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Abstract

This research work was conducted to investigate the effects of dietary supplementation
of fermented yeast glucans (FG) on growth performance, feed utilization, hematological
compositions, innate immunity, and disease resistance against Streptococcus iniae for olive
flounder (Paralichthys olivaceus) at three different growth stages. Six experimental diets
were formulated to contain FG at six different levels of 0, 0.01, 0.05, 0.1, 0.25 and 0.5%
(designated as Con, 0.01%, 0.05%, 0.1%, 0.25% and 0.5%, respectively). All diets were
formulated to be isonitrogenous and isocaloric. Triplicate groups of fish (2.6g) in Exp-I were
fed the experimental diets to apparent satiation (5-6 times a day, from 08:00 to 18:00 h with
2 h intervals) for 7 weeks. In Exp-Il, triplicate groups of fish (20g) were fed the same
experimental diets but different pellet sizes to apparent satiation (twice a day, 08:00 and
18:00 h) for 9 weeks. In Exp-IIl in which sub-adult size of olive flounder were used,
duplicate groups of fish (145g) were fed the same experimental diets but different pellet
sizes to apparent satiation (twice a day, 08:00 and 18:00 h) for 8 weeks. At the end of the
three feeding trials, growth performance of fish at three different growth stages were not
significantly affected by the supplementation of FG. Hematocrit and hemoglobin values were

not affected by the supplementation of FG Respiratory burst, lysozyme activity and
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superoxide dismutase activity were not significantly different among all the fish groups.
However, cumulative mortality of fish fed the control and 0.01% FG diet was lower than
other groups (0.05%, 0.1%, 0.25% and 0.5%) in Exp-I and II for the 14 days and 21 days of
challenge tests, respectively. In conclusion, dietary supplementation of FG over 0.25% seems
to have negative effects on growth performances and feed utilization by decreased diet
palatability. The optimum supplementation level of the FG into diets for olive flounder is

suggested to be lower than 0.05%.
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Fig. 8. Blood parameters of olive flounder fed six experimental diets containing 6 different
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Fig. 9. Non-specific immune responses of olive flounder fed six experimental diets

containing 6 different levels of fermented yeast glucan for 8 weeks.
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Table 1. Formulation and proximate composition of basal diet for three different feeding

trials with olive flounder at three different growth stages (% DM).

Ingredients %
White fish meal 45.0
Soybean meal 5.0
Corn gluten meal 5.0
Wheat flour 28.0
Squid liver oil 12.5
Choline chloride 0.5
Mineral mix ' 1.0
Vitamin mix * 1.0
Cellulose 0.5
Carboxymethylcellulose 1.0
Proximate composition

Crude protein 42.5
Crude lipid 17.1
Ash 9.4

lMgSO4.7H20, 80.0; NaH,PO,.2H,0, 370.0; KCl, 130.0; Ferric citrate, 40.0; ZnSO,.7H,0, 20.0; Ca-
lactate, 356.5; CuCl, 0.2; AlCI;. 6H,0, 0.15; Na,Se,03, 0.01; MnSO,.H,0, 2.0; CoCl,.6H,0, 1.0.

? L-ascorbic acid, 121.2; DL-a tocopheryl acetate, 18.8; thiamin hydrochloride, 2.7; riboflavin, 9.1;

pyridoxine hydrochloride, 1.8; niacin, 36.4; Ca-p-pantothenate, 12.7; myo-inositol, 181.8; p-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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weight)/days] *x100; @A A s 5 S (PER) = wet weight gain/total protein

given.

ok
i
>,
e
o
>,
>,
ol
o
3
ui
ok
(o,
oX,
>
=y
rlo
,%
=
<
=t
<.
)]
@)
<
>
0Q
[eb)
=
=)
X
il
S
>
ofo
ol
o
£

Collection @ jeju



Agrtzr ol WA= SHSEA S H(Completely randomized design)S

AN, A D BMAIE SPSS (Version 11.0) Zz213S o] &3}o]

One-way ANOVAZ %7 EAHET, a8 Hzke §9x= Turkey's HSD

=3

test (P < 0.05)2 ¥v|usI ok dHolHe Hak £ EF-HX(mean = SD)E

YEM A, BME-& Ho]E &= arcsine HE o= AXste] B4 4354

ogh

Collection @ jeju



Exp-II: 4%371(20g) @A Al5Y] ¢aIF3e o] 84

gl 2 gl

)

o7

Ho
N

1))
WE

R

™
4o
o

X
&

- =
p. [€)

19.9g+0.1)

% 9 30 vhely Tae) Aol

N
T

7}

I

T2

El
=

R

%_

18 719 150L

2-3L/min ¢

bl om,

J|

A

sheie.

o)

23C = ApAGL

18C oA

ot

1 o 2 3](08:00 ¢ 18:00 A1)

AR

Al
=2

Y| At

D

B
=

A" FAE

& vk

<
T

uh 2] 4] 7]

(200ppm)&-H o =

phenoxyethanol

Collection @ jeju



o] &35leo] mE] wmHEA AT, A AL Hematocrit, Hemoglobin

R AZZ(NBT) 24 o] &xglen, &40 & & fiwel7]l(Micro

17TR, Hanil Science, Korea)E& o]&3le] d#S 3%t wmst =% 9

1 vhele] B Rbdom Fae AEse] AW WWom FSuAt

e
oo
—OL
9
(g
18
M
4%
=2
>
oo
i)
el
o
ftlo
M
i)
—O|L
38
=
M
i)
i
e

&

o
)
J|m
o
X
(g
12
)

ZAE(WG, %) = 100X(final mean body weight - initial mean body
weight)/initial mean body weight; A543 & & (FCR) = dry feed fed/wet
weight gain; Y7335 (SGR, %) = [(log. final body weight — log. initial body
weight)/days]*x100; @A 7#3tg & (PER) = wet weight gain/total protein

given.

10

Collection @ jeju



ELER

bt om,

ol

Hematocrite  microhematocrit technique HHo=  FA

hemoglobin &2 A5 A3}eEA 7] (Express plus system, Bayer, USA)E

o] &3to] A w3

DEREREE IR

&) A ¥ &A (Nitroblue tetrazolium activity)

A xE g7 wie oS3 o] #AFHSYU(Kumari and Sahoo,
2005). 4 dN3 NBT solution(0.2%)& Z+zF 50ul® 42 F 25°C ol A
30% B¢ WEEAIATE WEEE 50ulE glass tubed]l &% ¥ Dimethyl
formamideES 1ml® ¥ttt 7 & 2000rpml.= 58 F<F 44 E3 =
Aol S B33 A (Genesys, Series 10 UV, Rochester, NY, USA)E ©]-&3}9

540nmell A SF =5 24381t} o|lu blanke Dimethyl formamide® 38} %I t}.

Lysozyme activity &2

g3 W golaAd BEAS Y&l Micrococcus lysodeikticus cellS

o] g3lo] A5 TH(Swain et al., 2007). HA], 0.1 M sodium phosphate buffer

11

Collection @ jeju



(pH 6.4)° 2 HAZxH M. lysodeikticus (Sigma)E A7}t 0.75 mg/ml
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weight gain; Y7335 (SGR, %) = [(log. final body weight — log. initial body
weight)/days] x100; @A Hd3 g8 (PER) = wet weight gain/total protein

given.
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Table 2. Growth performance of olive flounder fed six experimental diets containing 6

different levels of fermented yeast glucan for 7 weeks.

Con 0.01%  0.05% 0.1% 0.25% 0.5%
Exp-1 (~2.6 g)

IBW (g) 2.6040.00 2.60+0.00 2.60+0.00 2.60+0.00  2.60+0.00 2.600.00
FBW (g) 9.30+0.74 9.41+£0.65 8.67+0.66 8.13+0.53 8.12+0.51 7.72+0.55
WG (%) 258429 262425 234425 213420 212420 197421
SGR (%)’ 3.03:0.24 3.06:0.20 2.86£0.22 2.71+0.19 2.71+0.19 2.59+0.21
FCR® 1.14£0.21  1.1240.22 1.22+0.24 1.23+0.23 1.2640.19 1.33+0.13
PER* 2.104037 2.16£0.46 1.9740.41 1.96+0.35 1.9040.26 1.78+0.17
Survival (%)  89.3+8.2 81.3349.4 81.34#8.2  82.746.8  81.3+5.0  96.0+3.3

Mean values of triplicate groups; values are presented as mean + SD. Values in the same row having

different superscript letters are significantly different (P< 0.05).

'Weight gain (%) = 100 X (final mean body weight — initial mean body weight)/initial mean body

weight

* Specific growth rate (%) = [(loge final body weight — loge initial body weight)/days] x 100

*Feed conversion ratio = dry feed fed/wet weight gain

* Protein efficiency ratio = wet weight gain/total protein given

@ jeju
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Fig. 1. Growth performance of olive flounder fed six experimental diets containing 6

different levels of fermented yeast glucan for 7 weeks.
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Fig. 2. Cumulative mortality of olive flounder fed six experimental diets containing 6
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Table 3. Growth performance of olive flounder fed six experimental diets containing 6

different levels of fermented yeast glucan for 9 weeks.

Con 0.01% 0.05% 0.1% 0.25% 0.5%
Exp-II (~20 g)

IBW (g) 19.9+0.1  19.9+0.0 19.940.0  19.9+0.0  19.940.0  19.9+0.0
FBW (g) 727427  75.542.0  66.041.6  712+3.1 649450  65.1+7.3
WG (%)' 26615  279+10 23248 25816 226+25 227436
SGR (%)*  2.03+0.08 2.08+0.05 1.87+0.05 1.99+0.09 1.84+0.15 1.84+0.21
FCR’® 1.12£0.07  1.08+0.05 1.27+0.05 1.1940.06 1.28+0.25 1.29+0.28
PER* 2.1240.13  2.18+0.10 1.85+0.06 1.98+0.09 1.88+0.33 1.88+0.45
Survival (%) 964429  100£0.0  92.9+0.0  96.4+2.9  91.74+9.4  91.7+3.4

Mean values of triplicate groups; values are presented as mean + SD. Values in the same row having

different superscript letters are significantly different (P< 0.05).

'Weight gain (%) = 100*(final mean body weight — initial mean body weight)/initial mean body

weight

* Specific growth rate (%) = [(loge final body weight - loge initial body weight)/days] x 100

*Feed conversion ratio = dry feed fed/wet weight gain

* Protein efficiency ratio = wet weight gain/total protein given
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Fig. 3. Growth performance of olive flounder fed six experimental diets containing 6

different levels of fermented yeast glucan for 9 weeks.
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Table 4. Blood parameters of olive flounder fed six experimental diets containing 6 different

levels of fermented yeast glucan for 9 weeks.

Con 0.01% 0.05% 0.1% 0.25% 0.5%

Exp-II (~20 g)
Hematocrit (%) ~ 26.943.6 273329 25.842.6 252+1.8 253+13 27.3+0.3

Hemoglobin (g/dL) 5.1+0.8  6.040.6  5.4+03  6.0+0.4  5.6+0.5  5.7+0.2

Mean values of triplicate groups; values are presented as mean + SD. Values in the same row having

different superscript letters are significantly different (P< 0.05).
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Table 5. Non-specific immune responses of olive flounder the six experimental diets

containing 6 different levels of fermented yeast glucan for 9 weeks.

Con 0.01% 0.05% 0.1% 0.25% 0.5%

Exp-II (~20 g)

NBT (absorbance) 0.74+0.11 0.79+0.09 0.78+0.06 0.76+0.09 0.77£0.07 0.83=0.02

Lysozyme (ugHEWL/ml) 5.86+1.90 5.39+0.59 4.39+2.05 5.36+1.69 5.63+1.81 6.84+0.97

SOD (% inhibition) 42.0+15.4 39.2+13.8 36.6 £16.7 29.3£8.9 36.8+18.1 32.6+12.1

Mean values of triplicate groups; values are presented as mean + SD. Values in the same row having

different superscript letters are significantly different (P< 0.05).
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Table 6. Growth performance of olive flounder fed six experimental diets containing 6

different levels of fermented yeast glucan for 8 weeks.

Con 0.01% 0.05% 0.1% 0.25% 0.5%
Exp-III ( ~145 g)
IBW (g) 146+3 145+1 1471 145+1 145+1 14246
FBW (g) 203+7 196+1  185k14  206+14 18943 2015
WG (%)' 38.9+7.8  354+0.3 262+103  42.6£9.5  30243.1  22.5%9.6
SGR (%)*  0.59+0.10 0.54+0.00 0.41+£0.15 0.63+0.12 0.47+0.04 0.62+0.12
FCR’® 1234021  1.25+0.04 1.28+0.43 1.1340.13  1.26+0.04 1.28+0.31
PER* 1.97+0.48  1.89+0.09 2.0740.98 2.11+0.33  1.87+0.08 1.95+0.67
Survival (%)  80.443.1  783+0.0  76.14#3.1  80.4+3.1  78.3%6.2  78.3%6.2

Mean values of triplicate groups; values are presented as mean + SD. Values in the same row having

different superscript letters are significantly different (P< 0.05).

'Weight gain (%) = 100*(final mean body weight — initial mean body weight)/initial mean body

weight

* Specific growth rate (%) = [(loge final body weight — loge initial body weight)/days] x 100

*Feed conversion ratio = dry feed fed/wet weight gain

* Protein efficiency ratio = wet weight gain/total protein given
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different levels of fermented yeast glucan for 8 weeks.
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Table 7. Blood parameters of olive flounder fed six experimental diets containing 6 different

levels of fermented yeast glucan for 8 weeks.

Con 0.01% 0.05% 0.1% 0.25% 0.5%

Exp-III ( ~145 g)

Hematocrit (%) 25.8£3.1 24.7£09 23.1£0.5 25.4+0.8 23.4+0.5 26.8£0.8

Hemoglobin (g/dL) 6.1£0.3 5.6£0.5 4.5+1.3 4.8+0.1 4.7+0.6 4.9£1.0

Mean values of triplicate groups; values are presented as mean + SD. Values in the same row having

different superscript letters are significantly different (P< 0.05).
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Table 8. Non-specific immune responses of olive flounder fed six experimental diets

containing 6 different levels of fermented yeast glucan for 8 weeks.

Con 0.01% 0.05% 0.1% 0.25% 0.5%

Exp-III ( ~145 g)

NBT (absorbance) 0.69+0.02 0.65+0.03 0.62+0.02 0.77+0.04 0.62+0.10 0.79+0.07

Lysozyme (ugHEWL/ml) 7.78+1.12 10.9+1.68 10.0£0.00 6.58+2.59 10.6+2.45 10.4+6.67

SOD (% inhibition) 26.0£5.6 31.4+£7.0 28.1£0.9 38.2+£8.7 30.1+6.8 33.0+1.7

Mean values of triplicate groups; values are presented as mean + SD. Values in the same row having

different superscript letters are significantly different (P< 0.05).
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