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Effect of Fermented Soybean Meal by Bacillus subtilis in Pacific White
Shrimp Litopenaeus vannamei Diets on Growth Performance, Innate

Immunity and Disease Resistance

Soohwan Kim, Chorong Lee, Kyunghoon Chang', Junyoung Bae', Seong-Jun Cho', Se-Jin Lim? and

Kyeong-Jun Lee*

Department of Marine Life Sciences, Jeju National University, Jeju 63243, Korea
ICJ BLOSSOM PARK, Life Ingredient and Material Institute, Suwon 63243, Korea

*Neo Environmental Business Co., Dangjin 16495, Korea

A feeding trial was conducted to evaluate the effect of dietary supplementation with fermented soybean meal by
Bacillus subtilis (BFSBM) on growth performance, feed utilization, innate immunity, water quality, and disease
resistance of Litopenaeus vannamei. A basal fish meal-based diet was regarded as a control and two other diets were
prepared by replacing 30% fish meal with either soybean meal (SBM) or BFSBM. Triplicate groups of shrimp (0.80
+ 0.010 g) were fed one of the experimental diets for 6 weeks. No differences were found in final body weight, feed
conversion ratio, or survival among all dietary treatments after the feeding trial. Shrimp fed the BFSBM diet had
significantly higher phagocytic and phenoloxidase activities than those of shrimp fed the SBM diet. Total ammonia
concentrations in culture water during a zero water exchange test tended to decrease in tanks where BFSBM diet was
provided. Disease resistance of shrimp to Vibrio harveyi tended to increase in the BFSBM group during 14 days of
challenge compared to that in the control (CON) and SBM groups. These results show that dietary supplementation
with BFSBM can enhance the innate immunity of Pacific white shrimp and replace at least 30% of dietary fish meal.
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AL 3 O & T HLELO] oA A} of] ARR-E] 11 QI TH(Suarez et al.,
2009). i, huke: of i} W EaI S o, WeobulieAt
1wl El 2y} 2ho 4l o] fhefo] mi-p- wan, ERAL A sl qlAket
2 adok QAL ek kg Elo] sleke Thtol oleZhou
etal, 2011). o] &gt i Fuke] Th-& B etkalr| fal Ftoll=
o =El(soy protein isolate), 5<t=Hl(soy protein
concentrate), WA FHI 22 Al ST A AL 9] 7h:
vl o]| Tt o7 218 =) 1 ¢l ch(Paripatananont et al., 2001;
Alam et al., 2005; Shiu et al., 2015). £3], YratjFete =2
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Table 1. Formulation and proximate composition of the experi-
mental diets for Pacific white shrimp Litopenacus vannamei (%
of DM basis)

Experimental diets

Ingredients
CON SBM BFSBM

Anchovy fish meal (Peru) 42.4 28.0 28.0
SBM' 0.0 20.1 0.0
BFSBM? 0.0 0.0 17.5
Wheat gluten 2.0 3.0 3.0
Squid liver meal 12.0 12.0 12.0
Wheat flour 27.0 19.0 19.0
Starch 1.2 11.1 13.6
Fish oil 14 2.8 29
Mineral mix® 1.0 1.0 1.0
Vitamin mix* 1.0 1.0 1.0
Choline chloride 0.5 0.5 0.5
Calcium phophate 1.5 1.5 1.5
Proximate composition (dry matter, %)

Crude protein 404 40.9 40.9
Crude lipid 8.5 8.9 8.8
Crude ash 1.7 10.4 10.2
Moisture 8.3 8.4 8.3

'SBM, Soybean meal. BFSBM, fermented SBM with B.
subtilis. *Mineral premix (g kg' of mixture): MgSO,.7H,0,
80.0; NaH,PO,2H,0, 370.0; KCI, 130.0; Ferric citrate, 40.0;
ZnSO,.7TH,0, 20.0; Ca-lactate, 356.5; CuCl, 0.2; AICL.6H,0,
0.15;Na,Se,0,, 0.01; MnSO,.H,0, 2.0; CoCl,.6H,0, 1.0. 4Vitamin
premix (g kg of mixture): L-ascorbic acid, 121.2; DL-a tocoph-
eryl acetate, 18.8; thiamin hydrochloride, 2.7; riboflavin, 9.1; pyri-
doxine hydrochloride, 1.8; niacin, 36.4; Ca- -pantothenate, 12.7;
myo-inositol, 181.8; -biotin, 0.27; folic acid, 0.68; p-aminobezoic
acid, 18.2; menadione, 1.8; retinyl acetate, 0.73; cholecalficerol,
0.003; cyanocobalamin, 0.003.
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U7 A HARS sl

AgARR ] WA 2S84 28 (Completely random-
ized design)ol] whel AAJSIY L, BE A= SPSS (Version

L QA - ol

AN
SN

12.0)Z 27392 0|83} One-way ANOVAZ 57 EA4 %]
Atk A9 glolE 7he] -2 *k= Tukey's HSD test (P<0.05)
=2 ¥ nE Qi) glolE s Hdt gk £ FFHA K (mean £ SD)E L}
Eff et BE-E o] E+= arcsine ¥ §HO.2 Al4teto] B
=45kt

L

z47} @ pEt

= U=

_,_
o

SRR Ao BE Akl A9-o] 4E, ARES 2
150l 4 W] ATHe Table 20] LR, 65:7b0] A2

jusg)

T HFTHA, ARATEE, YEES BE IF0A 79
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A slo] ZalAHge] §4vh A 5 Ao HuEn

Table 2. Growth performance, feed utilization and non-specific
immune response parameters of Pacific white shrimp Litopenaeus
vannamei (0.80+0.010 g; mean initial weight) fed the three experi-
mental diets for 6 weeks'

CON SBM BFSBM
FBW? 4.74x0.06 4.96x0.09 5.03x0.30
FCR? 1.9320.06 1.89+0.07 1.88+0.10
Survival (%) 88.9+7.70 91.1+3.85 84.4+3.85
NBT* 2.04£0.41%  1.57+0.48° 2.30£0.622
PO’ 0.09+0.02%>  0.08+0.01° 0.10£0.022

"Values are mean of triplicate groups and presented as mean+SD.
Values in the same row having different superscript letters are sig-
nificantly different (P< 0.05). *Final Mean Body Weight (g). *Feed
Conversion Ratio=dry feed fed/wet weight gain. “Nitro blue tetra-
zolium (absorbance). *Phenoloxidase (absorbance).
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(Yamamoto et al., 2010). S| 2HE2 L. vannamei®] 4% FoH o2 =2 AVE VeI TH(Table 2). Xie et al. (2016)
of Hk=A] Hagt JFIAtRA ks 72 ez 7 A2 < e R o 5 thA|ske] ARt Axf, Ao U 2t
2E|E AFRE L. vannamei7} Aol 79 4470l Alshethar A Al TE R of 5 thA|sHHA AT IR
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A A7 A s A7 UERA] QI o= flofl A gt A= o] Fa% A R2H T5 FY B AT ST
g 2EE ARS AFIR Aol A AIsE d ke ARk A Solto A thaA 28-S Sl 4= JIth(Guertler et al,
Fpojrt. whebs] WA Y7ol uhE At Fe2H S0 A 2010; Nayak, 2010). Indian carp (Labeo rohita)?} L+ 2 =}v]
A o] thefiA= B A7t o] Fol A of gt il Akr T o Oreochromis niloticus)S T4 2 B. subtilis7} 27V AF

NBT, PO 24 73} BFSBM A@70|4 SBM AgHc) 22257 5.2 297 23S 0, 2 474719} 57
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Fig. 1. Ammonium (NH,") concentration of non-exchanged water tanks of Pacific white shrimp Litopenacus vannamei fed the three ex-
perimental diets during 14 days (A), and survival rate of Pacific white shrimp fed the three experimental diets after challenge with Vibrio

harveyi during 21 days (B).
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= Zlo] R EQlck(Aly et al., 2008; Kumar et al., 2008). T
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A-o] ol S0l 4] geteio] AA Ffol Gy G
29 A7holl a7} ikl & A QIck(Li et al., 2009; Tseng
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