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The main aim of this study was to investigate the feasibility of using soybean meal added with papain to
replace half of the fishmeal used in the moist pellets (49% fishmeal and 45% trash fish) developed by the
Hong Kong Agriculture, Fisheries and Conservation Department (AFCD) for culturing marine fish. Gold-
lined seabream (Rhabdosargus sarba), brown spotted grouper (Epinephelus bleekeri) and pompano (Tra-
chinotus blochii) were farmed at one of the research stations (Kat-O) of AFCD, for a period of 340 days.
Results indicated that diets containing papain resulted in better fish growth (reflected by relative weight
gain and feed conversion ratio) than diets without papain. In general, wet weight gain of fish depends on
the amount of papain added in diet rather than the diet composition. Soybean used in conjunction with
papain also contributed to a more effective growth than fish fed with the moist pellets alone. A labo-
ratory experiment (using tanks) was conducted to study the effects of the diets on concentrations of
ammonia, nitrite and nitrate in the tank water. Results showed that concentrations of ammonia and
nitrate were significantly lower (p < 0.05) when the fish were fed with papain-supplemented (with or
without soybean meal) diets. It is envisaged that by using plant protein incorporated with enzymes could
promote better growth of marine fish and lower the adverse impact of trash fish and fishmeal on water
quality of the mariculture zones.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Fish is an important protein source worldwide (Tidwell and
Allan, 2001). The majority of fish for consumption have been
caught in the ocean, and became stable (around 90 million tonnes
in recent years) (FAO, 2016); while aquaculture production has
expanded tremendously from almost negligible to fully comparable
to capture production (101.1 million tonnes [aquaculture produc-
tion] vs 94.6 million tonnes [captive fisheries]) (FAO, 2016). Fish-
meal is an important component of fish feed pellets. However, its
production and trade decreased substantially in 2010, due to
reduced catches of anchoveta. Furthermore, the high demand of
fishmeal in 2010 and 2011 led to the rapid increase in fishmeal price
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in recent years, with China being the main market for fishmeal,
importing more than 30% of the total quantity (FAO, 2012).

In order to cut down the cost of fish production, trash fish have
been used as the most common form of protein in aquaculture,
especially in Southeast Asia, including Hong Kong. However, the
availability of trash fish (traditionally being used as direct feed for
culturing carnivorous fish) is likely to restrict the future expansion
of aquaculture as supplies are finite as indicated by the ever-
increasing price of trash fish in Asian countries, such as Vietnam
(Edwards et al., 2004). Furthermore, due to the hot and humid
climate experienced in the region, and the lack of refrigeration on
floating fish farms, frequent use of raw trash fish alone may cause
problems with disease transmission, e.g. it has been noticed that
trash fish can be a source of betanodaviruses for cultured marine
fish (Gomez et al., 2010). Contamination of trash fish by toxic
chemicals, such as DDT and mercury, has resulted in high accu-
mulations of such in cultured fish, posing human health risks
papain to partially replace animal protein for culturing three marine
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(Leung et al., 2010; Liang et al., 2011). Furthermore, the quality of
fish species caught for trash fish purposes may vary throughout the
growing season, resulting in the lack of consistency in nutritional
value of the diet, and nutritional deficiency for farmed species.
Trash fish, together with excretion produced by the cultured fish
from mariculture farms are a major source of pollution in coastal
areas (AFCD, 2009). It has been shown that 23% of carbon, 21% of
nitrogen and 53% of phosphate of feed input into the cultured
system is accumulated in the bottom sediments of fish cages in
Hong Kong, resulting in the production of toxic gases due to bac-
terial metabolism (Wu, 1995). Moreover it was found that the
surface sediments in Hailing Bay, an important maricultural zone
along the southern coast of China, were polluted by As
(2.17e20.34 mg/kg), Ni (1.37e42.50 mg/kg), Cu (1.21e58.84 mg/kg)
and Zn (11.69e219.22 mg/kg), especially for sediments found
beneath fish cages (Zhang et al., 2012).

In order to produce a feed that was more efficient for the
mariculture industry and yet environmentally friendly, fishmeal in
the form of moist pellets (processed fish protein) was introduced
into Hong Kong in May 1994 by the Agriculture, Fisheries and
Conservation Department. The main advantages of moist pellets
included their high protein content and apparent reduction of loss
in material due towastage, and thereby significantly decreasing the
release of potential pollutants into the vicinity, when compared
with trash fish. By late 1995, approximately 220 farms from 23 fish
culture areas in Hong Kong converted from using trash fish tomoist
pellets as the major form of fish diets (Wong, 1996).

However, as popularity increases, worldwide demand for fish-
meal has caused constant price growth, affecting the total cost of
production. As production cost rises, the search for alternative
protein sources such as plant protein to replace or supplement fish
meal as the main source of protein for intensive fish farming has
become essential (e.g. Bishop et al., 1995; Bureau et al., 1995;
Davidson et al., 2013; Gomes et al., 1995; Hardy, 2010; Hoffman
et al., 1996; Huntington and Hasan, 2009). In general, these
studies have demonstrated the use of plant protein alone could lead
to moderate growth when compared with the use of animal pro-
tein. Therefore, improved formulations are needed to ensure
satisfactory growth.

Papain is an enzyme found naturally in unripe papayas, with the
oldest historic use as a meat tenderizer, which helps to break down
the tough bands between fibres in muscle tissues. Papain
(EC.3.4.22.2) [9001-73-74] extracted from Carica papaya with an
activity of approximately 100,000mU/mg. It can be used to catalyse
proteolysis, speeding up the digestive process of fish. Once acti-
vated, the papain cleaves proteins at pH 4.5e10 (with optimum
operating pH 6e7), while inactivation occurs below pH 3.
Furthermore, it tolerates a wide variation of temperature (and
relatively stable below 55 �C) (Gerhartz, 1990), making it practical
to be used in tropical and subtropical environment.

Carter et al. (1994) revealed that by incorporating papain,
trypsin, protease, amyloglucosidase, amylase and cellulase into the
diet containing fishmeal and soybean meal, could significantly
enhance the growth rate and reduce food conversion efficiencies of
Atlantic salmon (Salmo salar). Our early study on common carp
(Cyprinus carpio) fed diets containing papain and soybean residue
resulted in higher growth rates than fish fed with soybean or fish
protein alone (Wong et al., 1996). More recently, it has been
observed that adding papain to feed (containing fish meal 10%,
soybean oil cake 25%, mustard oil cake 25%, and rice bran 45%)
enhanced the growth of Labeo rohita (a major Indian carp species)
fingerlings (Khati et al., 2015). The beneficial effects of enzymes
including papain and bromelain were further confirmed for
culturing grass carp (Ctenopharyngodon idella), using food waste
based pellets (mainly consisted of fruits, vegetables and cereals).
Please cite this article in press as: Mo, W.Y., et al., Use of soybean meal and
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Results showed better growth and immunity (reflected by total
protein, total immunoglobulin and nitroblue tetrazolium activity of
fish blood) of fish when enzymes were incorporated into the feeds,
than their counterparts fed with commercial pellets, without
addition of papain (Choi et al., 2016).

These studies suggested that incorporation of papain into plant
protein could enhance feed utilization and digestibility. Neverthe-
less, most of the common cultured marine fish species are carni-
vores, thus it would be a challenge to feed them with feeds mainly
consisted of plant protein. Three marine fish species of local
importance were chosen for this study: Gold-lined seabream
Rhabdosargus sarba (bottom-dwelling carnivore found in shallow
temperate and tropical waters); brown spotted grouper Epinephelus
bleekei (carnivore feeding on small fish and invertebrates, found in
shallow waters of coastal reefs on mud bottoms and seagrass beds,
and also outer reefs and in much deeper waters, throughout Indo-
Pacific); and pompano Trachinotus blochii (carnivore feeding on
molluscs and crustaceans, along shores inwarmwaters throughout
the world). These marine fish species were reared in cages sus-
pended by floating rafts usually in sheltered coastal areas of Hong
Kong (AFCD, 2016).

This study mainly aimed to investigate the use of soybean meal
to partially replace fishmeal, by incorporating papain into themoist
pellets (mainly consisted of 49% of fishmeal and 45% of trash fish, in
order to meet their high nutritional requirements) developed by
AFCD, for growing three marine fish species. The objectives of this
study were to investigate: (1) the effects of adding different por-
tions of papain into themoist pellets containing primarily fish meal
and trash fish on fish growth; (2) the effects of partial replacement
of animal protein (trash fish and fish meal) with plant protein
(soybean) in the diets, with or without papain, on fish growth; and
(3) the changes in water quality parameters (ammonia, nitrite and
nitrate) in enclosed tanks treated with different diets.

2. Materials and methods

2.1. Experiment 1- net experiment

150 fingerlings each of both R. sarba; E. bleekei and T. blochii
(50e70 g; 20e30 g and 15e30 g respectively) were randomly
placed in twenty-one nets of 1.5 m � 1.5 m x 1.5 m with mesh size
of 1.5 cm. Fish were acclimatized for at least 2 weeks before the
experiment. The fish were fed with different experimental diets
(listed below) at 5% (w/w) body mass, once per day throughout the
experiment. The fish were cultured at the research station of AFCD,
100 m off the coast of Kat-O (water depth, 4 m), for a period of 340
days. The experimental nets were cleaned every month with
pressurized sprayer gun to remove the biofouling materials
deposited on the nets, while the fish were temporarily transferred
to a spare net. The average monthly temperatures during the
experimental period were: Sept, 29.0 �C; Oct, 25.9 �C; Nov, 23.2 �C;
Dec,19.5 �C; Jan,18.2 �C; Feb,17.9 �C;Mar,19.0 �C; Apr, 21.2 �C;May,
23.9 �C; Jun, 28.9 �C; Jul, 29.1 �C; Aug, 29.3 �C.

20 fish from each net were randomly chosen for weight mea-
surement to the nearest milligram, using a balance once every 2
weeks (for calculating the amount of feed and fish weight gain).
Prior to weighing, fish were anesthetized with 100 mgL�1 MS222.
The growth performance of fish was calculated according to the
following equations:

Relative weight gain ðRWGÞ ð%Þ ¼ ðfinal weight ðgÞ
� initial weight ðgÞÞ=
initial weight� 100
papain to partially replace animal protein for culturing three marine
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Table 2
Proximate compositions of the experimental diets used in the tank experiment (g
kg�1).

Ingredients Trash fish Control CP 60 CPS 60

Fish meal 100 494 486 294
Trash fish e 452 445 443
Soybean meal e e e 197
a-starch e 49 48 48
Vitamin mineral premix@ e 5 5 5
Papaina e e 17 17
Proximate compositions
Ash (% DM) 6.7 ± 0.2a 13.2 ± 0.1d 14.7 ± 0.2d 11.7 ± 0.1b

Carbohydrate (%DM) 1.8 ± 0.2a 4.9 ± 0.5b 4.9 ± 0.1b 12.3 ± 0.0c

Lipid (% DM) 6.8 ± 0.1b 7.5 ± 0.1a 7.49 ± 0.19c 4.1 ± 0.1a

Crude Protein (% DM) 60.1 ± 1.1a 67.6 ± 0.9c 67.3 ± 1.0c 64.1 ± 0.9b

Mean ± SD having the same superscripts in the same column are not significantly
different (p � 0.05), according to Duncan's Multiple Range Test (N ¼ 4).
@Vitamin mineral premix provided per kg of diet: vitamin A, 10,000 IU; vitamin D,
800 IU; vitamin E, 60 IU; vitamin K, 0.05 mg; ascorbic acid, 180 mg; D-biotin,
0.045 mg; folic acid, 0.4 mg; niacin, 40 mg; pantothenic acid, 10 mg; pyridoxine,
6 mg; riboflavin, 6 mg; thiamin, 4.5 mg; iron, 1354 mg; manganese, 10 mg; sele-
nium, 0.05 mg, zinc 30 mg; copper, 4 mg; iodine, 0.3 mg.

a Papain was added to the fish feed mixture after mixing all other fish feed
ingredients.
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Feed conversion ratio ðFCRÞ ¼
Cumulative feed delivered ðgÞ=
Fish biomass gain ðgÞ

2.2. Experimental diets

The wet pellet formulation developed by AFCD was used as the
control diet in this experiment. The diet contained a mixture of
49.4% fishmeal (steam-dried with a minimum of 65% protein), and
45.2% raw trash fish (minced) served as the main source of protein.
Vitamins and minerals were added in the form of a vitamin premix
(0.5%), and 4.9% alpha starchwas added as a binder. The control diet
was modified by (1) adding papain (CP diets) and (2) papain plus
replacing part of the fishmeal with soybean meal (CPS diets). Three
dosages of papain (30:1, 60:1 and 90:1) were incorporated into the
wet pellet formulation to produce 3 modified formulations (CP30,
CP60 and CP90). Another 3 formulations were produced by adding
three dosages of papain and replacing 20% of fish meal with soy-
bean meal (CPS30, CPS60 and CPS90). Table 1 shows the compo-
sitions of experimental diets. The wet pellets were prepared daily.
Ingredients including trash fish, fish meal, vitamin-mineral premix,
a-starch and soybean meal (for CSP diets only) were mixed using a
mixer. After producing the basal diets, different amounts of papain
were added to the feed mixture and allowed to stand for 15 min
after mixing. The dough was then pelletized using a pelletizer and
then used for feeding fish.

2.3. Experiment 2- tank experiment

The aim of this experiment was to study the effects of adding
papain to experimental diets on water quality. Seawater was
pumped directly from the Kat-O pier to the four experimental
glass-fiber tanks (1000 L capacity). The tanks were placed under a
cover and equipped with an electric pump to provide aeration
continuously. Prior to experiment, 20 individuals of R. sarba (about
80 g) were introduced to each tank, and acclimatized for at least 2
weeks before the feeding trial. 10% of tank water was replaced once
per week. Fish were fed twice per daymanually, at 5% body mass of
fish. Fish in each tank were weighed every 2 weeks for feed
adjustment. RWG, PER and FCR of fish were calculated according to
the equation described earlier.
Table 1
Composition of the experimental diets used in the net experiment (g kg�1).

Ingredients Control CP30 CP60

Fish meal 494 478 486
Trash fish 452 437 444
Soybean meal e e e

a-starch 49 47 48
Vitamin mineral premix@ 5 5 5
Papaina e 33 17
Proximate compositions
Ash (% DM) 13.8 ± 0.0d 15.5 ± 0.1a 14.8 ± 0.0b

Carbohydrate (%DM) 4.9 ± 0.4de 4.3 ± 0.1e 4.9 ± 0.1de

Lipid (% DM) 7.5 ± 0.1a 7.8 ± 0.2a 7.5 ± 0.2a

Crude Protein (% DM) 68.9 ± 0.8a 66.8 ± 0.9b 67.4 ± 1.3b

Mean ± SD having the same superscripts in the same column are not significantly differ
@Vitaminmineral premix provided per kg of diet: vitamin A, 10,000 IU; vitamin D, 800 IU;
acid, 0.4 mg; niacin, 40 mg; pantothenic acid, 10 mg; pyridoxine, 6 mg; riboflavin, 6 mg;
copper, 4 mg; iodine, 0.3 mg.

a Papain was added to the fish feed mixture after mixing all other fish feed ingredien
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Fish feed was produced similar to Experiment 1. Table 2 shows
the composition of diets used in this experiment. CP60 and CPS60
were selected in this experiment because better growth perfor-
mance and FCR were observed. Trash fish were also included in this
experiment since they were generally the principle cause of
pollution in mariculture zones (Chu, 2000). During the experiment,
the initial and final weight of the fish were recorded to determine
the effect of diets on growth.
2.4. Nutritional analyses and water sampling

The crude protein (Kjeldahl method, %N x 6.25), moisture (oven-
dried at 135 �C), ash (muffle furnace at 450 �C) and lipid (Soxhlet
method) in the diets were determined according to AOAC (1990).
The carbohydrate content in diets was determined using anthrone
method according to Allen (1989).

Water samples were collected from the pier, the raft, beneath
culture nets, and the experimental tanks monthly throughout the
duration of the experiment. They were stored at 4 �C and concen-
trations of ammonia, nitrite and nitrate in samples were analysed
within 24 h using the following method: ammonia (indophenol-
CP90 CPS30 CPS60 CPS90

489 285 289 291
447 437 444 447
e 193 197 198
48 47 48 48
5 5 5 5
11 33 17 11

14.3 ± 0.1c 13.6 ± 0.0e 11.7 ± 0.0g 12.2 ± 0.0f

5.5 ± 0.2d 7.9 ± 0.2c 12.3 ± 0.0a 10.7 ± 1.0b

5.2 ± 0.1b 5.0 ± 0.2b 4.1 ± 0.1c 4.2 ± 0.4c

70.2 ± 0.3a 61.7 ± 0.6d 63.8 ± 0.9c 63.2 ± 0.7cd

ent (p � 0.05), according to Duncan's Multiple Range Test (N ¼ 4).
vitamin E, 60 IU; vitamin K, 0.05mg; ascorbic acid, 180mg; D-biotin, 0.045mg; folic
thiamin, 4.5 mg; iron, 1354 mg; manganese, 10 mg; selenium, 0.05 mg, zinc 30 mg;

ts.
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Table 3
Growth performance of the three marine fish species in the net experiment (culture period 340 days).

Experimental diets

Control CP30 CP60 CP90 CPS30 CPS 60 CPS 90

Gold-lined seabream
Final weight (g) 191.8 ± 29.9b 150.8 ± 20.8a 203.5 ± 27.9b 167.2 ± 28.1a 167.2 ± 20.8a 189.3 ± 29.6b 162.2 ± 25.8a

Relative weight gain (%) 296.9 ± 42.3b 157.1 ± 20.3a 318.2 ± 37.2b 291.7 ± 12.4b 299.2 ± 87.9b 349.3 ± 45.0c 320.9 ± 67.9bc

Feed conversion ratio 13.5 ± 2.7ab 13.2 ± 3.2ab 9.8 ± 1.4a 9.3 ± 1.6a 11.7 ± 2.9ab 9.7 ± 1.8a 14.9 ± 3.8b

Brown spotted grouper
Final weight (g) 128.0 ± 34.3abc 100.0 ± 27.4a 163.0 ± 47.8d 122.7 ± 38.9b 111.8 ± 37.3b 140.1 ± 48.8bcd 148.6 ± 58.6b

Relative weight gain (%) 445.2 ± 59.8d 305.6 ± 38.5b 599.4 ± 49.8e 446.7 ± 71.8d 260.9 ± 62.8a 581.3 ± 96.8e 380.8 ± 46.3c

Feed conversion ratio 7.3 ± 2.3c 7.3 ± 2.3c 3.2 ± 0.5ab 4.8 ± 1.0b 3.2 ± 0.5ab 3.2 ± 0.5ab 4.2 ± 0.9ab

Pompano
Final weight (g) 62.9 ± 20.0c 101.2 ± 31.4c 83.5 ± 29.5c 81.0 ± 29.6b 88.4 ± 35.9 a 69.1 ± 47.7b 92.9 ± 20.0c

Relative weight gain (%) 137.7 ± 33.6bc 291.4 ± 87.8bc 355.9 ± 67.9d 252.0 ± 30.2b 364.2 ± 49.6 cd 328.5 ± 48.4cd 515.7 ± 96.4e

Feed conversion ratio 14.2 ± 4.4c 14.5 ± 4.5c 12.4 ± 3.9ab 9.8 ± 2.8ab 14.0 ± 4.0c 10.0 ± 2.4ab 6.4 ± 1.2a

Mean ± SD having the same superscripts in the same column for the same fish species are not significantly different (p � 0.05), according to Duncan's Multiple Range Test
(N ¼ 10).
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blue method), nitrite (diazotization) and nitrite (cadmium reduc-
tion) (APHA/AWWA/WEF, 2012).

2.5. Statistical analyses

The effects of different diets on the feed composition, fish
growth, and water quality parameters were analysed by one-way
ANOVA, comparing the mean value with Duncan's Multiple Range
test (p < 0.05) (SPSS Statistics 21.0. Chicago, Illinoi, USA).

3. Results and discussion

3.1. Experiment 1- net experiment

Table 1 also shows the proximate compositions of experimental
diets. Among all diets, the control diet and CP90 had significantly
higher concentrations of crude protein (p < 0.05), followed by CP30
and CP60. CPS60 and CPS90 with significantly lower amounts of
crude protein than the control, CP90, CP30 and CP60, while CPS30
had the lowest concentration of crude protein. In terms of lipid, the
control diet, CP30 and CP60 had significantly higher amounts of
lipid (p < 0.05), followed by CP90 and CPS30, and CSP60, while
CPS90 had the lowest concentration.

Table 3 shows the growth performance of the three fish species.
For gold-lined seabream, the groups fed with control, CP60 and
CP60 showed significantly higher RWG and lower FCR (p < 0.05),
among all treatment groups (p < 0.05). On the other hand, brown
spotted grouper fed with CP60 showed the best weight gain among
Table 4
Growth performance of gold-lined seabream, R. sarba in the tank experiment (60 days).

Trash fish Con

Final weight (g) 137.7 ± 14.3a 127
Relative weight gain (%) 71.9 ± 17.9a 75.
Feed conversion ratio 4.4 ± 0.6a 5.1

Mean ± SD having the same superscripts in the same column are not significantly differ

Table 5
Concentrations of nitrate, nitrite and ammonia in Kat-O and experimental tanks.

Pier Raft Trash fish

Nitrate (mg L�1) 0.0171 ± 0.0145e 0.0254 ± 0.0045b 0.0250 ± 0
Nitrite (mg L�1) 0.0483 ± 0.0057a 0.0450 ± 0.0000a 0.0450 ± 0
Ammonia (mg L�1) 0.0473 ± 0.011f 0.0847 ± 0.011e 0.6260 ± 0

Mean ± SD having the same superscripts in the same column are not significantly differ
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all treatments. The FCR values of grouper fed with control and CP30
were significantly lower than other treatment groups (p < 0.05). For
pompano, the group fed with CPS90 showed significantly higher
weight gain (p < 0.05), followed by CP60 and then the other groups.
The FCR of groups fed with CP60, CP90, CPS60 and CPS90 had
significantly lower FCR than control, CP30 and CPS30.

Various fish species responded differently to the papain dosages
added. From the growth data of seabream and grouper, it is worth
noting that groups fed with CP60 achieved the best growth and FCR
despite the crude protein levels of the diets being different. CP60
had a similar crude protein content to CP30 (about 67%), while
lower than CP90 (about 70%). Similar results were observed in CPS
diets. The results suggested that papain could enhance growth of
seabream and grouper, even the diets had lower protein levels.
With the overall better growth performance observed, CP60 and
CPS60 were selected for the tank experiment.

It has been observed that the use of soybean or other plant
protein as a replacement for fishmeal generally reduces growth
performance (Bhosale et al., 2010; Hardy, 2010; Kushwaha, 2013).
The possible reasons for slower growth when fish were fed w
soybean alone were due to the presence of anti-nutritional factors
(such as protease inhibitors in soybean) and the decrease in amino
acid absorption in particular, methionine (Newkirk, 2010; Tibaldi
et al., 2006).

With the addition of exogenous enzymes such as papain, the
adverse effects of plant proteins could be mitigated. Results from
our previous experiment in which common carp Cyprinus carpio
(freshwater fish) with papain digested soybean residues mixed
trol CP60 CPS60

.4 ± 9.4a 141.6 ± 14.1b 124.9 ± 16.5a

0 ± 17.4a 54.4 ± 20.4a 59.1 ± 11.7a

± 0.7 a 4.3 ± 0.6a 5.1 ± 0.7 a

ent (p � 0.05), according to Duncan's Multiple Range Test (N ¼ 8).

CP60 CPS60 Control

.0040c 0.0200 ± 0.0145d 0.0050 ± 0.0202f 0.0847 ± 0.0161a

.0000a 0.0483 ± 0.0133a 0.0461 ± 0.0019a 0.0505 ± 0.0038a

.027b 0.2510 ± 0.037c 0.1570 ± 0.067d 0.7240 ± 0.0270a

ent (p � 0.05), according to Duncan's Multiple Range Test (N ¼ 4).

papain to partially replace animal protein for culturing three marine
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with beef liver after 93 days of culture, showed that the fish fed
with digested soybean residues mixed with beef liver showed a
significantly higher weight gain (12.43%), whereas fish fedwith diet
containing undigested soybean residue mixed with beef liver ach-
ieved a 10.09% weight gain (Wong et al., 1996). Carter et al. (1994)
also revealed Atlantic salmon (Salmo salar) fed with diet containing
fishmeal, soybean meal and enzymes had higher rates of food
consumption, significantly higher final weights and rates of growth
and lower food conversion efficiencies and maintenance ratio than
those with fishmeal and soybean meal only. The results from the
net experiment also indicated that the use of soybean digestedwith
papain as a replacement of fishmeal matched the growth rate of
fish fed with high protein diet containing trash fish, and up to 30%
fishmeal could be replaced with papain digested soybean.

These studies suggested that partial replacement of fish protein
with plant protein added with papain can be used for rearing both
freshwater and marine fish. Papain-digested products do not
possess unpleasant odour and flavour, making it a suitable sup-
plement to be used in fish diets.

3.2. Experiment 2 e tank experiment

Table 4 shows the growth performance of R. sarba. There were
no significant differences (p > 0.05) among all treatment groups in
terms of weight gain and FCR.

Table 5 shows the concentrations of nitrate, nitrite and
ammonia of water samples collected from the Kat-O pier, the raft
and the experimental tanks. There were no significant differences
in nitrite concentrations among all samples (p > 0.05). Among all
diet treatments, fish fed with control diet showed significantly
higher concentrations of ammonia and nitrate (p < 0.05), followed
by the group fed with trash fish. The groups fed with CP60 and
CPS60 showed significantly lower concentrations of ammonia and
nitrate than the group fed with control or trash fish (p < 0.05).
Although crude protein contents of the diets were not nutritionally
balanced, fish fed with control diet (having the highest amount of
protein) gave rise to the highest concentration of ammonia and
nitrate. The tank applied with trash fish also showed the second
highest concentration of ammonia. It has been reported that feed
wastage and pollutant loadings are much higher in open-sea cul-
ture systems where trash fish is used as feed (AFCD, 2009; Edwards
et al., 2004; Ore Arup et al., 1989). Chu (2000) revealed the scale of
environmental impacts of mariculture greatly depends on feed
types, with trash fish being the most deleterious, which is in line
with the finding of the present study.

The uncontrolled use of trash fish in aquaculture could be
problematic. A number of studies indicated that excessive nitrogen
caused bymarine fish farming activities may lead to eutrophication
of the ecosystem and mortality to fish and benthos (Croomey et al.,
2000; Pearson and Black, 2001; Brooks et al., 2002), which in turn
could lead to red tides. Red tides near mariculture zones could
threaten fish by clogging fish gills or secreting toxins that damage
fish gills and cause fish suffocation or killing fish indirectly by
depleting dissolved oxygen in water (AFCD, 2014). The information
regarding to nutrient loadings and formation of red tides in Hong
Kong waters is limited. A study of Tolo Harbour (an enclosed bay) in
Hong Kong suggested that nitrogenous compounds were the most
critical factor causing algal blooms in the water body (Li et al.,
2004). The total nitrogen to total phosphorous ratio reported in
the study ranged from 8.4 to 11.1, which were lower than the
optimal N:P ratio (16:1) for forming dinoflagellates of oceanic
environment (Redfield, 1958), suggesting the possible limitation of
nitrogen in water. The discharge of nitrogen could also affect the
diversity of benthic organisms near the culture zones. Guo and Li
(2003) revealed that the number of zoobentho species found
Please cite this article in press as: Mo, W.Y., et al., Use of soybean meal and
fish species: Fish growth and water quality, Environmental Pollution (20
underneath and outside cages reduced from 9 to 2 and 13 to 7,
respectively, after fish culture. The wasted fish feed and fish excreta
rich in nitrogenous compound would exert harmful effects on the
farmed fish as well as the vicinity.

Although the use of wet pellets reduced the amount of trash fish
used, the highest concentrations of ammonia and nitrate observed
among different types of feeds suggested the necessity for modi-
fying the formulation in order to reduce the impact on environ-
ment. Incorporating papain into the wet pellets could reduce their
potential harmful effects on the water quality. Our previous study
also demonstrated that the application of papain in feeds con-
taining soybean residues mixed with beef liver could significantly
lower the level of water turbidity (0.179 without and 0.0353 with
papain; measured by light absorbance at 630 nm) (Wong et al.,
1996).

Exogenous enzymes could hydrolyze proteins and release
shorter peptides in feeds to increase protein digestibility
(Boonyaratpalin et al., 2000; Choi et al., 2016; Farhangi and Carter,
2007; Singh et al., 2011), which in turns increase feed utilization.
The use of papain in the present study was able to reduce the
amount of nitrogenous compounds in the tank water. Furthermore,
with better feed utilization, the wasted nitrogen derived from feed
and fish excreta could also be reduced.

Water quality deterioration and contaminants will impose a
significant bearing on the expansion of mariculture, and the key to
improving and marinating the long-term health of mariculture
zones depends on adopting sustainable culture systems (Yang et al.,
2005). Improving the feeds for fish culture, and maintaining better
water quality of the mariculture zones by adopting plant protein
added with enzymes will therefore partially contribute to achieve
this goal.

4. Conclusion

The application of papain, a protease, in most of the diets, could
significantly improve relative weight gain (g) and FCR for Rhabdo-
sargus sarba, Epinephelus bleekeri and Trachinotus blochii, when
compared with fish fed the control moist pellets consisted of fish-
meal and trash fish, without addition of papain. The amount of
ammonia in water was also reduced when fish were fed with the
predigested feeds with or without partial replacement of soybean.
It is envisaged that the use of plant based protein incorporating
with enzymes could replace a major portion of fish protein (fish-
meal and trash fish) used for marine fish culture. With the use of
papain and soybean meal replacing a major portion of fish protein
for culturing marine fish, the utilization of feed could be enhanced
while reducing the impact on the environment.
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