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Effects of Dietary Supplementation of Fermented Garlic Powder on Immune
Responses, Blood Components, and Disease Resistance against Principal
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Temperature Season
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ABSTRACT

We report non-specific immune responses and disease resistance against Vibrio anguillarum, Streptococcus iniae and
Edwardsiella tarda by dietary supplementation of fermented garlic powder (FGP) in olive flounder for the first time. Four
isonitrogenous (45% crude protein) and isocaloric (17.1 MJ/kg) diets were formulated to have 0%, 0.5%, 1% and 2% of the FGP
(G-0, G-0.5, G-1 and G-2). The experimental diets were fed to juvenile olive flounder averaging 23.4 g in triplicate groups (90
fish/group) in a flow-through system. After a five-week feeding trial, healthy fish with similar sizes from each tank were selected
and injected with 1 ml of three bacteria each to evaluate disease resistance of the fish. During the S-week feeding trial, the
weight gain, specific growth rate, feed conversion ratio, protein efficiency ratio, and survival of the fish were not significantly
affected by the experimental diets. However, feed intake was significantly lower (P<0.05) in the fish fed the G-2 diet compared
with the control group. Hemoglobin, myeloperoxidase activity, cholesterol and HDL-cholesterol were not different between the
dietary groups. However, hematocrit, nitroblue tetrazolium (NBT) activity, and lysozyme activity were increased (P<0.05) with an
increment of dietary FGP. Plasma triglyceride of the fish fed the G-0.5 diet was significantly lower than that of fish fed the
control diet. The cumulative mortality was lower in the fish fed diets containing FGP compared with the control group in the
challenge test except for the bacteria Edwardsiella tarda. The results in this study indicate that dietary supplementation of FGP
can enhance the non-specific immune responses and disease resistance of olive flounder against V. anguillarum and S. iniae.

(Key words : Olive flounder, Fermented garlic powder, Non-specific immune response, Challenge test)
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diallyl sulfide % diallyldisulfide®} %2 s}gtzo] itk
E2 vl59 AA G4 allinaseo] 9J3] alliin®] allicin®.2 3]
Y3 allicin THA| diallyl thiosulfinate®} diallyl disulfide %
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and Paik, 1997; Kim et al., 2005), &=%o](Kim et al., 2005)
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Effects of Dietary Supplementation of Fermented Garlic Powder

Table 1. Proximate composition of fermentation garlic

powder
Composition Content
Dry matter (%) 88.3
Crude protein (%, DM) 23.2
Crude lipid (%, DM) 6.3
Crude ash (%, DM) 2.8
Carbohydrate (%, DM)" 124

" Carbohydrate = 100-(% moisture + % protein + % lipid+ % ash).
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Effects of Dietary Supplementation of Fermented Garlic Powder

Table 2. Composition and proximate analysis of the experimental diets (% of dry matter basis)

Ingredients Diets
G-0 G-0.5 G-1 G2
White fish meal” 45.0 45.0 45.0 45.0
Soybean meal” 15.0 15.0 15.0 15.0
Fermentation garlic powder” 0.0 0.5 1.0 2.0
Wheat flour 23.0 23.0 23.0 23.0
Yeast 2.0 2.0 2.0 2.0
Vitamin mixture” 1.0 1.0 1.0 1.0
Mineral mixture” 1.0 1.0 1.0 1.0
Squid liver oil” 8.0 8.0 8.0 8.0
Starch 5.0 4.5 4.0 3.0

Proximate composition

Dry matter (%) 83.4 82.1 79.3 78.1
Crude protein (%, DM) 45.1 45.5 453 45.8
Crude lipid (%, DM) 103 10.4 10.5 10.3
Crude ash (%, DM) 12.4 12.5 123 12.5
Estimated energy (MJ/kg DM)® 17.1 17.1 17.1 17.1

Provided by Suhyup Feed Co. Ltd., Uiryeong, Korea.

? Provided by Aqua Green Technology Co. Ltd., Jeju, Korea.

3

Vitamin premix (g/kg of mixture): L-ascorbic acid monophosphate, 100.0; DL-tocopheryl acetate, 20.0; thiamin hydrochloride, 4.0,

riboflavin, 4.4; pyridoxine hydrochloride, 4.0; niacin, 30.0; p-pantothenic acid hemicalcium salt, 14.5; myo-inositol, 40.0; p-biotin, 0.2;
folic acid, 0.48; menadione, 0.2; retinyl acetate, 1.0; cholecalficerol, 0.05; cyanocobalamin, 0.01.

» Mineral mixture (g/kg of mixture): MgSO, -

20.0; Ca-lactate, 356.5; CuCl, 0.2; AICI; -

5

6

(Garling and Wilson 1976).

A& (Weight gain), AFE4%]& (Feed intake), AF5413H8 & (Feed
conversion ratio), U7H3JE (Specific growth rate), T2 3k
F& (Protein efficiency ratio) @ AE& (Survival)S A
HF FASE 5 7 Fxrit entele] ofFE TSR AdEste
2-phenoxyethanol £ (100 ppm) 2.2 v}HA|A dgd A7}
¥ OFAPIE AREEt] mRsdel ] AEE sigick A4
hematocrit, hemoglobin 2 nitroblue tetrazolium (NBT) activity
£ 45tk B4 ¥ 92 ddLS myeloperoxidase (MPO) 2
lysozyme activity, triglycerol, cholesterol 3 HDL- cholesterol

RS}

A5 A3 9AEE]7] Micro 17TR Hanil Science, Korea)%

o]g3te] 5,000 rpmOE 1057 YARelste] F4L Helsidh,
el AFetr B o 011*35'— BAS 9E 50T AL
Watel Haeel

AR B ARALRS] AdNHIE $42 AOAC (1995) 8

7H,0O, 80.0; NaH,POj, -
6H20, 0.15; Na25e203. 0.01; MnSO4 .
Squid liver oil was purchased from E-Wha oil Co. Ltd., Pusan, Korea.

Estimated energy was determined by using values of 16.7 KJ/g protein or carbohydrate and 37.6 KJ/g fat for dietary ingredients

2H,0O, 370.0; KCI, 130.0; Ferric citrate, 40.0; ZnSOy -
HzO, 2.0; COClz . 6H20, 1.0.

TH0,

o whel SR eblAAE (125C, 3A7h, 28)Re Agss
H(550C, 122417, Tde 25 ol EA7] (Kejltec System
2300, Sweden)Z EAE|9lom, ML Folch et al. (1959)]
el mel Soxhlet %7 (Soxhlet Heater System C-SH6,

Korea)g o83l A= i)
6. YMEA

Hematocrit-2 3l|3}21o] 2] ZAE#AEFH (Micro- hematocrit
Capillary Tubes)oll NS A& thsy L7 (Wax plates)ol] Al
& 5 JAAGIAEE]7] (Micro Hematocrit VS-12000, Vision
Scientific, Korea)ollA 10#7F 94lielate] gk S74sksich 3l
2R, A4, F28E 4 HDL-cholesterol 412 7H7}
of Al Ak HREAIZL § HAASEHEAY] (Express plus
system, Bayer, USA)E o]&3alo] 4519t} X =242 end
point, $/3#| 4, ¢~ &, HDL-cholesterol kinetic "HOZ

=
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(1) CHAM =

dafo] JAAHE 24 Kumari and Sahoo (2005)2] 434}
He &8st TEEFY o S5 (Neutrophils)oll &gk
oxidative radical %S S48l BAHS o5 2k
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wA He 3
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(2) Myeloperoxidase activity &4

g7 W myeloperoxidase /3> Kumari and Sahoo (2005)<]
WS 7122 A48k WA HBSS (Hanks balanced salt
solution)E 96-well platesoll 80 ¥ 53 the I3 20 wE
Y=tk I $ 20 mM TMB (3,3'5,5'-tetramethyllbenzidine
hydrochloride) 4% 5 mM H,0, &8 Wth 287 w84
7 % 4 M H.SOs £9& 3540 371t ¥ microplate reader
(Thermo, USA) 450nmol|A] &3=E 743k

(3) Lysozyme activity =44

A Ul lysozyme?] &AL Yeh et al. (2008)°]
goz ¥AM33th WA 0.05 M sodium phosphate acid buffer
(pH 6.2)° &2 7Ax" Micrococcus lysodeikticus (Sigma,
USA)E #7181 0.2 mg/ml s dgdg whErh dgkol 200
wE 96-well platesdl] 58131, ool Eagt I 10uE &
A7 %, microplate reader (Thermo, USA)E ©]-83}4] 530 nm
oA 137 63l F3E gh& A8 Lysozyme®] 2909
T 29 0.0019 FHE A Yehlie Fo Qs
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2 £2 fAsgon,

A lgare wixE A EEA W (Completely randomized
design)ll w2} AAISH T, B2 A= SPSS (Statistical package
for the social sciences, Version 12.0) X215 0]&3}q]
One-way ANOVAR &7 #AHA dHlole #e frofabe=
Duncan’s multiple test (P<0.05)% H] % Stk

oz !
53] AT A, Als W SErkeawe] A7t mE A
FE, IR E, AEASEE, duddsas 2 AELdAME
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AN vhewY] K] S7K whet sl
T =L 2% A7 E dRT Bu oo vhe AleA
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=2 0 [e] = = 21T =2
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Table 3. Growth performance of juvenile olive flounder fed the experimental diets for 5 weeks”

Diets G-0 G-0.5 G-1 G-2

IMW? 23.5 +0.05 23.5 +0.06 23.4 +0.04 23.5 +0.05
FMW? 33.6 £1.24 31.5 +1.58 31.4 +1.30 31.9 +1.06
Weight gain” 434 +522 34.1 £6.83 34.5 £5.36 35.8 +4.40
FI? 17.5 £0.62° 16.7 £0.92® 16.4 +0.59™ 16.0 +0.51°
SGR” 1.29+0.13 1.04+0.18 1.06+0.14 1.09+0.12
FCR” 1.7020.15 2.1240.35 2.06:+0.27 1.93+0.19
PER” 1.30+0.11 1.09+0.16 1.1120.14 1.19+0.12
Survival 75.6 +6.9 76.7 +£3.33 78.9 +1.9 78.9 +5.01
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Fig. 1.

= Initial mean body weight.

FMW = Final mean body weight.
Weight gain (%) = 100 x (final mean body weight—initial mean body weight)/initial mean body weight.
Feed intake (g/g body weight) = dry feed fed (g)/ body weight (g).
Specific growth rate (%) = [(log. final body weight—log. initial body weight)/days] x 100.

conversion ratio = dry feed fed/wet weight gain.

Protein efficiency ratio = wet weight gain/ total protein fed.

Means of triplicate groups; values are presented as mean + SD.
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myeloperoxidase activity (C) and HDL-
cholesterol (D) in fish fed the experimental diets containing different levels of fermentation garlic powder
0%, 0.5%, 1% and 2% (G 0, G 0.5, G 1 and G 2) for 5 weeks. Values are means of triplicate per
treatment. Bars with different letters are significantly different (P<0.05).
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Fig. 2. Hematocrit (A), triglyceride (B), hemoglobin (C) and total cholesterol (D) in fish fed the experimental diets
containing different levels of fermentation garlic powder 0%, 0.5%, 1% and 2% (G 0, G 0.5, G 1 and G
2) for 5 weeks. Values are means of friplicate per treatment. Bars with different letters are significantly

different (P<0.05).
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Fig. 3. Cumulative mortality of olive flounder fed the
experimental diets containing 0%, 0.5%, 1%
and 2% of fermentation garlic powder after
challenge with Vibrio anguillarum by intra-
peritoneal injection.
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challenge with Streptococcus iniae by intra-
peritoneal injection.
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100 4
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40 -
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Fig. 5. Cumulative mortality of olive flounder fed the
experimental diets containing 0%, 0.5%, 1%
and 2% of fermentation garlic powder after
challenge with Edwardsiella tarda by intra-
peritoneal injection.

Fig. 6. An outbreak of Vibrio anguillarum infection of
olive flounder from this study.

2R B HARES HEAT dEvERY 1% 1EdAE
60%% UETFRO 2 FHHARE UrE‘rlH ok (Fig. 4). E.
tardas *}}10}04 #4 ]7\1 78' 79 ool BE AFT
oA 100% 2 A} $el59l Aol 1ol
&bt} (Fig. 5).

o] ATFME HAF7)0 AlE U] HEnfsEwS g 3
7¥etel |Al Alojell st Ay, e, dUEYE, AEdSE
&, IUAAAEE 2 AL ol JIE M)A &gkt 1
2y g QoA wanksy A7 R TR adhe
S Bt TS ALSAFEolA wheshEke] Skl wE 7
a3t 7Y B2 2% AFME FoHeR v AlEAAE
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S HSITH(Table 3). 3(1987)2 whso] WEHkSo] mjx& 3k
S Yolr At AHE oz S8 Az Avks 2%, 7M1 A
g3 ks 2% MW7 AolAF ol AslES Husia, T

(1978)= "HEFE 0.5%, 1%, 2% 2 3% F=dlls Aoz
o] tlxT¢} HSESlal 4% M7 AoldF Fo] vt Hrt &4
A AskES Baskelth. Kwon et al. (2005) Z5AH=3 o] 44}
5 g R kA E (X%, ot 9 nhe)S Hrlstel Ad
st Ayt dFSAFI AT FRAES W EN T
TV AdgS Holom, AlmAlFgelMe adhs AES B
ot ®austdch sARE SA Als o rkswEs drkeE A
3% B 5%E A7k HETelA freHoR E2 %— Ags 1Y
Oub AFRAFATES A7t 2ozt GlSITH(You et al., 2009). &
AFAME whgo] 71 A T A EL) ﬁ%?‘iwﬂ %3
& 7 Ao gy & offe] Aol JFS wA
374912} Foll sftol (Brett and Higgs, 1970), A5
o] /Kl wel AlRAFAES IVRle AFS HA
(Iwata et al., 1994; NRC 1993). & 3= =&0] 16ToA 18
T W91 Aerle Fugicy. uebr] darksd 2% H7t
ToA tiETRY foHoR v AHES HOAS AT,

Bk el Lo AURA 2d 2 vk & Fol BgAo

P

(o

A=
F0% 3
2o 37

Hr r1r

2 2488 Ao gda Aw ur o PAHY AR
A71700) AR Aavie R AREAS BE F2E

o] 4a% o7 Atk

ojn] B2 dAgAEel osf whs H7pAelel ogk I F|2H
9 F9AEY Astade AT (Sharma et al., 1976).
Chun and Paik (1997)2 AP 1dAHE dio2 Z2HE,
%7974, HDL-cholesterolS ZARF A¥} tjzito] whs37H+
Hr} ?ES Fo2HE s U, SR W A
FS BHPo fFofHQd Aolg  Holx  9kow, HDL-
cholesterol & Pl 3% H7hroA oz vlsl tha =2 A9

S 2o foHQl Aol itk Btk Qureshi (1983)
v wkEAo]l Foo T*é AL Aot HDL—
cholesterol 4~ W37} vt Husloith 2 AqofM e

whEEge] Hrbel ofd FAEAAL pasisloy, ]*Eﬂiﬂr

HDL-cholesterol 42 #8l7} §ileh 2 <dte] Axe} x|g7}

A e o] A7ANE FRE B o, AR o vhede A
Ve Al xole " AWl vAE d¥e SR s
AaAdle Ao AEHT (Fig. 2B).
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Effects of Dietary Supplementation of Fermented Garlic Powder
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