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Summary

I. Title of Project

Technical development of feed additives using fermented cactus products

for olive flounder, Paralichthys olivaceus

II. The estatblishment of fermentation technique and product

process of cactus fruit fermentation

1. The searching for fermentation microbes and fermentation

characteristics,.

In this work, we studied the fermentation characteristics of
cactus(Opuntia ficus-indica) fruit juice by lactic acid bacteria,
Lactobacillus plantarum 11060, L. brevis 10110, Pediococcus dextrinicus
KCTC3506, and Leuconostoc mesenteroides 10146, and also by effective
microorganism complex(EM). No significant changes of Brix degree were
observed by the different bacterial species through where fermentation
process, and pH and total acidity were decreased and increased
respectively both in nondiluted and diluted juice 1in process of
fermentation. The final pH of diluted juice, which was adjusted to pH 6.6,
fermented for 10days by L. plantarum was 4,0. Total acidities of diluted
and nondiluted juice were 0.77% and 1.89% after fermentation with L.
plantarum. The bacterial number in diluted juice was increased to 8.8~9.1
Log CFU/mL from 6.1~6.9 Log CFU/mL after 1 day fermentation by other
bacteria, The sugar content was decreased from early fermentation stage
and sucrose was consumed most rapidly than other sugars. In terms of
organic acids change, the citric acid, the most abundant acid in non
fermented Jjuice, was decreased, instead, lactic and acetic acid were
increased gradually according to the proceeding of fermentation. As a

result, It was shown that L. plantarur 11060 have most powerful
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fermentation ability and lactic acid productivity with cactus juice than

other lactic acid bacteria or EM,

2. The identification of lactic acid bacteria isolated from cactus
fruit and fermentation characteristics of cactus fruit juice with

isolated lactic acid bacteria.

Two strains of lactic acid bacteria, designated CNUQO1 and CNUOLO, were
isolated from slightly fermented cactus (Opuntia ficus-indica) fruit. The
16S rDNA sequence of strain CNUOOl showed the highest homology to those of
Lactobacillus plantarum WCFS1(99%) and Lactobacillus plantarum R0O7(99%), and
that of strain CNU010 showed the highest homology to Lactobacillus brevis
L63(97%) and R066(97%). The biochemical characterization of two strains
using API 50CHL kit indicated that CNU0OO1 and CNUO10 are L, plantarum and L.
brevis, respectively. As a result, strains CNUOOl and CNUO10 were identified
putatively as  Lactobacillus plantarum and  Lactobacillus  brevis,
respectively. Some results were obtained from the fermentation expriments of
cacus fruit juice inoculated with two isolates. After 7days incubation at
30°C, the final pH, total acidity and viable cell counts of fermented cactus
Juice with L. plantarum CNUOO1 were 3.5, 089%, and 8.4 Log CFU/mL, and those
with L. brevis CNUO10 were 3.84, 0.59%, and 8.6 Log CFU/mL., The contents of
glucose and fructose were decreased according to the proceeding of
fermentation and frucose was consumed most rapidly than other sugars. The
organic acid of fermented cactus juice with L. plantarum CNUQO1 and L.
brevis CNUOIO contained citric acid, Lactic acid, acetic acid. Among them,
lactic acid content icreased with the progression of fermentation. fermented
cactus juice with L. plantarum CNU0OO1 showed 3.87 mg/mL lactic acid,
respectively. That with L. brevis CNUO10 produced a lot more acetic acid

than that with L. plantarum CNUOO1.

3. The product process and storage characteristic of fermented

products(liquid and freeze drying powder) of cactus fruit juice with
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latic acid bacterium, Lactobacillus plantarum CNUOOL.

The viable cell counts of lactic acid bacteria in the fermented cactus fruit
Juice were measured every 5 days during cold storage at 4. The results, the
viable cell counts of all experimental group showed 8.64~8.83 Log CFU/mL
after fermentation and that showed 8.08~7.15 Log CFU/mL for the 5th day and
was decreased about 10~20%. The viable cell counts of experimental group C
and D were almost no change to 15 days from 5 days, in contrast , those of
experimental group A and B decreased. The viable cell counts of lactic acid
bacteria in freezing and freeze drying state were measured. The results, The
viable cell counts of each experimental group showed 8.67~8.93 Log CFU/mL
before freezing and those decreased 8.0~8.32 Log CFU/mL and 7.7~7.98 Log
CFU/mL after freezing and freeze drying state. No significant change of viable

cell counts were observed according to the different experimental group.

I[lI. Effect of fermented cactus{opuntia ficus indica) as Feed

Additive on the Growth of Flatfish Paralichthys olivaceus

1. The Effect of fermented cactus fluid on the growth of flatfish

Paralichthys olivaceus (1 ).

The aim of this study is to find the proper concentrate for opuntia cactus
feed so that fish growth is maximized to the flatfish paralichthys olivaceus
after the fruits are fermented with favorable micro-organism to easily feed
the fish with mixture of cactus, native plant in Jeju.

As a result of research comparing flatfish growth, their survival rate,
feed coefficient, daily growth rate, breeding rate and condition factor by
the 0%, 1%, 5%, 10% fermented opuntia cactus concentrate were examined from
February 1 through September 26, 2001. the growth rate showed the highest
value (P<0.05) with a significant range of 9.8-11.2% in the population with
the 1% concentrate, compared with the contrast population and thus could be

seen with the opuntia cactus additive greatly contributing to the flatfish
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growth,

As for the survival rate, the population with 1% concentrate showed the
highest wvalue but not so significantly, compared with the contrast
population. The feed coefficient showed a feed efficiency as it was 7% lower
in the population with the 1% concentrate, compared with the contrast
population. Daily growth rate showed about 3% higher value in the population
with the 1% concentrate, compared with the contrast population and daily
feeding rate showed a good efficiency, 10% lower in the population with the
1% concentrate than the contrast population. Condition factor level didn’t
show any significant difference among the experiment populations.
Consolidating all of the above results, the additive of fermented opuntia
cactus fluid as an additive showed a positive effect on paralithys flatfish

growth and feed efficiency. The optimal concentrate level was 1%,

2. The Effect of fermented cactus fluid on the growth of flatfish

Paralichthys olivaceus (11).

This research examined varied constituent formation after fermenting the
cactus fruits, native plant in Jeju by microorganism to apply it to the fish
conveniently, proper concentrate and its effect on the growth, when applied
it to the flatfish, This fermented fluid mixed with the feed concentrate of
the 0%,0.2%,0.5 %, and 1,04 were applied to the feed as additive,
compared each on the flatfish growth, survival rate, feed coefficiency,
daily growth rate, feeding rate and effect for condition factor from October
25, 2001 through February 7, 2002, which resulted in the population with the
0.5% and the 1% concentrate showing a significantly high value((P<0.05) with
4.9%-27,3%, 1in the growth, compare with the contrast, so the fermented
cactus fluid could be seen as a contributing factor to the flatfish growth.

In the survival rate, the highest rates were shown in the populations with
the 0.2% and 0.5% additive. Feed coefficient was shown with the better feed
efficiency, lower about 20 % in the population with 1% additive, compared
with the contrast population. Daily growth rate showed the higher values of

0.5%, 1.0%, 0.2% concentrate in the order, daily feeding rate showed the low
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value in the populations with the 0.2% and 0.5% concentrate, compared with
the contrast population. Condition factor showed the high value in all the
populations with additive concentrate, compared with the contrast
population, In order to see fermenting difference to affect on the flatfish
growth, the population with the 1% fermented additive was compared with the
effect in the population with the non-additive ferment, which showed a
different result that the flatfish growth in the population with the
non-additive was rather slower than that in the contrast population.
Fermenting process resulted in a different constituent of useful substance,
After fermenting process, especially greater reduction of crude fiber, the
increase of amino acid constituent like Aspartic acid, Valine, Isoleucine,
Lysine, and the increase of fatty acid like Myristic acid, Magaoleic acid,
Stearic acid, Oleic acid, Linoleic acid, EPA, DPA and so on are thought to
affect direct and indirect effect on the flatfish growth.

Consolidating the above results, fermented cactus additive showed a great
effect on the flatfish growth and feed efficiency, and in the breeding spot,
the fermented cactus fluid is considered as a naturally efficient additive,
The proper additive concentrate of fermented cactus affecting on the growth
is a level in the range of 0.2% and 1.0%, but considering the feed
efficiency, a recommendable level of concentrate is thought preferable to be

1 % level,

3. Effect of cactus fermentation powder on the growth of flatfish

Paralichthys olivaceus,

This study was performed from May 27. 2003 to January 27, 2004 to check
the proper density of fermented cactus powder and the influence on the
growth of a flatfish, when the f{reeze-dried powder after ferment with
lactic-acid bacteria was added to the feed and supplied for the flatfish.
When MP(Moist Pellet) feed was accompanied with palm cactus fermentation
powder(0.08%), the effect appeared in growth of a flatfish, the feed
efficiency and condition factor by being large. Also, fat composition in

body composition of flatfish appeared by being increased,
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4. Effect of flavonoid, quercetin in cactus on the growth of flatfish
Paralithys olivaceus ( 1),

To check the influence that quercetin known as anti-oxidation on the
flatfish growth of a flatfish and additive density, this suudy was performed
from Dec,23, 2003 to Mar. 24, 2004. The quercetin did not display a
particular difference in the growth of a flatfish but display a clear
difference in the survival rate. GOT and a GPT showed a clear difference in
blocd.

Flavonoid component works on an immunity of a flatfish with
non-specificallly, and it is guessed that it improves the immunity function.

Addition density was checked approximately 10ppm in the contrast with amount
of feed,

5. Effect of flavonoids, isorhamnetin and kaempferol in cactus on the

growth of flatfish Paralithys olivaceus (1I).

This study was performed from May 21, 2004 to August 18, 2004 to confirm
the influence on the growth of a flatfish by isorhamnetin and kaempferol,
which is known as anti-oxidation material of cactus. The isorhamnetin and
kaempferol did not display a particular difference with growth of a flatfish
but display a clear difference in a survival rate.

It was showing a large margin in the population with isorhamnetin additive
in particular, GOT and a GPT showed a clear difference in blood. Flavonoid
component works on an immunity of a flatfish with non-specificallly, and it

is guessed that it improve the immunity function.

6. Effect of Lactic acid(Lactobacillus plantarum CNUOOl) on the
growth of flatfish Paralithys olivaceus,

This study was made to check how lactic-acid bacteria(Lactobacillus

plantarum CNU0O1), which is seperated and cultivated purely from the cactus,
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affects on the influence on the growth of a flatfish.

The lactic-acid bacteria(Lactobacillus plantarum CNUOO1) was a little effect
in the survival rate plane comparing the growth of a flatfish. Also, the
higher the addition density of lactic-acid bacteria was, the lower the feed
was. Therefore, it is considered that even lactic-acid bacteria itself

works positively a little in flatfish growth and a flatfish immunity.

7. Effects of amino acid and sugar on the growth of flatfish

Paralithys olivaceus,

This study aimed to check the effect of amino acid and sugar components on
the growth of a flatfish, Lysine, methionine, tryptophan, valine which were
necessary amino acids and taurine were influencing the flatfish growth,

Sugar component was influencing the flatfish growth, too,

8. Comparison value with other commercial feed additives.

This research aimed to see any prospect of development as an additive
constituent of the fermented cactus, naturally growing in Jeju and being
cultived according to the anaerobic process using micro-organism and, with
the contrast population, experimented comparing the factors of growth rate,
survival rate, feed efficiency and condition factor on the Chitosan
additive, f-Glucan and Cbosan, herbal product widely used as immune strength
and growth facilitaing product in the breeding spot.

As a result of comparing for 85 days from May 19 through August 13, 2002,
all the populations with the fermented cactus additive ,and the other
additive populations showed a significant high value, compared to the
contrast in growth and survival rate, especially the most significant effect
in the fermented cactus fluid, In the feed survival, the f-Glucan, additive
showed the highest value, and daily growth rate showed generally higher
value in the f-Glucan, additive and the fermented cactus fluid. In the

condition factor, the Chitosan additive population showed the highest value.
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From the above result, the fermented additive using the ficus cactus which
is native plant in Jeju is definitely inferred as an efficient additive

with other feed additive now used in real aquaculture in,

9. Effect of fermented cactus(opuntia ficus-indica) on the growth of

flatfish in fish farming,

This study aimed to confirm the flatfish productivity in a breeding spot
using the fermented cactus fluid and powder with lactic acid
bacteria(Lactobacillus plantarum CNUOO1) in fish farming. In the experiment
for seven months since flatfish larvae entered in fish farming, it showed a
very good effect on the growth rate of a flatfish, the feed efficiency,
weight gain rate and an condition factor when it accompanied EP feed with
fermented fluid(1.0%) and MP feed with fermentation powder(0.08%).

GOT and GPT in blood showed clear reduction in fish fed fermented cactus

fluid and powder compared with those of non-fed controls.

10. A sensuality evaluation

As a result of the sensuality evaluation on the flesh, the flatfish which
ate fermented cactus appears a little higher result in color, flexibility,
fattiness and after taste than those which didn’t eat fermented cactus,
Particularly aftertaste among sensuality evaluation lists was clearly high,

so that it is expected to bring the distinction of the taste.

IV. Effect of fermented cactus on the immune system of

flatfish Paralichthys olivaceus

1. Histochemistry of Lectins in the Tissues of the Flat Fish

Paralichthys olivaceus
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Lectins are glycoproteins that specifically bind carbohydrate structures
and may participate in the biodefense mechanisms of fish. In this study, the
binding of three lectins, Dolichos biflorus agglutinin (DBA), soybean
agglutinin (SBA) and Bandeiraea simplicifolia BS-1 (isolectin B4), were
studied in the gill, liver, intestine, kidney, heart and spleen of the flat
fish Paralichthys olivaceus. DBA was detected in intestinal mucous cells, as
well as in gill epithelial and mucous cells, It was weakly detected in renal
tubule epithelial cells and in the bile duct. Strong SBA staining was seen
in the intestinal club cells, and in bile duct and renal tubule epithelial
cells. There were intense positive reactions for isolectin B4 in gill
epithelial and mucous cells, and strong isolectin B4 staining was seen in
epithelial cells of the bile duct and intestine. These results suggest that
the three lectins examined were localized in the covering epithelia of the
various organs of flat fish, and that they may participate in the biodefense
mechanism of the intra body surface, an area that is exposed to various

antigens.

2. Bacteria flora in inner intestine of flatfish Paralichthys

ol ivaceus

The oral administration of fermentation product of cactus fruit juice
fermented with Lactobacillus plantarum CNUOOl continouly to farm-raised
flounders (Paralichthys olivaceus) reduced the number of enteric bacteria in
the gastero-intestine about 23.6% compared to control. The bacterial flora
of control group showed predominantly the general enteric bacteria, in
contrast that of experimental group showed lactic acid bacteria of about 3.3
Log CFU/g intestine wet weight. This result looks like to show the effects
of probiotics or prebiotics of L. plantarum to farm-raised flounders
(Paralichthys olivaceus) for the inhibition of the growth of pahogenic

enteric bacteria, and the promotion of healthy growth of flat fish.

3. Anti-bacterial effect of fermented cactus
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The cactus (opuntia ficus-indica) extract has been claimed to have several
biological activities including anti-inflammation in oriental medicine. The
objective of this study was to determine the antibacterial activity of
cactus fruit fermentation in cultured olive flounder. Fermentation of cactus
fruit was prepared by mixing cactus fruit and commercially available
effective microorganisms for 2 weeks in room temperature, We have tested in
vitro antibacterial effect of fermented cactus on fish pathogen,
Streptococcus sp., Edwardsiella tarda, vibrio sp. which was originated from
the cultured fish (Paralichthys olivaceus). To see the effect of fermented
cactus fruit on cultured fish, the fish was fed an experimental diet
supplemented with 1.0% of cactus fruit fermentation for 3 months, and
infected intraperitoneally with Streptococcus sp. In vitro test, it was
found that fermented cactus fruit effectively inhibited growth of
Streptococcus sp.. In the pathogenicity test, there was less mortality rates
in the cultured fish fed fermented cactus fruit compared with those of
non-fed controls., These results suggest that fermented cactus fruit is one

of potential antibacterial property in cultured olive flounder.

4. Anti-bacterial effect of Flavonoid

One of cactus flavonoids, quercetin, has been claimed to have several
biological activites including anti-inflammation in several studies. The
objective of this study was to determine the antibacterial activity of
quercetin, We have tested in vitro antibacterial effect of quercetin on fish
pathogen, Streptococcus sp., FEdwardsiella tarda, vibrio sp. which was
originated from the cultured fish (Paralichthys olivaceus). To see the
effect of quercetin on cultured fish, the fish was fed an experimental diet
supplemented with 1.0% of quercetin for 3months, and infected
intraperitoneally with Streptococcus sp., FEdwardsiella tarda or Vibrio sp..
In vitro test, it was found that fermented quercetin effectively inhibited
growth of Streptococcus sp., FEdwardsiella tarda and vibrio sp. In the
pathogenicity test, there was less mortality rates in the cultured fish fed

fermented quercetin compared with those of non-fed controls. These results
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suggest that fermented quercetin is one of potential antibacterial property

in cactus,

5. Anti-bacterial effect of Lactobacillus plantarum CNUQO1

Lactobacillus plantarum has been claimed to have several biological
activites including anti-inflammation in several studies, The objective of
this study was to determine the antibacterial activity of Lactobacillus
plantarum. We have tested in vitro antibacterial effect of Lactobacillus
plantarum on fish pathogen, Streptococcus sp., Edwardsiella tarda, vibrio
sp. which was originated from the cultured fish (Paralichthys olivaceus). To
see the effect of Lactobacillus plantarum on cultured fish, the fish was fed
an experimental diet supplemented with 1,0% of Lactobacillus plantarum for
3months, and infected intraperitoneally with Streptococcus sp., Edwardsiella
tarda or Vibrio sp.. In vitro test, it was found that fermented
Lactobacillus plantarum slightly inhibited growth of Streptococcus sp.,
Edwardsiella tarda and vibrio sp. In the pathogenicity test, there was
slightly less mortality rates in the cultured fish fed fermented quercetin
compared with those of non-fed controls, These results suggest that
fermented Lactobacillus plantarum is one of potential antibacterial property

in cactus,
6. Anti-viral effect of fermented cactus

Four kinds of viruses of an IPNV, IHNV, MABV, iridovirus were inquired
into with the object in order to recognize a cactus fermentation for viral
effect. Anti-viral effect was not observed on three kinds of viruses of an
IPNV, Iridovirus, MABV, but showed an effect to suppress initial increase in
case of ITHNV,

7. Anti-oxidation effect of fermented cactus

The antioxidant ativity was determined fermentation product of cactus
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fruit juice fermented with lactic acid bacteria. The anti-oxidant activity
of the fermentation product with L, plantarum showed tree times more than
that of nonfermented juice. Those with L. brevis 10110 and EM showed more or
less activities than that with L. plantarum. This result showes the
possibility of new production of anti-oxidant substance in fermentation

products with lactic acid bacteria or EM,
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Hlal 243l

3) B®

Eutet Mol duf wade] wrl ZHWEA(Hand refractometer, No, 507-1,
NOW, Japan)& AM&ste] &3 stoich

4) pH & HA 2l

W)

g
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HEAY phe A RE A #5te] pH peter® FHSIATE e F Atee
2 50mLo] B4 50nLE 7}8F F 0.IN NaOH 8O0 & pH 8.37}%] Zﬂ?g}%}ai t}. oluj
o]-2¥ 0.IN NaOH £2] ARekpl)E lactic acid ko2 Fatsle &2 A E r}

=3 2 Ho= Axtstyct

0. 1IN NaOH AH]&F(mL F x 0,009
Total acidity(%) = 2 15(nl) x F x 100

A E5-3] (L)

HE N 0,50LE 0.9% NaCl 29 4. 5mLo] Hetsta o] 10w) CL?’] 343t F 0.5%
CaC037} &-7-¥ Lactobacilli MRS agarE AFEs}S] pour plating¥fH e T 3
U7 vfoFste] colonyst MWl MR O E clear zoneo] HAH AL ASstgdn

Ut AU 3 NEo] FIAE AEHAT

- =T \_.

offt
i

) fele $o10 2

4 H¥Y YRS YUEAT F UUES AT o AU 02
millipore membrane filter® o{Z}d}o] HPLCE o] &3} glucose, fructose, sucrose
o] GHE 4311 Aerstadr}. ojuf HPLCY] Z AL Waters carbonhydrate columns
AHE31 O detector= ELSD2000, eluent:= acetonitrile : H20 (75:25), flow rate
= 1.0 nl/min, injection volume& 10 L& 3}gich.

714 242 SupelcogelTMC-610H columng AR5} oM detector UV(210nm),
eluent 0.1% phosphoric acid, flow rate= 0. 5mL/min, injection volumn& 5uLE 3}
At

-

s
el 3 \giom F714 & ICP-AES o] &3] EAslga, olu]iabd Pico-tag WY

= =2
of wiel AJ2& A28t F amino acid analyser® ZAs}aic}.
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th a4 24

1) W= (Sugar Content)?] w3}

Uw It o WEMIl= Lactobacillus plantarum IMSNU11060, Leuconostoc
mesenteroides  IMSNU10146,  Lactobacillus brevis  IMSNUI0110,  Pediococcus
dextrinicus IMSNU3506 T35 A g|Toixs Yool AL wrr 8 0 Brixor WX
THAA BEIF 7.0~7.5 BrixZ, FHA AL 4.0 Brixold wWE FHA FEI}
3.4~3.8 BrixE Tih Wolx|: 3L Holx glon, T Z FFo gt 2 4
olF Ho[x] ¢fgtoLl IMFFEE o83t %EOHH% lolel 7 8.0 “BrixojA] wfer
10d#] 6.2 *Brix® Zr4AX 03, 2uf 3ol AP 4.0 Brixold 3.1 Brix® Z4H
Sich(Fig. 1).

2) pi X F 2t=o] M3}

Al duff HFoe] YA pH, F Atee] WIHE Fig 2% Fig. 3ol REHlY}
Zol Yzt sHdofA UaI AP £5 pi= Z2ASI Als= Zupsigich o
ol B9 L plantarum 2} EMQl 7S ufot 1Ux]EE Yol ow wUF 27X pH

y 14

3.64%t 3.92 sty on, Aol Fg Z FFoA wrI|THo] Fjtef utet ¥
obA A Atd el pHE UEhiem, L plantarun oA pHe] ZtATF 71 AN SEAL
pH 6.60]A] UE 104 Z A= 4,08 ytopxct.

F MEx HMAz} ddolM L plantarum Q) B A wE S22 PAPHL
3y wrlo] AT 00,7748 1,89%% Ul O ™, EMI} L. mesenteroides 91
AP wFyt ANWYSE ZJ131S oF 2 99O, L brevis , P. dextrinicus
3506 4= AT} AL WEI ¢ HAoew Uelyrh L plantarum IMSNU, EM, L.
mesentreoides = AU duf HZ A o 9 YHto B r Fatdo] L5170

FEU 0% w9
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Fig.1. Changes of Sugar content during fermentation of

diluted cactus fruit juice(A) and Cactus fruit juice(B).
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o} 1 2 3 4 5 6 7 8 9
Fermentation time (days)

—o— [actobacillus plantarum 171060 —a—EM
—a— [eyconostoc mesenteroides 10146 —>— [actobacillus brevis 101710
—e— Pediococcus dextrinicus 3506

(B)

pH

45 1

35 ¢

— L X L

0 1 2 3 4 5 6 7 8 9
Fermentation time (days)

—o— Lactobacillus plantarum 171060 —a—EM
—— [euconostoc mesenteroides 10146 —«— Lactobacilius brevis 10110
—e— Pediococcus dextrinicus 3506

10

Fig.2. Changes of pH during fermentation of diluted cactus fruit

juice(A) and cactus fruit juice(B).
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Fermentation time (days)
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—a— [eyconostoc mesenteroides 10146 —»— [actobacillus brevis 10110
—e— Peodjococcus dextrinicus 3506
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K
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O 1 1 1 i "l 1 A it b
0 1 2 3 4 5 6 7 8 9 10
Fermentation tme (days)
~o— [ actobacillus plantarum 171060 —a—EM
~—&— Leuconostoc mesenteroides 10146 —— lLactobaciilus brevis 10110
~e— Pediococcus dextrinicus 3506

Fig.3. Changes of total acidity during fermentation of diluted cactus
fruit juice(A) and cactus fruit juice(B).
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S Logdte

H 3}

Ayl AF Aol HEste] 26TAA LHAIHA FALAET2
A3t A= Fig 4o YRt 2+ 339 A% 6.1~6.9 Log

CFU/mLo. 2 & 7| 7ho] T3 ALELS AvRd HHAQA B Ay 45

Jb vk 19t Z Zog Zylste] 8.8 ~ 9.1 Log CFU/mLe) =dslgeny, 34
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Nel A9 L. plantarum &} L. mesenteroides wF+= 2UA|F-H
U771 vlsedt =2& GRS, L brevis} P. dextrinicus ¥+ 4¢F-E
=233 A3 THFig 4A). d¥el AL L. plantarum 3} Leuconostoc mesenteroides
101460 &= ujo 1dute] 2 ZoT Zylslgon 2Ux|RE LEYW/7A 2 A3
7b §l3iTthFig. 4B). ©o]g¥ A= 1~2d Fo] F4% F7HE Holthyl I o[ FE:
SkstA HElshe A Fatgol wEEIO F33] FUISII AY HIE B

o4 Yt Mo} YASIATH EY FAT F7E Holk Ak AF RFol BA
glo] phet AHET} SAISE WA 23} YAt BB BolFAUD, YA 1~290]
Aok u %A Yehgtoh R

A FE3E AsFe)
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Fig. 4. Changes of viable cell counts during fermentation of diluted
cactus fruit juice(A) and cactus fruit juice(B).



747h gRolA BE 198 e AT Tedo] FA8] paHch AP HAd
75 WE 2d#7tA] ZIbsicit WAt AYPEEAM MM Zaste BEE HAch
27 o 3k o) FAHN AL HFE 7.8 mg/ul, TEFS 8.2 mg/ml, A
13.3 mg/mLO 2, el AL ke 10,5 mg/nl, TEZLS |

mg/mLE LEIGEOo ] wEHjols e 0 ~ 1.8 mg/ml, 3 0
AEE 0~ 0.5 mg/ml2 A RE FF7F FE AR AL UES ¢ 5 U4

ch

) 714k dheke] wist

da A LR o {74 ZAHIE Fig. 6014 B uiel Zo] A& Hels
A AN FIIFLRE Tl FE HRFHO gidon WE FoE F2
b At A, ikt 5o fUlate] weEo] gt Pt e dm A
E daz} o)A 12.0 mg/nl2t 5.4 mg/mLo] YTzt WEF HEHo| uhet Yol
S EMZ} L. breviso| M= 22435 7243883, L. plantarum?} P, dextrinicusol A=
Ay 7Hx] Zasicirl a4 RRE Ul BE EdTh

ke Z9 UF Hole 3t Aol 0.3 pg/ol, 0.21 mg/ml O} AFYOT
AEH A Wi s A ulet Zr1ste #ABEE Hoow, L plantarumi} EM,
L. brevisgtF 7% H4z} HA QoA lactic acid FaFo] THE 3ol vls) §F
o] 2~3ujo] Frtetgrt. Xate] AL UFE Hole HEo] HA Yytist dast 3
Holl whe} M A 3] ZIt=l Tt M2} L brevisgFoll A W ofe] Xato] AT

ol phet At=e] W3, fabde] gL et U st AR Ueikith

rr
&)
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Fig. 5. Changes of sugar content during fermentation of diluted cactus
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dad JEEAZA A% duf HFA 93.18%0 o] thfE Feloden of
0.11%8] A-3-&(fiber), proteinz} lipid7} Ztz} &F 0.07% 2} 0.15%5 H-{3te= 2L
= UShigch B AF RRA 4 T REHAAE 2T 85 92 ¥

F A 0.1lxold Zlo] wWF Fo 0,074 L}E}‘,—k:ﬂ_ 4.45 ppm®] vitamin C Frefo]
WR Fole 0.79 ppnlE ALl tjEE 2ujH oz FEAMEEom, 0.04 ppnd
carotinoide WRF 0.03 ppnl & LU}E}GICTE L plantaru T30 A= AR A
2o] 0.04 %2 EIYT, vitamin C L AR AH|H Ao
carotenoidi= 0.06 ppmQE A% F7iEtgcHTable 1). EI oluAEE F
glutamic acide= W& Hof 74.14 ppmo]d ZHo] EM UE Foj= 102.13ppnlE Z7}
e Zog EAEYON, prolined Wi Aol 24.44 ppmoly Zlo] L. plantarum
35 A3 Fol= 94,35 ppnl T ZU}E ¢t Table 2. ), R|W4F % myristic acid
YR A 0.2 g/100g ojd Zo] EM UEFo= 0.53 g/100g2 F713F A o2 FAE
o, Capric acid= WHA 0,07 g/100go|d Zo] EM3} L. plantarum ¢-F% WA
5t Fofl 2z} 0.27 g/100g2} 0.28 g/100g®. Z7}13t 212 Ueh et (Table 3).

(o 39, rlr
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Table. 1. A component analysis of cactus and fermented cactus with
Lactobacillus plantarum and EM.

Fermented Cactus

Fermented Cactus

Analysis list Cactus with EM with L. plantarum
Moisture (%) 93.18 97.59 96. 86
Crude protein (%) 0.07 0.18 0.07
Crude lipid (%) 0.15 0.03 0.08
Crude fiber (%) 0.11 0.07 0.04
Crude ash (%) 0.53 0.48 0.49
Ca (ppm) 236.03 161.11 188. 02
P (ppm) 52.45 35.02 35.53
Vitamin C (ppm) 4.45 0.79 -
Carotinoid (ppm) 0.04 0.03 0.06
Flavonoid (ppm) 70.24 51.00 37.20
VitaminE (ppm) 2.31 0.64 0.74
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Table 2. A amino acid component of Cactus and fermented Cactus with
Lactobacillus plantarum and EM

{unit : ppm)
Fermented Cactus Fermented Cactus
Analisis list Cactus
with EM with L. plantarum

Aspartic acid 39, 64 49 869 26.00
Threonine 10.11 14.97 6.63
Serine 28.01 33.62 17.21
Glutamic Acid 74,14 102.13 67.41
Proline 24.44 24.85 94.35
Glycine 25.02 30.41 13.38
Alanine 15.18 22.30 14.91
Valine 15. 06 26.70 18.25
Isoleucine 14,66 17.42 23.57
Leucine 13.19 24.61 3.90
Tyrosine 110. 81 158. 96 37.10
Phenylalanine 2.66 7.31 20.95
Histidine 87.45 116.64 78.28
Lysine 10,80 13.91 21.11
Arginine 9.53 11.28 5.03
Cystine 121.23 188.08 139.68
Methionine 22.11 25.23 31.20
Tryptophan 13. 40 69.96 12.28

_54_



Table 3. A fattic acid component of Cactus and fermented Cactus using

Lactobacillus plantarum and EM
{unit : g/100g)

Fermented Cactus Fermented Cactus

Analisis list Cactus with EM with L. plantarun
Myristic acid Ci:q 0.20 0.53 0.21
Myristoleic acid Ciy 0.03 - -
Pentadecanoic acid Cis:p 0.10 0.11 -
Palmitic acid Ciso 14,03 14.64 13.21
Palmitoleic acid Cis: 0.87 1.52 0.93
Tridecanoic acid Ciz: 0.03 - -
Magaric acid Ciz:o 0.12 0.15 0.13
Magaoleic acid Ci7:; 0.08 0.24 0.10
Stearic acid Cigo 4,36 4,92 4.71
Oleic acid Cig: 13.43 14,26 12,56
Linoleic acid Cig:2n6 59.75 55,73 60.79
Linolenic acid Cig:an3 1.50 0.48 0.68
Stearidonic acid Cig: 3 - - 0.14
Arachidic acid Cyo 0.78 0.55 0.84
Eicosenoic acid Czo: 0.48 0.55 0.67
Ecosadienoic acid Cy:2 0.35 0.17 0.29
Arachidonic acid Czg:4n 0.21 0.27 -
EPA Cs0:5n3 - - -
Behenic acid Cyo 0.52 0.34 0.52
Docosatetraenoic acid Coz 4ns - - -
DPA Cz2:503 0.56 - 0.57
DHA Cy2:6n3 0.30 - 0.14
Capric acid Cip:o 0.07 0.35 0.28
Caprylic acid Cs: - 0.27 0.12
Nonadecanoic acid Cig:g - - -
Lauric acid Cizo 0.07 0.16 -
Eicosatrienoic acid Cap:ane 0.05 - -
Erucic acid Can 0.37 0.42 0.17
Unknown 1,82 4,34 2.94
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Balgl alge] A3}sba Aare AP[ 50CHL(Biomerieux, France) systemg ©]-83tof
Az Fate] whilof utel @ UE 54& RAMSHACH

165 rDNA @7\ g EAPS BEal® F3E Lactobacilli MRS broth(Difco, USA)ol &

Z3to] 30ColA 18417 vlokat ¥ 10,000 x g& 1027 ¢AE8std A& +HY
% NucleoSpin Tissue Kit(ClonTech, Lab. Inc,)E o|-&3sto] A zFAle] whiiof uwhe}

genonmic DNAE E-zjstadrt. Ea]¥ total DNAOA] 16S rDNAE FE3}7] ¢lste] 27f¢t
1522r primerE A}&3}0] PCRE 43sloich PCR 22 95ColA 587 WAL F
95°C-18, 55C-18, 72T-184 F712 33 8 F HFFH02 72TA 1027
o whe AZch $EH PRAFES 1% agarose oA 795t FAstgith &
" PCR AHE-2 QIAEXRII Gel Extraction kitE AM&3te] ¥4 BAdte] pGEM-T Easy
Vector (Promega, Madison. Wis.)ol ligation¥t & E coli JM109¢o] A A AAIZH
TS 40ug/mLe] X-gal3} IPTG @ 50ug/mLe] ampicillino] E7}H LB agar WA & o]&
St 37T A 18A17F njokst & A FZUE AHE chS MI3-408} MI3 reverse
primer& ©]-&3te] RAHA MAE EAstct. HEA HELAHE Big-Dye Cycle
Sequencing kit(PE Applied Biosystems, Fster City, CA)&} ABI Prims 310 automatic
sequencer(PE Applied Biosystems, Foster City, CA)oll &Jsf 433slgirt. wald &7
A g2 HA.2 DNAstar program?} GeneBank®] blast search®] databaseE o] &3ttt
d71Y AT HBAE Y37 918lo] Lasergened] Megalign prograng ©]&dto &
Astg o of wf Clustal methodo] &3] 4-333taict.

-
He NRE QAT AShd o meter® ZAejUrh T2T F AL URY

50mLol HF4 50uLE 7}3F 2 0. 1IN NaOH 2o & pH 8. 37px] AAstadct olnf o|&
= 0.IN NaOH 89] ARaKpl)E lactic acid T8 TSty & AEE &3

u!
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0. 1N NaOH ZH|=H(mL) x F
Total acidity(%) = 2 I%(ul) x F x 0.008

Al & 53] (L)

L Wz 0.50LE 0.9% NaCl 29 4 5plo] VESITL o]E 10w che]
.5% CaC037} ¥-R-H Lactobacilli MRS agarZ A3}y pour plating

i B 64 OL
HOE 30ColA 397 ufokstod colonys} At AhA 22 clear zoneo] BAIdE
A& AT TUT APLS 3 HrEste] FFHE A2

X

() Felgdat K714 24
TG f7lal B4 35 2ud wadg daltast = == AAL thy
2B YE 0.2 um millipore membrane filter® of Z}s}e] HPLCE 0]%3}01 glucose,
fructose, sucrose®] WHES B3t AHarstalrl olu]l HPLCY R AL Waters
carbonhydrate columng AM23}%1 01 detector: ELSD2000, eluenti= acetonitrile :
H20 (75:25), flow rate: 1.0mL/min, injection volume& 10ULE 3}4t}. S7]4F 2
A2 SupelcogelTMC-610H columng AMR3}Q O detector UV(210nm), eluent 0.1%

phosphoric acid, flow ratet= 0.5mL/min, injection volumn& 5uLE &}4T},

AYoT 44T MU ARYY 24 ey
= @3 CNUOO13} CNUO10& API 50CHL kitg o] -£&3lo] W3ty EHE 2213
2} CNU001 #+5++= Lactobacillus plantarumi} 99.9%2] SAH & 7L
=
<

M4
-
o O{N
m"tl’,_-
ko‘l
ofr
L
-lo
>
-2{_:‘
o
f

o
o mY &

& 2 ZAoE Ul
m, CNUI0 @3 Lactobacillus brevis®} 97%2] SRS Zte Aos &d act
(Table 4). XErch o HAstA S4s}71913) 165 rDNA @7 GEM S B3 SAS 4

2} CNUOO1+3+& Lactobacillus plantarum ROTZF 99%, CNUOLO oF+= Lactobacillus
brevis RO663F 97%2] SAE S zH= o8 Ueldth(Fig. 7). o|Ate] Aaletz B
165 rDNA V1IN EE B8t AEHE ONU00L F32ES Lactobacillus plantarum
CNUOOLE, CNUO10 #+-& Lactobacillus brevis CNU010 22 @ sloict
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Table 4. Carbohydrate fermentation patterns of L. plantarum CNUQOL,

L. brevis CNUD10 and L, plantarum ATCC14917

CNU CNU ATCC CNU CNU ATCC

001 010 14917 001 010 14917
Glycerol - - - Esculin + + +
Erythritol - - - Salicin + + +
D-arabinose - - - Cellobiose + +
L—-arabinose + Maitose + + +
Ribose + + Lactose + + +
D-xylose - + - Melibiose + + +
L-xylose - - - Sucrose + + +
Adonitol - - - Trehalose + - +
Sy]r(‘)n;;heyl O - + - Inulin - - -
Galcatose + + + Melezitose +
Glucose + + + Raffinose - +
Fructose + + + Starch - - -
Mannose + + + Glycogen - - -
Sorbose - = - Xylitol - - -
Rhamnose - - - Gentibiose -
Dulcitol - - - D-turanose + + +
inositol - - - D-lyxose - - -
Mannitol + - D-tagatose - - -
Sorbitot - + D-fucose - - -
a-methyl-D- + - + L-fucose - ~ -
mannoside
gﬂjr;‘(f;?ggﬁ)‘ - " - D-arabitol - -
S heseamine * *  Lrarabitol - ) }
Amygdalin + + + Gluconate
Arbutin " - " Sl—uieotg;te - - B

5-keto- _
gluconate
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L. brevis ATCC 14869( M58810)
L. brevis 1.63(D37785)
L. brevis RO66(AF515220)
Strain CNUO010
L. brevis RO97(AF515219)
L. brevis NCDO 1749 (X61134)
L. spicheriLTH 5753(AJ534844)
_E L. vermiforme ATCC 13133(M59295)
L. buchneri DSM 20057 (M58811)
L. sanfranciscensis DSM 20451 (M58830)
L. plantarum Chikuso—1(AB104855)
Strain CNU001
L. plantarum DSM 20205 (M58827)
L. plantarum RO7(AF515222)
1 L. paraplantarum DSM 10667 T (AJ306297)
L. alimentarius DSM 20249 (M58804)
— L. acidophilus ATCC 4356 (M58802)
(- L. amylovorus DSM 20531 (M58805)
{“———* L. amylophifus DSM 20533 (M58806)
L. reuteriDSM 20016 (L23507)
L. bifermentans DSM 20003 (M58809)
L. sharpeae DSM 20505 (M58831)
L. salivarius DSM 20554 (M59054)
L. aviarius DSM 20655 (M58808)
L. agifis DSM 20509 (M538803)
L. saerimneri DAG154—T(AY255802)
L. animalis DSM 20602 (M58807)
L. sakeil DSM 20017 (M58829)
L. thermophilus ATCC 8317 (M58832)

Fig. 7. Phylogenetic tree based on 16S rDNA sequences showing the position
of strain CNUOO1, CNUO10 and some other lactobacilli.
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Al duf & UEHNA F o WIL= Lactobacillus plantarum CNU001-S A

28t 7ol A9 27 4.0 BrixolA 3U7A] &AM oT 7hasle] 3.4 Brixglil o

dojubx] okokrt 18]I Lactobacillus brevis CNU0I0 @] oA

4.0 BrixollA] 447}=] 3.2 BrixZoA A&H o g gasts AL Uepjd, 59
AEE AL W3IE dolut] ¢fttHFig. 3).

(Lh) pHet & 4t=eo] W3}

Wa 7L XS pHe) W= Lactobacillus plantarum CNUOO1 X g]3Lel AL %
6.6014 vl 1d#iFE FZ3s] 723t pH 4.602 Uehjglen, o] & Uy &
AR A &0 2 7hAaste] pH 3,58 UENIYTH Lactobacillus brevis CNUOL0Q! 7
Z7] pH 6.6 LA F4 A7Ix A& oz asts 28S UehidchFig. 9
39l A At o] W3l Lactobacillus plantarum CNU001Q! 79 bt 7} 213 of
eh wiE SR abo] AAstEL wE Wl A J = 0.85%% Uehjled,
Lactobacillus brevis CNU010Ql -9 1dz|7}=] 2to] FA3] FAE G oL 14x)HH
LB UI(0.62%)7HA] A &H o7 ZIstgiTHFig, 0131 A3 BAH B &
Ao 4hS oRito R sjEjatsrt By wio) pm} 3.0013t2 WgrtA] Qi B
2ot dXICE Ugo] wE A Ams wE 27, AT EFo ojet & alw
7} Aol SlAIR ThE AFRHs BA Uehiglens, w72 4% 0.6 ~0.8

Aatzol fabstA Ueh el

oy

7] p

Uh]

-3
).
u}

A duf HEFdo] FFol 25CoAA WEAI AN Fabde
WMEE Logdto® &3 ZAzbe Fig. 1o} vehiddch 2 JF% 5.7~5.9 Log
CFU/mLo & ‘%}:9‘_7] Zvo] wlE zt 452 BREALE AHYEE Lactobacillus plantarum
L2 Z7}5to] 8.4 Log CFU/mLol E@sleon, 2ax]
= 8.9 Log CFU/uLE tg}_grg;'w}x] |23l 228 Sxstolr).
Lactobacillus brevis CNUO10O| A= uloF 3U7ix] $URislA Z7)ste] 8.8 Log
CFU/mLo]l =eslglom, 3uxje wdawrs|zi=] 2 H3is} glaich
Wa AEe] FAHE 55 7~8 Log CFU/nLoj Ao 2 FASIT oy & A8y Ay
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Mol gl wmAl A AFHI I o4 moton. o
Yol Ao EAHOE 2} o] ol FojHTh H3 4

4 A
bognl umolA BSR4t 2 A4EEES U

J

2283 L. plantarum CNUOOLo] el A
Ehd o wago] 43 o= el

AEY AEE fAtd UEAES g2y a7 A8 o8 A 4=E 3
BA7le Zol Fasith filde T2 tidfHu o|dFE ol &t ofUAE ¢
LS Artshedl, A4e Z ol AL o Hefo] FHo| whof o3 FLT 4t
of AHY & ¢la”, ZFY Aol AR T2 tlYFI FHBjNA JteEH
AF1A] tom o] o] &E|x] Edto] ab¥Ado] witha & A drP! B dF Az
AL duf ZAEdo] Z+F FRU oid® JteEs EaE AT glol AU &
U dEnte s uE7E dyEg o, 4 Aol $43HA Lehfch

Soluble solid { °Brix)

0 1 2 3 4 5 6 7
Fermentation time{days)

—a— [ plantarum CNU0O0T —e— L. brevis CNUQOTO

Fig. 8. Changes of sugar content during fermentation of cactus
fruit juice with L. plantarum CNUOO1 and L. brevis CNUQ1O0.
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55
% 5.0
4.5
4.0
35

0 1 2 3 4 5 6 7
Fermentation time {days)

—a— [ plantarum CNU00OT —e— L. brevis CNUQT0

Fig. 9. Changes of pH during fermentation of cactus fruit juice
with L. plantarum CNUOO1 and L. brevis CNU010.
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—=— [ plantarum CNU0OT —e— L. brevis CNUOT0

Fig. 10. Changes of total acidity during fermentation of cactus
fruit juice with L. plantarum CNUOQ1l and L. brevis CNUQ10,
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Fig. 11. Changes of viable cell counts during fermentation of
cactus fruit juice with L. plantarum CNUOO1 and
L. brevis CNUO10,

(2h) Freld gk Wl
"E7|te] wE 3 B #ag £4% A= Fig. 69 Lrh Lactobacillus

plantarum CNUO01]] 7 3adxy

7 1.0 mg/ul® FA3] ZaEG oW 3UAFE AustA pastdch g LES

AP AAE] Zashe Z3E Bavh T2|3 Ay gk 4dsi7tx] Oz 2

ste Z¥E Helthh A sdmtH  Frkle A¥ES dhdidoh 2

Lactobacillus brevis CNU010¢! 7-9 T} 32k ¥

UElglon, e ek 3dxirtx] A3 pa

A5t AL UEhjoth Aok ke jalmje] Zrtsichrt

=
3
st 4dsiie wart AR 5 AR Zasts S vehiddch L

brevis (NOI0ZFE ¢4 Ao 2iel o §ste 202 Uehlgth ol faFe]
BHlshs B4 Sof oa] B84 nyBo| BajEol AEHE ¥ BFTE 08

kARl

(oh) 714t Tebe] W3t

Lactobacillus plantarum CNUOO1Z} Lactobacillus brevis CNUQ10o] 23] & ¥ A
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AR duf AEAoA F714F aHste Fig 730 Zo] F2 oA Alpab #ad
24t ol Eulgdnt FHake wEdHes o 1.8 mg/mlollA WEIF AE T A
Lactobacillus planarum CNU001Ql 729 A& W3st ¢loul, Lactobacillus brevis
ONUO10Q! -7 27t F23] ZAasitirt 3dzjo] A o]&stydrt Azt &+
ool aHols Adfe] HEEH oL YAyt APHEA HE o[&slgdy #
< WEHE ZEol HA dstey wEst APl wiet Fslslgdch. B
Lactobacillus plantarum CNUQO1oflA 3. 87mg/mL 3t2Fo] Hxlo] AZE|grh Xt
Lactobacillus brevis CNU0107} Lactobacillus plantarum CNUOO1E.T} ¥ ok A
staich.
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0 1 2 3 4 5 (¢} 7
fermentation time (days)

—— Fructose —s— Glucose —— Sucrose

O L { ] 1 i I
o] 1 2 3 4 5 6 7
Fermentation time (days)

—— Fructose —— Glucose —— Sucrose

Fig. 12. Changes of fructcse, glucose, sucrose content
during fermentation of Cactus fruit juice with
L. plantarum CNUQO1 (A) and L. brevis CNUOLO (B).
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Fig. 13. Changes of organic acid content during fermentation of
cactus fruit juice with L. plantarum CNUOOl {(A) and
L. brevis CNUO10O (B).
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2) Axt gzl AT F & Ak £ HE

FAFES RN WHEAER FAh 2Ab & ohkd fU10E AAste ol
IS Fo] AEHo] A3 Qe FEET IR £FY pHE FAY oot A
th mebd B o oM 2 A28 5U Tt A F AFset 4T B AU
7t Fot 54 AR FF4E FAst] wlayt A Fig 17.8 Zo] BE FolA
Wy £2AE 2 F4= 8.64~8.83 Log CFU/mLe 2 Uelygton xA 5azj= 8 08~

7.15 Log CFU/mLE ¢k 10~20% Z+Astgom A a3 Co DolAs 5¢ollA 15¢71x] A
o] Wyt ¢l ubA Al A% Bl E & F47F sttt o3t HAe Call;
L} KHoPO; ZHE buffering agent®] 7} XE wjgde] pHE F4 M2 HASIH

2
T BEEg AA A Aths et FAsHA Uebdcl

o ©
o© w»

@

~

o o
[ I RNE)
T T

Viable cell count (Log CFU / mL)
\I
&

L 1 i i 1 | S

&)

01t 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Storage time (days)

——A -8B -+ C—=x-D

Fig. 17. Changes of viable cell count of fermented cactus fruit
Jjuice during storage time.
A: pH was adjusted to 7.0 with 10N NaOH after fermentation
control
C: pH was adjusted to 7.0 with 10N NaOH after fermentation
with CaCOj
D: Fermentation which added CaCOs;

=

) THE AEY 52 9 SHAAR ulE F fAkd o HE
LaT 54 Aejet SHAZR e AdrE S 43 Fig. 100]A4 Uehtzol
Heltd ZAHY F4= 8.67~8.99 Log CFU/nLE &A%t 572 Fof A7 ¥
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o] BF4E 8.0~8.32 Log CFU/mLz} 7.7~7.98 Log CFU/mLE ©F 11~13 % ZhA3te]
Azd 2ol AY ¢le Zo® Jelyrt FAARI gAY AEHI} HEA
7%‘ ”711 gorg nxE 89S FAAZRA AEEHE E4hviY FZAZR HIA|olT)
ouba ol Bxlufi= lactose, starchS?] WH2t skim milkZ ¢#H

A QltR, & AFoANE FY AEEI} BEFo] FAFHAC

Viable cell count
(Log10 CFU / mL)

A B C D

M Before freezing @ After freezing B Freeze drying

Fig. 10. Changes of viable cell counts of different situations of
fermentation product.
A: pH was adjusted to 7.0 with 10N NaCOH after fermentation
control
C: pH was adjusted to 7.0 with 10N NaOH after fermentation which
added CaC03
D: Fermentation which added CaCOj;

=
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L As 9 gy

1) Ad¥o] U Als3H
o] oi3to]l o] &M Y&|(Paralichthys o]ivaceus) zo]= AR 8cm 2] JTERE
712+ 20019 29 FE] 20019 9¥€7bx] £ 8/ SQtololm AIFHAIRRA] AlF o
B HYL

2
8.470.55cm, A|F2 6.59:1.34g olgith AMg4RE HFH F9 )
A E 3 UYLZ(A|E 1, 20¢%0] 1.0m, polypropylene)
] x[of 100m}e|4] 48, 3WHESIQTE A}S e 1.0E0E 19 20~253]
H, SE 2tk FFE 98t air stoned AAsHgT Al oA &
e HoR AR ASS g on, 24 dd Fe XA AF
HAAER 0.01g 7HA] S3stgon, A%E lm7tx] S8t oA 3% Fof
2 & HCL-Oxytetracline 100 ppno & 1A]7Hs¢F ok&3}oic),
g A= il SAIE A AStE o, nf st F oA ZAA] wich A
ST JiAel it BEER BESE et $% 8 (weight gain rate), YHA
& (daily growth rate), WZHdo]&(daily feeding rate), AFEA<(feed
coefficient) @ H|RFZ(condition factor)E T3} 7 Zalog AAste zF A3
T2t S wlastech

flo —3 N
4
lo

fr rlo o cd I A 1o ax
)

weight gain rate = (FW-IW) x 100 / IW

daily growth rate = {(In FW - 1n IW)/t} X 100

daily feeding rate = (TF x 100)/{(IW + F¥) X day fed/2}

feed coefficient = TF/TWG

condition factor = (BW/TL3) X 103

¥ BW : body weight, IW : inital weight, FW : final weight,
TF : total feed, TL : total length,
t : rearing time(day), TWG : total weight gain

AP J7]2BHE YSI(YSIS56 multiprobe system)E o] &3l £,
DO(dissolved oxygen), pH, H]$& ZA3}gc)

2) SupetdlA ol Az
Aol AHEH Bl AS dutd o RFoM REHE AR cutdde
o AujE o] &3t WADAMEZE 32 EMRO(EM Research Organization)oflA] A

-
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5] 71 9= EM(effective microorganisms)& o] &3t ony, ARuHE £ujubelzb
£ vt F EG (ARG 10%) 3 eM(AdZdnfe] 5%)& T o} 2F

¢
S BT A S A3sted APl o] &stgct.

Eupehel W waae 3 Wrge 2] At AT 1y, 5, 1058 3
1 A Ea, Saledd R A 4 AETRS FRY AL BETL
2 stgch LUl dme] A PP WTAR] A2 FEET 2 o

F& HEsto] T F dY 23 (F, F) FFstAct

4) BAAz

Azt BAAZE ANOVA-test®  AlA]8}  Duncan’s multiple  range
test(Duncan, 1955) 2 B 7t fAAHE ZAZET% SPSS(SPSS Inc.,ver,10.07)E
o]-§ste A stATE

ot A3

AE7IZHEd AETY BFed F 4L, HF, D0, pHY Az e Zol
(Fig.1, 2). ARS22 15.2~22.4T9 HeloA HEsigon, 9dwo] 71 &9k
3, 2ol 7h ytol Ak el AMHEE BT 8][E2E 1.0225~1.02602] o]
A dsstgom, 2ol JPY &9k, 8WZel JBY Woked ol HEH Aul
713t AE Btk AFg48) DO 6.22~8.24 mg/ £ 0)glal, pHE 7.59~8.092] ¥
HollA sty ct,
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——— Natural seawater —— Rearing seawater —— Gravity

30.0 - 1 1.0300
—~ 25.0 1.0280
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2 200 1.0260 >
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£
o)
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5.0 1.0200
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Time(month)

Fig. 1. Changes of water temperature and gravity of sea water in the rearing

tank during the study,

85 - - Dissolved Oxygen —pH 9.0
J80 | f\% P N
Es Wy 1°
cC ‘ ghkff' &\Nm
§ 7.0 | \ -
X -+ 8.0
S 65 =
3
> 6.0 -

3 4 7.5
[72]
B 55 ¢
O
5.0 7.0

Feb-01 Mar-01 Apr-01 May-01 Jun-01 Jul-01  Sep-01
Time(month)

Fig. 2. Changes of dissolved oxygen and pH of sea water in the rearing tank
during the study.
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1%, 5%, 10% =] g]tofl A 2
ZAste], tiRFo] w3 SuludlR wFE A 1% H 2| Ftelnt {ofrt gt
(P<0.05)7} ATt

AFAA] A FE 6,591, 40g0] 9l om, AMFEAMA] 871 Fol= 1% HrbtoA ct
2 AgFo sl KT AAA](P0.05)7F AdFHAUTE AFFZAl tRIoA
302.17:57.21g8 A Aslgs, <Snpgbdeld wael 1w, 5%, 10 AelFolA ztzt
335.68+62. 90g, 302.37+65.91g, 299.70+56.90gC. 2 A Asle], SnjebMeld Wzl 1%
A g2t A el ¥} wlaste] g 4AE Utetylch

7t g 2F AZEE(survival rate)E thRFoA 92.67%0] 3, EHlEAAA
waol 1%, 5% 10% Az|oA ZHzZh 94.67%, 92.00%, 88.00%F £HietMelzl wbgof
1% He|FoA 713 B2 ME2LS HgoL) b, 10% Ae|FolAe tgRERTE Athd
o2 g2 ZhE& Rolil g}

FZ&(veight gain(%))S HBETEA] ESupetadd LAY 1% Aol 5009. 28%
o7 71 AFFUE wol Hoon thEeRE tfRFolA 4492.25% 0.2 UERLT,
5%, 10% AQUAUg S Xa|FolAs zhzh 4419, 73%, 4510.77%% ) 279 S5 H&7}

H AjolE Holz] Qkglrt

22RO

Table 1. Total length, body weight and survival rate of Paralichthys olivaceus by
fermented cactus at different concentration
Feeding period: Feb. 1, 2001 through Sep. 26, 2001

Initial Final .
Survival
Group Number TL BW Number TL BW ¥. gain rate(%)
of fish (cm) (g) of fish (cm) (g) g(%)

Control 300 8.47:0.15 6.580. 31 278 29.72+0,30°  302.17:8 81° 449225 92.67
1% 300 8. 440,08 6.57+0.23 284 30.73:0.27°  335.68:12,65° 5009, 28 94,67

5 % 300 8.51:0.13 6.69:0. 29 276 29.75:0.07°  302.37:8. 36" 4419.73 92,00
10 % 300 8.470.06 6.50£0.19 264 29.610.43°  299.70+10. 34 4510, 77 88.00

Values (meantSD of three replication) in the same colume not sharing a common superscript are
significantly different (P<0.05)
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3) A EASG, Aol & W HAE

A7) 7Hs 0] AP E A 4(feed coefficient), U7 Ar-8(daily growth rate) I &
7t o] & (daily feeding rate)o] t§dt Azt Table 29} Zrt}.

AFREAl(feed coefficient)= £HIEAlAF wiF ol 1% X g|FofA 0,490, 02E A}
BAe7E 7V GEIHAA,  tRTolA 0.53:0.02, 5%, 10 Az|FolAN ZZ
0.5420,07, 0.56+0,01.% Ubepyic).

U7t A& (daily growth rate)2 &nletdelA Wi ol 1% A g|FoAl 1.66%0, 032
E 2L dT8HE 1.61£0.020] vls) |23 S REoH 5%, 10% A e|LoA
Z+z} 1.6120,02, 1.62:0 032 thZ o] Hja} xpo|E Holx| ko).

A 7t d o] &(daily feeding rate)S £uletMelRF wlF O 1% A g FolA] 1,460 08
U ZEZ npHIIA R ) 279} 5%, 10% 7*1 gl 7-of vlaf fejgt k& YEhiaL ol
tedol&Ho s ¥ IS Kolu AFgdoAe 7MY &2 71 Holal glo] A

Hog AlRFEH gojAE 1 A22I} 7 22 Ao vrhyrh

fr

Pt

rz

Table 2. Feed coefficient, daily feeding rate and daily growth rate of Paralichthys
olivaceus fed with different levels of fermented cactus
Feeding period: Feb. 1, 2001 through Sep. 26, 2001

Experimental group Feed coefficient Daily growth rate (%) Daily feeding rate (%)
Control 0.53+0, 02 1.610,02° 1.65%0,10°
1% 0.49+0.02 1,660, 03" 1.4620, 08°
5 % 0.54+0, 07 1.61£0,02° 1. 6610, 08"
10 % 0. 56001 1.62+0,03" 1.73+0.13°
4) Bjtx

Eujetdel g wado] Yale mwse] NNt SFS A Az Table 3% 2
o RE ARTN MBE: Sl met Frggen, APFRA thzPY
MERE L 11.40:0.2801903, SulebdAy wme 19 10v AelZold 2%
11.47£0.33, 11.49+0.402.% tjZT R} &t} 5% A g|LolA+ 11.35¢0.072F tf

ZFETE W2 7k vebich
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Table 3. Condition factor of Paralichthys olivaceus by fermented cactus at different

concentration
Feeding period: Feb. 1, 2001 through Sep. 26, 2001
Experimental Concentration of Cactus (%)
period Control 1% 5% 10%
Initial 10, 70+0. 06 10,90+0. 19 10.7240.11 10, 60£0.14
Final 11.40+0. 28 11.47+0.33 11.35%0.07 11.49+0. 40
gh, sz
golatgo] AlEAIHY SEELE Bl Alge AR P& itz st &
T7F 2 £8E o3 gt ¥ A¥oAMEs EupeAddd WwE Y MUk gAY A
i AAREE FYHU FAUt e AeE Ueia AR HilskE 1.0%3ct
Z 5o gA 2ol tjaes AR g2o] Bue BErgteg gl auE 7}

Aetha mastglon oufe] FF Hissi o 0.55 $Fo|grh EY & 0
o3hH dx]o] 7hE & o (Fermented Orange)S AlEFe) 0.1~0.2% HUlstd S uff of
165 Fole oizFol uls) gt xS mgrl. ¥ 5P uddeltyle}
(Oreochromis niloticus)& thateZ 1257 ARl elat 342, F7[xE, Lnulx}

58 Arwt] 2~32 Frietel FolsiRe o 1A 3% BARolATe] ThRZo

Hlsl oAl gl S uvehlch el enjxt 2% FIREOAM e vzl s
233 W2 $AE Uetdo] AokAd Hibsxol mietde %ol 2318 AsiH=
BEE Btk £ AN Suleddy Ha ey 5u8t 105 HIhLolAe vzl
Hle] esle ggol triA Ueht Hoidt Frke esly AFY #AE 2dsia 8l
Th ol2i’t del SupeddRe] B3 AEE ofuet tae wiE mEo] A%
FHLE AA4Em o] F-Fof tigt Bt RNT A3t £38E "ot ok ot

N2/ H7hE A7 7é3’+°ﬂ golME olaztd YolE taeR T TRAIAE"

o zujEeto] ALy ujd M NP FAQ HArsrl wE thh B Hils
SOl Ao EAUE 5101‘: °% RBIsln 9lon, IHRFY AL
Ae|de] Kt a8 F3 9t o]¥% A AERE
=
2}

2] Q.
O
g Eo{7|7t Sof wet xjolr} glom®™® B QoA A¢E 7|7 Foivt

= Aol 2EF BEZ(survival rate)S A ole
Hdg o 1% FrlEolA MR A eI, 5%, 10% 3 7poll A

Ir
2
i x2
jo
A
B
k-3
A&
r)f
rO
o,
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o

ARAS, dZdolE 9 BAES AMEREY HoMz Sufehddd WEY 1%3
TFe=dolA 71 Za7t 4 vEtkth 2 dEA Y AlgA s
Aol whsl 7 5 ThPALE HIAQ ojmAte] ALEASE 104
th ol& "é@*}ii AFE AR FEzF Aol AYRAITY Aoz AZPHT)

2o Bf SupetAddy Ua Y 1% HrhtollA H]EL A UEtsteut
Zro] & o % Bolx] ogit). ol& AEHIMIEE B FHolFY vinEE b
7tol 79 wIRt=d} vt & alol7h gAYV 239 éﬂﬁt}% o7 4
Axsta YRR a wigtze] F7He olAle] x| Foiatet 2 HAY
FRE2E® o ofF3 AIY AW 5o FEAE)
F7 2oy o mivkHc},

o]e] Zzt ARAVAEAMLY SAAEANY SutHAIY WEA2 G HF
9 AlRESo| EFQ S Uehlo] AA ool o]&¥ 4 glerlzt JthEY
2 A7A HA Al 1x 2 UElGOL 8 o] v2& AFIAM 05 ALt
o

ZAE et glrhal Hopdich

o

rlr f
=)
e
1o,
N
o
b ¥

e
f
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o
fd
¥

o F1 m¥

—{J
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-
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7h AHE

2 dFe FAAAE Z3 ol SuleddAE of folA ZHEstA Fosty] ¢ &
dfeddy dmfE F-EudER WaAY ¥ FEHEES ATt 19 2R
A& A Holg tfgez ARl Hrtele FFotdS ol dAEF mxe A
FEE RASID BT WAERNE dotry] giste] E G AU dedIte] Aol
thste] zAtstgict.

v A 9 g

1) Ao & Als8F
o] dFof o] &H dX|(Paralichthys olivaceus) *x|oj= AA 8emFel JAILERE
A7 7h2 2001d 109 25 3E 2002 29 7U7HA & 13F Fotolgdy Al
Al Aol B A2 8.5840.23cm, A|FS 5.07:0,72g ol AHSrZRE 45%
2% vl BAE ¢ 4FP2R(AF 1. 2xol 1.0m, polypropylene) 1571E o]&3}14
A, ZE #2Y g Ao 200ube|d 8, 3NHESHUCE AR %S 1L0ELE 1Y
10~153] SpAlzion, ZFET 44 FTHE A%t air stoned AASIGTE Ao
o oA S ¥ FH R AR AF S FFsHen, 5 TY 2 AAAZA
AFE AAAEE 0.01g 714 FARstg e, A2 17| S8t ofA

[e]

Ao thgt WEEE 2L Ueh)dtl F%&(veight gain rate), YTZXE
), Y7Fdo]&(daily feeding rate), AEAT(feed coefficient
Y H[Z(condition factor)E ThE3 ZE A8 A4bste) Z AFFHY k&

HlaLstoict,

]

weight gain rate = (FW-IW) x 100 / IW

daily growth rate = {{In FW - In IW)/t} X 100

daily feeding rate = (TF % 100)/{(IW + FW) x day fed/2}
feed coefficient = TF/TWG
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condition factor = (BW/TL3) X 103

# BW : body weight, IW : inital weight, FW : final weight,
TF : total feed, TL : total length, t : rearing time(day),
TWG : total weight gain

AHeze] 7]12BALE YSI(YSI556 multiprobe system)E o] &3} S

DO(dissolved oxygen), pH, H|ZFE& &A%t

of o] AHEH SuteAdAL Nt o A FoA FEBEHE AFAL SupgAel
o] dufE o] &3l WanmAMEZE 31_}—-—:% EMRO(EM Research Orgamzatmn)oﬂ/li
Al2hE] 7 9l: EM(effective microorganisms)S o]-€3teion, Azl Lnjetaiol
% %UHE opafgt F Bl (AR dufe] 10%) 3} EM(AHAFdn)e] 5%)& E3stgrct
3 F 2537 7] wide F A of3tste] Ao o]&3lgirh o] Ao o]&H
-\‘:H]’Ef’l‘i‘?ﬂ%" WF e Mg E, frel otmlkat, AWal, wlEM C, H]E}
HEA &M FLEE|Lo]E,
(Table 1,2,3,4).

I,

=)
) AEFE W AEEY

Agol AR widrtRE B T UdIHALE (extruded pellet, EP)Qom, ot
s EUY AR JEEE Table 1,237} o}, Enpebdely G 4 At
TS 2ARL7] flete] AtEEe] 0.2%, 0.5%, 1x5 F7I3H HelZdah, &upgddd o
TAS HUWHA] Al AlERhE BT AL YxFeR stk E3 F R niA=
SHi e LERRE ulashy] slste] dEeta] o4& duletddF 1x AINES
Ayt Entedld dEee] Hrbibye wigialge] Z7te srEE 2AEY
AES FHotol TN ¥ 23(d, oF)/day W8, FF3hct
4) FAA g

2 zte] EAA = ANOVA-testE A 3}o] Duncan’s  multiple range
test(Duncan, 1955)2 HF 7ty {48 & EA =z 39 SPSS(SPSS Inc.,ver.10.07)E
o]-§sto] AAstAT
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Table 1. A component analysis of feed, cactus and fermented cactus solution.

Analysis results

Analysis list

Feed Cactus Fermented cactus
Moisture 3.36 » 83.53 % 85.59 %
Crude protein 52.00 % 1.08 % 1.08 %
Crude lipid 12.62 % 0.54 % 0.60 %
Crude fiber 1.86 % 2.51 % 0.67 %
Crude ash 12.00 % 1.28 % 1.34 %
Ca 2.56 % 0.24 % 0.12 ppm
P 1.90 % 244.89 ppu 156.63 ppm
Vitamin C 61.05 ppm 93. 36 ppm 9.17 ppm
Vitanin E 617.69 ppn 9.28 pom 5.89 ppn

(a-Tocopherol )

Table 2. A amino acid analysis of feed, cactus and fermented cactus solution,

Analysis results (ppm)

Analysis list

Feed Cactus Fermented cactus
Aspartic acid 4.84 763. 35(ppm) 1,280.66(ppm)
Threonine 2.27 307.02 306.81
Serine 2.18 405, 41 368.94
Glutamic acid 8.16 1746.32 1328.05
Proline 2.53 707.54 550. 40
Glycine 3.46 645.17 508. 11
Alanine 3.48 450.73 450. 53
Valine 2.59 341.95 348.21
Isoleucine 2.19 270.25 271.24
Leucine 4.07 569. 49 534, 39
Tyrosine 1.74 425.89 302.00
Phenylalanine 2.27 351.14 339.57
Histidine 1.89 346.93 288.85
Lysine 4.22 356.15 433.38
Arginine 2.97 881. 68 629.42
Cystine 0.48 175.54 132.79
Methionine 1.26 129.22 73.57
Tryptophan 0.48 110.27 108. 22
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Table 3. A fatty acid analysis of feed, pre-fermented and post-fermented

cactus solution.

Analysis list

Analysis resuits (g/100g)

Feed Cactus Fermented cactus
Myristic acid Cigo 6.43 1.09(g/100g) 0.11(g/100g)
Pentadecanoic acid Cis:o 0.47 0.32
Palmitic acid Ce:g 19.63 27.09 11.43
Palmitoleic acid Cig:y 6.76 0.59 0.52
Tridecanoic acid Cj3:¢ 0.84
Magaric acid Cy7:g 0.77 0.63
Magaoleic acid Cj7:¢ 0.34 11.57
Stearic acid Cjg:o 3.92 3.13 4.66
Oleic acid Cis: 16.52 11.47 11.57
Linoleic acid Cig:2n6 3.51 25.75 67.97
Linolenic acid Cig:4n3 0.76 14.47 1.22
Stearidonic acid Cig:4n3 2.06
Arachidic acid Cy:g 0.35 1.05 0.48
Eicosenoic acid Cyp:g 3.52 0.58 0.40
Arachidonic acid Cgp:4ns 1.02 1.02
EPA Cs0:503 12.59 0.27
Behenic acid Cp:g 3.72 2.26
Docosatetraenoic acid Ciz:4n6 0.23 2.56
DPA Cz2:5n3 1.56 0.21
DHA Cy2:6n3 12.59 3.92 0.08
Unknown 3.59 0.36 0.75
Capric acid Cig:p 0.30
Nonadecanoic acid Cjg:¢ 0.06
Lauric acid Ciz:9 0.76 0.05
Eicosatrienoic acid Cao:3m6 0.33 0.13
Erucic acid Cy:y 0.79 0.15

Table 4. A immune-component analysis of cactus and fermented cactus solution,

Analysis results

Analysis list

Cactus Fermented cactus
Carotenoid 2.84mg % 1.06mg %
B-Glucan 0.42 % 0.45 %
Flavonoid 163. 72ppm 95. 33ppm

_88_



= <,

1) AHS$7

A7t ot AETe BFLUF 52, HlF, D0, pH 9 A e ok Hrh
(Fig.1,2). AF% $22 17.2~20.8T2 HslolA wHslgon, A¥ 7HA Al71Q1 10
doll 714 Eokn, 24do] s ulol ouiHel AFHE Bt HFZ 1.0230~
1.02502] welollA wHtstgon, 1046l 713 Wakal, 24€e] 71y &9,&—5- ﬂ ol o
£33 7ol At AHu|FolA ALHE Zo] mel Iu[FLE FAVN: dubH s
9] ZAg =3 Qrt AMR4=2] DO: 6.72~7.32 mg/ £ P, pHE 7.30~8.092] ¢
ol W3}stoict

# Natural seawater —— Rearing seawater Gravity
250 1 1 1.0300
4 1.0280
\é 20.0 T
3 1 1.0260
2 =
© >
— [44]
[0} —
o @)
g Ao : 1 1.0240
[¢3} : i : T
15.0 " ;
E—‘ ' 4 s ‘\ i ) 1 @
Lo i % s | 4 1.0220
"5 "
a
10.0 1.0200
Oct-01 Nov-01 Dec-01 Jan—-02 Feb—02
Time(month)

Fig. 1. Changes of water temperature and gravity of sea water in the
rearing tank during the study.
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---DO ——pH

8.50
8.40
8.30
8.20
Fg’ > 8.10 _
?‘B 8.00 5
.g 7.90
’ 7.80
6.70 1 7.70
6.60 71 7.60
6.50 - 7.50
Oct-01 Nov—01 Dec-01 Jan-02 Feb—02
Time(month)
Fig. 2. Changes of dissolved oxygen and pH of sea water in the rearing
tank during the study.
2) 4% W 4ES
U223 7 pEER Suluday YEAS WY BRI 4PS 2
AIh= Table 59 vk A A2 B AL 8.58+0.23cmo] g om, A FEA
zdold B AR 19.67:0. 193 A3}, SHlGHAR i 0.2%,
0.5%, 1% Ae|FolA Z+z} 19.89+0.37, 20.04+0.14, 20.13+0.44cmE A3 A3}, TR
of uls) Eupetdldt wa el 1% Xz EZholnt §23 4 Xols} gllTHPO. 05).

o

b, R EER] oF2 SulebaAdl Rl 1% MU (Cactus 1%)S 19,3940, 42em 8 T 270
13l 23] do] £ AoZ Uelton wid 1%2b= tiz 3 ke Uehdch
AY AR A F2 5.0740.72g01 5l o, APFRAIOE 1% HIZolA tlE AY
ol Hl3] F-2J8 ZAAto]7F AR EAUTHP0.05). I & WA 0.2%, 0.5% A |70
A Z+zb 92.40+4.44, 93.3244.38 gO 2 A A3lo] thRT2] 87.15+0,98gol ]3| b oy
7t BFolM 7t o] whairt Jub waetA] b2 1% 7} (Cactus 1%)o) A
Zxol vls] AAFHAMNZ Hriyes vk kS vehfz lgich
2}

P AEE HE QES(survival rate) tfRZoAM 90.0%0] g7, £njebdolR

T,

flo

ln)
=
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wrael 0,25 0.5% 1% B7FEolA Z7F 9333, 93.33% 82,332 Urhlow, Wi
SHA] & 1% F7h(Cactus 1%)2 89.50%% UE}GtCH

F5&(weight gain rate)S A¥ FEA] Supehddd UH A 0.2%, 0.5%2f 1.0%
I Tol Holon, wWashA 2 1x HItE

BERollA tfzFe] uls) FA 7t
k

b
(Cactus 1%)oll M= ch2T-of wls] 7t w2 ghel 1475.87%5 H.AtTh

Table 5. Total length, body weight and survival rate of Paralichthys olivaceus by
fermented cactus at different concentration

Feeding period: Oct. 25, 2001 through Feb. 7, 2002

Initial Final
Survival
Group Number TL BW Number TL BW W. gain
rate(%)
of fish (cm) (g) of fish (cm) (g8) g2(%)
Control 600 8.72+0.19  5,28+0.27 540 19.67+0,19®  87.15£0,98™ 1550, 57 90. 00
Cactusl% 600 8.6940.10 5 38+0.54 537 19,39+0.42°  84.78%5 68" 1475.84 89. 50
0. 2% 600 8.58+0.05 5,01%0.17 560 19,890, 37"  92.40+4, 44 174431 93.33
0.5% 600 8.43+0.14  4.72+0.21 560 20,040, 14® 93,32+4 38" 1877.11 93.33
1% 600 8.4940.25 4,960, 63 494 20.13%0,44°  94,95%2,13° 1814.31 82.33

Values (meantSD of three replication) in the same colume not sharing a common superscript are
significantly different (P<0,05)
Cactus 1% ; not fermented cactus fluit concentration

) AEAS, dibgelE W XAE
| 7H=0te} AR Al (feed coefficient), UZHgRA&(daily growth rate) & &
ﬂﬁol%(dally feeding rate)o] t§gt Az}= Table 63} T}

AR A (feed coefficient)= ThRT2] 0.62+0.040) H|3] BE HAJlZoAolA 4
S 7k R o] & 1w HIFEolA 0.53:0.272 s kzstadch I &) 0.2%,
0 fohA] ot 1% H 7t (Cactus 1%) O F Ljepytth

U H&(daily growth rate)> EHIHAAAY UFA 0.5%, 1%, 0.2%, YRIEL

2 uehton, o]F Ix AART G B AAFUY I(Cactus 1%)of] Hls| §
=
=

%,
o
N

(Sl
AN
T

i3

oJstA zlo]&E Ko FAT i & EOIIL oleith
Y7t o] &(daily feeding rate)> uleba el whg ol 0,228 0.5%004 713 k%
ShE Ll R SERA] S 1% ’?J]-—E—(Cactus 1%)o] A 7} 7} A Z8F 2 o7 vy
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Table 6. Feed coefficient, daily feeding rate and daily growth rate of Paralichthys
olivaceus fed with different levels of fermented Cactus

Feeding period: Oct, 25, 2001 through Feb, 7, 2002

Experimental group Feed coefficient Daily growth rate (%) Daily feeding rate (%)
Control 0.62+0, 04 2.67+0.05% 1.20+0. 06
Cactusl% 0.59+0. 02 2.63+0.13° 1.28+0.08
0.2% 0. 520, 07 2.78+0.05™ 1.14%0.06
0.5% 0.550. 07 2.84%0,09" 1.1410.06
1% 0.53+0, 27 2.810.10° 1.23+0.27

Values (mean*SD of three replication) in the same colume not sharing a common superscript are
significantly different (P<0.05)
Cactus 1% : not fermented cactus fluit concentration

L_ .5 ,
11.72+0,32, 11.54+0. 312 v RFHC} Solvt, W& SR oFL 1% A 7ba-(Cactus 1%)0]
AE 11,6150, 100 & 2T HT} &2 2k Uehich

Table 7. Effect of different concentrations of dietary fermented Cactus on condition
factor (CF) of olive flounder, Paralichthys olivaceus

Feeding period: Oct. 25, 2001 through Feb, 7, 2002

Concentration of Cactus (%)

Control Cactusl% 0.2% 0. 5% 1%
Initial 7.90+0. 44 8.1240.68 7.88x0.33 7.78+0. 05 7.9610. 28
Final 11.42+0.35 11.61+0.10 11.72+0, 32 11.54+0. 31 11.66+0. 61
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sto] Yxlaalof glo] Aabde FIMA17]7] AT 2 AFEFHA Atge] &ute
3 A% g2 A% AEE, AERE Y HRise B3I 2
o HA ATl 022004 1. 0xn]5te] $Fo|U ARAEETS
& L 1xol A7t uigkAsicka wekEch AR IR &3te
Al Bel gRolE tyes & dATFoA Kin FYPE U] EwE ¥z
(Paralichthys olivaceus) X|o]} Z¥| &2} Sebastes schelegeli) X01E T LE At
Fuo] ¢ 0.5%5=F2o 2 B/ uf AR} v]Eo]F WY %(nonspecific immune
responses), 123 WHA AN I Edwardsiella tardada @} Vibrio alginolyticus o]
AP EHE HA i Rastent ¥ 502 vddatylol(Nile-tilapia) *|ofe]
IR duiRHe AFREY wsEo® HIW] AP 125Fo] FoHd YFEAE B

gith. o]EL EuAeiolA Y FiteERA £ES PR e R S

Irooy

L

e 2 Q7Y HF FMeERUE HA & ZoE AT nASLUEE o F
3} 7+E W F o (Fermented Orange)S WX X|ojolA T2 & 16 FFol= FH 7T

(
sl o3t RS Boon olufe] HrsEE 0.2%ATE. olFR AREHH A}
BALHL oF, 98, TUAE 9 Roj7|7 Sof wet o]zt gom® 5 A4
Al ALE AV oyt EAFPoE B HAAEQ &updd dadgE A
717y FolA] Kot Brb Ze|ebal Az

A tgole] QubdREEMAINTable 1) £8, AW, ZHES YA
of w3l WAFI} tha Attt 2
0.67%=. 4uj7l7to] A ZHAsH),
A3E Tl #A4sITh ofmjieat
Isoleucine, LysineSo] W& ¥ 2718 £x& Hetu 53] Aspartic acid?} 53t
gt} x|urxke] WHEE B (Table 3) 257) £A1¥ 8HE& Myristic acid, Magaoleic
acid, Stearic acid, Oleic acid, Linoleic acid, EPA, DPAGo] W&¥F ZJ/1H &

Holon olF &utetdy dujolds BAEA oY EPASH DPAYEO] HEHA

r
=
k3
£
rx
2,

Q2 =(Table 2) Aspartic acid, Valine,

th olE ARES FUSt] & uf nlAES o8 LA EupadF nh
o 48485 Wl dojon Ha] Lupchid e FHALIA o] gt ofd
A L Golgd Aold Ry Zak URIFM LEAele] Bho] ul B
o) AEANEL Holx s A% AZUTE ofFol dold HAXVBAEL A

of A uehd Eupetddd dmjE UEAFIA] U2 1%
A7t AR AgolTt AolE Hol wasH] 42 1x H7EES £33 2ol v
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ol HrlA velal ol Az AR & of JA B3 U7
LENYS T A #8444 L5 2gstaLl sirta 444
HEAELRH ofe AEAY ofn &
of utet N2 ThEA ALY AT ulely opH
il

'3
g
i
£
1;014
A

=
=
Fole AEdy 2 g AAYPAES  HE] fAste] AR e
tert-bytylhydroxytoluene (BHT)2} ZH2 34 3}4t3lAu} glutathione, vitamin ES}
Ze 48 H4 dAHAE sz gl a0l
)

A T o 1A ZAZ Uste] A&l AIE WA glof kAstEA
€]

U S s L

E 2 3as BEAEEE AAE e oAE dAEZTE "HAste A5 Y
5] FREHL T, Euledd A AFE AYAER 7§ Entebddy Ao
oA Flojit FatstA AAE ghs]a olrh. EwiehddA WEAL] FILEH AL Pt
el viEhl C, E, TepE o= EE0] AEH A vFold HAA 8k
Zo 2 &l HElZFT, JIZE|kol=F o ZEE0] A&Fsch welA &nbg
AAAS Al FAHAR o RAME £ TS Ushfelet AT EI ofFAY
A3 AREES BY & e ARYEIHEA 8T &2 LAt s Y
Aggel A Hrbs e 1wt FAsteletn Rojict
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§olstA *}%EIE% st P Jela FUHRt HaEde dAE
o st FFIglE of A niAe ¥ LAELY HY sEE 24}
stalct.

o AE A Yy

8% W X|(Paralichthys olivaceus) = AR 2cnF, AA 400gFZTZ

G Ao 2 RE Fsle &dIAjA0] HE IkgFEr} H A E JEoT AY
AP 2003 549 27HE 20049 19 28U7HR| of 8/ M ko] A

],.

A ololzth Agtz: YBY %—M N4 BAE T WELE(AE 12wcwol
Tt} Ul

1.0m, polypropylene) 157}& ©]&3}%l:l, 2z 2% gx] 20ule]d &, 34h53}o]
Th ARS 2 1.0E2E 19 20~ 25ﬂ BrAZon, FET AL FFE $%Y

air stone& AA|SIYTE Aol oA FHL I THe= %ﬂ%ﬂ%%”é%ﬁ
dow, 5% wU e BN AZL AL 0

B2 17t EAsioct. oA £% Fol= RE AMHolE HIL- Oxytetraclme 100
ppml & 1A]ZHEQt ofgstgict. AMS F AbLE il e #AE AAs e, o
At F o[ FHA] uich BESE sjAof of 4 Lepfddct %
E(weight gain rate), Y7MdA&(daily growth rate), ¥7tdo]&(daily feeding
rate), AR A4 (feed coefficient) @ HW]TEE(condition factor)E& v} 722 ZA

O F Arste] 2k A@ T3t k& wlastsich

(e
=
Mo
1o
ku
ox
rf

Mo
flo

weight gain rate = (FW-IW) x 100 / IW
daily growth rate = {(In F¥ - In IW)/t} x 100
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daily feeding rate = {TF x 100)/{(IW + FW) X day fed/2}

feed coefficient = TF/TWG

condition factor = (BW/TL3) x 103

¥ BW : body weight, IW : inital weight, FW : final weight,
TF : total feed, TL : total length, t : rearing time(day),
TWG : total weight gain

ALz J2F|AL YSI(YSISH6 multiprobe system)E o] &sl £
DO(dissolved oxygen), pH, ¥]E& FF3laic)

’

AEe EuhE ol &stgich AU dnf HEFHE Yadof pH 6,602 HFsH] drf
Ab ALY F 3~44 7 UAE ARPA L HRYo] RES

dststoict. dade] FHEHEIAR Skin MilkE 1065
T3} ¢ F -70C 23U FHA vhe FAAZET| 1A
d AR Fste] 243t stgch. Teln daEHY diE, &

2] otmizah, xbah, wlERY C, wlElR] E, Z2]a HAA 2HEsle FLRE| R0l E,

HEIS T, et lcolt HEES ZAPSIalcHTable 1,2,3,4).

N, KU
N
s
iu)
N, o
N
A
b

3) ARFT W HEEA

gt MP(Moists Pellet)AlE &= Fat A7iole} dut viXEE 9uf 12 4]

i,
2
=2

>
Rl
ofo
roi

TEgon it AR FEFE Table 59t Zrh del AT F Rl Holof tf
3 ANl HEES E4st. SulehddF wR R AR Hlge 2R ISt
of AxFEZo] HAAUFTELS 0.02%, 0.04%, 0.08%, 0.16%% AE3}sto] Hrlst
Az, Sulehdddy daEwE HubstA] 4a ALRRRS FE S trdes
stAth Ay 1d 23(ed, 2F) g, FFsiach

4) FAAz

Azt EAAEE ANOVA-testE  AlA]dted  Duncan’s  multiple  range
test(Duncan, 1955) & HF 7] 8248 EATE 1YW SPSS(SPSS Inc.,ver.10.07)&
ol-&stel A3t
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Table 1. A component analysis of fermented cactus powder,

Analysis list Analysis results
Moisture 14.02 %
Crude protein 6.02 %
Crude lipid 1.32 %
Crude fiber 7.61%
Crude ash 10.85 %
Ca 1.85 %
P 0.02 %
Vitamin C 22.34 ppm
Vitamin E

101.11 ppm

{a-Tocopherol )

Table 2. A amino acid analysis of fermented cactus powder.

Analysis list Analysis results {g/100g)
Aspartic acid 0.40
Threonine 0.17
Serine 0.18
Glutamic acid 0.63
Proline 0.42
Glycine 0.30
Alanine 0.28
Valine 0.21
Isoleucine 0.12
Leucine 0.22
Tyrosine 0.18
Phenylalanine 0.14
Histidine 0.21
Lysine 0.17
Arginine 0.21
Cystine 0.15
Methionine 0.06
Tryptophan 0.04
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Table 3. A fatty acid analysis of fermented cactus powder.

Analysis list Analysis results (g/100g)
Myristic acid Ciso 1.90
Myristoleic acid Cjyq:;; 0.86
Palmitic acid Cig:p 17.89
Palmitoleic acid Cig: 2.35
Stearic acid Cig:p 3.63
Oleic acid Cs:g 13.43
Linoleic acid Cis:ong 49 47
Linolenic acid Cig:4n3 7.02
Lauric acid Cigp 0.69
Arachidic acid Cy:o 0.65
Eicosenoic acid Cg:y 0.46
Behenic acid Cp:0 0.71
DPA Cz2:503 0.93
Unknown 0.01

Table 4. A immune-component analysis of cactus and fermented cactus solution.

Analysis list Analysis results
Carotenoid 17. 83ppm
Flavonoid 712. 80ppm

Table 5. Feed Composition in this study,

Water Crude Ash Crude Protein Crude Fat

Feed(M.P) 74.09+0. 35% 4.37%0. 80% 15.96+0.17% 4.22+0.03%

A7 F *éﬁé—?ﬂ %ﬁﬁm% T, D0, pH & A= thE3t Zrh(Fig. 1,2).
Hsstglom, zsta)of ApdsieE Zsto]
T2 x}ﬂ‘}git}, A}%fra] DOE 4.62~9.42 mg/ £ 3L, pHE 7.20~8.622] ¥

—_
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—u=— Rearing seawater —e— Natural seawater

\
4

Temperature('C

03-05-27

03-06-27
03-07-27
03-08-27 r
03-09-27 r
03-10-27 *
03-11-27 r
03-12-27 r
04-01-27 &

Time(month)

Fig. 1. Changes of water temperature and gravity of sea water in the
rearing tank during the study.

—+—-DO ——pH

-
o

Dissolved
Oxygen{mg/L)

S N A OO @

03-05- 03-06- 03-07- 03-08- 03-09- 03-10- 03-11- 03-12- 04-01-
27 27 27 27 27 27 27 27 27

L Time(month)

Fig. 2. Changes of dissolved oxygen and pH of sea water in the rearing
tank during the study.
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Al thzTolM B A2 40.42:0.85emE A AT wbH, ujehdel
: , 0.08% 0.16% Heg|ZolA ztz} 40.76%0.86, 40.770.66,

42.03+0.67 9 40.92+0,87cn® AJAseitt tjRFo] uls) £njebdolAy wEEy
0.08% Az2|F-Zofnt o8t A xjo]zh QIgIThP<0.05). AFE oA HPFZEA ]
0.08%3H 7HZoll A che Aol vls] 208 FAatol7t AR E ATHPL.05). 0.08%
HBMEEE FH2E olsto e tjzo] vl3] AES 21743 BIoL} 0.08% o
39l 0.16%01 4= 0.08%2] Ztur} W zhe moirh

Zt AEIE HFE BEE(survival rate) thERITLo|A 91. 67%0]9l 3, <ujehM ol
HEEL 0.02%, 0.04% 0.08% 0.16% F7bEolA 2tz 95.00%, 96.67%, 88.33%
98.33x& UERon, 0.16x HIITolM 718 & HELE RAt)

S5 &2(weight gain rate) ’\‘% Z8A] SufebAeA UAEY 0.02% 0.04%,
0.08%, 0.16% H7HE BEFJA tfzo] vls] 71 wol =glon, B3] 0.08% H7}
oA THE HIPrel vls) FEl 2hS Bt

fr o rr R

e,
fol

e
= o
o
(]
)
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o
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8

Table 6. Total length, body weight and survival rate of Paralichthys olivaceus by
fermented cactus powder at different concentration

Feeding period: May. 27, 2003 through Jan. 28, 2004

Initial Final

Survival

Group  \umber L BW Number TL BW Fogain  ocerw)
of fish (cm) (g) of fish (cm) (g) g(%)

Control 60 32.40+0.08 394.52+8.03 55 40.42+0.85" 825.62+65,60° 109,27 91, 67%
0.02 % 60 32.45+0.35 400.94%10.73 57 40.7620, 86™ 843.47+56.68° 110,37 95, 00
0.04 % 60 32.20+0,22 393,76+3.33 58 40.77+0. 66 856, 40£52, 11° 117,49 96,67
0.08 % 60 32.07+0.13 391.64%6. 46 53 42.03£0,67°  968.60+40, 48" 147 32 88.33%
0.16 % 60 32.32+0.21 399.70%11.10 59 40,9240, 87" 857.57+70.35> 114.55 98 33"

Values (meantSD of three replication) in the same colume not sharing a common superscript are
significantly different (P<0.05)

- 100 -



3) ARAS, Qols 3 HHE

A¥ 7| 7HE0 ] A} E A4 (feed coefficient), W73 A&(daily growth rate) @
7+ 0] &(daily feeding rate)ol] tjdt ZAz}= Table 72} Zrl

AFEASG(feed coefficient)= thZFE] 3,860,580 v]z] BE H7hLolMolA s
2 & AT o] F 0.08%xH b0l A 3.55¢0. 1102 7P F2stglet

QA7+ A2 (daily growth rate)S <Supebddd whEET 0.08%0 A 7t thE H 7
of vlsl by wE JFE Holi glglon A7Hol&(daily feeding rate)= 0.08%
X 7E 7HE S 2EE B o] HubsEolM Y AlRREC] £ o UEKTH

Table 7. Feed coefficient, daily feeding rate and daily growth rate of Paralichthys
olivaceus fed with different levels of fermented cactus powder,

Feeding period: May. 27, 2003 through Jan. 28, 2004

Experimental group Feed coefficient Daily growth rate (%) Daily feeding rate (%)
Control 3.8620, 58 0. 300, 03° 2.090.18
0.02 % 3.60+0, 42 0. 300, 02° 2.0120.13
0.04 % 3.57+0.33 0.32+0.02° 1.99+0.08
0.08 % 3.55t0. 11 0.37+0.02° 1.90+0. 07
0.16 % 3.70£0.17 0.31%0.03° 1.97+0.10
4) ¥|gt=

dxe] nvigtsoe] mXE g3E XA A= Table 83}

85 Aotz

0.02%, 0.04%, 0.08% 2]l

16% oA zHz 12,0840.16, 12.24%0.21, 12.75+0.05, 12.180.358 LIE}WLS
7

] : 0
o]F 008 A7FOIM TIE HzlTol wWlsl fUHeT we e ekt

Table 8. Effect of different concentrations of dietary fermented Cactus on condition
factor (CF) of olive flounder, Paralichthys olivaceus

Feeding period: May. 27, 2003 through Jan. 28, 2004

Concentration of Cactus (%)

Experimegtal
perio Control 0.02 % 0.04 % 0.08 % 0.16 %
Initial 11.59+0. 20 11.74+0. 21 11.79+0.13 11.87:0.08 11.85%0. 09
Final 12.15%0, 08* 12.08%0. 16° 12.24+0.21° 12.75£0, 05 12.18+0. 35°
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Table 9. A component analysis of olive flounder, Paralichthys olivaceus
fed fermented cactus powder.

Water(%) Crude Fat(%) Crude Protein(%) Crude Ash(%)
Control 75.59£1.02 2.81£1.04% 18.16+0.83 2.12+0.70
0.02 % 74.73£1.15 3.07+0.87% 18.66+0.58 2.23+0.81
0.04 % 76.11+1.67 3.14+0.82% 18.58+1.62 1.85+0.17
0.08 % 73.88+2.58 4.91+1.73° 18.17+0.41 2.18+0.39
0.16% 74.90%0.57 3.92+0.85® 18.66+0.74 2.24+0.56

g, 3zt

(Lactobac1]]us p]antarum CNUOOL) & o]-&3le] 7] ujerA]# WE Lupetadolzy wt
TAE SEPRE AA BUAIIL o] B Ao o] gsldrh B Aol 4}
Zol Euedey WERWS B A9 YN 4%, ARES U upEe w3t
7t 2 AR Urigton E3 AgE 24N ZAWo] Erlste Ao® Uiyt
2[5 MP(Moist Pellet)Atimol 718 23t HrHsesi 0.08%0]A 7} upgbalgh Ao
SAEQ YRS i oE 3 dFoA Kin

2 Uty A (#) o] &3t )
E¥o  oZo] Hups W X|(Paralichthys olivaceus) X]o]&} Z3|E2H Sebastes
schelegeli) 2|0} & thAF O 2 AlgLfol] oF 0.5x4F 0% Hyig o] AFFHE R}

AL BAstdet ofs & A Uehd 0.08 FEE T 2ol Holw gt}
OlElR AolF Hole oy UANAES AT f4bF A &elA] o
2 2 ¥ A daTbEe] guE A2 s £ 4 QAT o
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A

AFol A EE AAHD Gt MM Fol Opuntiado] ot Eurgil

(Opuntia ficus-indica var. saboten)& %1913} (Cactaceae)o] &dk= F3}AlEo|c},

FgolXde o1, AA, 3, dFF, HE, 58 FF HY5 AR o]fFH
Ronf® dogel @ujs Mo WA AZRzAFOT BF, SEHD A= 4R
olth. AF7HA] Opuntia sp. S2HE HIFoZ AE-L YHeo] flavonoidA g+
2% quercetin, isorhamnetin, kaempferol Zo] B 1E 7 9lcP. o]z3t & 2
querceting FutelHA”, FFaINS oy i ofelHge et wehd B o
FE HABEn HE F quercetind B YAE tIo AlRol Wrleled 2Eeid

qu
= W YAl ulx= g8l st =xpstedict,
Ll g W ouby

1) o] 9 A3

A of 3N 7] AA o]FolATh ASFzRE U5

ot

2]
&, NHESIYTE 2S£ 0.4F0 % 1Y 10~153] TEAZHon, FEI At
2

ZFE 915l air stone WA BHATH Aele ofA HAL YU DAL HY
AEE sHslgon, 53 PY 2 FAAAT AFS FAALE 0.01z 71
Aoigom, A 1wzl FESAT. oA 23 Folk REE AYol

ja ot

CL-Oxytetracline 100 ppmO. 2 1A]7Hz-oF okR3ladtT}t A8 &

N
.
ad
=
Ol
=
N ook S o AN 4

TAR AASG o, uf s F ofA ZHA] ool A2 Ao it HEST
EE&2 Uehiorl. 22 & (weight gain rate), U7HAAL2(daily growth rate), o
dol&(daily feeding rate), AtEAZ=(feed coefficient) % H]2E(condition

factor)& ThHe2t 22 FHLE Axtste] 2t AP77HY 7S vlastgct,
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weight gain rate = (FW-1W) x 100 / IW

daily growth rate = {(In FW - In IW)/t} x 100

daily feeding rate = (TF x 100)/{(IW + FW) X day fed/2}

feed coefficient = TF/TWG

condition factor = (BW/TL3) X 103

% BW : bedy weight, IW : inital weight, FW : final weight,
TF : total feed, TL : total length, t : rearing time(day),
TWG : total weight gain

AL 712BAHL YSI(YSIF56 multiprobe system)E o]|-&3lo] 23} v|F &

Table 13} Zth Ao A3} quercetind A3t A]ekE-(sigma co.

Table 1. A component analysis of EP-feed

Analysis list Feed
Moisture 3.36 %
Crude protein 52,00 %
Crude lipid 12.62 %
Crude fiber 1.86 %
Crude ash 12.00 %
Ca 2.56 %
P 1.90 %
Vitapin C 61,05 ppm
Vitawin E

(a-Tocophero! } 617.69 ppn
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3) EAA =

Aze] BAAEE  ANOVA-test®  AlX]8te]  Duncan’s multiple  range
test(Duncan, 1955) % HF7H] §-20A4 & EA g 728 SPSS(SPSS Inc.,ver.10.07)E
o}-g&stoy ARt

= <R

% =
ASTE ARSI Afol AZH o[Fo] AU wfEo] AMSFY £ 24
|28 1.024~1.02740] 2] W3O A o]Fo] &
om 12904 342 Ho] EWA u]Fo] wolxle A BES Holu gt
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Fig. 1. Changes of water temperature and gravity of sea water in the
rearing tank during the study.

—+— Rearing seawater Natural seawater —— Gravity
20 1.03
.- ~ -4 1.028
\q.)/ \X”/ -
= 4 1.026 2
S 10 & &
o 4 1.024 O
§
=S 1 1.022
0 : ‘ 1 1.02
Dec-03 Jan-04 Feb-04 Mar-04

Time(month)
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2) 88 ¥ *E—E—%
223 24 =5HE querceting E7IgH

*a‘@i—owal e 2R d3e
AAL 13.83:0.55emE A A b,
z} 14.10£0,31, 13.87+0.66, 14.28%0.

Table 2} zgx:}. AY Z8A txFolA ¥
quercetin lppm, 10ppm, 100ppm 3 g]FLojA] Z
m tzzol Ve The B ARUS Holn ATh AF 94 ABIRA] thz
9] 27.52+3, 24g0] H|3)] quercetin®] RE HIlo|A thi A UElRICH

zt AP 2% AE&(survival rate)2 thRFoJA 51.33%0|% 3, quercetin
lppm, 10ppm, 100ppm E7hZoll Al zhz} 75.33%, 78.67% L 70.67%2 UEhjo] thzTof
H] 3] qiercetin 7} E-Foll A «]"" IA B BEESE Ve L TH(p0.05).

1-'[':'.{_1

o ;3
2,

ZZ 82 (weight gain rate)2 A% ZFA| qiercetin F7lEolA 7} tfRzFo] v]3)
Tt 2 358 Holz dgrh

Table 2. Total length, body weight and survival rate of Paralichthys olivaceus by
flavonoid, quercetin at different concentrations.

Feeding period: Dec. 23, 2003 through Mar. 24, 2004

Initial Final
Survival
Group  Number TL BW Number TL BW Wogain  Lare(x)
of fish (cm) (g) of fish (cm) (g) g(%)

Control 150 5.4510.08 1.32%0.05 77 13.83+0.55 27.52+3.24 1984. 85 51.33°
1 ppm 150 5.56+0,.06 1.38+0.05 113 14,10+0.31 29.65%2.36 2048, 55 75.33°
10 ppm 150 5.53+0.06 1.37%0.05 118 13.8720.66 28.06%3,77 1948.18 78.67"
100 ppm 150 5.50+0.03 1.35+0.07 106 14,280,693 31.04%4.30 2199.26 70.67°

Values {meantSD of three replication) in the same colume not sharing a common superscript are
significantly different (P<0.05)

) ALRA S

A7 745 ete] AR A (feed coefficient)o T3t ZA}:= Table 32 Lt} ALRA

T(feed coefficient)= t§Z T8 0.80+0.50) v]3] RE AJlFLo]A] o2 7+ Ry
o]% quercetin lppm, 10ppmoflA] TR ol H]3] S x& Kol ladrh(p<0.05).
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Table 3. Feed coefficient of Paralichthys olivaceus fed with different
concentrations of flavonoid, quercetin,

Feeding period: Dec. 23, 2003 through Mar. 24, 2004
Experimental group Feed coefficient
Control 0. 80%0. 05
1 ppm 0.70%0. 03
10 ppm 0. 68+0.02°
100 ppm 0.75£0, 04

4) ¥t

o] YA wirtzol nAl= FHE 24

gt HAI}= Table 49F 2
Z7iEld o, A ZzAlde o
10.1440,3291 9, quercetin lppm, 100ppm =] 8] Lol A

10.29+0.30, 22|z

quercetin A

=]
2E APTA vt s ZAY] uhel
11,

L

N r-lJ

=
o] dlwtx= 10ppm,
10. 40+0.

1

N

10.41£0.52% 1 }E}yiTH

Table 4. Effect of different concentrations of dietary Flavonoid, quercetin on
condition factor (CF) of olive flounder, Paralichthys olivaceus

Feeding period: Dec. 23, 2003 through Mar. 24, 2004

Experimental Concentration of Flavonoid, quercetin
period Control 1 ppm 10 ppm 100 ppm
Initial 8.11=0.06 7.97+0.35 8.1140.43 9.23+2.37
Final 10.14+0.32 10.40+0.11 10.29+0.30 10.41+0.25
5) W2
PEET AUTI 2o WAL A A3t b Prk(Table 5). &

(ALB), A/G, Zwhal ( ) 233 HINE Aol &
2 B £ glacoh = QE|(GOT)S} x| WE|(GPT)S] A= tjzFo] uls] H7}
A BF g 3 Hola glden b w2Vt 5& 45 °lE gojz| L

¥, 4 o r
32 2 ox 2 X
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Table 5. Effect of different concentrations of Flavonoid, gquercetin on blood
analysis of olive flounder, Paralichthys olivaceus

Feeding period: Dec. 23, 2003 through Mar. 24, 2004

Concentration of Flavonoid, quercetin
List
Control 1 ppm 10 ppm 100 ppm

Length(cm) 18.78 £1.33 18.82+1.20 18.10£0.67 18.48+0.30

Weight(g) 74.66+13.91 70.90 £ 18.75 65.07+7.17 67.49+4.06

ALB 1.54+0.54 1.34£0.11 1.3940.12 1.46+0.10

A/G 0.54+0.16 0.46£0.02 0.46+0.03 0.48+0.03

TP 4361128 4204028 4.41£0.25 4.51+0.28
GOT 285.60+ 129.37° 174.00+98.75% 130.20 £ 57.49 112.00+ 80.03%

GPT 30.80+21.86 19.00+9.43 16.60%5.59 14.20+8.70
T-CHO 251.00%59.45 343.80%57.05 287.60+ 114.06 292.80+77.74

gt 1%

P AIgle] FRE ASHE T WAASOR AR AAE £4lo] FHA P
7}1%:4 oA ASOE Aol BHEE NS
2 A FAH @Al AN GAA A8 FolL
of thet 277t AN vk ¥ AP E St drle] Zehricol
£3 quercetine] GAEAY 4ol WY JFL uAL Sl Ths
ST ZelR Lol ERE WA o 400% ool el slosl, Enel

isorhamnetin, kaempferol%o] Xl 5]9113}15. ol gt
ot
[]

o

v N A

XA S F quercetin,
quercetin® Shufold AT HREA So e 9l

1=
Aoy
AT AR AAolh JAgx|e] Zol ulA = quercetin®] FFE AR A}
thzzol vjsl T3 FA Rts HolA] dyfort AEESHAANE HIILAAMI F
AetAl FoAU AES AolE BolaL 9olrh o] guercetinigFeo] WAl H]HO]
A Folsted FHHE PAIIE Aog FHHL AAE 2R 243} 2]
Al 2 E(GOT) & A e[ (GPT)ofl M H7ho] thzel vls) /o4 e F7HE
UERAL 9l =3 HUMs =7 718 £5 o] £Ae HolAle AP RuoEH
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ZEtH ol o] AP WSS YT B0 H £
AEHTE HI7PEsEe] Z-$L lppm, 10ppm, 100ppmolA] ABESmof =318t
ol Koz ¢igtont gAzal} AEAS 52 18 ¥ uf 10ppnH =}
CR-RPAR-220s
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7h AME

3-2-40fA] &npetdA duf BE F quercetinEE HAE tiHLE Atmo] 3
7¥stol FE3t S wl G ux= 3ol thste] RASHACTE °I AE vty
2% Opuntia sp. 22HE B FojZ quercetin AAF2d] o5

o

I gL
2 22} o]Eo] FAEA] ARl ux= FFol

=]

isorhamnetini} kaempferol 5-& thAt

thste] ZAbsHSiT
v AR oYy

1) Aol 9 A&3H

o] o] o]®H YX|(Paralichthys olivaceus) = AA 12cnF & YUZIERAO
ERE FUste] APolR Abgstdnt. AEL 20049 54 214FE 20044 84 18Y
7EA] oF 3T AA o] RoHrt AMSSRE HFYH F4 vl FAE T 43+
Z(A|E 1.6mx=0] 0.7m, polypropylene) 97/}E o]L3}d 3, ZF £ Yz 40ule]
g, JESITE AN £ 0.480F 1Y 10~153] FHeAZon, S22 4t
& FHE A% air stoned AA|SHGT AP oA FHL2 ¥ Ao A
I AEE FFsEeY, FF 2o 2 B A3 AAALEE 0
FAstgon, HAL 1m7tx] ZFFsHHch oA FF Fole RE AHPAE
HCL-Oxytetracline 100 ppm e 2 1X]7Hz¢t oF&31gdtt AR F AMU3E A= ojd
AR AASIEon, vf g F oA 4] nitt AEF Ao fgt HES
28-S ekt Z&E & (weight gain rate), YZHdAS(daily growth rate),

Mo]&(daily feeding rate), A}EA4(feed coefficient) L H|ZFE(condition
factor)& Th&2t & F2 02 Aalste 2t Ag37re] 1S vlastalch

weight gain rate = (FW-IW) x 100 / IW

daily growth rate = {(In FW - 1n IW)/t} X 100

daily feeding rate = (TF x 100)/{(I¥ + FW) x day fed/2}
feed coefficient = TF/TWG

condition factor = (BW/TL3) X 103
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% BW : body weight, IW : inital weight, FW : final weight,
TF : total feed, TL : total length,
t : rearing time(day), TWG : total weight gain

APz 712BZAL YSI(YSISS6 multiprobe system)E& o] &3} 4

S FHstolch

flo

DO(dissolved oxygen)

»

) AT W YR
Aol ARt EP(Extruded Pellet)AtEi 3-2-40A AMEE UEARS AbgslgTh
A#o] A}£31 isorhamnetin?} kaempferol A|3t A]¢FL(sigma co. )& Ap&3}aleo
AR hstel 27k 10ppme] RO Almo] FHAA AgStTh AW 1Y
7 F3sldr}. Jela MY 284 287 suleR S Ao A

(24, 2F) vhe,
st BEE FeT F AAE AT

+ 7

) BAIA =z

Aze]  EAAZE ANOVA-test®  AlA]3}ed  Duncan’s  multiple  range
test(Duncan, 1955)2 B 7t foA4dE FSAZZ I3 SPSS(SPSS Inc.,ver.10.07)&
o]-&3tey ARt

ot A3

4L Aokle A4 TUSt] AKET ASHAT AR AR 3~

3hortol2] HelofA o] FojFom EEatALE tIHH LR 5~7ato]& Hol: 9t
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Fig. 1. Changes of water temperature and salinity of sea water in the
rearing tank during the study.
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Fig. 2. Changes of dissolved oxygen of sea water in the rearing tank
during the study.

S 0 = o]
Adolo] thzza APRH 4H4e ZAR A3 Table 134 2o} A F2A
tfRFo)A B AL 18.62t0.63cnE A AEF vbH | isorhamnetini} kaempferolof
Al ztzh 19.35:0,95, 18.87+0.94cn tiRTol BlE) & A% S Bolz dUdrh
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A ES ABZEAl] thRTFY 66,166, 82g0] B]3| isorhamnetin A }Fola 2 z}o]
2ol kaempferolof & H xjo]& Holx] ¢lgith zt AP TH HE AEE
survival rate)Z tRolA 51.67%0]¢] 31, isorhamnetinZ} kaempferol 3 I7}Zo]A]
}2} 70.83%, 59.17%E Vel on tzFo] v]s] isorhamnetin B 7}ol A 2]
] TS AEEE VR ATH(p<0.05).

5 &>(vweight gain rate)& A¥ £ A] isorhamnetin H7FZJA 7} 7H8 &7
o kaempferol 2} TR FE ¥ xjo]E Koz gt}

My 2

¥ N T

L}E}

Table 1. Total length, body weight and survival rate of Paralichthys olivaceus by
flavonoid, isorhamnetin and kempferol at different concentrations.

Feeding period: May. 21, 2004 through Aug. 18, 2004

Initial Final
Survival
Group Number TL BW Number TL BW ¥. gain rate(%)
of fish {cm) (g) of fish (cm) (g) g(%)
Control 120 12.46+0.14 19,4440 38 65 18.62+0. 63 66.1616. 82 240.33 51.67*
Isorhamnetin 120 12,54+0.04 19.46+0, 38 85 19.35¢0.95 75.71#15.03  289.05 70.83°
Kaempferol 120 12.438+0.13 19.42+0,53 71 18.87+0.94  69.88+10.26  259.84 59.17°

Values (mean*SD of three replication) in the same colume not sharing a common superscript are
significantly different (P<0.05)

3) ARAS, dagols U 4B
AP 75t ALE A (feed coefficient), U7Hd%-&(daily growth rate) ¥ &
Ztdol&(daily feeding rate)o] th3t Az} Table 2&} Zt} APEAL(feed

coefficient)= thZF2] 0.90+0.060] v]3] isorhamnetinz} kaempferol #7pZofA] ut
< kS Rola gt

U7t A& (daily growth rate)dA] t|ZZo] B3] isorhamnetin} kaempferol 37}
oA 2 ZHE Roli gldr}. AU7Hdo]&(daily feeding rate)d isorhamnetin®
TREAAMZE 74 &2 3he Holx gldrh
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Table 2. Feed coefficient, daily feeding rate and daily growth rate of Paralichthys
olivaceus fed with different concentrations of flavonoid, quercetin and

kaempferol.
Feeding period: May, 21, 2004 through Aug. 18, 2004
Experimental group Feed coefficient Daily growth rate (%) Daily feeding rate (%)
Control 0.90+0. 06 1.3310.11 8.76%0.98
Isorhamnetin 0.8620. 06 1.46%0. 20 9.33%1.73
Kaempferol 0.84x0.06 1.38%0.17 8.68+1.27
4) A=
TalHo]T, isorhamnetin 3} kaempferol o] x| uv[gtzof njx&= H3FS
21t A= Table 33 Zth RE APLAM Ht=E Y wiet F7154L
o, AY 28 Ao R#EY vlvkEE 10,000,148 91,  isorhamnetinz}

kaempferol BI7pollA ztzh 10.13+0.532F 10.13+0. 2028 Ltelyict,

Table 3. Effect of different concentrations of dietary Flavonoid, quercetin and
kaempferol on condition factor (CF) of olive flounder,
Paralichthys olivaceus,

Feeding period: May. 21, 2004 through Aug. 18, 2004

Experimental period Control Isorhamnetin Kaempferol
Initial 9.97+0. 11 9. 84+0. 06 9.8810. 05
Final 10.00+0. 14 10.13£0.53 10.13+0.20

AUEET B URTY 84S AAY A3t o2t ZthTable 4). A
HatE oA thRTo] uls] isorhamnetin?} kaempferol HI7}F Apolo] 84 x}
E e ddeu 1 F GERI(ALB), A/, FTHA(TP) ¥ FEFHZHE
Z -3} ¥]28F% isorhamnetini} kaempferol FFF2e] A ¢l wHilorat
gkeh eyt A QEJ(GOT) 2t A E|(GPT) Y 7= tlzFol vls) H7t
of M BT W 21& Holi BXE viehia glgcth

SN
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Table 4. Effect of different concentrations of Flavonoid, quercetin and kaempferol
on blood analysis of olive flounder, Paralichthys olivaceus

Feeding period: May. 21. 2004 through Aug. 18. 2004

List Control quercetin kaempferol
ALB 1.10+ 0.09° 1.30¢ 0.19° 1.07t 0.08"
A/G 0.43% 0,06 0. 44+ 0.03° 0.40+ 0.02°

TP 3.66+ 0.14° 4.19+ 0.47° 3.71% 0,20
GOT 125. 60+ 105.99° 89.20+ 35.69° 80.40+ 29.74%
GPT 28. 40+ 16.49° 22 80+ 14.15° 26.20+ 14.52°
T-CHO 183. 20+ 90. 08" 229, 80+ 83.27° 195. 40+ 38.30°

g}, aLE

MRS Fo THUEF AA4EY Zepeo= 't Bagy, Az U F
7, Wel, MG B B olPABeld Tt TEE EASlT gom QA of
4,000% o]4o] oelx glonm, & 2

isorhamnetin, kaempferolZo] K3 geltl® E3
Q3 979 olF W HRol 24F d¥E st=

HA L g Bt opyel, #4ares®3t peroxynitrited] 2117123

| od

=
H oFE Yo E & g7 ARI AFolr) o] %“% e—u}ww dujet &7
E tIFCE 80% MeOHS J}5tal A2oA 2U 7 X3t YAXE s1dS o) § =g}
Hyolx=oke 1 590mg/ge} 1.290ng/g 08 dujoAIt &7]
ﬁ%ﬂt}ﬂ B3 %}Oﬂt}. whaba] & Al¥H ol A

B

i
> 0o

el B4g S zasian

k=)
OFA “E‘,‘i]" A 2o} njA|= isorhamnetind} kaempferol?] &38rg ZAIEE A tjZR L
of us) EHT FA Babs Molx] Ugort AZSWeIAE AT FsbA
$o8e) AZE Ao Retu] So) isorhametin HEANI O F3lg o)
£ Hola 9ldrt
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YA zAT A7 R, a0, EFoud, EEe2ElE BB
H] 8] isorhamnetinz} kaempferol Z+zre] EAl«zjof= xfo]7} Qlolo
Kol FFzte] xpE g2 Holx] ofgirh 1 !
EJ(GPT)o| A& #A$, isorhamnetini} kaempferol & &7l
xto] & Kojil 9lo] groflA il ErRE ZatEo]l= A2 quercetin®] AXStE
dxjsted Hyrgog Enpetddeld duje] Fo FEEEYU 3FFY ZepE ko= A

U

5ol Ao Hojsto]

n
N
=
1A
R
o

jodl

=2
E(quercetin, isorhamnetin, kaempferol)

HEES FPAIE FoeE FZHrL 3| £ 53] isorhamnetin “§0]
kaempferol 4 &oll H]3] F2ldx]e] W7 %S FAAI=d B FIL QUrial Ko

ek,
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6. ANt (Lactobacillus plantarum CNU001)o] ¢FAldX]o] mjx]= 38k

7t A
EodTE 2ulgHR d@niE J1AR st UENAEE o8 #aR

(Lactobacillus plantarum CNUOLQ)AFA}7} SRl x|of njxl J8kS olH 2} 4383}
oﬂt}
AR .

U A= 2oy

) Aol 9 AR

o] A7) o] &H JX|(Paralichthys olivaceus) = A%
B Folste] AlyolR Ahgstydrh A¥-L 20039 124 23
A o 3] AA o] FojHTt AgezE 4F5H FY vl BAE T
(2§ 0.56mx¥zo] 0.5m, polypropylene) 12745 o] &3tedx, Z 24 Y| 30ute

B &, JESich AN £8E 01822 1Y 20~253%] FeAzlen, SET 4
& FFE St air Stonee é Astodch. Adgold] oA FAHL ¥ A AR
2 AEFE FFcen, & @ 42 AR AEL AAAER 0.01g 7]
P
[o}

FAstd e, ’ﬂ’é}to: 1mm37}7l] F33dch oA F
HCL-Oxytetracline 100 ppmQ 2 1A} 7 =t °k515}°dt} A} 4,
AR Ao, uf T F ofx ZFA] mitt AEF A i3t AEER
288 Vehfddr}l, F%5 & (weight gain rate), Y7 A& (daily growth rate), &
ol&(daily feeding rate), AlBAG(feed coefficient) ' H|2FE(condition
factor)& Thaa}t Z& 2SR Aatste] 2t AP k& w3t

J{o
ofN
>
Rad
ol
_o'{-:
)
2
(i
=

weight gain rate = (FW-IW) x 100 / I¥

daily growth rate = {(In F¥ - 1ln IW)/t} x 100

daily feeding rate = (TF x 100)/{(I¥ + FW) x day fed/2}

feed coefficient = TF/TWG

condition factor = (BW/TL3) X 103

# BW : body weight, IW : inital weight, FW : final weight,
TF @ total feed, TL : total length,
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t ! rearing time(day), TWG : total weight gain
o] 72HALS YSI(YSIS56 multiprobe system)E o] &3t 23t v|F&

A stgict.

Ay

2) AARFTE

Aldle 2183} EP(Extruded Pellet)A}®
Table 13+ Zch AldHo] A3 4732 &
Abgstglom Atgare] tiste] olE A7 1%, 5%
A&t AEE 1Y 23(d, oF) §hs, %1%'}913}.

3) BAAz

Az BAAE
test(Duncan, 1955) % BF7He] 894 & EAZZ 3 SPSS(SPSS Inc.,ver.10.07)E
o]-&3te AR st

ANOVA-testE  Alx]8}o  Duncan’s multiple  range

Table 1. A component analysis of EP-feed

Analysis list Feed
Moisture 3.36 %
Crude protein 52.00 %
Crude lipid 12.62 %
Crude fiber 1.86 %
Crude ash 12.00 %
Ca 2.56 %
P 1.90 %
Vitamin C 61.05 ppm
Vitamin E 617.69 ppm

(a-Tocopherol )
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Fig. 1. Changes of water temperature and gravity of sea water

in the rearing tank during the study.
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Table 2. Total length, body weight and survival rate of Paralichthys olivaceus by
lactobacillus plantarum at different concentration

Feeding period: Dec. 23, 2003 through Mar. 24, 2004

Initial Final

Survival

Group  Number TL BW Number TL BW W. gain
rate(%)

of fish (cm) (g) of fish {cm) (g) g(%)

Control 90 5.82+0.08% 1.75%0.10 87 15.63+0.42 37.98+1.35 2070.29 96.67
1 % 90 5.93+0.07° 1.80+0.06 89 15.49+0.21 38.86%1,16 2058.89 98.89
5 % 90 5,.80+0.06° 1.76%0.07 87 15.71%0.17 39.97+0.73 2171.02 96. 67
10 % 90 5.80+0.04° 1,73%0.00 89 15.62+0.41 40.16x2.56 2221.39 98.89

Values (meantSD of three replication) in the same colume not sharing a common superscript are
significantly different (P<0.05)

) AEAS, dAolE B 4FE

Al¥ 7] 7HE 0 0] A} B A4 (feed coefficient), UG A&(daily growth rate) & ¢
7t o] &(daily feeding rate)ol thdt Azt Table 33} ZtT}h

A}E A2 (feed coefficient)s thZ el 0.7920,.010] w]s] RE HIIZA /44

QA W2 ZhE R $4F BETF ROHASE AEASE HolAle & UE

(daily growth rate)®A] thzFo] Hl3) & YHES E4

48
OlU4E B GE Rtk YuHels
=+

,\

o &
daily feeding rate)< tiZ
1o o]
1. HAAA

=2
HA7hLolA vad yhe ZES Hola glgou HETE 5%

Table 3. Feed coefficient, daily feeding rate and daily growth rate of Paralichthys
olivaceus fed with different levels of lactobacillus plantarum,

Feeding period: Dec. 23, 2003 through Mar. 24, 2004

Experimental group Feed coefficient Daily growth rate (%) Daily feeding rate (%)
Control 0.79+0.01° 3.27+0.04 16.13+0.79
L% 0.75%0.01° 3.2740.07 15. 500, 28
5 % 0.74+0.01° 3.33+0.02 15. 23+0. 38
10 =% 0.71+0. 03" 3.3410.07 15.14+1.04
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7h AME

H2 GNP FEANL G740 Bun GelREg gaae] F7hsa 9
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D) Aol B S8R

o] Ao o|&H \dx|(Paralichthys olivaceus) = A%
2RE st A¥oE ARgshTh AR 20039 114
7HA] of 3W M ko]l AA o] FofHrt AMSTZRE HER F -
Z(A]E 1.2mx&o] 1.0m, polypropylene) 267]& o]&3}33, 2 4

=
B 4L 29HEstTh AR 32 10802 19 20~253] FpAlzion, 3 At

10cn g o8 QUZHERAS
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Z&2 et &S (weight gain rate), Y7Hg3S(daily growth rate),
Adol&(daily feeding rate), ALEAS(feed coefficient) L H|¥E(condition

factor)& ch&3 F2 FH R Axtste 2t AP S wlastalct

N o oS
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weight gain rate = (FW-IW) x 100 7 1VW

daily growth rate = {(In F¥ - 1n IW)/t} x 100

daily feeding rate = (TF X 100)/{(I¥ + FW) X day fed/2}

feed coefficient = TF/TWG

condition factor = (BW/TL3) X 103

¥ BW @ body weight, IW : inital weight, FW : final weight,
TF : total feed, TL : total length,
t ¢ rearing time(day), TWG : total weight gain

APz 7]2FHE YSI(YSIBE6 multiprobe system)& o] &3d}o] 4L,
DO(dissolved oxygen), pH, ¥]%& ZX3}4r}.

) AIEETF

Ao AHZEF EP(Extruded Pellet) Al 3-2-40]A ARREH YEAMS A}g3}4T),
opm:=Atzt BEe HAFAAARE A ¢18te] A% E(sigma co.) oFEI|Y
(Arginine)% H4=oln] x4t 10258} efe2l, 18] Wsugar)E AFAE o Z
7} 0.3%2 H7lste] Yxlol sl Alge 1¢ 28](ed, %) e, Zasigch

) BAIA

Az EAANTE ANOVA-testE  AA]3}o]  Duncan’s multiple  range
test(Duncan, 1955) 2 FHF7vY] G4 & EAZTE % SPSS(SPSS Inc.,ver.10.07)E
o]-&sto] AR stACE

th Az}
Y712 B AP BALAF 42, 0, pH o A3 TheH BrHFig1,2).
A $2& 16.2~21.6T2) Welol Asjstgon, Astelast AAs|EE Yol

AEFE AMESHATE AFS2] DO 4.12~8.02 mg/ £ G5, pHE 8.02~8.429] W9
ol A st
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—=— Rearing seawater -s-- Natural seawater —— Granity
25 1.03
O 20 4 1.028
g
2 15 1.026 2
g 5
3 10 4 1.024 &
£
P 5 1 1.022
0 : L 1.02
03-11-14 03-12-14 04-01-14 04-02-14
Time(Month)
L

Fig. 1. Changes of water temperature and gravity of sea water
in the rearing tank during the study.

—a—DO --.—pH

Dissolved Oxygen(mg/l)
O 2N Wb oo N W

! ! 8
03-11-14 03-12-14 04-01-14 04-02-14

Time(month)

Fig. 2. Changes of dissolved oxygen and pH of sea water in the rearing
tank during the study.

HEET B4 ARIIN AFE 2 AL Teble 13 2rh AW FaA
2 19.66+0.59cnE A R3F Wi glo|al(Lysine), ©E|LYl
(Methionine), EZEZHTryptophan), E}F&l(Taurine) So} zZrzb 20.67+0.21,

20.56%0.66, 20.46+0.62, 20.41+0.10 =22 vjelyton] 7 uvlo] wel(Valine), Ed|
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L2 (Threonine), ®|datetd(Phenylalanine), %W(sugar)’d&o] tjZxo] Hls] TiA
w2 g3 Ushli gt AHEe AEERA ] tiRTo] 81.65:9.21gS VIERH
Zo vksj go]il(Lysine) & F7HeE Fo] 7P & 4HE o 95.7140. 28
LIELSITE O H & o]of af?l Valine), EfEZHTryptophan)zo] thRTo] vl3] F=

R AAAE Roli glddon elPel(Taurine)} W(sugar)dE% vl Hls]A
= WE %S BYrh

Z} AdPd 2E BES(survival rate)S tfRIEOA 85xgon] tiELof H|s] F

=

Zl(Leucine)& &gt BE AHZoAN & L}E}" om E3] olZ7|ul(Arginine),
Y E3H(Tryptophan), Wl (Valine)So] AEFRAIZIA] 100% BEE&E Holil dcl

Table 1. Total length, body weight and survival rate of Paralichthys olivaceus by
amino acid and sugar

Feeding period: Nov, 11, 2003 through Feb. 16, 2004

Initial Final

Group Number TL BW Number TL BW %. gain Survi\ial
of fish (cm) (g) of fish (cm) (g) g{%) rate(x)
Control 40 11,00£0,16  12.67%0.59 34 19.66+0.59"° 81.65:9.21" 544,44 85
Arginine 40 11.03£0.06  12.49:0. 36 40 19.37:0.28® 78.65:3.46®  529.70 100
Histidine 40 10.89:0.15  12,160,13 39 20.07:0.18%° 85 743.34®  605.10 97.5
Isoleucine 40 11.0120.14  12.38:0.60 37 19.880.35™ 80.94:2.89° 553,80 92.54
Leucine 40 10.93:0.04  12.45%0.20 28 19.17+0.58°  73.4419.63°  489.88 70
Lysine 40 11.03:0.08  12.740.23 38 20.670.21°  95.7120.21°  651.26 95
Methionine 40 11.10£0.05  12.99:0.01 39 20.56£0.66%  94.06:7.91°  624.10 97.5
Phenylalani 4o 10.98:0.05  12.42+0.08 39 20.101.20™° 89.06:17.88"  617.07 97.5
Threonine 40 10.89£0.20  12.290.54 39 20.280.11°° 91.70:0.21°  646.14 97.5
Tryptophan 40 11.0120.19 12,7420, 62 40 20.46:0.62 94.15¢11.38°  639.01 100
Valine 40 11.06£0.08 12,750, 45 40 20.33:0.13™ 94.68:8.59°  642.59 100
Taurine 40 10.9240.08 12,050, 21 38 20.41:0.10%° 91.3120.35°  657.76 95
Sugar 40 10,980, 11  12.58:0.18 39 19.90:0.31%° 87.03t5.54®  591.81 97.5

Values (meantSD of double replication) in the same colume not sharing a common superscript
are significantly different (P<0,05)

3) AlRAS, dgels W AHE

AR 7715 ¢ AEA S (feed coefficient), UZH3 A& (daily growth rate) 2
ZHd o] & (daily feeding rate)o] t]3t ZAzti= Table 29} Zr}.

At A 4(feed coefficient)= Tt§RFE 0.85+0,090] u|3] E& E3H Tryptophan),
Wl (Valine) 5o A w3 e 718 Rgich wido] Fal(Lewine)2 71 &2 A}
BAS & B4ch
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U7 A& (daily growth rate)e  tRFo] #[s] EF2(Taurine), etel4l
(Lysine), E¥| 2 (Threonine)SojA Tz 7RSS BT W(sugar) AEE
thzFof vls) A7 Aol A vehia g 7+

=
S 2ol v3] ofo]AFAl(Isoleucine)dES A3t BE HIFoA W2 Hol&

Table 2. Feed coefficient, daily feeding rate and daily growth rate of
Paralichthys olivaceus fed of amino acid and sugar

Feeding period: Nov. 11, 2003 through Feb. 16, 2004

Experimental group Feed coefficient Daily growth rate (%) Daily feeding rate (%)
Control 0. 85%0. 09 1.96+0.17 10,631, 05%
Arginine 0.82+0.01% 1.94+0.08 10,430, 35
Histidine 0.80+0. 04 2.06£0.03 9.88+0, 57
Isoleucine 0.87+0. 04™ 1.98+0.09 10. 700, 44%
Leucine 0.97+0, 21" 1.87+0.12 12.21+2.80°
Lysine 0. 830, 00™ 2.12+0.01 8.92+0. 20°
Methionine 0. 810, 06™ 2.08+0. 08 9.05+0. 87"
Phenylalanine 0.820.16™ 2.07+0.21 9.68+1.92%
Threonine 0.80+0.01° 2.12+0.05 9.27+0.21°
Tryptophan 0.730. 00" 2.11+0.18 8.94+0_90°
Valine 0.78+0.06% 2.110.13 8.87+0. 67"
Taurine 0.80+0.05™ 2.140, 02 9.45¢0.37"
Sugar 0.86+0.01%° 2.04+0. 05 9.70+0, 74™
4) "Btz
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Table 3. Effect of amino acid and sugar on condition factor (CF) of olive flounder,
Paralichthys olivaceus

Feeding period: Nov. 11, 2003 through Feb. 16, 2004

Experimental period

Initial Final
Control 9.51+0.04" 10.59+0.39%
Arginine 9.39+0.06° 10.66+0.14%
Histidine 9.40+0.28% 10.50+0.16™
Isoleucine 9.24+0.09* 10.21£0.12°
Leucine 9.53+0.06" 10.24+0 48*
Lysine 9.46+0.06™ 10.74+0.40%
Methionine 9.48+0.03® 10.70+0.08%
Phenylalanine 9.36+0.05% 10.73+0.34%
Threonine 9.52+0.11° 10.93+0.08%
Tryptophan 9.54+0.05° 10.87+0.40®
Valine 9.23+0.05 11.08+0.66°
Taurine 9.38+0.20® 10.65+0.11°
Sugar 9.57+0.04° 10.84+0.03%
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g zgsial wolo] 9loj: wWE] QW (Methionine) A Eo] Aold & z$3trha
E 2

5t Th”, Jack mackerelol QlojA 200iE2] ofnm| b2

HEANTAE 7R E 2o Bty BEL Zfolx otmite] & AEA
HEANFIE Holu g, o]} Zo] ofnimate] HESHAIe] BT dPole o
g AFXRE] o3 fyEIoH, AMBEAHISUEHLEA oA opuAbzo] F7t
AL BTk opje} o] F3} ofu[Ate] FFol wizt TIEA &3t e A& U F
T ® fatF e o] &3t uletd dujE LAY A, UEF ofnimity
HAQ= Valine, Isoleucine, Lysine%8] 4 olmjizate] Z71H £xE BTHI,
o), whetd Sty dofe] wAELS YX o AR Hom olF opuinit
ol A YL 3t o] 1 gre] wWH oA AL&E A= F(Sugar) =

£
Aol BIAQ Hog AgHC}

ot
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8. B} A3 ALREIEA2ke) ¥]2 F}A)

7 HE
&ulebM el A (opuntia ficus indica, saboten)& Q1% }(Cactaceae)d] &3t @
A AEE feuety AFE SAA AL e ANER HI ERF ¥

=z
AU A7E BAow cuHAUPs WA YAREIS TEUEE®

19 ag]3 npolglaBx dXAAR 5 rlyst &% Fo] RaE A itk uwhal

ds
A B QATE old ofd $8EE Fol Y SuidHd S YAAE o
Ll RS ol FolA

gt ARV EA Y stz '}i HAAE 72t =

| Foisty] ¢ls) Sufeddd dufE KEnAEE HRAY ¥
of Friste FFstdch —é—ﬂ}‘%"ﬂ A g ao] YxgdAe] njxs AUE A
3 8z] A EPoA wo] o] £H I gl AIEHI/MAY F]EAHChitosan), HEIZF
ZH(B-Glucan), ©]EAH(Obosan)t B3t QAL o]-§7tsdE& dobdiz}

1) A¥o] 2 ApeA
Fof o]-8¥H dX](Paralichthys olivaceus) o] AR Tengd? QEZER
7] 7t 200211 5YEE 2002¢ 8Y7EA] & 3A4W S0t A

AL AL AP AR

W AR 84740 55cm, M-S 6.591.34g o|gith ALz HEY 29 )

A E 8 YHLZ(A]E 1.2mxE0] 1.0m, polypropylene) 1570 & o]&3}aiz, 2t
Tl U 3
[e]

g2 &Kol donje]d &, 3tERStTh Mg 2 1L0ELE 14 10~15
(+]

AZom, FEW A FFE 915t air stone X sHATE Aol ol
2 g

ofN
(r orlo ok g - A

o

HHog A3 AFS FFsdey, &3 <o &2 A A
AAEE 0.01g 7HA] FFsIH e, dHL 1mrtA] STk oA 3 Fol
& A% o] & HCL-Oxytetracline 100 ppm o E 1X]7H5-¢} ok&3}oict
A F AR A njd $AZ A Ao, uf gt T oofA FFA] uich A

E3F Ao o3t WEEZ YELES Vel FF5S(weight gain rate), U

A& (daily growth rate), &ZtAo]&(daily feeding rate), ALEAT(feed

coefficient) W H|EFE(condition factor)E TS ZE A0 F AAbste] zF A¥

T+ gkE HlaLstglch

)\
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weight gain rate = (FW-IW) x 100 / IW

daily growth rate = {(In FW - In IW)/t} X 100

daily feeding rate = (TF x 100)/{(I¥ + FW) X day fed/2}

feed coefficient = TF/TWG

condition factor = (BW/TL3) x 103

¥ BW @ body weight, IW : inital weight, FW : final weight,
TF : total feed, TL : total length,
t ! rearing time(day), TWG : total weight gain

APeZY 72| ALS YSI(YSISH6  multiprobe system)E o] L3l £

DO(dissolved oxygen), pH, H]|&L A3ttt

2) Suledely wE Az

o ol A8E EHEHARES ANAOR AN FEHE AT Lt 4
1Sl A& o] gsigct WAnANERE }5,’- MRO(EM Research Organization)oi A
AlZHE] 3 9= EM(effective microorganisms)& o] &3t om, AZWHLS £ujetadel
F duiE vk F E(Adduie 10%) 2 EM(**?J%‘%“H-‘H 5%)& Z3stairt,
T F 237 B YT T ujarelg oztsiel o] ol gslainh

Ao AR wiAtEE Y84 TUWHALE (extruded pellet, EP)E oM, "El
AMEETHESY BRANE RASLY] 9iste] Suletddd wE AL AlRoid] 1%2
Feeg stelen 7l 015*} ?IE"} HElZFE S 7 A$d dAFLHeE
Aste] wighatgol] FAAZ F 238(24d, 0 F)/day THE, FFstAch ALRTRE F
¢ AE tfrF o= sigdct

o PNome

) BAAE

A2 EAAe: ANOVA-testZ  AlA]s}e]  Duncan’s multiple  range
test(Duncan, 1955) 2 HZ7te] 948 EAZTE I SPSS(SPSS Inc.,ver.10.07)&
o]-&sto] ARt
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l &, H|ZE, D0, pH & A= cfg3t Zrh
6.2C~24.9C2 HgE HEIIGoL AdseE A
il lAs)=ef vl st 2HA LEbRch

L oEo g Z4E Aledlady, ofof ulste £E Ak pHe Yot

Az BEE vehlol A HA AR} S Uethdrk(Fig 2).

oft
2
N

—— Natural seawater — Rearing seawater —— Gravity

25.0

24.0
_.23.0 1 1.0280
8 22.0
) 21.0
2 20.0
19.0
18.0
17.0 +
16.0 f
15.0 1.0200

May-02 Jun—02 Jul-02 Aug-02

Time (month)

) 10800

T

Tempera

Fig. 1. Changes of water temperature and gravity of sea water in the rearing
tank during the study.
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—— DO — pH

7.50 r 1 850
7.30 - 8.40
710 + 1\ -1 8.30
~690 F “a 1 8.20
S 6.70 ¢ \/\f\ - 810
£ 6.50 | 8.00 &
o 6.30 7.90
A 6.10 7.80
5.90 7.70
5.70 7.60
5.50 HHHHIH!lHIHHHIHlH[HHI\IJIIIIIHIH!HIHHIHH!IHHII\IrHIHIlHHI]IHIHH_LLUJ 7'50

May-02 Jun—-02 Jul-02 Aug-02
Time(month)

Fig. 2. Changes of dissolved oxygen and pH of sea water in the rearing tank
during the study.

A% LES J1BA, HElZEZ olBARS HIIE AP FA
8 BRE ZA A2hes Table 13} Zrh AE A2 FF AL
on, HHFRA BF AL tfRTo] 13.58:0,52cmel o] ubs| Lujebdelg wrg ol
(Cactus)& 15.02¢0.0922 3A AAstgct. J]EAH Chitosan), WEFZE7HB
Glucan), o]X.2H(Obosan)Fo] Ztz} 14.43+0.80, 14,74%0.40, 14.57+0.38cnE Al %3}
o, tizIo] ws) Eutetddy wadsl A A xold vetgen =3 wElZ

T AAPERY, o RALFo] Hé‘--’y’—i} 7\ Eate] wls] 4gAE Ro| 9loitt A
T2 AYAIHA] 2.5680.62g0]9 o0, APZ R tf2Tol v|s] £npetaqlg
7o, WElZFERAETNA  tRT 27.36:4.22g0] w]s]  zZrzk 35 90+1. 34z}
34.02+2. 66522 9-2]3t M A}xjol 7} Q1T QITHPLO.05).

Ji‘-

AP 2E B2 & (survival rate) AFFZolA LulebMelzt wtgol ol X
HERZ ST, 7|EAE02 MEZo| A UEh} ztzh 71.50% 65.83%, 62.50%,
57.50% glom RE HIiA oA thRF(50.83%)0] uls] HE AEgo] BA Uelych

S5 &(veight gain rate) A¥ ZTA] w2 &7+ -._H}:mcﬂyg 1wk ol of A]
1392113} 1302.342 WL 3A&2 Bgon oRa, WEZED JEAE (2o
Hlsl W Aol Z Holx] ggiri.
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Table 1. Total length, body weight and survival rate of Paralichthys olivaceus by
chitosan, B Glucan, Obosan and fermented cactus,

Feeding period: May. 9, 2002 through Aug. 13, 2002

Initial Final
Survival
Group Number of L BY Number TL BY ¥.gain  rate(®)
fish (cm) (g) of fish {cm) (g) g(%)

Control 120 6.60:0, 22 2.36:0.32 61 13.58£0.52°  27.36:4,22° 1059.32 50, 83
Chitosan 120 6,850, 40 2.80£0.79 69 14,43:0.80® 32,3513 40® 1055, 36 57,50
B-Glucan 120 6.7020. 11 2.2840.21 75 14.740.40°  34,02:2.66° 1392.11 62.50
Cactus 120 6.530.18 2.56£0.17 87 15.02¢0.098°  35.90:1.34" 1302.34 71.50
Obosan 120 6.88:0.33 2.8420.55 79 14.57:0.38°  32.53:2 65% 1045, 42 65.83

Values (mean*SD of three replication) in the same colume not sharing a common superscript are
significantly different (P<0.05)

3) AEA, dgolE U BRXE
Al¥ 7)1 7HE 0 ] A} E A S (feed coefficient), UZHd S (daily growth rate) ¥ &
7ol & (daily feeding rate)o] ti3t ZAz}= Table 22} Zt}
AtE A4 (feed coefficient): tizFol u|3] WEIZFEIHE A 0.6740.1022
1% @I, 9 Eupebdiun At g Bat FrlEo Tt vl vis) &
oy

e

O
T ARAFE ER oY oA UM e v vt e BATh
d7td4&(daily growth rate) WEISEUI} Suladdd wa e H7bLolA
o] wls) whEA velkdz 3 9] Btz ofHAb HItE2 thETe] =l E
APl & LiERAAL glA] Qdghe)

}

N
froox

o] &(daily feeding rate) TiZRIol H[3] BE HJlZold W& & Ho]

o S| el guE AolATl 7P W Zhe RATHP.05).

kJ
¥, a2
¥,
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Table 2. Feed coefficient, daily feeding rate and daily growth rate of

Paralichthys olivaceus fed of chitosan, (-Glucan, Obosan
and fermented cactus.

Feeding period: May. 89, 2002 through Aug. 13, 2002

Experimental group Feed coefficient Daily growth rate (%) Daily feeding rate (%)
Control 0.830. 14 2.47+0.19 23.56t1.49°
Chitosan 0.79%0.05 2.500.23 20.08t4, 40
B-Glucan 0.67:0.10 2.73%0.13 19. 8316. 08"
Cactus 0.74+0.13 2.67+0.04 14.790.41°
Obosan 0.850.01 2.4740.13 17.21%1,23Y
4) Witz

gxle] vtz nxe JUE ZAN Z2be Table 32 2
i A et FUtEden, AE FE Alde tzE
0.365 0 SufebMelzr  whgolo]  10.52+0.38, J|EA
IEFLE?P 10.43#0,03, ofX At 10.40£0. 1028 UEl} o]F 7] EAF H7}

b7 &2 ghE veh et

= o
w
©w
T
\1 S —
o [+
NOH
rlr
[o—y
O
N
oo
|+_,

Table 3. Effect of different concentrations of dietary fermented Cactus on condition
factor (CF) of olive flounder, Paralichthys olivaceus

Feeding period: May. 9, 2002 through Aug. 13, 2002

Exp;gi?ggtal Control Chitosan $ Glucan Cactus Obosan
Initial 8.06%0, 31 8. 250, 88™ 7.41+0,23° 8.81+0. 64° 8.23%0,39%
Final 10, 52+0. 36 10, 59+0. 62 10, 430,03 10.52+0. 38 10.40%0.10
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| (Paralichthys olivaceus)

A

=]

7h AE
14

ol
<r

17}]

of

)

oly
-~

] )

A

E

o ZEA wol

T3 LA S

L.

s

A AR Fdo] AlFE ALY, AR defatw

X
a

= thdRZEA

°

=7

s
vl Enbetalzre =l

1% 2to]

[e]
L8

_]

R .

2 APARE go] of&H AAE ¢

A2 dshA g2 gleh
- 138 -

Z+Z mineral, vlepZ A A]

3

o]
27

}

25,31,38
3

A
o1 2 Opuntia ficus indica var. saboten)<-

A1 %o]

¥y

g

24,30, 56
298



AR AdAolrt whetd 2 A4 A % =
#atA Fofstr] glaf Supedd dujol Ze2l, wfdT Fatgo® Eupedd®

GuiE LBEAY HrgH olF FHEAXY UAEY

of Ao ol&H YXA|(Paralichthys olivaceus) ¥ A& Temdt AF YAFRE

AR siglon FRUMANFH FA 0cnd, HF 350gF7HA] ATz A £

A} WA 2ol Aol 4 ol FolATh B 2004d 19 14Q¥E 20044 89 1307}

A oF 7i ol AR o] FolFrl TR ME YA 27 3Buinte|E F4 Wi B
12 A

S ¥ Abz 2305 $2(10000) Shel thd YNstATh o] 3 4} $2E Yo
2 sl AYTE V) $28, T ETE ) £28 ST AP o
27 2tzte] s B2 Tl A3 2706 wet 4F 18 H(large) 157 F
middle) 102 U A FEAZA AN Gl YT HYsix)

of met & 4 Uzlch +2% dajute]4
ol o k=3
AR 1

—

do 2 Hr %

4 &2

% 2 mo o%

Aoy AN FFL g HFoE AL AFE F

o, SFulees FANE 2T 1000k YE ESFsigoh AEL AAAHEER
0.0lg 7k &Astdon, AR 1m7tA] FAsHATE A F A1EE ZiAe mid
on, o I 7 oA FHA| vt FEI JjA] gt WEE

= tl, Z%8&(weight gain rate), dZHJA&(daily growth rate),
o]&(daily feeding rate), AtEA4(feed coefficient) & B]ZFZ(condition factor)

S thedt Z2 3o Aalste] 7t AgzY ghg wiastych

N,
i
o,
R
ol
il
ot
1
R

weight gain rate = (FW-IW) x 100 / IW

daily growth rate = {(In FW - 1n IW)/t} x 100

daily feeding rate = (TF x 100)/{(I¥ + FW) x day fed/2}
feed coefficient = TF/TWG

condition factor = (BW/TL3) x 103
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% BW : body weight, IW : inital weight, FW : final weight,
TF : total feed, TL : total length,
t © rearing time(day), TWG : total weight gain

APz 7]ZH7ALS YSI(YSISS6 multiprobe system)& o] &3}
DO(dissolved oxygen)

4
rlo

B

"‘@°ﬂ *P T HAEE 2BHE FEYAY F U5 dEA EP(Extruded
Pellet)AtRE AH&3tHlom o]%F ofalzr #abola HA whE MP(Moists Pellet)A}&
501, Fidel, Fol 5o MAtEe} it wiIAERE 9 12 o] wEYed 7
31 AN ALE Y= Table 12} 29 gt} of7jo] MARUFEL FHE Yolk
#18te] EPALE AMEAIZol EPALR Folak thy] 1%2] o} T MPALR A}%
710l MPR|ZAlS] UEEL 00853 go] THE AMYHAEE JIA L ARRSIALE
Fed R HaES FUletA] oa AEne 23§ AL gz YilEs *}%v}
Tl ol 1¢ 33](06:00, 13:00, 18:00)0] A= o]F oA},

2 mz:ﬁ.mr

3) A EHA}

EPALE o} MPALE FolAdE 24| A¥olo] thgt dut AEES S BEaisigr} ez
APEEA] 257 1004 S o xjgste] ¥3 g Hag &
stedct.

) BAIAzE
A3 SAABE  ANOVA-testE A3} Duncan’s multiple range

test(Duncan, 1955)2 Fo]4& EATZ 72 SPSS(SPSS Inc.,ver.10.07)& o] &35}
ARt
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Table 1. A component analysis of EP-feed

Analysis list Feed
Moisture 3.36 %
Crude protein 52.00 %
Crude lipid 12.62 %
Crude fiber 1.86 %
Crude ash 12.00 %
Ca 2.56 %
P 1.90 %
Vitamin C 61.05 ppm
Vitamin E (a-Tocopherol) 617.69 ppm

Table 2. Feed composition with fermented cactus powder

Water Crude Ash Crude Protein Crude Fat

Feed(MP) 6,500, 16% 9. 4810, 02% 53.19+0, 01% 11,57+0.03%
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Fig. 1. Changes of water temperature and gravity of sea water in the rearing tank

during the study.
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Fig. 2. Changes of dissolved oxygen and pH of sea water in the rearing tank during
the study.
gh. A wWE A 283t HAALHE
1) 12} Az}
(7h) 8% 4 BEE
FEAAFT 1Y 7128 HAE FARRE A3 Table 32 Zrh A@AIRA] 24
L)z = dx %l’z}—% 7. 53i0.51cm, FMezUe] B9 gx] dAFS
7.03:0.35cmE UlERWIC ®bHOl AP (L) Fd dA < 7.140.31
cm, FMFRYY HF g %i%% 6.8710.400m§ Liehfo] A AIZA] tf 272 A
72 Bl FUFLE 2T of(L)olA &4 VERSITHP.05). o F 3
2o By AR R of(M)7F 10.79+0.68em®E A AR, thERFT F(M)o]
9.58:0.87cn® A ABIATE AP Tl golAe APTF th(M)7} 10,440, 84em, AHT
Z(M)o] 9.80£0.68cn % g ASte] YAlF stedkr]e] Mo chst A3t iz oi(L)}
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Table 3. Total length, body weight and survival rate of Paralichthys olivaceus by
fermented cactus fluid,

Feeding period: Jan. 14, 2004 through Feb. 13, 2004

Initial Final
- Survival
Number R
Group  Nupber TL BW o L B V. gain  rare(x)
of fish  (cm) (g) (cm) (2) g(%)
fish

Cont. (L} 41932 7.53:0.51° 4.08:0.75° 41535 10.79+0.68" 14.31%¥2.97°  250.74 99.20
Exp. (L) 42638 7.14:0.31° 3.38:0.43° 42261 10.44:0.84° 12.21£3.30° 261.24 99.11
Cont (M) 58603 7.03:0.35° 3.15:0.34° 58172 9.58t0.87°  9.44t2.08"  199.68 99.26
Exp. (M) 45619  6.87:0.40° 3.12t0.54" 45164 9.80:0.68"  10.30£1.94°  230.13 99.00

Values (mean*SD) in the same colume not sharing a common superscript are significantly
different (P<0.05)

L) AtgAg, ddelE H AXE
A7 7+ E0ke] AR A4 (feed coefficient), U7HEAS(daily growth rate) @ &
ZIM o]l & (daily feeding rate)of tjgt él}—‘f- Table 48} Zt}l

ALB A4 (feed coefficient)= AE (L 1.09% 7} $& 718 UEehda
of

[4

HE 2T of(L)7F 1148 Lieputa °‘°4E}. 705 v AP AT F
(M)o] 1.260.2 thz7 F(M)e] 1.32¢] uls) Arhxom W2 ke Holil gUgirt
U7 A& (daily growth rate)‘: AEAGY Fekz} o] Lnpebdd LWEY 1%
A TolM Rr} wE ZFEL Bolx gt
o 7t o] & (daily feeding rate)S Ao Z xjo]E Rolx] okttt mieta £u}
Tl UF A 1% H Lo thRFo uis) ALER g0l ArjRoer £2 Jo® 1}
2374
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Table 4. Feed coefficient, daily feeding rate and daily growth rate of Paralichthys
olivaceus fed with fermented cactus fluid.

Feeding period: Jan. 14, 2004 through Feb. 13, 2004

Experimental group Feed coefficient Daily growth rate (%) Daily feeding rate (%)
Cont. (L) 1.14 3.92 0.01
Exp. (L) 1.09 4,01 0.01
Cont, (M) 1.32 3.43 0.01
Exp. (M) 1.26 3.73 0.01

“7‘491 HIHPEOH um—;—- A8g ZAI BIE Table 5% 2
o, AWFE Ao )27 o
0% A L}Eucmo. 05). FIFM) ol

Table 5. Effect of different concentrations of dietary fermented cactus fluid on
condition factor (CF) of olive flounder, Paralichthys olivaceus

Feeding period: Jan. 14, 2004 through Feb, 13, 2004

Exp. Group
Cont. (L) Exp. (L) Cont. (M) Exp. (M)
Initial 9,501, 04 9.31+1.05 9.12+0.92 9.65t1.74
Final 11.26+1.04° 10. 450, 99° 10.72+¢2. 06 10, 83+0. 67"

=
sto] 2ol gAlsted AL *“175‘ dE e BAAES Fstsich

[e]
&
28 ¥ iR e HAE 2AR A3E Table 63 Zrh E23AFY o
1.140

7 :
(L2 B2 WA AL 11.5240.7len® AYTF TH(L)Y 1
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H)3) 2 Aol& UFERWTE TR Z2(M)E 10,9040, 57cn® A ¥ =(M)¢] 10, 38+0.59

cmoll W3] QT)HOE 2ol & Rarh AFHIME olHT Aol Urhiz glglc
ok 13 F2A *‘X‘%OM Ae NEe

A stelr] miEol Uehd Aztof lﬂ
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Table 6. Total length, body weight and survival rate of Paralichthys olivaceus by
fermented cactus fluid,

Feeding period: Feb. 18, 2004 through Apr. 11, 2004

Initial Final

G Survival

TOUP T Number TL BW Number TL BW W. gain rate(%)

of fish (cm) (g) of fish (cm) (g) g(%)

Cont.(L) 14243  11.5240.71° 16.84%2.68° 13815 16.43%+1.21° 52.08+£11.71" 209.26 97.00
Exp.(L) 14243  11.1420.56° 15.25+2.65° 14083  15.8440.75°  46.04+6.90°  201.90 98.88
Cont.(M) 17100  10.90+0.57° 13.64%2.00° 16452  15.6811.34°  44.98411.09* 229.77 96.21
Exp.(M) 17100  10.38+0.59*° 12.18+1.49° 16699  15.34%1.21°  42.61+10.40° 249.84 97.65

Values (meantSD) in the same colume not sharing a commeon superscript are significantly
different (P<0.05)

(L) AtgA, d7idele 2 H4E

o] Al7]8] A}ZE A4 (feed coefficient), UZFA AL (daily growth rate) U A7+A]
0] &(daily feeding rate)ol] t§3t Azl Table 73} Zr}

A& A4 (feed coefficient)h AFL(L,M)o] thRZ(LM)o] vls] W ZHS LIE

AL 58 AT FMelAZE 7B W 31e) 1,208 Holx 9dgrh

QM3 4&(daily growth rate) = APZ F(MolA7} 7p w2 43S Hojz 9]
Ath Yol (daily feeding rate)2 HAHOZ Ajo]E Holx| ¢hotr} ulehy
SHtg A LR 1% Ao 2T w3 AlREEo] AriFe £ Ao
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Table 7. Feed coefficient, daily feeding rate and daily growth rate of Paralichthys
olivaceus fed with fermented cactus fluid,

Feeding period: Feb. 18, 2004 through Apr. 11, 2004

Experimental group Feed coefficient Daily growth rate (%) Daily feeding rate (%)
Cont. (L) 1.44 1.95 0.01
Exp. (L) 1.41 1.91 0.01
Cont. (M) 1.22 2.06 0.01
Exp. (M) 1.20 2.16 0.01
(th vl
H[TbE ZhS Table 83 th RE APTA nutz: F3Yd et F7HEGL

o, o] Al7le] BT e AFF FM7F 7 &S S Helx stk 2 HE
:ll.

B2 oh(L), 28T L)Y 2T FMEL R Yetgch

la)

Table 8. Effect of different concentrations of dietary fermented cactus fluid on
condition factor (CF) of olive flounder, Paralichthys olivaceus

Feeding period: Feb. 18, 2004 through Apr. 11, 2004

Exp. Group
Cont.(L) Exp.(L) Cont.(M) Exp.(M)
Initial 10.93+0.66 10.95+1.04 10.50+0.72 10.90+1.07
Final 11.59+0.92 11.5140.70 11.44+0.65 11.60+0.86

- 147 -



Table 9. Blood analysis of each group of olive flounder, Paralichthys olivaceus

Exp. Group
Cont, (L) Exp. (L) Cont, (M) Exp. (M)
Length(cm) 18.86%0. 42d 18.60+1.49¢ 17.34+0.81b 16.62+0.64a
Weight(g) 67.06+9.00d 63.7128.53c 55.18+5.52b 40. 36%6.62a
ALB 1.5040,18b 1.61%0.23c 1.60+40. 31c 1.46%0,.23a
A/G 0.47+0,03a 0. 5340, 06¢ 0.51+0, 06b 0. 4810, 04a
TP 4,63%0, 45b 4, 6510, 45b 4,74+0,97c 4,500, 62a
GOT 222.60+146. 79bc 178.80+170.11a 235.80%191.11c 211.40+193.15b
GPT 50.00x70. 80c 18.40+10.16a 22.60+8. 79b 17.80+10.13a
T-CHO 273.80+92. 64d 230.60+49, 07b 195, 80+84, 68a 250, 80+95. 18c

Values (meaniSD) in the same colume not sharing a common superscript are significantly
different (P<0.9)

oh MY YERUS ST BPAY
) 3z Az}

24 228 B9 (L) 279 FM A2 el YNuI4E BUT $20]

Aste] ALaiA dg wadwe] axayge Byt

(7h) 4% W B2

(o]
=
22 w&F 2N F 7Y 4AE ZARE A Table 103} Zth Ez2F

+o 3

7 Y AL o &2 th(L) 17.56£0.82cm, AIEL ti(L) 16.87+0.75cm, TiRT =
(M) 16.42+0.80cm, H¥F (M) 15.88+0, 79cn$:0.2 UElron Ztzie] J822 Ej
3 SUE S 22 gk AFHME o]gdt xo]E Uehjz 9yt o]& 23}
TEAE AN Z AL VFoR YAsIdY] wjEo] Vel Aol v)elshaic.
27id o HF Aol AR AFZHA cfRT AP 7] I8 xol= A
zZ (L)o} A8 ch(L)= A3 AZHolM vt 3t

£ Hoon oz EM AT FME v]$5tA XS Hol glair)
2 ABE HF AEE(survival rate) TR th(L)9} AEZ th(L)o = o
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Table 10. Total length, body weight and survival rate of Paralichthys olivaceus by
fermented cactus powder

Feeding period: Apr. 16, 2004 through Jun.17, 2004

Initial Final
Survival
Group Number of TL BW Number TL BW ¥. gain rate(%)
fish (cm) (g) of fish {cm) (g) gl{%)

Cont.(L) 10000 17.560.82°  63.68:11.46" 9224 22.98:1,20°  144.56%30.80°  127.01 92.24
Exp. (L) 10000 16.87+0.75°  56.11%7.87° 9087  22.77+1,06°  141.22:22.49°  151.68 90. 87
Cont, (M) 12000 16.420.80° 50,867, 66" 10548  21.30#1.25a  113,56%20,21° 123.28 87.90
Exp. (M) 12000 15.8840.79°  46.43%7. 55" 10606  21.22¢1.16°  111.96:20.43°  141.14 88.38

Values (meantSD) in the same colume not sharing a common superscript are significantly
different (P<0.05)

W ARAS Aniels ¥ 4R
o] A|718] Al=m A (feed coefficient), UZHH A& (daily growth rate) W U7t
o] &(daily feeding rate)ol] t]3t ZAz}= Table 113} Z+ ]-

AYEA F(feed coefficient)s AP (L, M)o] thRZ(L M)o] v[5] 2 2HS el
358 APF f(L)olM7t 7 2 3hel 1.81& _‘!10]3'_ olelct,

73 % & (daily growth rate)= AL FMAA7E 71 w2 A& Holi 9l
orh. dztiol&(daily feeding rate)2 HAHFH L2 xjo]E Holz] gttt ulehA

Sutetd A U EW 0.08% AgolA tRTo vs] AREEO] Arjdoes £2
2 Z eyt
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Table 11. Feed coefficient, daily feeding rate and daily growth rate of Paralichthys
olivaceus fed with fermented cactus powder.

Feeding period: Apr. 16, 2004 through Jun.17, 2004

Experimental group Feed coefficient Daily growth rate (%) Daily feeding rate (%)
Cont. (L) 1.86 1.28 0.01
Exp. (L) 1.81 1.43 0.01
Cont. (M) 2.01 1.38 0.01
Exp. (M) 1.99 1.44 0.01
(Th) Hlgt=

T Bl ot FUtE e
< & Holx glgdeh M

1.87+0. 81 & UL}E}YICTE

Table 12. Effect of different concentrations of dietary fermented cactus powder on
condition factor (CF) of olive flounder, Paralichthys olivaceus.,

Feeding period: Apr. 16, 2004 through Jun.17, 2004

Exp. Group
Cont. (L) Exp. (L) Cont. (M) Exp. (M)
Initial 11.64+1.01 11.66+1.04 11.48+1.23 11.52+0. 85
Final 11.76+1.30 11.87+0.81 11. 600, 81 11.65+0.91

2) 43t A=}

1) 8% 9 BES
32 w2 F 20 ¥ AREEA 79 43S 2AH A3k Table 133 Ytk
T2AFY] BF dx AAS oz (L) 25.17+0.82cm, AEL  ti(L)
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£ 23 o =27 of(L)of vl A8 oi(L)7h AR ASHlM 7MY =

o] #F AL #HA 30.90¢1. 15cm, A|F 340.7343.61g2] 22 Ueidrh A@S
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Table 13. Total length, body weight and survival rate of Paralichthys olivaceus by
fermented cactus powder,

Feeding period: Jun. 22, 2004 through Aug. 20, 2004

Initial Final
G Survival
TOup Number TL BW Number TL BW ¥. gain rate(%)
of fish (cm) {g) of fish (cm) {g) g(%)
Cont. (L) 5000 25.17+0.82° 186.95:20.69° 4849 30.49:1.34°  328.34246 03° 75.63 96.98
Exp. (L) 5000  24.1120.81° 160.5015.92° 4894 30.90:1.15°  340.73+43.61°  112.29 97.88
Cont. (M) 6000  23.34%0.85" 148.00:21.22"° 5795  29.21%1.42°  286.71x47.19° 93.72 96. 62
Exp. (M) 6000  22,730.81° 131.15:14,32° 5758  28.95:0.94°  284.21%34 09°  116.71 95.97

Values (mean*SD) in the same colume not sharing a common superscript are significantly
different (P<0.05)

) ARAG, d7dols W HAE

o] A|7]18] A}ZA4:(feed coefficient), U7ZHd A& (daily growth rate) I A7Hd
o] &(daily feeding rate)ol tj3t Zz}= Table 142} ZT}h

AR A (feed coefficient)s AHZ(LM)o] thRI(LM)ol vla) w2 k& LER
th A 7H3 A& (daily growth rate)= A FM), AP oi(L), vf=2F FM), o}
Z7 L)l E Yeht &atebdddy waiat Frbpols whE A .

U7k Olg daily feeding rate)% HAAHOT XpolE Holx] korrh mieba £t
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Table 14. Feed coefficient, daily feeding rate and daily growth rate of
Paralichthys olivaceus fed with fermented cactus powder.

Feeding period: Jun, 22, 2004 through Aug. 20, 2004

Experimental group Feed coefficient Daily growth rate (%) Daily feeding rate (%)
Cont. (L) 2.94 0.92 0.01
Exp. (L) 2.28 1.23 0.01
Cont, (M) 2.53 1.08 0.01
Exp. (M) 2.27 1.27 0.01

A TN vttee st wet FrtE9e

H[Rt ZE2 Table 159} 7‘:} ReE A
A IFZ AET M) £RE 11.670. 528 UEytc),

H, 7P 52 HUE S B

Table 15. Effect of different concentrations of dietary fermented cactus powder on
condition factor (CF) of olive flounder, Paralichthys olivaceus.

Feeding period: Jun. 22, 2004 through Aug. 20, 2004

Exp. Group
Cont. (L) Exp. (L) Cont. (M) Exp. (M)
Initial 11.69+0, 50" 11.43+0, 60 11.59+0. 82° 11.150,57°
Final 11.52+0. 68 11.50+0, 57 11.40%0. 60 11.67+0.52

=2
UF-RI(ALB), A/G, FThUA(TP) W ZZa A E(T-CHO)E tﬁ_%:?:ﬂ I }1011
zol & UehlE FYE 2 4 ¢t R QE(GOT)SF AT E](GPT)e] AL t)zrZo
H3] HIhtollA BE Falo] W2 7HS Hol: gleltH(PCO. 05)
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Table 16. Blood analysis of each group of olive flounder, Paralichthys olivaceus.

Exp. Group
Cont. (L) Exp. (L) Cont, (M) Exp. (M)
Length(cm) 31.24%2.00d 30.82+1. 45¢ 29.66%1,08b 28.96%1.01a
Veight(g) 336.00+71.72d 312.80+29.52¢ 287.40+19.37b 276.00239, 20a
ALB 1.52+0. 14a 1.55%0. 18b 1.65%0. 14c 1.53%0.12a
A/G 0, 4420, 02b 0.44+0.02b 0.42+0.03a 0.45+0.03¢c
TP 4,90+0. 38b 5.02+0. 45¢ 5.52+0. 16d 4. 85%0. 26a
GoT 67.00+35, 36d 44 26+37.68a 53.00+13. 88c 48.25+26.22b
GPT 20.50%20. 22b 15.00+9. 20a 23.80+12.09c 14.60%12.20a
T-CHO 360.40+53. 87a 406.20+44.82¢ 459, 60+61.99d 371.40+68. 00b

Values (meantSD) in the same colume not sharing a common superscript are significantly
different (P<0.9)
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Table 1. Lectin specificity
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of ZstA Fdure-S Uehdgct wbd PNAE oFstA ool ALt gill arch F-2{ofA
U E =] kgkrt,

DBA (Fig. 2A), SBA (Fig. 2B), isolectin B4 (Fig. 2C)%& gill rackerojlA eFstA],
AL} gill racker?] ol AbmofA] WA (Fig. 2D)%} UEA- I (Fig. 2F) Z3sHA
THE A PNA (Fig. 2E)& BE AatoA] ¥h-go] §ldirh

Zroll Al g ©te] AFmAE SBA (Fig. 3B), UEA-1 (Fig. 3F)oll ZstA af/dol
93 isolectin B4 (Fig. 3C)& ©@#e] &L Atu|a|Zo At o} S BTt EZ §GA
(Fig. 3D)ollAlE= sinusoid of 73t ofdub-$-S ulehfgich. SHx|gt DBA (Fig. 3A),
PNA (Fig. 3E):= ZtollA] ofmdt MZolAx utehta] gttt ZHZolr= HRINES
o] gldch.

Ao A DBANES-S Ao Mool ElRtth (Fig. 4A). SBA (Fig. 4B), WGA
(Fig. 4D):= club cello] UEIFO isolectin B4 A A|3EojA LIElYITE (Fig.
AC). PNA (Fig. 4E)& WM& UehfAl 9ttt club cells & 2] 9] &2 of%
Etlo] 9x|3}= 2 BH] vacuoled Zt= S ok me|E JpATh

Ao el el wbg (Fig. 5)2 AMx#e] AuAEolA LEtsit DBAE thE
T gEinct AeA @ FHEITH PNAE 1HS-E Bolx] gttt 4RIt vl ¥
EIRkg-2 LtehER] ¢botth(data not shown).

Al

obrful, 7, &, AHelM 67b4 HEie] ZHTHH WSS Table 20] ReFaroiTh
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1. Histochemical staining of DBA (A), SBA (B), isolectin B4 (C), WGA(D),
PNA(E) and UEA-I{F) in the gill filament of the flat fish, Paralichthys
olivaceus. Lectins including DBA (A), SBA (B), isolectin B4 (C), WGA(D),
PNA(E) and UEA(F) were specifically expressed in the mucus (arrow) and

epithelial (arrowhead) cells of the gill. Counterstaining with hematoxylin.
Scale bar = 30 ym.
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Fig.

2. Histochemical staining of DBA (A), SBA (B), isolectin B4 (C), WGA(D),
PNA(E) and UEA-I(F) in the gill arch of the flat fish, Paralichthys
olivaceus. Lectins,DBA (A), SBA (B), isolectin B4 (C), WGA(D) and UEA(F)
were specifically expressed in the mucosal (arrow) and gill racker
{arrowhead) cells of the gill. PNA(E) was not expressed, Counterstaining
with hematoxylin. Scale bar = 30 ym.
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Fig. 3. Histochemical staining of DBA (A), SBA (B), isolectin B4 (C), WGA(D),
PNA(E) and UEA-I(F) in the liver. Some epithelial cells of the bile duct
were positive for SBA (B), isolectin B4 (C) and UEA-I(F), but DBA(A) and
PNA(E) was not seen in the liver. WGA(D) was expressed in the sinusoid.
Counterstaining with hematoxylin. Scale bar = 30 im.
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Fig. 4. Histochemical staining of DBA (A), SBA (B), isolectin B4 (C), WGA(D),
PNA(E) and UEA-I(F) 1in the intestine. DBA (A), isolectin B4 {C) and WGA(D)
wereexpressed in mucous cells (A), while SBA was expressed in club cells (B)
and UEA-I(F) was expressed in brush border. PNA(E) was not expressed.
Counterstaining with hematoxylin. Scale bar = 30 ym.
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T

Fig. 5. Histochemical staining of DBA (A), SBA (B), isolectin B4 (C), WGA(D),
PNA(E) and UEA-I(F) in the kidney. SBA (B), isolectin B4 (C), WGA(D) and
UEA-I(F) were detected in renal tubule epithelial cells, PNA(E) was not
expressed. Counterstaining with hematoxylin, Scale bar = 30 m
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Table 2. Histochemical localization of Dolichos biflorusagglutinin (DBA), soybean
agglutinin (SBA), Bandeiraea simplicifolia BS-1 (isolectin B4), Triticum vulgaris
(WGA), Arachis hypogaea (PNA) and Ulex europaeus (UEA-1)-positive cells in the
tissues of normal Paralichthys olivaceus.

Lectin

Tissue Positive cells -
pDBA  sBa 1oslectin yer pna yEA- 1

B4
Gill Epithelial cells + + 4 ¥ + +
Mucous cells + + ++ 14 _ i+
Gill racker + + + + _ ¥
Liver Epithelial cells of the bile duct - 4 + + - +
Hepatocyte - - - - _ _
Sinusoid - - - 4+ _ _
Esophagus Epithelial cells - - + - - .
Mucous cells - - + - - _

Stomach Epithelial cells - - - _ . -

Mucous cells - - - _ - _

Skin Mucous cells - - + - - _
Intestine Epithelial cells + + 4 + - -
Mucous cells s - - 4+ _ _
Ciub cells - + - - - ,
Brush border - - - - - 4
Kidney Epithelial cells of renal tubule + ++ 4 + - e+
Glomerulus - - - - - -
Heart Cardiac muscle - - - - - -
Spleen Lymphoid cells - - - - - -

No binding, + weak binding, ++ intense binding. (Andreas G. et al., 2000)
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A3z

Uglo] Z7lsleirt (Fig.6).

immunohistochemical expression of galectin-3 in the intestine with

Table 3.

Paralichthys olivaceus

& A e
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galectin-32]
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oA galectin-32] W&
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E AHS okal E37|o)A] DBA, SBA, isolectin B4, WGA, PNA UEAS X¥3tE 67}
2] dEle] Hako. A¥E Ao oFolrh SBAY isolectin B4 &= IS A3 A
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b A& (Opuntia ficus-indica var. saboten)
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ol d7As d a2

1) Al duf waef Folret ch2te] Ful Aad £2

Lactobacillus plantrarum CNUQ01 T-3& o] &3to] e HMJA URES A% F
ot TFE WA AU AT HIE AR4E 33T 27 cETE VA
< A Mo

==
U Al FHE o]F9ou HRES TS AHEE 7t tf 2Kt @
23.6% 7+A3F ¥bH FojLolA fFalgo] F 3

olgjst Azt p robiotics®] Foi7} Izt & 7}, ol F¢ Fhy s A AFFZ

¥
L b

Log CFUo] &z§s}gitH(Fig. 1).

of

axpHoleke RY 3} Lactobacillus sp, DS-128 Yx|o] Foisted gxo AHFE 3
3

-

;o

ATHE H2® o ol AT ol§% AW WEEo| probiotics
prebiotics®A T 7} Q= Ao RUOFEA Yx2 o] FAgF MIdFE ¥

st Ml AP FAE gAsL 4FFY aHE FriAE ZHeE RidT

—

5 -
L 458
& 4r
c
835+
g 37
825 ¢
£ o L
2
515
S
o Tr
D 05 -
3
O 1
control fermented cactus
fruit juice
Bl actobacilli @ General Microorganisms

Fig. 1. Changes in the intestinal flora of flounder after

administration of fermented cactus fruit juice with
L. plantarum CNUOO1.
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o} sjato]l 5 FHAT £F HAE /R AHOE PA A

A F& thBEo| vibrio anguillarum} vibrio sp. &8 RI¥ 3 3t}
vibrio sp.+= 1% 249 wtFo® 1718 IURE s 9en, &5l ol
3, glucose® WA 0T EI3|A|Tt gast BASIA] ¢om catalase: FAdolth
S Wl ool EE WAGAL HEs U Aras B, dcol 24
4oz dojut Fuel ThF Hriuch E A¥7t Bl WG WAVTL YvAe
2 Aol 2A St dlel BT FAL Aol HAHUC of Wel WAL A8

2

I !
U ASHole viad 3

(7}) A=
B2 Ago] AFget ZAFFE oA Yx|olx Ee[3t Streptococcus sp. 4 EAuf
oA &Y, I¥YE JHATF, catalase Y FE& ARSI

Streptococcus sp. = -20C glycerol 2o BAEo] Lo EH AHE 93l 4+
5% Mok dalo] A 71H Trypicase blood agar based] 2&‘%5]'0‘1 24X 7t ot 30Cof
oF A7l B Ay Aol HF ek 2% NaClo] MI7}H Brain heart infusion agar (BHI:
Difco)oll 23] Arf wferAlZl F AR&stHTE

(L}) d=dd=d

£ Aol AR3 FAFFE AFEGFAAT LA A YA Hol2RY 2
8} Fdwardsiella tarda, 4 XLDuJR|Ato] ZA1271 ZAo|a 7}1&zle]7p FH3t 2
et dqA =k SA chzbd& AMRStgTh. Edwardsiella tarda. = -20C glycerol
Lo BHUTo] gon, E AFES 9sle] Edwardsiella tarda v-& XLD(xylose
lysine desoxycholate)o] HE3d}to] 24A]7F Z¢F 30To] vk AZl £ A3FAH
2r8 2% NaClo] #7}H Brain heart infusion agar (BHI: Difco)ol] 23] ﬁ]EHBH"J/\] 71
¥ AbgstaTh

(th) wlBeled

& Aol ARET FAIFFE A PR Bel¥ vibrio sp. 24 AFE G AL
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ot 20T glycerol £do] RA|sle] Algstac) B AR 95}
vibrio sp. ¥& 2% NaClo] #7}¥ Brain heart infusion agar (BHI; Difco)o] %
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Hoj 2ol
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Fig. 1. Effect of Opuntia ficus-indica fermented with effective
microorganisms on growth rate of Streptococcus sp., fish pathogen.

Table 1. Pathogenicity of EM-fermented Opuntia ficus indica against streptococcal
infection in cultured flounder(Paralichthys olivaceus).

Number of death

Mortality
Inoculum after challenge No., of fish
Group rate
(cell/ml) died/tested
1 2 . 7 8 9 10 11 12 13 14 (%)
1 9.8 0/4 0
2 9.8x10° 0/4
Opuntia 3 9, 8x10* 0/4 0
4 9.8x10° 1 1/4 25
5 9.8x10° 2 2/4 50
1 9.8 1 1/4 25
2 9. 8x10° 1 1 2/4 50
Control 3 9 gx10* 1 1 2/4 50
4 9.8x10° 0/4 0
5 9 8x10° 2 1 3/4 78
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2) dege

A waBo| EYEFL FAo njxE FAS HAsty] $isted UAES o
33 T ujofolo] H7Igt Ak Fig oA Ei uie} o] thxFe 7% vjef 124]
7t % 8.4 logl0 CFU/ml, 24A1ZF 3 11.0 logl0O CFU/ml®] F4E UVERA &upeta
Q1% o wFEEwo] Ay H AT A$ wieF 12417 F 4.5 logl0 CFU/nl, 244]
7t ¥ 9.5 logl0 CFU/ml #F8 Uehlfol A=EHAEFY F4 FARIE 1247 7}1%]
A 32 94 ZE & 4 AT

AT dEgede ZEH YxE VLR o] FHREAUL YH, &7
B2 49 weh AEdy Fd 5o F FAES Ul spEdoss Akl
B2 Ao B4t gol A glgly 7 &8 gl AR uAY vtE Hof A 7
dolel vyt ZANE Horh oegrdo] HEH JX Y AFRAL A A
2ol wbg] gl AARFAI =AH WA AT W AR AAY oAM=
A3 1A AYRZ Joof Yapaaet I Hho] FlE Tt (Fig 2, 3).

? Zol Al dxo] FA4 Mg oH g

o x| =2] ZARIETh Ao YAELS AU AARE Wz e ¥xE 1x10°

S AE3 U RToA 9dmto] 100%7F SAFEIE T 1x10°~1x10" viable

3k RPN 16 Tte] 25%7F HAbslel e, 1x10' viable cell& &7}

T ato]l 5057} sjAbsteich AUdA UAES U ARE A

A8t Wxle 1x10° viable cell S A3 iz}l HAIAFH T REofA] §~14YUAlo]o|

100%7} s|AFs}adch, 1x107 viable cellS A3 AL} 2 FoA vt HAMS
2

& UERh) 828 xo]& B <= glait} (Table 2).
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Fig. 2. Effect of Opuntia ficus-indica fermented with effective

microorganisms on growth rate of Edwardsiella tarda fish
pathogen.

Table 2. Pathogenicity of EM-fermented Opuntia ficus indica against
Fdwardsiella tarda infection in cultured flounder
(Paralichthys olivaceus).

Number of death
Group | Inoculum after challenge No.of fish | Neab ti mortality
control | (cell/ml) died/tested | died(day) (%)
1-- 67891011 1213141516 17 18 19 20
1 1x10' 1 1 2/4 10 50
2 1x10° 1 1/4 8 25
3 1x10° 1 1/4 16 25
4 1x10 1 1/4 16 25
5 x1¢° 22 4/4 8.5 100
\umber of death
Group | Inoculum after challenge No.of fish Neab ti mortality
cactus | (cell/ml) died/tested | died(day) (%)
1-- 67891011 121314 1516 17 18 19 20
1 1x10" 0/4 - 0
2 1x10° 0/4 - 0
3 1x10° 0/4 - 0
4 1x107 0/4 - 0
5 1x10° 2 1 3/4 10 75
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Fig. 3. Kidney of a fish that was challenged with E.tarda at a dose 1.0x10°
viable cell and become moribund,
(A: normal B: Edwardsiella sp. infection HE,x400)

Fig. 4. Liver of a fish that was challenged with E. tarda at a dose 1.0x10°
viable cell and become moribund.
(A: normal B: Edwardsiella sp. infection HE, x400)
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Fig. 1. Effect of Opuntia ficus-indica fermented with effective

microorganisms on growth rate of vibrio sp. fish pathogen.
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Table 1. Pathogenicity of EM-fermented Opuntia ficus indica against vibrio sp.
infection in cultured flounder(Paralichthys olivaceus).

Number of death ) .
Group | Inoculum after challenge No.of fish Neab ti |mortality
(control}{(cell/ml) died/tested |died(day) (%)
1234567 -~~~ 26 27 28 29 30
1 110! 0/4 - 0
2 1x10° 0/4 - 0
3 1x10° 0/4 - 0
4 1x107 1 1/4 3 25
5 1x10° | 4 4/4 1 100

\umber of death
Group | Inoculum after challenge No.of fish Neab ti |mortality
(cactus) |{cell/ml) died/tested died{day) (%)
1234567 —————————-—==~=~ 26 27 28 29 30

1 110 0/4 - 0

2 1x10° 0/4 - 0

3 1x10° 0/4 - 0

4 %107 11 2/4 3.5 50

5 1x10° |31 4/4 1.5 100
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&utet d‘ﬂ’a" (opuntia ficus indica)E Aol &3t Arfd AE2 vt
Zhe] AT = SR 2SI e A3 =) 3 EEAEE AuiEEA T}
gt ajﬁﬂ/] JZAECE pUEI glom HEEAM A} Alojdf, wlEtyl W =zt
Brole AHE Zo rl THEHol rf’ fuledd ZelRwolz HRoR
isorhamnetin, quercetin, kaempferol So] H.IEeic), o|ggt 48 & quercetind
ghutol g £, wAFFIH T o JA] gL grerh

&

Eujetd el UFELS gadxlof AP, oEHER, HlEeFY FHES
AdAste S JIRE RS FHEHeH, o3t o] &utdAdy I BEE
ZollA ol Aol 23t RAA| FHsly] 3, £ AP SutdAddH Zetl
Lol 8% sl quercetino] ILWE ARS oFAlE Shi gl HX[ofA AP
%, o= =F u|BeeZo] i3t 7 AANE FEELEH FFH TR ik U
g goll 7I1RE T} sty HFo| gt

£
N
E
A,
ol
142

rfe
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183t FFX Streptococcus sp., Edwardshiella sp., Vibrio sp. ZA
AF o See AT AN BelE RS Borgol A8sTh Eelriolss

Quercetin dihydrate (Sigma, St. Louis, MO, USA)E A}&3}aict.

Querceting ©|&3}o] Streptococcus sp., Edwardshiella sp., Vibrio sp. oo &
Aol mAls BIHE YotR7] ¢lste] AAuiA|oA e #& FAES HlZLEAMTIACH
HA =4 AZRY zZhzhe] AP F-E Brain Heart Infusion broth (BHI: Difco)of %<&
TE 2% (wv)E FRAZ F, Aol 3087 YT F pHE 7.002 ZFstch

= A5 A= %‘0} 253 U1 & ol &ste 1623
= HEstodth 29 A F AFElE B84
o E4E& AAY kg FA7] ozt BF7] (0.45 um pore size)EF TIAA HTAR



T ARgstolrt. EutetAl® dnf gFEwo] M hEA] ¢4 BHI brothE TI2FoR
stedct.

A8 iRl ule] BHI brotho A 18] ZHe-qt vi}e Z42ke] #38 1.5 x 104
CFU/ml %‘——’f—&i 23 & Streptococcus sp.& 37ColA Edwardshiella sp.,

Vibrio sp. 30TColM BAstHA HF 0, 2, 4, 8, 12 Y 24 A2 55 573
StATh s FE2 AT 2ol vl 3 x)7]e] 10042 wjgdE dad

2] Aol M F, BHI agaro] = HEF3Hch

3) FAgx]

AULYA = beng FVNE AFT|FpatAtd At Lo] HXH FRP (¥ T2 (074
cox80cm)of| A 37§Y 7t quercetin 1.0%7F 7 AlEE A3 AE AM&slgch A}
S F AELEE 17.4~21.6T, §E%5% 33.0~35.4%, D0 5.84~7.12 mg/ ¢, 1
2|3 pHe 7.57~8.042] Helgrl.

AN ARRE AT YAE A7 570 A¥L 54 tRZLE Lol wiA sl

th 2z} 2 4niEld] gXE FAEgon, A dHqFE, oJEgs o B
LTS BHI AAujx|o] ujorsted ml & 9.8, 9.8x10°, 9.8x10%, 9.8x10° 9.8x10° &
AN TFE o] 0.1n1¥ HFsloch HE ¥ 30¢7F ARSshAA wHAF 55 9 9
T EA4E vid Fasigdoh sxlol} wWaHol: 3fiiste] WS At 7h3) A%
oA Ald-& viorsteict
ch, Az

) AT

Quercetino] A2 FAlo] njxE FE HFQlsly] st A|RE o33t F

BHIo| E71gt Az}, Fig. 1ol R upep Zo] tfzxY Z-§ wid 1227 F 8.4
logIO CFU/ml, 24*]7} 11.1 logl0 CFU/ml8] #4& vFehl g3, Quercetino] 7}
6.9 logl0 CFU/ml, 24A]7F ¥ 9.5 logl0 CFU/ml12]

el 4s
2rs L}E}L}M SEEEDIESNESEESERFS a1
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Fig. 1. Effect of Opuntia ficus-indica fermented with Quercetin dihydrate on
growth rate of Streptococcus sp., fish pathogen.

ﬁ\g
ox,
el
H&‘-’/
rlo
(H
nUBNAL

B 0| = (Quercetin)g H¥7I3F AIRE Hz] 9L ¥x: 1x10°
viable cell& HET t)R oAl 20QTko] 100%7} sAlstglil 1x107 viable cell&
FEY tfz2TolNE 6YUrte] 26%7F iAbstalrt. ZehEle 1E° AR AlZRE A
Ux 1x10° viable cellS FE3F AP TojA 22anke] 25%7F slARIE R 1107
viable cell& HET APToX = 22ed7tel 50%7} :ﬁ]x}s},,u:}, AgZAto T EHa
4 QT EZo] Uelyn 7 ARGl AEFa 2 ddde] ZEFH It (Table 4).

%
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Table 1. Pathogenicity of Quercetin against streptococus sp. infection in cultured
flounder (Paralichthys olivaceus).

Number of death
Group | Inoculum after challenge No.of fish | Neab ti |mortality
control | {cell/al) died/tested | died(day) (%)
1234567891011 1213141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30
1 x10' 0/4 - 0
2 1x10° 0/4 - 0
3 1x10° 0/4 - 0
4 10 1 1/4 6 25
5 1x10° 111 1 474 12,5 100
Group \umber of death
{querce Inoculun after challenge No,of fish | Meab ti [mortality
tin) (cell/mi) died/tested | died(day) (%)
1234567891011 12 13 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 3¢
1 1x10' 0/4 - 0
2 1x10° 074 - 0
3 1x10° 074 - 0
4 1x10° 1 i 2/4 16 50
5 1x10° 1 174 22 25
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2) EH=T

Eated el Quercetino] o2 =] ZAlo] nlXE B¥UE HASHI] §i5ted Al
TE o3 F, BHIO| ¥UIR F3}, Fig. 2004 B uieh ol iz B %
124174 % 8.4 logl0 CFU/ml, 24A]7t ¥ 11.0 logl0 CFU/mi¢] #4& UERASAL
Quercetino] H7} ® A¥ T A% wjoF 12412 F 4.7 1ogl0 CFU/ml, 2447t F 9.5
logl0 CFU/ml®] F4& Utehlol dl=9=ae 34 AAAIE 1242 73 FRYL

ZA oA AAE B 4 Ygou 47 o] FHE & FnetA LEhTh
120 ¢

100

Control

— Fravonoid

80 r

60 r

Log CFU/mI

40 ¢

20 1

0.0 L L 1 'l L N—
0 2 4 8 12 24

Incubation time

Fig. 2. Effect of Opuntia ficus-indica fermented with Quercetin dihydrate
on growth rate of Edwardsiella sp., fish pathogen.

& EalR o]t (Quercetin)g A7IEH AIRE Hz e ¥xE 1x10°

AZ3t t)2Zo|A 6Uxte] 100%7F SjAbslE T, 1x107 viable cell&
Fol AL 3002t 10047 SISt en, 1x10° viable cell& FEE ©f
gt ZeElRwol=g HyIR AIRE AT dAe
1x10° viable cellS AZ3F AH oA 5Uute] 25%7} HAsted D, 1x107 viable cell
& AET AP ZAAE 109t 50571 HAEIATE B4 9 ehpEEo] AFAl
BT 7H AN FEFI L2 o] AEHUTE (Table 2).
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Table 2. Pathogenicity of Quercetin against edwardsiella sp. infection in cultured
flounder (Paralichthys olivaceus).

\umber of death
Group Inoculum after challenge No, of fish Neab ti mortality
control (cell/ml) died/tested died{day) {%)

1234567891011 121314151617 1819 20 21 22 23 24 25 26 27 28 29 30

1 1x10' 0/4 - 0
2 1x10° 0/4 - 0
3 1x10° 1 174 24 25
4 1x10 1 1 11 44 17 100
5 1x10° 121 374 5 100

Mumber of death
Group Inoculum after challenge No,of fish Neab ti mortality

(quercetin)| (cell/ml) died/tested died({day) (%)

12345678910111213 14151617 18 19 20 21 22 23 24 25 26 27 28 29 30

1 1x10' 0/4 - 0
2 1x10° 0/4 - 0
3 x10° 0/4 - 0
4 1x10’ [ 2/4 9.5 50
5 1x10° 1 1/4 5 25

EHPed QLA Quercetino] H]E2| oo Falof njx& S Hshy] ¢iste] A
o343t F BHIO] H7IgE A3}, Fig. 304 B uiel o] tj

v ¥ 9.2 logl0 CFU/ml, 24A]ZF ¥ 11.1 logl0 CFU/ml®]
Quercetino] F7} H AP L2 7 ujoF 1247 ¥ 6.9 logl0 CFU/ml, 24A]7F % 9.
logl0 CFU/ml8] F4E Uehjo] wjHe| oo 224 S#EHE 1247 7] un
_?,

T 4 oA ZUE & ¢ UL 24X T o] FHEE oFstA Uetych
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Fig. 3. Effect of Opuntia ficus-indica fermented with Quercetin dihydrate
on growth rate of Vibrio sp., fish pathogen.

MM A¥FolME TelR o] =(Quercetin)E IR AIRE Al 42 HAE
1x10° viable cell& AZ3 tjrTojA 1dute] 10057} W ARIAZ, 1x107 viable
cell S HE3 t2TojAL 3Uto] 100%7F HASIECE ZetRio] =8 HIIg AR

ﬁ@‘f& %3 A& 1x10° viable cellg HET AHTolA 19dwol 1007} B 2tsted
HE2E AP TMLE 4dgte] 75%7F S AFSHECt (Table 2).
A 7

3 ek} %é-ﬂ-‘e Aad5gel Hylm b ARTelN AED 22 el &

Ml
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Table 3. Pathogenicity of Quercetin against Vibrio sp. infection in cultured
flounder (Paral ichthys olivaceus).

Number of death
Group | Inoculum after challenge No.of fish Neab ti mortality
control |{cell/ml) died/tested | died(day) (%)

1234567891011121314151617 18 1920 21 22 23 24 25 26 27 28 29 30

1 1x10* 0/4 - 0
2 x10° 0/4 - 0
3 1x10° 0/4 - 0
4 1x10 22 474 2.5 100
5 1x10° | 4 4/4 1 100

\umber of death
Group | Inoculum after challenge No,of fish Neab ti mortality
(quercetin} | {cell/ml) died/tested | died(day) (%)

1234567891011121314151617 1819 20 21 22 23 24 25 26 27 28 29 30

1 1x10' 0/4 - 0
2 1x10° 0/4 - 0
3 1x10° 0/4 - 0
4 1x10 12 3/4 3 75
5 1x10° |4 4/4 2 100

How B A4 %47} wol & 9oy, 2 98 W
AR olsh nAT B4 RaT)

EE I RS E DR bl
B3h QMY AYRY oo ArAEe} 1 Yol HART 2elxL ] 2ol
L 2¥e #BY 4 v}
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2

FAMFE o] 8359 Streptococcus sp., Edwardshiella sp., Vibrio sp. 72| ZA
o2 AE doth7] $lste] dAxufRiofMe] Fo FAES wZEACt HA

AZXH Ztzte] AIHFTE Brain Heart Infusion broth (BHI: Difco)o] HE&ET

52
e (w/v)E AL F A2oA 087 Tjfste] phE 7.002 A3t o T
& T3 3P SN AE AAbe] "ol &3 B E o] &St 1623 &}
=3

A A thg FA17] 932t HF7] (0.45 um pore size)E FUAA AEARE A&
sttt Eutetdeld duf YaEo] HIEA] 942 BHI brothE tlRFELZ 314

A2} tizol ml2] BHI brothollA] 18A]7H5-¢r wiord Z+zte} FFE 1.5 x 104
CFU/ml F22 HZE3t vl Streptococcus sp.& 37ColA Edwardshiella sp.,
Vibrio sp.& 30°CoA BAstHA HE F 0, 2, 4, 8, 12 & 24 Ao 48 FF
steltt. #4Y 3 A8 th2FolA o) F3 Al7]ol 10049 widd e Hd

2] Aol HAMI F BHI agare] T FEsHAch

3) FAEA

AEEYA= bong AVNE AFZIGPAxtE AT 0] HXH FRP AP TR (074
cox80cm)ol A 3L 7 BAME 1.0%7F HIHE AR E AFS3F AL ARSHATt A1s7)
% A2 17.4~21.6C, G€%% 33.0~35.4%, DO 5.8
pHi= 7.57~8.042] ¥eldc),

A5 247 5708 HEF 5708 th2EL R Lhwo] uiAsksl
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Fargo] AT FA nAL G FAS] Asted Azel ARE o

= 7
23t ¥ BHlo E7igt A3}, Fig. 1ol EE uie} Zo] iz Z-¢ uie 124
7t & 8.4 logl0 CFU/ml, 24A]ZF & 11.1 logl0 CFU/ml8] ¥4 VERAL, #
A

=3
o] 7l H AEFLe] AL ujoF 12412 F 7.0 logl0 CFU/ml, 24A]7ZF ¥ 11.0
ol

logl0 CFU/n1®] F48 Uehdol Q729 Zulshd 34 d-azs & +
olct,

120

100
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rrrrr — Lactic acid bacteria
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00
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Fig. 1. Effect of Opuntia ficus-indica fermented with Lactic acid
bacteria on growth rate of Streptococcus sp., fish pathogen.

-~

B A3 Jabd(Lactobacillus plantarum)E 2713
daL 1x10° viable cell& HE3F thzFoA 10U 7ko) 50
viable cell & HE3 tRFoAE= 25d7te]l 100%7} SA}S
cell& HFY viRrTol & 30dgtol] 25%7F sApstadct.

FArEE AR AR E A3 gAE 1x10° viable cell & HER AP FolA

100%7} $AMSHaL, 1x107 viable cell& HE3F AP FolHE 14Q 5ol

H At o 1x10° viable cell & L3 AP Lo 21U Tte] 5057} =
3

ARE HA W2

7t sabstglaL, 1x10°

%
sl o, 1x10° viable

f

© M4

.

, 1x10° viable cellE FEF APFIME 11dxtel 2557} siAlstaict
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Table 1. Pathogenicity of Lactobacillus plantarum against streptococus sp.
infection in cultured flounder({Paralichthys olivaceus).

Number of death
Group Inoculus after challenge No.of fish Neab ti |mortality
control } (cell/ml) died/tested | died(day) (%)

1234567891011 121314151617 1819 20 21 22 23 24 25 26 27 28 29 30

1 1x10" 0/4 - 0
2 1x10° 0/4 - 0
3 1x10° 1 174 30 25
4 1x107 1 1 1 1 4/4 18 100
5 1x10° 1 1 2/4 8 50

Number of death
Group Inoculum after challenge No.of fish Neab ti [mortality
{Lplantarum) { {cell/ml) died/tested | died{day) {%)

1234567891011 121314151617 18 19 20 21 22 23 24 25 26 27 28 29 30

1 1x10' 0/4 - 0

2 1x10° 1 1/4 1t 25
3 x10° 1 1 2/4 18.5 50
4 1x10 1 174 14 25
5 x10° 111 1 4/4 17 100

1
Fargol o= =T F4ol mAE e WA $lstel NRE AT F
2 %

BHIol H7I8r Z2}, Fig. 204 R uje} Zo] thz7e 7% wfod 124]7
8.4 logl0 CFU/ml, 24417t & 11.0 logl0 CFU/ml®] F4+E Uehjgdz, §arFo]
Ao AEEY A9 wier 1227 F 4.5 logld CFU/ml, 24X|7F & 9.6 logl0

CFU/ml 8} & Uetdo] o= =ge] 4 AAERE 1247 712 o= =3

o 24 o TAE B 4 AT AT o FHHE B 4 gach
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Fig. 2. Effect of Opuntia ficus-indica fermented with Lactic acid
bacteria on growth rate of Edwardsiella sp., fish pathogen.

Weld AHLe Qb (Lactobacillus plantarum)-& 8713t AIRE Hx| ¢
L 1x10° viable cell® AE3T tjZToJA 6Uto] 100%7} SAFsE AL 1x10’
viable cell& HEF tRFojx = 11dxto] 75%7} HAlstTh Fadd& B
ARE AT PXE 1x10° viable cell& HET dHTLolA 6 100%7}
Abst. B 9 gt EEEE Gl BEa B, ARSI 3L 2
&
ol

2 golFo] A&E et} (Table 7).
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Table 2. Pathogenicity of Lactobacillus plantarum against edwardsiella sp.
infection in cultured flounder(Paralichthys olivaceus).

Number of death
Group | Inoculum after challenge No.of fish | Meab ti | mortality
control |{cell/ml} died/tested | died(day) (%)

1234567891011 121314151617 18 19 20 21 22 23 24 25 26 27 28 29 30

1 1x10! 0/4 - 0
2 1x10° 0/4 - 0
3 1x10° 0/4 - 4
4 1x107 3/4 10 75
5 1x10° 4/4 5.5 100

Number of death
Group inoculum after challenge No,of fish | Meab ti | mortality
(L.plantarum) | (cell/ml) died/tested | died{day) (%)

12345678910111213 14151617 18 19 20 21 22 23 24 25 26 27 28 29 30

1 110" 0/4 - 0

2 1x10° 0/4 - 0

3 1x10° 0/4 - 0

4 1x107 0/4 - 0

5 x10° 4/4 5.5 100
3) vHe|eF

fatel wlReeFe] FAol wAE ARg Helspy] st ARE A
F BHIo| H7I3F A3}, Fig. 3o)A B ule} Zo] iz ¢ wig 12417 F

9.2 1ogl0 CFU/ml, 24A1ZF % 11.1 logl0 CFU/ml8] 42 YVehgi, §Aakdo]
4

CFU/ml®] F+& Uelde] vjBal o] 34 JdAAIE 1247 717 ¥

o) 34 JA EAE ¥ 4+ UL UNT o FHELE B 4 glaith

=
i
lo
i
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Fig. 3. Effect of Opuntia ficus-indica fermented with Lactic acid
bacteria on growth rate of Vibrio sp., fish pathogen.

el AlHe Qxtd(Lactobacillus plantarum)E B71% AIRE “"7‘] 2 d
X 1x10° viable cell& HE3F R TolA 1dwtel] 100%7} sAbstelz, 1x107
viable cell& FF3Z tRTolA= 3dxte] 75%71 H[APSIE o, 1><1o5 viable
cell& HE3 thxTold = 8dTto] 25%71 At AdA UaES M3
ARE HAT Y= 1x10° viable cell& HEF APTolM 147 100%7} =
AFBtE AL 1x107 viable cell& HFF AUToIAE 4drte] 5067 siAlsttt
(Table 3). &4 W4 PEZ0 JaFAo] B3 2t AAFoA IS 22
dAd o] HE= st

X
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Table 3. Pathogenicity of Lactobacillus plantarum against vibrio sp. infection in
cultured flounder(Paralichthys olivaceus).

\umber of death
Group Inoculum after challenge No.of fish Neab ti mortality
control {(cell/ml) died/tested | died(day} (%)
1234567891011 121314151617 181920 21 22 23 24 25 26 27 28 29 30
1 1x10' 0/4 - 0
2 1x10° 0/4 - Q
1
3 1x10° 174 8 25
4 1x10’ 21 374 2.5 75
5 1x10° | 4 474 1 100
Grow \umber of death
v ]:]t Inoculum after challenge No.of fish Neab ti jmortality
a.::m) (cellznl) died/tested | died(day) (%)
1234567891011 121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30
1 1x10' 0/4 - 0
2 1x10° 0/4 - 0
3 1x10° 0/4 - 0
4 1x10’ 11 2/4 3.5 50
5 1x10° | 4 474 1 100
gf. 1%
OkAl U] % kel IsNE = ol = A jyd o = F OkA]
';111’“ [oRm| 1::7(10'“)"1 T E\s_}: 7032'1]&1] 2 Ha ‘T‘;—- AR k"'x’l‘é] XE.' [ 35 'T‘i —:’-en 00
ol&N w
p.ofl &jaf

Q! Streptococcus sp., 1% SA7Q| Edwardsiella tarda 2 Vibrio sp. o]
HED Tk oFel ALS Fol MU ATH LA ASE ssiol PUEAS

ZE St ATE AFEEHI glov, A TR J1UT B EAe olE
Aol 2&3} ol o3t ofy T &1 H
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% A
olfE A T A ZFYoTA MA A8 oA tiEF FAlE T Q)
Tl olE 2] ol Fo] AYA A A uto]H A (Infectious Pancreatic Necrosis

Virus, IPNV), HHAM z¥AutolglA (Infectious Hematopoietic Necrosis
Virus, IHNV), Wipdlo]®]A (birnavirus), o]g|EHlo]8]A (iridovirus), =Thu}
ol8]A (Nodavirus), 3&]epH] #=upo]g]A (hirame rhabdovirus) 2] vlo]g A7}
Hstel tig SALE g Ed gost gs)d Fa QP MM e R 2l
o BRolm, I ofFola IPWEHY TN, sirhatolg A%, o] mulolg A,
thio] 2l Fo] ZA&E o] ol uiolgA2] zielo] thafmiale] ¢lglo] Qg
vt webr A ol Fol ulolHA Zhde] 7 IE|E Fol] 918 hY ujslo]

AFE Agolr

)
2 wale A8 Ex) oky i Aolt) webd oE upoldx UHe 2
% ol whye] sjaro] Waak Abgoltt

2 AdTolAl MFE BB dage] UHES oS spujolels HIE
ZAstnA} st B A7AT, 4R wEBo| WA upolgrel 2L o
A 4 9ol AT ¢4 o Fol WSS ofF HAE oln FE FU 4
olo] GRS WG FUS BE, A A 2 sod2 ¥ £ gL
Aoz whekHT)
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B, M waiy
212 AEEE DMSOE A}&3le] 40 mg/mlE X2 F X
RISLE ’*}%5}0‘] 2ujy A& stodTh

it
2
<,
B
&2
Flo
>
ki
=

2) iolgyA
IPNV, MABV (marine birnavirus), IHNV, iridovirus 53} Zo| 4F5H2] ofF uioly
28 tjAe g A58 shalolga AIE EAsHHTh

3) A==+

CHSE-2142} GF £2] 228 MILE A3}l Lu, CHSE-214%= IPNV, MABV @ IHNV?]
AEo] Al23I8al, GFE iridovirus®] Afo Apgstgct. ol& 2%FY AHAE EF
fetal bovine serum 10%7} A I7}E EMEMES A}&31o] uvjo¥slgic).

A 82 gulolg|A FIH= nlo|alAo] 23t cytopathic effect (CPE)E A|sH= &
Aol EAsloTt. 96-well plateo]] 24A]7F 5ot wjFet MEE AMESto A
dl, F 7 WHE AHgste Pty E4a A4stact Ay,

zZ o FE AEE HIlste] Fulolels BAE

HA
I o] FRE AEE FUIste ulelli AIUE EAMTHE WHE S

3 WA wgel A9, WA WH 20 WY BEVS AH8st] ARE 2 ASH
o= st Z+ MY 50 ulE MEZIL wjE 4702 wello] HIIEE thE 100
TCID502] vlolg]AJF o] ¢l EMEM 100ulE Z+ wello] HEZstodvt, ArolA 147
¢ FF Al vy FAEA] 42 ulolg A& AASITE 2 wellof Gollrfet 2ol
M Alg 100 ulE FE7Istar 547 vt A CPEE #siiTh

T Mz wHe A MEJF sjFH wello] 100 TCIDS0 (50% tissue culture
infectious dose)®] utolel2rt Eolole v 100 ulE FEsHch A2olA 14]
Zt B¢ wigT Ty vlolelAE A ASACE delael o] ARE 2% HHo] o
SLE EMEME ARESte 20l AT ok Zh HAef 100ulE 4708 wellol H7Hstgd
T} ol F 5zt vjoystw Al CPEE HHY AE vl oE MY 50%E MobdA ¥
oFR-9] =% ECS0 (50% effective concentration)E& Z A3ttt

AFEo] 2t MEEEE sy ¢ste] Hlolegl2rt FEEHA o2 MEo] ghollA
oF o] MY ARE H/IE F 5UT wiUEtEA AREEE S FHSITE vlolga
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o AR BRE HIstA] oS tiR T Mo} v|aste] 5068 AREE 2EE 3 AR
9] =% (C50 (50% cytotoxic concentration)S ZA A3ttt

Selective index (SI)®] k2 CC503} EC502] H]S (CCH0/ECH0)ZF-B] Fstaict

ct A3
1) IPNV
IPNVE] ZA A7 Was] x| oketc).
i Anti-IPNV/CHSE-214
Toxicity (CCs, |Antiviral activity (EC
Namo oxicity (CCsp, |Antiviral activity (ECso) ST (CCs/ECi)
yg/ml) (pg/ml)
D&A% D&A At D&A A
A (Mo HEuh) >500 >500 >500 ND ND
(Aol iz iy >125 >125 >125 ND ND

*D&A: drug added during and after adsorption
*%¥A; drug added after adsorption

2) MABV (marine birnavirus)
MABVS) ZAleld Eirl BaAE | ehatrh

Anti-MABV/CHSE-214
Name Toxicity (CCsp, |Antiviral activity (ECso) ST (CCa/ECso)
ug/ml) (pg/ml)
D&A* D&A Ak D&A A
A (A ) >500 >500 >500 ND ND
B (A% a i >125 >125 >125 ND ND

*D&A: drug added during and after adsorption
*%A; drug added after adsorption

o)

Hol AH&3E 2714 AR BF IHW ZHd F 39#] 7iA & dfelei YA
| 3 A=E utolela F& dRE A

L.

22t 5 Ao @HIT Ao 27 NE.E%/%%ﬂﬂEAﬂ-ﬁ =
ol AHZHE Y 271 3dxfo] Bl A3 oA Fate wlolgla PHE A4
AL Azl e FAMFdct
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Ago] AbgT 27b] AlEI} ol 7] EE Feto] vlola BAE A
£ Aers FHEA] okom 2§, of FZof T
boha AbEsch

fo fr w
olr

hyd
=

Anti-THNV/CHSE-214 (3 day p.i.)

Toxicity (CCso,

Antiviral activity (ECso)

Name SI (CCso/EC5o)
ug/ml ) (ug/ml)
D&Ax* D&A A D&A A
A (A B) >500 62.5 62.5 8 8
B (H% wxEa) >125 31.25 31.25 4 4

aty
b
W
b

D&A; drug added during and after adsorption
*A; drug added after adsorption

Anti-IHNV/CHSE-214 (5 day p.i.)

icit Antiviral tivity (EC
Namo Toxicity (CCso, ntiviral activity (ECsp) ST (CCa/ECso)
ug/ml ) (pg/ml)
D&Ax% D&A s D&A A
A (A3 #4) >500 >500 >500 ND ND
B (AR waid) >125 >125 >125 ND ND
*D&A; drug added during and after adsorption
*%A; drug added after adsorption
4) Iridovirus
27YA] A& BT Iridovirus®] AR z7E ¢lglch
Anti-Iridovirus/GF
Name Toxicity (CCsp, Antiviral activity (ECsp) ST (CCan/ECss)
ng/ml) (ug/ml)
D&A% D&A Asek D&A A
A (M3 1) >400 >400 >400 ND ND
B (A% daidd) >400 >400 >400 ND ND

*D&A: drug added during and after adsorption

Vot

*%#A; drug added after adsorption
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2h. A%

APl ARE3E vlolg AL IPNV, IHNV, MABV, iridovirus £2] 4&8old], IPNV,
Iridovirus, MABV &9 3 &/ ulo|g|LEo] risloi: shulolg A Ryl =] ¢
gteh, J&ddl, IHWS] 79 2379 A8 BFolAM 2 2719 ulolgla 2248 o4
sk &7 ldlent INWY] 24 & 59 o)A a3t A ulolgja FA] AAE I
7t ARl Zeg Hot AlREo] IS F4& &As] dAshhoie 248 Ad
AZle &7} e ZoE Wi gzl AR2E oW J2g B uiolyga
A& A A7ERlE o + gk
U3 gEETo] W] FAE fAsE] AR Bt 27]|EAlnte o

AA Bbe A E] AFEA] IHNVo 2]8t miA}

o9 grh EI MR duiEW Heols WEE
oA Rt &3rt gl Hog yehyrh sl ulolglie] &3t Sate
dfelgi2o] gl FjAle] woutgo] BA3E ] Ao uiolgast FHsA F7tsle
! g A URFTL Ae|d3} vlojgia #E 27
I o] F A W whE BARE Qlste] wjA}

H
oty FF SR FHEsled o] o] WY oFEF Y Werst Yrin
etdTh Jeln gAlolFol sl vl AE F IHWY TS familyo] &sh:=
ZVEE hirame rhabdovirus, spring viremia carp virus o] 9it}. olE ujolai A
T2 W 5go] TNVl Fatsty] wfEe] £ oA At dald wEEo] o5 u}
olgixs] 27 A& IAY Aol mie &rh ol EI UAl el TAY
Hart gloia sigkdc)
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7h AE

Aba
53 #eso] gt uhghA atstEAL] Hile AU ool AR =&
g 4% 2E, A, Y, o2, 42 52 3 AH 5
RB35317] ¢ls) MZuUo] polyphenolF 5o 3tAlslEA g FH-SHA X33t .

2272 pgEo] ARREH I Qe $AHAZE tertbutylhydroxytoluene(BHT)o| Lt
tertbutylhydroxyanisol (BHA) 52} & A 4Hg}A9} a-tocopherol, vitamin C,
carotenoids, flavonoids®} EbY 3} zZ+e B doishxbsly) o sopet zZHe 34t}

3

Baolth 1Y o]F PAHAL F4
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9,
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25 2718 4S5 ohs 242y A RE 100% o&t

2o 105 =71 F , 30T XeRolA 24412 IARAIZ] F 12000 x g, 4T
oA 1027 AR _=2 gt T ARG (0 2 /m membrane filterE o
gt g FEE Ty FHEEE Bloisd WEI0E W HAzFAs
(Electron donating ability, EDA)S & ZA 3}t
Z 0.1mM PPH(1,1-diphenyl-2-picrylhydrazyl )& (o] gt&ol &3))Lo] olkts F&
o 50ulE gl 527t NIt 1087H BEgA|Zl F 517mmoll A FHEE FHAst of

-
ZFo] vy FHEY L vEEA AAFoleS e

Mg dn) B
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ch A7 Ax 4 2%

SHbe AR duf UAES PAabssg b 9ls) ofBtR R F&ste] atst
BH5E ZAE A Fig 13 o] MWL Lactobacillus plantarum 5% L&
WA S tiRTECE 3w At o] & Aog Urhjgrh I tigE
Lactobacillus brevis, EMEO 2 ¥4t3l Eado] tf2Fof vls) &A uvelgon, ¢
HEEAM = IME A&t xR} aatst o] e Aog Yehyyct o
© AU dufe] dARo] ¢lad M2 Ay Edo] o] s AN +
3, olF Fof FAUHEAT TyH QS Ao uiwiHr

100
90
80
70
60
50
40
30
20
10

Antioxidant activity (%)

C Lp

EM

Lm Lb Pd

[0 Diluted cactus fruit juice 8 Cactus fruit juice

Fig.

EM:
Lb:

. Antioxidant activity of fermented Cactus fruit juice.
: Cactus fruit juice, Lp: Lactobacillus plantarum 11060,

Effective Microorganisms, Lm; Leuconostoc mesenteroides 10146,

Lactobacillus brevis 10110, Pd : Pediococcus dextrinicus 3506

- 218 -



8.

1.

iy

Alexander, J. B., Ingram, G. A., 1992. Noncellular nonspecific defense

mechanisms of fish. Ann., Rev. Fish Dis., 2, 249-279,

_Apella, M. C., Gonzalez, S.N., Nader de Macias, M.E., Romero, N. and

Oliver,G., 1992. In vitro studies on the inhibition of the growth of
shigella sonnei by Lactobacillus casei and Lact. acidophilus. J. Appl.

Bacteriol. 73, 480-483.

_Ahotupa, M., Saxelin, M. and Korpela, R., 1996. Antioxidative properties

of Lactobacillus GG. Nutr. Today (Suppl.) 31, 51S-52S.

.Arima, H.,Ashida, H.,Danno,G.,2002.Rutin-enhanced antibacterial activities

of flavonoids against Bacillus cereus and Salmonella enteritidis.

Biosci Biotechnol Biochem,, 66(5),1009-1014.

_Blois, M. S. 1958. Antioxidant determination by the use of a stable free

radical. Nature. 181, 1199-1200.

_Burrer, F., Lebreton, P, H.and Voirin, B., 1982. Les aglycones flavoniques

de catees: distribution, signification. J. Nat. Prod., 45, 687-693.

.Brandley, B. K., Schnaar, R, L., 1986. Cell-surface carbohydrates in cell

recognition and response, J, Leukocyte Biol., 40, 97-111.

.Byun, J. W., Park, S. C., Beno, Y. and Oh, T. K., 1997. Probiotics effects

of Lactobacillus sp. DS-12 in flounder(Paralichthys olivaceus). J. Gen.
Appl. Microbiol. 43, 305-308. |

_Carter, W.G., Etzler, M.E., 1975, Isolation characterization and subunit

structures of multiple forms of Dolichos biflorus lectin,J. Biol.

- 219 -



Chem., 250, 2756-2762.

10.Cha,Y.B., Yahg, H.C,, Choi, S.D. and Cho, J.K., 1997. Pathogenic
Staphylococcus epidermidis isolated from cultured fingerling of sea
bass, Lateolabrax Jjaponicus, in Korea. Kor. J. Fish Pathol.,

10(1),1-14.

11.Chung, M. S., 2000. Antioxidantive and antimicrobial activies of Opuntia

ficus-indica var, saboten. Kor. J. Soc. Food Sci., 12, 506-510.

12. Cooper, D.N., 2002. Galectinomics: finding themes in complexity. Biochim.
Biophys. Acta., 1572, 209-231.

13.DeBray, H., DeCout, D., Strecker, G., Spik, G.and Montreuil, J., 1981.
Specificity of twelve lectins towards  oligosaccharides and
glycopeptides related to N-glycosylproteins. Eur. J. Biochem., 117,
4155,

14 Demetriou, M., Granovsky, M., Quaggin, S. and Dennis, J.W., 2001.
Negative regulation of T-cell activation and autoimmunity by Mgath

N-glycosylation. Nature, 409, 733-739,

15.Evans, J., Shoemaker, C.and Klesius, P., 2000. Experimental streptococcus
iniae infection of hybrid striped(Morone chrysops X Morone saxatilis)
and tilapia(Oreochromis niloticus) by nares inoculation. Aquaculture,

189, 197-210.

16.Formica, J.V., Regelson, W., 1995. Review of the biology of Quercetin and
related bioflavonoids. Food Chem Toxicol., 33(12), 1061-1080.

17 Fukuda, Y., 1996. Mass mortality of cultured sevenband grouper,

Epinephelus septemfasciatus, associated with viral nervous necrosis,

Fish Pathol., 31, 165-170,

- 220 -



18.Gonzalez, S.N., Apella, M.C., Romero, N.C. and Oliver, G., 1993.
Inhibition of enteropathogens by Lactobacilli strains used in fermented
milk. J. Food Protect., 56(9),773-776.

19.Hayes, C. E., Goldstein, I. J., 1974. An a-D-galactosyl-binding lectin
from Bandeiraea simplicifolia seeds. J. Biol. Chem., 249, 1904-1914.

20.Hah, Y. C., Hong, S. W., Kim, M. H., Fryer, J. L. and Winton, J. R.
1984. Isolation of infectious pancreatic necrosis virus from gold fish
(Carassius auratus) and chum salmon {Oncorhynchus keta) in Korea. KOR.

J. Microbiol., 22(2), 85-90.

21.Hedrick, R. P, Eaton, W. D., Fryer, J. L., Hah, Y. C., Park, J. W. and
Hong, S. W., 1985. Biochemical and serological properties of

birnaviruses isolated from fish in Korea. Fish Pathol., 20(4), 463-468,

22 Helenius, A., 1994. How N-linked oligosaccharides affect glycoprotein
folding in the endoplasmic reticulum. Mol, Cell, Biol., 5, 253-265.

23.Heo, M. S., Song, C. .B., Lee, J. H., Yeo, I. K., Jeon, Y. J., Lee, J.J.,
Chung, S.C., Lee, K. W., Rho, S., Choi, K. S. and Lee, Y. D., 2001.
Characteristics of B -Streptococcus spp. Isolated in cultured Flounder

(Paralichthys olivaceus) of Jeju Island. J. Korean Fish. Soc., 34(4),
365-369,

24. Inouye, K., 1992. Iridovirus infection of cultured red sea bream, Pagrus

major. Fish Pathol., 27, 19-27
25.1tch, K., 1999, Lactic acid bacteria and intestinal microflora. The 11th
internatinal symposium on Lactic acid bacteria and human health. Seoul,

Korea. 23-25.

26. Imazato, S., Ebi, N,, Takahashi, Y., Kaneko, T., Ebisu, S., Russell, R.,

- 221 -



2003. Antibacterial activity of bactericide-immobilized filler for
resin-based restoratives., Biomaterials, 24(20), 3605-3609.
27.Jin, L. Z., Ho

Y. W., Abdullah, N., and Jalaudin, S., 1998. Growth

performance, intestinal microbial populations and serum cholesterol of

H

broilers fed diets containing Lactobacillus cultures. Poults. Sci., 77
1259-1265.

]

28.Kroger, M., Kurmann, J. A., 1989. Femented milk-past present and future.
Food Technol., 43, 92-99.

29.Kim, I. H., Kim, M. H., Kim, H. M., and Kim, Y. E. 1995, Effect of
antioxidants on the thermostability of red pigment in prickly pear,

Kor. J,.Food Sci. Technol., 27, 1013-1016.
30.Kim, S.H., Kim, Y.K. and Gilliland, S.E., 1997. Screening and partial
purification of bacteriocins by strains of Lactobacillus acidophilus

isolated from human origin, Kor. Dairy Technel,, 15(1), 21-26.

31.Lasky, L.,1992. Selectins: interpreters of cell-specific carbohydrate

information during inflammation. Science, 258, 964-969.

32.Lis, H., Sharon, N., 1993. Protein glycosylation. Structural and
functional aspects. Eur, J. Biochem., 218, 1-27.

33.Lee, Y.C., Hwang, K.H., Han, D.H. and Kim, S.D., 1997. Compositions of
Opuntia ficus-indica. Kor. J. Food Sci. Technol,, 29(5), 847-853.

34.Le Breton, A, 1997. Viral nervous necrosis (VNN) associated with mass
mortalities in cage-reared sea bass, Dicentrarchus labrax (L). J. Fish

Dis., 20, 145-151,

35.Lee, E.B., Hyun, J.E., Li, D.W. and Moon, Y.I., 2002. Effects of Opuntia

- 222 -



ficus-indica var. Saboten stem on gastric damages in rats. Arch Pharm

Res., 25(1), 67-70.

36.Moore, K.L., Varki, A. and McEver, R.P., 1991. GMP-140 binds to a
glycoprotein receptor on human neutrophils: evidence for a lectin-like
interaction. J. Cell Biol., 112, 491-499.

37 McEver, R.P., Moore, K.L. and Cumming, R.D., 1995. Leukocyte trafficking
mediated by selectin-carbohydrate interactions.J, Biol.Chem., 270,
11025-11028.

38. Maeda, N., Kawada, N., Seki, S., Arakawa, T., lkeda, K., Iwao, H.,
Okuyama, H., Hirabayashi, J., Kasai, K. and Yoshizato, K., 2003.
Stimulation of proliferation of rat hepatic stellate cells by
galectin-1 and galectin-3 through different intracellular signaling

pathways. J Biol Chem,, 23, 278(21),18938-18944.

39. Novogrodsky, A. ,Katchalski,E.,1973. Induction of lymphocyte transformation
by sequential treatment with neuraminidase and galactose oxidase E.

Proc. Natl. Acad.Sci., 70, 1824-1827.

40 Noguchi, M., Noguchi, T., Watanabe, M. and Muramatsu, T., 1982,
Localization of receptors for Dolichos biflorusagglutinin in early post

implantation embryos in mice, J. Embryol. Exp. Morphol., 72, 39-52.

41.Nakamura, 0., Watanabe, T., Kamiya, H. and Muramoto, K., 2001. Galectin
containing cells in the skin and mucosal tissues in Japanese conger

eel, Conger Myriaster: an immunohistochemical study. Dev. Comp.
Immunol., 25, 431-437.

42 Nakanishi, T., Kiryu, I.and Ototake, M., 2002, Development of a new
vaccine delivery method for fish:percutaneous administration by

immersion with application of a multiple puncture instrument. Vaccine,
3302, 1-6.

- 223 -



43.Pilcher, K. S., and Fryer, J. L., 1980. The viral diseases of fish: a
review through 1978, Crit. Rev. Microbiol., 7, 287-364.

44 Park, J. W., Lee, J. J., Jeong, G. and Hah, Y. C., 1989. Charaterization
of the infectious pancreatic necrosis virus (IPNV) isolaed from

pen-cultured rainbow trout in Korea. KOR. J. Microbiol., 27(3),225-230.

45. Pyungbumsa. 1989, Useful plants of the world. Tokyo, p., 53.

46.Park, M. A., Sohn, S. G., Lee, S. D., Chun, S. K., Park, J. W., Fryer,
J. L. and Hah, Y. C., 1993. Infecctious Hematopoietic Necrosis Virus

from salmonids cultured in Korea. J. Fish Dis., 16,471-478.

47.Park, S. W., Kim, Y. G. and Choi, D. L., 1996. Enhancement of bacterial
disease resistance in rockfish (Sebastes schlegeli) by p-glucan

administraion. J Fish Pathol,, 10(2), 143-152.

48.Park, M. J. and Lee, S. Y., 1997. Effects of Lactose and Yeast on the
Changes of Oligosaccharides during the fermentation of Soy Yogurts.
Kor, J. Food Sci. Tech., 29(3), 539-545.

49.Sorimachi, M. and Hata, T. 1985. Fish Pathol., 19, 231-238.

50.Simic, M. G. 1988. Mechanism of inhibiton of free radical processed in

mutagenesis and carcinogenesis. Mutat, Res., 202, 377-386.

ol.Sharon, N., Lis, H., 1993. Carbohydrates in cell recognition, Scientific
Am,, 268-748.

52.8ohn, S. G., Park, M. A., Do, J. W, Choi, J. Y. and Park,J. W., 1995.

Birnavirus isolated from cultured flounder in Korea. Fish Pathol.,

30(4), 279-280.

- 224 -



53. Shoemaker, C., Evans, J. and Klesius, P., 2000. Density and dose:factors
affecting mortality of streptococcus iniae infected tilapia(Oreochromis

niloticus). Aquaculture, 188, 229-235.

54, Song, Y.K., Billiar, T.R, and Lee, Y.J., 2002. Role of galectin-3 in
breast cancer metastasis: involvement of nitric oxide. Am. J. Pathol.,

160(3), 1069-1075.

55.Van Der Sluis A. A., Dekker, M,, and Jongen, W. M, F., 1997. Flavonoids

as bioactive components in apple products. Cancer Letter, 114, 107-108.

56.Wu, A, M., Sugii, S., Herp, A., 1988. A guide for carbohydrate
specificities of lectins,Adv, Exp. Med. Biol., 228, 819-847.

57.Woo, H.J., Shaw, L.W., Messier, J.M., Mercurio, A.M., 1990. The major
non-integrin laminin binding protein of macrophases is identical to
carbohydrate binding protein 35 (Mac-2), J. Biol., Chem,, 265(13),
7097-7099,

58.Wang, H., Gao, G. and Prior, R. L., 1996, Total antioxidant capacity of
fruits, J. Agric., Food. Chem,, 44, 701-705.

59.Yang, R.Y., Hsu, D.K. and Liu, F.T., 1996, Expression of galectin-3

modulates T-cell growth and apoptosis. Proc. Natl., Acad. Sci., 93(13),
6737-6742,

- 225 -



1) 2 1 AR AR WEE] dAPA Y Gl A 9%

T AT 5 G2 F3F oju] AF7A3
- SAYEAY B nAE AR YRYY HAFAFE
= Atz akciy] 1%
QAIES - A% ?l"—‘.‘i’)r drde] aHE E uf dado] YAEXY
wel 23 92
AR UEES]
0H Eodux wal | o) BN AUF dado] ofFfe Az T 23}
b N C —— - gl_g_al E]- E’_O]-X]
- S BeAALIA o] APEEE U AT sitiEe] HIEse)
TFs8E AAY
QA= - BF A3 ALREIHA vl APl MR HaEC] Bl A
Al UREL - AR Y FAo] nxle A LEEYL] HF T 0.08%
GAAE TR W | - MR AR YEPHOE e o] 43t
R At#(Lactobacillus plantarum) @7|w& 7} Ml &l A3t
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