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The present study investigated the effect of body weight on body composition, digestive and absorptive
capacity, transaminase activities in hepatopancreas and muscle, and plasma ammonia concentration of
Jian carp (Cyprinus carpio var. Jian). A total of 750 Jian carps (18.0 + 0.2 g) were randomly distributed into
five groups with three replicates and fed the same diet for 56 days. Tissue and plasma samples were
collected on days 14, 28, 42, and 56. The results were used to develop a mathematical model for specific
growth rate, body moisture and fat content, aspartate transaminase activity and alanine aminotrans-
ferase activity in hepatopancreas and muscle, plasma ammonia concentration, and trypsin, chymo-
trypsin, lipase, and amylase activities in hepatopancreas and intestine, activities of creatine kinase, Na*/
K*-ATPase, alkaline phosphatase, and y-glutamyl transpeptidase in intestine in Jian carp. There were
linear relationships between natural logarithms of above indexes and body weight. The body moisture
and fat content, digestive and absorptive enzymes activities, and transaminase activities showed nega-
tive allometry against body weight of Jian carp which were partial reasons to explain fish growth rate
decreasing.
© 2015, Chinese Association of Animal Science and Veterinary Medicine. Production and hosting
by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

2016). One reason is associated with a higher body dry matter
and lipid contents as fish growing, which leads to a decrease in feed

Fish growth is an outcome of feeding, digestion, assimilation,
and metabolism of food material. The previous studies indicate that
the digestive, absorptive, and metabolic capabilities of nutrients are
related to fish size (Beamish, 1972; Fernandez et al., 1998; Luo et al.,
2013; Usmani and Jafri, 2002). As size increasing, fish growth rate
and feed efficiency gradually decrease (Jobling, 1983a; Liu et al,,
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protein and energy deposition rate (Azevedo et al., 2004). However,
there are few records of the systematic study of body composition-
size-growth relationships for fish. The study in muscle of Polyodon
spathula shows that when moisture content decreases, fat content
increases with size increasing, and protein content increases with
size increasing up to a certain weight and remains constant
thereafter (Chen et al., 2008). Nutrient deposition is the net result
of nutrients anabolic and catabolic metabolism. Piscine amino acid
metabolism is a vital metabolic process (Ballantyne, 2001). The
alanine aminotransferase (ALT) and aspartate transaminase (AST)
are two most important amino acid metabolizing enzymes, which
activities reflect the intensity of fish amino acids metabolism
(Ballantyne, 2001). The liver is the main organ for amino acid
catabolism which results in the production of 50 to 99% ammonia
(Ballantyne, 2001). The ammonia is the main end product of ni-
trogen metabolism in teleost fish (Wilkie, 2002). Up to data, there is
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scarce information concerning the relationship between liver ALT
and AST activities and plasma ammonia concentration (PAC) and
fish size. Such information is required to be explored.

Another reason is associated with the change of digestive and
absorptive capabilities as fish grew. Digestive and absorptive en-
zymes play a key role in digestion and absorption of nutrients,
which activities directly reflect digestive and absorptive capacity
and affects fish growth rate (Zhao et al., 2015). The previous study
shows that with increasing carp Cyprinus carpio size from 25 to
100 g, hepatopancreas proteases activity gradually increases;
foregut protease activity firstly increases, and then decreases;
midgut protease activity rapidly decreases; and hindgut protease
activity rapidly increases (Bai et al., 1999). Intestinal alkaline
phosphatase (AKP), Na*, K™-ATPase, y-glutamyl transferase (y-GT),
and creatine kinase (CK) are important brush border enzymes
relating to nutrients absorption in fish (Zhao et al., 2015). The AKP
activity in intestine during sea bream Sparus aurata L. endogenous
nutrient is quite weak, and increased slowly in half a month after
feeding (Sarasquete et al., 1993). The similar results are observed in
the larvae and juvenile stages of turbot Scophthalmus maximus
(Chen et al., 2005) and Cynoglossus semilaevis (Chang et al., 2005).
However, to our knowledge, there is still little report concerning
the relationship between fish size and digestive and absorptive
enzymes activities.

The current study was to examine the growth rate, body
composition, activities of digestive enzyme, intestinal brush border
enzyme, and ALT and AST, and PAC vary with the size of Jian carp C.
carpio var. Jian, which is one of the main cultured new freshwater
species in China. The present results provided some helpful
comprehension of nutritional physiology and culture practice in
fish.

2. Materials and methods
2.1. Experimental deign and fish feeding

A total of 750 Jian carp (with an average initial weight of
18.0 + 0.2 g, means + SD) were randomly distributed into fifteen
100-L glass aquaria, each of 50 fish. Feeding management and all
experimental protocols were performed according to our previous
study (Jiang et al., 2013). The fish were acclimatized to the exper-
imental conditions for one month prior to the start of the study. A
closed system with continuous aeration and daily replacement of
water in the aquarium was used. The dissolved oxygen was higher
than 5 mg/L. The water temperature was 25 + 1°C. Other water
quality characteristics were monitored and maintained at accept-
able levels. A 12:12 h light—dark photoperiod was maintained. The
fish were fed the same diet (Table A1), containing 32% crude protein
and 5.47% crude fat, four times daily (0700, 1100, 1500, and 1900)
for 56 days. Thirty minutes after the feeding, uneaten feed were
removed by siphoning.

2.2. Sampling and analysis

The samples were collected on days 14, 28, 42, and 56, respec-
tively. Each sampling was carried out after 12 h of the last feeding.
Five fish were selected from each tank to determinate body
composition (Horwitz, 2000). Blood samples of five fish from each
tank were drawn from the caudal vein using heparinized syringes
for PAC determination (Wang et al., 2015). Then another five fish
from each tank were anesthetized in 50 mg/L benzocaine bath
(Deng et al., 2016) and sampled for determination of protein con-
tent, and trypsin, chymotrypsin, lipase and amylase activities in
hepatopancreas and intestine, CK, Na*, K*-ATPase, AKP, and y-GT
activities in intestine, glutamic oxalacetic transaminase (GOT) and

glutamic-pyruvic transaminase (GPT) activities in hepatopancreas
and muscle (Feng et al., 2013; Tang et al., 2013).

2.3. Calculations and statistics

Intestine and hepatopancreas protein contents (IPC and HPC),
specific growth rate (SGR), and geometric mean weight (GMW)
were calculated as follows:

IPC = [intestinal protein (g)/wet intestine weight (g)] x 100,

HPC = [hepatopancreas protein (g)/wet hepatopancreas weight
(g)] x 100,

SGR = 100 x [(InW5—InW7)/(t2—t1)],

GMW = (W;xW5)"2 (Arnason et al.,, 2009).

The relationships between natural logarithm of SGR (Y) and
GMW (X), and natural logarithm of digestive enzymes and trans-
aminase activities, and PAC (Y) and Wt (X) were described with the
following equations: Y= A + B X, where Wt is the weight of the fish
measured at time t.

3. Results

The present result showed that there was a linear relationship
between In SGR (Y) and In GMW (X): Y = 2.625—0.412X in Jian carp
(Fig. 1). The body moisture decreased with increasing body weight,
whereas, body fat content significantly increased with increasing
body weight (P < 0.05); the protein and ash contents significantly
increased with increasing body weight up to 31.4 g and kept a
platform thereafter (Table A2). The intestinal and hepatopancreas
protein contents significantly increased with increasing body
weight (Table A2). The activities of trypsin, chymotrypsin, lipase,
and amylase in hepatopancreas and intestine significantly
increased with increasing body weight (Table A2). The activities of
CK in intestine and AKP, y-GT, and Na'/K*-ATPase in all intestinal
segments significantly increased with increasing body weight
(Table A3). The PAC, and GOT and GPT activities in hepatopancreas
and muscle also significantly increased with increasing body

In SGR
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Fig. 1. Linear regression between In SGR and InGMW. SGR = specific growth rate;
GMW = geometric mean weight.
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weight (Table A2). The parameters from the natural logarithm of
body moisture and fat contents, digestive enzymes and trans-
aminase activities, and PAC (Y) vs. Wt (X) regressions (Y = A + BX)
are present in Table 1 and Fig. 2.

4. Discussions

The fish growth is affected by environmental and endogenous
factors. The endogenous factors like body weight are known to
modify the fish growth rate (Jobling, 1983b). The growth rate of fish
usually is determined using SGR in the nutritive study (Brown,
1957). The previous experiments have shown that the relation-
ship between growth rate and fish weight can be described by the
equation: InSGR = A + B InW, where W is fish weight in grams
(Jobling, 1983a). The intercept (A) represents the In SGR of a fish of
unit weight (Jobling, 1983b). The values of A could be used to
investigate the influence of changes in environmental variables,
such as temperature and oxygen concentration, and species on
growth rates (Jobling, 1983b). The present result firstly showed that
the intercept value is 2.625 for Jian carp under the present condi-
tion. It is similar to the intercept value (2.367) of turbot S. maximus
at 22°C (Arnason et al., 2009). These suggest that the In SGR of two
fish species of unit weight are close. The slope value (B) of the
regression line relating In SGR to In W was —0.412 for Jian carp in
the present, which is similar to that of other fish species (Jobling,
1983b). The slope of approximately —0.4 could be generally appli-
cable in all species of fish (Jobling, 1983b). These slope value results
indicated that the relative growth of weight is classified as showing
negative allometry based on unit weight.

Fish growth is a consequence of proximate composition (such as
moisture, lipid, protein, and ash) deposition. The previous study
indicates relative water and lipid contents of individual whole fish
are in relation to SGR (Holdway and Beamish, 1984). The present
study firstly showed that relative water content varied inversely

Table 1

Parameters from the natural logarithm of digestive enzymes and transaminase ac-
tivities, and plasma ammonia concentration (Y) vs. Wt (X) regressions (Y = A + BX) in
Fig. 2.

Parameters A B R? P-value

=1

4474 —-0.039 0.735 0.040
—3.805 2.668 0.712 0.046
0.863 0.276 0.834 0.019
1.338 0.194 0.973 0.018
0319 0.145 0.932 0.005
0.654 0.870 0.831 0.020
—2.606 1.208 0.993 0.000
—0.869 0.522 0.926 0.006
4.598 0473 0.984 0.001
3.995 0.466 0.888 0.011
6.034 0.306 0.806 0.025
6.014 0307 0.765 0.033
2.341 0.358 0.884 0.011
2.650 0.622 0.855 0.016
3.556 0.290 0.785 0.029
2.364 0.546 0.831 0.020
—1.501 0.985 0.917 0.007
-1.021 0.822 1.000 0.000
—1.064 0.497 0.968 0.002
1.279 0417 0.949 0.003
1.340 0.509 0.986 0.000
3.186 0.119 0.979 0.001

Body moisture content

Body fat content

IPC

HPC

Hepatopancreas trypsin
Intestine trypsin
Hepatopancreas chymotrypsin
Intestine chymotrypsin
Hepatopancreas lipase
Intestine lipase
Hepatopancreas amylase
Intestine amylase

Intestine creatine kinase
Proximal intestine Na*, K*-ATPase
Mid intestine Na*, K"-ATPase
Distal intestine Na*, K*-ATPase
Proximal intestine AKP

Mid intestine AKP

Distal intestine AKP

Proximal intestine y-GT

Mid intestine y-GT

Distal intestine y-GT

LuUuuUuuuuuuuuouuu oo g g oo

Hepatopancreas AST 6.956 0.324 0.896 0.009
Hepatopancreas ALT 6.389 0321 0916 0.007
Muscle AST 5.134 0.704 0.756 0.035
Muscle ALT 5.256 0.538 0.706 0.047
Plasma ammonia content 5 6.371 0.308 0.938 0.004
IPC = intestine protein content; HPC = hepatopancreas protein content;

AKP = alkaline phosphatase; y-GT = y-glutamyl-transpeptidase; AST = aspartate
aminotransferase; ALT = alanine aminotransferase.

(slope = —0.039), but relative lipid content varied positively
(slope = 2.668) with increasing weight in Jian carp. That the rate of
fat content increasing is far greater than the rate of water reducing
resulted in reduced. A similar trend was found in the Atlantic cod
Gadus morhua L. (Holdway and Beamish, 1984). Nutrient deposition
is the net result of nutrients anabolic and catabolic metabolism.
Amino acids, except to playing as the building blocks of proteins,
are important energy sources and provide 14 to 85% of the energy
requirements of teleost fish (Ballantyne, 2001). Aspartate trans-
aminase and GPT activities can be valuable indicators of the
metabolic utilization of amino acids in fish (Jiirss and Bastrop,
1995). The end product of nitrogen metabolism mainly is
ammonia, which directly excrete into water by gill (Ballantyne,
2001). The present study revealed that AST activities in hepato-
pancreas and muscle and PAC increased with increasing body
weight in the same way (slope = 0.324, 0.321, and 0.308, respec-
tively). These data indicated that the AST in hepatopancreas and
muscle maybe play an important role in the amino acid catabolism
and ammonia production in Jian carp.

Fish growth is based on protein and fat deposition, which is
closely related to the digestion and absorption of nutrients (Zhao
et al,, 2012). The digestive capacity of fish is governed by the ac-
tivities of digestive enzymes and brush border enzymes in the in-
testine (Wu et al.,, 2011). In the current study, activities of trypsin,
chymotrypsin, lipase, and amylase in intestine showed negative
allometry against body mass. These results suggested digestive
abilities of protein, fat, and starch gradually decreased with
increasing unit weight in Jian carp. To our knowledge, exocrine
pancreas is the main site for trypsin, chymotrypsin, lipase, and
amylase synthesis and secretion in fish (Zambonino and Cahu,
2001). Therefore, the activities of lipase and amylase in hepato-
pancreas and intestine shared almost the same slopes (B = 0.474
and 0.466, and 0.306 and 0.307, respectively) in the present study.
However, the slope of trypsin activity in intestine was six times
higher than that in hepatopancreas. At the same time, the slope of
trypsin activity in hepatopancreas was two times higher than that
in intestine. The reasons may be related to the activation of tryp-
sinogen and chymotrypsinogen in the intestine, but the exactly
reasons need to be explored. The negative allometry increase of the
digestive enzyme activities may be attributed to the development
of hepatopancreas, which is reflected by the HPC (Zhang et al.,
2013). In this study, the InHPC showed negative allometry against
body weight, which was similar to the previous result in the
hepatopancreas mass of common carp C. carpio (Oikawa and
[tazawa, 1984).

The nutrient absorption in fish intestine is related to brush
border enzyme activities, such as CK, Na*/K*-ATPase, AKP, and y-GT,
which activities may reflect the fish intestinal absorption capacity
(Chen et al., 2012). The activities of CK, Nat/K™-ATPase, AKP, and y-
GT in intestine and IPC showed negative allometry against body
weight in the present study. The CK, Na*/K™-ATPase, AKP, and y-GT
are synthesized and secreted by cells of the intestine. The IPC can be
sensitive to indicate the growth and development of intestine (Feng
et al., 2013). The similar result has been reported in the intestine
mass of common carp C. carpio (Oikawa and [tazawa, 1984).

5. Conclusions

The present study indicated digestive and absorptive functions
of young Jian carp showed negative allometry against body weight.
The activities of transaminase in hepatopancreas and muscle, PAC
showed negative allometry against body weight, which indicated
negative allometry of amino acid metabolism capacity. In conclu-
sion, the body composition, digestive and absorptive enzymes ac-
tivities, transaminase activities and PAC showed negative allometry
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Fig. 2. Linear regressions between the natural logarithm of body moisture and fat contents, digestive enzymes and transaminase activities, and plasma ammonia concentration vs.
weight (Wt). H = hepatopancreas; [ = intestine; HPC = hepatopancreas protein content; Pl = proximal intestine; NKA = Na*, K*-ATPase; MI = mid intestine; DI = distal intestine;
CK = creatine kinase; y-GT = y-glutamyl-transpeptidase; IPC = intestine protein content; AKP = alkaline phosphatase; AST = aspartate aminotransferase; ALT = alanine

aminotransferase; PAC = plasma ammonia concentration.

against body weight of Jian carp, which were partial reasons to
explain fish growth rate decreasing.

Acknowledgements

This study was financially supported by the National Depart-
ment Public Benefit Research Foundation (Agriculture) of China
(2010003020). The authors would like to thank the personnel of
these teams for their kind assistance.

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.aninu.2015.12.006.

References

Arnason T, Bj Rnsson BR, Steinarsson A, Oddgeirsson M. Effects of temperature and
body weight on growth rate and feed conversion ratio in turbot (Scophthalmus
maximus). Aquaculture 2009;295:218—25.


http://dx.doi.org/10.1016/j.aninu.2015.12.006
http://dx.doi.org/10.1016/j.aninu.2015.12.006
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref1
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref1
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref1
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref1

J. Jiang et al. / Animal Nutrition 1 (2015) 373—377 377

Azevedo PA, Leeson S, Cho CY, Bureau DP. Growth, nitrogen and energy utilization
of juveniles from four salmonid species: diet, species and size effects. Aqua-
culture 2004;234:393—-414.

Bai D, Qiao X, Liu G, Zhang ], You L, Zhang Y. Study on proteinase activity of
hepatopancreas and intestine in different growth stage of carp. Reserv Fish
1999;19:4—6.

Ballantyne JS. Amino acid metabolism. In: Wright P, Anderson P, editors. Fish
physiology. New York: Academic Press; 2001. p. 77—107.

Beamish FWH. Ration size and digestion in largemouth bass, Micropterus salmoides
Lacépede. Can ] Zool 1972;50:153—64.

Brown ME. Chapter Ix — experimental studies on growth. In: Brown ME, editor. The
physiology of fishes. Academic Press; 1957. p. 361—400.

Chang Q, Zhang XM, Chen SQ, Liang MQ, Liu ST. Variations in digestive enzymes
activities in tongue fish Cynoglossus semilaevis larvae and juveniles. Adv Mar Sci
2005;23:472—6.

Chen G, Feng L, Kuang S, Liu Y, Jiang J, Hu K, et al. Effect of dietary arginine on
growth, intestinal enzyme activities and gene expression in muscle, hepato-
pancreas and intestine of juvenile Jian carp (Cyprinus carpio var. Jian). Br ] Nutr
2012;108:195—-207.

Chen ], Liang YQ, Huang DM, Hu X], Yang HY, Yu FH, et al. Studies on the body
composition of different growth development of Polyodon spathula. ] Hydroecol
2008;1:65-8.

Chen MY, Zhang XM, Lian JH. Development of some digestive enzymes and alkaline
phosphatase activities in turbot Scophthalmus maximus larvae and juveniles.
Periodical of Ocean University of China 2005;35:483—6.

Deng Y, Jiang W, Liu Y, Qu B, Jiang J, Kuang S, et al. Dietary leucine improves flesh
quality and alters mRNA expressions of Nrf2-mediated antioxidant enzymes in
the muscle of grass carp (Ctenopharyngodon idella). Aquaculture 2016;452:
380-7.

Feng L, Peng Y, Wu P, Hu K, Jiang WD, Liu Y, et al. Threonine affects intestinal
function, protein synthesis and gene expression of TOR in Jian carp (Cyprinus
carpio var. Jian). Plos One 2013;8:e69974.

Fernandez F, Miquel AG, Guinea ], Mart Nez R. Digestion and digestibility in gilthead
sea bream (Sparus aurata): the effect of diet composition and ration size.
Aquaculture 1998;166:67—84.

Holdway DA, Beamish FWH. Specific growth rate and proximate body composition
of Atlantic cod (Gadus morhua L.). ] Exp Mar Biol Ecol 1984;81:147—70.

Horwitz W. Official methods of analysis of AOAC international. Maryland: Associ-
ation of Official Agricultural Chemists International; 2000.

Jiang ], Feng L, Liu Y, Jiang W, Hu K, Li S, et al. Mechanistic target of rapamycin in
common carp: cDNA cloning, characterization, and tissue expression. Gene
2013;512:566—72.

Jobling M. Influence of body weight and temperature on growth rates of Arctic
charr, Salvelinus alpinus (L.). ] Fish Biol 1983a;22:471—5.

Jobling M. Growth studies with fish—overcoming the problems of size variation.
] Fish Biol 1983b;22:153—7.

Jirss K, Bastrop R. Amino acid metabolism in fish (Chapter 7). In: W.H.A.T. P, editor.
Biochemistry and molecular biology of fishes. Elsevier; 1995. p. 159—89.

Liu H, Zhu X, Yang Y, Han D, Jin ], Xie S. Effect of substitution of dietary fishmeal by
soya bean meal on different sizes of gibel carp (Carassius auratus gibelio):
nutrient digestibility, growth performance, body composition and morphom-
etry. Aquacult Nutr 2016;22:142—57.

Luo Y, Wang W, Zhang Y, Huang Q. Effect of body size on organ-specific mito-
chondrial respiration rate of the largemouth bronze gudgeon. Fish Physiol
Biochem 2013;39:513—-21.

Oikawa S, Itazawa Y. Relative growth of organs and parts of the carp, Cyprinus
carpio, with special reference to the metabolism-size relationship. Copeia
1984;3:800—-3.

Sarasquete MC, Polo A, De Canales MLG. A histochemical and immunohistochemical
study of digestive enzymes and hormones during the larval development of the
sea bream, Sparus aurata L. Histochem ] 1993;25:430—7.

Tang L, Feng L, Sun C, Chen G, Jiang W, Hu K, et al. Effect of tryptophan on growth,
intestinal enzyme activities and TOR gene expression in juvenile Jian carp
(Cyprinus carpio var. Jian): studies in vivo and in vitro. Aquaculture
2013;412—-413:23-33.

Usmani N, Jafri AK. Effect of fish size and temperature on the utilization of different
protein sources in two catfish species. Aquac Res 2002;33:959—67.

Wang B, Liu Y, Feng L, Jiang W, Kuang S, Jiang ], et al. Effects of dietary arginine
supplementation on growth performance, flesh quality, muscle antioxidant
capacity and antioxidant-related signalling molecule expression in young grass
carp (Ctenopharyngodon idella). Food Chem 2015;167:91-9.

Wilkie MP. Ammonia excretion and urea handling by fish gills: present under-
standing and future research challenges. ] Exp Zool 2002;293:284—301.

Wu P, Feng L, Kuang S, Liu Y, Jiang J, Hu K, et al. Effect of dietary choline on growth,
intestinal enzyme activities and relative expressions of target of rapamycin and
elF4E-binding protein2 gene in muscle, hepatopancreas and intestine of juve-
nile Jian carp (Cyprinus carpio var. Jian). Aquaculture 2011;317:107—-16.

Zambonino IJ, Cahu CL. Ontogeny of the gastrointestinal tract of marine fish larvae.
Comp Biochem Physiol C Toxicol Pharmacol 2001;130:477—87.

Zhang JX, Guo LY, Feng L, Jiang WD, Kuang SY, Liu Y, et al. Soybean beta-conglycinin
induces inflammation and oxidation and causes dysfunction of intestinal
digestion and absorption in fish. Plos One 2013;8:e58115.

Zhao ], Liu Y, Jiang J, Wu P, Chen G, Jiang W, et al. Effects of dietary isoleucine on
growth, the digestion and absorption capacity and gene expression in hepa-
topancreas and intestine of juvenile Jian carp (Cyprinus carpio var. Jian).
Aquaculture 2012;368—369:117—28.

Zhao Y, Hu Y, Zhou XQ, Zeng XY, Feng L, Liu Y, et al. Effects of dietary glutamate
supplementation on growth performance, digestive enzyme activities and
antioxidant capacity in intestine of grass carp (Ctenopharyngodon idella).
Aquacult Nutr 2015;21:935—41.


http://refhub.elsevier.com/S2405-6545(15)30038-X/sref2
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref2
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref2
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref2
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref3
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref3
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref3
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref3
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref4
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref4
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref4
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref5
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref5
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref5
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref5
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref5
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref6
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref6
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref6
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref6
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref7
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref7
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref7
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref7
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref8
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref8
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref8
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref8
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref8
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref9
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref9
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref9
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref9
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref10
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref10
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref10
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref10
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref11
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref11
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref11
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref11
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref11
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref12
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref12
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref12
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref13
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref13
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref13
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref13
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref13
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref14
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref14
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref14
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref15
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref15
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref16
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref16
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref16
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref16
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref17
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref17
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref17
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref18
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref18
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref18
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref18
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref19
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref19
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref19
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref20
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref20
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref20
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref20
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref20
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref21
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref21
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref21
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref21
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref22
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref22
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref22
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref22
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref23
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref23
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref23
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref23
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref24
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref24
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref24
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref24
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref24
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref24
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref25
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref25
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref25
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref26
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref26
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref26
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref26
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref26
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref27
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref27
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref27
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref28
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref28
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref28
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref28
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref28
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref29
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref29
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref29
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref30
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref30
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref30
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref31
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref31
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref31
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref31
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref31
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref31
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref32
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref32
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref32
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref32
http://refhub.elsevier.com/S2405-6545(15)30038-X/sref32

	Growth rate, body composition, digestive enzymes and transaminase activities, and plasma ammonia concentration of different ...
	1. Introduction
	2. Materials and methods
	2.1. Experimental deign and fish feeding
	2.2. Sampling and analysis
	2.3. Calculations and statistics

	3. Results
	4. Discussions
	5. Conclusions
	Acknowledgements
	Appendix A. Supplementary data
	References


