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Purpose. Qualitative study of fillets of common carp (Cyprinus carpio L.) fed with natural
powder of water fern (Azolla filiculoides) and comparison with previous studies.

Methodology. The proximate composition of the samples of fish fillets was done: protein
content through Kjeldahl method, lipid content was determined according to AOAC (Association of
Official Analytical Chemists) official method. Sensory evaluations were done by panelists. Methods for
determining water holding capacity, cooking losses and biochemical analysis were standard, accepted
in the world scientific community.

Findings. Dissimilarities in the composition of proteins and fats were revealed. There was a
significant difference in water holding capacity, cooking losses and biochemical analysis results.
According to research, the powder of water fern is recommended for use in the feeding of carp, in
order to improve the quality of its fillets.

Originality. In recent years, a significant amount of research has focused on the use of plants or
their extracts in fish nutrition, due to the presence of antioxidants in them. Water fern powder is one
of the cheapest dietary supplements, which can be used in aquaculture to reduced spending on
cultivation, contemporaneously improving fish health. This is due to the fact that these aquatic plants
are widespread in water bodies of most warm countries and contain many important antioxidants
that can positively affect the quality of fish fillets.

Practical value. Based on the data obtained, a method for improving the quality of carp fillets
has been developed. So, using water fern powder in its feeding, it is possible to improve the
biochemical composition, increase taste, reduce losses during cooking, and also adjust the ability to
retain water. Therefore, the proposed diet is also very useful for processing aquaculture products.

Keywords: water fern (Azolla filiculoides), carp (Cyprinus carpio L.), fish feeding, fish fillets
quality.
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Mema. [locnidumu gine kopona (Cyprinus carpio L.), 8 200ieni AK020 3acmocosysasnu MopouloK
3 a3o0nu nanopomenodibHoi (Azolla filiculoides) ma npoaHanizyeamu ompumani pe3yasmamu Ha
OCHOB8I MOpiBHAHHA 3 NonepeoHiIMuU 00CAiIOHEHHAMU.

Memoouka. [ocnidxcysanu cknad cpine, 30kpema eusHa4yaau emicm 6inka 3a Memooom
Kbenvdana ma emicm ninidie, 3a ogiuiliHoro memodukoro AOAC (Acouiayii ximikie-aHanimukis, wo
npayroomes y 0epxasHux ycmaHosax CnoayveHux Limamie Amepuku). CeHCOpHiI OyiHKU 8u3Hayanu
naHesnsHUM memodom. MemoOduKu 8u3Ha4YeHHs 8000yMpPUMYY0oi 30amHOCMIi, 8mMpam npu 8apiHHI
ma bioximidHux aHanizie byau cmaHdapmHumu, npuliHAMuUMU y ceimosili HayKosili cninbHomi.

Pe3ynasmamu. BusieneHo 8iOMiHHOcmI y cknadi 6inkie ma mupis. Cnocmepieanace cymmesa
pi3HUUA w000 8odoympumyro4oi 30amHoCcmi, empam npu 8apiHHi ma pe3ysabmamis bioximiyHuUX
aHanizis. 3a pe3ynbmamamu 00CnidOHeHb NMOPOWoK 3 a30auU nanopomenodibHoi peKomeHO08aHO
suUKopucmosysamu 8 200iesi Kopona, 3 Memoro nidsuweHHa AKocmi tiozo gine.

Haykoea Hoeu3HA. OCMAaHHIMU POKAMU 3HAYHA KinlbKicmb 00cnioxdceHb byna 3o0cepedreHa Ha
BUKOPUCMAHHI  POCAUH YU iX eKCmpakmie y XapuyyeaHHi pub 4yepe3 HAABHICMb Yy HUX
aHmuokcudaHmis. [Topowok 3 a3o0su narnopomenodibHoi ye odHa 3 Halibinew dewesux bionoziyHo-
aKmusHUx 006a80K 00 OCHOBHO20 KOPMY, AKY OO0UinbHO BUKOpUCMOBY8AMU 8 QKBAKYsAbMypi 0414
3MEeHWeHHA 8UMpPam Ha 8UPOWYBAHHSA, 0OHOYACHO MOKPawytoyu 300po8’s pub. Lie noacHoemMbcA
mum, wWo yi B0OHI POCAUHU WUPOKO rowupeHi y 800olimax pi3HUX KpaiH ma micmame 6azamo
8aM/IUBUX AHMUOKCUOAHMIB, AKi 30aMHI M03UMUBHO 8MAUHYMU HA AKICMb ine pubu.

MpakmuyHa 3Ha4yywicms. Ha ocHosi ompumaHux 0aHuUx po3pobaeHo memoouKy nidsuwWeHHs
AKocmi ¢pine Kopona. TaKk, 3acmMocosyroYu MOpPoWoK 3 a307u nanopomenodibHoi e lioeo 2odieni
MOXAUBO Mokpawumu 6ioximiyHuli cknad, nidsuwumu CMaKo8i AKOCMI, 3MeHWuUmMu empam npu
20MYBAHHI, 0 MAKOX Kopeaysamu 30amHicms ympumysamu 800y. Omiie, 015 nepepobku npodyKuii
AKBAKYAbMYPU 3AMPONOHOBAHUU PAYIOH MAKOX 8ebMU KOPUCHUL.

Knrouoei cnoea: asona nanopomenodibHa (Azolla filiculoides), kopon (Cyprinus carpio L.),
200isnsa pub, akicme ¢ine pub.
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Lens. Uccnedosame ¢une Kapna (Cyprinus carpio L.), 8 KOpmaeHUU KOmopoz2o MpuMeHAU
MOPOWOK U3 a30/b6l nanopomHuxkonodobHoli (Azolla filiculoides) u npoaHanusuposame nosy4yeHHsie
pe3ysbmameol Ha OCHOBE CPABHEHUS C MPedbiOyuuMU UCCAe008aHUAMU.

Memoduka. Vccnedosanu cocmas ¢use, 8 YacmHocmu onpeodensdnu codepxcaHue besaxka rno
memody Keenvdana u codepxcaHue aunudos, no oguyuansbHoli memoduke AOAC (Accoyuayuu
XUMUKOB-GHAAUMUKO8, pabomaroujux 8 2ocydapcmeeHHsbix yupexcoeHusx CoeduHeHHbix LLimamos
AmepuKu). CeHCopHble OUeHKU onpedensnu MaHesabHbiM memodomM. Memoouku onpedeneHus
so0oydepxcusaroweli criocobHocmu, nomeps MNpu 6adpke U bUOXUMUYECKUX QHAAU308 Oblau
CMaHAapMHeIMU, MPUHAMbIMU 8 MUPOBOM HAYYHOM coobujecmee.

Pesynomamel. BoisgneHsl pasaudua 8 cocmase b6enKkos U upos. 3aguxkcuposaHa
cywecmeeHHaa pasHuua no eodoydepxcusaroujeli crnocobHocmu, nomepsax Mpu eapke U 8
pe3ysbmamax 6GUOXUMUYeCKUX aHaAu3os. [lo umoeam uccaedoeaHull MOPOWOK U3 a307bl
nanopomHuKkonodobHol pekomeHOyemca Ucrnon6308ame 8 KOPMAEHUU KAPMd, C Uesbio MoebiueHUs
Kayecmesa ezo ¢use.

HayyHaa Hoeu3Ha. B rnocredHue 200bl 3HAYUMEsbHOE KO/AUYecmeo uccnedosaHuli 6biio
cocpedomoyeHo Ha UCronb308aHUU pacmeHuli Uau Ux SKCMpPakmoes 8 MUmMaHuu peib u3-3a HaAu4us 8
HUX GHMUOKcUOaHmMos. [opowoK U3 a30/b6l NANOPOMHUKONOO06HOU 3mo 00Ha U3 camblx Oeuweabix
buosio2uyecku aKmugHbIx 006ABOK K OCHOBHOMY KOPMY, KOMOPYH UesnecoobpasHo ucrnons308ams 8
aKeakysnbmype 0718 yMeHbWeHUsA 3ampam HA 8bipaujusaHue, 00HOBPeMeHHO ysy4uias 300posbe
pbib. IMo 06bACHAEMCA meM, Ymo 3mu 800HbIE PACMEHUA WUPOKO PACIPOCMPAHEHbI 8 8000EMAX
PA3AUYHLIX CMPAH U COOepHam MHO20 BaM(HbIX AHMUOKCUOAHMO8, Komopble CrnocobHbI
M0A0HUMEBLHO N0BAUAMb HA Ka4ecmeo guse pbibbl.

Mpakmuyeckasa 3Hayumocmoe. Ha ocHOBe MosyYeHHbIX OAHHbIX PA3pPabomaHa MemoouKa
rnosviWeHUA Kayecmea use Kapna. TaK, npuMeHsasa rnopouwloK U3 a30/bl NanopomHUKonodobHol e
€20 KOPMsEHUA B803MOMHO yaydywume 6UOXUMUYECKUU cocmas, rMoebicume 8Kycosble Kayecmed,
YMeHbWUMb nomepu npu Npu2omossaeHuU, a Makx#e Koppekmuposams crocobHocms yoeprueams
800y. CnedosamesnbHo, 041 nepepabomku npodyKyuU aKeaKyabmypel MpeosaoHeHHbIl payuoH
Make eecoMa Mose3eH.

Kntouesble cnoea: azona nanopomHukonodobHas (Azolla filiculoides), kapn (Cyprinus carpio L.),
KopMseHue pblb, Kayecmeo guse pblb.

PROBLEM STATEMENT AND ANALYSIS
OF LAST ACHIEVEMENTS AND PUBLICATIONS

Azolla is a genus of aquatic ferns and small leafed floating plants, native to the
tropics, subtropics, and warm temperate regions of Africa, Asia, and America [1]. It is
very sensitive to the lack of water in aquatic ecosystems such as stagnant waters, ponds,
ditches, canals or paddy fields. These areas may be seasonally covered by a mat of
Azolla associated with other free-floating plant species such as duckweed (Lemna
minor L.), water lettuce (Pistia stratiotes L.), water caltrop (Trapa natans L.), water
meal (Wolffia arrhiza Horkel ex Schleid) and mud-rooting species such as hornwort
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(Ceratophyllum demersum L.), water purslane (Ludwigia palustris L.) and knot weed
(Polygonum arenastrum) [2].

Among published papers, tilapia species (Oreochromis niloticus, Tilapia
mossambica, Tilapia zillii) and cyprinids (Labeo rohita, Catla catla, labeo calbasu,
Labeo fimbriatus, Ctenopharyngodon idella, Barbonymus gonionotus) were mostly
reported to utilize azolla when it is incorporated into their diets [3]. Based on research
papers reviewed, azolla seems to be a good substituent of protein from expensive
sources such as fish meal. The main problem in aquaculture are feeding costs especially
protein sources such as soybean. In this experiment was tried to use azolla because it
has a high protein content that can allow reducing feeding cost. Other problem is the
acceptability of fillets of common carp fed with natural azolla, because feeding fish
with natural azolla can significantly affect meat indices and improve it [4].

According to FAO [5], the long-term sustainability of aquaculture may be
threatened by its present over-dependence on fish meal and fish oil. Thereby,
development of viable and low-cost technologies could help to promote aquaculture in
the area, as well as to increase yields and profitability. In that way, many efforts have
concentrated on replacing animal protein sources such as fish meal with cheaper plant
protein in fish diets [6, 7, 8, 9, 10]. Recently, the successful use of azolla as a
component of fish diets was widely demonstrated in both aquaria and tanks [11, 12, 13].

Earlier studies reported improved feed utilization in Mozambique mouth-breeder
[14] and increased growth in rohu [15,16], Nile tilapia [13,17], common carp, silver
carp and mrigal [16] after inclusion of azolla in their feeds. Sivakumar and Solaimalai
[18] have observed the beneficial effects of feeding fresh and dried azolla to O.
niloticus in an integrated rice-fish culture system. According to Majhi et. al. [19],
utilization of organic azolla by grass carp is one of the best options for the production of
fish biomass from the aquatic environment.

HIGHLIGHT OF THE EARLIER UNRESOLVED PARTS
OF THE GENERAL PROBLEM. AIM OF THE STUDY

According to recent studies, more than 40 % of consumed fish come from farming
[20, 21]. Many studies are focused on the importance of fish as a source of proteins but
also discuss its importance as a valuable source of essential long chain fatty acids, fat-
soluble vitamins and pigments [22]. In addition, the benefits of fish consumption for
vulnerable groups are also well recognized and due to these facts, there is a growing
interest in new aquaculture fish species for many countries including Iraq. Moreover,
fish skin is a valuable byproduct and is currently used as a component in animal and
fish feeds.

Research on the use of aquatic plants in feeding is becoming increasingly
important, since they are characterized by a high feed value. In particular, they can be
used as a cheap source of essential protein in livestock and aquaculture. Of particular
value to the use of aquatic plants in aquaculture is given by the fact that these plants are
often natural food for aquaculture objects. Therefore, in addition to the natural
susceptibility and assimilation of such dietary components by aquaculture objects, it is
extremely convenient to cultivate them on various aquaculture farms [23, 24]. For
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example, in fish farming, they are easily introduced into the diet of herbivorous and
omnivorous fish species, without additional processing, and predatory ones with
additional processing. Also, such diets can be used on farms of all types of aquaculture
(intensive, semi-intensive, extensive) [25].

In connection with the above, studies of the appropriateness of using in fish
farming a representative of aquatic plants of the Salviniaceae family — water fern
(Azolla filiculoides), ubiquitous in freshwater bodies of tropical regions of the
Americas, Asia and Australia. Based on the analysis of studies already carried out on
the use of this plant in agriculture, it is possible to argue that from the Salviniaceae
family, it is the water fern that is the most promising in the green economy. At the
moment, this water fern is widely used in aquaristics, because, in addition to its visual
appeal, it is able to very quickly double its biomass, is unpretentious, has a high
nutritional value and is able to fix nitrogen. Because of the latter, this species has
become naturalized, sometimes also an invasive species, in several regions, including
western Europe, southern Africa, and New Zealand, where it was used to enhance the
growth rate of crops grown in water, such as rice, or by removal from lakes for use as
green manure.

In aquaculture, the use of this plant as a feed additive will reduce the cost of the
final product in an environmentally friendly way. It is especially important that the
introduction of plants of the Salviniaceae family into the diet increases the quality of
juvenile fish. For example, studies by Santiago et al. Indicated that juvenile Nile tilapia
(Oreochromis niloticus) fed diets containing up to 42% A. pinnata were superior in
linear-weight gain and survival to those fed a control (standard) diet, based on fishmeal
[27]. Devi and Vishwanath compared the nutritive value and growth responses of
azolla-based diets on advanced fry of the endemic medium carp (Osteobrama
belangeri) [28]. At the moment, although there is a significant amount of research on
feeding fish with water fern, however, the issues of its influence on the quality of fish
fillets.

There is a general trend toward replacing the use of synthetic antioxidants in food
processing by the use of natural oxidation inhibitors or by the preferential use of
ingredients naturally possessing antioxidant activity. So, the major objectives of this
study was to identify whether the addition of azolla extracts can delay both lipid and
protein oxidation and extend the shelf life of common carp Cyprinus carpio L. fillets.
The aim of the study provided greater insight into the potential of azolla extracts as
natural and effective sources of antioxidants for fish processing.

MATERIALS AND METHODS

Experimental fish: The experiment was conducted for 60 days on 60 scaly
common carp C. carpio transported to the laboratory of .... from Daquqg/Kirkuk/Iraq.
Fish weights at the beginning of the experiment varied from 59.2 to 66.4 g. Fish were
placed into experimental cylindrical plastic tanks with the average initial weight of
61.45 g. Laboratory pre-acclimation and feeding with commercial pellets (their
percentage of ingredients and chemical composition are shown in Table 1 and 2) were
conducted for 21 days prior to feeding trials. The experiment was started on
03/05/2019.
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Table 1. Chemical composition of the different diet [29]

Ingredients Crufie Crude Fat, | Dry Matter, | Crude Fiber, | Energy Kcal,
Protein, % % % % kg
Animal protein concentrate 40 5 92.9 2.2 2107
Yellow corn 8.9 3.6 89 2.2 3400
Soybean meal 48 1.1 89 7 2230
Barley 11 1.9 89 5.5 2640
Wheat bran 15.7 4 89 11 1300

Table 2. Composition of experimental diet

Ingredients Percent
Yellow corn 15%
Wheat bran 15%
Animal concentrate protein 20 %
Barley 15%
Soya bean meal 48% 35%
Total 100%
Crud protein 28.06
Gross energy (kcal/kg feed) 2242.7

Experimental system: Fish were distributed among twelve cylindrical plastic
tanks (70 L of water). Each tank was stocked with five fish. Proper continuous aeration
was supplied to each tank by using Chinese’s air compressors, Hailea ACO-318. A
daily cleaning by siphoning method was applied to remove remained feeds and feces
from the system. The experimental trial represented four treatments with three
replicates; each with five fish per replicate as bellow:

T1: Feed without any addition of azolla, T2: addition of 2.5 g azolla/kg of feed, T3:
addition of 5 g azolla/kg of feed, T4: addition of 7.5g azolla/kg of feed.

The replicates were randomly placed to reduce differences among treatments.

Diet formulation: The experimental diets included standard ingredients found at
Sulaimani city markets, enriched with dried azolla that brought from Khurmal area of
Sulaimani city. The ingredients were manually mixed to obtain dough. Then, using
electrical mincer for pelleting by Kenwood Multi-processors. Drying was performed at
a room temperature for four days and then the obtained mass was crushed to obtained
fine particles. Feeding of fish was performed twice a day at 9:00 and 14:00 as 3% of
fish body weight. Fish in every tank were weighed together bimonthly. The feeding
levels were then recalculated according to new weights. The feeding trial continued for
8 weeks, then all fish were slaughtered and weighted and tests were conducted.

STUDIED CHARACTERISTICS

Physical analysis: All tests for physical analysis were conducted on fresh muscle
of fish immediately after slaughtering.

ISSN-L 2075-1508 PUBOT OCIIOJAPCHKA HAYKA YKPATHH « Ne 1/2021



EFFECT OF FEEDING COMMON CARP (CYPRINUS CARPIO (LINNAEUS, 1758)) WITH
WATER FERN (AZOLLA FILICULOIDES (LAM.)) ON ITS FILLET QUALITY

Cooking loss: Twenty gram of flesh samples (with bone) were taken, accurately
weighed, placed in closed aluminum boxes and cooked for 15 min in an oven pre-
heated at 200°C. After cooking, the specimens were dried with paper towel. Total
cooking loss was estimated on each specimen (cooled for 30 min to 15°C) as a
percentage ratio between cooked and raw weights [30].

Water Holding Capacity (WHC): The method was described by Dolatowski and
Stasiak [31]. To determine the WHC, 50 g of fish muscle with bone were taken from
different part of the body and then homogenized with 50 ml of distilled water for one
minute by a homogenizer, then the mixture was put in a centrifuge Sigma 2-16k (speed
5000xg) for 10 min at 4°C. The WHC was calculated as follows:

AddedWaterWeight — WaterWeightAfter CF
SampleWeight

WHC% = 100

Note: CF is centrifugation.

pH: pH of the fillet samples was measured according to Naveena and Mendiratta
[32]. Ten grams were homogenized with 50 ml of distillated water and then filtered
through Whatman No.1 filter paper. pH of the filtrate was measured using a digital pH
meter.

Chemical and biochemical analysis:

Lipid oxidation, thiobarbituric acid (TBA) test: Twenty grams of fish fillet from
different parts of fish muscle were full speed blended for 1-5 min in a blender with 50
ml of the extraction solution containing 20% trichloroacetic acid in 2M phosphoric acid.
The resulting slurry was transferred quantitatively to a 100 ml volumetric flask with 40
ml of distilled water, the sample was diluted to 100 ml with distilled water and
homogenized by hand shaking. A 50 ml portion was filtered through Whatman No.1
filter paper, 5 ml of the obtained filtrate was transferred to a test tube followed by
adding 5 ml of thiobarbituric acid (0.005M in distilled water). The tube was then stored
in a dark place for 15 hours at room temperature. The resulting color was measured
using a spectrophotometer at an absorption spectrum of 530 nm [33].

TBA values as mg malonaldehyde/kg were calculated by multiplying the
absorbance value of the sample by 5.2.

Sensory evaluation:

The fish fillet samples were cut to small parts and then placed in open aluminum
boxes for sensory evaluation attributes (color, flavor and aroma, tenderness, juiciness and
overall acceptability). The samples were cooked in an oven at 176°C for 8.5 min until
reaching the internal temperature of 70°C, then served warm at 60°C to eight trained
panelists [34]. Muscle samples from different treatments were evaluated at each session.
The samples order was random within a session. Water was served after each sample
assessment. Panelists rated each sample for different attributes with a five point scale
ranging between 1 and 5. The higher score values indicated a greater preference [35].

Proximate composition
Moisture content

Moisture content was determined as weight loss after samples were dried in the
convection oven at 105°C until weight was stabilized [36].

100
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Protein content

Protein content was determined according to the AOAC method [36] by using the
microkejldahal method and was calculated as follows: Protein% =nitrogen x6.25

Crude lipids content

The crude lipid of ground fish meat was determined according to Folch et al.
[37].The lipid was extracted by homogenizing 3 grams of meat with 30 ml of
chloroform—methanol (2:1); the lipid residue was washed twice with 15 ml of
chloroform—methanol and the homogenate with washing solvent was filtered through
Whatman No.1 filter paper. The filtrate was made up to 60 ml by passing additional
chloroform—methanol through the filter, then washed with 12 ml of distilled water by a
magnetic starrier and centrifuged at 1000xg for 20 min. The lower lipid containing
layer was removed through evaporation of the upper layer solvent. The percentage of
lipids was determined according to the following formula: Lipid % = (weigh of extract /
weigh of sample) x 100

Ash content

Ash content was determined according to the AOAC method [36] by taking a
sample of a known weight of fish flesh and placed in a muffle furnace at 550 °C for 16
hours and then the ash percent was determined as follows:

Ash % = (W1/W2) x 100 W1 = weight of ash, and W2 = initial weight
Weight gain

Weight gain (g/fish) = mean of weight (g) at the end of the experimental period —
weight (g) at the beginning of the experimental period.

Weight gain (g/fish) = w2 — wl

where: W2: fish weight (g) at the end of experimental period, W1: fish weight (g)
at the beginning of the experimental period.

Statistical analysis

The general linear model (GLM) with SAS program [38], Factorial Complete
Randomized Design (CRD) were used to study the effect of treatments on studied traits.
The Duncans multiple range test [39] was used to determine significant differences
among means.

RESULTS AND DISCUSSION
Cooking loss

Figure 1 shows that cooking loss of common carp fillets was highest (32.83%) in
treatment 1 and there was no significant difference from treatment 2. Also, no significant
differences (P<0.05) were observed between treatment 3 and 4. On the other hand, there
was a significant difference (P<0.05) of treatment 3 and 4 with treatment 1 and 2.

The WHC of carp muscles of all studied samples were not significant (P<0.05),
within relatively ranges between 27.05 and 32.83% (Figure 2). The samples with higher
WHC values were in treatment 1 and lowest value was in treatment 4. The WHC of
experimental samples in treatment 4 was significantly (P<0.05) higher than WHC of
treatment 2 and 3.
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Figure 1: Cooking loss percentage of meat of common carp fed with different
levels of azolla for 60 days
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Figure 2: Water holding capacity percentage of meat of common carp fed with
different levels of azolla for 60 days

Approximate composition

Moisture content of carp meat in treatment 1 (control) was 71.70 £ 0.30 without
statistically significant differences (P > 0.05) with treatment 2 and 3, while treatment 4
significantly differed (69.184+0.74). Meat protein of fish from control group was
17.56+0.31 and statistically significantly differed (P > 0.05) from treatments 3 and 4,
which were 18.55+0.15 and 19.84+0.37, respectively.

The highest fat content in carp meat was in treatment 2 (5.45+0.13), whereas the
lowest content was in the control group (4.45 + 0.46), however, a non-significant
difference was observed among treatments for fat content. The highest average dry
matter of meat from fish in treatment 4 was (1.35+ 0.25), however the lowest value was
in treatment 2 (1.07+0.02) (Table 3).

pH

In all studied samples the pH values were not significantly different (P<0.05).
Higher pH values were found in the samples from the treatment 1 (6.0) in comparison
to other treatments, while the lowest pH value was found in treatment 2 (4.45)
(Figure 3).
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Table 3. Proximate composition of meat of common carp fed with different

level of azolla for 60 days

Treatments Moisture % Ash % Fat % Protein %
T1(control) 71.70£0.30 1.09 £0.02 4.45 +0.46 17.56 £0.31
a a a a
T2 (2.5% azolla) 70.300%0.52 1.07 £0.02 5.4510.13 18.34+0.44
ab a a ab
T3(5% azolla) 68.42+0.03 1.10+0.03 5.05%0.27 18.55+0.15
a a a b
T4(7.5% azolla) 69.18+ 0.74 1.35£0.25 4,70+0.23 19.84+0.37
b a a b
Different letter in same column mean significant differences (P<0.05).
6,20
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Figure 3: pH values of meat of common carp fed with different levels of azolla
for 60 days

TBA

TBA can be considered a more suitable indicator of oxidative processes in fish
meat. In this experiment, higher TBA values (P < 0.05) were found in fish fillets in
treatment 1 (control) and no differences were found for the rest of the treatments
(Figure 4).

Sensory evaluation

Sensory evaluation of the fillet samples of fish that were not fed with natural azolla
compared to fish fed with natural azolla in respect to tenderness, color, flavor-aroma,
juiciness and overall acceptability are shown in Table 4. There was a significant
difference (P<0.05) between treatments 1 and 3 for fillets color, otherwise there were no
significant differences (P<0.05) among other treatments. For juiciness, a significant
difference between treatments 1 and 4 can be seen. The comparison of the control
sample with samples from other treatments showed that no significant differences were
noted for flavor-aroma and overall acceptance (p<0.05).
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Figure 4: TBA values of meat of common carp fed with different levels of

azolla for 60 days
Table 4. Sensory evaluation of fillets of common carp fed with different levels
of azolla for 60 days
.. Overall
Treatments Color Flavor-aroma Tenderness Juiciness
acceptance
T1(control) 3.85+ 0.05 4.05 +£0.05 3.65+0.15 3.85 +0.05 3.85+0.05
b a b b a
T2(2.5% azolla) 4.10£0.20 4.10£0.10 4.00 £0.0 4.1040.10 4.10+0.10
ab a ab ab a
T3(5% azolla) 4.45%0.05 4.05+0.05 3.90+0.10 4.35+0.05 3.95+0.05
a a ab ab a
T4(7.5% azolla) 4.05%+ 0.05 4.00%£ 0.20 4.05 +£0.05 4.35+0.20 3.90+0.10
ab a b a a

Different letter in same column means significant differences (P<0.05).

Weight gain

There were significant differences (p < 0.05) in weight gain between treatment 4
and other treatments, where the highest values of weight gain were observed in
treatment 4 (Figure 5).

Fish weight gain (g)
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Figure 5: Weight gain of common carp fed with different levels of azolla for 60

days.
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Azolla seems to be a good substitute of protein from expensive sources such as
fishmeal. Some studies suggest positive growth even with higher azolla percentages in
fish feed up to 50% [40, 41]. Some studies seem to indicate that the type and rate of fish
consumption, and its growth, are related to the chemical content or nutritive value of the
plants, such as the gross energy content of the diet and the dietary protein [42, 43].
Filizadeh et. al. [44] found that smaller fish had selected softer plant tissue and
youngest plants, while bigger fish eat a wide variety of tough and fibrous plants.

The results of the present study did not demonstrate any significant difference
among fish fed with azolla contents of 2.5%, 5% and 7.5% in their diets, in terms of ash
and fat contents except protein that treatment 3 and 4 had significantly differ with
treatment 1. These results were in agreement with Youssouf et. al. [45], who stated that
tilapia fed with azolla (50% of feed contents) had no significant difference for fat,
however, a significant difference was observed for protein percentage among
treatments. In another study, Nekoubin and Sudagar [46] reported that feeding grass
carp with azolla had no significant effect on fat and protein in terms of body
composition. In the present study both cooking loss and water holding capacity
percentage were significantly affected by feeding fish with azolla and these results
corresponded to those of Hedji et. al. [47], who studied the effect of feeding pigs with
azolla by 40% of feed ingredient, treatments with azolla content had significant
difference for cooking loss and water holding capacity compare to control treatment
that without of azolla.

In terms of sensory evaluation for common carp fed with different levels of azolla,
feeds that included azolla had no significant difference of flavor-aroma and overall
acceptability, while significant differences were noted among treatments for color,
tenderness and juiciness. These results partially agreed with Hedji et. al. [47], who
reported that feeding pork with azolla could affect texture while not affect aroma and
juiciness.

WHC is the ability of meat to retain its water during processing, storage and
cooking. Low WHC often results in high drip loss and poor eating quality (dryer and
tougher in the cooked state). Water loss means a loss of saleable product yield. The
values of pH, drip loss, cooking loss, colour are within the values reported in literature
[48,49].

Conclusion

The fillet qualities and chemical composition of common carp were determined.
Protein percent of body composition in treatment 1 was lowest by 17.56% and
significantly differed from those of treatment 3 and 4. TBA in the control group was
highest compared to the rest of treatments, while no significant difference in overall
acceptance of sensory evaluation. In conclusion, it is of great interest to proceed with
further investigation in that particular area especially expanding it with other local fish
species from Iraqi waters with their chemical compositions and fillets quality.
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