J Korean Soc Food Sci Nutr

A F G P53

39(1), 25~30(2010) DOL 10.3746/jk{n.2010.39.1.025
= = =l <=0 =
ZLEREHA ZAHE MZ§ e F5F FE29 HY 84
olatel! - ZER? - ARG - UHS? - HMF? - F24 . o[ MEY - MY
ZIFARICHEL L DM T, Sarhstn AEE st
"HEofstn AZ 3, ‘AFMUHSD AZ st
"My MSstn)

Immuno-Activities of Extracts of Tofu Fermented with Pleurotus eryngii Mycelia

Sang-Won Leel, Jong-Woo KangZ, Jae-Yong Kimg, Kyung-Wuk Park2,
Seok-Kyu Parkz, 0Ok-Soo Joo!, Sung-Tae Yee’, and Kwon-II Seo”

Dept. of Microbiological Engineering, Jinju National University, Gyeongnam 660-758, Korea
ZDepz‘. of Food and Nutrition, Sunchon National University, Jeonnam 540-742, Korea
‘Dept. of Food Science and Technology, Kyungpook National University, Daegu 702-701, Korea
Dept. of Food Science, Jinju National University, Gyeongnam 660-758, Korea
*Dept. of Biology, Sunchon National University, Jeonnam 540-742, Korea

Abstract

In order to improve the functional benefits and storage properties of soybean tofu, fermented tofu was
developed using Pleurotus eryngii mycelia. The immune activities of water and methanol extracts of the tofu
were investigated. The optimal medium for the growth of Pleurotus eryngii mycelia was PD broth medium and
the optimal fermentation period for the tofu was 7 days. The water and methanol extracts of the fermented
tofu induced the proliferation of spleen cells at above 0.01 ug/mL. The water extract increased IL-2, IFN- ¢
production, while the methanol extract increased IFN- 7 synthesis. The water and methanol extracts of the
fermented tofu induced the NO production in RAW264.7 macrophage cells at above 1 pg/mL and above 10 pg/mL
concentration, respectively. The extracts also significantly increased the production of IL-6, TNF-a, IL-1B and
GM-CSF in the cells. These results suggest that the tofu fermented with Pleurotus eryngii mycelia could be

developed as a functional tofu.
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fEZQ FH edgaEze T = vt Sufu, Q1=
Aloke] Taokon, &)™ 9] Tahuri, B}=¢] Tauhu yee, Y&
S 4 JtH14). o)A

9] Tofuyo 5< TR ZFolE
HAAIA BEHE e G40 o3 ddo] fglo|= F o}n
ko g BE o] gAdo] Ha e uhel X2 FARGE B

cee 247 Fr) 59 7153 XS AAA FrHS).

FeyEtlM e 4, 28 2 < 53 ZELO LA F
& dA7Eol Bol JAH o, FH EaAF A3
e LEFRY FASA ¥ A7 HuHa gl
™(15), A2 gl B AAHI A= B HA| A Aok

b B Aol e Aol 2 aFA V1A T
o] W 7he 3 S FelstuAt Mg BES etk 2

E a2t A (Pleurotus eryngii mycelia) @A S o]
43l HEFHE Aty WY &S 2AEAH

HEN=

20043 7}Sol &=
7H A A xg F a5
Aom, TR MEE 93 WA TAMAE 4
A71Edo A EFutol ALE-SFA T

HHX| X 3ol HHQF

LaFR AxE A =8 WAdF= MEA(malt
extract 2%, dextrose 2%, peptone 0.1%, MgSO, - 7TH20
0.05%, agar 2%), MPA(malt extract 2%, peptone 0.5%,
agar 2%) 2 PDA(potato dextrose agar) Bl A & A3}
AESAT & PDAM A= 29 g 2+ 200 g& 1x1 cm
AEZ AAS T 1LY S/HTE H7Iste 108 < #
3~479] NMAZ AR AHE HgelA 1 LE ZE&g o
& dextrose®} agarg Z+z} 2% #H7bsle] Al ZsEA T HA

Fo HEL o]E Huhl Ao 30°C, 6¢ & wl &3t
5°Colste] AR ASIHA 25U ojujdl] AA LGS 2
starter® AHE-SFATH SR WAL TARA] A A ] k2 H
2 PR 249 F agart AAE BEY wiAE AS-5H
30°C, 120 rpmo. 2 7Y B3t vl 3t pellete] FAHHAS
o w2V E2E 0 F pelletE $HA 3] E5te] AHEsIA T

b

ZERHA TA| 2 FFY I_DE X FE
St FAIE o] &3 BAFR Axe T
£ AFe 272 -1 x1x55 cm)$ $ 2H] A2~ §7]

(22x16x6 cm)dll ol 125°C, 15% F¢ B A7l v, 7|
2] B3t pelletS vl 3t ZEle)W A FAMA
Ao FRZZHS AT = FHOE TS
S FEI FRE 0°C FL70 &4 7¢
AA St Ale] TA} TTA <%

& ASAA SEFRE Axsdon, Hart FeE @

DU R824 ol gE - AAY

2 A2AA AT 52 A
50 g A=l Tl 1001 WghES 9 &
Heh&-E 60°C, =2 100°Cell A 33] SA]GW g

g4 A AEE AEEAEY
H|ZAMZ B4
A% 87 AF(BALB/c) FHAANA EE| 3t v A L
2] spleenocyteE #2]3}o] HIZAAEE 96 well plateoﬂ =i
of 7] =gl A TAMA

EFER E Y g 525
S FEEE HUbste wi g oS HAAE 4 76‘:%
SAIATE v E FASA L vl BRI F, Cell titer
96® solutione #H7}8ke] 37°C, 5% CO, incubatoroll A 4~8
Azt For wlYgd oS Microplate reader(Titer—tek
Multiscan Plus, Helsinci, Finland)S AF&3}¢] 490 nmeol A
0.D.3z& &H3AtH16).

=
b ® Y28k 2 (nitric oxide) AF8HE<) NO (nitrite)
G ste] S48 TH17). RAW 264.7(d)
= A TA HEFRY & 3 Weg
ES 2 H71El] 48A17F v kst tf-S v ok A=
§H‘—‘]—°q 96 well plateol] 100 pL& Y31 Greiss A 2F
(0.1%6 N-1-naphthyl-1-ethylendiamine in H2O : 1% sulfa—
nilamide in 5% H3;PO4)S& § % H7Fsto] 1023 w412
& Microplate reader(Titertek Multiscan Plus)Z 540 nmol|
A FFE=E =3I} Nitrited] 5=+ sodium nitriteS
olgatal 32 7R 2904 545k Ao mEE A Hlw
stof AlAtaradet.

EH A EF(RAW264.7)7F H-41] 3= Alo)
42 ELISAW S o] &3t AAstlth 5,
ﬂat*bottorned micro well plate®]] goat anti-mouse cyto—
kine & (12} &A)E coating bufferE ©]-83}a] 4°Cel| A
overnight incubationdt 3 3% BSAEH o 2 2A17F F<t
2ol A blocking3tHth. A@ oA AAS wMiF 4T HE,
plateol] 2zt Yol A, 37°Coll A 2A]ZF incubation A% 3
biotinylated anti—cytokine @A (22} &A)S A7 skt 1
2] a1 avidin—conjugated alkaline phosphateE Z 3= 7}3}
a1, 37°Coll A 2A17F incubation Al7]13, 71AZE p-nitro-
phenyl phosphateZ %2 ¥ Microplate reader(Titertek
Multiscan Plus)& AF&-3}e] 410 nme} 450 nmoll A 3=
#Ho 2 A3t UeIuth oju ZF Ao EFRRIY] FH
gHAl= 10 pg/mLe] ATH(1S).
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Table 1. Growth effect of Pleurotus eryngii mycelia by sev-—
eral media

Mycelia (diameter, mm)

Media

2 day 4 day 6 day 8 day
MEAY 13.2 24.0 36.7 50.3
MPA? 14.3 245 39.4 56.2
PDA? 13.8 25.7 438 63.8

UMEA: malt extract 2%, dextrose 2%, peptone 0.1%, MgSQO; -
TH20 0.05%, agar 2%.

YMPA: malt extract 2%, peptone 0.5%, agar 2%6.

YPDA: potato 20%, dextrose 2%, agar 2%.

Fig. 1. Photograph of soybean tofu fermented with Pleurotus
eryngii mycelia.
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Fig. 2. Effects of the extracts of tofu fermented with Pleurotus eryngii mycelia on the growth of spleen cells. (A) Water
extract. (B) Methanol extract. Data values were expressed as mean=SD of triplicate determinations. Significant differences were com—
pared with the control group at p<0.05 by Student’s ¢ test.

Table 2. Effects of the extracts of tofu fermented with Pleurotus eryngii mycelia on the cytokines of spleen cells

Cytokines, pg/mL

ILV-2 INF?- ¢ IL-6 TNF”-a
Control 10.2x0.0 16.0£8.2 150.1 0.0 248.3x0.7
LPS (10 pg/mL)4) <10" 855.6+80.1" 2,266.5+106.0" 1,006.6 +4.7°
a-CD”3 (0.01 ng/mL) 616.7+13.1" 12,987.6+80.6" 1,075.5+21.2" 625.0+68.3"
TEFPM® Water extract 11.0+1.0" 59.2+ 7.01’ 129.3+1.1 148.3+29.0
Methanol extract 10+0.0 33.0+5.3 116.0+27.1 133.8+3.9

YIL: Interleukin. ?INF: Interferon. ?TNF-a: Tumor necrosis factor. *LPS: Lipopolysaccharide. JCD: Cluster of differentiation.
OTEFPM: Tofu extracts fermented with Pleurotus eryngii mycelia.

Data values were expressed as mean*=SD of triplicate determinations. Significant differences were compared with the control
group at p<0.05 by Student’s ¢test.
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HEee FE5E55 01,1 2 10 pg/mLe] =2 2|5} 48 Yo ik A A LS HUE FEste =00 pg/

A|ZF a ksl ookl = T2 A| E 71 AALE NOY AHsld mL)e & FEEY WEgE FEES HAUISIA 2442 Wl

< NOy 558 343t 2 a8 25552 &2 g 3 ASAE I st AE Ao £FE Abo] EFLSI ]



Sreeu A FAHIE A%

(A)
12
2 10} .
c
S gl
®
E o6 :
o
o 2f .
z
0 — I I I . I -
Control 1 ‘ 10 0.1 ‘ 1 ‘ 10
LPS TEFPM

Concentration (ug/mL)

BEER 2320 9o B4 29
(B)
12
= *
2 10 ¢ *
c
Ke] 8 F
IS
g o
o
5
S 47
g 27 .
0 — I - B -_1
Control 1 ‘ 10 0.1 ‘ 1 ‘ 10
LPS TEFPM

Concentraiton (ug/mL)

Fig. 3. Effects of the extracts of tofu fermented with Pleurotus eryngii mycelia on the production of nitric oxide in macrophage
cells. (A) Water extract. (B) Methanol extract. Data values were expressed as mean+SD of triplicate determinations. Significant
differences were compared with the control group at p<0.05 by Student’s #test.

Table 3. Effects of the extracts of tofu fermented with Pleurotus eryngii mycelia on the cytokines in macrophage cells

Cytokines, pg/mL

IL-6 TNEF?-q IL-18 GM-CSF”
Control 18.06+10.6 1993.7+93.6 <78 <10
LPSY (10 pg/mL) 34884.0+678.8" 54975.0+424.2" 461+12° 859.5+10.6"
TEFPM® Water extract 16248.0i141.f1* 394875+1856.1° 13.9+06" 381.0+35.3"
Methanol extract 7587.0+£31.8 34650.0+1484.9 <7.8 1545+35"

PIL: Interleukin. ?TNF-a: Tumor necrosis factor.
polysaccharide.

. YGM-CSF: Granulocyte-macrophage stimulating factor.
YTEFPM: Tofu extracts fermented with Pleurotus eryngii mycelia.

YLPS: Lipo-

Data values were expressed as mean*=SD of triplicate determinations. Significant differences were compared with the control

group at p<0.05 by Student’s ¢test.
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