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ABSTRACT

Introduction: The western whiteleg shrimp, Litopenaeus vannamei, is a
euryhaline species, but fluctuated salinity can lead to stress. Hemolymph
indices, such as total and differential hemocyte counts, are key indicators of
iImmune status in shrimp. Using medicinal plants to feed farmed aquatic
animals is a promising approach to enhance production performance and
resilience to environmental stress. Alfalfa, Medicago sativa leaves are used in
animal and human diets due to high protein content and nutritional value. This
study evaluates the impact of alfalfa leaf powder (ALP) and extract (ALE) on
the hemolymph indices of L. vannamei in low salinity stress conditions.
Materials and methods: Shrimp were fed in seven treatments with three
replications, including control (without ALP and ALE), ALP (60, 120, and 180
g/kg), and ALE (6, 12, and 18 g/kg) for nine weeks. Then, the shrimp were
subjected to salinity stress at five ppt for 48 hours. Survival rates were
recorded at the end of the feeding and stress period, and total and differential
hemocyte counts were measured.

Results: In non-stress conditions, the number of hemocytes in the control
group was significantly lower compared to the other treatments. In the 5 ppt
salinity, ALP180 and ALE18 showed significantly higher total hemocyte
counts than the control group (p<0.05). In both salinity conditions, the control
treatment had a significantly higher number of hyaline cells compared to other
treatments. In the control and ALP180 treatments, the numbers of hyaline cells
were higher in the normal salinity than in the five ppt (p<0.05). Moreover, in
the normal salinity, the number of large granular cells was significantly lower
in the control group than in the other treatments. In addition, in the control
group, large granular cells in the five ppt were significantly higher than the
control group in normal salinity (p<0.05). The survival rate was significantly
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higher in treatments fed with ALP and ALE in normal salinity compared to the
control. In 5 ppt salinity, survival rates were also significantly higher in the
ALP180 and ALE18 compared to the control (p<0.05).

Discussion: Alfalfa leaves, rich in minerals like copper and iron and active
compounds like flavonoids, contribute to increased hemocyte levels.
Flavonoids interact with hemocyte cell receptors, promoting effective cell
function. Hemocytes are crucial in crustaceans' defense against pathogens. A
higher proportion of semi-granular cells in the western whiteleg shrimp
indicate a stronger immune response. Additionally, xanthophyll and loliolide in
alfalfa have germicidal properties and help to improve the survival rate.
Conclusion: This study demonstrates that alfalfa leaf powder and extract
positively impact shrimp's survival and immune system function under low
salinity stress.

*Corresponding author: arash@hormozgan.ac.ir
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Table 1 Ingredients and proximate composition of experimental diets for feeding of western
whiteleg shrimp (L. vannamei)

Diets Treatments
Ingredients (g/kg) Control ALP60 ALP120 ALP180 ALE6 ALE12 ALE18
Sardine fish meal 130.0  130.0 130.0 130.0 130.0 130.0 130.0
Moto fish meal 150.0  150.0 150.0 150.0 150.0 150.0 150.0
Shrimp meal 44.0 44.0 44.0 44.0 44.0 44.0 44.0
Soybean meal 190.0  190.0 190.0 190.0 190.0 190.0 190.0
Wheat meal 216.0 1740 132.0 90.0 213.2 2076 2034
Wheat gluten 96.0 96.0 96.0 96.0 96.0 96.0 96.0
Corn gluten 74.0 56.0 38.0 20.0 70.8 70.4 68.6
Bentonit 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Biender 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Premix 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Fish oil 40.0 40.0 40.0 40.0 40.0 40.0 40.0
Soybean oil 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Alfalfa leaf 0.0 60.0 120.0 180.0 6.0 12.0 18.0
Chemical composition
(9/kg)

Crud protein 422.2  431.0

423.8 432.0 422.6 431.0 427.0
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Crud lipid 115.4 120.3
Fiber 17.5 23.8
Ash 90.9 103.1
Moisture 110.3  113.00

122.0 117.1 1140 113.0 116.9
28.4 33.6 27.1 24.5 23.1
107.6 114.4 88.8 109.0 100.7
109.3 112.0 1115 1125  110.8

Permix (Daniran Shiraz Company): vitamin (A, D3, E, K3-Stab, B1, B2, B3, B5, B6, B9, B12, H2, C-
Stay) inositol, L-carnitine, lysine, methionine, antioxidant, phosphate, betaine, multi-enzyme, iron, zinc,

selenium, cobalt, copper, manganese and iodine.
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Table 2 Total Hemocyte Count of western whiteleg shrimp (L. vannamei) fed with different
levels of alfalfa leaf (M. sativa) powder and extract in normal state and under low salinity
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Treatment Normal salinity
Control 14883333.33 + 12808151.704°
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2933333.33 + 832666.39A40
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Two-way ANOVA was used to analyze the data.

Non-similar Latin lowercase letters above the numbers in each column indicate significant differences
between treatments in each salinity (p<0.05) (mean * SD).
Similar Latin capital letters above the numbers of each row indicate no significant differences between

salinities in each treatment (p>0.05) (mean * SD).
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Table 3 Differential haemocyte count of western whiteleg shrimp (L. vannamei) fed with different levels of alfalfa leaf (M.
sativa) powder and extract in normal state and under low salinity stress

Treatment Hyaline cell Semi-granular cell Granular cell
.. Salinit Salinit Salinit .. Salinit
Normal salinity 5 ppty Norma3ll 5 ppty Normal salinity 5 ppty

Control 40.00 + 5.65" 26.0 + 9.6482 42.88 + 7.004¢ 42.00 + 9.844P 17.66 £5.97B8  32.00 + 10.582
ALP60 11.66 + 5.4 10.33 + 5.50A° 50.44 + 6.52A¢ 57.33 £13.65"% 37.88 £6.91/2 32.33+8.32A2
ALP120 14.00 + 5.314° 7.33+£ 25140 48.88 + 7.23A¢ 48.66 +£16.28AaP 37.11 +£10.93%a 44 + 18.1972
ALP180 12.33 + 6.32A° 433 +3.21Bb 55.22 + 12.04A%® 65.0 + 8.66”2 32.66 + 7.2472 30.66 + 5.5%2
ALE6 13.22 + 7.54AP 9.33 £ 3.78°P 54.00 + 7.34A° 53.33 + 7.63A 31.44+9.87%%  37.33+11.15%
ALE12 477 +3.117° 8.33 + 6.024° 63.44 + 9.007 58.0 + 8.18A% 32.77 £ 9.52A2 33.66 + 6.65"2
ALE18 5.88 + 2.57AP 3.00 + 1.737 53.22 + 10.507° 64.00+11.002 40.88 + 10.45%*  33.33+ 13.01"°

Two-way ANOVA was used to analyze the data.
Non-similar Latin lowercase letters above the numbers in each column indicate significant differences between treatments in each salinity (p<0.05;

mean + SD).

Non-similar Latin capital letters above the numbers of each row indicate significant differences between salinities in each treatment (p<0.05; mean

+ SD).
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Table 4 Survival rate of western whiteleg shrimp (L. vannamei) fed with different levels of
alfalfa leaf (M. sativa) powder and extract in normal state and under salinity stress

Control _ ALP60 _ ALP120 _ ALP180 ALE6 ALE12 ALE18
Normal b 1.152 a +1.152 95.33 % 94.66 = a
salinity N£529 733,  BE2 99.33 1.15° 3050~ o033+L15
Salinity 5ppt  70£0.00°  70+10° 75+5%  85+000°  70+0.00° 70+ 10° 85 - 5°

Dissimilar letters in each row indicate significant differences between different treatments (p<0.05) (mean £ SD).
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