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Abstract 

This study was conducted to evaluate the replacement of fishmeal (FM) with processed poultry offal meal (P-POM) on 

growth performance and diet digestibility in snakehead, Channa striata juveniles. Fish (mean initial weight (13.23±0.06) 

were reared in 15 black 500l-fiberglass tanks and fed with five isonitrogenous (40% crude protein) and isocaloric 

(18.90kJ/g gross energy) diets, respectively, in triplicates. The control diet (D1) was formulated to contain 40% FM 

protein and the remaining diets replaced FM protein with P-POM in increasing order, 25% (D2), 50% (D3), 75% (D4) and 

100% (D5). Fish were fed the assigned diet twice daily until apparent satiation for 12 weeks. Fish fed D4 (75% 

replacement) resulted in significantly higher growth performance and feed utilization. The HSI values increased 

significantly from 50% to 100% replacement levels while VSI value was significantly highest at 75% replacement level. 

Lipase activities were significantly highest for the 25% up to 75% replacement levels but only 75% replacement level 

resulted in significantly highest protease activity. The apparent dry matter digestibility increased significantly with 

increasing levels of P-POM up to 75% replacement levels while no significant differences was observed in the apparent 

protein digestibility between treatments accept the fish fed 100% replacement level. Both apparent dry matter and 

protein digestibilities were significantly lower at 100% replacement levels. The results from this feeding trial indicate 

that the P-POM protein can replace up to 75% FM protein diets for snakehead fingerlings without affecting the survival, 

growth performance and feed utilization. 
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Introduction 

     Channa striata, or snakehead, is carnivorous 
freshwater fish which inhabits all types of freshwater 
water bodies from small ditches to rice fields, rivers, 
ponds and lakes across tropical and subtropical Asian 
countries [1,2]. It belongs to the Channidae family and 
known as a common freshwater species that is a popular 
food source among South East Asia [3,4] due to its firm, 
white and boneless tasty flesh and easy to culture making 
it suitable for aquaculture [3]. Over the last decade, the 
total global aquaculture production for C. Striata has been 
increasing and by 2014 the total production of this 
species reached 17 thousand tonnes [5]. Its fast growth 
rate, air-breathing ability, hardiness, high tolerance to 
adverse environmental conditions and benefits as a 
therapeutic agent have led to the rising aquaculture of 
this species to meet the demands of the pharmaceutical 
and food fish industries [6,3].  
 
     However, the culture of carnivorous fish species 
requires additional attention because of the higher 
demand for animal protein especially fish meal. Fish meal 
is the main protein source used globally especially for 
carnivorous fish species but its high cost, fluctuation in 
supply and shortage of quantity [7], has necessitated the 
search for alternative protein sources as a replacement to 
fish meal. In addition, due to longer culture periods of this 
species, 7 to 9 months to reach marketable size, the 
capital investment for the intensive culture is also high. 
Therefore, there is an urgent need to identify other more 
cost effective protein sources to minimize or lessen the 
use of fish meal in its diets.The candidate protein source 
must be cheap preferably a by-product from an animal 
processing industry, good in quality and readily available 
as a substitute for fish meal in the diets. To date success 
on the use of animal protein as a replacement of fish meal 
in diets of warm water fish species have been reported 
with respect to their abundance, low cost, higher protein 
content and superior indispensable amino acid profile [8]. 
Among the many animal proteins screened and tested, 
poultry offal meal is one of the promising alternative 
protein source that can be used to substitute fish meal in 
aqua feed [9,10].  
 
     In 2014, the total global production of poultry meat 
reached 109 thousand metric tonnes and it is expected to 
rise in the near future [11]; this growth is accompanied by 
the waste by product from the processing of poultry 
industry which has detrimental effects to the 
environment. Improper disposal of poultry by product 

and carcasses contribute to the water quality problem 
especially to the area surrounding the processing plants 
and also in areas prone to flooding or where there is a 
shallow water bodies [12]. Poultry offals released to the 
environment are vectors for insects, pests, bacteria and 
viruses, which may result in water contamination and air 
pollution if they are not properly managed [13]. Thus, 
processing poultry offals into aquaculture feed is a good 
way to reduce the environmental problems caused by the 
poultry processing industry. The nutrient content of 
poultry offal meal can vary depending on the source, 
quality and processing technique [14]. High quality 
poultry offal meal has similar nutrient profile, amino acid 
and fatty acid profile and high palatability properties to 
fish meal and they are widely used in aquaculture 
industry [15,16]. Therefore, the main objective of the 
present study was to evaluate the replacement of fish 
meal with a lab processed poultry offal meal to evaluate 
the feasibility of P- POM as a protein source for 
snakehead, C. Striata juveniles. 
 

Materials and Methods 

Ingredients and Experimental Diets 

     Five experimental diets were formulated to contain 
40% protein and 12% lipid, at four different inclusion 
levels of protein from poultry offal meal: 25% (D2), 50% 
(D3), 75% (D4) and 100% (D5). The control diet (D1) 
contained only FM protein. The proximate composition of 
ingredients and experimental diets [17] was presented in 
Table 1 and the amino acid analysis was performed on a 
high pressure liquid chromatography (HPLC) was 
presented in Table 2. Fish meal and processed poultry 
offal meal (P-POM) were used as protein sources in this 
study. Fresh poultry offal were purchased from the local 
market, cleaned to remove the internal contents and 
visceral fat, cooked, dried and ground. The ground poultry 
offal meal was then defatted using hexane to reduce the 
lipid level prior to diet preparation. The amino acid 
profile of the FM and P-POM is showed in Table 2. Fish oil 
and poultry fat were used to balance the lipid level in the 
diets. The diets were prepared by mixing all the 
ingredients with a mixer (Tyrone model, TR202; L.J Stuart 
& Company, Sydney, Australia) and 0.5% chromium oxide 
was added as an inert marker for digestibility 
determination. The moist dough was passed through a 
meat grinder (Model MH237, Miao Hsien Ltd., Taichung, 
Taiwan) to form a strand like string shaped pellet which 
were then oven dried at 60oC overnight. The pellets were 
stored at -20oC until used for the feeding trial. 
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Ingredients (g/100g) 
Experimental Diets 

D1 D2 D3 D4 D5 

Fish Meal1 60.22 37.64 30.11 22.58 0 

Defatted Poultry Offal Meal2 0 22.24 29.66 37.07 59.31 

Corn Starch 26.9 24.6 23.9 23.1 20.8 

Fish Oil 0.28 2.43 3.14 3.86 6 

Poultry Fat3 6 3.95 3.26 2.58 0.53 

Carboxymethyl cellulose 2 2 2 2 2 

Cellulose 6.44 8.32 8.88 9.54 11.43 

Vitamin Mix4 2 2 2 2 2 

Mineral Mix5 2 2 2 2 2 

Cr2O3
6 0.5 0.5 0.5 0.5 0.5 

Proximate composition (%dry matter basis) 

Crude protein 40.91 40.79 40.67 40.59 40.71 

Crude lipid 11.72 11.5 11.39 11.52 11.03 

Ash 6.55 4.88 4.32 3.77 2.1 
Fibre 6.55 7.32 7.88 8.24 8.43 

Moisture 5.94 4.31 4.31 4.3 4.65 
NFE7 28.33 31.2 31.43 31.58 33.08 

GE(MJkg-1)8 18.4 18.6 18.3 18.2 18.2 

Table 1: Proximate composition of experimental diets. 
1Danish Fishmeal (g kg-1 DM), CP: 740, CL: 102 
2Defatted Poultry Offal Meal (g kg-1 DM), Al Ikhwan Processing Sdn. Bhd. Penang, Malaysia 
3Poultry fat, Al Ikhwan Processing Sdn. Bhd. Penang, Malaysia 
4Vitamin premix (Rovimix 6288; F.Hoffman La-Roche Ltd, Basel, Switzerland), containing (per kg,dry weight): Vitamin A, 
50 million I.U.; Vitamin D3, 10 million I.U.; Vitamin E, 130 g; Vitamin B1, 10 g; Vitamin B2, 25 g; Vitamin B6, 16 g; Vitamin 
B12, 100 mg; biotin,500 mg; panthothenic acid, 56 g; folic acid, 8 g; niacin, 200 g; anti-cake20 g; antioxidant, 200 mg; 
Vitamin K3, 10 g; and Vitamin c, 35 g 
5Mineral premix g kg-1; calcium phosphate (monobasic), 397.5 g; calcium lactate, 327 g; ferrous sulphate, 25 g; 
magnesium sulphate, 137 g; potassium chloride, 50 g; sodium chloride, 60 g; potassium iodide, 150 mg; copper sulphate, 
780 mg; manganese oxide, 800 mg; cobalt carbonate, 100mg; zinc oxide, 1.5 g; and sodium selenite, 200 mg. 
6Chromium oxide as an inert marker for digestibility test 
7Nitrogen free extract: 100 - (protein+ lipid +ash+ fiber) 
8Gross Energy. 
 

Ingredients 

Amino Acids FM P-POM P value 

EAA 
   

Arginine 5.74±0.88 6.84±0.26 0.105 

Histidine 2.28±0.31 2.27±0.08 0.962 

Isoleucine 3.16±0.50 3.61±01.8 0.207 

Leucine 5.75±0.89 6.28±0.32 0.381 

Lysine 4.67±0.63* 3.54±0.29 0.047 
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Methionine 4.11±0.69* 2.56±0.04 0.018 

Phenylalanine 3.22±0.51 4.77±0.07* 0.031 

Threonine 3.37±0.52 4.50±0.15* 0.025 

Valine 5.21±0.80 4.09±0.23 0.081 

NEAA 
   

Alanine 4.64±0.64* 2.90±0.20 0.011 

Aspartic Acid 5.99±0.75* 4.31±0.48 0.032 

Cystine 1.78±0.25 1.52±0.05 0.156 

Glutamic Acid 9.46±1.24* 6.78±0.47 0.025 

Glycine 4.98±0.77 4.32±0.19 0.226 

Proline 3.17±0.46 3.63±0.24 0.198 

Serine 3.12±0.45 3.77±0.18 0.083 

Tyrosine 2.91±0.48 3.87±0.13* 0.028 

Table 2: Amino acid composition (% g sample) of ingredients used for experimental diets. 
Tryptophan is not determine 
All values are mean ± SD, obtained from three replicates. Values in the same row with * are significantly different (P< 
0.05). 
 

Fish Husbandry and Experimental Conditions 

     Snakehead, C. striata [18] fingerlings were obtained 
from Aquatic Research Complex, Universiti Sains 
Malaysia. 15 fish (mean initial body weight 13.23±0.06 g) 
were distributed and reared in 15 black fiber glass tanks 
(500 L) outdoors. All tanks were covered tightly to 
prevent the fish from jumping out from the experimental 
tanks, continuous aeration was provided to each tank and 
50% water was changed every two days manually. Water 
quality parameters (temperature, pH and dissolved 
oxygen) ranged between 26°C to 28oC, 6.10- 6.70 and 
4.51-6.44 mgL-1. Fish were hand fed their respective 
experimental diets twice daily at 9.00 and 17.00 until 
apparent satiation for 12 weeks. Each experimental diet 
was assigned to triplicate groups of fish. 
 

Sampling Procedure 

     Fish were individually weighed at the beginning and 
upon completion of feeding trial. Bulk-weighing was done 
every fortnightly during the feeding trial to monitor the 
feed consumption and growth performance. In the 
beginning of the feeding trial, ten fish were sacrificed to 
determine the muscle proximate composition. At the end 
of the experiment, the fish were randomly chosen for 
determination of body indices, proximate muscle 

composition and digestive enzyme activities. The initial 
and final experimental fish muscle were taken and kept in 
-80°C until analysed. The fish muscle were freeze dried 
(Labconco model Freezone 2.5, Labconco Corporation, 
Kansas City, England) and ground prior to the analysis. 
 

Analytical and Statistical Analysis 

     The effects of the experimental diets on growth were 
determined by the calculation of growth, nutrient 
utilization and body indices. These parameters were 
calculated based on the following formulae: 
Specific Growth Rate (SGR) = 100 x [(lnWt- lnWi)/T] 
Survival = final no fish/ initial no fish x 100 
Feed Conversion Ratio (FCR) = total feed intake/ total 
weight gain 
Protein Efficiency Ratio (PER) = weight gain/total protein 
intake 
Hepatosomatic index (HSI %) = 100 x (liver weight/body 
weight) 
Viscerosomatic Index (VSI %) = 100 x (viscera 
weight/body weight) 
Apparent Digestibility= 100- 100[(% Cr2O3 diet/ % Cr2O3 
faeces) x (% nutrient faeces/ % nutrient diet)] 
Where Wt refers to mean final body weight while Wi is 
the mean initial body weight, T is the feeding trial period 
in days. 
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Digestive Enzyme Activities 

     Six experimental fish were sampled and immediately 
dissected to collect the intestines. The samples were 
cleaned and weighed, then homogenized in ice cold 
distilled water at a of ratio 1 g tissue to 9 ml using a hand-
held glass homogenizer. The homogenates were 
centrifuged at 4°C at 30,000g for 30 minutes. The 
supernatant was collected and stored in -80°C for further 
analysis. The total protein content in the samples were 
analysed according to Bradford method by using bovine 
serum albumin as the standard [19]. The protease activity 
was analysed by using casein-hydrolysis method by 
Walter [20] and L-tyrosine was used as a standard. One 
unit of total proteolytic enzyme activity was defined as 
the quantity of enzyme needed to catalyse the formation 
of 1µg of tyrosine per 1 minute. The amylase activity was 
determined by the starch hydrolysis method proposed by 
Worthington [21] and maltose is used as a standard to 
determine the specific amylase activity of the sample. The 
amylase specific activity was defined as the micromole of 
maltose released per min per mg protein and the lipase 
activity was determined according to Bier with some 
modification [22]. 
 

Diets Digestibility Analysis 

     The digestibility of the experimental diets conducted 
separately by using aquaria in order to avoid disturbance. 
Twenty fish were stocked in the aquaria in triplicate 
groups. The fish were fed similarly with the growth study 
until satiation twice a day. The fish were acclimated to 
experimental diets for at least one month before the 
faecal collection. The tanks were cleaned and uneaten 
feed were removed before the faeces were collected by 
siphoning method 4 hours after feeding. The faeces 
collected were stored in -20°C before analysed. The 
chromic oxide content of the experimental diets and 
faeces collected were analysed to determine the nutrient 
digestibility for each treatments according to method 
proposed by Furukawa & Tsukahara [23]. 

Statistical Analysis 

     The ingredients amino acid data was calculated by 
using Independent Sample T-Test by Levene’s Test for 
Equality of Variances and the rest of the data were 
calculated by one way analysis of variance (ANOVA) and 
Duncan’s Multiple Range Test was used to detect the 
significant differences (P<0.05). The statistical analysis 
was performed using SPSS Statistical Analysis Software 
Program for Windows, Version 22. 
 

Results 

Amino Acid Composition of Ingredients 

     The amino acid composition of fish meal (FM) and 
processed poultry offal meal (P-POM) is presented in 
Table 2. The amino acid profile of P-POM used in this 
study is comparable to the amino acid profile found in fish 
meal. Results of the t-test analysis showed that with the 
exception of lysine and methionine which were higher in 
fish meal, amino acids such as phenylalanine and 
threonine were higher in P-POM compared to fish meal. 
Other essential amino acid is similar between the two 
feed ingredients. 
 

Growth Performance and Feed Utilization 

     The growth data after the twelve-week feeding trial is 
presented in Table 3. Except for the diet containing 100% 
protein from P-POM, replacing FM protein from 25-75% 
improved significantly all growth parameters monitored 
compared to the control diet containing 100% FM 
protein. SGR values for the 25-75% replacement levels 
did not differ significantly and ranged from 1.33±0.02 to 
1.42±0.003. A similar trend was observed for nutrient 
utilization (FCR and PER) while replacing fish meal 
protein with P-POM protein did not affect survival and 
was above 90 percent for all treatments. 
 

Parameters 
Experimental Diets 

D1 D2 D3 D4 D5 

Initial weight (g/fish) 13.26±0.05a 13.25±0.02a 13.21±0.04a 13.21±0.08a 13.22±0.08a 

Final weight (g/fish) 38.00±1.93a 40.98±1.08b 40.27±0.52ab 43.19±0.18c 38.71±2.54ab 

Weight gain 24.74±1.95a 27.74±1.06b 27.06±0.55ab 30.19±0.10c 25.49±1.51ab 

Survival rate (%) 95.56 ± 1.50a 93.33 ± 0.70a 93.33 ± 1.20a 93.33 ± 1.20a 95.56 ± 1.50a 
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Feed intake (g/fish) 32.19±2.28a 34.91±0.63b 34.51±1.24ab 36.96±0.54b 31.43±1.38a 

SGR2 1.25±0.06a 1.34±0.03bc 1.33±0.02ab 1.42±0.003c 1.28±0.05ab 

FCR1 1.33±0.05ab 1.30±0.03ab 1.32±0.05ab 1.26±0.02a 1.39±0.06b 

PER3 1.87±0.07ab 1.92±0.05ab 1.89±0.07ab 1.98±0.03b 1.81±0.08a 

Table 3: Growth performance and feed utilization of snakehead, C. striata juvenile fed with experimental diets for 12 
weeks. 
All values are mean ± SD, obtained from three replicates. Values in the same row with different superscript letters are 
significantly different (P< 0.05) 
1SGR (Specific growth rate) =100 x (ln final mean weight – ln initial mean weight) 
2FCR (Feed conversion ratio) = feed intake/ weight gain 
3PER (Protein efficiency ratio) = weight gain/protein intake 
 

Muscle Proximate Composition 

     The muscle proximate composition and body indices 
are shown in Table 4. Muscle protein was significantly 
highest in the control diet (824.30±0.15) and in fish fed 
the diets containing 25% replacement level 
(825.13±0.12) and significantly lowest when 100% FM 
protein (810.82±0.09) was replaced. There is an 
increasing trend in the crude lipid content of the fish 
muscle as inclusion levels of P-POM increased whereby 

100% replacement resulted in highest muscle lipid 
content (79.41±0.80). The ash content of the fish muscle 
composition decreased with the increasing inclusion of P-
POM. The HSI values significantly increased from 50% 
replacement to 75% replacement as compared to the 0%, 
25% and 100% P-POM replacement. However, the VSI 
values were not affected with increasing inclusion levels 
of P-POM in the diets of snakehead juveniles.  

 

Experimental Diets 

 
D1 D2 D3 D4 D5 

Muscle proximate composition 

Moisture 677.50 ±0.70a 722.51±3.30ab 685.00±3.60a 727.60±5.70ab 751.62±7.90c 

Crude protein 824.30 ±1.50cd 825.13±1.20d 819.60±0.60b 822.83±1.20c 810.82±0.90a 

Crude lipid 59.62±7.40a 60.80±6.40a 67.50±2.90a 68.70±3.50ab 79.41±8.00b 

Crude ash 74.42±4.00b 66.82±9.20ab 58.70±3.30a 56.90±8.30a 55.11±5.70a 

Body indices 

HSI (%)1 1.27±0.06a 1.37±0.15a 1.67±0.12b 1.77±0.06b 1.30±0.10a 

VSI (%)2 4.43±0.15a 4.50±0.10ab 4.67±0.06b 4.73±0.06b 4.50±0.10ab 

Table 4: Muscle proximate composition (gkg-1) and body indices of snakehead, C. striata fed with experimental diets for 
12 weeks. 
All values are mean ± SD, obtained from three replicates. Values in the same row with different superscript letters are 
significantly different (P< 0.05) 
1HSI (Hepatosomatic index) = 100 x (liver weight/body weight) 
2VSI (Viserasomatic index) = 100 x (visceral weight/ body weight) 
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Muscle Amino Acid Composition 

     The essential and non-essential amino acid 
compositions of fish muscle are presented in Figures 1 
and 2. Lysine and cysteine was significantly higher 
(P<0.05) in fish fed 0% inclusion level of P-POM 
compared to the other treatments. The aspartic acid and 
glutamine increased with increasing inclusion level of P-
POM and was significantly highest in fish fed 75% P-POM 

inclusion level. In addition, tyrosine was significantly 
higher in fish fed 25% P-POM inclusion level compared to 
the other treatments. As a comparison to the initial 
muscle, the leucine in the muscle after 12 weeks feeding 
trial increased significantly in all treatments with 
increasing P-POM inclusion levels. However, there was no 
particular trend on the other essential and non-essential 
amino acid of fish muscle fed with the experimental diets. 
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Figure 2: Non-essential amino acid composition of muscle tissue (mgg-¹) of snakehead feddifferent P-POM inclusion 
levels; j) alanine k) aspartic acid l) cysteine m) glutamic acid n) glycine o) proline p) serine q) tyrosine. All values are 
mean ± SD, obtained from three replicates. Values with different superscript letters are significantly different (P< 
0.05). 

 
 

Digestive Enzyme Activities 

     The specific protease, lipase and amylase enzyme 
activity data are presented in Table 5. Significantly 
highest protease activities was observed in fish fed with 
75% diets (2.47±0.32) compared to other treatments. 
Lipase activity was significantly lowest in the control and 

100% replacement diet but almost doubled in the fish fed 
25% to 75% P-POM replacement levels. No significant 
differences (P>0.05) were observed in the amylase 
activities. The highest amylase activity was observed in 
fish fed 75% (1.70±0.22) and the lowest was recorded in 
100% inclusion of P-POM. 
 



International Journal of Oceanography & Aquaculture 

 

Mustapar NN, et al. Total Replacement of Fish Meal With processed Poultry Offal Meal 
(P-POM) Enhances the Growth Performance and Feed Utilization in Snakehead, Channa 
Striata (Bloch, 1793) Juveniles. Int J Oceanogr Aquac 2018, 2(3): 000138. 

                         Copyright© Mustapar NN, et al. 

 

9 

Apparent Digestibility Coefficients 

     Apparent protein digestibility (APD) did not differ 
significantly between all diets except the diets containing 
100% P-POM replacement. However, the apparent dry 
matter increase with the increasing inclusion of P-POM 
and the ADM for the 75% P-POM replacement were 
significantly higher (P<0.05) compared to fish fed the 
other treatments.  
 

Discussion 

     The replacement of fish meal (FM) with poultry offal 
meal (POM) has been investigated for several fish species 
such as European sea bass and gilthead sea bream [24-
26], humpback grouper [27], black sea turbot [28], 
walking catfish [29] and tiger grouper [30] but little 
information is available for snakehead, Channa striata 
juveniles. Generally, the results of this study suggest that 
the prepared or processed poultry offal meal (P-POM) 
could be used to replace FM up to 75% of FM protein with 
no adverse effects on growth performance and even up to 
100% without compromising fish survival. This is in 
contrast with a previous study using commercial POM 
under similar culture conditions [31]. 
 
     All the growth parameters and nutrient utilization 
improved significantly up to 75% P-POM protein 
inclusion levels indicating that snakehead juveniles can 
utilize high level of P-POM in their diets. This observation 
may be due to the quality of the P-POM which contained 
similar protein and amino acid profiles to the FM used in 
this study (Table 2). With the exception of lysine and 
methionine which were lower in P-POM, other essential 
amino acids such as alanine, aspartic acid, glutamic acid 
and tyrosine were higher while phenylalanine and 
threonine were similar to that of FM. Furthermore, 
dietary intake of P-POM did not affect muscle proximate 
composition which was expected due to the similar 
protein and lipid levels. This observation is in agreement 
with previous studies on red sea bream [26], humpback 
grouper [15] and tiger grouper [30].  
 
     In addition, improved palatability and nutrient 
digestibility of P-POM containing diets compared to the 
control diet may have contributed to the observed 
increase in growth performance and feed utilization in 
snakehead. The significant increase in feed intake of fish 
fed with the P-POM up to 75% inclusion levels (Table 3) 
indicates high palatability of the diets containing P-POM. 
Generally, palatability is influenced by the nutrients and 
toxin content of the diet, the nutritional needs of the fish 

and also the fish’s past experience with the feed [32]. The 
fact that the P-POM used had approximately 73% protein 
and an amino acid profile which had high levels of alanine, 
glycine, arginine and proline probably contributed to the 
increased acceptability, palatability and digestibility of 
the P-POM diets by the snakehead juveniles [33,34]. 
Enhanced growth was further supported by the 
significant improvement in apparent dry matter 
digestibility as the P-POM level increased from 25% to 
75%. However, growth was compromised beyond 75% 
because of lower palatability evident by the lower feed 
intake and a slower gut transit rate caused by the reduced 
ash content in the 100% P-POM diet [35]. Body indices 
were generally similar with significant increases in HSI 
when fish were fed 50% to 100% P-POM compared to fish 
fed diet 0% and 25% P-POM. Since no significant 
difference was detected in the muscle lipid (Table 4), it is 
likely that any excess lipid from the feed was be deposited 
in the liver. Similar results were also observed in a study 
done with Korean rockfish that showed increasing HSI 
value with increasing feeding rate and feed intake [36].  
 
     The protease enzyme activities in response to the 
ingestion of the experimental diets further supports the 
growth trends in this study (Tables 5 & 6). Gut protease 
activities of snakehead a juvenile increased with 
increasing inclusion levels of P-POM and was significantly 
highest in fish fed the 75% P-POM diet. The similar lipase 
activities observed were expected as the level and ratio of 
the two different lipids (fish oil and poultry fat) used were 
similar in all the test diets and although there were 
differences in the carbohydrate content of the diets, 
amylase activities were unaffected probably because of 
the low ability of the carnivorous snakehead to utilize and 
digest carbohydrate. 
 

Experimental 
diets 

Protease 
activity (Umg-1 

protein) 

Lipase 
Activity 
(Umg-

1protein) 

Amylase 
Activity 
(Umg-1 
protein) 

D1 1.02±0.05a 5.34±0.26a 1.50±0.32a 

D2 1.41±0.31a 10.41±0.65b 1.54±0.30a 
D3 1.42±0.36a 10.72±0.94b 1.53±0.24a 
D4 2.47±0.32b 11.40±0.35b 1.70±0.22a 
D5 1.03±0.09a 6.24±0.16a 1.47±0.12a 

Table 5: Protease, Lipase and Amylase enzyme activity of 
snakehead juvenile, C. striata fed with different inclusion 
levels of P-POM.  
All values are mean ± SD, obtained from three replicates. 
Values with different superscript letters are significantly 
different (P< 0.05). 
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Experimental diets 
Apparent Digestibility (%) 

APD1 ADM2 

D1 79.82±0.71b 73.74±0.24a 

D2 79.48±0.53b 73.74±0.24a 

D3 79.58±0.65b 74.71±0.62b 

D4 79.70±0.30b 75.43±0.25c 

D5 77.20±0.49a 73.13±0.25a 

Table 6: Apparent digestibility (%) dry matter and 
protein of juvenile snakehead, C. striata fed with inclusion 
level of poultry offal meal after 12 weeks. 
All values are mean ± SD obtained from three replicates 
1Apparent protein digestibility 
2Apparent dry matter 
 
     A comparison of the final and initial muscle essential 
amino acid profile showed that the muscle leucine content 
increased significantly in all treatments compared to the 
initial muscle. Leucine is a branched chain amino acid 
which is essential for fish and it works together with 
other essential amino acids namely valine and isoleucine 
to protect the fish muscle and is also important in the 
wound healing processes [37]. Based on this observation, 
as snakehead is recommended for those recovering from 
surgery, it can be suggested that replacing FM with P-POM 
can lead to an increase in leucine level in the muscle 
contributing further towards the medicinal benefits of 
this fish. Although non-essential amino acids (NEAA) are 
synthesized de novo in the body, some of the NEAA play 
an important roles in gene expression regulation, cell 
signalling, nutrient transport and cell metabolism, anti-
oxidative responses and immune response [38]. However, 
in this study the muscle cysteine content decreased 
significantly with increasing replacement level of P-POM 
in the diets of snakehead. This is might due to the 
suppression of cysteine cause by the intake of P-POM, so 
further study should be conducted to investigate the 
cysteine suppression caused by the intake of this 
particular alternative protein source in snakehead. 
 

Conclusion 

     In conclusion, based on the growth performance and 
muscle quality content, the poultry offal processed 
according to the method described in this study can be 
used as an alternative to fish meal up to 75% inclusion 
level in the diets of snakehead juvenile. 
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