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Effects of yeast selenium addition on growth characteristics, antioxidant
capacity and immunity function of crayfish( Procambarus clarkii)
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(1.Suzhou Medical College,Soochow University , Suzhou 215123, China;2. College of Agriculture,
Nanjing Agricultural University, Nanjing 211800, China)

Abstract ; [ Objectives ] The paper aimed to investigate the effect of yeast selenium addition on the growth characteristics and some
physiological metabolic enzyme activities of crayfish, so as to provide feed formula for green and healthy breeding of crayfish.
[ Methods] The growth characteristics, the enzyme activities of antioxidant, immune and digestive, selenium content in different
tissues ,and the relationship between different physiological indicators were analyzed by supplementing feed with different doses (0,
0.15,0.30,0.45 and 0.60 mg-kg™') of yeast selenium addition. [ Results ] Compared with no yeast selenium addition, the final
weight , weight gain rate and specific growth rate of crayfish were 0.30 mg-kg™' yeast selenium addition significantly increased by
78.88% ,97.34% and 35.29% , respectively. Meanwhile, the feed conversion ratio decreased by 33.82%, and yield increased by
100.37%. With the increase of yeast selenium addition,, total antioxidant capacity ( T-AOC) ,superoxide dismutase(SOD) , glutathione
peroxidase (GSH-Px) ,and catalase( CAT) activities in the hepatopancreas and hemolymph showed a trend of increasing first and then
decreasing, with peak activities observed in the 0.30 mg-kg™" yeast selenium addition ;the change of malondialdehyde( MDA ) content
showed an opposite trend. The changes in the activities of acid phosphatase( ACP) , alkaline phosphatase ( AKP) and lysozyme ( LZM)
were similar to those of antioxidant enzymes. The activities of antioxidant, phosphatase, and digestive enzymes of trypsin ( TRY ),
amylase (AMS) and lipase (LPS) in the hepatopancreas were higher than those in the corresponding hemolymph and intestine

respectively. The selenium content in different tissues followed the order of hepatopancreas, whole crayfish, muscle , hemolymph , and
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increased with rising levels of yeast selenium addition. The correlation between T-AOC, the activities of GSH-Px, CAT,ACP,AKP,
TRY,AMS, and yield in different tissues were higher in the hepatopancreas than in the hemolymph or intestine. [ Conclusions ]
Appropriate yeast selenium addition promoted the growth and antioxidant,immune and digestive enzyme activities of crayfish , thereby
increasing the final weight. Excessive yeast selenium addition inhibited the growth and physiological metabolic capacity. The yeast
selenium addition of 0.30 mg-kg™" was the most suitable for the growth and physiological metabolism of crayfish. The correlation
between antioxidant capacity, immune and digestive enzyme activities and yield showed that it was most critical to protect the
hepatopancreas during crayfish breeding.
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Table 1 Feed ingredient composition and nutrients composition level %

. )Rl B R AR N/ (mg-kg™"') Yeast selenium addition in feed
ZH i, Composition

0 0.15 3.0 0.45 0.60
JERFH B Ingredients composition
Ll Fish meal 10 10 10 10 10
5} Soybean meal 25 25 25 25 25
INFZHY Wheat flour 18 18 18 18 18
KM Rice bran 12 12 12 12 12
SEHUE Rapeseed cake 12 12 12 12 12
F KK Corn flour 12 12 12 12 12
M Soybean oil 3 3 3 3 3
Ak Z TR AL Vitamin premix 1.5 1.5 1.5 1.5 1.5
Y FLHUR K Mineral premix 2 2 2 2 2
Wiz — 545 Calcium dihydrogen phosphate 1 1
HI 308 Betaine 0.5 0.5 0.5 0.5 0.5
T FETREN Sodium alginate 0.5 0.5 0.5 0.5 0.5
SULEFE Choline Chloride 0.5 0.5 0.5 0.5 0.5
TeHlEEHRE K} Yeast selenium-free 2.00 1.85 1.70 1.55 1.40
JFEBHA Yeast selenium 0.00 0.15 0.30 0.45 0.60
EFR N Nutrients composition

HAF Crude protein 35.74 35.93 36.04 35.79 35.82
MGG Crude lipid 5.58 5.66 5.64 5.61 5.63
7K 43 Moisture 10.27 10.32 10.25 10.33 10.23
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JERRE, MK BB T 1/3 Bk, RERIE] pH (4 7.2, MU AR 4 FRA AR T 5 mg- L7,
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TE 60 d AT RAE  RAERTEE G 24 h, RAEM) 58 R IR ES IR AR B AR (hepatopancreas , HP ) A% i, 72 o i (AR
o 1:9 MIATRYE 90 g- L7 A BRER K, #EATV2 ZRBIFIES | 3 min WFJEE 7043 J5 BUAE | AR IR V8 R 5500 BL 2 500
remin” B0 20 min, 5 10% FLHZV503 FF, SRAE B9 LK EL (hemolymph , HM) A& A HLEER 1) 25
O BRI %O 3 000 min™ B0 10 min, B IERAE-20 CI-PT

JHF-FE8 B R It 9 L e S A BB T R A A - BB KRR 1 (T-AOC) |, 8 L W AL (SOD ) | i A fb S0
(CAT) A MEH IR A AL ( GSH-Px ) 16 PEFIPY 8 (MDA ) 5 2t 5 JH- 9 B AR i gk 28 42 28 2y A I 48 4% .
PR PEWEIR T (ACP) BBCVE DR R i ( AKP ) FI1E B P ( LZM ) 356 P8 5 BT IBR U R M 368 90 A T A D00 45 o < R 2 19 g
(TRY) \TEM T ( AMS) FIRE WG (LPS) 3G PE, DL L HEFRR S ot g A E ) TR o I A AR D
i 7 520 5 R GB/'T 13883—2008 Fr ek il iyl i ) v riL SRk 75 48 B8 1A o i vk it 47

ARMREIEAR TR A W E A (WOR) = (LRIKE - P IR KT ) x 100%/ ) 46 7R 55 7 A K %
(SGR)= (In &AM -In WA ) X 100%/ B [8] ; f 8 R EL(FCR) = flBHE A & x 100%/ ( ZK 1 5 -9)
URIRTE ) s BTG R (SR) = (ZOREFREV WIIREF L) x100%
1.5 HIEAEBSSiTaH

RIS Y AR MR (2 +SE) 7, FIH OriginPro 2024 44 4T 5 Ak BN G2 430 Hr , % JH B
K2 T 225391 (ANOVA) Fll LSD Z 8 LAt ihilf 47 22 5% W PR 35 ( P<0.05)
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W 2 PR - BEAE BRI AN I s 3G, o2 [ 2R S ZOR IR E 2 90 s S 5 BRI 3, fEAE K
60 d AR A5 | YSe30 Ab P o [ JE AL MF LR AR F 5 K, 38 YSeO 3514 T 78.88% ( P<0.05) 5 Ifij i 2 1) i
BRI, 50 QR B MR AR AR E AR T YSeO, Y d % FRa A KR SARMNE R MM /EE, EE
T BRI S I 2 A 5 ) Gl R AR G R R (P<0.05) , YSe30 AbFHEE YSeO T [ 33.82% , YSe60 Ab BH%;
YSeO TR 41.91%, W R AR ka3l 5 LR KRR M SAAaRL, 230 e T m s B
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Table 2 Effect of yeast selenium addition on growth performance of crayfish
b P WG R g LR H/ g HH A/ % FEE KR/ (% d7") Tkt R AL 2/ %
Treatments Initial weight Final weight Weight gain rate Specific growth rate Feed conversion ratio Survival rate
YSe0 5.02+0.01 25.62+0.12¢ 410.77+3.61¢ 2.72£0.011¢ 1.36+0.03* 83.33+2.89"
YSel5 5.0420.01 36.27+0.09" 620.19+2.52" 3.29+0.006" 1.12+0.04" 88.33+7.64%
YSe30 5.03+0.01 45.83+0.11% 810.60+0.70* 3.68+0.001° 0.90+0.03¢ 93.33+2.89°
YSed5 5.01+£0.03 28.77+0.14°¢ 474.32+1.41¢ 2.91+0.004¢ 0.82+0.03¢ 78.33+5.77¢
YSe60 5.03+0.03 21.54+0.07° 328.30+1.28° 2.42+0.005° 0.79+0.02° 73.33+7.64¢

T :YSe0,YSel5,YSe30,YSedS  YSe60 s Atk oy B4 73 Jin 42t 4357124 0.,0.15.,0.30.,0.45 1 0.60 mg-kg™' .

FZF B (P<0.05), FM,

Note: YSe0, YSel5,YSe30, YSe45, YSe60 mean that the yeast selenium added in the feed is 0,0.15,0.30,0.45 and 0.60 mg-kg™',

AL BRI R NG PR RN

respectively.

Different lowercase letters indicate significant difference among treatments( P<0.05).The same below.
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Fig.2 Effect of yeast selenium addition on T-AOC , antioxidant enzymes activities and MDA content of

the hepatopancreas( HP) and hemolymph( HM ) of crayfish
AR 2L A R AL B RUA [F) /NG F R 3R 25 5 i 3% (P<0.05) . R,

Different lowercase letters between different treatments within the same tissue indicate significant differences( P<0.05). The same below.
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MDA J2 v [C R ZS MR AU N 0 2=, e T AR R B i S A A At i s R 2 181 2 S, B
G TR REAIG 7 s 1 JHE R AR I 3K L MDA 35 i 247 S 0 i SRR AR B i 34, L YSe30 4b B MDA &
HRAR, TR ALK EL MDA 25 5848 YSe0 4351 N 34.18% il 32.45% (P<0.05) , Ifii YSe45 il YSe60 Ab
FRAFIRAR MDA 842, YSed5 Fl YSe60 AbFH MLk MDA &3 b HIKT YSe0,

2.3 BEWRMEXRKEERERZ NN

TRRE S 2 00 XoF e G D 28 M FHF JE R 10 9k L2 e B Dy R AT W 5 e (1 3) o P T B0 5 i 1 34
i, v D 2 AR P JRR AR AR B ACP 376 1 2 B0 Se T = J BRI A B 3, YSe30 Atk B35 4 d5e v, JHF B AR | i
W ACP FEPEES YSeO 43 4R 5 34.85% .96.22% , 111 YSe60 AbFRATIHEAR 1Lk ACP IEPEME T YSe0, 5351
TRET 5.72% M 11.13% . HFIHRAR ACP 1EPER2 MK EL ACP £ 17.05 ~24.26 1§,

Wi 25 T B A 0 0 B84 0, IR 0 ML 96 B AKCP 335 Pt 52 B S T 5 5 B AR R B 3 | YSe30 A B TR
PEfE  ITIHAR MLk T AKP 15 PR YSeO 23 I/ 165.01% .53.04% , 1] YSe60 A0 FRAT R | Mtk AKP
TEHEART YSe0, 5351 FF% 17.97% 1 6.09% , 7351, PR AKP 16 2 MLk EL AKP f9 20.88 ~41.39 £,

i 5 T B A O e A 38400, PR A 0 ML 9 2 LZM 3% 1 ) e 5 0 S T 3 I R AR A A 34, YSe30 Ak
TG kA e, R L IR EL LZM 36 PE48 YSeO 435Il 1 50.14% .26.96% , T} YSe60 AbH AR | il itk & LZM
TEHEART YSeO, 535 N FE T 12.68%F19.27% ., 534, MLtk LZM 3% P42 I RAR A9 1.29 ~1.59 f% .
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Fig.3 Effect of yeast selenium addition on the activities of acid phosphatase( ACP) ,alkaline phosphatase( AKP)
and lysozyme ( LZM ) of the hepatopancreas( HP) and hemolymph ( HM) of crayfish
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ML 4 w5 Bl BRGS0, TRY 36 1 R 3R S T 5 J5 B AR A R 3, YSe30 Ab B35 31| e i
PE,YSel5 F1 YSe30 ZbEEAFBEAR TRY 15540 B4R YSeO B 42 55 49.74% F1 75.32% ( P<0.05) , 738 TRY %
PEFR R 73.719%F1 135.29% (P<0.05) , 1M YSe60 AbHHAE YSeO 435 N 19.11% M1 18.03% , 5340, FF R
TRY M5 38 17.67% ~38.66% . SR, Bl A B R0 48 Jin & A 34, LPS 36 4 2 3 58 R A THisi 1
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A, YSe30 AL BRTEVE R AR, AP AR AR TE YSeO 2351 2. F R 30.76% 1 27.50% ( P<0.05) , 1M g fig A
718 YSe60 AbFHAE YSeO 43425 9.01% Fl1 6.51% , 5 4, bt 5 BTG U it (340, AMS 15 e 81 A e
Fh i G FEAR B a3, YSe30 ARG Mhde K, B AP AR A TE YSeO AbH /35| 2 3 42 = 38.89% 1 39.51% ( P<
0.05) , 1 YSe60 4k FHIE V4L YSeO &b FHAT 5T % 14.29% F1 8.64% . 3 41, IFIEEHE AMS 3 P LE 7 i
31.48% ~35.71%.,
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Fig.4 Effect of yeast selenium addition on the activities of trypsin( TRY) ,lipase( LPS)and amylase( AMS)
of the hepatopancreas( HP) and intestine(I) of crayfish
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