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ABSTRACT

The apparent digestibility coefficients of dry matter, crude protein, crude
lipid, ash, and gross energy in five test ingredients — fishmeal, meat and bone
meal, soybean meal, cornmeal, and brewers yeast (Saccharomyces cerevisiae)
— were determined for black carp, Mylopharyngodon piceus (78.3£2.5g), at the
Aquaculture Laboratory, Vietnam National University of Agriculture, Vietnam.
A reference diet and test diets (a 70:30 mixture of the reference diet to test
ingredient) were used with 1% chromic oxide (Cr,0;3) as an external indicator.
Experimental fish were stocked in 500-L composite tanks at a density of 10 fish
per tank. Faeces were collected by faecal collection column. The results indicated
that the apparent digestibility coefficients of all test ingredient nutrients, except
ash, differed statistically (P < 0.05). The apparent digestibility coefficients were
78.4-90.2% for dry matter, 71.2-92.6% for crude protein, 66.0-87.0% for crude
lipid, 52.6-61.9% for ash, and 54.1-80.9% for gross energy. Findings from this
study will help formulate cost-effective feed for black carp.

Keywords: Black carp, Mylopharyngodon piceus, Apparent digestibility coeffi-
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INTRODUCTION

Black carp, Mylopharyngodon piceus, is an economically important fresh-
water-cultured fish for food product markets in China and northern Vietnam, due
to its high meat yield, delicate flavor, and high nutritional value (Leng and Wang,
2003; Nico et al., 2005). In China, black carp is the one of the four most famous
pond-cultured fish species, with annual farming production of more than 380,000
tonnes (Hu et al., 2014). In Vietnam, black carp has been widely farmed in the
northern provinces, including Hai Duong, Ninh Binh, Hung Yen, Vinh Phuc, and
Bac Ninh. For black carp, the average net profit was VND 54.2 million ha/year
(USD 2,555) in poly-culture systems and VND 68.0 million ha/year (USD 3,205)
in monoculture systems in 2008 (Phuong et al., 2009), and up to VND 464.0
million ha/year (USD 21,871) for intensive farming in 2009 (Van et al., 2010).
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In aquaculture systems, the black carp diet is primarily homemade or com-
mercial pelleted feeds (Phuong et al., 2009; Van et al., 2010). Black carp, as a
carnivorous species, requires a high percentage of protein in its diet, ranging from
35-40% (Leng and Wang, 2003; Van and Thu, 2013; Hu et al., 2014). The diets
for most farmed carnivorous fish are still largely based on fishmeal, the major
dietary protein source, commonly accounting for 20-60% of aquafeeds (FAO,
2012; Glencross et al., 2007; Watanabe, 2002). Recently, the cost of aquafeed has
tended to increase with the rising price of fishmeal. FAO (2012) reported that the
cost of aquafeed increased by 73% worldwide from 2005 to 2008. As black carp
aquaculture is projected to continue expanding in northern Vietnam, the demand
for commercial feed will increase accordingly. This will be a major challenge for
thousands of local small-scale farmers, as the feed is a major component of total
production costs and many fish farmers still rely heavily on fishmeal (Tacon and
Metian, 2008). Moreover, using fishmeal is not a sustainable long-term feeding
strategy, because of its many associated market risks in terms of fluctuating
availability, price, and quality (Naylor et al., 2009). Options for alternative feed
ingredients are needed to reduce costs and the reliance on fishmeal (Glencross et
al., 2007; Lim et al., 2008; Hardy, 2010; Burr et al., 2012).

Little is currently known about nutrient and energy digestibility of alterna-
tive feed ingredients for black carp. Therefore, the objective of this study was to
evaluate the apparent digestibility coefficients of dry matter, protein, lipid, ash,
and gross energy for fishmeal, meat and bone meal, soybean meal, cornmeal, and
brewers yeast. The data obtained will be useful for formulating least-cost feeds
for black carp.

MATERIALS AND METHODS

Fish and experimental conditions

The black carp used in this study were purchased from Research Institute
for Aquaculture No.1, Bac Ninh Province, Vietnam, and acclimatized in a single
composite tank (2m> water) for one month at the Laboratory of Aquaculture,
Vietnam National University of Agriculture, Hanoi, Vietnham. During this period,
fish were fed with commercial feed, Aquaexel 7434 (Cargill, Vietnam), twice
daily (0900 and 1600 h) to apparent satiation.

The experiment was conducted according to a completely randomized
design and triple replicated. Each diet was fed into three S00L-composite tanks,
each containing 10 fish with an initial mean weight of 78.3342.45 g. The water
was constantly replaced in the tank by continuous flow at a rate of 250 ml/min
to provide oxygen and remove excess nitrogenous wastes.

Diet preparation

The reference diet (Table 1) was formulated to satisfy the protein and lipid
requirements of black carp (Leng and Wang, 2003; Van and Thu, 2013; Hu et al.,
2014). Five test diets were produced containing a mixing ratio of reference diet
(70%) and test feed ingredient (30%). Chromic oxide (Cr,03, 1%) was used as
the inert digestion indicator (Austreng, 1978).
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The tested ingredients consisted of corn meal was originated from Northern
mountainous region of Vietnam where its crop is abundantly produced throughout
the year; brewers yeast (BM), Saccharomyces cerevisiae, was purchased from
AB Mauri (Beijing) Food Sales and Marketing Co. Ltd; fishmeal, meat and bone
meal, and soybean meal were obtained locally from commercial source.

Feeding and fecal collection

During the trial, black carp were fed by hand to visual satiety once a day
(0900h). Fecal samples were collected by fecal collection column system, referred
to as the design of Sang-Min Lee (Lee, 2002).

About two hours after feeding, the rearing tank and collection column were
brushed out to remove uneaten feed and fecal residues. Fecal samples were col-
lected for 30 days in the morning (0830h) into 250 mL plastic bottles and frozen
at -20°C until further analyses.

Table 1. Composition of the reference diet and proximate analysis of experimental
diets for black carp (Mylopharyngodon piceus).

Ingredients % in reference diet
Fish meal 47.80
Hipro70* 5.00
Wheat gluten 5.00
Cassava powder 16.61
Rice bran 12.00
Fish oil 10.00
Vitamin &Mineral mix? 2.00
Antifungal 0.07
Antioxidant® 0.02
Adhesive 0.50
Chromium oxide 1.00
I (Cr,03)
Test diets
Proximate analysis (%) Reference diet

MBM SM CM BY
Dry matter 89.70 91.12 90.18 88.95 92.12 90.15
Crude protein 35.12 31.15 30.78 30.13 29.45 32.06
Crude lipid 10.70 7.86 7.74 8.15 8.23 7.04

Note: FM, fishmeal; MBM, meat and bone meal; SM, soybean meal; CM, corn meal; BY, brewers
yeast. “Purchased from RT Chemtronics GmbH, Germany. ®Product name: Customix 5199, Purchased
from Bayer Vietnam. ‘Antioxidant (mg/g): butylated hydroxytoluene, 12.5.

Analytical methods

Diets and fecal samples were analyzed for proximate composition (AOAC,
1995) and chromic oxide (Czarnocki et al., 1961; Fenton and Fenton, 1979). The
apparent digestibility coefficients for dry matter, crude protein, lipid, and ash in
the reference and test diets were calculated as described by Cho et al. (1982):

Where:
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ADCs diet (%)=100-100 x %M diet X %Nutr%ent fe?ces
%M feces  %Nutrient diet

%M = marker concentration (% in dry matter) and %N = nutrient content (% in
dry matter).

The apparent digestibility coefficient of each test ingredient was calculated
as described by Bureau and Hua (2006):

+{ (ADC:s test diet — ADCs reference diet) x 0.7xD re'ferencg diet
0.3xD ingredient

Where:
D reference diet = % nutrient of reference diet and D ingredient = % nutrient of
test ingredient.

Statistical analyses

All digestibility data were statistically analyzed by one-way analysis of
variance (ANOVA), using Tukey’s post-hoc ANOVA test for individual compar-
isons (P<0.05 level of significance). A significance level of 5% was used for all
comparisons.

RESULTS

The chemical composition of experimental diets and test ingredients used
in this study are shown in Tables 1 and 2.

Table 2. Chemical composition (% dry matter) and gross energy (Kcal’kg dry
matter) content of test ingredients.

Test ingredients

™M MBM SM CcM BY
Dry matter 91.00 91.70 92.00 89.58 93.03
Crude protein 60.10 49.10 41.70 9.45 46.10
Crude lipid 8.73 9.27 15.90 4.29 3.98
Ash 25.70 32.60 3.20 1.91 7.29
Gross energy 4,360 3,850 4,080 4,235 3,569

Note: FM, fishmeal; MBM, meat and bone meal; SM, soybean meal; CM, corn meal; BY, brewers
yeast.

The apparent digestibility coefficients of dry matter, crude protein, crude
lipid, ash, and gross energy are presented in Table 3.

The apparent digestibility coefficients of dry matter, crude protein, crude
lipid, and gross energy differed significantly (P<0.05) for fishmeal, meat and bone
meal, soybean meal, and brewers yeast; ash did not differ significantly (P>0.05)
(Table 3).

Apparent digestibility coefficients of dry matter in the test ingredients
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ranged from 78.4-90.2% (Table 3). Dry matter—apparent digestibility coefficients
were significantly higher with fishmeal (90.2%) than meat and bone meal (78.4%)
(P<0.05), while values for soybean meal (83.0%), cornmeal (88.3%), and brewers
yeast (82.4%) were similar.

Apparent digestibility coefficients of crude protein and crude lipid were rel-
atively high for all the test ingredients, ranging from 71.2-92.6% and 66.0-87.0%,
respectively. The crude protein—apparent digestibility coefficients, from highest
to lowest, were fishmeal (92.6%), brewers yeast (86.8%), soybean meal (85.8%),
meat and bone meal (79.1%), and cornmeal (71.2%). Fishmeal, soybean meal,
and brewers yeast did not differ significantly (P>0.05), but they were significantly
higher (P<0.05) than cornmeal.

Table 3. Apparent digestibility coefficients (%) of dry matter, crude protein, crude
lipid, ash, and gross energy in test ingredients for black carp (Mylo-

pharyngodon piceus).
Dry matter Crude protein  Crude lipid Ash Gross energy
Fishmeal 90.15+3.70° 92.62+4.95° 86.95+5.64%  52.61£7.15°  80.90+4.41°
Meat bone meal 78.4247.64° 79.07+8.25%  75.20+14.59% 56.98+7.77*  60.00+5.66"
Soybean meal 82.95+5.41% 85.8243.91®°  84.36+4.98"  57.12+4.40° 72.77+6.19%
Cornmeal 88.34+4.91% 71.1743.88¢ 65.96+4.38"  61.85+3.03%  54.13+1.45¢
Brewers yeast 82.38+3.99% 86.82+4.15%®  75.03£4.01%°  54.45+3.15%  70.27+4.54%

Note: Data represent mean + SD (Standard deviation). Values in the same column with different superscript
alphabets are significantly different (P<0.05).

Crude lipid—apparent digestibility coefficients of fishmeal (87.0%) and
soybean meal (84.4%) were significantly higher (P<0.05) than cornmeal (66.0%),
while meat and bone meal (75.2%) and brewers yeast (75.0%) did not differ
significantly (P>0.05) from other ingredients in this study.

Ash—apparent digestibility coefficients, ranging from 52.6-61.9%, did not
differ significantly (P>0.05) among the test ingredients.

The apparent digestibility coefficient of energy for fishmeal (80.9%) was
significantly higher than meat and bone meal (60.0%) and cornmeal (54.1%),
while there was no significant difference (P>0.05) between soybean meal and
brewers yeast.

DISCUSSION

Dry matter digestibility

In black carp, the dry matter—apparent digestibility coefficients ranged from
78.4-90.2% (Table 3). The high value for fishmeal (90.2%) was similar to those
reported in Atlantic cod, Gadus morhua (Tibbetts et al., 2006); rainbow trout,
Oncorhynchus mykiss (Gaylord et al., 2008); and hybrid juvenile tilapia (Zhou
and Yue, 2012). Prior studies have reported dry matter—apparent digestibility
coefficients of meat and bone meal and soybean meal ranging from 61.9-91.7%
and 68.0-90.1%, respectively (Zhou and Yue, 2012; Da et al., 2013; Li et al., 2013;
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Yu et al., 2013); our results fell within these ranges. Meat and bone meal (78.4%)
had the lowest dry matter—apparent digestibility coefficient in our study; this
may be attributed to the high ash content (32.6%) of this feedstuff. Our findings
also agreed well with that of Bureau et al. (1999), Wu et al. (2006), and Masa-
gounder et al. (2009). Moreover, the variation in dry matter—apparent digestibility
coefficients might be explained by the fiber content present in plant ingredients.
Prior studies have shown a negative correlation between dietary fiber content and
apparent digestibility coefficients of dry matter (Falge et al., 1978; Hilton et al.,
1983; Spannhof and Plantikow, 1983; Silva et al., 1990; NRC, 1993; Sullivan
and Reigh, 1995; McGoogan and Reigh, 1996). These findings corroborated our
observations on dry matter—apparent digestibility coefficients of cornmeal (88.3%)
and soybean meal (83.0%). Our cornmeal results were similar to the 89.0% reg-
istered for grass carp by Thu (2012) and slightly higher than earlier publications
(67.8%, Law, 1986; 81.9%, Mohanta et al., 2006; 82.2%, Guimaraes et al., 2008;
82.0%, Da et al., 2013). Brewers yeast (S. cerevisiae), a natural product from the
bakery industry, has been widely in aquafeeds (Oliva-Teles and Goncalves, 2001;
Lara-Flores et al., 2003; Abdel-Tawwab et al., 2010; Ozoério et al., 2010). Dry
matter in brewers yeast was well digested by black carp, as reported in redclaw
crayfish, Cherax quadricarinatus (Pavasovic et al., 2007).

Protein digestibility

The apparent digestibility coefficient values for crude protein are the frac-
tional sums of the apparent digestibility coefficient values for amino acids and
other nitrogenous compounds in feed ingredients (NRC, 2011). Fishmeal protein in
our study was well digested by black carp; this finding agrees with those reported
for some cultured fish species (Willson and Poe, 1985; Sugiura et al., 1998; Lee,
2002; Zhou et al., 2004; Tibbetts et al., 2006; Li et al., 2007; Luo et al., 2009;
Yu et al., 2013). Soybean meal, a plant protein-rich source, had a relatively high
crude protein—apparent digestibility coefficient of 85.8% in this study, indicating
that soybean meal can be used efficiently as partial protein sources in black carp
diet. The data on crude protein—apparent digestibility coefficients of soybean meal
in this study were similar to those in carp (86.8%, Kim, 1974); channel catfish
(85.0%, Brown et al., 1985); Nile tilapia, Oreochromis niloticus (87.4%, Kopriicii
and Ozdemir, 2005); and snakehead, Ophiocephalus argus (83.4%, Yu et al.,
2013); and slightly higher than the 80.0% observed for salmonids (Smith et al.,
1980). Crude protein—apparent digestibility coefficients of meat and bone meal in
black carp (79.1%) was consistent with those reported in rainbow trout (Cho and
Cowey, 1991), hybrid striped bass (Sullivan and Reigh, 1995), and snakehead,
O.argus (Yu et al., 2013); and was slightly lower than the 83.0-89.0% found in
rainbow trout, O.mykiss (Bureau et al., 1999).

The lowest crude protein—apparent digestibility coefficients among test in-
gredients were observed for cornmeal at 71.2%. This result is comparable with that
observed for Nile tilapia by Hanley (1987), Guimaraes et al. (2008); and higher
than the 66.0% reported for striped catfish, Pangasianodon hypophthalmus (Da et
al., 2013), 64.5% for grass carp (Lin et al., 2001), and 51.9% for tropical catfish,
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Mystus nemurus (Khan, 1994). The results of the digestibility trial demonstrated
that brewers yeast had a crude protein—apparent digestibility coefficient of 86.8%.
Some authors reported low crude protein—apparent digestibility coefficients of
brewers yeast, ranging from 57-70% (Cheng et al., 2004; Lin et al., 2004; Zerai
et al., 2008). On the other hand, Oliva-Teles and Goncalves (2001) and Pavasovic
et al. (2007) reported protein—apparent digestibility coefficients of 88.3% and
93.1%, respectively for brewers yeast. This variability might be explained by the
different sources and processing methods of brewers yeast used in each of these
experiments (Zerai et al., 2008).

In general, crude protein—apparent digestibility coefficients of soybean
meal, meat and bone meal, and brewers yeast in this study were relatively high.
This indicated that these ingredients might be used efficiently as a partial protein
source for black carp.

Lipid digestibility

Lipids are almost completely digestible by fish and seem to be favored
over carbohydrates as an energy source (Cho et al., 1985). In the current study,
the crude lipid—apparent digestibility coefficients ranged from 66.0% to 87.0%
for five tested ingredients, which was similar to the earlier study confirming that
the crude lipid—apparent digestibility coefficients of common carp range between
53.0-90.0% (Kirchgessner et al., 1986). The low lipid digestibility in black carp
for meat and bone meal and cornmeal could be partly explained by the per-oxi-
dation of lipid during high temperature processing and subsequent storage (Yu et
al., 2013), and the high saturated fatty acid content of the lipids of animal protein
ingredients (meat and bone meal) (Cho and Kaushik, 1990; Ai et al., 2006; Martins
et al., 2009).

Ash digestibility

The apparent digestibility coefficients of ash registered here (52.6-61.9%)
were higher than those reported for Nile tilapia, O. niloticus (Kdpriicii and Oz-
demir, 2005), but lower than those registered for rainbow trout, O.mykiss (Cheng
and Hardy, 2002); mud crab, Scylla serrata (Catacutan et al., 2003); and dourado,
Salminus brasiliensis (Boghesi et al., 2009). The lower apparent digestibility
coefficients of ash in black carp than mud crab could be explained by the high
level of ash in the mud crab exoskeleton and crustaceans consume their exuvia
after ecdysis (Catacutan et al., 2003). Of tested ingredients, although the total
ash concentration was higher in fishmeal and meat and bone meal, soybean meal
and cornmeal had higher ash—apparent digestibility coefficients. This indicated
that the lower the dietary concentration of ash, the better its digestibility, which
had been previously confirmed for common carp (Kim et al., 1998), mud crab
S.serrata (Catacutan et al., 2003), and Nile tilapia (K6priicii and Ozdemir, 2005).

Energy digestibility
In this digestibility trial, black carp digested the energy in all of the feed
ingredients tested. However, the apparent digestibility coefficients of energy in
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soybean meal and cornmeal were lower than those in fishmeal. This might be
because of the higher carbohydrate (Brunson et al., 1997; Lupatsch et al., 1997,
Irvin and Williams, 2007) and fiber content (McGoogan and Reigh, 1996) in
these plant ingredients. Our study demonstrated that meat and bone meal was
poorly digested by black carp, perhaps due to the presence of low digestible ash
and nitrogen-free extract, as was also observed for rainbow trout (Bureau et al.,
1999), bluegill, Lepomis macrochirus, and largemouth bass, Micropterus salmoide
(Masagounder et al., 2009).

In conclusion, this study has demonstrated that in black carp, the highest
protein— and energy—apparent digestibility coefficients were observed in fishmeal
and soybean meal. Of the ingredients tested, meat and bone meal had the lowest
crude lipid—apparent digestibility coefficients, while a relatively high nutrient and
energy digestibility was obtained in brewers yeast. Cornmeal appeared to be well
digested by black carp in dry matter and ash. Additional research is needed to
evaluate the effects of replacing fishmeal by individual ingredients or by various
mixtures of soybean meal, meat and bone meal, brewers yeast, and cornmeal.
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