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H Schizophyllum commune 2Bz ZHE%H Beta—1,3-glucan EAZRisfeEE
#HEH4 3R C (Polyphosphorylated L-ascorbic Acid) #3&{b BB IE ST AN B
RS ISHBEREN ZHE

"R

AU ST 2 HESE (Beta—1,3—glucan from Schizophyllum commune, VST) B3R HE
#4:FE C (Polyphosphorylated L-ascorbic acid, PAA) » DUERIENRS F A B i ETRl
o SRR TN S 2 A AR TE IR AR S IILAERY - & PAA 0, 0.2, 1.0 g/kg
diet B2 PAA 0.2 g/kg + VST 2.0 gkg diet B VST 2.0 g/kg diet ZRHA T K} - fEETE
8.2 = 1.5 g ZEH 30 X - 55 10 84 20 K » £54HKEN 35 & » B Vibrio damsela JE{T5%
SlBR B 30 K A 24 RETEGRE > MB8T5 10 K JAEHEM VST
ZWA FERBERE TS EERS IS 25.0 B 27.38% c HEEZZNE N
(P<0.0001) < B 20 KW > LIERIN VST 2.0 ghkg diet + PAA 0.2 ghkg diet fAZIEFER
60.0% FfzmE (P<0.001) - BIREIGHM.EFAES - DIASII PAA 1.0 gkg diet fASE
P M VST MR Z 5% < HBIEIRAE BB T A -

R | SEEE > SRBHRBNEAE SR C > Bl

BEREE Penaeus monodon HhE - EH1988&E®
ZHEIBEINES (MBVY) BRI SR E RS A KR
FLLCLAZR - EEEENE95,000  ME KIEWE % » —ERE
£9,00023MF - BELRTET 991 FEZR M [E1F 3] 10,000/ M
DAL - (HET1992MF#E - X HAMERFEE (WSBV)
S /K R B R M T B o R » M R T SRR
BILC » M AAAHERIEEE - (B EERALR
it R RS o R - B0 IR B TR B 2 IR
28 > —RIAREEHER: RAITHY BTG BR B DU 2
JER R AR A AL 0 55 R T SR AL R B R TR
BB « TR - RO RERSIEH A
MR TRIEHIEYE (FlanLEEE) "igmE
% M ° H Schizophyllum commune %8 ¥ 2
Schizophyllan B %EHEN—FE - ARIRIHAFCERE V8
H o STETERAR - B - BEETERIR T Schizophyllan

RIEF, BRIXFAR, WEE, B—X (1996) B Schizophyllum
commune ZER 2 HFESE Beta—1,3-glucan HLLRBIFFREHE A E
C (Polyphosphorylated L-ascorbic acid) %56/ B EHRHTIN &
R BEBIEFAEITZ IR, KT, 401): 43-54.

AT R B MR R T T -

HeEE C (L-ascorbic acid, LAA) @ B EE4 L)
HEE 2B B (Collagen) ftERYIERIER » ¥
R B 1R < ERBIRTRA - BREAEBRMEAE
C ¥f Penaeus californiensis 81 P. stylirostris #3127
BEARANER » FIR - ATF R - BB
BB~ SRR ERARE - AIFTERN BILRN R L
e N BHZENMEER C EINAMEENE Y
WAL EY N NN =) I A

SR REIRRIERRASHEEL G fTE
LR RCER  TRMEA TR SRR M -
—RME @ ERHEN LIRS ~ R - ER RIS
b AR C S EASEEIMYmERLE"
HMEETERTHEE  ERREELAENER
AT C DEEEARRE RIS EE G
EITIEG - M5 R AERE - KIL  FFERNEaEE
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(Coated) BE®GAIRRHEAFR C HUIHTREE R RN IE
fi4 - Shigueno and Itoh"? | Mg-L-ascorbyl-2-
phosphate HUJ5 3K & F AR A TRl 2 #E4E
% C (LAA) ZHERFEE » BRAEERIYACE - iy
o R EN 0 RFE LAA BY 110 BN
FLREAERT RLATHY BRI AT R S8 JR ST - 594% > fEEE
HEIEEREF  HERERBZA T2 SRR Bt
M BB ARG mE A 2 B TEMEAEER C #H
EYETEE’JI BT ZEGHEBN5ER  MASS

EZEE R EE RS -
K eht L % EESH (Beta-1,3-glucan from
Schizophyllum commune, VST) U2 IR piFEREHEAE
# C(Polyphosphorylated L-ascorbic acid, PAA) » LA

AR EGR G 5 ARINA E MRS T - DUERRT i
Wtk - $H90E < B0 82 BEBERE T

4 UIRERMt Ht iR mERBAEERZINE -

) MY - £ EEME  (Beta-1,3-glucan from
Sch/zophy//um commune, VST) » HARGE#KIA i
o ZLERMEREEHELEE C ( Polyphosphorylated L-
ascorbic acid, PAA) » Zf{f (Hoffmann La Roche) 2%
%”fi FEES15% -
(Z) E5E® « Vibrio damsela (No: 12906) »
=| E’@ﬁzcﬁlﬁmﬁﬁﬁﬁ%@ﬁﬁﬁb o
=) R ARFTRE S FTET A LRECE
EEEx : %Jﬁi%ﬁ%ﬁazits g
TY) HEERETHEUK ¢ BB 30.0£1.0 ppto
0.5 KIBRE: 29£1 °C -
) HEEAAER 5001 ZHEHERAE (FRP) 48 -

) A TEK : IRBERBEHMAREE
(National Research Council, 1982) Ztin’¥HiEAEE]
FHEC T PR BRI T T BTS20
(Table 1) » SRR A TR} - S S HRAHETRL - 55
A% DARIRREC S B — AN REHE AR C 12 BRI

f#

pH 8.0%

MEBHE TEIEREEZ PAA 0.2 g/kg diet ~ PAA 1.0 g/kg diet
B PAA 0.2 glkg + VST 2.0 g/kg diet VST 2.0
K g diet 3T - ALK A TATRL - HBEABRAL
kL -
Table 1. The basal diet composition.
Ingredients g/kg
Fish meal 300
Soybean meal 100
Squid soluble 100
Squid oil 20
Wheat flour 250
Shrimp shell meal 150
Vitamin mixture * 12
Mineral mixture ° 10
NaH,PO,-H,0 20
Gluten 20
Cellulose 18

*In mg/100g of dry diet: p-aminobenzoic acid, 20; biotin, 0.3; inositol, 200; Ca-pantothenate, 15; nicotinic, 40;
pyridoxine-HCI, 3; riboflavin, 10; thiamin-HCl, 3; menadione, 2; B-carotene, 2; a-tocopherol, 20; califerol, 0.3;
folic acid, 0.75; choline chloride, 400; cyanocobalamine, 0.02; ascorbic acid, 500.

® 1n mg/100g of dry diet: K,HPO,, 100; NaH,PO, H,0, 215; Ca (H,PQ,),- H,0, 265; CaCO,, 105; Ca-lactate,
165; KCl, 28; MgSO,-7H,0, 100; Fe-citrate, 12; AICl;-6H,0, 0.24; ZnSO,-7H,0, 4.76; MnS0,-4-6H,0, 1.07;

CuCl,, 0.15; KI, 0.23; CoCl,-6H,0, 1.4.
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BitkEERI#% » LI TSB (Tryptic Soy Broth)+ 1%
NaCl 7£ 28°C 53 24 - 48 /R - . ZiE - £
ERERAEEEN - 1255 C R IZ RN B
MEREME RS - SBEHEE - BRREREE - &
LBR - HERCEEIGHERER - ST HEBEH
Bz -

(Z) HERERZ S

BATREH TSB+1%NaCl #$:%E TSA (Tryptic Soy
Agan) +1% NaCl 575 24 /NEf% - IS BTV A
BE%  HOCHECEHRE KRR RBRE
EH AR R EEE 5 B SREH 0.1 cc
VRS PR B - STERBRE AR > K
i LD50 ZE & - (ERENBAHBER B IR
-

(=) sk

WO - BER S B B =EE - A
15 {EEE 2.5 MERYBIEEAER T - 4 140 B -
TARFE RS HIBRET - RIRINR & T RENREECPAA B
VST A&k} - f£55 10 BdE5 20 KE - &#ET—
RIEGA R -

FREGEERR - 15 @R IR 70 B
iy - HAR 35 BEHFEREZER 0.1 cc RS
fH - 5k 35 BEmZEOM - ARk 0.1
cc o FEHTERAI MM - TETRE LA - EH
%+ IR SERL - Bh LRI

TR Bl SHESBIRARTE 0.5 WERYHE
HEAEREY - IS 300 | R IERIBC K - R
8 - 12 /NRFERZE—X > B EIRHEEE P2 LI
8 WHEHBEDE]E K - EIRICCRT » TZRIIH
G SGR8 70% ERTREE— 8 0 BT IR B
BERELD  ROMPERSREER CEE - B
= 8-10 X% BARSEC REHMCER - MR
2 -3 B BB AR R - ER T
B2 AR R S AR A - DIPTSR R
TEWL o Frtl - LU TOHT (Analysis of variance) E2
HMAEALEBEZEZR (Tukey's honest significant
difference, HSD) 341 » MEHO T R ER I K&
MR EYEESR -

() EEE A E

it RIRRER S R VU - B ZEE > A2

BT 0.5 MRBTEMMERF - 948 24 & - 1Y
MFIE BIERE - RIFINAEETRBREZ PAA B
VST ATLEf} - 61 30 Ktk - #E1TEIEHER -
HEHERR - U A SRS RS
AELAREE] > Bl—E/ 1 cm & 0.3 cm EZ G
e #fEkeSE 124816 8 24 X > F1if

N 3 RUFEETE U ERE » 48 Davidson’s

EE R EE o FEAETRSIk - G - IE -
BRUL H-E YR(OBREE » Pl A L IR AT -
R

— [

FAR BRI R & T A S PAA B
VST ATEPk - Ti7ES 10 KEF » Sell 6X 10° 1
B/ B T AT VTR o USSR Table 2 ff
o RUIEIEE S S 96 /NG - ESUIE 2 T
C o W& PAA 0.2 # 1.0 g/kg diet 2@ - &
SBRE TS & FIIE RS FIE 5.95 81 7.14%
HH SRR — IS TR (P>0.05) = TIARAN
VST 2RI » 7B A T 2 R HVE RS BB
25.0 Hi 27.38% » BEEFE VES (P<0.0001) -
H20KEE - DL 1 X107 E B ST E AT SR
P HASHAN Table 3 BT - SBRES B Z 905
FERLG VST 2.0 g/kg+PAA 0.2 g/kg diet fH2
60% B B & ifif B LR DU S 2 B h
(P<0.001) « AN VST 2.0 g/kg #H.ZIEHR 37.33%
Rz » (HEFRIN PAA 1.0 g/kg diet —#MZ HiEH
HimEEZ 251 (P>0.05) - 70 PAA 1.0 g/kg diet %
CIEFEE 34.67% » BIEHHAM L BEEE Y
HE S (P<0.05) - SERHAR - SAHEST £ AEIK
2 28 B IAE L 18T - B R R o A5 4
a7 BRETVRAN VST SEEBE BRI - BIAEIEHRE
o RIERL  MARESTEAS - £1 PAA ALK
SRR R - YA R R RS T -
S4L > WRID PAA 1.0 g/kg diet fHEAFRAN VST 2.0
gkg diet ZHIHRESIAEL, » HE » =K ZIFHM
SHAE E A U ST 0 ERHEBHE TR T S
AR SR -

= BIGR R

PURH SR BRI R NN RS N RREZ PAA B
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VST NLEPEL > MiAE2E 30 KR - ETTHIEHER -

FEE AR S ERLRR YT Fr e 2% > HAERAD Table 4
Fim - EREIGHEECEFEET] - LLEIIPAA
1.0 g/kg diet fHRER (Fig. 1) - FIHHEEE 4 K &
Bhe < WKL RRENBR s ETTIE M S (Fig. 2) > 58
16 X AEEAGHUESEER (Fig. 3) - M
HEIGHALSE 2 EEUMFLE - A PAA 0.2 g/kg

diet fH > BEFIGFREE 4 K - HEEZIIEBNLE

EF R MEFGEA > A REER (Fig.
° IRIVST 2.0 g/kg diet fH - BEHIEFER < LA
INETTEMEIEHE - 8 24 X ARTEEHE
(Fig. 5) - BIRMHERZ MEAER C - HEEE < ALAM
8 FERBRRERT  MRAAEME S (Fig. 6)
gt DA 2R B WS E AR - Bk a]
A1 VST BERZEBHEMEERETZEHBITK -
BRZEC LRBREHAER C - AIHEERZER

MRS EEFEENERER  BE 24 XE  ZHEBEFEDERAED -
Table 2. The survival rates of Penaeus monodon (8.2+1.5 g) challenged with Vibrio damsela
(6 X 10° cells/g bw) after fed artificial diets containing graded levels of PAA and VST for 10
days.
Diet Survival rate % Mean survival
group Group 24 48 9 134 182 240 rate*%
Al 39.3 21.4 0 0 0 0
Control A2 53.6 10.7 7.1 0 0 0 o
A3 60.7 14.3 0 0 0 0
B1 42.9 10.7 36 36 3.6 3.57
PAA 0.2 g/kg diet B2 67.9 357 179 10.7 107 10.7 5.95°
B3 75 214 143 107 36 3.6
C1 75 357 179 107 7. 7.1
PAA 1.0 g/kg diet C2 - 64.3 286 179 107 107 10.7 7.14°
C3 571 14.3 7.1 7.1 36 3.6
D1 75 39.3 28.6 25 25 25
VST 2.0 g/kg diet D2 78.6 35.7 321 321 321 321 25k
D3 67.9 286 179 179 179 179
E1 64.5 39.3 321 28.6 28.6 28.6
VST 2.0 g/kg -+ E2 85.7 53.6 357 32.1 321 3241 27.38"
PAA 0.2 g/kg diet E3 82.1 42.9 25 214 214 214

* 1 Figures in the same column having different superscript are significantly different. (P <0.0001)
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Table 3. The survival rates of Penaeus monodon (8.2+1.5 g) challenged with Vibrio damsela
(1 x 107 cells/g bw) after fed artificial diets containing graded levels of PAA and VST for 20
days.

Diet Survival rate % Mean survival
group Group 24 48 96 134 182 240 rate*%

Al 68 40 16 12 12 12
Control A2 60 48 20 16 12 12 10.67°
A3 76 24 24 12 8 8
B1 80 56 24 20 20 20
PAAO.2 gkgdiet B2 92 60 32 28 28 28 22.67°
B3 88 68 36 24 20 20
C1 88 56 40 36 36 36
PAA1O0ghkgdiet C2 9 68 56 32 28 28 34.67°

C3 92 76 68 48 40 40
D1 96 60 40 36 36 36

VST2.0gkgdiet D2 96 64 52 44 44 44 37.33°
D3 92 72 48 36 32 32
E1 % 80 76 56 56 56
VST 2.0 ghkg+ E2 1000 80 72 64 64 64 60
PAAO.2 gkgdiet ~E3 92 72 72 60 60 60

* : Figures in the same column having different superscript are significantly different. (P <0.0001)

Table 4. The wound healing ability of Penaeus monodon (8.2£1.5 g) after
fed artificial diets containing graded levels of PAA and VST for 30 days.

Diet Elapsed time (day)
group 1 2 4 8 16 24
Control - — — - - —
PAA 0.2 g/kg diet — - —+ —+ +—
PAA 1.0 g/kg diet - - —+ + — + +
VST 2.0 g/kg diet - — — — 4 S 4 —

— ¢ Tissue has not healing yet.
—+ : Partof tissue healed.
+ — ' Most part of tissue healed.

+ & Tissue recovered.
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FFEWAEY) MR » WA (Fungi) ~ BERFEE
(Yeast) EER4r ¥ 3H 2 MM EE R H YD — 2 BE 2R
(Polysaccharides; beta-glucans, beta-1,3-glucans and
beta-1,6-linkage polyglucose) #EEFE T ILIE -
MBI KRN EYEIE - RERMEL
B 2 FE R s BT 1 - SR R 5
BA Glucans fm#% » {#H#% R MEE - fEHEHH
77T 0 40 Beta-glucans BEITE Brook trout FYEIRE
MM (Macrophages) ~ WAELER (Lymphocytes) F1H5
RETFHME (Natural killer cells) ZEE97ERT » AR
{3 Aeromonas salmonicida YT |FERIFEC
4 g8t Cyprinus carpio TESTHBERIE - HEEH
fEYHEE 2 Glucan ?% » VBB Edwardsiella tarda
IMPUESE » REEHZAE > /£ 3 RNSERLC - M

HEPE A HE - Glucans BEVE{L Horseshoe crab [MER
RSB AE Y B A RE@ N Fresh-water crayfish
g1 Shore crab [MERFAIAIBEIEAE ST o ltamiZ"®2
W 5T 3 B - B AR i
Schizophylian (SPG, a beta-1,3-glucan with a beta-
1,6-linked D-glucose residue) 7-10 K% - AJig5HH
¥hE AN E R HL 7 S E MR FWERE ST - &
BLARABRILE - AW R ZIREAR - HHAAR
AMERL - ik Song and Hsieh"” 2 5% » BiRH
R EABERBUE R 0 DLRIER#Y) Beta-
glucans&E R BUMBRANME TR - MEKMINEEL S EHE
LIRS Myeloperoxidase (MPO) HYBESTEY: »
HEEAKREYE H, O, 8 O, - —HREWHLL
Beta-glucans ¥f H, O, 81 O, R EELT -
It EERE RN VST » TERGRFH A - BREIg s
i TRIE R W AT NS EHIERRE ST -

Penaeus japonicus & #&

Fig. 1.

Photomicrograph of a cross section through a wound (/) in a group of
PAA 1.0 g/kg diet 1 day post-wounding.
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RUIBESMEAR C oK HREEHE - X
AN~ KB BRI AR R R RREA A A - 78
BETHE o LT HIEY ZRERERTF 70 - 100
mg/kg diet > 24N » HIZE 500 mg/kg diet'® » #%
Ji Vibrio anguillarum Z &4 > BIEE 5 8¢ 10 &R
R TRE"  RATE 29-32°C » MERFIEH IR
R 30 mg/kg diet - BIEHTAIGE RS - BIFF 150
mg/kg diet® - WHEHTE - FIEE SR EHER

C WRETERENF 208.95 - 220.24 mg/kg diet
ZMEP s KA LAA ZFESRE 2000 - 2500 mg/kg
diet® - HRAMEAER C MIGTRIIE N ZHRAUA
LR - AXFABARBIMZ EBERERRRT
KEZ 5 & mAMEEERE 20 Xk > BigTH
PUET) > HTH 2 M H B AR RfE—2
ZHH5E -

#HEZ B 1R A ARE HRTE - ST EIRATEA
fith - BERZEHMEBH -5 EREHRRY
(Polyester thread) Z E 4 —F % HFER (Wound
plug)— Melanization— i i A AL P9 [ — B & #7 5%
BSR4 o kBB Lightner et al.®#f Penaeus
californiensis B P. stylirostris E/1E1A#% < 1EREE

Ak DN EEcHER C H - £EESE 4
Ko MEHFEER ERERS  F 11 RFZ
BRRBAMAER 55 14 RIBFTRKEIRAER - M
MEEE C BRZM - EEIBRE 15 X ZHBRER
B MR T E R - RS R AEAERR
70 PAA 1.0 g/kg diet .2 F#EHRIELL - Yu et al.®¥2
I RZEBEEEREIER 4 X EHEMLL
[EH e aRS s Dehydroascorbic acid (Ht4EH
C ZEMAIRE) - LTI - % HRER SR
SAEEFE C BEhEMIEE - T VST ERIERIEAR
EIRESHEF R B2 B R AR - Rt IinigEsmEA
W&V ZReT)  REEEFERNEBEBCE
R - AR RS 0 SHEEE S RBREM LR
HIREE R TR BT TERERAR - 1T E % TR
HEffEE# C WS hHRZEBEREIREGRA
HUEBh - I - RAREIH SR 2 R BHR R L
% C FEANERREE T - BEERD KRS
BEREVLEREE—S 23 Bl E LR
B o 5 LR by B 2 IR ET s - IR - OTHES
FREET AT B R 2 ol AR - FELUREE
MR EHIRE T RO -

Fig. 2.

Photomicrograph of a cross section through a wound in a group of PAA 1.0
g/kg diet 4 days post-wounding. The hemocyte infiltrated to the wound vicinity and the
polyester thread and wound plug had been formed (| ).
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Fig. 3.  Photomicrograph of a cross section through a wound in a group of PAA 1.0
g/kg diet 16 days post-wounding. Wound healing (\.) is complete recovery.

Fig. 4. Photomicrograph of a cross section through a wound in a group of PAA 0.2
g/kg diet 24 days post-wounding. Healing is progressing well but still remains some
wound track ().
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Fig. 5.  Photomicrograph of a cross section through a wound in a group of VST 0.2
g/kg diet 24 days post-wounding. The hemocytic wound plug (1) had essentially
dissipated and it is only about 50% complete recovery.

Fig. 6.  Photomicrograph of a cross section through a wound in a group of PAA 0 g/kg
diet 24 days post-wounding. Hemocyte cell infiltration occupied in the wound vicinity
(") and composed of granulomatous tissue.
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Vibriosis Resistance and Wound Healing Enhancement of Penaeus monodon
by Beta-1,3-glucan from Schizophyllum commune and
Polyphosphorylated L-ascorbic Acid

Abstract

The purpose of this study was to evaluate the combined effectiveness of beta-1,3-glucan derived from
Schizophyllum commune (VST) and polyphosphorylated L-ascorbic acid (PAA) in enhancing the vibriosis
resistance and wound healing in Penaeus monodon. Five groups of Penaeus monodon (8.2+1.5 g) were fed
purified diets for 30 days, each containing 0, 0.2, 1.0 g/kg PAA diet, 0.2 g/kg PAA + 2.0 g/kg VST diet and VST
2.0 g/kg diet, respectively. Thirty-five individuals from each dietary group were challenged by injection with
Vibrio damsela at the 10th day and 20th. At the 30th day, a small surgical incision were made in the lateral of
the second abdominal segment muscle. The results showed that the vibriosis resistance was enhanced in the
two VST groups at the 10th day (survival rate was about 25 %) and the PAA+VST group at the 20th day (survival
rate was 60%). The prawns fed diet containing PAA 1.0 g/kg diet showed enhancement in wound healing, but

not the other dietary groups.
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