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ABSTRACT 

     This study was carried out to evaluate the effects of locally produced fish 

biosilage as fish meal alternative on feeding, growth efficiency and gut histology in 

common carp C. Carpio fingerlings. Biosilage was prepared by fermenting marine by-

catch fish with date fruit residues, domestic vinegar and citric acid. The produced 

biosilage was incorporated in feeds to replace 0, 25, 50 or 75% of fish meal protein. 

Fish were fed for 14 weeks and feeding and growth parameters were close in the four 

feed groups so as fish survival rate during the experiment (88.9-93.3%). Histological 

examination of intestine and liver sections has showed improvements when fish fed 

on the four different feeds. Initial fish group showed signs of nutritional deficiency 

through limited size of intestinal villi and hepatocytes. However, the histological 

structure of gut was improved after fish were fed on the experimental feeds without 

significant differences between fish meal or fish biosilage feeds. The study concluded 

that fish silage could replace fish meal without adverse effects on feeding, growth 

efficiency and gut histology. 

INTRODUCTION 

    The cost of feed represents an important proportion of fish farming operational 

costs. Protein sources are the major contributors in fish feed cost. Fish meal is the 

preferred dietary protein source for many farmed fish and shrimp species because of 

its amino acid balance, vitamin content,palatability and unidentified growth factors 

(Majumdar et al., 2014). However, fish meal supplies witnessed significant 

fluctuations in supplies and thus in prices during the last decade. This encouraged the 

search for fish meal alternatives from plant and animal sources. Plant materials suffer 
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from low digestibility, high fibre content and antinutritional factors which limit their 

use effectively in aquaculture feeds [3, 12]. Animal protein concentrates like blood 

meal and meat and bone meal were banned due to the outbreaks of BSE disease [5].  

     All the above mentioned reasons make fish biosilage a viable alternative for fish 

meal in aquaculture. Fish biosilage is defined as a liquid product produced from the 

whole fish or parts of it, to which acids or lactic acid-producing bacteria are added, 

with the liquefaction of the mass provoked by the action of enzymes from the fish [2]. 

It is characterized by similar or even better proximate composition in comparison with 

fish meal. The high quality content of fish oil rich in PUFA fatty acids makes fish 

silage an excellent source of essential fatty acids. It could be made easily even at farm 

level from different raw materials like by-catch fish or fish wastes without need for 

advanced technology [10, 11]. 

Histological analysis of the digestive system is considered a good indicator of the 

nutritional status of fish. The intestine and liver are the most important organs in 

digestion and absorption of nutrients from food, and therefore monitoring of these 

organs is considered necessary.For this, various methods of histological analysis are 

used, most often semi-quantitative scoring system, histochemical and 

immunohistochemical method, while stereological methods are rarely used [19, 21]. 

This study was carried out to investigate feeding, growth and general histological 

structures of intestine and liver in common carp fingerlings in response for different 

partial replacements of fish meal by fish biosilage produced from local raw materials. 

MATERIALS AND METHODS 

     Fish biosilage was produced using marine by-catch fish obtained from marine 

shrimp fisheries at Al-Fao city southern Basrah. Ensiling fermentation process was 

carried out by adding date fruit residues (10%) as carbohydrate substrate, domestic 

vinegar (20%) as an acidulant and inoculant and citric acid as starting acidifying 

agent. Ensiling mixture was incubated at 35⁰C for 10 days. Fish meal was produced 

by the standard method from the same fish sample for comparison purposes [3]. 

Fingerlings of the common carp (5.81± 0.29 gm.) were obtained from fish farm at 

Marine Science Center, University of Basrah. Upon arrival to the fish hatchery at the 

Department of Fisheries and Marine Resources fish were distributed in culture system 
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of 12 glass aquariums (60 x 30 x 42 cm) each containing about 57 liters of 

dechlorinated tab water, acclimatized to the laboratory conditions for 3 days and to 

the experimental diets for 2 other days then redistributed on aquariums at 15 fish/ 

aquarium. The experiment included 4 treatments with 3 replicated aquariums for each. 

Feeds A, B, C and D were designed according to [15] criteria to be isonitrogenous 

(35% crude protein) and isocaloric (4400 Kcal/kg) replacing 0, 25, 50 and 75% of fish 

meal protein content by fish biosilage (table 1). Each aquarium was equipped with air 

flow and thermostat controlled heater fixed at 28± 1⁰C. Fish were fed 5% of body 

weight daily twice daily (8 am and 2 pm) sex days a week. About 30% of aquarium 

water was changed daily before morning feeding. Fish were weighed biweekly and 

feed ration was adjusted accordingly. Specific growth rate (SGR) and feed conversion 

efficiency (FCR) were calculated according to [6]. Fish survival was monitored also 

during this experiment which lasted for 14 weeks from 6 October 2013 to 12 January 

2014. Water quality parameters (temperature, oxygen, salinity, pH and nitrate and 

ammonia concentrations) were monitored daily and maintained within the suitable 

ranges for this species [14, 16]. 

Table 1. Feed formulation and proximate composition using fish biosilage as a 
partial replacement for fish meal. 

Feedstuff % 
Feed formulation 

A B C D 

Fishmeal  34 25.5 17 8.5 

Fish silage 0 10.1 20.2 30.3 

Soybean meal 15 15 15 15 

Corn meal 15 15 15 15 

Barley flour 18 18 18 18 

Wheat bran 11 11 11 11.2 

Corn oil 5 3.4 1.8 0 

Premix* 2 2  2 2 

Proximate composition, % 

Moisture 6.50±0.52 6.88±0.64 6.91±0.49 7.15±0.81 

Protein 36.63±1.17 35.41±1.79 35.24±1.58 34.42±0.92 

Lipid 10.90±0.91 11.28±0.85 11.15±1.04 12.09±1.11 

NFE 35.76±2.69 34.84±1.71 35.58±2.15 34.41±2.17 

Ash 11.21±0.83 11.59±1.21 11.12±1.50 11.93±1.43 

Energy, Kcal/kg 4473 ± 33 4402 ± 45 4411 ± 38 4404 ± 39 

P/E Ratio, mg/Kcal  81.90±1.54 80.43±1.71  79.88±1.66 78.15±1.67 

*Vapcomix, VAPCO Veterinary and agricultural product manufacturing Co., Amman, Jordan. 
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  Histological study was carried out on fish before and after feeding on the four 

experimental feeds. Three specimens of liver and mid intestine were fixed in Bouin’s 

fluid for 72 hours. Thereafter, specimens were washed, dehydrated in ascending series 

of ethanol, cleared and imbedded in paraffin overnight. Paraffin blocks were sectioned 

at 7µm by a rotary microtome and stained with hematoxylin-eosin (HE) stain 

[23].Stained sections were observed and images were captured using Leica EZ4 HD 

stereomicroscope provided with LAS EZ 2.0.0 software for Windows® (Leica 

Microsystems, GmbH, Wetzlar, Germany). 

The data were analyzed by one-way analysis of variance (ANOVA, F test) using 

IBM® SPSS® version 19. The differences between means were tested by least 

significant difference LSD test on SPSS with significance level of p ≤ 0.05. All means 

with standard deviations are produced from at least three replicates 

RESULTS AND DISCUSSION 

Table (2)presents feeding and growth performance parameters for common carp 

fingerlings fed the four experimental diets with different replacement ratios of fish 

meal by fish silage (0, 25, 50 and 75% of fish meal protein). Weight gain was ranged 

from 20.42 gm. in feed C group to 22.30 gm. in feed B group with significant 

differences (p < 0.05) between the four feed treatments.  

 

Table 2. Feeding and growth performance of common carp C. Carpio fingerlings 
feed different experimental feeds. 

Parameter 
Experimental feed 

A B  C  D 

Initial wt., gm.  5.98± 0.286 5.96± 0.309 5.46± 0.311 6.11± 0.374 

Final wt., gm. 27.71± 1.47 28.26± 1.80 25.88± 1.88 27.12± 2.03 

Weight gain, gm. 21.73± 1.12a 22.30± 1.07b 20.42± 1.30c 21.01± 1.65d 

SGR 1.825± 0.105a 1.853± 0.151b 1.852± 0.148bc 1.774± 0.217d 

FCR 2.40± 0.088a 2.42± 0.067a 2.49± 0.087a 2.51± 0.089b 

Survival rate, % 93.3± 2.11a 91.1± 3.17b 93.3± 2.11a 88.9± 4.33c 

SGR, specific growth rate; FCR, feed conversion ratio. Values in the same raw which carry different 
superscript letters are significantly (p ≤ 0.05) different.  
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Values of SGR ranged between 1.774 and 1.853 in feed D and B groups, respectively. 

Significant differences (p < 0.05) were found between the various treatments except B 

and C (p > 0.05). Feed conversion ratio FCR showed values between 2.40 in feed A 

and 2.51 in feed D groups which was the only treatment that differed significantly (p 

< 0.05) from others. Fish survival rate was differed significantly (p < 0.05) from 

88.9% in feed D to 93.3% in both feed A and C groups. 

Al-Faraje [1] reported SGR values of 0.788-1.098 and FCR 4.5-7.8 with total 

replacement of animal protein by lactic acid fermented fish silage (Khishni Liza abu) 

in feeds for common carp fingerlings. These values are lower than those reported in 

the current study. The potential reasons for these differences are lower protein (13.99- 

28.86), lipid (3.86-6.92) and thus caloric (3800-3900 Kcal/kg) contents in his feeds in 

comparison with the current study. Several previous studies indicated that 

replacement ratio of fish meal by fish silage in fish feed should not exceed 50% of 

dietary protein to obtain better growth [4, 7]. Ramasubburayan [17] reported SGR 

values of 1.06-1.49 for common carp fingerlings fed diets with different fish silage 

contents (0-3%). They concluded that addition of fish silage had improved fingerling 

growth and that fish silage prepared from the processing wastes could be utilized as 

feed stuff  with a potential of minimizing fishmeal and reducing possible 

environmental pollution. These values are lower than those reported by the current 

study. This may be ascribed to the lower inclusion levels of fish silage (maximum 3% 

in comparison with 10-30% in the current study) and fish silage type (formic acid 

silage vs. biosilage in the present study). 

Dapkevicius [4] and Fagbenro [7] indicated that fish silage may become more 

advantageous for fish feeding if it replace between 25-50% of dietary protein. The 

same authors pointed out that biological fish silage has better digestibility of protein, 

higher quality of fish oil and the activity probiotic LAB bacteria with its metabolites 

that improve digestion, immunity and general health of fish. This rapprochement may 

be explained by using fish as a main component in fish meal replacing materials i.e. 

biosilage and ribotricin, in both studies. The results of feeding and growth efficiency 

in the current study are in line with several previous studies which indicated that fish 

biosilage is a suitable alternative for fish meal in fish feeds without negative impacts 

on feeding and growth efficiency if it added with the proper ratio [4, 7, 22]. 

Figures (1A and B) show intestine section in initial fish and feed A group. It can be 

observed that villi were shorter (average height 42 vs. 137 µm, respectively) and 
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narrower (average width 37 vs. 49 µm, respectively) in initial fish in comparison with 

feed A group. This means lower absorptive area in initial fish intestine. All four feed 

groups (A, B, C and D) showed similar developed villi structures in comparison with 

initial fish as shown in figure 2 for feed D group. Differences between initial fish and 

feed groups may be attributed initially to the age of fish but more likely to the 

nutritional status. Fingerlings in hatchery stocking ponds did not often receive enough 

nutrition for economic reasons. However, significant improvements were occurred in 

intestine villi histology when fish fed on different experimental diets. Fish silage 

addition did not affect adversely on intestine villi histology which is agree with 

several previous studies [6, 7,20]. 

     Histological examination of hepatic tissue of initial and feed A fish groups (figures 

3A and 3B) showed significant differences in hepatocyte diameter (5.91-9.39 µm, 

respectively) and hepatocyte nucleus diameter (2.33-3.11 µm, respectively). No 

adverse alterations were observed in hepatic tissue of fish feed different silage feeds 

(B, C and D). Liver histology in initial fish group, although normal in general, reflect 

poor growth and the smaller hepatocytes may indicate low reserves of glycogen and 

fat as it improved significantly when fish were fed the different diets.  

Liver histopathological examination is one of the powerful tools that could be used 

effectively to monitor fish health in general [19]. As liver is the main gland associated 

with the digestive system in fish, liver histological changes can reveal any adverse 

effects of feed components especially the novel or innovated ingredients [18]. Many 

previous studies showed that replacing fish meal with fish silage did not lead to any 

adverse effects on liver histology in several cultured fish species [6, 8, 13]. This 

agrees with the results of the current study where replacing up to 75% of fish meal 

protein with fish biosilage in common carp fingerling feeds did not result in any 

adverse alterations or abnormalities in fish liver structure (Figure 4). The nutritional 

adequacy of fish biosilage, as indicated by the histological examination of fish 

intestine and liver in the current study, may be ascribed partially to its content of fish 

oil rich in polyunsaturated fatty acids that reported to enhance general metabolism, 

tissue structural integrity, nutritional and health status of fish [9, 24, 25]. 

     In conclusion, locally prepared fish biosilageis a good candidate as  a partial fish 

meal alternative in common carp feeds based on feeding and growth efficiency 

parameters as well as histological study of intestine and liver in fish. 
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Figure 1. Cross section in fish intestine showing normal structures and size 
variation in fold size.(A). initial fish group. (B) Feed A fish group. M, mucosa; 
Bm, basement membrane; G, goblet cell; Sm, submucosa; Ms, muscularis; S, 
serosa (HE, 400X). 
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Figure 2. Cross section showing normal structures in intestine of fish in feed D 
fish group (75% fish biosilage). M, mucosa; Bm, basement membrane; Sm, 
submucosa; Ms, muscularis; S, serosa (HE, 400X). 

 

 

Figure 3A. Fish liver histology showing normal structures and hepatocyte size 
variation in initial fish group. C, Capsule; Hc, hepatocyte; Hp, hepatopancreas; 
Mc, macrophage centre; Ss, sinusoid; V, vein. (HE, 400X). 
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Figure 3B. Fish liver histology showing normal structures and hepatocyte size 
variation in feed A fish group. C, Capsule; Hc, hepatocyte; Hp, hepatopancreas; 
Mc, macrophage centre; Ss, sinusoid; V, vein. (HE, 400X). 

 

 

Figure 4. Fish liver histology showing normal structure of hepatocytes in Feed D 
fish group (75% fish biosilage). Hc, hepatocyte; Hp, hepatopancreas; Mm, 
melanomacrophage; Ss, sinusoid; (HE, 400X). 
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التغذیة والنمو والتركیب على  مسحوق السمكل خدام السیلاج السمكي الحیوي كبدیلتأثیر است

 .ϮCyprinus carpio Lصبعیات الكارب العاديفي أ جي للقناة الھضمیةالنس

  *ساجد سعد النور                     صلاح مھدي نجم       باسم محمد جاسم 

  لزراعة، جامعة البصرة، البصرة، العراققسم الأسماك والثروة البحریة، كلیة ا

 

  خلاصةال

كفاءة التغذیة لسیلاج السمكي المنتج محلیا على ات استبدال مسحوق السمك باتقییم تأثیرل أجریت الدراسة الحالیة  

حضر السیلاج الحیوي بتخمیر  . C. carpioفي إصبعیات الكارب العادي والنمو والتركیب النسیجي للأمعاء 

أضیف السیلاج الحیوي المنتج إلى .ید الثانوي البحري مع ثفل التمر والخل المنزلي وحامض الستریكأسماك الص

وكانت أسبوعا 14غذیت الأسماك لمدة . من بروتین مسحوق السمك% 75أو  50أو  25أو  0الأعلاف لاستبدال 

 -88.9(اء الأسماك أثناء التجربة في مجموعات العلف الاربعة وكذلك معدل بقمقاییس التغذیة والنمو متقاربة جدا 

أظھر الفحص النسیجي لمقاطع الأمعاء والكبد تحسنا حین غذیت الأسماك على الأعلاف الأربعة ). % 93.3

أظھرت مجموعة أسماك البدایة علامات نقص التغذیة من خلال الحجم المحدود للطیات المعویة . المختلفة

ب النسیجي للقناة الھضمیة بعد أن غذیت الأسماك على الأعلاف والخلایا الكبدیة، ومع ذلك، تحسن التركی

استنتجت الدراسة . التجریبیة بدون اختلافات معنویة بین علف مسحوق السمك وأعلاف السیلاج السمكي الحیوي

ءة التغذیة الحالیة أن السیلاج السمكي الحیوي یمكن أن یكون بدیلا لمسحوق السمك دون تأثیرات سلبیة على كفا

  .جي للقناة الھضمیةالنمو والتركیب النسو
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