed conversion ratio of red tilapia.
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The survival rate of red tilapia from all treatments was 100%. The average
survival rate of red tilapia showed no significant difference (p > 0.05). Based on the
results of DMTR, the survival rates of PO, P1, P2, and P3 were not significantly different.

The value of the daily length growth rate of red tilapia for thirty days of
preservation was 1.070-1.599% day-!. The results showed significant differences (p <
0.05). The highest daily length growth value was at P3 (1.599% day!) which was not
significantly different from P2 (1.435% day-!) but was significantly different from PO
(1.070% day?') and P1 (1.145% day!). The lowest daily length growth rate was PO
(1.070% day!) which was not significantly different from P1 (1.145% day!) but
significantly different from P2 (1.435% day') and P3 (1.599% day1).

The results of the statistical analysis of the addition of noni fruit extract to
commercial feed showed significantly different results (p < 0.05) to the protein retention
of red tilapia. The results of DMTR showed that the highest protein retention value was
P1 (12.6246%) which was significantly different from PO (7.3345%), P2 (11.5692%), and
P3 (11.4289%). Protein retention value in P2 (11.5692%) was not significantly different
from P3 (11.4289%) but was significantly different from PO (7.3345%) and P1
(12.6246%). The lowest protein retention value was PO (7.3345%), which was
significantly different from P1 (12.6246%), P2 (11.5692%), and P3 (11.4289%).

Data on the range of water quality parameters for red tilapia preservation for
thirty days can be seen in Table 3.

Table 3
Water quality range value of red tilapia in 30 days of preservation

Parameter Range
Temperature (°C) 27.4-29.2

pH 7.2-7.9

DO (mg L) 3.3-5

Ammonia (mg L!) 0-0.5

Discussion. The noni fruit extract mixed in the commercial feed had a significantly
different effect on specific growth rate, daily length growth rate, feed conversion ratio,
and protein retention of red tilapia for thirty days of preservation. These effects are due
to the optimum absorption process or nutrient absorption of the feed in the digestive
tract. Noni extract contains anthraquinone or acidic ingredients that can affect the pH of
the digestive tract to be more acidic (Bayu et al 2015). The statement is right considering
that in an acidic environment, protein-breaking enzymes (pepsin) can work optimally, so
that protein intakes are absorbed more by the body which supports the optimal fish
growth rate (Me et al 1990).

The extract of noni fruit contains proxeronine and xeronine. Proxeronine is
converted to xeronine with the help of proxeronase enzymes. Xeronine is an active
compound that has a role in facilitating metabolism inside the body of the animals and
increasing nutrient absorption (Solomon 2001). Xeronine in noni fruit can function to
expand the absorption in the intestine surface and facilitate the absorption process of
food so the nutrients in the feed can be absorbed optimally (Wang et al 2008). The
optimal absorption process will affect increased protein retention (Schlegel 1987; William
& Westhoff 1988; Cui et al 1992; Solomon 2001; Sjofjan 2003; Sujono 2006; Bayu et al
2015). Increased protein retention in the treatment results was caused by adding noni
fruit extract in commercial feed, which can suppress the growth of microbial pathogens
and increase non-pathogenic microbes in the digestive tract, resulting in the ability to
decompose feed ingredients, especially crude fiber. The use of noni fruit extract can
inhibit the growth of pathogenic bacteria in the intestine so that the number of non-
pathogenic bacteria in the intestine was increased (Solomon 2001). Noni extract can
increase the absorption process in the digestive tract and help decompose feed
ingredients, especially crude fiber (Bayu et al 2015). Non-pathogenic bacteria can
produce enzymes that digest crude fiber, protein, and lipid (Sjofjan 2003). Bacillus sp.
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bacteria in the digestive tract can break down proteins into amino acids (Sujono 2006).
These amino acids are used by bacteria to multiply themselves. Bacteria are a source of
single-cell proteins so that the bacteria multiplication can increase protein feed and
reduce crude fiber (Schlegel 1987).

Moreover, Bacillus sp. is a pectinolytic bacteria, which is an organism that can
produce pectin or complex carbohydrates (William & Westhoff 1988). The characteristics
of Bacillus sp. bacteria are proteolytic, saccharolytic, and pectinolytic, which increases
protein and carbohydrate feed. Protein retention indicates the amount of additional body
protein from the consumed feed protein. The feed consumed was a source of protein
used for preservation, metabolic activity, and growth (Cui et al 1992). The high protein
retention in P1 treatment was caused by the increase in protein and carbohydrate
content by the activity of non-pathogenic microbes that increase due to the addition of
noni fruit extract in the feed. The only issue was the more noni fruit extract dosage in the
feed cannot help at breaking down the crude fiber and result in higher crude fiber amount
in the feed.

The feed conversion ratio is one of the standards to determine the quality of feed
given to livestock in fulfilling the required nutrition. The higher the value of feed
conversion, the worse the quality of the nutritional value of the feed. Noni fruit contains
saponins which are bioactive in the growth of animals and digestive microbes. Giving
saponins can increase the permeability of cell walls in the intestine, increase absorption
of food substances hence result in higher conversion value (Onning et al 1996).

Survival rates of red tilapia were not significantly different between treatments.
Thirty days preservation of red tilapia with the treatments given did not cause death in
fish. This proves that adding noni fruit extract in commercial feed did not contain toxic
ingredients that cause death. One study using noni fruit extract with a dose of 15,000 mg
per kg body weight in experimental animals was not found any sign of toxic effects
(Krishnakumar et al 2015). The study had performed surgery on experimental animals
but still did not find any signs of toxicity in the animals’ organs. Noni fruit is categorized
as non-toxic substances (Wang et al 2008; Younos et al 1990).

Water quality in this study is an essential supporting parameter for the survival
rate of red tilapia. Water as a living medium for fish that is preserved must meet the
requirements. Water quality needs to be controlled in order to maintain its optimal
conditions, thus creating an environment that is suitable for the habitat of red tilapia. The
supporting parameters of this study are water quality parameters such as temperature,
DO, pH, and ammonia. The temperature in this study averaged around 27.4-29.2°C. This
temperature is good enough for the survival of red tilapia. The optimal water
temperature for red tilapia is 25-30°C (Kungvakij & Pudadera 1984). Temperature is an
environmental factor that influences the body metabolism speed. The optimum speed
metabolism for fish will be achieved at optimal temperatures. The pH value has an
essential influence on the survival of fish in the water. The pH in this study ranged from
7.2 to 7.9, which is quite adequate for the survival rate of red tilapia. The pH range
required by fish is 6-9 (DelLong et al 2009). The average DO content in this study ranged
from 3.3 to 5 mg L!. Based on these results, the DO during the study indicated a suitable
level for the survival of red tilapia (Yildiz et al 2017). Thus DO in the preservation of red
tilapia met the requirements. Ammonia in the water is derived from fish feces and from
the rest of the feed that is not consumed by fish. In general, the concentration of
ammonia contained in the water must not exceed 1 mg L' (BFAR-NFFTC 2000; Indian
Council of Agricultural Research 2006). Ammonia during this study was 0-0.5 mg L%,
which is suitable for the preservation of red tilapia.

Conclusions. Based on this research, it can be concluded that the addition of noni fruit
extract in commercial feed can increase specific growth rate, daily length growth rate,
lower the feed conversion ratio, and increase protein retention of red tilapia (Oreochromis
niloticus). Moreover, the addition of noni fruit extract in commercial feed did not show
any toxic effect on the survival rate of red tilapia during the thirty days of preservation.
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Abstract. High feed prices and its low nutritional quality are the inhibitions in the process of red tilapia
fish cultivation. Therefore, the use of feed additives in feed becomes significant in order to optimize fish
growth. Especially the ones made of natural ingredients, such as noni (Morinda citrifolia) fruit. The
purpose of this study was to determine the effect of added noni fruit extract to the growth rate and
protein retention of red tilapia fish. The method used was an experimental method with a completely
randomized design, consisting of four replications and four treatments of noni fruit extract dosages given
to red tilapia. [The treatments used were the dosage amount of noni extraction given to red tilapia. The
parameters observed were specific growth rates, feed conversion ratio, survival rate, and protein
retention of red tilapia. The result showed that the addition of noni fruit extract in commercial feed with
different doses significantly affected the specific growth rate, daily length growth rate, feed conversion
ratio, and protein retention of red tilapia. The survival rate from the preservation of red tilapia is not
significantly different between treatments. The best result for the specific growth rate is P3 (500 mL kg
1) of 0.0150% day !, daily length growth rate is P3 (500 mL kg*) of 1.599% day, feed conversion ratio
is P2 (300 mL kg') of 5.846%, survival rate of 100% in all treatments, and protein retention with the
best results is P1 (10 mL kg™!) of 12.6246%. The addition of noni fruit extract in commercial feed can
increase the specific growth rate and daily length, lowering the value of feed conversion ratio in red
tilapia, and increasing the protein retention of red tilapia (Oreochromis niloticus).

Key Words: fish meal substitution, noni fruit (Morinda citrifolia) extract, red tilapia (Oreochromis
niloticus).

Introduction. Red tilapia is one of the freshwater fish commodities that are currently in
high demand for consumption and cultivation. The meat of red tilapia is delicious, solid,
easy to serve, does not have many thorns, is a source of animal protein, and is relatively
inexpensive (Siddiqui & Al-Harbi 1995; Zonneveld & Fadholi 1991). [Red tilapia is popular
within the commodity}, making it an opportunity for fish farmers to increase the
productivity of their ponds. Therefore, the availability of red tilapia for consumption
needs to be increased. The demand for red tilapia continues to increase in the
international market, mainly the American and European Union markets (Widanarni et al
2012). Red tilapia is one of the export fish which provided as a whole or in the form of a
filet. The effort to increase the export of red tilapia is by increasing its production through
cultivation.

The feed is one of the essential factors in the agriculture business. Feed is an
energy source for fish to grow and develop (Younos et al 1990). The availability of
adequate and balanced feed will affect the growth and survival of cultivated fish (Tiamiyu
2016). Feed must contain all necessary nutrients such as carbohydrates, fats, proteins,
minerals, vitamins, and feed additives with sufficient and balanced amounts (Halver &
Hardy 2003). High feed prices and low nutritional quality are inhibitions in the fish
farming process. Feed as an energy source for growth is the most significant amount of
production costs component (Shepherd & Jackson 2013). One way to overcome this
problem is to use feed additives. Feed additives in fish farming, especially red tilapia, are
ingredients that are intentionally used to increase appetite, digestibility, endurrance,
reduce stress levels, and spur fish growth (Alemayehu et al 2018).
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The provision of feed is considered necessary in fish farming, including the
addition of feed additives to spur growth and production. Phytobiotics is one type of
natural feed additive derived from plants (Vidanarachchi et al 2005). The purpose of
adding natural feed additives to the feed is to spur growth, as well as improve the health
and productivity of fish (Citarasu 2001; Citarasu et al 1998, 1999, 2002; Sivaram et al
2004). Noni fruit can be used as phytobiotic (feed additive) because it has antibacterial
effects and bioactive substances such as alkaloids, flavonoids, and tannins which are very
effective in suppressing the growth of pathogenic bacteria and improving intestinal
morphological characteristics (Murdiati & Adiwinatai 2000). Bioactive substances in noni
include xeronine and precursor of xeronine (proxeronine). Proxeronine will be converted
to xeronine in the intestine by proxeronase enzymes and other substances. Xeronine
increases the permeability of cell membranes, facilitates the transfer of peptides and
increases nutrient absorption, as well as effectuates amino acids, vitamins, and minerals.
Xeronine can activate several enzymes and regulate protein synthesis (Solomon 2001).
Therefore, noni fruit extract can be used as an additional ingredient in feed to help the
digestion process of fish, so that the consumed feed can be optimally utilized for growth
and feed efficiency, as well as the protein content of fish. This study aims to determine
the potential of given noni fruit (Morinda citrifolia) extract to the growth rate and protein
retention of red tilapia (Oreochromis niloticus).

Material and Method

Preparation of red tilapia (Oreochromis niloticus) and rearing conditions. This
research was conducted from April to May 2017 at the Education Laboratory of the
Airlangga University, Faculty of Fisheries and Marine, Surabaya, Indonesia. The
proximate test of feed and protein retention test were conducted at the Laboratory of the
Faculty of Veterinary Medicine, Universitas Airlangga, Surabaya, Indonesia. The
instruments used in this study were an aquarium measuring 45 cm x 30 cm x 30 cm, a
set of aerators, digital scales, pH pens, thermometers, rulers, plastic bags, plastic hoses
with a diameter of 1 cm, dissolved oxygen (DO) meters, and ammonia kits. The fish used
were 140 red tilapia fry in healthy condition, measuring 5-6 cm total length, weighing 2-5
g head!. The red tilapia fry were obtained from the Gunung Sari fish market, Surabaya,
East Java. Noni fruit extract was obtained from the result of squeezed noni fruit. The noni
fruit used was ripe noni fruit, which is yellow and soft with a distinctive smell.

Experimental design. This research method was experimental. The primary test
parameters in this study were protein retention, specific growth rate, feed conversion
ratio, and survival rate of red tilapia. The variables observed were independent variables,
dependent variables, and control variables. The independent variable is the dose of noni
extract. The dependent variables are specific growth rate, feed conversion ratio, survival
rate, and protein retention. Control variables are water quality (temperature, pH, DO,
and ammonia). This study used a Completely Randomized Design (CRD) with four
treatments and four replications, which treatments explained as follows:
PO: commercial feed as the control group without noni fruit extract + 2 g Progol (fish
feed binder);
P1: commercial feed 1 kg + noni fruit 100 mL kg-! feed + 2 g Progol;
P2: commercial feed 1 kg + noni fruit 300 mL kg-! feed + 2 g Progol;
P3: commercial feed 1 kg + noni fruit 500 mL kg-! feed + 2 g Progol.

The feed given in this study was PF 1000 commercial feed from PT Matahari Sakti,
with a protein content of 39-41%, 5% lipid, 6% crude fiber, 16% ash, and 10% moisture
content.

Preparation of the experimental diets. First, ripe noni fruits were cleaned with water,
then washed with warm water. The noni fruits were crushed and then squeezed by using
strain cloth. The squeezed noni fruit extract was put in a bottle and stored at room
temperature.
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The commercial feed was mixed with noni fruit extract and 2 grams of Progol with
a different amount in each treatment, as previously explained. The commercial feed and
noni fruit extract were smoothly mixed. The mixed feed was dried in an open room and
was aerated until dry. After that, the dried food was stored in a plastic jar. The mixed fish
feed with different doses were then analyzed through the proximate test in the
laboratory. The nutrient content of the feed used in this study can be seen in Table 1 as
follows.

Table 1
Nutrient content of feed with various doses of noni fruit extract
Analysis PO P1 P2 P3
(Control) (100 mL kg1) (300 mL kg*) (500 mL kg-!)
Dry ingredients (%) 90.1441 87.3484 86.7339 84.5036
Ash (%) 8.9591 8.7352 8.6875 8.5261
Crude protein (%) 29.1112 30.9015 30.2753 29.2539
Crude lipid (%) 8.3165 7.6176 6.9983 6.872
Crude fiber (%) 3.5026 2.488 2.6143 2.2593
Ca 2.5824 2.4109 2.4069 2.1481
Nitrogen-free extract (%) 40.2547 37.6061 38.1585 37.5923

Metabolism energy (Kcal kg-1) 3057.9622 2967.4828 2922.6623 2857.8501

The analytical procedure of the diets. The aquarium was then filled with 30 liters of
water, aerated, and then left for 24 hours. The fish were selected based on a similar
length and weight and its healthy condition. The fish were acclimatized for one week and
were fasted for 24 hours before being treated. The fish were placed in fourteen
aquariums according to the treatment given with a stocking density of 10 fish per
aquarium. The fish were kept for thirty days and fed according to the treatment doses.
Feeding was given three times a day: morning, afternoon, and evening, with a dose of
3% of body weight.

Below is the protein retention (PR) calculation based on a formula from Tung &
Shiau (1991):

PR Ln final body weight- Ln initial body weight (g)
= X

100
Total proteinintake (g)

The specific growth rate was calculated based on a formula from Effendie (1997):

LnWt - LnWo
—_—X

SGR = 100

where: SGR = specific growth rate (% day-1);
WO = initial body weight (g);
Wt = final body weight (g);
T = treatment time (in days).

The daily length growth rate (LGR) was calculated based on a formula from
Aggraeni & Abdulgani 2013):

3 LnLt-LnLo

LGR x 100

where: LGR = daily length growth rate (% day-!);
Lt = average total length on day t (cm);
LO = average total length on day 0 (cm);
t = total of observation time (in days).

The survival rate was calculated based on a formula from Wirabakti (2006):

SR :&x100
No
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where: SR = survival rate (%);
Nt = the number of survived fish at the end of the experiment (in fish);
No = the number of survived fish at the start of the experiment (in fish).

The feed conversion ratio was calculated based on a formula from Council (1997):
F
FCR

where: FCR = feed conversion ratio;
Wo = the biomass weight of fish at the start of the experiment (g);
Wt = the biomass weight of fish at the end of the experiment (g);
D = total weight of dead fish (g);
F = feed intake (g).

T Wi+ D) -Wo

Statistical analysis. Data analysis using Variant Analysis (ANOVA) with the study
design was a Completely Randomized Design (CRD) to determine the differences in
treatment. If there is a difference in treatment, Duncan’s Multiple Range Test is applied.

Results. The calculation results of the average value of the specific growth rate, feed
conversion ratio, and survival rate of red tilapia using statistical analysis after being
treated for 30 days can be seen in Table 2.

Table 2
Average value of the specific growth rate, survival rate, feed conversion ratio, daily
length growth, and protein retention of red tilapia

Specific growth Survival Feed conversion Daily length growth Protein retention

Treatment  “oio' (9% day) rate (%)  ratio (%) rate (% day™) (%)
PO 0.0105£0.0007° 100  7.712+0.588°  1.070£0.189°  7.3345+0.3434¢
p1 0.0135£0.0006° 100  6.157£0.226°  1.145£0.050°  12.6246%0.3074
P2 0.0147£0.0005° 100  5.846+0.234°  1.435%£0.186°  11.569240.4054
p3 0.0150+0.0009° 100  5.918+0.436°  1.599+1.3123  11.4289+0.7356°

PO (0% noni fruit extract), P1 (100 mL kg™ noni fruit extract), P2 (300 mL kg! commercial feed with noni fruit
extract), P3 (500 mL kg commercial feed with noni fruit extract). Different superscripts show significant
differences.

According to Table 2, the value of the specific growth rate (SGR) of red tilapia was
0.0105-0.0150% day-!. The results of the statistical analysis of added noni fruit extract
on commercial feed to the SGR of red tilapia showed significantly different results (p <
0.05). Duncan’s Multiple Range Test (DMTR) results showed that the highest growth rate
in this study was P3 (0.0150% day!) which was not significantly different from P2
(0.0147% day!), while it was significantly different with PO (0.0105% day!) and P1
(0.0135% day-!). The lowest specific growth rate was PO (0.0105% day-!) which was
significantly different from P1 (0.0135% day!), P2 (0.147% day-!), and P3 (0.0150%
dayt).

The feed conversion ratio (FCR) of red tilapia was 5.846-7.712%. The results of
statistical analysis of the added noni fruit extract to commercial feed to FCR of red tilapia
showed significantly different results (p < 0.05). Based on the results of DMTR, the
highest FCR in this study was PO (7.712%) which was significantly different from P1
(6.157%), P2 (5.846%), and P3 (5.9188%). While the lowest feed conversion ratio was
P2 (5.846%) and was not significantly different from P1 (6.157%), P3 (5.918%), and
significantly different from PO (7.712%). These results indicate that the addition of noni
fruit extract to commercial feed can reduce feed conversion ratio of red tilapia.

The survival rate of red tilapia from all treatments was 100%. The average
survival rate of red tilapia showed no significant difference (p > 0.05). Based on the
results of DMTR, the survival rates of PO, P1, P2, and P3 were not significantly different.

The value of the daily length growth rate of red tilapia for thirty days of
preservation was 1.070-1.599% day-!. The results showed significant differences (p <
0.05). The highest daily length growth value was at P3 (1.599% day!) which was not
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significantly different from P2 (1.435% day!) but was significantly different from PO
(1.070% day?!) and P1 (1.145% day'!). The lowest daily length growth rate was PO
(1.070% day!) which was not significantly different from P1 (1.145% day!) but
significantly different from P2 (1.435% day-!) and P3 (1.599% day-1).

The results of the statistical analysis of the addition of noni fruit extract to
commercial feed showed significantly different results (p < 0.05) to the protein retention
of red tilapia. The results of DMTR showed that the highest protein retention value was
P1 (12.6246%) which was significantly different from PO (7.3345%), P2 (11.5692%), and
P3 (11.4289%). Protein retention value in P2 (11.5692%) was not significantly different
from P3 (11.4289%) but was significantly different from PO (7.3345%) and P1
(12.6246%). The lowest protein retention value was PO (7.3345%), which was
significantly different from P1 (12.6246%), P2 (11.5692%), and P3 (11.4289%).

Data on the range of water quality parameters for red tilapia preservation for
thirty days can be seen in Table 3.

Table 3
Water quality range value of red tilapia in 30 days of preservation
Parameter Range
Temperature (°C) 27.4-29.2
pH 7.2-7.9
DO (mg L) 3.3-5
Ammonia (mg L) 0-0.5

Discussion. The noni fruit extract mixed in the commercial feed had a significantly
different effect on specific growth rate, daily length growth rate, feed conversion ratio,
and protein retention of red tilapia for thirty days of preservation. These effects are due
to the optimum absorption process or nutrient absorption of the feed in the digestive
tract. Noni extract contains anthraquinone or acidic ingredients that can affect the pH of
the digestive tract to be more acidic (Widianto et al 2015). The statement is right
considering that in an acidic environment, protein-breaking enzymes (pepsin) can work
optimally, so that protein intakes are absorbed more by the body which supports the
optimal fish growth rate (Esminger et al 1990).

The extract of noni fruit contains proxeronine and xeronine. Proxeronine is
converted to xeronine with the help of proxeronase enzymes. Xeronine is an active
compound that has a role in facilitating metabolism inside the body of the animals and
increasing nutrient absorption (Solomon 2001). Xeronine in noni fruit can function to
expand the absorption in the intestine surface and facilitate the absorption process of
food so the nutrients in the feed can be absorbed optimally (Wang et al 2008). The
optimal absorption process will affect increased protein retention (Schlegel 1987; Frazier
& Westhoff 1988; Cui et al 1992; Solomon 2001; Sjofjan 2003; Sujono 2006; Widianto et
al 2015). Increased protein retention in the treatment results was caused by adding noni
fruit extract in commercial feed, which can suppress the growth of microbial pathogens
and increase non-pathogenic microbes in the digestive tract, resulting in the ability to
decompose feed ingredients, especially crude fiber. The use of noni fruit extract can
inhibit the growth of pathogenic bacteria in the intestine so that the number of non-
pathogenic bacteria in the intestine was increased (Solomon 2001). Noni extract can
increase the absorption process in the digestive tract and help decompose feed
ingredients, especially crude fiber (Widianto et al 2015). Non-pathogenic bacteria can
produce enzymes that digest crude fiber, protein, and lipid (Sjofjan 2003). Bacillus sp.
bacteria in the digestive tract can break down proteins into amino acids (Sujono 2006).
These amino acids are used by bacteria to multiply themselves. Bacteria are a source of
single-cell proteins so that the bacteria multiplication can increase protein feed and
reduce crude fiber (Schlegel 1987).

Moreover, Bacillus sp. is a pectinolytic bacteria, which is an organism that can
produce pectin or complex carbohydrates (Frazier & Westhoff 1988). The characteristics
of Bacillus sp. bacteria are proteolytic, saccharolytic, and pectinolytic, which increases

AACL Bioflux, 2019, Volume 12, Issue 6.
http://www.bioflux.com.ro/aacl



protein and carbohydrate feed. Protein retention indicates the amount of additional body
protein from the consumed feed protein. The feed consumed was a source of protein
used for preservation, metabolic activity, and growth (Cui et al 1992). The high protein
retention in P1 treatment was caused by the increase in protein and carbohydrate
content by the activity of non-pathogenic microbes that increase due to the addition of
noni fruit extract in the feed. The only issue was the more noni fruit extract dosage in the
feed cannot help at breaking down the crude fiber and result in higher crude fiber amount
in the feed.

The feed conversion ratio is one of the standards to determine the quality of feed
given to livestock in fulfilling the required nutrition. The higher the value of feed
conversion, the worse the quality of the nutritional value of the feed. Noni fruit contains
saponins which are bioactive in the growth of animals and digestive microbes. Giving
saponins can increase the permeability of cell walls in the intestine, increase absorption
of food substances hence result in higher conversion value (Onning et al 1996).

Survival rates of red tilapia were not significantly different between treatments.
Thirty days preservation of red tilapia with the treatments given did not cause death in
fish. This proves that adding noni fruit extract in commercial feed did not contain toxic
ingredients that cause death. One study using noni fruit extract with a dose of 15,000 mg
per kg body weight in experimental animals was not found any sign of toxic effects
(Krishnakumar et al 2015). The study had performed surgery on experimental animals
but still did not find any signs of toxicity in the animals’ organs. Noni fruit is categorized
as non-toxic substances (Wang et al 2008; Younos et al 1990).

Water quality in this study is an essential supporting parameter for the survival
rate of red tilapia. Water as a living medium for fish that is preserved must meet the
requirements. Water quality needs to be controlled in order to maintain its optimal
conditions, thus creating an environment that is suitable for the habitat of red tilapia. The
supporting parameters of this study are water quality parameters such as temperature,
DO, pH, and ammonia. The temperature in this study averaged around 27.4-29.2°C. This
temperature is good enough for the survival of red tilapia. The optimal water
temperature for red tilapia is 25-30°C (Kungvakij & Pudadera 1984). Temperature is an
environmental factor that influences the body metabolism speed. The optimum speed
metabolism for fish will be achieved at optimal temperatures. The pH value has an
essential influence on the survival of fish in the water. The pH in this study ranged from
7.2 to 7.9, which is quite adequate for the survival rate of red tilapia. The pH range
required by fish is 6-9 (DelLong et al 2009). The average DO content in this study ranged
from 3.3 to 5 mg L 1. Based on these results, the DO during the study indicated a suitable
level for the survival of red tilapia (Yildiz et al 2017). Thus DO in the preservation of red
tilapia met the requirements. Ammonia in the water is derived from fish feces and from
the rest of the feed that is not consumed by fish. In general, the concentration of
ammonia contained in the water must not exceed 1 mg L (BFAR-NFFTC 2000; Indian
Council of Agricultural Research 2006). Ammonia during this study was 0-0.5 mg L,
which is suitable for the preservation of red tilapia.

Conclusions. Based on this research, it can be concluded that the addition of noni fruit
extract in commercial feed can increase specific growth rate, daily length growth rate,
lower the feed conversion ratio, and increase protein retention of red tilapia (Oreochromis
niloticus). Moreover, the addition of noni fruit extract in commercial feed did not show
any toxic effect on the survival rate of red tilapia during the thirty days of preservation.
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Abstract. High feed prices and its low nutritional quality are the inhibitions in the process of red tilapia
fish cultivation. Therefore, the use of feed additives in feed becomes significant in order to optimize fish
growth. Especially the ones made of natural ingredients, such as noni (Morinda citrifolia) fruit. The
purpose of this study was to determine the effect of added noni fruit extract to the growth rate and
protein retention of red tilapia fish. The method used was an experimental method with a completely
randomized design, consisting of four replications and four treatments of noni fruit extract dosages given
to red tilapia. [The treatments used were the dosage amount of noni extraction given to red tilapia. The
parameters observed were specific growth rates, feed conversion ratio, survival rate, and protein
retention of red tilapia. The result showed that the addition of noni fruit extract in commercial feed with
different doses significantly affected the specific growth rate, daily length growth rate, feed conversion
ratio, and protein retention of red tilapia. The survival rate from the preservation of red tilapia is not
significantly different between treatments. The best result for the specific growth rate is P3 (500 mL kg
1) of 0.0150% day !, daily length growth rate is P3 (500 mL kg*) of 1.599% day, feed conversion ratio
is P2 (300 mL kg') of 5.846%, survival rate of 100% in all treatments, and protein retention with the
best results is P1 (10 mL kg™!) of 12.6246%. The addition of noni fruit extract in commercial feed can
increase the specific growth rate and daily length, lowering the value of feed conversion ratio in red
tilapia, and increasing the protein retention of red tilapia (Oreochromis niloticus).

Key Words: fish meal substitution, noni fruit (Morinda citrifolia) extract, red tilapia (Oreochromis
niloticus).

Introduction. Red tilapia is one of the freshwater fish commodities that are currently in
high demand for consumption and cultivation. The meat of red tilapia is delicious, solid,
easy to serve, does not have many thorns, is a source of animal protein, and is relatively
inexpensive (Siddiqui & Al-Harbi 1995; Zonneveld & Fadholi 1991). [Red tilapia is popular
within the community], making it an opportunity for fish farmers to increase the
productivity of their ponds. Therefore, the availability of red tilapia for consumption
needs to be increased. The demand for red tilapia continues to increase in the
international market, mainly the American and European Union markets (Widanarni et al
2012). Red tilapia is one of the export fish which provided as a whole or in the form of a
filet. The effort to increase the export of red tilapia is by increasing its production through
cultivation.

The feed is one of the essential factors in the agriculture business. Feed is an
energy source for fish to grow and develop (Younos et al 1990). The availability of
adequate and balanced feed will affect the growth and survival of cultivated fish (Tiamiyu
2016). Feed must contain all necessary nutrients such as carbohydrates, fats, proteins,
minerals, vitamins, and feed additives with sufficient and balanced amounts (Halver &
Hardy 2003). High feed prices and low nutritional quality are inhibitions in the fish
farming process. Feed as an energy source for growth is the most significant amount of
production costs component (Shepherd & Jackson 2013). One way to overcome this
problem is to use feed additives. Feed additives in fish farming, especially red tilapia, are
ingredients that are intentionally used to increase appetite, digestibility, endurrance,
reduce stress levels, and spur fish growth (Alemayehu et al 2018).
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The provision of feed is considered necessary in fish farming, including the
addition of feed additives to spur growth and production. Phytobiotics is one type of
natural feed additive derived from plants (Vidanarachchi et al 2005). The purpose of
adding natural feed additives to the feed is to spur growth, as well as improve the health
and productivity of fish (Citarasu 2001; Citarasu et al 1998, 1999, 2002; Sivaram et al
2004). Noni fruit can be used as phytobiotic (feed additive) because it has antibacterial
effects and bioactive substances such as alkaloids, flavonoids, and tannins which are very
effective in suppressing the growth of pathogenic bacteria and improving intestinal
morphological characteristics (Murdiati & Adiwinatai 2000). Bioactive substances in noni
include xeronine and precursor of xeronine (proxeronine). Proxeronine will be converted
to xeronine in the intestine by proxeronase enzymes and other substances. Xeronine
increases the permeability of cell membranes, facilitates the transfer of peptides and
increases nutrient absorption, as well as effectuates amino acids, vitamins, and minerals.
Xeronine can activate several enzymes and regulate protein synthesis (Solomon 2001).
Therefore, noni fruit extract can be used as an additional ingredient in feed to help the
digestion process of fish, so that the consumed feed can be optimally utilized for growth
and feed efficiency, as well as the protein content of fish. This study aims to determine
the potential of given noni fruit (Morinda citrifolia) extract to the growth rate and protein
retention of red tilapia (Oreochromis niloticus).

Material and Method

Preparation of red tilapia (Oreochromis niloticus) and rearing conditions. This
research was conducted from April to May 2017 at the Education Laboratory of the
Airlangga University, Faculty of Fisheries and Marine, Surabaya, Indonesia. The
proximate test of feed and protein retention test were conducted at the Laboratory of the
Faculty of Veterinary Medicine, Universitas Airlangga, Surabaya, Indonesia. The
instruments used in this study were an aquarium measuring 45 cm x 30 cm x 30 cm, a
set of aerators, digital scales, pH pens, thermometers, rulers, plastic bags, plastic hoses
with a diameter of 1 cm, dissolved oxygen (DO) meters, and ammonia kits. The fish used
were 140 red tilapia fry in healthy condition, measuring 5-6 cm total length, weighing 2-5
g head!. The red tilapia fry were obtained from the Gunung Sari fish market, Surabaya,
East Java. Noni fruit extract was obtained from the result of squeezed noni fruit. The noni
fruit used was ripe noni fruit, which is yellow and soft with a distinctive smell.

Experimental design. This research method was experimental. The primary test
parameters in this study were protein retention, specific growth rate, feed conversion
ratio, and survival rate of red tilapia. The variables observed were independent variables,
dependent variables, and control variables. The independent variable is the dose of noni
extract. The dependent variables are specific growth rate, feed conversion ratio, survival
rate, and protein retention. Control variables are water quality (temperature, pH, DO,
and ammonia). This study used a Completely Randomized Design (CRD) with four
treatments and four replications, which treatments explained as follows:
PO: commercial feed as the control group without noni fruit extract + 2 g Progol (fish
feed binder);
P1: commercial feed 1 kg + noni fruit 100 mL kg-! feed + 2 g Progol;
P2: commercial feed 1 kg + noni fruit 300 mL kg-! feed + 2 g Progol;
P3: commercial feed 1 kg + noni fruit 500 mL kg-! feed + 2 g Progol.

The feed given in this study was PF 1000 commercial feed from PT Matahari Sakti,
with a protein content of 39-41%, 5% lipid, 6% crude fiber, 16% ash, and 10% moisture
content.

Preparation of the experimental diets. First, ripe noni fruits were cleaned with water,
then washed with warm water. The noni fruits were crushed and then squeezed by using
strain cloth. The squeezed noni fruit extract was put in a bottle and stored at room
temperature.
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The commercial feed was mixed with noni fruit extract and 2 grams of Progol with
a different amount in each treatment, as previously explained. The commercial feed and
noni fruit extract were smoothly mixed. The mixed feed was dried in an open room and
was aerated until dry. After that, the dried food was stored in a plastic jar. The mixed fish
feed with different doses were then analyzed through the proximate test in the
laboratory. The nutrient content of the feed used in this study can be seen in Table 1 as
follows.

Table 1
Nutrient content of feed with various doses of noni fruit extract
Analysis PO P1 P2 P3
(Control) (100 mL kg1) (300 mL kg*) (500 mL kg-!)
Dry ingredients (%) 90.1441 87.3484 86.7339 84.5036
Ash (%) 8.9591 8.7352 8.6875 8.5261
Crude protein (%) 29.1112 30.9015 30.2753 29.2539
Crude lipid (%) 8.3165 7.6176 6.9983 6.872
Crude fiber (%) 3.5026 2.488 2.6143 2.2593
Ca 2.5824 2.4109 2.4069 2.1481
Nitrogen-free extract (%) 40.2547 37.6061 38.1585 37.5923

Metabolism energy (Kcal kg-1) 3057.9622 2967.4828 2922.6623 2857.8501

The analytical procedure of the diets. The aquarium was then filled with 30 liters of
water, aerated, and then left for 24 hours. The fish were selected based on a similar
length and weight and its healthy condition. The fish were acclimatized for one week and
were fasted for 24 hours before being treated. The fish were placed in fourteen
aquariums according to the treatment given with a stocking density of 10 fish per
aquarium. The fish were kept for thirty days and fed according to the treatment doses.
Feeding was given three times a day: morning, afternoon, and evening, with a dose of
3% of body weight.

Below is the protein retention (PR) calculation based on a formula from Tung &
Shiau (1991):

PR Ln final body weight- Ln initial body weight (g)
= X

100
Total proteinintake (g)

The specific growth rate was calculated based on a formula from Effendie (1997):

LnWt - LnWo
—_—X

SGR = 100

where: SGR = specific growth rate (% day-1);
WO = initial body weight (g);
Wt = final body weight (g);
T = treatment time (in days).

The daily length growth rate (LGR) was calculated based on a formula from
Aggraeni & Abdulgani 2013):

3 LnLt-LnLo

LGR x 100

where: LGR = daily length growth rate (% day-!);
Lt = average total length on day t (cm);
LO = average total length on day 0 (cm);
t = total of observation time (in days).

The survival rate was calculated based on a formula from Wirabakti (2006):

SR :&x100
No
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where: SR = survival rate (%);
Nt = the number of survived fish at the end of the experiment (in fish);
No = the number of survived fish at the start of the experiment (in fish).

The feed conversion ratio was calculated based on a formula from Council (1997):
F
FCR

where: FCR = feed conversion ratio;
Wo = the biomass weight of fish at the start of the experiment (g);
Wt = the biomass weight of fish at the end of the experiment (g);
D = total weight of dead fish (g);
F = feed intake (g).

T Wi+ D) -Wo

Statistical analysis. Data analysis using Variant Analysis (ANOVA) with the study
design was a Completely Randomized Design (CRD) to determine the differences in
treatment. If there is a difference in treatment, Duncan’s Multiple Range Test is applied.

Results. The calculation results of the average value of the specific growth rate, feed
conversion ratio, and survival rate of red tilapia using statistical analysis after being
treated for 30 days can be seen in Table 2.

Table 2
Average value of the specific growth rate, survival rate, feed conversion ratio, daily
length growth, and protein retention of red tilapia

Specific growth Survival Feed conversion Daily length growth Protein retention

Treatment  “oio' (9% day) rate (%)  ratio (%) rate (% day™) (%)
PO 0.0105£0.0007° 100  7.712+0.588°  1.070£0.189°  7.3345+0.3434¢
p1 0.0135£0.0006° 100  6.157£0.226°  1.145£0.050°  12.6246%0.3074
P2 0.0147£0.0005° 100  5.846+0.234°  1.435%£0.186°  11.569240.4054
p3 0.0150+0.0009° 100  5.918+0.436°  1.599+1.3123  11.4289+0.7356°

PO (0% noni fruit extract), P1 (100 mL kg™ noni fruit extract), P2 (300 mL kg! commercial feed with noni fruit
extract), P3 (500 mL kg commercial feed with noni fruit extract). Different superscripts show significant
differences.

According to Table 2, the value of the specific growth rate (SGR) of red tilapia was
0.0105-0.0150% day-!. The results of the statistical analysis of added noni fruit extract
on commercial feed to the SGR of red tilapia showed significantly different results (p <
0.05). Duncan’s Multiple Range Test (DMTR) results showed that the highest growth rate
in this study was P3 (0.0150% day!) which was not significantly different from P2
(0.0147% day!), while it was significantly different with PO (0.0105% day!) and P1
(0.0135% day-!). The lowest specific growth rate was PO (0.0105% day-!) which was
significantly different from P1 (0.0135% day!), P2 (0.147% day-!), and P3 (0.0150%
dayt).

The feed conversion ratio (FCR) of red tilapia was 5.846-7.712%. The results of
statistical analysis of the added noni fruit extract to commercial feed to FCR of red tilapia
showed significantly different results (p < 0.05). Based on the results of DMTR, the
highest FCR in this study was PO (7.712%) which was significantly different from P1
(6.157%), P2 (5.846%), and P3 (5.9188%). While the lowest feed conversion ratio was
P2 (5.846%) and was not significantly different from P1 (6.157%), P3 (5.918%), and
significantly different from PO (7.712%). These results indicate that the addition of noni
fruit extract to commercial feed can reduce feed conversion ratio of red tilapia.

The survival rate of red tilapia from all treatments was 100%. The average
survival rate of red tilapia showed no significant difference (p > 0.05). Based on the
results of DMTR, the survival rates of PO, P1, P2, and P3 were not significantly different.

The value of the daily length growth rate of red tilapia for thirty days of
preservation was 1.070-1.599% day-!. The results showed significant differences (p <
0.05). The highest daily length growth value was at P3 (1.599% day!) which was not
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significantly different from P2 (1.435% day!) but was significantly different from PO
(1.070% day?!) and P1 (1.145% day'!). The lowest daily length growth rate was PO
(1.070% day!) which was not significantly different from P1 (1.145% day!) but
significantly different from P2 (1.435% day-!) and P3 (1.599% day-1).

The results of the statistical analysis of the addition of noni fruit extract to
commercial feed showed significantly different results (p < 0.05) to the protein retention
of red tilapia. The results of DMTR showed that the highest protein retention value was
P1 (12.6246%) which was significantly different from PO (7.3345%), P2 (11.5692%), and
P3 (11.4289%). Protein retention value in P2 (11.5692%) was not significantly different
from P3 (11.4289%) but was significantly different from PO (7.3345%) and P1
(12.6246%). The lowest protein retention value was PO (7.3345%), which was
significantly different from P1 (12.6246%), P2 (11.5692%), and P3 (11.4289%).

Data on the range of water quality parameters for red tilapia preservation for
thirty days can be seen in Table 3.

Table 3
Water quality range value of red tilapia in 30 days of preservation
Parameter Range
Temperature (°C) 27.4-29.2
pH 7.2-7.9
DO (mg L) 3.3-5
Ammonia (mg L) 0-0.5

Discussion. The noni fruit extract mixed in the commercial feed had a significantly
different effect on specific growth rate, daily length growth rate, feed conversion ratio,
and protein retention of red tilapia for thirty days of preservation. These effects are due
to the optimum absorption process or nutrient absorption of the feed in the digestive
tract. Noni extract contains anthraquinone or acidic ingredients that can affect the pH of
the digestive tract to be more acidic (Widianto et al 2015). The statement is right
considering that in an acidic environment, protein-breaking enzymes (pepsin) can work
optimally, so that protein intakes are absorbed more by the body which supports the
optimal fish growth rate (Esminger et al 1990).

The extract of noni fruit contains proxeronine and xeronine. Proxeronine is
converted to xeronine with the help of proxeronase enzymes. Xeronine is an active
compound that has a role in facilitating metabolism inside the body of the animals and
increasing nutrient absorption (Solomon 2001). Xeronine in noni fruit can function to
expand the absorption in the intestine surface and facilitate the absorption process of
food so the nutrients in the feed can be absorbed optimally (Wang et al 2008). The
optimal absorption process will affect increased protein retention (Schlegel 1987; Frazier
& Westhoff 1988; Cui et al 1992; Solomon 2001; Sjofjan 2003; Sujono 2006; Widianto et
al 2015). Increased protein retention in the treatment results was caused by adding noni
fruit extract in commercial feed, which can suppress the growth of microbial pathogens
and increase non-pathogenic microbes in the digestive tract, resulting in the ability to
decompose feed ingredients, especially crude fiber. The use of noni fruit extract can
inhibit the growth of pathogenic bacteria in the intestine so that the number of non-
pathogenic bacteria in the intestine was increased (Solomon 2001). Noni extract can
increase the absorption process in the digestive tract and help decompose feed
ingredients, especially crude fiber (Widianto et al 2015). Non-pathogenic bacteria can
produce enzymes that digest crude fiber, protein, and lipid (Sjofjan 2003). Bacillus sp.
bacteria in the digestive tract can break down proteins into amino acids (Sujono 2006).
These amino acids are used by bacteria to multiply themselves. Bacteria are a source of
single-cell proteins so that the bacteria multiplication can increase protein feed and
reduce crude fiber (Schlegel 1987).

Moreover, Bacillus sp. is a pectinolytic bacteria, which is an organism that can
produce pectin or complex carbohydrates (Frazier & Westhoff 1988). The characteristics
of Bacillus sp. bacteria are proteolytic, saccharolytic, and pectinolytic, which increases
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protein and carbohydrate feed. Protein retention indicates the amount of additional body
protein from the consumed feed protein. The feed consumed was a source of protein
used for preservation, metabolic activity, and growth (Cui et al 1992). The high protein
retention in P1 treatment was caused by the increase in protein and carbohydrate
content by the activity of non-pathogenic microbes that increase due to the addition of
noni fruit extract in the feed. The only issue was the more noni fruit extract dosage in the
feed cannot help at breaking down the crude fiber and result in higher crude fiber amount
in the feed.

The feed conversion ratio is one of the standards to determine the quality of feed
given to livestock in fulfilling the required nutrition. The higher the value of feed
conversion, the worse the quality of the nutritional value of the feed. Noni fruit contains
saponins which are bioactive in the growth of animals and digestive microbes. Giving
saponins can increase the permeability of cell walls in the intestine, increase absorption
of food substances hence result in higher conversion value (Onning et al 1996).

Survival rates of red tilapia were not significantly different between treatments.
Thirty days preservation of red tilapia with the treatments given did not cause death in
fish. This proves that adding noni fruit extract in commercial feed did not contain toxic
ingredients that cause death. One study using noni fruit extract with a dose of 15,000 mg
per kg body weight in experimental animals was not found any sign of toxic effects
(Krishnakumar et al 2015). The study had performed surgery on experimental animals
but still did not find any signs of toxicity in the animals’ organs. Noni fruit is categorized
as non-toxic substances (Wang et al 2008; Younos et al 1990).

Water quality in this study is an essential supporting parameter for the survival
rate of red tilapia. Water as a living medium for fish that is preserved must meet the
requirements. Water quality needs to be controlled in order to maintain its optimal
conditions, thus creating an environment that is suitable for the habitat of red tilapia. The
supporting parameters of this study are water quality parameters such as temperature,
DO, pH, and ammonia. The temperature in this study averaged around 27.4-29.2°C. This
temperature is good enough for the survival of red tilapia. The optimal water
temperature for red tilapia is 25-30°C (Kungvakij & Pudadera 1984). Temperature is an
environmental factor that influences the body metabolism speed. The optimum speed
metabolism for fish will be achieved at optimal temperatures. The pH value has an
essential influence on the survival of fish in the water. The pH in this study ranged from
7.2 to 7.9, which is quite adequate for the survival rate of red tilapia. The pH range
required by fish is 6-9 (DelLong et al 2009). The average DO content in this study ranged
from 3.3 to 5 mg L 1. Based on these results, the DO during the study indicated a suitable
level for the survival of red tilapia (Yildiz et al 2017). Thus DO in the preservation of red
tilapia met the requirements. Ammonia in the water is derived from fish feces and from
the rest of the feed that is not consumed by fish. In general, the concentration of
ammonia contained in the water must not exceed 1 mg L (BFAR-NFFTC 2000; Indian
Council of Agricultural Research 2006). Ammonia during this study was 0-0.5 mg L,
which is suitable for the preservation of red tilapia.

Conclusions. Based on this research, it can be concluded that the addition of noni fruit
extract in commercial feed can increase specific growth rate, daily length growth rate,
lower the feed conversion ratio, and increase protein retention of red tilapia (Oreochromis
niloticus). Moreover, the addition of noni fruit extract in commercial feed did not show
any toxic effect on the survival rate of red tilapia during the thirty days of preservation.
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Abstract. High feed prices and its low nutritional quality are the inhibitions in the process of red tilapia
fish cultivation. Therefore, the use of feed additives in feed becomes significant in order to optimize fish
growth. Especially the ones made of natural ingredients, such as noni (Morinda citrifolia) fruit. The
purpose of this study was to determine the effect of added noni fruit extract to the growth rate and
protein retention of red tilapia fish. The method used was an experimental method with a completely
randomized design, consisting of four replications and four treatments of noni fruit extract dosages given
to red tilapia. The treatments used were the dosage amount of noni extraction given to red tilapia,
namely PO: commercial feed as the control group without noni fruit extract + 2 g Progol (fish feed
binder); P1: commercial feed 1 kg + noni fruit 100 mL kg feed + 2 g Progol; P2: commercial feed 1 kg
+ noni fruit 300 mL kg™ feed + 2 g Progol; P3: commercial feed 1 kg + noni fruit 500 mL kg* feed + 2 g
Progol. The parameters observed were specific growth rates, feed conversion ratio, survival rate, and
protein retention of red tilapia. The result showed that the addition of noni fruit extract in commercial
feed with different doses significantly affected the specific growth rate, daily length growth rate, feed
conversion ratio, and protein retention of red tilapia. The survival rate from the preservation of red
tilapia is not significantly different between treatments. The best result for the specific growth rate is P3
(500 mL kg?) of 0.0150% day™, daily length growth rate is P3 (500 mL kg!) of 1.599% day™, feed
conversion ratio is P2 (300 mL kg!) of 5.846%, survival rate of 100% in all treatments, and protein
retention with the best results is P1 (10 mL kg') of 12.6246%. The addition of noni fruit extract in
commercial feed can increase the specific growth rate and daily length, lowering the value of feed
conversion ratio in red tilapia, and increasing the protein retention of red tilapia (Oreochromis niloticus).
Key Words: fish meal substitution, noni fruit (Morinda citrifolia) extract, red tilapia (Oreochromis
niloticus).

Introduction. Red tilapia is one of the freshwater fish commodities that are currently in
high demand for consumption and cultivation. The meat of red tilapia is delicious, solid,
easy to serve, does not have many thorns, is a source of animal protein, and is relatively
inexpensive (Siddiqui & Al-Harbi 1995; Zonneveld & Fadholi 1991). Red tilapia is popular
within the community], making it an opportunity for fish farmers to increase the
productivity of their ponds. Therefore, the availability of red tilapia for consumption
needs to be increased. The demand for red tilapia continues to increase in the
international market, mainly the American and European Union markets (Widanarni et al
2012). Red tilapia is one of the export fish which provided as a whole or in the form of a
filet. The effort to increase the export of red tilapia is by increasing its production through
cultivation.

The feed is one of the essential factors in the agriculture business. Feed is an
energy source for fish to grow and develop (Younos et al 1990). The availability of
adequate and balanced feed will affect the growth and survival of cultivated fish (Tiamiyu
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2016). Feed must contain all necessary nutrients such as carbohydrates, fats, proteins,
minerals, vitamins, and feed additives with sufficient and balanced amounts (Halver &
Hardy 2003). High feed prices and low nutritional quality are inhibitions in the fish
farming process. Feed as an energy source for growth is the most significant amount of
production costs component (Shepherd & Jackson 2013). One way to overcome this
problem is to use feed additives. Feed additives in fish farming, especially red tilapia, are
ingredients that are intentionally used to increase appetite, digestibility, endurrance,
reduce stress levels, and spur fish growth (Alemayehu et al 2018).

The provision of feed is considered necessary in fish farming, including the
addition of feed additives to spur growth and production. Phytobiotics is one type of
natural feed additive derived from plants (Vidanarachchi et al 2005). The purpose of
adding natural feed additives to the feed is to spur growth, as well as improve the health
and productivity of fish (Citarasu 2001; Citarasu et al 1998, 1999, 2002; Sivaram et al
2004). Noni fruit can be used as phytobiotic (feed additive) because it has antibacterial
effects and bioactive substances such as alkaloids, flavonoids, and tannins which are very
effective in suppressing the growth of pathogenic bacteria and improving intestinal
morphological characteristics (Murdiati & Adiwinatai 2000). Bioactive substances in noni
include xeronine and precursor of xeronine (proxeronine). Proxeronine will be converted
to xeronine in the intestine by proxeronase enzymes and other substances. Xeronine
increases the permeability of cell membranes, facilitates the transfer of peptides and
increases nutrient absorption, as well as effectuates amino acids, vitamins, and minerals.
Xeronine can activate several enzymes and regulate protein synthesis (Solomon 2001).
Therefore, noni fruit extract can be used as an additional ingredient in feed to help the
digestion process of fish, so that the consumed feed can be optimally utilized for growth
and feed efficiency, as well as the protein content of fish. This study aims to determine
the potential of given noni fruit (Morinda citrifolia) extract to the growth rate and protein
retention of red tilapia (Oreochromis niloticus).

Material and Method

Preparation of red tilapia (Oreochromis niloticus) and rearing conditions. This
research was conducted from April to May 2017 at the Education Laboratory of the
Airlangga University, Faculty of Fisheries and Marine, Surabaya, Indonesia. The
proximate test of feed and protein retention test were conducted at the Laboratory of the
Faculty of Veterinary Medicine, Universitas Airlangga, Surabaya, Indonesia. The
instruments used in this study were an aquarium measuring 45 cm x 30 cm x 30 cm, a
set of aerators, digital scales, pH pens, thermometers, rulers, plastic bags, plastic hoses
with a diameter of 1 cm, dissolved oxygen (DO) meters, and ammonia kits. The fish used
were 140 red tilapia fry in healthy condition, measuring 5-6 cm total length, weighing 2-5
g head!. The red tilapia fry were obtained from the Gunung Sari fish market, Surabaya,
East Java. Noni fruit extract was obtained from the result of squeezed noni fruit. The noni
fruit used was ripe noni fruit, which is yellow and soft with a distinctive smell.

Experimental design. This research method was experimental. The primary test
parameters in this study were protein retention, specific growth rate, feed conversion
ratio, and survival rate of red tilapia. The variables observed were independent variables,
dependent variables, and control variables. The independent variable is the dose of noni
extract. The dependent variables are specific growth rate, feed conversion ratio, survival
rate, and protein retention. Control variables are water quality (temperature, pH, DO,
and ammonia). This study used a Completely Randomized Design (CRD) with four
treatments and four replications, which treatments explained as follows:

PO: commercial feed as the control group without noni fruit extract + 2 g Progol (fish
feed binder);

P1: commercial feed 1 kg + noni fruit 100 mL kg-! feed + 2 g Progol;

P2: commercial feed 1 kg + noni fruit 300 mL kg-! feed + 2 g Progol;

P3: commercial feed 1 kg + noni fruit 500 mL kg feed + 2 g Progol.

AACL Bioflux, 2019, Volume 12, Issue 6.
http://www.bioflux.com.ro/aacl



The feed given in this study was PF 1000 commercial feed from PT Matahari Sakti,
with a protein content of 39-41%, 5% lipid, 6% crude fiber, 16% ash, and 10% moisture
content.

Preparation of the experimental diets. First, ripe noni fruits were cleaned with water,
then washed with warm water. The noni fruits were crushed and then squeezed by using
strain cloth. The squeezed noni fruit extract was put in a bottle and stored at room
temperature.

The commercial feed was mixed with noni fruit extract and 2 grams of Progol with
a different amount in each treatment, as previously explained. The commercial feed and
noni fruit extract were smoothly mixed. The mixed feed was dried in an open room and
was aerated until dry. After that, the dried food was stored in a plastic jar. The mixed fish
feed with different doses were then analyzed through the proximate test in the
laboratory. The nutrient content of the feed used in this study can be seen in Table 1 as
follows.

Table 1
Nutrient content of feed with various doses of noni fruit extract
Analysis PO P1 P2 P3
(Control) (100 mL kg1) (300 mL kg*) (500 mL kg-!)
Dry ingredients (%) 90.1441 87.3484 86.7339 84.5036
Ash (%) 8.9591 8.7352 8.6875 8.5261
Crude protein (%) 29.1112 30.9015 30.2753 29.2539
Crude lipid (%) 8.3165 7.6176 6.9983 6.872
Crude fiber (%) 3.5026 2.488 2.6143 2.2593
Ca 2.5824 2.4109 2.4069 2.1481
Nitrogen-free extract (%) 40.2547 37.6061 38.1585 37.5923

Metabolism energy (Kcal kg-1) 3057.9622 2967.4828 2922.6623 2857.8501

The analytical procedure of the diets. The aquarium was then filled with 30 liters of
water, aerated, and then left for 24 hours. The fish were selected based on a similar
length and weight and its healthy condition. The fish were acclimatized for one week and
were fasted for 24 hours before being treated. The fish were placed in fourteen
aquariums according to the treatment given with a stocking density of 10 fish per
aquarium. The fish were kept for thirty days and fed according to the treatment doses.
Feeding was given three times a day: morning, afternoon, and evening, with a dose of
3% of body weight.

Below is the protein retention (PR) calculation based on a formula from Tung &
Shiau (1991):

Ln final body weight- Ln initial body weight(g)
R = x 100

Total proteinintake (g)

The specific growth rate was calculated based on a formula from Effendie (1997):

LnWt - LnWo
—X

SGR = 100

where: SGR = specific growth rate (% day-1);
WO = initial body weight (g);
Wt = final body weight (g);
T = treatment time (in days).

The daily length growth rate (LGR) was calculated based on a formula from
Aggraeni & Abdulgani 2013):

LnLt-LnLo
—— X

LGR = 100
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where: LGR = daily length growth rate (% day!);
Lt = average total length on day t (cm);
LO = average total length on day 0 (cm);
t = total of observation time (in days).

The survival rate was calculated based on a formula from Wirabakti (2006):

N
sr="t 100
No

where: SR = survival rate (%);
Nt = the number of survived fish at the end of the experiment (in fish);
No = the number of survived fish at the start of the experiment (in fish).

The feed conversion ratio was calculated based on a formula from Council (1997):
F

FCR Wt +D)-Wo

where: FCR = feed conversion ratio;
Wo = the biomass weight of fish at the start of the experiment (g);
Wt = the biomass weight of fish at the end of the experiment (g);
D = total weight of dead fish (g);

F = feed intake (g).

Statistical analysis. Data analysis using Variant Analysis (ANOVA) with the study
design was a Completely Randomized Design (CRD) to determine the differences in
treatment. If there is a difference in treatment, Duncan’s Multiple Range Test is applied.

Results. The calculation results of the average value of the specific growth rate, feed
conversion ratio, and survival rate of red tilapia using statistical analysis after being
treated for 30 days can be seen in Table 2.

Table 2
Average value of the specific growth rate, survival rate, feed conversion ratio, daily
length growth, and protein retention of red tilapia

Treatment Specific growth Survival Feed conversion Daily length growth Protein retention

rate (% day!) rate (%) ratio (%) rate (% day!) (%)
PO 0.0105+0.0007¢ 100 7.712+0.588P 1.070+0.189° 7.3345+0.3434¢
P1 0.0135+0.0006° 100 6.157+0.226° 1.145+0.050° 12.6246+0.3074>
P2 0.0147+0.00052 100 5.846+0.2342 1.435+0.1862 11.5692+0.40542
P3 0.0150+0.00092 100 5.918+0.436° 1.599+1.3122 11.4289+0.73562

PO (0% noni fruit extract), P1 (100 mL kg™ noni fruit extract), P2 (300 mL kg commercial feed with noni fruit
extract), P3 (500 mL kgt commercial feed with noni fruit extract). Different superscripts show significant
differences.

According to Table 2, the value of the specific growth rate (SGR) of red tilapia was
0.0105-0.0150% day. The results of the statistical analysis of added noni fruit extract
on commercial feed to the SGR of red tilapia showed significantly different results (p <
0.05). Duncan’s Multiple Range Test (DMTR) results showed that the highest growth rate
in this study was P3 (0.0150% day'!) which was not significantly different from P2
(0.0147% day-t), while it was significantly different with PO (0.0105% day!) and P1
(0.0135% day!). The lowest specific growth rate was PO (0.0105% day!) which was
significantly different from P1 (0.0135% day), P2 (0.147% day), and P3 (0.0150%
day-1).

The feed conversion ratio (FCR) of red tilapia was 5.846-7.712%. The results of
statistical analysis of the added noni fruit extract to commercial feed to FCR of red tilapia
showed significantly different results (p < 0.05). Based on the results of DMTR, the
highest FCR in this study was PO (7.712%) which was significantly different from P1
(6.157%), P2 (5.846%), and P3 (5.9188%). While the lowest feed conversion ratio was
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P2 (5.846%) and was not significantly different from P1 (6.157%), P3 (5.918%), and
significantly different from PO (7.712%). These results indicate that the addition of noni
fruit extract to commercial feed can reduce feed conversion ratio of red tilapia.

The survival rate of red tilapia from all treatments was 100%. The average
survival rate of red tilapia showed no significant difference (p > 0.05). Based on the
results of DMTR, the survival rates of PO, P1, P2, and P3 were not significantly different.

The value of the daily length growth rate of red tilapia for thirty days of
preservation was 1.070-1.599% day-!. The results showed significant differences (p <
0.05). The highest daily length growth value was at P3 (1.599% day!) which was not
significantly different from P2 (1.435% day'!) but was significantly different from PO
(1.070% day!) and P1 (1.145% day!). The lowest daily length growth rate was PO
(1.070% day'!) which was not significantly different from P1 (1.145% day!) but
significantly different from P2 (1.435% day-!) and P3 (1.599% day-1).

The results of the statistical analysis of the addition of noni fruit extract to
commercial feed showed significantly different results (p < 0.05) to the protein retention
of red tilapia. The results of DMTR showed that the highest protein retention value was
P1 (12.6246%) which was significantly different from PO (7.3345%), P2 (11.5692%), and
P3 (11.4289%). Protein retention value in P2 (11.5692%) was not significantly different
from P3 (11.4289%) but was significantly different from PO (7.3345%) and P1
(12.6246%). The lowest protein retention value was PO (7.3345%), which was
significantly different from P1 (12.6246%), P2 (11.5692%), and P3 (11.4289%).

Data on the range of water quality parameters for red tilapia preservation for
thirty days can be seen in Table 3.

Table 3
Water quality range value of red tilapia in 30 days of preservation
Parameter Range
Temperature (°C) 27.4-29.2
pH 7.2-7.9
DO (mg L1) 3.3-5
Ammonia (mg L) 0-0.5

Discussion. The noni fruit extract mixed in the commercial feed had a significantly
different effect on specific growth rate, daily length growth rate, feed conversion ratio,
and protein retention of red tilapia for thirty days of preservation. These effects are due
to the optimum absorption process or nutrient absorption of the feed in the digestive
tract. Noni extract contains anthraquinone or acidic ingredients that can affect the pH of
the digestive tract to be more acidic (Widianto et al 2015). The statement is right
considering that in an acidic environment, protein-breaking enzymes (pepsin) can work
optimally, so that protein intakes are absorbed more by the body which supports the
optimal fish growth rate (Esminger et al 1990).

The extract of noni fruit contains proxeronine and xeronine. Proxeronine is
converted to xeronine with the help of proxeronase enzymes. Xeronine is an active
compound that has a role in facilitating metabolism inside the body of the animals and
increasing nutrient absorption (Solomon 2001). Xeronine in noni fruit can function to
expand the absorption in the intestine surface and facilitate the absorption process of
food so the nutrients in the feed can be absorbed optimally (Wang et al 2008). The
optimal absorption process will affect increased protein retention (Schlegel 1987; Frazier
& Westhoff 1988; Cui et al 1992; Solomon 2001; Sjofjan 2003; Sujono 2006; Widianto et
al 2015). Increased protein retention in the treatment results was caused by adding noni
fruit extract in commercial feed, which can suppress the growth of microbial pathogens
and increase non-pathogenic microbes in the digestive tract, resulting in the ability to
decompose feed ingredients, especially crude fiber. The use of noni fruit extract can
inhibit the growth of pathogenic bacteria in the intestine so that the number of non-
pathogenic bacteria in the intestine was increased (Solomon 2001). Noni extract can
increase the absorption process in the digestive tract and help decompose feed
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ingredients, especially crude fiber (Widianto et al 2015). Non-pathogenic bacteria can
produce enzymes that digest crude fiber, protein, and lipid (Sjofjan 2003). Bacillus sp.
bacteria in the digestive tract can break down proteins into amino acids (Sujono 2006).
These amino acids are used by bacteria to multiply themselves. Bacteria are a source of
single-cell proteins so that the bacteria multiplication can increase protein feed and
reduce crude fiber (Schlegel 1987).

Moreover, Bacillus sp. is a pectinolytic bacteria, which is an organism that can
produce pectin or complex carbohydrates (Frazier & Westhoff 1988). The characteristics
of Bacillus sp. bacteria are proteolytic, saccharolytic, and pectinolytic, which increases
protein and carbohydrate feed. Protein retention indicates the amount of additional body
protein from the consumed feed protein. The feed consumed was a source of protein
used for preservation, metabolic activity, and growth (Cui et al 1992). The high protein
retention in P1 treatment was caused by the increase in protein and carbohydrate
content by the activity of non-pathogenic microbes that increase due to the addition of
noni fruit extract in the feed. The only issue was the more noni fruit extract dosage in the
feed cannot help at breaking down the crude fiber and result in higher crude fiber amount
in the feed.

The feed conversion ratio is one of the standards to determine the quality of feed
given to livestock in fulfilling the required nutrition. The higher the value of feed
conversion, the worse the quality of the nutritional value of the feed. Noni fruit contains
saponins which are bioactive in the growth of animals and digestive microbes. Giving
saponins can increase the permeability of cell walls in the intestine, increase absorption
of food substances hence result in higher conversion value (Onning et al 1996).

Survival rates of red tilapia were not significantly different between treatments.
Thirty days preservation of red tilapia with the treatments given did not cause death in
fish. This proves that adding noni fruit extract in commercial feed did not contain toxic
ingredients that cause death. One study using noni fruit extract with a dose of 15,000 mg
per kg body weight in experimental animals was not found any sign of toxic effects
(Krishnakumar et al 2015). The study had performed surgery on experimental animals
but still did not find any signs of toxicity in the animals’ organs. Noni fruit is categorized
as non-toxic substances (Wang et al 2008; Younos et al 1990).

Water quality in this study is an essential supporting parameter for the survival
rate of red tilapia. Water as a living medium for fish that is preserved must meet the
requirements. Water quality needs to be controlled in order to maintain its optimal
conditions, thus creating an environment that is suitable for the habitat of red tilapia. The
supporting parameters of this study are water quality parameters such as temperature,
DO, pH, and ammonia. The temperature in this study averaged around 27.4-29.2°C. This
temperature is good enough for the survival of red tilapia. The optimal water
temperature for red tilapia is 25-30°C (Kungvakij & Pudadera 1984). Temperature is an
environmental factor that influences the body metabolism speed. The optimum speed
metabolism for fish will be achieved at optimal temperatures. The pH value has an
essential influence on the survival of fish in the water. The pH in this study ranged from
7.2 to 7.9, which is quite adequate for the survival rate of red tilapia. The pH range
required by fish is 6-9 (DelLong et al 2009). The average DO content in this study ranged
from 3.3 to 5 mg L1. Based on these results, the DO during the study indicated a suitable
level for the survival of red tilapia (Yildiz et al 2017). Thus DO in the preservation of red
tilapia met the requirements. Ammonia in the water is derived from fish feces and from
the rest of the feed that is not consumed by fish. In general, the concentration of
ammonia contained in the water must not exceed 1 mg L' (BFAR-NFFTC 2000; Indian
Council of Agricultural Research 2006). Ammonia during this study was 0-0.5 mg L%,
which is suitable for the preservation of red tilapia.

Conclusions. Based on this research, it can be concluded that the addition of noni fruit
extract in commercial feed can increase specific growth rate, daily length growth rate,
lower the feed conversion ratio, and increase protein retention of red tilapia (Oreochromis
niloticus). Moreover, the addition of noni fruit extract in commercial feed did not show
any toxic effect on the survival rate of red tilapia during the thirty days of preservation.
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Abstract. High feed prices and its low nutritional quality are the inhibitions in the process of red tilapia
fish cultivation. Therefore, the use of feed additives in feed becomes significant in order to optimize fish
growth. Especially the ones made of natural ingredients, such as noni (Morinda citrifolia) fruit. The
purpose of this study was to determine the effect of added noni fruit extract to the growth rate and
protein retention of red tilapia fish. The method used was an experimental method with a completely
randomized design, consisting of four replications and four treatments of noni fruit extract dosages given
to red tilapia. The treatments used were the dosage amount of noni extraction given to red tilapia,
namely PO: commercial feed as the control group without noni fruit extract + 2 g Progol (fish feed
binder); P1: commercial feed 1 kg + noni fruit 100 mL kg feed + 2 g Progol; P2: commercial feed 1 kg
+ noni fruit 300 mL kg™ feed + 2 g Progol; P3: commercial feed 1 kg + noni fruit 500 mL kg* feed + 2 g
Progol. The parameters observed were specific growth rates, feed conversion ratio, survival rate, and
protein retention of red tilapia. The result showed that the addition of noni fruit extract in commercial
feed with different doses significantly affected the specific growth rate, daily length growth rate, feed
conversion ratio, and protein retention of red tilapia. The survival rate from the preservation of red
tilapia is not significantly different between treatments. The best result for the specific growth rate is P3
(500 mL kg?) of 0.0150% day™, daily length growth rate is P3 (500 mL kg!) of 1.599% day™, feed
conversion ratio is P2 (300 mL kg!) of 0.846%, survival rate of 100% in all treatments, and protein
retention with the best results is P1 (10 mL kg') of 12.6246%. The addition of noni fruit extract in
commercial feed can increase the specific growth rate and daily length, lowering the value of feed
conversion ratio in red tilapia, and increasing the protein retention of red tilapia (Oreochromis niloticus).
Key Words: fish meal substitution, noni fruit (Morinda citrifolia) extract, red tilapia (Oreochromis
niloticus).

Introduction. Red tilapia is one of the freshwater fish commodities that are currently in
high demand for consumption and cultivation. The meat of red tilapia is delicious, solid,
easy to serve, does not have many thorns, is a source of animal protein, and is relatively
inexpensive (Siddiqui & Al-Harbi 1995; Zonneveld & Fadholi 1991). Red tilapia is popular
within the community], making it an opportunity for fish farmers to increase the
productivity of their ponds. Therefore, the availability of red tilapia for consumption
needs to be increased. The demand for red tilapia continues to increase in the
international market, mainly the American and European Union markets (Widanarni et al
2012). Red tilapia is one of the export fish which provided as a whole or in the form of a
filet. The effort to increase the export of red tilapia is by increasing its production through
cultivation.

The feed is one of the essential factors in the agriculture business. Feed is an
energy source for fish to grow and develop (Younos et al 1990). The availability of
adequate and balanced feed will affect the growth and survival of cultivated fish (Tiamiyu
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2016). Feed must contain all necessary nutrients such as carbohydrates, fats, proteins,
minerals, vitamins, and feed additives with sufficient and balanced amounts (Halver &
Hardy 2003). High feed prices and low nutritional quality are inhibitions in the fish
farming process. Feed as an energy source for growth is the most significant amount of
production costs component (Shepherd & Jackson 2013). One way to overcome this
problem is to use feed additives. Feed additives in fish farming, especially red tilapia, are
ingredients that are intentionally used to increase appetite, digestibility, endurrance,
reduce stress levels, and spur fish growth (Alemayehu et al 2018).

The provision of feed is considered necessary in fish farming, including the
addition of feed additives to spur growth and production. Phytobiotics is one type of
natural feed additive derived from plants (Vidanarachchi et al 2005). The purpose of
adding natural feed additives to the feed is to spur growth, as well as improve the health
and productivity of fish (Citarasu 2001; Citarasu et al 1998, 1999, 2002; Sivaram et al
2004). Noni fruit can be used as phytobiotic (feed additive) because it has antibacterial
effects and bioactive substances such as alkaloids, flavonoids, and tannins which are very
effective in suppressing the growth of pathogenic bacteria and improving intestinal
morphological characteristics (Murdiati & Adiwinatai 2000). Bioactive substances in noni
include xeronine and precursor of xeronine (proxeronine). Proxeronine will be converted
to xeronine in the intestine by proxeronase enzymes and other substances. Xeronine
increases the permeability of cell membranes, facilitates the transfer of peptides and
increases nutrient absorption, as well as effectuates amino acids, vitamins, and minerals.
Xeronine can activate several enzymes and regulate protein synthesis (Solomon 2001).
Therefore, noni fruit extract can be used as an additional ingredient in feed to help the
digestion process of fish, so that the consumed feed can be optimally utilized for growth
and feed efficiency, as well as the protein content of fish. This study aims to determine
the potential of given noni fruit (Morinda citrifolia) extract to the growth rate and protein
retention of red tilapia (Oreochromis niloticus).

Material and Method

Preparation of red tilapia (Oreochromis niloticus) and rearing conditions. This
research was conducted from April to May 2017 at the Education Laboratory of the
Airlangga University, Faculty of Fisheries and Marine, Surabaya, Indonesia. The
proximate test of feed and protein retention test were conducted at the Laboratory of the
Faculty of Veterinary Medicine, Universitas Airlangga, Surabaya, Indonesia. The
instruments used in this study were an aquarium measuring 45 cm x 30 cm x 30 cm, a
set of aerators, digital scales, pH pens, thermometers, rulers, plastic bags, plastic hoses
with a diameter of 1 cm, dissolved oxygen (DO) meters, and ammonia kits. The fish used
were 140 red tilapia fry in healthy condition, measuring 5-6 cm total length, weighing 2-5
g head!. The red tilapia fry were obtained from the Gunung Sari fish market, Surabaya,
East Java. Noni fruit extract was obtained from the result of squeezed noni fruit. The noni
fruit used was ripe noni fruit, which is yellow and soft with a distinctive smell.

Experimental design. This research method was experimental. The primary test
parameters in this study were protein retention, specific growth rate, feed conversion
ratio, and survival rate of red tilapia. The variables observed were independent variables,
dependent variables, and control variables. The independent variable is the dose of noni
extract. The dependent variables are specific growth rate, feed conversion ratio, survival
rate, and protein retention. Control variables are water quality (temperature, pH, DO,
and ammonia). This study used a Completely Randomized Design (CRD) with four
treatments and four replications, which treatments explained as follows:

PO: commercial feed as the control group without noni fruit extract + 2 g Progol (fish
feed binder);

P1: commercial feed 1 kg + noni fruit 100 mL kg-! feed + 2 g Progol;

P2: commercial feed 1 kg + noni fruit 300 mL kg-! feed + 2 g Progol;

P3: commercial feed 1 kg + noni fruit 500 mL kg feed + 2 g Progol.
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The feed given in this study was PF 1000 commercial feed from PT Matahari Sakti,
with a protein content of 39-41%, 5% lipid, 6% crude fiber, 16% ash, and 10% moisture
content.

Preparation of the experimental diets. First, ripe noni fruits were cleaned with water,
then washed with warm water. The noni fruits were crushed and then squeezed by using
strain cloth. The squeezed noni fruit extract was put in a bottle and stored at room
temperature.

The commercial feed was mixed with noni fruit extract and 2 grams of Progol with
a different amount in each treatment, as previously explained. The commercial feed and
noni fruit extract were smoothly mixed. The mixed feed was dried in an open room and
was aerated until dry. After that, the dried food was stored in a plastic jar. The mixed fish
feed with different doses were then analyzed through the proximate test in the
laboratory. The nutrient content of the feed used in this study can be seen in Table 1 as
follows.

Table 1
Nutrient content of feed with various doses of noni fruit extract
Analysis PO P1 P2 P3
(Control) (100 mL kg1) (300 mL kg*) (500 mL kg-!)
Dry ingredients (%) 90.1441 87.3484 86.7339 84.5036
Ash (%) 8.9591 8.7352 8.6875 8.5261
Crude protein (%) 29.1112 30.9015 30.2753 29.2539
Crude lipid (%) 8.3165 7.6176 6.9983 6.872
Crude fiber (%) 3.5026 2.488 2.6143 2.2593
Ca 2.5824 2.4109 2.4069 2.1481
Nitrogen-free extract (%) 40.2547 37.6061 38.1585 37.5923

Metabolism energy (Kcal kg-1) 3057.9622 2967.4828 2922.6623 2857.8501

The analytical procedure of the diets. The aquarium was then filled with 30 liters of
water, aerated, and then left for 24 hours. The fish were selected based on a similar
length and weight and its healthy condition. The fish were acclimatized for one week and
were fasted for 24 hours before being treated. The fish were placed in fourteen
aquariums according to the treatment given with a stocking density of 10 fish per
aquarium. The fish were kept for thirty days and fed according to the treatment doses.
Feeding was given three times a day: morning, afternoon, and evening, with a dose of
3% of body weight.

Below is the protein retention (PR) calculation based on a formula from Tung &
Shiau (1991):

Ln final body weight- Ln initial body weight(g)
R = x 100

Total proteinintake (g)

The specific growth rate was calculated based on a formula from Effendie (1997):

LnWt - LnWo
—X

SGR = 100

where: SGR = specific growth rate (% day-1);
WO = initial body weight (g);
Wt = final body weight (g);
T = treatment time (in days).

The daily length growth rate (LGR) was calculated based on a formula from
Aggraeni & Abdulgani 2013):

LnLt-LnLo
—— X

LGR = 100
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where: LGR = daily length growth rate (% day!);
Lt = average total length on day t (cm);
LO = average total length on day 0 (cm);
t = total of observation time (in days).

The survival rate was calculated based on a formula from Wirabakti (2006):

N
sr="t 100
No

where: SR = survival rate (%);
Nt = the number of survived fish at the end of the experiment (in fish);
No = the number of survived fish at the start of the experiment (in fish).

The feed conversion ratio was calculated based on a formula from Council (1997):
F

FCR Wt +D)-Wo

where: FCR = feed conversion ratio;
Wo = the biomass weight of fish at the start of the experiment (g);
Wt = the biomass weight of fish at the end of the experiment (g);
D = total weight of dead fish (g);

F = feed intake (g).

Statistical analysis. Data analysis using Variant Analysis (ANOVA) with the study
design was a Completely Randomized Design (CRD) to determine the differences in
treatment. If there is a difference in treatment, Duncan’s Multiple Range Test is applied.

Results. The calculation results of the average value of the specific growth rate, feed
conversion ratio, and survival rate of red tilapia using statistical analysis after being
treated for 30 days can be seen in Table 2.

Table 2
Average value of the specific growth rate, survival rate, feed conversion ratio, daily
length growth, and protein retention of red tilapia

Treatment Specific growth Survival Feed conversion Daily length growth Protein retention

rate (% day?) rate (%) ratio (%) rate (% day) (%)
PO 0.0105+0.0007¢ 100 2.712+0.588P 1.070+0.189° 7.3345+0.3434¢
P1 0.0135+0.0006° 100 1.157+0.2262 1.145+0.050° 12.6246+0.3074>
P2 0.0147+0.00052 100 0.846+0.2342 1.435+0.1862 11.5692+0.40542
P3 0.0150+0.0009°2 100 0.918+0.4362 1.599+1.3122 11.4289+0.7356°

PO (0% noni fruit extract), P1 (100 mL kg™ noni fruit extract), P2 (300 mL kg commercial feed with noni fruit
extract), P3 (500 mL kgt commercial feed with noni fruit extract). Different superscripts show significant
differences.

According to Table 2, the value of the specific growth rate (SGR) of red tilapia was
0.0105-0.0150% day. The results of the statistical analysis of added noni fruit extract
on commercial feed to the SGR of red tilapia showed significantly different results (p <
0.05). Duncan’s Multiple Range Test (DMTR) results showed that the highest growth rate
in this study was P3 (0.0150% day'!) which was not significantly different from P2
(0.0147% day-t), while it was significantly different with PO (0.0105% day!) and P1
(0.0135% day!). The lowest specific growth rate was PO (0.0105% day!) which was
significantly different from P1 (0.0135% day), P2 (0.147% day), and P3 (0.0150%
day-1).

The feed conversion ratio (FCR) of red tilapia was 0.846-2.712%. The results of
statistical analysis of the added noni fruit extract to commercial feed to FCR of red tilapia
showed significantly different results (p < 0.05). Based on the results of DMTR, the
highest FCR in this study was PO (2.712%) which was significantly different from P1
(1.157%), P2 (0.846%), and P3 (0.9188%). While the lowest feed conversion ratio was
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P2 (0.846%) and was not significantly different from P1 (1.157%), P3 (0.918%), and
significantly different from PO (2.712%). These results indicate that the addition of noni
fruit extract to commercial feed can reduce feed conversion ratio of red tilapia.

The survival rate of red tilapia from all treatments was 100%. The average
survival rate of red tilapia showed no significant difference (p > 0.05). Based on the
results of DMTR, the survival rates of PO, P1, P2, and P3 were not significantly different.

The value of the daily length growth rate of red tilapia for thirty days of
preservation was 1.070-1.599% day-!. The results showed significant differences (p <
0.05). The highest daily length growth value was at P3 (1.599% day!) which was not
significantly different from P2 (1.435% day'!) but was significantly different from PO
(1.070% day!) and P1 (1.145% day!). The lowest daily length growth rate was PO
(1.070% day'!) which was not significantly different from P1 (1.145% day!) but
significantly different from P2 (1.435% day-!) and P3 (1.599% day-1).

The results of the statistical analysis of the addition of noni fruit extract to
commercial feed showed significantly different results (p < 0.05) to the protein retention
of red tilapia. The results of DMTR showed that the highest protein retention value was
P1 (12.6246%) which was significantly different from PO (7.3345%), P2 (11.5692%), and
P3 (11.4289%). Protein retention value in P2 (11.5692%) was not significantly different
from P3 (11.4289%) but was significantly different from PO (7.3345%) and P1
(12.6246%). The lowest protein retention value was PO (7.3345%), which was
significantly different from P1 (12.6246%), P2 (11.5692%), and P3 (11.4289%).

Data on the range of water quality parameters for red tilapia preservation for
thirty days can be seen in Table 3.

Table 3
Water quality range value of red tilapia in 30 days of preservation
Parameter Range
Temperature (°C) 27.4-29.2
pH 7.2-7.9
DO (mg L1) 3.3-5
Ammonia (mg L) 0-0.5

Discussion. The noni fruit extract mixed in the commercial feed had a significantly
different effect on specific growth rate, daily length growth rate, feed conversion ratio,
and protein retention of red tilapia for thirty days of preservation. These effects are due
to the optimum absorption process or nutrient absorption of the feed in the digestive
tract. Noni extract contains anthraquinone or acidic ingredients that can affect the pH of
the digestive tract to be more acidic (Widianto et al 2015). The statement is right
considering that in an acidic environment, protein-breaking enzymes (pepsin) can work
optimally, so that protein intakes are absorbed more by the body which supports the
optimal fish growth rate (Esminger et al 1990).

The extract of noni fruit contains proxeronine and xeronine. Proxeronine is
converted to xeronine with the help of proxeronase enzymes. Xeronine is an active
compound that has a role in facilitating metabolism inside the body of the animals and
increasing nutrient absorption (Solomon 2001). Xeronine in noni fruit can function to
expand the absorption in the intestine surface and facilitate the absorption process of
food so the nutrients in the feed can be absorbed optimally (Wang et al 2008). The
optimal absorption process will affect increased protein retention (Schlegel 1987; Frazier
& Westhoff 1988; Cui et al 1992; Solomon 2001; Sjofjan 2003; Sujono 2006; Widianto et
al 2015). Increased protein retention in the treatment results was caused by adding noni
fruit extract in commercial feed, which can suppress the growth of microbial pathogens
and increase non-pathogenic microbes in the digestive tract, resulting in the ability to
decompose feed ingredients, especially crude fiber. The use of noni fruit extract can
inhibit the growth of pathogenic bacteria in the intestine so that the number of non-
pathogenic bacteria in the intestine was increased (Solomon 2001). Noni extract can
increase the absorption process in the digestive tract and help decompose feed
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ingredients, especially crude fiber (Widianto et al 2015). Non-pathogenic bacteria can
produce enzymes that digest crude fiber, protein, and lipid (Sjofjan 2003). Bacillus sp.
bacteria in the digestive tract can break down proteins into amino acids (Sujono 2006).
These amino acids are used by bacteria to multiply themselves. Bacteria are a source of
single-cell proteins so that the bacteria multiplication can increase protein feed and
reduce crude fiber (Schlegel 1987).

Moreover, Bacillus sp. is a pectinolytic bacteria, which is an organism that can
produce pectin or complex carbohydrates (Frazier & Westhoff 1988). The characteristics
of Bacillus sp. bacteria are proteolytic, saccharolytic, and pectinolytic, which increases
protein and carbohydrate feed. Protein retention indicates the amount of additional body
protein from the consumed feed protein. The feed consumed was a source of protein
used for preservation, metabolic activity, and growth (Cui et al 1992). The high protein
retention in P1 treatment was caused by the increase in protein and carbohydrate
content by the activity of non-pathogenic microbes that increase due to the addition of
noni fruit extract in the feed. The only issue was the more noni fruit extract dosage in the
feed cannot help at breaking down the crude fiber and result in higher crude fiber amount
in the feed.

The feed conversion ratio is one of the standards to determine the quality of feed
given to livestock in fulfilling the required nutrition. The higher the value of feed
conversion, the worse the quality of the nutritional value of the feed. Noni fruit contains
saponins which are bioactive in the growth of animals and digestive microbes. Giving
saponins can increase the permeability of cell walls in the intestine, increase absorption
of food substances hence result in higher conversion value (Onning et al 1996).

Survival rates of red tilapia were not significantly different between treatments.
Thirty days preservation of red tilapia with the treatments given did not cause death in
fish. This proves that adding noni fruit extract in commercial feed did not contain toxic
ingredients that cause death. One study using noni fruit extract with a dose of 15,000 mg
per kg body weight in experimental animals was not found any sign of toxic effects
(Krishnakumar et al 2015). The study had performed surgery on experimental animals
but still did not find any signs of toxicity in the animals’ organs. Noni fruit is categorized
as non-toxic substances (Wang et al 2008; Younos et al 1990).

Water quality in this study is an essential supporting parameter for the survival
rate of red tilapia. Water as a living medium for fish that is preserved must meet the
requirements. Water quality needs to be controlled in order to maintain its optimal
conditions, thus creating an environment that is suitable for the habitat of red tilapia. The
supporting parameters of this study are water quality parameters such as temperature,
DO, pH, and ammonia. The temperature in this study averaged around 27.4-29.2°C. This
temperature is good enough for the survival of red tilapia. The optimal water
temperature for red tilapia is 25-30°C (Kungvakij & Pudadera 1984). Temperature is an
environmental factor that influences the body metabolism speed. The optimum speed
metabolism for fish will be achieved at optimal temperatures. The pH value has an
essential influence on the survival of fish in the water. The pH in this study ranged from
7.2 to 7.9, which is quite adequate for the survival rate of red tilapia. The pH range
required by fish is 6-9 (DelLong et al 2009). The average DO content in this study ranged
from 3.3 to 5 mg L1. Based on these results, the DO during the study indicated a suitable
level for the survival of red tilapia (Yildiz et al 2017). Thus DO in the preservation of red
tilapia met the requirements. Ammonia in the water is derived from fish feces and from
the rest of the feed that is not consumed by fish. In general, the concentration of
ammonia contained in the water must not exceed 1 mg L' (BFAR-NFFTC 2000; Indian
Council of Agricultural Research 2006). Ammonia during this study was 0-0.5 mg L%,
which is suitable for the preservation of red tilapia.

Conclusions. Based on this research, it can be concluded that the addition of noni fruit
extract in commercial feed can increase specific growth rate, daily length growth rate,
lower the feed conversion ratio, and increase protein retention of red tilapia (Oreochromis
niloticus). Moreover, the addition of noni fruit extract in commercial feed did not show
any toxic effect on the survival rate of red tilapia during the thirty days of preservation.

AACL Bioflux, 2019, Volume 12, Issue 6.
http://www.bioflux.com.ro/aacl



Acknowledgements. The authors would like to express their gratitude to all members
of Study Program of Aquaculture, Faculty of Fisheries and Marine, Universitas Airlangga,
Indonesia.

References

Aggraeni N. M., Abdulgani N., 2013 Pengaruh pemberian pakan alami dan pakan buatan
terhadap pertumbuhan ikan betutu (Oxyeleotris marmorata) pada skala laboratorium.
Jurnal Sains dan Seni Pomits 2(1):197-201. [in Indonesian]

Alemayehu T. A., Geremew A., Getahun A., 2018 The role of functional feed additives in tilapia
nutrition. Fisheries and Aquaculture Journal 9(2):249.

BFAR-NFFTC, 2000 Basic biology of tilapia. NFFTC Aqua-Leafleat No. 2000-06 6, 2 pp..

Citarasu T., Babu M. M., Punitha S. M. J., Venket Ramalingam K., Marian M. P., 2001 Control of
pathogenic bacteria using herbal biomedicinal products in the larviculture system of
Penaeus monodon. In: International conference on advanced technologies in fisheries and
marine sciences. MS University, India, pp. 104.

Citarasu T., Immanuel G., Marian M. P., 1998 Effects of feeding artemia enriched with stresstol
and cod liver oil on growth and stress resistance in the Indian white shrimp Penaeus
indicus postlarvae. Asian Fisheries Science 12:65-75.

Citarasu T., Jayarani T., Babu M., Marian M., 1999 Use of herbal bio-medicinal products in
aquaculture of shrimp. In: Aqua-Terr Annual Symposium. School of Biological Sciences,
MK University, Madurai.

Citarasu T., Babu M. M., Raja Jeya Sekar R., Peter Marian M., 2002 Developing artemia
enriched herbal diet for producing quality larvae in Penaeus monodon, Fabricius. Asian
Fisheries Science 15:21-32.

Council N. R., 1977 Nutrient requirement of warmwater fishes. The National Academic Press,
Washington DC, 87 pp.

Cui Y., Liu X., Wang S., Chen S., 1992 Growth and energy budget in young grass carp,
Ctenopharyngodon idella Val., fed plant and animal diets. Journal Fish Biolology
41(2):231-238.

Delong D. P., Losordo T. M., Rakocy J. E., 2009 Tank culture of tilapia. SRAC Publication No.
282. North Carolina State University, Southern Regional Aquaculture Center.

Effendiel M. 1., 1997. Biologi perikanan. Yayasan Pustaka Nusatama, Yogyakarta. 163 pp. [in
Indonesian]

Esminger M. E., Oldfield J. E., Heinemann W. W., 1990 Feed and nutrition. The Ensminger
Publishing Company Clovis, California.

Frazier W. C., Westhoff D. C., 1988 Food microbiology. 4th edition, McGraw-Hill, New York,
539 pp.

Halver J. E., Hardy R. W., 2003 Fish nutrition. 3rd edition, Academic Press, San Diego, 500 pp.

Indian Council of Agricultural Research, 2006 Handbook of fisheries and aquaculture. New
Delhi.| 755 pp.

Krishnakumar N. M., Latha P. G., Suja S. R., Rajasekharan S., 2015 A review on the
ethnomedicinal, therapeutic, and nutraceutical importance of ‘noni’ (Morinda citrifolia L.).
International Journal of Medicinal Plants and Natural Products 1(3):1-14.

Kungvakij P., Pudadera B., 1984 Physico-chemical factors for fish culture in pond. UNDP/FAO
Network of Aquaculture Centers in Asia, Philippines, pp. 1-11.

Murdiati T. B., Adiwinata G., Hildasari D., 2000 Penulusuran senyawa aktif dari buah
mengkudu (Morinda citrifolia) dengan aktivitas antelmintik terhadap Haemonchus
contortus. Jurnal Ilmu Ternak dan Veteriner 5(4):255-259. [in Indonesian]

Onning G., Wang Q., Westrém B. R., Asp N. G., Karlsson B., 1996 Influence of oat saponins on
intestinal permeability in vitro and in vivo in the rat. British Journal of Nutrition
76(1):141-151.

AACL Bioflux, 2019, Volume 12, Issue 6.
http://www.bioflux.com.ro/aacl

Commented [indra4]: add the initial letter for the second
name

Authors response: We have mentioned the second name in the
References of the manuscript

Commented [indra5]: provide the pages too

Authors response: We have mentioned the pages in the References
of the manuscript

Commented [indra6]: if possible, provide the pages too

Authors response: We have mentioned the pages in the References
of the manuscript




Schlegel H., 1987 General microbiology. 6th edition, Cambridge University Press, Cambridge,
587 pp.

Shepherd C. J., Jackson A. ]., 2013 Global fishmeal and fish-oil supply: inputs, outputs and
marketsa. Journal of Fish Biology 83(4):1046-1066.

Siddiqui A. Q., Al-Harbi A. H., 1995 Evaluation of three species of tilapia, red tilapia and a
hybrid tilapia as culture species in Saudi Arabia. Aquaculture 138(1-4):145-157.

Sivaram V., Babu M. M., Immanuel G., Murugadass S., Citarasu T., Marian M. P., 2004 Growth
and immune response of juvenile greasy groupers (Epinephelus tauvina) fed with herbal
antibacterial active principle supplemented diets against Vibrio harveyi infections.
Aquaculture 237(1-4):9-20.

Sjofjan O., 2003 Kajian probiotik (Aspergillus niger dan Bacillus spp.) sebagai imbuhan ransum
dan implikasi efeknya terhadap mikroflora usus serta penampilan produksi ayam petelur.
[Disertasi] Doktor (Ph.D). Universitas Padjajaran, Bandung. 100 pp. [in Indonesian]

Solomon N., 2001 The Noni phenomenon. 21st edition, Direct Source Publishing, Utah, 296

pp.

Sujono A. H., 2006 Pengaruh penggunaan tepung buah mengkudu (Morinda citrifolia) terhadap
pertambahan bobot badan dan tampilan pakan pada ayam pedaging. Jurnal Protein
13(1):10-16. [in Indonesian]

Tiamiyu L. O., Okomoda V. T., Aende A., 2016 Growth performance of Oreochromis niloticus
fingerlings fed Moringa oleifera leaf as replacement for soybean meal. Journal of
Aquaculture Engineering and Fisheries Research 2(2):61-66.

Tung P. H., Shiau S. Y., 1991 Effect of meal frequency on growth performance of hybrid tilapia
Oreochromis niloticus x O. aureus, fed different carbohydrated diets. Aquaculture
92:343-350.

Vidanarachchi J. K., Mikkelsen L. L., Sims I. M., Iji P., Choct M., 2005 Phytobiotics: alternatives
to antibiotic growth promoters in monogastric animal feeds. Recent Advances in Animal
Nutrition 15:131-144.

Wang M. Y., Nowicki D., Anderson G., Jensen J., West B., 2008 Liver protective effects of
Morinda citrifolia (Noni). Plant Foods for Human Nutrition 63(2):59-63.

Widanarni, Ekasari J., Maryam S., 2012 Evaluation of biofloc technology application on water
quality and production performance of red tilapia Oreochromis sp. cultured at different
stocking densities. HAYATI Journal of Bioscience 19(2):73-80.

Widianto B., Prayogi H. S., Nuryadi, 2015 Pengaruh penambahan tepung buah mengkudu
Morinda citrifolia L. dalam pakan terhadap penampilan produk itik hibrida. Jurnal IImu-
Ilmu Peternakan 25(2):28-35. [in Indonesian]

Wirabakti M. C., 2006 Laju pertumbuhan ikan nila merah Oreochromis niloticus L. yang
dipelihara pada perairan rawa dengan sistem keramba dan kolam. Journal of Tropical
Fisheries 1:61-67. [in Indonesian]

Yildiz H. Y., Robaina L., Pirhonen J., Mente E., Dominguez D., Parisi G., 2017 Fish welfare in
aquaponic systems: its relation to water quality with an emphasis on feed and faeces: a
review. Water 9(1):13.

Younos C., Rolland A., Fleurentin J., Lanhers M. C., Misslin R., Mortier F., 1990 Analgesic and
behavioural effects of Morinda citrifolia. Planta Medica 56(5):430-434.

Zonneveld N., Fadholi R., 1991 Feed intake and growth of red tilapia at different stocking
densities in ponds in Indonesia. Aquaculture 99(1-2):83-94.

Received: 26 June 2019. Accepted: 31 August 2019. Published online: xx December 2019.
Authors:

/Add here the complete name of each author, in order. Then, for each one of them, provide the
complete name of the institution, the street, number, postal code, city, country and e-mail address.]

Vini Kristiana; Study Program of Aquaculture, Faculty of Fisheries and Marine, Universitas Airlangga, Surabaya 60115,
Indonesia (vinikristianal995@gmail.com)

AACL Bioflux, 2019, Volume 12, Issue 6.
http://www.bioflux.com.ro/aacl

Commented [indraZ7]: what kind of dissertation: PhD, MSc,
BSc?

Also provide the pages

Authors response: We have mentioned the Disertasi Doktor and the
pages in the References of the manuscript

Commented [indra8]: you did not address this

Authors response: We have added the complete name of each
author in this manuscript




2Akhmad Taufig Mukti; Department of Fish Health Management and Aquaculture, Faculty of Fisheries and Marine,
Universitas Airlangga, Surabaya 60115, Indonesia (akhmad-t-m@fpk.unair.ac.id)

3Agustono; Department of Fish Health Management and Aquaculture, Faculty of Fisheries and Marine, Universitas
Airlangga, Surabaya 60115, Indonesia (agustono@fpk.unair.ac.id)

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source
are credited.

How to cite this article:

Kristiana V., Mukti A. T., Agustono, 2019 Increasing growth performances of Nile tilapia (Oreochromis
niloticus) by supplementation of noni Morinda citrifolia fruit extract via diet i f fi
n-com ial-feed-on-the ' Ore is-affetieus. AACL Bioflux 12(6):XXXX-XXXX.

AACL Bioflux, 2019, Volume 12, Issue 6.
http://www.bioflux.com.ro/aacl



4/13/23, 6:33 AM Airlangga University Mail - the final form of the paper "Increasing growth performances of Nile tilapia (Oreochromis niloticus) by su...

MART akhmad taufiq mukti <akhmad-t-m@fpk.unair.ac.id>

the final form of the paper "Increasing growth performances of Nile tilapia

(Oreochromis niloticus) by supplementation of noni ..."
3 messages

gavriloaie ionel claudiu <ionelclaudiu@yahoo.com> Sun, Feb 2, 2020 at 2:53 AM
To: "akhmadtaufigmukhti@yahoo.com" <akhmadtaufigmukhti@yahoo.com>, "akhmad-t-m@fpk.unair.ac.id" <akhmad-t-
m@fpk.unair.ac.id>

Dear Professor Mukti,

Here you have the final form of your paper. Kindly check it carefully and then let me know if you
agree with the publication in this form. The title is already online and needs to be checked too:
http://www.bioflux.com.ro/home/volume-13-1-2020/.

Thank you very much!

Cordially yours,
Claudiu Gavriloaie

2 attachments

@ 2020.159-166.doc
136K

ﬂ 2020.159-166.pdf
162K

gavriloaie ionel claudiu <ionelclaudiu@yahoo.com> Sun, Feb 9, 2020 at 3:39 AM
To: "akhmad-t-m@fpk.unair.ac.id" <akhmad-t-m@fpk.unair.ac.id>

Dear Professor Mukti,

| could not keep the title online so long without uploading the paper. So, since | had no reply from
you during a whole week, | had to upload the paper: http://www.bioflux.com.ro/home/volume-13-1-
2020/. I hope everything is ok with it.

Thank you for publishing with us!

With best regards,
Claudiu Gavriloaie

[Quoted text hidden]

2 attachments

i) 2020.159-166.doc
136K

M 2020.159-166.pdf
162K

akhmad taufig mukti <akhmad-t-m@fpk.unair.ac.id> Fri, Feb 14, 2020 at 12:59 PM
To: gavriloaie ionel claudiu <ionelclaudiu@yahoo.com>

https://mail.google.com/mail/u/0/?ik=4756eb4f9c&view=pt&search=all&permthid=thread-f:1657365428483984790&simpl=msg-f:16573654284839847...  1/2


http://www.bioflux.com.ro/home/volume-13-1-2020/
https://mail.google.com/mail/u/0/?ui=2&ik=4756eb4f9c&view=att&th=170025137bcd0d96&attid=0.1&disp=attd&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=4756eb4f9c&view=att&th=170025137bcd0d96&attid=0.2&disp=attd&safe=1&zw
http://www.bioflux.com.ro/home/volume-13-1-2020/
https://mail.google.com/mail/u/0/?ui=2&ik=4756eb4f9c&view=att&th=1702687974809298&attid=0.1&disp=attd&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=4756eb4f9c&view=att&th=1702687974809298&attid=0.2&disp=attd&safe=1&zw

4/13/23, 6:33 AM Airlangga University Mail - the final form of the paper "Increasing growth performances of Nile tilapia (Oreochromis niloticus) by su...

Deair,
Editor-in-Chief AACL Bioflux

Thank you very much for publishing our article in Journal of AACL Bioflux.
Best regards,

Akhmad Taufiq Mukti

[Quoted text hidden]

Dr. Akhmad Taufiq Mukti

Assoc. Prof. Genetics and Reproduction of Aquatic Organisms
(Aquaculture Biotechnology)

Department of Fish Health Management and Aquaculture
Faculty of Fisheries and Marine

Universitas Airlangga

Kampus C Unair, JI. Mulyorejo, Surabaya 60115

Telp. +62 31 5911451

Fax. +62 31 5965741

HP. +62 81555637985 / +62 81358496570

https://mail.google.com/mail/u/0/?ik=4756eb4f9c&view=pt&search=all&permthid=thread-f:1657365428483984790&simpl=msg-f:16573654284839847...  2/2



Increasing growth performances of Nile tilapia
(Oreochromis niloticus) by supplementation of noni

Morinda citrifolia fruit extract via diet
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Abstract. High feed prices and its low nutritional quality are the inhibitions in the process of red tilapia
fish cultivation. Therefore, the use of feed additives in feed becomes significant in order to optimize fish
growth. Especially the ones made of natural ingredients, such as noni (Morinda citrifolia) fruit. The
purpose of this study was to determine the effect of added noni fruit extract to the growth rate and
protein retention of red tilapia fish. The method used was an experimental method with a completely
randomized design, consisting of four replications and four treatments of noni fruit extract dosages given
to red tilapia. The treatments used were the dosage amount of noni extraction given to red tilapia,
namely PO: commercial feed as the control group without noni fruit extract + 2 g Progol (fish feed
binder); P1: commercial feed 1 kg + noni fruit 100 mL kg™ feed + 2 g Progol; P2: commercial feed 1 kg
+ noni fruit 300 mL kg™ feed + 2 g Progol; P3: commercial feed 1 kg + noni fruit 500 mL kg™ feed + 2 g
Progol. The parameters observed were specific growth rates, feed conversion ratio, survival rate, and
protein retention of red tilapia. The result showed that the addition of noni fruit extract in commercial
feed with different doses significantly affected the specific growth rate, daily length growth rate, feed
conversion ratio, and protein retention of red tilapia. The survival rate from the preservation of red
tilapia is not significantly different between treatments. The best result for the specific growth rate is P3
(500 mL kg™) of 0.0150% day™, daily length growth rate is P3 (500 mL kg™) of 1.599% day™, feed
conversion ratio is P2 (300 mL kg™) of 0.846%, survival rate of 100% in all treatments, and protein
retention with the best results is P1 (10 mL kg™) of 12.6246%. The addition of noni fruit extract in
commercial feed can increase the specific growth rate and daily length, lowering the value of feed
conversion ratio in red tilapia, and increasing the protein retention of red tilapia (Oreochromis niloticus).
Key Words: fish meal substitution, noni fruit (Morinda citrifolia) extract, red tilapia (Oreochromis
niloticus).

Introduction. Red tilapia is one of the freshwater fish commodities that are currently in
high demand for consumption and cultivation. The meat of red tilapia is delicious, solid,
easy to serve, does not have many thorns, is a source of animal protein, and is relatively
inexpensive (Siddiqui & Al-Harbi 1995; Zonneveld & Fadholi 1991). Red tilapia is popular
within the community, making it an opportunity for fish farmers to increase the
productivity of their ponds. Therefore, the availability of red tilapia for consumption
needs to be increased. The demand for red tilapia continues to increase in the
international market, mainly the American and European Union markets (Widanarni et al
2012). Red tilapia is one of the export fish which provided as a whole or in the form of a
filet. The effort to increase the export of red tilapia is by increasing its production through
cultivation.

The feed is one of the essential factors in the agriculture business. Feed is an
energy source for fish to grow and develop (Younos et al 1990). The availability of
adequate and balanced feed will affect the growth and survival of cultivated fish (Tiamiyu
2016). Feed must contain all necessary nutrients such as carbohydrates, fats, proteins,
minerals, vitamins, and feed additives with sufficient and balanced amounts (Halver &
Hardy 2003). High feed prices and low nutritional quality are inhibitions in the fish
farming process. Feed as an energy source for growth is the most significant amount of
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production costs component (Shepherd & Jackson 2013). One way to overcome this
problem is to use feed additives. Feed additives in fish farming, especially red tilapia, are
ingredients that are intentionally used to increase appetite, digestibility, endurrance,
reduce stress levels, and spur fish growth (Alemayehu et al 2018).

The provision of feed is considered necessary in fish farming, including the
addition of feed additives to spur growth and production. Phytobiotics is one type of
natural feed additive derived from plants (Vidanarachchi et al 2005). The purpose of
adding natural feed additives to the feed is to spur growth, as well as improve the health
and productivity of fish (Citarasu 2001; Citarasu et al 1998, 1999, 2002; Sivaram et al
2004). Noni fruit can be used as phytobiotic (feed additive) because it has antibacterial
effects and bioactive substances such as alkaloids, flavonoids, and tannins which are very
effective in suppressing the growth of pathogenic bacteria and improving intestinal
morphological characteristics (Murdiati & Adiwinatai 2000). Bioactive substances in noni
include xeronine and precursor of xeronine (proxeronine). Proxeronine will be converted
to xeronine in the intestine by proxeronase enzymes and other substances. Xeronine
increases the permeability of cell membranes, facilitates the transfer of peptides and
increases nutrient absorption, as well as effectuates amino acids, vitamins, and minerals.
Xeronine can activate several enzymes and regulate protein synthesis (Solomon 2001).
Therefore, noni fruit extract can be used as an additional ingredient in feed to help the
digestion process of fish, so that the consumed feed can be optimally utilized for growth
and feed efficiency, as well as the protein content of fish. This study aims to determine
the potential of given noni fruit (Morinda citrifolia) extract to the growth rate and protein
retention of red tilapia (Oreochromis niloticus).

Material and Method

Preparation of red tilapia (Oreochromis niloticus) and rearing conditions. This
research was conducted from April to May 2017 at the Education Laboratory of the
Airlangga University, Faculty of Fisheries and Marine, Surabaya, Indonesia. The
proximate test of feed and protein retention test were conducted at the Laboratory of the
Faculty of Veterinary Medicine, Universitas Airlangga, Surabaya, Indonesia. The
instruments used in this study were an aquarium measuring 45 cm x 30 cm x 30 cm, a
set of aerators, digital scales, pH pens, thermometers, rulers, plastic bags, plastic hoses
with a diameter of 1 cm, dissolved oxygen (DO) meters, and ammonia kits. The fish used
were 140 red tilapia fry in healthy condition, measuring 5-6 cm total length, weighing 2-5
g head™. The red tilapia fry were obtained from the Gunung Sari fish market, Surabaya,
East Java. Noni fruit extract was obtained from the result of squeezed noni fruit. The noni
fruit used was ripe noni fruit, which is yellow and soft with a distinctive smell.

Experimental design. This research method was experimental. The primary test
parameters in this study were protein retention, specific growth rate, feed conversion
ratio, and survival rate of red tilapia. The variables observed were independent variables,
dependent variables, and control variables. The independent variable is the dose of noni
extract. The dependent variables are specific growth rate, feed conversion ratio, survival
rate, and protein retention. Control variables are water quality (temperature, pH, DO,
and ammonia). This study used a Completely Randomized Design (CRD) with four
treatments and four replications, which treatments explained as follows:
PO: commercial feed as the control group without noni fruit extract + 2 g Progol (fish
feed binder);
P1: commercial feed 1 kg + noni fruit 100 mL kg™ feed + 2 g Progol;
P2: commercial feed 1 kg + noni fruit 300 mL kg™ feed + 2 g Progol;
P3: commercial feed 1 kg + noni fruit 500 mL kg™ feed + 2 g Progol.

The feed given in this study was PF 1000 commercial feed from PT Matahari Sakti,
with a protein content of 39-41%, 5% lipid, 6% crude fiber, 16% ash, and 10% moisture
content.
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Preparation of the experimental diets. First, ripe noni fruits were cleaned with water,
then washed with warm water. The noni fruits were crushed and then squeezed by using
strain cloth. The squeezed noni fruit extract was put in a bottle and stored at room
temperature.

The commercial feed was mixed with noni fruit extract and 2 grams of Progol with
a different amount in each treatment, as previously explained. The commercial feed and
noni fruit extract were smoothly mixed. The mixed feed was dried in an open room and
was aerated until dry. After that, the dried food was stored in a plastic jar. The mixed fish
feed with different doses were then analyzed through the proximate test in the
laboratory. The nutrient content of the feed used in this study can be seen in Table 1 as
follows.

Table 1
Nutrient content of feed with various doses of noni fruit extract
- PO P1 P2 P3
Analysis (Control) (100 mL kg™) (300 mL kg™) (500 mL kg%
Dry ingredients (%) 90.1441 87.3484 86.7339 84.5036
Ash (%) 8.9591 8.7352 8.6875 8.5261
Crude protein (%) 29.1112 30.9015 30.2753 29.2539
Crude lipid (%) 8.3165 7.6176 6.9983 6.872
Crude fiber (%) 3.5026 2.488 2.6143 2.2593
Ca 2.5824 2.4109 2.4069 2.1481
Nitrogen-free extract (%) 40.2547 37.6061 38.1585 37.5923
Metabolism energy (Kcal kg') 3057.9622  2967.4828 2922.6623 2857.8501

The analytical procedure of the diets. The aquarium was then filled with 30 liters of
water, aerated, and then left for 24 hours. The fish were selected based on a similar
length and weight and its healthy condition. The fish were acclimatized for one week and
were fasted for 24 hours before being treated. The fish were placed in fourteen
aquariums according to the treatment given with a stocking density of 10 fish per
aquarium. The fish were kept for thirty days and fed according to the treatment doses.
Feeding was given three times a day: morning, afternoon, and evening, with a dose of
3% of body weight.

Below is the protein retention (PR) calculation based on a formula from Tung &
Shiau (1991):

Ln final body weight - Ln initial body weight
R = y weig y weight (@) 100

Total protein intake (g)

The specific growth rate was calculated based on a formula from Effendie (1997):

LnWt - LhWo
SGR=———x100

t
where: SGR = specific growth rate (% day™);
WO = initial body weight (g);

Wt = final body weight (g);
T = treatment time (in days).

The daily length growth rate (LGR) was calculated based on a formula from
Aggraeni & Abdulgani 2013):

LnLt - LnLo
LGR=—x100

t
where: LGR = daily length growth rate (% day™);
Lt = average total length on day t (cm);
LO = average total length on day 0 (cm);
t = total of observation time (in days).
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The survival rate was calculated based on a formula from Wirabakti (2006):

Nt
SR=—x100
No

where: SR = survival rate (%0);
Nt = the number of survived fish at the end of the experiment (in fish);
No = the number of survived fish at the start of the experiment (in fish).

The feed conversion ratio was calculated based on a formula from Council (1997):
F

FCR =
WVt + D)- Wo

where: FCR = feed conversion ratio;
Wo = the biomass weight of fish at the start of the experiment (g);
Wt = the biomass weight of fish at the end of the experiment (g);
D = total weight of dead fish (Q);
F = feed intake (Q).

Statistical analysis. Data analysis using Variant Analysis (ANOVA) with the study
design was a Completely Randomized Design (CRD) to determine the differences in
treatment. If there is a difference in treatment, Duncan’s Multiple Range Test is applied.

Results. The calculation results of the average value of the specific growth rate, feed
conversion ratio, and survival rate of red tilapia using statistical analysis after being
treated for 30 days can be seen in Table 2.

Table 2
Average value of the specific growth rate, survival rate, feed conversion ratio, daily
length growth, and protein retention of red tilapia

Treatment Specific growth Survival Feed conversion Daily length growth Protein retention

rate (% day™') rate (%) ratio (%) rate (% day™) (%)
PO 0.0105+0.0007°¢ 100 2.712+0.588° 1.070+0.189° 7.3345+0.3434°
P1 0.0135+0.0006" 100 1.157+0.226% 1.145+0.050° 12.6246+0.3074°
p2 0.0147+0.0005% 100 0.846+0.2342 1.435+0.186% 11.5692+0.40542
P3 0.0150+0.00092 100 0.918+0.4362 1.599+1.3122 11.4289+0.73562

PO (0% noni fruit extract), P1 (100 mL kg™ noni fruit extract), P2 (300 mL kg™ commercial feed with noni fruit
extract), P3 (500 mL kg™ commercial feed with noni fruit extract). Different superscripts show significant
differences.

According to Table 2, the value of the specific growth rate (SGR) of red tilapia was
0.0105-0.0150% day™. The results of the statistical analysis of added noni fruit extract
on commercial feed to the SGR of red tilapia showed significantly different results (p <
0.05). Duncan’s Multiple Range Test (DMTR) results showed that the highest growth rate
in this study was P3 (0.0150% day™) which was not significantly different from P2
(0.0147% day™), while it was significantly different with PO (0.0105% day™) and P1
(0.0135% day™). The lowest specific growth rate was PO (0.0105% day™*) which was
significantly different from P1 (0.0135% day™), P2 (0.147% day™), and P3 (0.0150%
day™).

The feed conversion ratio (FCR) of red tilapia was 0.846-2.712%. The results of
statistical analysis of the added noni fruit extract to commercial feed to FCR of red tilapia
showed significantly different results (p < 0.05). Based on the results of DMTR, the
highest FCR in this study was PO (2.712%) which was significantly different from P1
(1.157%), P2 (0.846%), and P3 (0.9188%). While the lowest feed conversion ratio was
P2 (0.846%) and was not significantly different from P1 (1.157%), P3 (0.918%), and
significantly different from PO (2.712%). These results indicate that the addition of noni
fruit extract to commercial feed can reduce feed conversion ratio of red tilapia.
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The survival rate of red tilapia from all treatments was 100%. The average
survival rate of red tilapia showed no significant difference (p > 0.05). Based on the
results of DMTR, the survival rates of PO, P1, P2, and P3 were not significantly different.

The value of the daily length growth rate of red tilapia for thirty days of
preservation was 1.070-1.599% day™. The results showed significant differences (p <
0.05). The highest daily length growth value was at P3 (1.599% day™) which was not
significantly different from P2 (1.435% day™) but was significantly different from PO
(1.070% day™) and P1 (1.145% day™'). The lowest daily length growth rate was PO
(1.070% day™) which was not significantly different from P1 (1.145% day™?) but
significantly different from P2 (1.435% day™) and P3 (1.599% day™).

The results of the statistical analysis of the addition of noni fruit extract to
commercial feed showed significantly different results (p < 0.05) to the protein retention
of red tilapia. The results of DMTR showed that the highest protein retention value was
P1 (12.6246%) which was significantly different from PO (7.3345%), P2 (11.5692%), and
P3 (11.4289%). Protein retention value in P2 (11.5692%) was not significantly different
from P3 (11.4289%) but was significantly different from PO (7.3345%) and P1
(12.6246%). The lowest protein retention value was PO (7.3345%), which was
significantly different from P1 (12.6246%), P2 (11.5692%), and P3 (11.4289%).

Data on the range of water quality parameters for red tilapia preservation for
thirty days can be seen in Table 3.

Table 3
Water quality range value of red tilapia in 30 days of preservation

Parameter Range
Temperature (°C) 27.4-29.2
pH 7.2-7.9
DO (mg L™ 3.3-5
Ammonia (mg L) 0-0.5

Discussion. The noni fruit extract mixed in the commercial feed had a significantly
different effect on specific growth rate, daily length growth rate, feed conversion ratio,
and protein retention of red tilapia for thirty days of preservation. These effects are due
to the optimum absorption process or nutrient absorption of the feed in the digestive
tract. Noni extract contains anthraquinone or acidic ingredients that can affect the pH of
the digestive tract to be more acidic (Widianto et al 2015). The statement is right
considering that in an acidic environment, protein-breaking enzymes (pepsin) can work
optimally, so that protein intakes are absorbed more by the body which supports the
optimal fish growth rate (Esminger et al 1990).

The extract of noni fruit contains proxeronine and xeronine. Proxeronine is
converted to xeronine with the help of proxeronase enzymes. Xeronine is an active
compound that has a role in facilitating metabolism inside the body of the animals and
increasing nutrient absorption (Solomon 2001). Xeronine in noni fruit can function to
expand the absorption in the intestine surface and facilitate the absorption process of
food so the nutrients in the feed can be absorbed optimally (Wang et al 2008). The
optimal absorption process will affect increased protein retention (Schlegel 1987; Frazier
& Westhoff 1988; Cui et al 1992; Solomon 2001; Sjofjan 2003; Sujono 2006; Widianto et
al 2015). Increased protein retention in the treatment results was caused by adding noni
fruit extract in commercial feed, which can suppress the growth of microbial pathogens
and increase non-pathogenic microbes in the digestive tract, resulting in the ability to
decompose feed ingredients, especially crude fiber. The use of noni fruit extract can
inhibit the growth of pathogenic bacteria in the intestine so that the number of non-
pathogenic bacteria in the intestine was increased (Solomon 2001). Noni extract can
increase the absorption process in the digestive tract and help decompose feed
ingredients, especially crude fiber (Widianto et al 2015). Non-pathogenic bacteria can
produce enzymes that digest crude fiber, protein, and lipid (Sjofjan 2003). Bacillus sp.
bacteria in the digestive tract can break down proteins into amino acids (Sujono 2006).
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These amino acids are used by bacteria to multiply themselves. Bacteria are a source of
single-cell proteins so that the bacteria multiplication can increase protein feed and
reduce crude fiber (Schlegel 1987).

Moreover, Bacillus sp. is a pectinolytic bacteria, which is an organism that can
produce pectin or complex carbohydrates (Frazier & Westhoff 1988). The characteristics
of Bacillus sp. bacteria are proteolytic, saccharolytic, and pectinolytic, which increases
protein and carbohydrate feed. Protein retention indicates the amount of additional body
protein from the consumed feed protein. The feed consumed was a source of protein
used for preservation, metabolic activity, and growth (Cui et al 1992). The high protein
retention in P1 treatment was caused by the increase in protein and carbohydrate
content by the activity of non-pathogenic microbes that increase due to the addition of
noni fruit extract in the feed. The only issue was the more noni fruit extract dosage in the
feed cannot help at breaking down the crude fiber and result in higher crude fiber amount
in the feed.

The feed conversion ratio is one of the standards to determine the quality of feed
given to livestock in fulfilling the required nutrition. The higher the value of feed
conversion, the worse the quality of the nutritional value of the feed. Noni fruit contains
saponins which are bioactive in the growth of animals and digestive microbes. Giving
saponins can increase the permeability of cell walls in the intestine, increase absorption
of food substances hence result in higher conversion value (Onning et al 1996).

Survival rates of red tilapia were not significantly different between treatments.
Thirty days preservation of red tilapia with the treatments given did not cause death in
fish. This proves that adding noni fruit extract in commercial feed did not contain toxic
ingredients that cause death. One study using noni fruit extract with a dose of 15,000 mg
per kg body weight in experimental animals was not found any sign of toxic effects
(Krishnakumar et al 2015). The study had performed surgery on experimental animals
but still did not find any signs of toxicity in the animals’ organs. Noni fruit is categorized
as non-toxic substances (Wang et al 2008; Younos et al 1990).

Water quality in this study is an essential supporting parameter for the survival
rate of red tilapia. Water as a living medium for fish that is preserved must meet the
requirements. Water quality needs to be controlled in order to maintain its optimal
conditions, thus creating an environment that is suitable for the habitat of red tilapia. The
supporting parameters of this study are water quality parameters such as temperature,
DO, pH, and ammonia. The temperature in this study averaged around 27.4-29.2°C. This
temperature is good enough for the survival of red tilapia. The optimal water
temperature for red tilapia is 25-30°C (Kungvakij & Pudadera 1984). Temperature is an
environmental factor that influences the body metabolism speed. The optimum speed
metabolism for fish will be achieved at optimal temperatures. The pH value has an
essential influence on the survival of fish in the water. The pH in this study ranged from
7.2 to 7.9, which is quite adequate for the survival rate of red tilapia. The pH range
required by fish is 6-9 (DelLong et al 2009). The average DO content in this study ranged
from 3.3 to 5 mg L™. Based on these results, the DO during the study indicated a suitable
level for the survival of red tilapia (Yildiz et al 2017). Thus DO in the preservation of red
tilapia met the requirements. Ammonia in the water is derived from fish feces and from
the rest of the feed that is not consumed by fish. In general, the concentration of
ammonia contained in the water must not exceed 1 mg L™ (BFAR-NFFTC 2000; Indian
Council of Agricultural Research 2006). Ammonia during this study was 0-0.5 mg L™,
which is suitable for the preservation of red tilapia.

Conclusions. Based on this research, it can be concluded that the addition of noni fruit
extract in commercial feed can increase specific growth rate, daily length growth rate,
lower the feed conversion ratio, and increase protein retention of red tilapia (Oreochromis
niloticus). Moreover, the addition of noni fruit extract in commercial feed did not show
any toxic effect on the survival rate of red tilapia during the thirty days of preservation.
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Abstract. High feed prices and its low nutritional quality are the inhibitions in the process of red tilapia
fish cultivation. Therefore, the use of feed additives in feed becomes significant in order to optimize fish
growth. Especially the ones made of natural ingredients, such as noni (Morinda citrifolia) fruit. The
purpose of this study was to determine the effect of added noni fruit extract to the growth rate and
protein retention of red tilapia fish. The method used was an experimental method with a completely
randomized design, consisting of four replications and four treatments of noni fruit extract dosages given
to red tilapia. The treatments used were the dosage amount of noni extraction given to red tilapia,
namely PO: commercial feed as the control group without noni fruit extract + 2 g Progol (fish feed
binder); P1: commercial feed 1 kg + noni fruit 100 mL kg™ feed + 2 g Progol; P2: commercial feed 1 kg
+ noni fruit 300 mL kg™ feed + 2 g Progol; P3: commercial feed 1 kg + noni fruit 500 mL kg™ feed + 2 g
Progol. The parameters observed were specific growth rates, feed conversion ratio, survival rate, and
protein retention of red tilapia. The result showed that the addition of noni fruit extract in commercial
feed with different doses significantly affected the specific growth rate, daily length growth rate, feed
conversion ratio, and protein retention of red tilapia. The survival rate from the preservation of red
tilapia is not significantly different between treatments. The best result for the specific growth rate is P3
(500 mL kg™) of 0.0150% day™, daily length growth rate is P3 (500 mL kg™) of 1.599% day™, feed
conversion ratio is P2 (300 mL kg™) of 0.846%, survival rate of 100% in all treatments, and protein
retention with the best results is P1 (10 mL kg™) of 12.6246%. The addition of noni fruit extract in
commercial feed can increase the specific growth rate and daily length, lowering the value of feed
conversion ratio in red tilapia, and increasing the protein retention of red tilapia (Oreochromis niloticus).
Key Words: fish meal substitution, noni fruit (Morinda citrifolia) extract, red tilapia (Oreochromis
niloticus).

Introduction. Red tilapia is one of the freshwater fish commodities that are currently in
high demand for consumption and cultivation. The meat of red tilapia is delicious, solid,
easy to serve, does not have many thorns, is a source of animal protein, and is relatively
inexpensive (Siddiqui & Al-Harbi 1995; Zonneveld & Fadholi 1991). Red tilapia is popular
within the community, making it an opportunity for fish farmers to increase the
productivity of their ponds. Therefore, the availability of red tilapia for consumption
needs to be increased. The demand for red tilapia continues to increase in the
international market, mainly the American and European Union markets (Widanarni et al
2012). Red tilapia is one of the export fish which provided as a whole or in the form of a
filet. The effort to increase the export of red tilapia is by increasing its production through
cultivation.

The feed is one of the essential factors in the agriculture business. Feed is an
energy source for fish to grow and develop (Younos et al 1990). The availability of
adequate and balanced feed will affect the growth and survival of cultivated fish (Tiamiyu
2016). Feed must contain all necessary nutrients such as carbohydrates, fats, proteins,
minerals, vitamins, and feed additives with sufficient and balanced amounts (Halver &
Hardy 2003). High feed prices and low nutritional quality are inhibitions in the fish
farming process. Feed as an energy source for growth is the most significant amount of
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production costs component (Shepherd & Jackson 2013). One way to overcome this
problem is to use feed additives. Feed additives in fish farming, especially red tilapia, are
ingredients that are intentionally used to increase appetite, digestibility, endurrance,
reduce stress levels, and spur fish growth (Alemayehu et al 2018).

The provision of feed is considered necessary in fish farming, including the
addition of feed additives to spur growth and production. Phytobiotics is one type of
natural feed additive derived from plants (Vidanarachchi et al 2005). The purpose of
adding natural feed additives to the feed is to spur growth, as well as improve the health
and productivity of fish (Citarasu 2001; Citarasu et al 1998, 1999, 2002; Sivaram et al
2004). Noni fruit can be used as phytobiotic (feed additive) because it has antibacterial
effects and bioactive substances such as alkaloids, flavonoids, and tannins which are very
effective in suppressing the growth of pathogenic bacteria and improving intestinal
morphological characteristics (Murdiati & Adiwinatai 2000). Bioactive substances in noni
include xeronine and precursor of xeronine (proxeronine). Proxeronine will be converted
to xeronine in the intestine by proxeronase enzymes and other substances. Xeronine
increases the permeability of cell membranes, facilitates the transfer of peptides and
increases nutrient absorption, as well as effectuates amino acids, vitamins, and minerals.
Xeronine can activate several enzymes and regulate protein synthesis (Solomon 2001).
Therefore, noni fruit extract can be used as an additional ingredient in feed to help the
digestion process of fish, so that the consumed feed can be optimally utilized for growth
and feed efficiency, as well as the protein content of fish. This study aims to determine
the potential of given noni fruit (Morinda citrifolia) extract to the growth rate and protein
retention of red tilapia (Oreochromis niloticus).

Material and Method

Preparation of red tilapia (Oreochromis niloticus) and rearing conditions. This
research was conducted from April to May 2017 at the Education Laboratory of the
Airlangga University, Faculty of Fisheries and Marine, Surabaya, Indonesia. The
proximate test of feed and protein retention test were conducted at the Laboratory of the
Faculty of Veterinary Medicine, Universitas Airlangga, Surabaya, Indonesia. The
instruments used in this study were an aquarium measuring 45 cm x 30 cm x 30 cm, a
set of aerators, digital scales, pH pens, thermometers, rulers, plastic bags, plastic hoses
with a diameter of 1 cm, dissolved oxygen (DO) meters, and ammonia kits. The fish used
were 140 red tilapia fry in healthy condition, measuring 5-6 cm total length, weighing 2-5
g head™. The red tilapia fry were obtained from the Gunung Sari fish market, Surabaya,
East Java. Noni fruit extract was obtained from the result of squeezed noni fruit. The noni
fruit used was ripe noni fruit, which is yellow and soft with a distinctive smell.

Experimental design. This research method was experimental. The primary test
parameters in this study were protein retention, specific growth rate, feed conversion
ratio, and survival rate of red tilapia. The variables observed were independent variables,
dependent variables, and control variables. The independent variable is the dose of noni
extract. The dependent variables are specific growth rate, feed conversion ratio, survival
rate, and protein retention. Control variables are water quality (temperature, pH, DO,
and ammonia). This study used a Completely Randomized Design (CRD) with four
treatments and four replications, which treatments explained as follows:
PO: commercial feed as the control group without noni fruit extract + 2 g Progol (fish
feed binder);
P1: commercial feed 1 kg + noni fruit 100 mL kg™ feed + 2 g Progol;
P2: commercial feed 1 kg + noni fruit 300 mL kg™ feed + 2 g Progol;
P3: commercial feed 1 kg + noni fruit 500 mL kg™ feed + 2 g Progol.

The feed given in this study was PF 1000 commercial feed from PT Matahari Sakti,
with a protein content of 39-41%, 5% lipid, 6% crude fiber, 16% ash, and 10% moisture
content.
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Preparation of the experimental diets. First, ripe noni fruits were cleaned with water,
then washed with warm water. The noni fruits were crushed and then squeezed by using
strain cloth. The squeezed noni fruit extract was put in a bottle and stored at room
temperature.

The commercial feed was mixed with noni fruit extract and 2 grams of Progol with
a different amount in each treatment, as previously explained. The commercial feed and
noni fruit extract were smoothly mixed. The mixed feed was dried in an open room and
was aerated until dry. After that, the dried food was stored in a plastic jar. The mixed fish
feed with different doses were then analyzed through the proximate test in the
laboratory. The nutrient content of the feed used in this study can be seen in Table 1 as
follows.

Table 1
Nutrient content of feed with various doses of noni fruit extract
- PO P1 P2 P3
Analysis (Control) (100 mL kg™) (300 mL kg™) (500 mL kg%
Dry ingredients (%) 90.1441 87.3484 86.7339 84.5036
Ash (%) 8.9591 8.7352 8.6875 8.5261
Crude protein (%) 29.1112 30.9015 30.2753 29.2539
Crude lipid (%) 8.3165 7.6176 6.9983 6.872
Crude fiber (%) 3.5026 2.488 2.6143 2.2593
Ca 2.5824 2.4109 2.4069 2.1481
Nitrogen-free extract (%) 40.2547 37.6061 38.1585 37.5923
Metabolism energy (Kcal kg') 3057.9622  2967.4828 2922.6623 2857.8501

The analytical procedure of the diets. The aquarium was then filled with 30 liters of
water, aerated, and then left for 24 hours. The fish were selected based on a similar
length and weight and its healthy condition. The fish were acclimatized for one week and
were fasted for 24 hours before being treated. The fish were placed in fourteen
aquariums according to the treatment given with a stocking density of 10 fish per
aquarium. The fish were kept for thirty days and fed according to the treatment doses.
Feeding was given three times a day: morning, afternoon, and evening, with a dose of
3% of body weight.

Below is the protein retention (PR) calculation based on a formula from Tung &
Shiau (1991):

Ln final body weight - Ln initial body weight
R = y weig y weight (@) 100

Total protein intake (g)

The specific growth rate was calculated based on a formula from Effendie (1997):

LnWt - LhWo
SGR=———x100

t
where: SGR = specific growth rate (% day™);
WO = initial body weight (g);

Wt = final body weight (g);
T = treatment time (in days).

The daily length growth rate (LGR) was calculated based on a formula from
Aggraeni & Abdulgani 2013):

LnLt - LnLo
LGR=—x100

t
where: LGR = daily length growth rate (% day™);
Lt = average total length on day t (cm);
LO = average total length on day 0 (cm);
t = total of observation time (in days).
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The survival rate was calculated based on a formula from Wirabakti (2006):

Nt
SR=—x100
No

where: SR = survival rate (%0);
Nt = the number of survived fish at the end of the experiment (in fish);
No = the number of survived fish at the start of the experiment (in fish).

The feed conversion ratio was calculated based on a formula from Council (1997):
F

FCR =
WVt + D)- Wo

where: FCR = feed conversion ratio;
Wo = the biomass weight of fish at the start of the experiment (g);
Wt = the biomass weight of fish at the end of the experiment (g);
D = total weight of dead fish (Q);
F = feed intake (Q).

Statistical analysis. Data analysis using Variant Analysis (ANOVA) with the study
design was a Completely Randomized Design (CRD) to determine the differences in
treatment. If there is a difference in treatment, Duncan’s Multiple Range Test is applied.

Results. The calculation results of the average value of the specific growth rate, feed
conversion ratio, and survival rate of red tilapia using statistical analysis after being
treated for 30 days can be seen in Table 2.

Table 2
Average value of the specific growth rate, survival rate, feed conversion ratio, daily
length growth, and protein retention of red tilapia

Treatment Specific growth Survival Feed conversion Daily length growth Protein retention

rate (% day™') rate (%) ratio (%) rate (% day™) (%)
PO 0.0105+0.0007°¢ 100 2.712+0.588° 1.070+0.189° 7.3345+0.3434°
P1 0.0135+0.0006" 100 1.157+0.226% 1.145+0.050° 12.6246+0.3074°
p2 0.0147+0.0005% 100 0.846+0.2342 1.435+0.186% 11.5692+0.40542
P3 0.0150+0.00092 100 0.918+0.4362 1.599+1.3122 11.4289+0.73562

PO (0% noni fruit extract), P1 (100 mL kg™ noni fruit extract), P2 (300 mL kg™ commercial feed with noni fruit
extract), P3 (500 mL kg™ commercial feed with noni fruit extract). Different superscripts show significant
differences.

According to Table 2, the value of the specific growth rate (SGR) of red tilapia was
0.0105-0.0150% day™. The results of the statistical analysis of added noni fruit extract
on commercial feed to the SGR of red tilapia showed significantly different results (p <
0.05). Duncan’s Multiple Range Test (DMTR) results showed that the highest growth rate
in this study was P3 (0.0150% day™) which was not significantly different from P2
(0.0147% day™), while it was significantly different with PO (0.0105% day™) and P1
(0.0135% day™). The lowest specific growth rate was PO (0.0105% day™*) which was
significantly different from P1 (0.0135% day™), P2 (0.147% day™), and P3 (0.0150%
day™).

The feed conversion ratio (FCR) of red tilapia was 0.846-2.712%. The results of
statistical analysis of the added noni fruit extract to commercial feed to FCR of red tilapia
showed significantly different results (p < 0.05). Based on the results of DMTR, the
highest FCR in this study was PO (2.712%) which was significantly different from P1
(1.157%), P2 (0.846%), and P3 (0.9188%). While the lowest feed conversion ratio was
P2 (0.846%) and was not significantly different from P1 (1.157%), P3 (0.918%), and
significantly different from PO (2.712%). These results indicate that the addition of noni
fruit extract to commercial feed can reduce feed conversion ratio of red tilapia.
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The survival rate of red tilapia from all treatments was 100%. The average
survival rate of red tilapia showed no significant difference (p > 0.05). Based on the
results of DMTR, the survival rates of PO, P1, P2, and P3 were not significantly different.

The value of the daily length growth rate of red tilapia for thirty days of
preservation was 1.070-1.599% day™. The results showed significant differences (p <
0.05). The highest daily length growth value was at P3 (1.599% day™) which was not
significantly different from P2 (1.435% day™) but was significantly different from PO
(1.070% day™) and P1 (1.145% day™'). The lowest daily length growth rate was PO
(1.070% day™) which was not significantly different from P1 (1.145% day™?) but
significantly different from P2 (1.435% day™) and P3 (1.599% day™).

The results of the statistical analysis of the addition of noni fruit extract to
commercial feed showed significantly different results (p < 0.05) to the protein retention
of red tilapia. The results of DMTR showed that the highest protein retention value was
P1 (12.6246%) which was significantly different from PO (7.3345%), P2 (11.5692%), and
P3 (11.4289%). Protein retention value in P2 (11.5692%) was not significantly different
from P3 (11.4289%) but was significantly different from PO (7.3345%) and P1
(12.6246%). The lowest protein retention value was PO (7.3345%), which was
significantly different from P1 (12.6246%), P2 (11.5692%), and P3 (11.4289%).

Data on the range of water quality parameters for red tilapia preservation for
thirty days can be seen in Table 3.

Table 3
Water quality range value of red tilapia in 30 days of preservation

Parameter Range
Temperature (°C) 27.4-29.2
pH 7.2-7.9
DO (mg L™ 3.3-5
Ammonia (mg L) 0-0.5

Discussion. The noni fruit extract mixed in the commercial feed had a significantly
different effect on specific growth rate, daily length growth rate, feed conversion ratio,
and protein retention of red tilapia for thirty days of preservation. These effects are due
to the optimum absorption process or nutrient absorption of the feed in the digestive
tract. Noni extract contains anthraquinone or acidic ingredients that can affect the pH of
the digestive tract to be more acidic (Widianto et al 2015). The statement is right
considering that in an acidic environment, protein-breaking enzymes (pepsin) can work
optimally, so that protein intakes are absorbed more by the body which supports the
optimal fish growth rate (Esminger et al 1990).

The extract of noni fruit contains proxeronine and xeronine. Proxeronine is
converted to xeronine with the help of proxeronase enzymes. Xeronine is an active
compound that has a role in facilitating metabolism inside the body of the animals and
increasing nutrient absorption (Solomon 2001). Xeronine in noni fruit can function to
expand the absorption in the intestine surface and facilitate the absorption process of
food so the nutrients in the feed can be absorbed optimally (Wang et al 2008). The
optimal absorption process will affect increased protein retention (Schlegel 1987; Frazier
& Westhoff 1988; Cui et al 1992; Solomon 2001; Sjofjan 2003; Sujono 2006; Widianto et
al 2015). Increased protein retention in the treatment results was caused by adding noni
fruit extract in commercial feed, which can suppress the growth of microbial pathogens
and increase non-pathogenic microbes in the digestive tract, resulting in the ability to
decompose feed ingredients, especially crude fiber. The use of noni fruit extract can
inhibit the growth of pathogenic bacteria in the intestine so that the number of non-
pathogenic bacteria in the intestine was increased (Solomon 2001). Noni extract can
increase the absorption process in the digestive tract and help decompose feed
ingredients, especially crude fiber (Widianto et al 2015). Non-pathogenic bacteria can
produce enzymes that digest crude fiber, protein, and lipid (Sjofjan 2003). Bacillus sp.
bacteria in the digestive tract can break down proteins into amino acids (Sujono 2006).
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These amino acids are used by bacteria to multiply themselves. Bacteria are a source of
single-cell proteins so that the bacteria multiplication can increase protein feed and
reduce crude fiber (Schlegel 1987).

Moreover, Bacillus sp. is a pectinolytic bacteria, which is an organism that can
produce pectin or complex carbohydrates (Frazier & Westhoff 1988). The characteristics
of Bacillus sp. bacteria are proteolytic, saccharolytic, and pectinolytic, which increases
protein and carbohydrate feed. Protein retention indicates the amount of additional body
protein from the consumed feed protein. The feed consumed was a source of protein
used for preservation, metabolic activity, and growth (Cui et al 1992). The high protein
retention in P1 treatment was caused by the increase in protein and carbohydrate
content by the activity of non-pathogenic microbes that increase due to the addition of
noni fruit extract in the feed. The only issue was the more noni fruit extract dosage in the
feed cannot help at breaking down the crude fiber and result in higher crude fiber amount
in the feed.

The feed conversion ratio is one of the standards to determine the quality of feed
given to livestock in fulfilling the required nutrition. The higher the value of feed
conversion, the worse the quality of the nutritional value of the feed. Noni fruit contains
saponins which are bioactive in the growth of animals and digestive microbes. Giving
saponins can increase the permeability of cell walls in the intestine, increase absorption
of food substances hence result in higher conversion value (Onning et al 1996).

Survival rates of red tilapia were not significantly different between treatments.
Thirty days preservation of red tilapia with the treatments given did not cause death in
fish. This proves that adding noni fruit extract in commercial feed did not contain toxic
ingredients that cause death. One study using noni fruit extract with a dose of 15,000 mg
per kg body weight in experimental animals was not found any sign of toxic effects
(Krishnakumar et al 2015). The study had performed surgery on experimental animals
but still did not find any signs of toxicity in the animals’ organs. Noni fruit is categorized
as non-toxic substances (Wang et al 2008; Younos et al 1990).

Water quality in this study is an essential supporting parameter for the survival
rate of red tilapia. Water as a living medium for fish that is preserved must meet the
requirements. Water quality needs to be controlled in order to maintain its optimal
conditions, thus creating an environment that is suitable for the habitat of red tilapia. The
supporting parameters of this study are water quality parameters such as temperature,
DO, pH, and ammonia. The temperature in this study averaged around 27.4-29.2°C. This
temperature is good enough for the survival of red tilapia. The optimal water
temperature for red tilapia is 25-30°C (Kungvakij & Pudadera 1984). Temperature is an
environmental factor that influences the body metabolism speed. The optimum speed
metabolism for fish will be achieved at optimal temperatures. The pH value has an
essential influence on the survival of fish in the water. The pH in this study ranged from
7.2 to 7.9, which is quite adequate for the survival rate of red tilapia. The pH range
required by fish is 6-9 (DelLong et al 2009). The average DO content in this study ranged
from 3.3 to 5 mg L™. Based on these results, the DO during the study indicated a suitable
level for the survival of red tilapia (Yildiz et al 2017). Thus DO in the preservation of red
tilapia met the requirements. Ammonia in the water is derived from fish feces and from
the rest of the feed that is not consumed by fish. In general, the concentration of
ammonia contained in the water must not exceed 1 mg L™ (BFAR-NFFTC 2000; Indian
Council of Agricultural Research 2006). Ammonia during this study was 0-0.5 mg L™,
which is suitable for the preservation of red tilapia.

Conclusions. Based on this research, it can be concluded that the addition of noni fruit
extract in commercial feed can increase specific growth rate, daily length growth rate,
lower the feed conversion ratio, and increase protein retention of red tilapia (Oreochromis
niloticus). Moreover, the addition of noni fruit extract in commercial feed did not show
any toxic effect on the survival rate of red tilapia during the thirty days of preservation.
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