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Aim : A60-day feeding trial was conducted to determine the maximum dietary crude fiber level a tropical
carp, lemon fin barb hybrid, could tolerate in their diet.

Mohd. F.S. Ismail Methodology : Twenty fish (1.50 £ 0.05 g) were randomly stocked per 100 | aquarium tank in 3 replicates
Department of Aquaculture, Faculty and fed twice a day with 5 isonitrogenous (30% protein), isocaloric (17 kJ g), 35% carbohydrate and
of Agriculture, Universiti Putra isolipidic (4%) test diets containing 0, 5,10, 15and 20% crude fiber until apparent satiation.

m::gz:g’ Bl e Results : The survival (100%) was unaffected by the dietary fiber level although weight gain, specific

growth rate, and protein efficiency ratio significantly decreased (p<0.05) as dietary fiber level increased.
The best feed conversion ratio (1.52) was achieved at 5% fiber level, while the protein retention increased
upto 5% fiber level and decreased beyond this level. Whole body lipid significantly decreased (p< 0.05) with
increasing dietary fiber level, whereas the body carbohydrate showed an opposite trend. No significant
difference was found to the intestinal butyric acid, although acetic acid and propionic acid were higher infish
fed 0-10% crude fiber.

Interpretation : Using a second order polynomial regression analysis, the recommended dietary fiber
level for the hybrid was estimated at5.2 % based on specific growth rate, which corresponded to a gross
energy requirement of 17 kJ g”. It was concluded that the hybrid fingerlings could tolerate and utilise up to
10% dietary fiber at a total carbohydrate level of 35%.
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Introduction

Foods containing carbohydrates and dietary fiber make
up a major component of a healthy, balanced dietin humans. High
fiber intakes are associated with improved gastrointestinal
function, lower risk of heart disease, rapid weight loss, reduced
blood pressure, and reduced risk of certain types of cancer and
lower serum cholesterol concentrations (Anderson et al., 1994).
Fiber can be classified into two categories: water soluble fiber
(some fruits, oat products and vegetables among others). Most
plants are excellent source of insoluble fiber (Anderson et al.,
1994).

Generally, the importance of proper fiber ratio of feed and
its nutritional effects, digestion and metabolism, has been
neglected in fish nutrition. Most researchers believe it has
negative effects when incorporated in the diet (Wilson, 1995;
Tripathi and Mishra, 2007), however in appropriate ratio, its
effects can be as important as those of the commerecial prebiotics
currently applied as promoters of the development of beneficial
microorganisms in the digestive system, which help positively on
feed utilisation by the fish (Montagne et al., 2003; Cummings et
al., 2004. Eshaghzadeh et al., 2015). Yarahmadi ef al. (2014)
successfully demonstrated the potential of including fiber sources
in the fish feeds and suggested that its benefits in optimising fish
performance and immune response shall be explored.

The generic name fiber refers to all indigestible plant
matter such as celluloses, lignins and other indigestible complex
carbohydrates (Leary and Lovell, 1975). A problem in the
development of complete artificial diets for aquaculture is_high
protein requirement of many species of fish since this component
contributes a high amount of the feed cost. Stone (2003) outlined
the possibility of substituting expensive ingredients like fishmeal
in the feed with lower cost plant protein sources such as meals of
groundnut, soya bean, sunflower seed, rapeseed and cottonseed
with different fiber levels. An alternative approach.is to serve
protein in the diet with less expensive ingredients such as lipids
and carbohydrates (Anderson et al., 1984), but there is a limit to
the amount of fiber that can be tolerated and this depends largely
on the species of fish. Buhler and Halver (1961) observed a
depressed growth in Chinook salmon reared on diets with
increasing levels of a-cellulose. Leary and Lovell (1975) also
noticed a growth depression among channel catfish fed 8% or
more cellulose. Carnivorous species (e.g. salmonids) develop
high levels of liver glycogen and suffer mortality when fed an
excess of carbohydrate (Beamish et al., 1986). In contrast,
omnivorous and herbivorous species such as catfish and carp
appear more able to use dietary carbohydrate as an energy
source (Kamalametal., 2017).

In an effort to reduce feeding costs, carp farmers in
Malaysia feed their fish with catfish or tilapia commercial diet and
supplement with aquatic plant cuttings or napier grass. In this
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study, lemon fin barb hybrid was used as the test tropical carp and
no specific commercial feed for this hybrid has been developed.
The hybrid was developed in 2004 by crossing female
Barbynomus gonionotus and male Hypsibarbus wetmorei.
Recent research showed that the hybrid can optimally utilise
33.5% starch (Sulaiman et al., 2017). The optimal dietary protein
and requirement of the hybrid are 4% lipid (Ismail et al., 2016) and
30% protein (Suharmili et al., 2015). However, the role of fiber-
starch ratio in the diet of lemon fin barb hybrids has not been
published. The present study was conducted to determine the
effect of dietary starch-fiber ratio on survival, growth and feeding
efficiency of barb hybrid. The whole body proximate composition,
intestinal short chain fatty acids and liver glycogen of these fish
were also measured to better understand the role of dietary fiber-
starch ratio in this fish.

Materials and Methods

Experimental diets : Five isocaloric (17 kJ g”), isonitrogenous
(30% protein), isolipidic (4%) and carbohydrate (35%) diets
containing increasing levels of cellulose fiber (0, 5, 10, 15 and
20%) were formulated and tried (Table 1). Using a single screw
extruder (Brabender KE-19) with a 3 mm @ die and barrel
temperatures were setat 90, 110, and 120 °C, while the die head
temperature was 135 °C when the diets were processsed. The
test diets were broken into 1 mm crumbles and stored airtight in
plastic bags at =20 °C until 60 days feeding trial after the pellets
were oven dried at 50 °C for 12 hr (Mohanta et al., 2009).

Feeding trial : Tropical carp juveniles (F1 hybrid broodstock of H.
wetmorei x B. gonionotus) fingerlings were obtained from Perlok
Aquaculture Extension Centre, Jerantut Pahang, Malaysia. The
fingerlings (1.0+0.05 g) were then acclimatised in a 1000 | tank for
2 weeks and fed 32% crude protein commercial tilapia diet (Star
Feed (M) Sdn. Bhd., Malaysia). Tap water used was de-
chlorinated and vigorously aerated. The experiment was
subjected to indoor natural temperature and photoperiod,
respectively. On 15" day, a total of 300 fish were equally
distributed into fifteen 100 | glass aquaria. The test diets were
randomly assigned to the aquaria in triplicates. The fish were fed
twice daily at 09:00 am and 04:00 pm to apparent satiation. Every
15 days, the fish were bulk weighed to minimise fish stress (Wu et
al.,2016).

Water quality parameters including dissolved oxygen,
water temperature, pH and total ammonia were measured on
each non-sampling days, and approximately 50% of the water
was exchanged according to Kamarudin et al. (2011). Throughout
the experiment, dissolved oxygen 7.5-7.8 mg ", pH 7.1-7.5, water
temperature ranged 28.2-29.6 °C and ammonia-nitrogen of 0.01-
1.14 mg I". After 60 days, the fish in each tank were individually
measured for final body weight gain and length. The specific
growth rate (SGR) was also calculated. The protein efficiency
ratio (PER), feed conversion ratio (FCR), viserosomatic index
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Table 1: Feed composition (% as fed basis) of the experimental diets containing varying levels of fiber
Ingredient Fiber level (% diet)

0 5 10 15 20
Fishmeal ' 59 59 59 59 59
Crude Palm oil * 4 4 4
Vitamin premix ° 1 1 1 1 1
Mineral premix ‘ 1 1 1 1 1
Tapioca starch ° 35 30 25 20 15
a-cellulose ° 0 5 10 15 20
Proximate composition
Moisture 8.5+0.30 8.8 £0.36 8.6 £0.40 8.7+0.26 8.7£0.20
Crude protein 30.29 £0.58 30.21+£0.77 30.23+£0.78 30.14+£0.25 30.96 + 0.46
Crude lipid 422 +0.11 4.31+0.10 424 +0.11 418 £0.08 412+0.09
Crude ash 712+0.16 7.18+£0.37 721+0.08 7.35+0.17 747+0.12
Crude fiber 1.22+0.09 6.11£0.04 10.1740.06 13.8840.02 16.97+0.01
Nitrogen free extract 48.65 43.39 39.55 35.75 31.78
Gross energy (kJ g”) 17.1240.26 17.08 £0.13 17.04+ 0.12 16.99 £ 0.11 17.08 £ 0.14

' Fishmeal (local mixed species) with a dry matter, crude protein, and crude lipid at 93.4, 55.8, and 5.2% as fed basis, respectively; > Vitamin premix (g kg
premix): ascorbic acid, 45; myo-inositol, 5; choline chloride, 75; niacin, 4.5; riboflavin, 1; pyridoxine, 1; thiamin mononitrate, 0.9; Ca pantothenate, 3;
retinyl acetate, 0.6; cholecalciferol, 0.08; vitamin K menadione, 1.7; a-tocopheryl acetate (500 1U g”), 8; biotin, 0.02; folic acid, 0.1; vitamin B,,, 0.001 ; °
Mineral premix (g kg" premix): KCI, 90; KI, 0.04; Ca(H,P0Q,).H20,500; NaCl, 40; CuSO,.5H,0, 3; ZnS0,.7H,0, 4; CoS0O,, 0.02; FeSO,7H,0, 20;
MnS0,.H,0, 3; CaCO,, 215; MgOH, 124; Na,Se0,, 0.03; NaF, 1; * H,0 a-cellulose was purchased from Sigma (C8002); ° nitrogen-free-extract; NFE =

100 - (moisture + protein + lipid + ash + fiber)

(VSI) and hepatosomatic index (HSI) were also evaluated using
the following equation.

Fish weight gain (g)
Total protein intake (g)

Protein efficiency ratio (PER) =

Total feed consumption (g)
Fish weight gain (g)

Feed conversion ratio (FCR) =

(Infinal weight - In initial weight)

Specific growth rate (SGR, % d”) = ] x100

(Final weight - Initial weight)
Initial weight

x 100

Weight gain (WG, %) =

Initial stocking - Dead fish

o =
Survival (%) Initial stocking

Nutrient gain

Nutrient retention = m

Liver weight

Hepatosomatic index (HSI)= Body weight

Weight of the whole digestive tract

Viscerosomatic index (VSI) = Body weight x 100

Body indices : Five fish in each aquarium were euthanized with a
lethal aqueous dose (50 mg I") of MS222 (tricaine
methanesulfonate, Sigma, St. Louis, MO, USA) and weighed.
The viscera that comprised intestine, intraperitoneal fat, liver and
spleen were removed and weighed. The viscera weight was then
divided by the weight of whole body of the hybrid and multiplied by
100 to calculate the VSI. From the same fish, the liver was then
weighed, divided by the hybrid weight and multiplied by 100 to
calculate the HSI according to Romano et al. (2016).

Liver histopathology : From 5 fish in each aquarium, the livers
were fixed in phosphate buffered 10% (v/v) formalin for 24 hrs,
followed by 70% ethanol until processing. Sections (5 um) were
dehydrated, embedded in paraffin, sectioned and stained with
Periodic-acid Schiff (PAS). The staining intensity was quantified
according to Lee et al. (2003).

Intestinal short chain fatty acids : After storing the intestinal
samples at —20°C, 1 ml of 20% metaphosphoric acid was added
to the intestines and homogenized using a homogenizer. it was
then centrifuged at 20,000 rpm for 10 min and the supernatant
was stored at-20°C. Volatile fatty acids (VFA) were determined
using gas-liquid chromatography with Quadrex 007 Series
(Quadrex Corporation, New Haven, CT 06525, USA) bonded
phase fused silica capillary column (15m, 0.32 mmID, 0.25 ymfilm
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Table 2 : Growth performance, feed utilisation and somatic indices of a tropical carp fed varying dietary crude fiber level for 60 days

Mohd. S. Kamarudin et al.

Parameter Fiber level (% diet)

0 5 10 15 20
Survival (%) 100 100 100 100 100
Initial body weight (g) 1.55+0.14° 1.53+0.12° 1.54+0.06" 1.51£0.11° 1.51£0.12°
Final body weight (g) 3.14+0.11° 3.22+0.17° 3.09+0.16° 2.85+0.11% 2.55+0.14°
Body weight gain (g) 1.59+0.06" 1.650.11° 1.55+0.09° 1.3420.04* 1.0420.02°
Body weight gain (%) 102.58+0.21° 107.84+0.14° 100.65+0.15° 88.74+0.08” 68.87+0.17°
Initial total length (cm) 3.8740.12° 3.83+0.05° 3.85+0.04° 3.8240.09° 3.8240.04°
Final total length (cm) 6.30+0.09° 6.3240.182° 6.28+0.02° 6.25+0.10° 6.17+0.01°
SGR (% d") 2.65+0.07° 2.75%0.09° 2.58+0.08° 2.23+0.07* 1.7240.13°
FCR 1.57+0.15° 1.52+0.21° 1.61+0.09° 1.87£0.14° 2.40+0.06°
PER 2.12+0.06° 2.20+0.06° 2.07+0.08 1.78£0.12* 1.390.11°
HSI (%) 1.86+0.14° 1.88+0.19° 1.87+0.06" 1.84+0.22° 1.830.09°
VSI (%) 8.44+0.11° 8.43+0.14° 8.45+0.11° 8.41+0.021° 8.42+0.123°

Values are mean + SE of three replicates. Different superscripted letters in the same row indicate significant differences (p< 0.05).WG: weight gain; SGR:

specific growth rate; FCR: feed conversion ratio; PER: protein efficiency ratio; HSI: hepato somatic index; VSI: visero somatic index

Table 3: Whole body proximate composition (% wet weight basis) of a tropical carp fed varying dietary crude fiber level for 60 days

Component Fiber level (% diet)

Initial 0 5 10 15 20
Moisture 74.49+0.27 71.20£0.13"° 71.33£0.62° 71.25+0.54° 72.08+0.46° 71.82+0.69°
Crude protein 14.514£0.18 15.33+0.20° 15.37+0.80° 15.31+0.33° 15.21+0.15° 15.17+£0.19°
Crude lipid 6.04+ 0.11 9.43+0.310° 9.25+0.20° 9.23+0.30° 8.35+ 0.25° 8.29+ 0.22°
Ash 2.23+0.12 1.34+£ 0.07° 1.33+ 0.09° 1.37£0.07° 1.34+ 0.09° 1.38 £ 0.06°
Crude fiber 0.04 0.11£ 0.06° 0.11£ 0.02° 0.12+ 0.09° 0.12+ 0.05° 0.12+ 0.02°
Nitrogen free extract 2.46 2.59° 2.46° 2.66° 2.9° 3.22°
Gross energy (kJ g”) 6.77+ 0.8 6.88 +£0.6° 6.70 £0.7° 6.23+0.8" 6.17 £0.2° 6.13+0.4°

Mean values with same superscripts in each row are not significantly different (p<0.05). Values are mean of three replicates of each experimental diet +

SD

Table 4 : Protein, lipid, carbohydrate and energy retentionin a tropical carp fed diets containing varying fiber level as a starch replacement (35% diet) for

60days
Retention (%) Fiber level (% diet)

0 5 10 15 20
Protein 34.19 £0.29° 34.72+0.21° 31.52+0.23° 26.97 +£0.14° 20.96 + 0.64°
Lipid 134.99 +0.22° 102.38 £0.13° 9517+ 0.14° 65.73+ 0.17° 56.87 + 0.35°
Carbohydrate 3.80+ 0.23° 3.46+0.14° 4,06+ 0.19° 3.62+0.11° 3.32+£0.26°
Energy 54.88+0.12° 56.16 + 0.15° 52.37+0.13° 4473 £0.19° 39.46 + 0.28°

Mean values with same superscripts in each row are not significantly different (p<0.05). Values are mean of three replicates of each experimental diet +

SD

thickness) in an Agilent 7890 Agas liquid chromatography (Agilent
Technologies, Palo Alto, CA, USA) equipped with a flame
ionization detector (FID). The injector/detector temperature was
programmed at 220/230°C respectively. The column temperature
was set in a range of 70-50°C with temperature programming @
7°C min” increments to facilitate optimal separation. Peaks were
identified by comparison with authentic standards of acetic,

propionic, butyric, isobutyric, valeric, isovaleric and 4-methyl-n-
valeric acids (Sigma, St. Louis, Mo., USA). An internal standard
(4-methyl-n-valeric acids) was used for VFA determination
according to (Kihara and Sakata, 1997).

Proximate composition : The initial whole body proximate
composition of 20 fish were measured from the stock at the
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Fig. 1 : Polynomial relationship between SGR of a tropical carp and
dietary fiber level
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Fig. 2 : Intestinal short-chain fatty acids of a tropical carp fed increasing
level of fiber for 60 days. Different letters within each SCFAgroup indicate
significant differences (p< 0.05) among the dietary treatments

beginning of the experiment. However, at the ‘end of the
experiment, 10 fish that were randomly obtained from each
aquarium were anaesthetized and kept at -20°C until analysis.
The proximate composition of fish samples and experimental
diets were analysed in triplicates according to AOAC standard
methods (1997). Dry matter was assessed by oven drying the
samples at 105°C till a constant weight and lipid were determined
by petroleum ether extraction with Foss Tecator Lipid Analyzer.
Crude protein percentage was estimated by a protein analyser
(Foss 2400 Kjeltec Analyzer Unit) following a 60 min acid
digestion. Total ash content was determined by incinerating the
samples at 600°C for 5hrs while crude fiber was estimated by

817

[ ' | I
=i

Fig. 3 : Periodic-acid Schiff (PAS) staining of liver in a tropical carp from
(@) 5% and (b) 20% dietaryfiber level
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Fig. 4 : Values are mean +SE Periodic-acid Schiff (PAS) staining
intensity in the liver of a tropical carp fed increasing fiber levels after 60
days. Different letters indicate significant differences (p< 0.05)

acid digestion followed by alkaline digestion (Foss Tecator
Fibertec 2010 Hot Extractor). Gross energy content was
determined using a bomb calorimeter (IKA C 200 Oxygen Bomb
calorimeter).

Statistical analyses : All data were subjected to one-way
analysis of variance (ANOVA) after prior confirmation of data
homogeneity using Statistical Analysis System 9.4 for Windows
(SAS Inc., USA). Percentage data were arsine transformed.
Differences among dietary treatments were identified using
Tukey's test and optimal growth curve was evaluated using
second order polynomial regression.
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Results and Discussion

All fish survived the 60-day feeding trial. The dietary fiber
level significantly affected fish growth, FCR and PER (Table 2).
The fish fed 0-10% fiber exhibited significantly higher growth and
PER than those fed 20% fiber (p<0.05). A second order
polynomial regression showed that 5.2% was the optimal
inclusion level of fiber for this hybrid (Fig. 1). FCR was
significantly better among fish fed 0-15% fiber than that of fish fed
20% fiber. HSI and VS| were not affected by the dietary fiber level.

The whole body proximate compositions of lemon fin barb
hybrid at the beginning and end of the experiment are shown in
Table 3. The results showed that the dietary fiber level had no
significant effect on the moisture, crude ash or crude protein
content of the fish. Increasing dietary fiber level decreased body
lipid with fish fed 15-20% dietary Fiber having significantly lower
body lipid than those fed 0-10% dietary fiber. A similar trend in the
body energy was observed. In contrast, body NFE was
significantly higher among fish fed 15-20% fiber. The protein,
energy and lipid retention by hybrid fingerlings were significantly
affected by the dietary fiber level and continually decreased as
dietary fiber inclusion increased (Table 4). The carbohydrate
retention in the fish was low and not affected by the dietary fiber
level.

The most dominant intestinal short chain fatty acid in
lemon barb hybrid was acetic acid, followed by propionic acid,
butyric acid and isobutyric acid (Fig. 2). The highest amount of
intestinal acetic acid was found among fish fed 5% fiber which
was only significantly higher from those fed 15-20% fiber.
Similarly fish fed 0-10% fiber had significantly higher propionic
acid than those fed 15-20% dietary fiber. No significant
differences among treatments were found for intestinal isobutyric
and butyric acid.

Histological examination of liver hepatocytes of the barb
hybrid showed intact cellular structure and staining character of
the hepatocytes in all treatments (Fig. 3). Even though the liver
looked normal, the glycogen content and lipid vacuolization in
hepatocytes of the liver decreased with the increase of dietary
fiber level. Fish fed 5% fiber had more PAS positive material. The
fish fed 0-10% fiber exhibited significantly higher periodic-acid
Schiff (PAS) staining intensity than those fed 15-20% fiber (Fig. 4).

Non-digestible component in feed ingredients such as
crude fiber plays an important role in fish as prebiotic to enhance
intestinal microbiota and improve digestion, absorption and
assimilation in the fish digestive system (Desai et al., 2012;
Ingerslev et al., 2014). The growth of chinook salmon reduces
with increasing dietary level of fiber (Buhler and Halver, 1961)
similar to what was observed in the present study. This study also
demonstrated that the tropical carp hybrid could tolerate up to
15% dietary crude fiber without affecting its growth, feed
efficiency and body composition. The fish growth and feed

Mohd. S. Kamarudin et al.

efficiency were severely reduced when fish were fed a 20% fiber.
However, a dietary fiber level of above 10% seemed to affect the
dietary protein and energy retention. Anderson et al. (1984)
stated that a dietary fiber level of above 10% is not recommended
for the omnivorous tilapia. The growth reduction in carnivore
rainbow trout fed on 10% fiber is associated with a decrease in gut
passage time (GPT) and diet digestibility (Hilton and Atkinson,
1982). A growth depression has also been reported in channel
catfish fed above 8% fiber (Leary and Lovell, 1975). In addition,
fiberlevel of 8% or less in the diets of channel catfish may improve
binding and water stability of pelleted diets and the fish growth
rate.

Even though the hybrid liver looked normal, the glycogen
content and lipid vacuolization in hepatocytes of the liver
decreased with increasing dietary fiber level. No reduction of the
nucleus was observed indicating degeneration of hepatocytes did
not occur. This demonstrated that in general the liver was not
affected by the increasing dietary fiber level which was similar to
that reported in the Malaysian mahseer (Ishak et al., 2016). It is
well known that cellulose is less physiologically active than other
types of fiber such as lignin and pectin in altering the uptake of
dietary minerals (Harmuth and Schelenz, 1980). This may explain
why no damages or stress was observed in the liver of the barb
hybrid throughout the feeding trail (Sulaiman et al., 2017b).

Short-chain fatty acids (SCFAs) are the by-product of
fiber fermentation in the colon, particularly acetate, which
improves the synthesis of cholesterol (Titus and Ahearn, 1988;
Smith et al., 1996; Kihara and Sakata, 1997). Cholesterol is a
precursor of hormones associated with protection against stress
and vitamin D synthesis (Deng et al., 2013). The by-products from
bacterial fermentation of certain starch within the digestive tract of
animals can have some benefits as an energy source and
biological control of pathogenic microbes (Leenhouwers et al.,
2008; Romano et al., 2016).

In the current study, once the dietary fiber level reached
10%, there were significant drop in the production of acetic and
propionic acids. The significantly lower intestinal SCFAs when the
hybrid was fed a diet with the highest amount of fiber indicated
that 0-10% fiber was fermented better by intestinal microbes
which produced large amount of acetic and propionic acids than
15-20% fiber. This observation is in agreement with the findings in
tilapia (Kihara et al., 2002; Cuesta et al., 2007).

The inclusion of a suitable amount of fiber in a diet can
minimise the use of antibiotics in animals, and thus ensures food
safety (Adorian et al., 2016). Fibers such yeast autolysate and
linseed have no anti-nutritional action rather provide a better
performance and deposition of nutrients (Adorian et al., 2015). A
good growth performance was reported when silver catfish was
fed a diet containing fed a diet containing fiber (linseed bran)
suggesting its growth promoting effect (Adorian et al., 2015).
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While some components of the dietary fiber are used as a
substrate by intestinal bacteria, the insoluble fraction is slowly or
partially fermented compared to the soluble fraction which is
rapidly fermented. Any food or dietary ingredient that reaches the
large intestine intact is a potential prebiotic but shall be fermented
by beneficial microorganisms in order to be effectively considered
as prebiotic (Lan et al., 2005).

It can be conclude that a diet containing 5-10% fiber i.e.
30 or 25% starch a total of 35% carbohydrate with gross energy
17 kJ g", 30% protein and 4% lipid was recommended for the
culture of fingerlings tropical lemon fin barb hybrid. Further
research should be done to assess the effects of feeding diets
with 5 and 10% different types of fiber on the intestinal amylase
and cellulose enzyme activity.
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