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Abstract

In the present study, the effects of different levels of alfalfa powder and alcoholic extract on the activity of
digestive enzymes and liver compounds of common carp (Cyprinus carpio) juveniles were examined. For this
purpose, 270 fish (with an average initial weight: 20.04+0.19 g) were randomly distributed in 27 polyethylene
tanks and fed by the carp commercial diet. The experimental treatments of 9 groups (4 groups with 3, 6, 9,
and 12% of alfalfa powder, 4 groups with 1, 2, 3, and 4% of alcoholic extract and one control group) with
three replications were considered for 8 weeks. At the end of the experimental period, the activity of digestive
enzymes was measured in terms of U/mg Protein and liver composition. Based on the results, the highest
levels of activity of digestive enzymes, amylase (674.74+61.57), lipase (6.21+0.96), alkaline phosphatase
(452.84+28.18), trypsin (252.05+19.98) and chymotrypsin (0.10£0.001) in the extracts of 3%, 3%, 3%, 4%
and 4% extracts, respectively, and the lowest amount of these enzymes were observed respectively with
values of 388.17+38.27 (control), 2.51+0.55 (control), 187.7+19.36 (12% powder), 0.030+0.004 (12%
powder) and 132.47+11.47 (9% powder) (P <0.05). The highest amount of hepatic glycogen (3383.35+192.13
Mg/g tissue) was measured in the 3% extract treatment and the lowest amount of hepatic glycogen
(607.01+£101.23 pg/g tissue was in the control treatment (P <0.05). The highest level of liver lipids
(146.51+6.05 mg/g tissue) was observed in the treatment of 6% powder and the lowest level of liver lipids
(72.99+4.46 mg/qg tissue) was observed in the treatment of 12% powder (P <0.05). According to the present
study, adding powder and especially alfalfa extract to the diet of common carp can increase the activity of
digestive enzymes and increase liver lipid and glycogen at certain levels. A diet containing 3% alfalfa extract
had a significant effect on the activity of digestive enzymes and liver glycogen levels. Also, a diet containing
9% alfalfa powder significantly increased the activity of lipase enzyme and liver lipid levels. According to the
results, the use of alfalfa extracts up to a level of 3% in the diet of common carp, as a growth supplement and
nutrition are recommended.
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1. INTRODUCTION

Improving feed efficiency in aquaculture is a critical factor in reducing production costs and enhancing
growth performance, as a substantial proportion of total expenses is associated with feed. In recent years,
increasing attention has been directed toward the use of natural and plant-based additives, particularly
phytobiotics, as safe alternatives to synthetic growth promoters. Digestive enzyme activity and nutrient
absorption play a crucial role in providing a stable energy supply and promoting fish growth, as higher
secretion and activity of these enzymes enhance nutrient availability and efficient digestion (Blier et al., 1997;
Nya and Austin, 2011; Awad et al., 2012). Medicinal plants such as alfalfa contain bioactive compounds,
including flavonoids, alkaloids, and essential fatty acids, which can serve as growth promoters, appetite
stimulants, and enhancers of digestive enzyme activity in aquafeeds (Sivaram et al., 2004; Yu et al., 2008).
Previous studies have demonstrated that supplementation of fish diets with alfalfa extract can significantly
increase the activity of amylase, lipase, trypsin, and chymotrypsin, thereby improving digestion and nutrient
utilization (Zhang et al., 2009; Kolivand, 2020; Falamarzi et al., 2016). Given that common carp (Cyprinus
carpio) is one of the most important cultured fish species worldwide and that digestive enzyme activity and
hepatic metabolism play crucial roles in its growth, the present study aimed to evaluate the effects of dietary
alfalfa powder and extract on digestive enzyme activity and liver glycogen and lipid levels in juvenile
common carp during an eight-week feeding trial.

2. MATERIALS AND METHODS

An eight-week feeding trial was conducted to evaluate the effects of alfalfa (Medicago sativa) powder and
ethanolic extract on digestive enzyme activity and liver biochemical composition in juvenile common carp
(Cyprinus carpio; 20.04 + 0.19 g). A total of 270 fish were randomly distributed into 27 tanks (10 fish/tank)
and acclimated for two weeks. Nine dietary treatments, including graded levels of alfalfa powder (3—12%)
and extract (1-4%), along with a control, were formulated from a commercial carp diet. Fish were fed to
satiation three times daily, with water quality monitored throughout the trial. At the end, intestinal and liver
samples were collected to measure enzyme activities (amylase, lipase, trypsin, chymotrypsin, alkaline
phosphatase) and liver glycogen and lipid content using standard biochemical assays. Data were analyzed
using one-way ANOVA and Duncan’s post hoc test. This study provides a controlled evaluation of alfalfa as
a phytobiotic feed additive, highlighting its potential to enhance digestive efficiency and liver metabolic status
in common carp.

3. RESULTS

The effects of different levels of alfalfa powder and ethanolic extract on digestive enzyme activities and liver
composition in juvenile common carp (Cyprinus carpio) were evaluated at the end of the feeding trial.
Digestive enzymes measured included amylase, lipase, alkaline phosphatase, trypsin, and chymotrypsin. The
highest amylase activity was observed in treatment E3 (57.74 + 61.674 U/mg protein), while the control
exhibited the lowest (27.17 + 38.388 U/mg protein). Lipase activity peaked in treatments E3 and P9, whereas
the control had the lowest value. Alkaline phosphatase activity was highest in E3 and lowest in P12. Trypsin
and chymotrypsin activities reached their maximum in E4, while the lowest activities were observed in P9,
P12, and the control. Liver biochemical analysis showed that glycogen content was highest in E3 (192.3383 +
13.35 pg/g tissue) and lowest in the control, with significant differences between treated groups and control.
Liver lipid content was highest in P9 (146.6 + 551 mg/g tissue) and lowest in P12, with significant
differences among treatments. These results indicate that specific levels of alfalfa supplementation can
enhance digestive enzyme activity and liver energy reserves in juvenile common carp.

4. DISCUSSION AND CONCLUSION

Supplementing juvenile common carp diets with alfalfa, especially as extract, enhanced digestive enzyme
activities (amylase, lipase, trypsin, and chymotrypsin), improving carbohydrate and protein digestion. Alfalfa
extract increased liver glycogen, likely via enhanced glucose absorption and insulin stimulation, while liver
lipid content was moderately affected, correlating with lipase activity. Powdered alfalfa showed weaker or
sometimes inhibitory effects, probably due to anti-nutritional factors. Overall, alfalfa, particularly as extract,
improved nutrient utilization and energy storage, supporting growth in common carp .Adding alfalfa powder
and especially extract to the diet of common carp, particularly at 3% extract, increased digestive enzyme
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activities and liver reserves (glycogen and lipids), which can enhance growth and nutritional indices; thus,
using alfalfa extract up to 3% of the diet is recommended.
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Table 1: Biochemical analysis of basic diet prepared from 21-Biza Company-Shiraz)

Nutrients Rate
Moisture (%) 10
Crude Protein (%) 32-38
Digestible Energy (Cal/Kg) 3600-3800
Crude fibre (%) 5.5
Lipid (%) 5-8
Ash (%) 12
TVN (mg/100g) 50
Lysin (%) 1.6-1.8
Metionin (%) 0.42-0.48
Treonin (%) 1.25-15

Yo

VPP bl g3 05lod eyl 9 Comnt 0598 U‘z’c)”!r}"}f

g ool 5 Aol Juad



OS2 g 1515 ol (Cyprinus carpio) ;s> Jgore you5 o 08 CluS 35 g o yleF Sy 33 1 (0,bas g ;391) doigy LS il y51

axigy 0yl 3 39290 o lhoni LS 3 1Y Jguo

Table 2: Chemical composition of alfalfa extract

No. Ingredient Name Percent | No. Ingredient Name Percent No. Ingredient Name Percent
1 Phytol 21.27 22 2-Methyl-4-ethoxycarbonyl-isoxazole 0.37 43 propane 2,2 dimethoxy 0.20
2 Linoleic acid 16.78 23 2-Amylfuran 0.36 44 Loliolide 0.20
3 Palmitic acid 1291 24 8-Oxa-9-ketotricyclo [5/3/1/0(2,6)]undecane 0.36 45 3-Heptadecanone 0.19
4 Mome inositol 11.31 25 Cyclopentadecanolide 0.34 46 Propylamine 0.19
5 Neophytadiene 7.86 26 Phenic acid 0.33 47 2-Methyl-2-butenolide 0.19
6 Oleic acid 7.40 27 Benzeneacetonitrile, 3-fluoro 0.33 48 Methyl pentadecyl ether 0.18
7 2-Methyl-Z,Z-3,13-octadecadienol 2.69 28 Beta-lonone 0.31 49 2-Vinyl-9-[/beta/-d- 0.18

ribofuranosyl]hypoxanthine
8 Cyclopentadecanone, 2-hydroxy 1.16 29 Methyl vinyl maleimide 0.30 50 Methyl /beta/-d-galactopyranoside 0.17
9 Phytene 1.09 30 1,7-dimethyl-2-oxo0-7-(4'-formyl-butyl)- 0.30 51 Decanoic acid 0.16
norbornane
10 | 4,6-Di-O-methyl-/alpha/-d-galactose 1.08 31 | 2-Dodecanon 0.30 52 2,6,6-trimethyl-4-hydroxy-1- 0.15
cyclohexene-1-carboxaldehyde
1,2-diaza-1-phenyl-3-methyl-4-

11 | Skatole 106 | 32 | Propane, 2,2-diethoxy 0.29 53 | (3:45-trimethoxy phenyl carbonyl | 45

amino methyl)-cyclopent-3-en-5-
one

12 | 3-Mercapto-2(1H)-pyridinone 0.92 33 5-Methyl-1-heptene 0.28 54 Monoolein 0.15
13 Phenol, 2-methoxy-4-vinyl 0.90 34 Methyl heptadecyl ketone 0.27 55 Cyclohepta siloxane, tetradeca 0.15

methyl

14 Octoil 070 35 l\l_-(4-FIuort_3pr_1enyI)-N-(4- _ 0.27 56 7-Hexadecenoic acid, methyl ester 0.14

nitrophthalimidomethyl)benzamide
Trans-(+)-Carveol 1-(3,6,6-Trimethyl-1,6,7,7a- 1,2-Epoxy-1-vinylcyclododecene

15 0.67 36 tetrahydrocyclopenta[c]pyran-1-yl)ethanone 0.27 57 0.13
16 Propiophenone 0.63 37 Undecene,10-methyl 0.26 58 Toluene 0.13
17 Dihydroactinidiolide 0.58 38 1,3,12-Nonadecatriene 0.24 59 Dodecamethylcyclohexasiloxane 0.12
18 2-Ethyl-3-methylmaleimide 0.56 39 2-ethylbutanoate 0.24 60 1,3,12-Nonadecatriene 0.12

4-methyl-7-methylethenyl-3,8- Bis(trimethylsiloxy)acetone

19 dioxatricyclo[5/1/0(2-4)] octane 0.47 40 Hexadecane 0.24 61 0.12

20 Styrene epoxide 0.47 41 Farnesyl acetone 0.21
21 Tributyl amine 0.41 42 Tetradecane 0.21
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Table 3: Proximate biochemical analysis of experimental diets used for juveniles of Cyprinus carpio

Nutrients Experimental Treatments
Control P3 P6 P9 P12 El E2 E3 E4
Protein (%) 31.50+1.01 34.1241.10 34.85+1.51 35.17+1.72 36.05+1.63 32.20+1.56 32.35+1.69 33.07+1.73 33.17+1.51
Lipid (%) 4.86+0.51 4.92+0.51 5.78+0.60 5.86+0.59 5.88+0.66 456+0.07  4.80+0.040 6.02+0.26 6.09+0.06
Carbohydrat
%) 9.35+0.57 9.33+0.23 9.88+0.05 9.49+0.08 9.78+0.15 9.16+0.10 9.90+0.04 9.65+0.18 9.90+0.04
e (0o
Ash (%) 17.33+£0.39 16.83+0.54 15.45+0.73  15.97+0.38 16.46+0.38  17.12+0.13  17.05+0.75 16.30+0.89 16.72+0.61
Moisture (%)  36.95+0.55  34.78+1.77 34.02+2.86 33.49+2.09 31.82+1.65 36.94+1.80 35.88+2.23 34.95+154 34.11+0.90
Tot. Grand
Energy 15.68+0.15  15.96+0.23  16.34+0.12 16.36+0.20 16.29+0.26  15.73+0.09 15.68+0.19  16.17+0.32 16.08+0.21
(MJ/Kg)
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Table 4: Results of gastric enzymes levels of Cyprinus carpio fed by different levels of alfalfa meal and
extract (MeantStandard Error, n=3)

Experimental

Gastric Enzymes

Treatments Trypsin Chymotrypsi Alkaline Lipase a-Amylase
(U.min"Y/mg n (U.min’ Phosphatase (U/mg (U/mg protein)
protein) 1/mg protein) (U/mg protein) protein)

Control 160.94+9.01°  0.04+0.006*  250.08+18.65% 2.51+0.55°  388.17+38.27°
El 159.78+14.60™  0.056+0.005°  244.08+28.79%  2.96+0.45°  488.81+82.56°
E2 181.53+9.21° 0.048+0.005°  388.97+34.69°  3.49+0.46°  550.97+9598%
E3 185.54+7.57° 0.083+0.004®  452.84+28.18°  6.21+0.96° 674.74+61.572
E4 252.05+19.982 0.100+0.001*  257.19+23.67°  3.38+0.48" 541.50+25.51%
P3 187.18+8.31° 0.053£0.001¢  280.35+21.28> 3.68+1.12°  441.20+42.35°
P6 138.24+5.70° 0.085+0.006®  189.11+21.56% 4.82+0.70®  425.06+18.58°
P9 132.47£11.47° 0.062+0.002¢ 197.32+13.03¢  6.19+0.84% 405.61+26.51°
P12 159.89+8.96" 0.030+0.004¢ 187.70+19.36%  4.30+£0.40%  447.56+35.26°
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Table 5: Results of glycogen and lipid measurement in the liver of young common carp fed
different levels of alfalfa powder and alcoholic extract (mean + standard error, n=3).

Liver Parameters

Experimental
Treatments Glycogen Lipid

(Mg/g tissue) (mg/g tissue)

Control 607.01£101.23¢ 81.17+3.67°
El 1524.60+64.99¢ 80.7545.24°

E2 1917.99+138.38°¢ 89.86+4.45°

E3 3383.35+£192.13¢2 93.21+2.17°

E4 3263.01+£194.562 80.08+6.88°

P3 1962.28+188.61° 82.90+0.02°

P6 1996.35+58.65¢ 100.84+6.22°
P9 2550.63+140.49° 146.51+6.052

P12 2501.02+212.62° 72.99+4.46°
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