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Eftects of Dietary Probiotics Supplementation on Juvenile Korean Rockfish
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A 12-week feeding trial was conducted to investigate the effects of dietary supplementation of probiotics as a
feed additive for juvenile Korean rockfish Sebastes schlegeli. Four experimental diets supplemented with no pro-
biotic (Control), Bacillus polyfermenticus (BP), Bacillus licheniformis (BL) or Bacillus polyfermenticus plus Sac-
charomyces cerevisiae (BP+SC) at 1.0x10” CFU/kg diet as a dry-mater (DM) basis were prepared by mixing with
a basal diet. After 12 weeks of the feeding trial, fish fed BP+SC diet showed significantly higher weight gain
(WGQ), feed efficiency (FE), specific growth rate (SGR) and protein efficiency ratio (PER) than those of fish fed
control diet (P<0.05), however there were no significant differences in WG, FE, SGR and PER among fish fed
the BP, BL and BP+SC diets. Fish fed BP and BP+SC diets showed significantly higher condition factor (CF) than
that of fish fed control and BL diets. Fish fed BP, BL, BP+SC diets showed significantly higher hepatosomatic
index (HSI) than that of fish fed control diet, however there was no significant difference in HSI among fish fed
BP, BL and BP+SC diets. Fish fed BP+SC diet showed significantly lower serum glucose than that of fish fed con-
trol diet, however there was no significant difference in serum glucose among fish fed BP, BL and BP+SC diets.
Fish fed BP+SC diet showed significantly higher respiratory burst activity (NBT assay) than that of the fish fed
control and BL diets, however there was no significant difference in NBT assay between fish fed BP and BP+SC
diets. Fish fed BP and BL diets showed significantly higher lysozyme activity than that of the fish fed control diet,
however there was no significant difference in lysozyme activity among fish fed BP, BL and BP+SC diets. Fish
fed BP and BP+SC diets showed significantly lower cumulative mortality than that of the fish fed control diet,
however there was no significant difference in cumulative mortality among fish fed BP, BL and BP+SC diets after
the challenge test. From these results, dietary B. polyfermenticus, B. licheniformis and B. polyfermenticus plus S.
cerevisiae supplementation in juvenile Korean rockfish diet could enhance growth performances, non-speicific
immunities and a higher resistance against the specific pathogen.

Keywords: Paralichthys olivaceus, probiotics, growth performances, non-specific immune responses, challenge
test, Korean rockfish
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Sakai et al., 1996; Yoo et al., 2007a, b).

ZB3EA (Probiotics)& AolSlE v 8E dAIE HHATCZHN
o] sk f5A4, I viER 9 EsA e
ol g A wFe] sk B S AR W S
HA 0 g AT = Al W8 (Jun et al., 2002), HT 2
oo S5, AlEaE JiA 9 Aee] B ow AlEATL
Az Fo] A7l Avk(Shiri Harzevili et al., 1998;
Gatesoupe, 1999; Maurilio Lara-Flores et al., 2003; Jeong et
al., 2006; Taoka et al., 2006).

2952} Sebastes schlegelr>- S H A%t 7]w=0] F5= a1, 2
el tig vPgel ek, Absielst golatel sl 1o %
A PgEOE A Folu). o] e 2Bt L
W) W A)ase] Eg AME FUlR S dlneRol
T 91,123% 5 oF 30%5 AA|8kaL Slti(Statistical Year
Book of Maritime Affairs and Fisheries, 2005).

BT s F0 ok upiEe 2ujEets oo w A}
S A F7RAell mhE A, BlEol kg W 54
ARGl vA= TS B

ME o wy

2ol AlEEE

Aol T gl AT FgelM 7]lE &, =
Hoabehd AR AT = eRbelgivt, AdAks Bl &
7ol A-eA717] f1all 27U 71FANRE FHEEEA] ARAt
S5 3I3lth Addole FiAl 12.00.1g (meantSD)]1 23]
222 ARgBIglem 500 L dgpzel 7 et & 27 20
vRe)d 3ukEO w2 hAe] WiA|SSi:. 24t AP L
2§52 2~4 Limin® 2 28381500t 8¢ Ak 39S
Sl ool aEe AAsion, ARt S)t Bt 2
14.5+1.8°CE A AF7IE St A5l 2 sigivt. A3
AFEE 1Y 23] oJA1F9] 1.7:0.6%(2 3 104], 95 44 =

1257 FH33lth

ARrtgS] A -2 Table 19]]
eIt} AAAtse] Tl o s Eokold(white fish
meal), Z25F 89 (corn gluten meal), B3 o1} (dehulled
soybean mealys AHE-3 oM, BrslEdow s U
(wheat flour)Z, A4 © 2= 7152314 WHn-3 HUFA)O|

L AEE, A8, s E

Table 1. Composition of the basal experimental diets for the
Korean rockfish Sebastes schlegeli (% of dry-matter basis)

Ingredients %
White fish meal’ 35.0
Corngluten meal® 15.0
Soybean meal’ 18.0
Wheat meal 18.0
Squid oil’ 7.0
Vitamin premix® 1.0
Mineral premix’ 3.0
Cellulose® 3.0
Proximate analysis (% of dry matter basis)

Moisture 20.5
Crude protein 49.6
Crude lipid 19.1
Crude ash 9.2

'Suhyup Co. Pusan, Korea.

?Jeil feed Co. Haman, Korea.

*American Soybean Association.

*Young Nam Flourmills Co., Pusan, Korea.

*E-Wha oil Co., Ltd., Pusan. Korea.

®Contains(as mg/kg in diets) : Ascorbic acid, 300; dl-Calcium pan-
tothenate, 150 ;Choline bitatrate, 3000; Inositol, 150; Menadione,
6; Niacin, 150; PyridoxineHCI, 15; Riboflavin, 30; Thiamine
mononitrate, 15; dl-a-Tocopherol acetate, 201; Retinyl acetate, 6;
Biotin, 1.5; Folic acid, 5.4; B, 0.06.

’Contains(as mg/kg in diets) : NaCl, 437.4; MgSO,7H,0. 1379.8;
NaH,P,2H,0, 877.8; Ca(H,P0.),2H,0, 1366.7; KH,PO., 2414;
/nS0O47H,0, 226.4; Fe-Citrate, 299; Ca-lactate, 3004; MnSO,,
0.016; FeSO,, 0.0378; CuSOs, 0.00033; Calcium iodate, 0.0006;
MgO, 0.00135; NaSeOs, 0.00025.

8United States Biochemical, Cleveland, OH, USA.

v 39 @ Aotk (squid liver oil)E AMEEF3ITE. At
Aol M7rads g1 $181 Bacillus polyfermenticus (BP),
Bacillus licheniformis (BL) X 35t (Bacillus polyfermenticus
+ Saccharomyces cerevisiae, BP+SC)S A dALR ol Z+z}
1.0x10” CFU/kg diet 02 H718ISet, A@Atae] ek
A RS 46.2%, 7FEUAI = 16.1 kI/g(H A, 16.7 ki/g; A
A, 37.7 kllg; 9531z, 16.7 kl/g) 07 ZABITHNRC, 1993).
Tar zh AR AAS] 7 Fkel e 7Hgellu A9
zlolis AEFE e (celluloseys F7Fste] FUsHAl 2o +
Aok BE AdAlEE d5E &5 & derzv| s =
Fepalon, A S84 AEVE AE(15°C, 24X v
& Ao 7)o UEE A7 E 1,500 um 2 2,000 um

B (sieve)E o3l L 2A R 5, WESIe] 4oco] B
HyshHA] ARg3I3IT

OlH=E o d&E=4
AAES ZA87] Y8ke] 2447F AN T MS-222(100
=

ppm)E A AATAZ S ABEL T, S,
AR, WRE, BRLADEE, 155, vhE 8
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AEES AT ASHATE 78] flall 4 2%
k) Fke] FAE S

AgAE 9 dolAe] dubde-2 AAES) 7 ER
vy ARl E FEslo] Bafgh dojAlE
(2000) el whet -2 A7 AE (125°C, 3 hr), 25
WAL Kjeldahl 22T (N%6.25), 3582 A5 3)3H 0.
2 AT A A5 122RF S8 %E § Soxtec
system 1046 (Tacator AB, Sweden)S A8-5}0] Soxhlet &
o EAssit

Zzke] AFEE &, SAE Ak ] AR A4S 9
st} AgolE Adsly] 74 of 24431 T AAAR AY
oE 7z Y FHRRE FE8lo] Adole] v
ol GH& A3 %, Micro-hematocrit *H (Brown, 1980)°1]
°&l &l|vhE 2] E(hematocrit, PCV)E 4 38}aL, FA ol
Drabkin’s -85 A2-810] Cyan-methemoglobin method(Sigma
Chemical, St. Louis MO; total hemoglobin procedure No. 525)
7 FRZZ4 (hemoglobin, HbyS 574 315t dAAdE-2
fJste] APt oS FeaAt AHA ok A4
o ¥ar Aol 3023 WAT 5 3,000 golr] 1017k
sto] R ASPEA 164]7F ool A8k 23
3-8 kiAo =2 3L, gl =hE ARgsle] &
il A (total protein)y>- FrEIW O.2, Egto]ZetolAgto] =
(triglyeride)®} &FF 2~ (glucose)= EAMOE 18|31 GOT
(glutamic oxaloacetic acids)?} GPT (glutamic pyruvic acid):
Reitman-Frankel method® #-43}3it}.
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Respiratory burst activityt= Secombes (1990) ¥l w2}
Al AR T8 § 7 x24T AAAZ A3
s FRRIE FEse] Sl WA A1) head
kidneyE 174 © 2 4Z3}3L teflon-glass homogenizer (099C
K4424, Glas-Col, USA)Z #2510 &+ M2 derels )
BTt Ml HENE 51% percoll (Sigma Aldrich Co. Ltd)
density gradientol] 55311 4°C, 600 gollA] 307 ¥4Ee
313t 28] macrophage & Eofulo] 5,000 gollAl 233
7F 94 F28kod L-15 medium© = washingSt U 254 ©.
Z L-15 mediumel] 27 FEZ AEAFT 96-well culture
plateol] A= Sk 100 uL (5x10° cells/wellyZ 2+ wellol] %
718§, NBT (nitroblue tetrazolium, Sigma-Aldrich) 1 mg/mL
Z7}8}al PMA (phorbol myristate acetate) 1 pg/mL% A=-A|A
25°CellA] 200%F HESAIZALE, 11 FH TR E AASAL el
70% methanol= washing 3+ ¥ A2ellx] 2 HAxAIZTE 1
% 2M KOH 120 pL/mL= 371517 insoluble blue formazans
T84 o7 WM3IAF]3L DMSO (dimethyl sulphoxide, Sigma-
Aldrich) 140 uL/wells: H7F3ich. HE2 02 1 plateE OD
620 nmOl|4] micro-reader (Packard Spectrocount™)Z =743}

o} A& 0]9] respiratory burst activitys F278}5 T}
Lysozyme activitys *371817]1¢18) 2477+ DA A ZF 42
3y FRR)R 2 APoleRE et % 0.1 mL
2} 0.05 M sodium phosphate buffer (pH 6.2)°ll Micrococcus
lysodeikticus (0.2 mg/mL)YE F-FA]71 suspension 2 mLe} &3t
SF3ITh HEg-2 20°C oM 3 S35 A1 F35 530 nm
oA 0553} 4.55-0 S743I30. Lysozyme?] &4 ©8j&= &
2 0.0018] FFE HAE YERlE G40 ooz st

DAHAIS

o2/

12708] ALY ET T 24417 A Fv)er o]
sl E ARESIYE. F5A0) = Edwardsiella tarda 5+
(1.0x107 CFU/mL)Z 1.5% NaClo| #7}% trypticase soy agar
(TSAY] 27°ColA 4812F Wiekelol Eaiict. ofe el
2o} BHES 0.1 mA BHFAT T ANE 1SS0 5
Aole] TALIO1E Sota] S18] vl SR ofAE A
B2 ARl TAc ML E rarda®) EAE FAY.

SHXE

BE AE9 EAAZ= Computer Program  Statistix
3.1(Analytical Software, St. Paul MN. USA)Z Ak
(ANOVA testye AA|519] #2237 (LSD)C. 2 H1r7ke]
o (P<0.05S 7733t

Zzt 3 o

[

127°7ke] Z9)Ee ARAS A3(Table 2), SAE(WG), A
SEE(FE), Y-S (SGR) W @ g 8(PER)] 3l
oJA] BP+SCE &1t A7} thZ=7(Control)ell HIS
& A A YERIAITHP<0.05), BP, BL % BP+SCE ¥338t
AT SAE, AR ES, I3 9 dd dgkg
ol JlofA] el zlo|7F veRA] igiet. ofefsh A= A
FU) Streptococcus spp. W= Bacillus spp.2] H7P7F T2 %
©], common snook, ©e}Tjo} 9 ¢Joje] AJAS TTMAZITH=
B8 YX| 3} (Vaquez-Juarez et al.,, 1993; Mohanty et al.,
1996; Bogut et al., 1998; Kennedy et al., 1998), 1%L
Saccharomyces cerevisiaeS] 73717} A&l §lof %52 a3}
7} vk A2 B3¢k U] S (Taoka et al., 2006). B3t
B3 4 gefgjof Akl A 7P AlEEES ST
U R ey AX]EAtk(Naik et al., 1999; De Schrijver and
Ollevier, 2000). Bougon et al. (1988) % Rychen and Nunes
1994y At} AtAlE H7kePd gEol Qo] &skgs &
ARG BaEkg o, 1 AR St a s Al a s
gl Ao F718H}al Maurilio Lara-Flores et al. (20032 A2
g3lelet. AESe] lofAs BE APl o f-2)3k A}
o7} vjERtA] okttt s, - AFe] AFdae] glo] T
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Table 2. Weight gain (WG), feed efficiency (FE), specific growth rate (SGR), protein efficiency rate (PER) and suvival for the juvenile
Korean rockfish Sebastes schlegeli fed experimental diet for 12 weeks of feeding period’

Diets Pooled

Control BP BL BP+SC SEM?
WG(%) 86.6" 109 101 1247 5.48
FE(%)’ 59.1° 68.0™ 66.8" 80.5° 3.17
SGR(%)" 0.74° 0.87* 0.83® 0.96" 0.03
PER(%)’ 1.28° 1.47% 1.45% 1.74° 0.07
CF(%)" 1.56° 1.80° 1.69° 1.82° 0.02
HSI(%)’ 2.26° 2.43° 237 2.56 0.15
Survival(%) 91.7 91.7 933 91.7 1.31

'Values are means from triplicate groups of fish where the means in each row with a different superscript are significantly different

(P<0.05).

*Weight gain : [(final wt. - initial wt.) / initial wt.] x 100.

*Feed efficiency : (wet weight gain / dry feed intake) x 100.
“Specific growth rate : [(log final wt. - log initial wt.)/days] x 100.
*Protein effciency ratio : wet wt. gain / protein intake.

®Condition factor : {fish wt.(g) / fish length(cm)*} x 100.
"Hepatosomatic index : (liver weight / body weight) x 100.
8Pooled standard error of mean : SD/Vn.

9 AR A S U AdTe)s) o], 19948} st o) &= 2l Zo)7} vehA] it
AR oz e AT Almass JeERISIT o= A Za)5e AlEd AR 7 v15e)F] denkg-e] Fr)
A7 FRF AAT2(14.5:1.8°C)ll &S A5 AFESE HE)) NBT 2 EHU lyszyme &2l FelaiAl w2 A=
BEA zuEee] HAA4 Ao AR AlTEEA] & YERYSIEH(Table 4). Respiratory burst activity (NBT assay)°ll
alo] 9o} o] vl A v FAEH AlmEse] AYE 92 SlofA] BP+SCE w3 e A3V tixT-e} BL AFAIEE ¥
Ao AlRETh HolA ] AR EAAY APAEE & J1E ATl sl felskAl A YRk, BP 2 BP+SC
Tt A ARTe] dojAd) T (58.0£0.17 %, mean+SD of & &St ATl folsh Ao|7t vEhA] skt
dry matter basis), A|"H(21.7+0.05%), 3]5-(17.8£0.05 %) X <= 2] lysozyme E/J°l 2loJ4+= BP2} BLE 353 A857] o
ERHH(70.120.15 %)ell Q1o F2lgh xfo|7F yeb#] edsket. Ztell vlsl| felskAl =4 YR e, BP, BL ¥ BP+SCE
Zu)Ee Alsd] A 7P Adele] Al Adelel mixl et Afattels fest Apolrk vERA] kS, o) gt
= QS Hrlel] Sl AR5 ZARBIItK(Table 3). 3l A3k= FAPREC], B3t 9 FAA Waelel A Bacillus spp.,
FaEERl PEARE, GOT, GPT W TPE & A8 Enterococcus spp., Yersinia spp., Streptococcus spp. X
A 2]t Zpo)7 YERA] ekt 1eu; 7 glucose (TG)  Saccharomyces cerevisiages 53352 v]5o]4 Hodkg
9] 92 BPHSCE Fash A7) thxol vlsl fe]2e & T7MAIvks Barel YAtk (Anderson et al., 1979; Griffin,
2 W Jepdkor), BP, BL @ BP+SCE 33t A8 77ke]  1983; Olesen, 1991; Ringo et al, 1996; Austin, 1998;

“

Table 3. Hematological and serological characteristics of the juvenile Korean rockfish Sebastes schlegeli fed experimental diets for 12 weeks'

Diets Pooled

Control BP BL BP+SC SEM'
Hemoglobin (g/dL) 13.9 13.7 13.5 14.0 0.11
Hematocrit (%) 31.8 30.5 31.0 30.8 0.26
Serum GOT (TU/L)? 16.2 16.1 16.4 15.2 0.44
Serum GPT (IU/L) 11.4 10.2 11.2 10.4 0.25
Serum Total protein (g/dL) 4.71 4.85 4.73 491 0.06
Serum glucose (mg/dL) 61.3° 48.7% 50.2: 38.8" 2.80

'Values are means from triplicate groups of fish where the means in each row with a different superscript are significantly different

(P<0.05).

’Glutamic oxaloacetic transaminase. One unit is defined as the amount of enzyme causing the transamination of 1.0 pmol of L-aspartate
per minute at 25°C and pH 7.4.

*Glutamic pyruvic transaminase. One unit is defined as the amount of enzyme causing the transamination of 1.0 pmol of L-alanine per
minute at 25°C and pH 7.4

*Pooled standard error of mean: SD/vn.
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Table 4. Non-specific immune factors of the juvenile Korean
rockfish Sebastes schlegeli fed the experimental diets for 12
weeks'

. NBT Lysozyme activity
Diets (O.D/10° cells) (U/mL)
Control 0.19° 54.5°
BP 0.30%® 98.7°
BL 0.26° 97.2°
BP+SC 0.40° 75.2%
Pooled SEM? 0.03 9.61

'"Values are means from triplicate groups of fish where the means
in each column with a different superscript are significatly dif-
ferent (P<0.05).

?Pooled standard error of mean: SD/vn

Table 5. Cumulative mortality (%) after intraperitoneal injection of
Edwardsiella tarda in cultured the juvenile Korean rockfish
Sebastes schlegeli'

Days Diets Poolegl
Control BP BL BP+SC  SEM
6 50.0* 38.9® 36.1® 25.0° 3.91
7 61.1° 41.7° 44 .4* 33.3° 5.18
8 66.7° 47.2% 50.0™ 36.1° 5.13
9 77.8* 55.6® 50.0™ 36.1° 6.19
10 91.7° 66.7* 55.6° 47.2° 6.14
11 100? 72.2° 75.0% 55.6° 5.84

'"Values are means from triplicate groups of fish where the means
in each row with a different superscript are significantly different
(P<0.05).

?Pooled standard error of mean: SD/vn.

O'Sullivan, 1999; Chang and Liu, 2002; Jeong et al., 2006;
Taoka et al., 2006). 0|3 olwl% of A AFA7) &4k
shol Phde g40] Bstel] ARl oR JEEE 71A, olE
Sl Abx duES SIS Ao AAAH, o]ZlE] 4
L] S52EHA) YRS H= RO (reactive oxygen intermediates)
o] WA= S v Aoz Atzdrh 183 ofF
lysozyme 8= A0} 22 AdS vl fat e A
o 8o maw AR o 8l ST 27 el 2y
I glom S5 H wrollA] 22 AYAEE] 32 macrophageol A
T Al AEEH] YT Hansen, 1974). 18 PE lysozyme
< ofFell Slof 7173, Al B mlelE A el tiste]
A wol7)7-e] %71 Etk(Ingram, 1980). ©)2]3t A7tA)
o] uj5ol2 e wkg S g3 SR W2 A
= HEhlsd] 7)9leks Ao® Abmd

4245 A3N(Table 5, Fig. 1), HANS Edwardsiella tarda
AETA 19 F5E AlFstol 1194 F5 83t Al
Folet BE A7 izl v]s) 27|sAREe] WA
ERith, 3 A%S AAe F 8RN E FEA] 74 BP+SC
= Fu AT vzl vlsl foJsiAl WA vrebsk e
BP, BLY BP+SCE &wd Ad73tele 23 2lo)7h vet
=] ekt x|07] WA AR S cerevisiaeZ 337181 50
A F3F ARt AFTol| Vibrio anguillarum (2107 CFU/mL)

i o

1

100

——Cont. —- BP

—e— BP+SC

Cumulative Mortality (%)

Day

Fig. 1. Cumulative mortality (%) after intraperitoneal injection of
Edwardsiella tarda in cultured Korean rockfish Sebastes schlegeli.

= Ax

= AT o] AAES TS A AAE H7HA ok
=72 foshA w2 HAHE-S B3O (Taoka et al.,
2006) B3, X|o)7] WA AFE Bacillus spp. $F S. cerevisiae
£ A7kele] 87 &t ARSSE ATl E tardaE BE T T
HAAES ATAE 7P &S thz7 1} {28k s
AS JeRfol (Jeong et al., 2006), & A7-A3ke} v)$- FA}
St Aops BTt

2 Ao A3E 538 B. polyfermenticus, B. licheniformis
9l B. polyfermenticus 2} S. cerevisiae®| TETH7 V= 3B
o] A W Al EES S7F A7 B, BlSol ehikg
= S7WIA E. tardadll 3 AYAZAE FIAA A7)
A2 ARG 7Fe e BolFgivt. 1eu, 7] A Ao
9 uEEe] GAo] 71 B A7 (AE-AlT27] el 5o
wof, ko AR A T Y] AR 3] e
Ak A NS sl A HAIEA AREERE a1
FA AR P A el A 78 Blow
g,

ofs

o (o]
hr =

AT X of7] 23] B8 Sebastes schlegeli AaU| A4
A A7 EAe] 23w A ekgel mx|E JES kel
th AAkEs 5 Ao R Fefold(white fish meal),
2259 (corn gluten meal), B3| U7 (dehulled soybean
meal)S AH8-3F5 0H, BHpslE © 2= U715 (wheat flour)
=, Ao 7= 1EEF IRk n-3 HUFA)®] Uk ghid
QA 7H3-(squid liver oil)E ARE3IY. Al H7lads
gR18}7] 21311 B. polyfermenticus (BP), Bacillus licheniformis
(BL) % B3 (B. polyfermenticus + Saccharomyces cerevisiae;
BP+SC)S AHAIE el 217+ 1.0x107 CFU/kg diet 5032
78ISk 2771 RIARS: S, Bl 12.0+0.1g (mean+SD)
ol Z9]8ekS 500 L 98550l 24 AFT & 27 20
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3REE O T F2Re 2 wix]sIlar, APAIEE 19 23] AAIFS]
1.7i0.6%(2%j 10/\] jr 4/\] | -er_ 5 5t

A

5iﬂ%, *h@ja%,

=) ‘%E}”X]UF(RO 05), BP, BL ¥ BP+SCF' et AYT

ol o) gk xfol7F vERtA] ekstet. AEEe] 9l
= AT le el E Zol 7k v 0}5’&‘3}. HojA) #|
ekl QlojA] tlz77) the BE gl vlsl A e
whom, ojx) e, S 9l G Qloja= BeAd
77bel] ] gk xjo]7} QISiet. Aol QloiA] Eo glucose
o] RS BP+SCE e A7) vzl vlel 940
2 W Yo, BP, BL 9 BP+SCE &3 A1t
© Al Ao]7h vER A gk

Respiratory burst activity (NBT assay)ell $1©14] BP+SC%} BL
< st AP} ozl vlal] foJAow WA veRteH,
BP, BL ¥ BP+SCE aw %t A3 lel= F24 Afo)7} vhet
L] oksket. 3 9] lysozyme EAJel Qloixl= BPS} BLS 3+
g 717} o zrol] H]s) 3] vERskom, BP, BL 9 BP+SC
S Aol 7221 2lo)7t vreRA] skt
TAAS A3}, HA = Edwardsiella tardas @%—?}X] 1
| ’\V—.a‘ﬂ NYA F5 siSith AtAlE Folgh e 4
T7F tizrell vlal Z27]EAkge] WA ‘/}E}‘/L‘jr AN
T 8UAARE FEA| 7T BPHSCE &wst AT UlE

Tl ujsl] o)A o vhA vERsor, BP, BLY BP+SCE

oL:Lb} AT s gk Zol7} vERA] 24kt

b=, Etﬂﬁj—_ Z318e AY5 | B. polyfermenticus, B.
licheniformis 2 B. polyfermenticus 2} S. cerevisiae?] <373
7he zaEEe] A 9 Alsas S dAksks
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