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Abstract

Fishmeal is a significant protein source for aquatic feed, especially for carnivorous fish. Currently, the price of
fishmeal is increasing, also it is mentioned as a competition of human food fish. Replacing fishmeal by other protein
sources is therefore an important target. This study tested yeast-fermented canola meal in the diet of Asian sea
bass, Lates calcarifer to determine its effects on growth, feed acceptance, feed utilization, nutrient digestibility, body
proximate, minerals and their utilization. Diets consisted of a 35% fishmeal base (control) and four diets in which
fishmeal protein was replaced by yeast-fermented canola meal at levels of 25, 50, 75 and 100%. For each diet, three
groups of fish with an initial weight of 5 g were fed to satiation twice a day for 60 days.

Feed intakes and survival rates of test fish fed the diets with up to 50% replacement were not significantly
different (P > 0.05). Fish fed the diet with 100% replacement rejected the feed and all died within two weeks. Fish
fed the diet in which 75% of fishmeal protein replacement had lower final mean weight, daily weight gain, protein
efficiency ratio, nutrient digestibility and higher feed conversion ratio (P < 0.01) than fish fed the control, 25% and
50% replacement diets. Increasing the protein replacement level lowered body crude protein, ash, Ca, Mg, P and
their utilization of Asian sea bass (P < 0.05). This seemed to relate to increasing dietary phytic acid as the inclusion
level of yeast-fermented canola meal increased. It was concluded that 50% of fishmeal in the diet of Asian sea bass
could be replaced by yeast-fermented canola meal without overall impact on growth. This study also showed the

possibility of < 10% dietary fishmeal for this species since fish accepted a diet containing only 8.75% fishmeal.

Keywords: Asian sea bass; Diet; Fishmeal; Yeast-fermented canola
meal

Introduction

Asian sea bass, Lates calcarifer (Bloch, 1790) is an economically far-
med species in Indo-Pacific waters such as Southeast Asian countries,
Taiwan and Australia [1]. It is also popular in the US [2]. Culture of
this species is heavily dependent on the use of marine trash fish as the
main feed. However, the price of trash fish has increased due to the
lower volume caught. This reduces the benefit of farming and makes
culture in this way unsustainable. To solve this problem, the use of com-
mercial feed has been promoted [3]. Unfortunately, Asian sea bass feed
contains approximately 20-50% fishmeal [4]. It results in a rather high
price for Asian sea bass due to the high fishmeal price. This means that
changing from using marine trash fish to commercial feed in Southe-
ast Asian countries is slow. Hence, it is necessary to reduce the use of
dietary fishmeal for this species, and for other farmed carnivorous fish.
Furthermore, reduction in the use of both marine trash fish and dieta-
ry fishmeal may reduce concerns about competition with fish use for
human food [5]. Actually, unmarketable size of food fish can be caught
along with trash fish, thereby depleting stocks.

To reduce the need for dietary fishmeal in Asian sea bass feed, seve-
ral alternative protein sources are being investigated [6]. For example,
meals of soybean, canola, lupin and rendered meat have been tested
[7,8]. Among them, canola meal is an interesting candidate due to its
cheaper price compared with fishmeal and its high availability, second
after soybean meal [9]. However, a high level of dietary canola meal
may affect fish growth because of the high amounts and various types
of anti-nutritional factors (ANF), such as phytic acid [10].

To reduce the level of ANF and other adverse factors in canola meal,
protein isolation can be useful but the price of the product is uncom-
petitive relative to fishmeal [6]. A cheap method of yeast fermentation
combined with water soaking may be an alternative way to improve the

nutritional value of canola meal. Reducing phytic acid by yeast fermen-
tation has been reported previously [11,12]. Meanwhile, water soaking
facilitates to eliminate derivatives of glucosinolate, phytic acid, tannins
and oligosaccharides [13,14].

Currently, there is no available information on the use of yeast-
fermented canola meal to replace fishmeal in the diet of Asian sea bass.
The aim of this study was to determine the effect of replacing fishmeal
by yeast-fermented canola meal on growth, feed utilization, body pro-
ximate, minerals and their utilization in this species. Feed acceptance
was also a main point to evaluate; use of a plant protein source at a high
level may lead to lower feed acceptance [15].

Materials and Methods

Preparation of yeast-fermented canola meal

Canola meal was purchased from Sor Chareonpanich Co. Ltd., Sa-
mut Prakan, Thailand, and ground to a particle size of <500 pm by me-
ans of a hammer mill. Five replicate fermentations were performed by a
modification of a method used in a previous study [16]. For each repli-
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cate, 2 kg of canola meal, 66.7 mg of commercial dry yeast, Saccharomy-
ces cerevisiae, with a cell density of 3 x 10° cell g* (Fermipan®, GB ingre-
dients, the Netherlands) and 1.6 L of distilled water were homogenized
in a Hobart food mixer for 15 minutes. This provided a yeast density
of 1 x 10° cell g meal and 50% moisture. Each replicate fermentation
was conducted for 24 hours in a 10 litre glass jar covered with alumi-
nium foil. Then, the fermented meal was soaked with 6 L of distilled
water for 5 minutes. After decanting the excess water, a fine mesh cloth
was used to squeeze the meal to remove as much water as possible and
remove dissolved glucosinolate and its derivatives from the fermented
meal [13]. The residual meal was dried to constant weight at 70°C. The
nutrient and phytic acid content of the yeast-fermented canola meal are
shown in Table 1.

Unfer- Yeast fer- Unfermented | Yeast fer-
mented mented mented
Crude protein | 386.7+1.3 422.5+2.1 |Threonine ** 7.73+0.06 6.64+0.06
Crude lipid 30.1x1.2 26.0+1.3 | Valine 4.3310.05 3.79+0.03
Ash 79.3t0.5 78.410.3 Methionine 2.62+0.02 2.54+0.03
Ca 8.1+0.3 9.4+0.2 Isoleucine  3.40%0.04 2.87+0.05
Mg 7.3+0.2 8.2+0.1 Leucine 7.22+0.03 6.4210.03
P 12.840.3 1 13.9+0.4 Phenylala- 3.86+0.04 3.3710.06
nine
Fe (mg Kg') 354.2+10.8 447.1+4.8 Lysine 5.63+0.06 3.9040.04
Zn (mg Kg') 44.4+1.3 |58.7+1.2 Histidine 2.55+0.04 2.32+0.05
Cu (mg Kg') 4.5+0.1 5.7+0.1  Arginine 5.43+0.04 4.28+0.02
Mn (mg Kg') 64.7+1.9  76.5t3.3
Phyticacid 1 35.120.4  28.9+0.4
Phytic acid- 9.940.1 8.1+0.1
Pt
Available P 1+ 2.9+0.1 5.8+0.1

* Proximate (n = 5), minerals and essential amino acids (n = 3), T calculated by
dividing phytic acid

with 3.55, Available phosphorus is calculated by differences of total phosphorus
and phytic acid-P

** Trytophan is destroyed during sample preparation

Table 1: Nutrients and phytic acid of yeast fermented canola meal (g Kg-1, dry
basis). *

% Replacing fishmeal protein

0 25 50 75 100
Yeast fermented canola |- 124.3 248.6 372.9 497.2
meal
Tuna-byproduct 350.0 262.5 175.0 87.5 -
fishmeal
Shrimp head meal 20.0 20.0 20.0 20.0 20.0
Squid liver meal 100.0 100.0 100.0 100.0 100.0
Corn gluten 120.0 125.0 133.0 140.0 148.0
Soybean meal 50.0 50.0 50.0 50.0 50.0
Wheat flour 156.0 120.8 73.5 46.9 9.0
Cellulose 56.0 425 38.0 13.9 -
Tuna oil 59.0 66.8 73.8 80.7 87.7
Soybean oil 38.8 37.9 37.9 37.9 37.9
Antioxidant (BHT) 0.2 0.2 0.2 0.2 0.2
Vitamin premix* 10.0 10.0 10.0 10.0 10.0
Mineral premix t 30.0 30.0 30.0 30.0 30.0
Chromic oxide (Cr,0,) 10.0 10.0 10.0 10.0 10.0

* Vitamin premix contains (g Kg' premix): vitamin A, 0.138; D, 0.002; E, 10; K, 5;
B,, 6; B,, 10; B,, 40; B, 10; B, 4; B,,, 0.01, p-amino benzoic acid, 5; folic acid, 1.5;
biotin 0.6; inositol 200; choline chloride, 500 and vitamin C, 50 g

T Mineral premix contains (g Kg' premix): KCl, 131.7; NaH,PO,.2H,0, 394.7; CaH-
PO,, 210.5 and KH,PO,, 263.1 g

Table 2: Ingredients of the test diets for Asian sea bass (g Kg-1).
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% Replacing fishmeal protein

0 25 50 75 100
Proximate (wet basis)
Moisture 72.90 66.90 69.80 68.50 70.90
Crude protein 432.20 431.60 431.20 430.50 430.00
Crude lipid 170.70 170.00 170.40 170.60 170.40
Ash 128.00 120.50 116.10 110.50 104.80
Minerals
Ca 42.07 40.69 39.15 38.22 37.05
Mg 6.09 6.11 6.15 6.19 6.24
P 20.42 19.9 19.38 18.87 18.15
Fe 3.79 3.51 3.3 3.1 2.80
Zn 0.31 0.35 0.37 0.38 0.40
Cu 0.14 0.14 0.13 0.12 0.11
Mn 0.37 0.34 0.31 0.27 0.24
Phytic acid 2.80 5.90 9.00 12.30 15.10
Phytic acid-P* 0.79 1.66 2.53 3.46 4.25
Available Pt 19.63 18.24 16.85 15.41 13.90

* Calculated by dividing phytic acid with 3.55
1 Calculated by differences of total phosphorus and phytic acid-P

Table 3: Proximate composition, minerals and dietary phytic acid of the test diets of
Asian sea bass (g Kg™', dry basis).

Preparation of test diet

Five isonitrogenous test diets were produced. One, the control diet,
was a modification of a formulation used in a previous study [15], and
contained 35% fishmeal. In the other four diets, fishmeal protein was
replaced by yeast-fermented canola meal at levels of 0, 25, 50, 75 and
100%, respectively. Chromic oxide (Cr,0,) was used as a marker to de-
termine nutrient digestibility. Each diet, in batches of 1kg, was mixed
with 30% water and formed into pellets by forcing through a mincing
machine with 3 mm pore. All the test feeds were then dried overnight at
70°C, broken into an optimum length of 3-5 mm, stored in plastic bags
and kept in a freezer at -20°C until use. The ingredients of the test diets
are shown in Table 2 and their proximate and mineral compositions
and phytic acid content are shown in Table 3.

Fish husbandry

Groups of ten Asian sea bass fingerlings with an average body
weight of 5g were randomly distributed into each of fifteen 100L fiber-
glass tanks. The tank base was connected with a fecal collection column
similar to the model used in a previous study [17]. For each test diet,
three groups of fish were fed twice a day (at 0900 and 1500 h) to appa-
rent satiation. Two hours before the first feeding (at 0700 h), the fish
tanks were cleaned and 25% of the water was exchanged to maintain
good water quality.

Fish feces were collected twice a day after the first 7 days of feeding.
During the collection time, the uneaten diet and any waste were remo-
ved from the fish tank at 1000 and 1600 h, i.e. an hour after each meal.
Then, the feces in the column were collected (at 1300 and 1900 h) by
filtration through the filter paper, and kept in a freezer at -20°C. The
collection was continued for 7 days. Fish feces from the same tank were
pooled to provide sufficient fecal sample for chemical analysis.

During the 60 days of the trial, the fish from each tank were wei-
ghed together every 15 days. The diet consumed and the remaining
numbers of fish were also recorded. At the end of the trial, three fish
from each tank were sacrificed and dried to constant weight at 70°C
before analysis of proximate and mineral composition.
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Chemical analysis, calculations and data analysis

Analysis of proximate composition followed the methods of AOAC
[18]. Moisture was analyzed by drying at 100°C overnight. Crude pro-
tein and lipid were analyzed by means of a Kjeltec 2200 and a Soxtec
1043 (FOSS, Denmark), respectively. Ash content was analyzed by
combustion of samples at 550°C overnight. An ICP-OES 2100 DV (Per-
kin Elmer, Waltham, MA, USA) was used to analyze minerals and chro-
mium contents in diet and feces after nitric-perchloric acid treatment,
by an AOAC method [19]. The amino acid profile after acid hydrolysis
with 6M HCI for 24 hours was determined by HPLC. An Agilent 1100
series (Agilent Technologies, Palo Alto, CA, USA) instrument was used.
This study gave data for only nine essential amino acids, because tryp-
tophan was destroyed during acid hydrolysis.

The phytic acid content was analyzed by a method [20] modified
from that used in a previous study [21]. This method used 0.5M HNO,
and 1% NH,SCN instead of 0.5M HCI and 10% KSCN. Phytic acid-P
was calculated by dividing the phytic acid content by 3.55 [21].

This constant was ratio of molecular weights of phytic acid and six
phosphorus atoms containing in phytic acid. Available phosphorus was
calculated from the difference between total phosphorus and phytic
acid-P [22].

Growth, feed and nutrient utilization were calculated by the fol-
lowing equations:

Mean weight (g) = [total body weight/numbers of fish]
Daily weight gain (g d-1) = [(final - initial body weight)/day]

Survival rate (%) = [100 x (final - initial numbers of fish)/initial
numbers of fish)]

Feed intake (% BW d-1) = [100 x (total dry diet consumed/mean of
initial and final body weight)/day]

Feed conversion ratio = [total dry diet consumed/weight gain]
Protein efficiency ratio = [weight gain/protein consumed]

Nutrient utilization (%) = [100 x (final - initial body nutrient)/nu-
trient consumed].

Dry matter and nutrient digestibility were calculated by the fol-
lowing equations [23]:

Dry matter digestibility (%) = 100 - [100 x (% Cr203 in diet/%
Cr203 in feces)]

Nutrient digestibility (%) = 100 - [100 x (%Cr203 in diet x % nu-
trient in feces)/ % Cr203 in feces x % nutrient in diet)]

All data are shown as means + SD and were subjected to one-way
ANOVA using SPSS for Windows version 16.0 (Chicago, IL, USA).
Duncan new multiple range test was used to test for significant diffe-
rence of treatment means at level of P < 0.05.

Results

At the end of the trial, survival rates of test fish were in ranges of
90-97% and were not significantly different among fish fed the control
diet of 35% fishmeal and diets in which fishmeal protein was replaced
by yeast-fermented canola meal at ratios of 25, 50 and 75% (P > 0.05).
In contrast, fish fed the diet in which fishmeal protein was complete-
ly replaced rejected the feed and all died within 2 weeks. For growth
performance, the results showed that fish fed the diet in which 75% of
fishmeal protein was replaced had significantly lower final mean weight

(P <0.01) compared with fish fed the other diets. These differences were
clearly noticeable after 30 days of the culture period (Figure 1).

For all test diets except that with 100% replacement, feed intake of
the test fish was not significantly different (P > 0.05), but 75% repla-
cement of fishmeal protein led to significantly higher feed conversion
ratio and lower protein efficiency ratio (P < 0.01) compared with the
other diets (Figure 2). This seemed to be related significantly to the lo-
wer digestibility of dry matter, crude protein and ash (Figure 3).

40.0
350
30.0
25.0
—— Replacing 0 %

20.0
—=— Replacing 25 %

Body weight (g)

15.0 —+— Replacing 50 %
—e— Replacing 75 %

10.0

0.0
0 15 30 45 60

Culture period (day)

Figure 1: Mean body weight of test Asian sea bass measured every 15 days (g).

Replacing 0%

- Rreplacing 235%
* Replacing 50%
* Replacing 75%

Daily weight gain (g d-1)  Feed conversion ratio  Protein efficiency ratio  Feed intake (% BW d-1)

Figure 2: Daily weight gains and feed utilisation of Asian sea bass fed the test
diets.

DReplacing 0%
ORreplacing 25%

Digestibility (%)

BReplacing 50%
BReplacing 75%

Dry matter

Crude protein Crude lipid Ash

Figure 3: Nutrient digestibility of Asian sea bass fed the test diets (%).
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Differences of growth were not statistically significant, but showed
a decreasing trend as the level of fishmeal protein replacement increa-
sed to 25 and 50%, respectively. Nutrient digestibility and protein ef-
ficiency also showed similar trends. In contrast, feed conversion ratio
and feed intake were increased.

Table 4 shows whole body proximate and mineral composition of
Asian sea bass fed the test diets. There were significant differences in
body crude protein, crude lipid and all minerals among fish fed test
diets (P < 0.01), and in body ash (P < 0.05). Body crude protein, ash,
Ca, Mg, P and Mn tended to decrease as the level of protein replace-
ment increased from 0 to 50%. In contrast, body crude lipid, Fe, Zn and
Cu tended to increase. However, all these parameters showed opposite
trends as ratio of protein replacement increased from 50 to 75%. Deter-
mination of Ca/P ratio showed no significant differences among fish fed
all the different test diets (P > 0.05).

Figure 4 shows the nutrient utilization by Asian sea bass fed the test
diets. There were significant differences among fish fed the control diet
and diets in which fishmeal protein was replaced at levels of 25, 50 and
75%, in the utilization of most nutrients (P < 0.01), including ash, P and
Mn (P < 0.05). Utilization of crude protein, Ca, Mg, P tended to decrea-
se as the level of protein replacement increased. In contrast, crude lipid,
ash, Fe, Cu and Mn tended to increase.

Discussion
A typical diet for Asian sea bass contains 35% fishmeal. This study
% Replacing fishmeal protein P

0 25 50 75
Crude protein |571.53+1.72° 582.17+2.78% 566.43+3.61° |566.27+3.97° 0.001

Crude lipid |249.9041.73° 246.23+4.02° 287.57+3.172 |281.23+1.08° 0.000
Ash 138.23+2.582° | 135.53+3.02° | 134.83+2.75" | 143.57+3.60° | 0.028
Ca 46.33+0.37° 46.90+0.70° 45.83+0.60° 50.93+0.61* 0.000
Mg 1.60+0.00° 1.63x0.06° | 1.47+0.06° | 1.83%0.06* 0.000
P 23.43£0.30° |23.80+0.26" 22.80+0.26° 25.37+0.20° 0.000
Fe 0.40+0.04¢ 0.66+0.07¢ | 1.29+0.09°  0.79+0.04° 0.000
Zn 0.55+0.02° 0.72£0.03* | 0.63x0.02° 0.66+0.02° 0.000
Cu 0.083+0.006° |0.060+0.000¢ 0.010+0.000° 0.090+0.000° 0.000
Mn 0.050+0.000° |0.060+0.0002  0.040+0.000° 0.053+0.0006° 0.000
CalP ratio 1.98+0.03° 1.97£0.017 2.01£0.01*  |2.01£0.03® 0.141

* Means with same superscript in each row are insignificantly different (P > 0.05)

Table 4: Whole body proximate composition and minerals of Asian sea bass fed
test diets (g Kg-1, dry basis). *

% Replacing 0 %
“Replacing 25 %

: % Il Replacing 50 %
(]
7

% = Replacing 75 %

Nautrilization (%)

R R R R R

ST R

0.0 +*

Crude Crude  Ash Ca Mg P Fe Zn Cu Mn
protein  lipid

Figure 4: Nutrient utilisation of Asian sea bass fed the test diets (%).

showed that 50% of the fishmeal could be replaced by yeast-fermented
canola meal without overall impact on growth. However, fish growth
showed a decreasing trend as the level of fishmeal protein replacement
was increased further. The impact of 75% replacement on growth was
clear, so practical replacement of fishmeal protein by 75% could not be
achieved. The reduction of growth found in this study was similar to
that seen when soybean meal was used to replace fishmeal for Asian sea
bass, cobia and Nile tilapia or when yeast-fermented soybean meal was
used for black sea bream [15,24-26]. A cause is the lower digestibility of
many components, especially protein and ash (mineral). The increased
dietary phytic acid might also be a cause. Free phytic acid can chelate
with mineral to form phytate in the small intestine (under neutral or
alkaline conditions). A further complex, phytin, can be formed when
phytate binds with protein, amino acid or protease enzymes [27].

For these reasons, this ANF could be responsible for the lower di-
gestibility of both protein and ash (mineral) observed in this study. A
previous study showed similar lower nutrient digestibility to support
this assumption; increasing replacement of fishmeal by yeast-fermen-
ted soybean meal for black sea bream results in lower digestibility of dry
matter and crude protein. These effects seemed to relate to increasing
dietary phytic acid [26].

Another study clearly shows that using phytase to reduce phytin
levels soy protein concentrate increases protein digestibility by Atlantic
salmon [28]. Previous studies also show that reducing dietary phytic
acid by treatment with phytase increases growth and feed efficiency in
rainbow trout, Nile tilapia and Atlantic salmon [28-32]. In addition, the
effects of increasing dietary phytic acid in fish seen in the present study
might be interpreted by lower utilization of body nutrients, particularly
crude protein, Ca, Mg and P. In rainbow trout, body protein, Ca, Mg P
and Zn and their utilization increased as fish were fed a diet containing
soy concentrate dephytinized with phytase [29]. This procedure also in-
creases body ash, Ca and Mg in Atlantic salmon fed a diet containing
treated soy protein concentrate [28].

In contrast to their low utilization, body Ca and P increased as fish
were fed a diet in which 75% of fishmeal protein was replaced. A re-
ason could be that the fish increased their feed intake to compensate
for lower digestibility and utilization. Furthermore, the fish body might
adapt the efficiency of deposition of both minerals to balance the body
Ca/P ratio [28].

In addition to lower digestibility, a reduction in body ash seemed to
be related to lower dietary ash as the level of protein replacement incre-
ased. This trend has also been observed with Nile tilapia and rainbow
trout fed a diet in which soybean meal was used to replace fishmeal
[25,33]. Meanwhile, body lipid and utilization in Asian sea bass showed
an increasing trend with increasing level of fishmeal protein replace-
ment. This agreed with a previous study on the use of canola meal in red
sea bream [34]. As the proportions of body crude protein and ash are
reduced, the percentage of body crude lipid increases.

Increasing the level of fishmeal protein replacement from 0 to 75%
seemed to increase feed intake by the fish. This might be related to the
lower digestibility of nutrients described above. This trend was also
seen with Atlantic salmon fed a diet containing undephytinized soy
protein concentrate compared with the dephytinized product [28]. Me-
anwhile, increasing the ratio of fishmeal protein replacement to 100%
(i.e. 0% fishmeal) led to complete diet rejection, probably because of
lack of feeding attractants [35]. However, this study showed the possi-
bility of reducing dietary fishmeal to below 10%, as fish still accepted
a diet containing 8.75% fishmeal (replacement level 75%). This result

J Aquac Res Development
ISSN: 2155-9546 JARD, an open access journal

Volume 3 « Issue 2 * 1000125



Citation: Plaipetch P, Yakupitiyage A (2012) Use of Yeast-Fermented Canola Meal to Replace Fishmeal in the Diet of Asian Sea Bass Lates Calcarifer
(Bloch, 1790). J Aquac Res Development 3:125 doi:10.4172/2155-9546.1000125

Page 5 of 5

was similar to that seen with juvenile Asian sea bass that accepted a diet
containing 11% fishmeal [8]. The present study suggests that complete
replacement of fishmeal by other sources in the diet of Asian sea bass
is possible. Integration of an alternative protein source with an attrac-
tant, e.g. betaine, might be an interesting approach. A study shows that
this attractant can increase feed intake and improve growth of rainbow
trout fed a plant-based diet [35].

In conclusion, replacing fishmeal by a high level of yeast-fermented
canola meal caused reduction of growth, feed utilization, nutrient dige-
stibility, body crude protein, ash, Ca, Mg, P and their utilization. This
seemed to be related to increasing dietary phytic acid. However, a 50%
replacement level did not affect overall growth. This study also showed
the possibility of reducing dietary fishmeal to below 10%, as fish accep-
ted a diet containing only 8.75% fishmeal.
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