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Abstract

This research was carried out to evaluate the value of tofu containing mushroom as a immunomodulator. Tofu
was made using CaSO42H,0 or Lactobacillus extract as a coagulant after adding powder of fruit bodies or mycelia
of Letino edodes and Lepista nuda to soybean milk. Proximate compositions of tofu and tofu containing mushroom
were analyzed. Levels of interferon y (IFN-y), interleukin 4 (IL-4) and tumor necrosis factor-a (TNF-a) in culture
media of lymphocytes collected from mouse spleens after being injected with mushroom, regular tofu, or tofu made
with mushroom were measured by sandwich ELISA. In addition, concentrations of IgG1, IgG2a and IgE in plasma
or lymphocyte culture media were analyzed. Crude protein, crude lipid and crude ash were decreased in tofu containing
mushroom but phosphorus was increased significantly. IFN-y concentration was significantly decreased in mice
injected with fruit body or tofu alone. IL-4 level was decreased significantly in mice injected with tofu containing
fruit body of L. edodes. However, TNF-a was increased in mice injected with tofu containing fruit body of L.
edodes. Plasma levels of IgG1 were increased in almost all groups, while there was no significant change in IgG2a
levels among treated mice groups. Concentrations of IgG1 and IgG2a were increased significantly in lymphocyte
culture media of mice injected with tofu containing mushroom. Plasma levels of IgE level was significantly increased
in mice injected with tofu or fruit body of L. edodes, but not in mice treated with tofu containing mushroom.
These results showed that tofu with mushroom affected immune activities, and it seems valuable to consider developing
the mixture of tofu and L. edodes as an immunomodulator.
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HZ, &, W9RA, ol A7HH S 5 WA
H Ago] soldel et o]EY A8 e 2ES
HA thgh A8} o] & o]&3 oY 71A HHRT 9
Agjgdalsol e AL ITk7-9). LA (Letino edodes)
9] letinan} LM A 2] grifolans 2 -2 polysaccharides
9} polysaccharide-peptide -3+, Tl @ o] ol gt
43 WA R IE UERATL B TH10-12). o< ¢
o} & WA9] YAMHEE©] macrophage, dendrite cell,
natural killer cell, B lymphocyte, complement system 5 <]
A FAHLALS TS A AR dHA AT
(13,14).
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H\j/] of &5 o] Sk W ofe} ek, WgEA, debdet,
ZE|2EE A3t 5 TS aFE50] FHEEHASH(15-17),
WA= o| W Al (Lepista nuda)& A3 Eo A FE7] of
AR F 298 A & FEE F8, v 59 Yol A

Je] g0 ofjgHu
o] Ry ¥ u} 9rk19).
o] 3 AEHAEL F3lanit 53 wHo g

£ sla 9o, S-2luete] A TR} AL BitaE
ANE2A dE] AHEEa AT o] 52 AEldA F i
3k il akshA o] Foix| x| gkl Qi) wehA, B

Aol ME TR} Bioln| gl 5 FUdH 719} wojdt
o, oA 2 WAool Hold R umAl 2 wixEaby
o|MAlS T3 T JUYAR B WsA]e] ]|
g B4 9 SuA TRl e 2oy 52 B3t

t o
of JPetA 7129} Al To}E BrhhaA SHAk

1O (18), 3&%“3 = 7HAAL =

HE

.0

Mz H g
A=

T Alzol] ARS-E T2 vlardbo]lal MAlS EaIHAL
(Letino edodes)@} NAFE YO X (Lepista nuda)S A&
stk TARIE 5 L] AEeka E AREete] Az
S WA 2H S AR SER o HAHiA = o) R vl R S
o A2 ZHE(CaS0, 2H0) 5 HASIAZ
2 Enld el X~ (Lacrobacillus) 58 AHE3IRtE HYg
A5 a8 EAd= A% 3578 BALBc "2 FAS
°]-&-3} Tt

A 9} A S TAAx
o v —Erug% H7HA 2 AHE-3) , A7Mge THe
1%7} = A stath. FHe %‘Hﬂﬂ TxﬂZM*OH 6}
o TEEAIth UIFE A8 8ulle] Eo @ & 12A)%F
AN & Ubﬁo}o% e QAT FHE 7HEsk
80~85Cell o|=™ M AZ TA}Frdo] Al o] 2}l A]
o TAM B2 77t 1%7F A i SaAE A
T 1087 WAEta Y EolA shEtste] FRE AE

Skal O]% HHH@}

l:k

Az

SIAZE g AHEEE FH(CaS042H,0) v
HA SRR LactobacillusES 247 3¢ 4-2-(20~25C) ol A
Hj9F3E 3 o] 2 3000 pmO.E 30%7F YAEE S A5
A3 AT
HEEY

FIHA ARG HAL o] AMIA] = TFAAE

Hop A 02 5 daskel giae 9
= AMg3heT. bl

F A7 AxE T
2, 224, 238, 24, 2 Feldth

H‘1 FJ
i
jg

Zeh A o] k2 micro Kjeldahl 2.2 =731 om, &
5712 st A kS Al Akslyth

Z 2 S Rose Gottlieb o] @wWel fume hoodol A
SAstdnk 22 4 /‘LL 10 mL’Z\J = Ho}oi Mojonnier ¥+l
g g A 3 oflekE
(95%) 10 mLE 7‘47]'@ T TS }93\‘3]'. 751111]% 2l A =
o oldolEl 2 25 mL& 7Fet 3057t E3 $ BA|A7

3 3N S ARAZ o751 T Mojonnier#Hel] o g el
Bl 2o} AfelH2E 747t 15 mL 7}ste] 919} 22 vy
o=z 5 _i,_gg}oq %‘ < AN AT AR RS I
oF 75Coll A SEHAZAIA A

FAaL, Fr1ES dAF
B U}E]- a5 745‘_51 % atomic absorption spectro-

photometer (Perkin Elmer, Model2380, MA, USA)Z #2415}

Rt

T

Hod BfA H A

Foig MAl Ml Azxste] A HAE o]§3}
o 712 e U H 10 mg/kg body weight”} =] A|
FRTol £ £ AF 5 UE Ttk Foe I
ol F ® 4577t AA a8t on 7t 1gHEE SulE
Aol AFE ARSI HETL Y WO E SF
TS FostAch

Fol 7|7te] Ext & AFHE vlFHA7)aL AR 2 RE
FAE A8l 3|17 o HIS HE3ITh
o 2HY IS Bste] @3 Y IgG (IgGl, 1gGa) <}
IgE &% 4 A7 o A8tk AT vIgS E4llst

AR E BAAHEE 28]}k, red blood cell (RBO) lysis

buffer 2 ZEFE S A|A vIFH ETHS F2] v s
o} wjek BIFAZOA T Y7 PHAR, B 9915
LPSE SA3IAA 27} 48417 = 15 5k v Stk
Hjoko 2 RE] AL njkAol A cytokine (IL4, TNF-a, INF-
VI IgG (IgGl, IgGa)S A HF 3ot

1gG9} cytokine™d @S 913l sandwich ELISA®H-S 433
3} T} Coating buffer (PBS, pH7.4)°l| capture antibodyE
430] Immulon II plate (Dynatech) wellol] 100 yL% ¥5-3}31

,E_
T =
2=
=



The Effects of Tofu (Soybean curd) Containing Mushrooms on the Immune Activities 963
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Table 1. Proximate composition of tofu and tofu containing
mushrooms prepared with Lacfobacillus extract as a coagulant.

Group”
1 2 3 4 5

Crude protein (%) 5.61 4.67 6.61 5.74 5.81

Crude lipid (%) 2.01 2.19 294 2.58 2.36

Crude ash (%) 0.05 0.09 0.14 0.13 0.07

Minerals (%) 0.69 0.64 0.77 0.70 0.85

Calcium (ppm) 2697 253 31.57 28.49 30.37
Phosphorus (ppm) 110.84 95.81 12177 11927 13390

"Group 1 : Tofu

Group 2 : Tofu containing fruit body of L. edodes
Group 3 : Tofu containing mycelium of L. edodes
Group 4 : Tofu containing fruit body of L. nuda
Group § : Tofu containing mycelium of L. nuda
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Table 2. Proximate composition of tofu and tofu containing
mushrooms prepared with calcium sulfate (CaSOs4-2H20) as a
coagulant.

Group”

1 2 3 4 5
Crude protein (%)  26.20 20.34 11.75 1227 12.65
Crude lipid (%) 9.77 10.17 6.84 779 726
Crude ash (%) 0.14 0.90 021 024 031
Minerals (%) 1.73 121 112 1.40 117
Calcium (ppm) 342492 225326 20569 23941  209.89
Phosphorus (ppm) ~ 137.55  907.35 23696 27573 25655

I)Group 1 : Tofu

Group 2 : Tofu containing fruit body of L. edodes
Group 3 : Tofu containing mycelium of L. edodes
Group 4 : Tofu containing fruit body of L. nuda
Group 5 : Tofu containing mycelium of L. nuda
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Cytokine
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cytokineQ! TNF-q, IL 4, TFN-y A& B3 thFg. 1).
thztol] vl i IFN-y A/ o] A =L al(Fig. 1A),
53] A ZV‘ZﬂUr ?—‘TL”* A P& A= A3
A =] A th(p<0.05). IL-4+= EuHA AAAE H7hsta
PHFS SUAR ARSSHA e FR-E AP A9l
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Fig. 1. Concentrations of IFN y (A), IL 4 (B) and TNF a (C) in culture media of lymphocytes collected from mice after being injected
for 4 weeks with water, mushrooms, tofu, or tofu made with mushrooms.
Calcium sulfate was used as a coagulant in group III, IV, VIL, VIII, and XI. In group V, VI, IX, and X, Zactobacillus extract was used as a coagulant.

Groups: I, D.W; II, Fruit body of L. edodes; III, Regular tofu; IV, Tofu made with fruit body of L. edodes; V, Regular tofu; VI, Tofu made with mycelium of L. nuda;
VII, Tofu made with fruit body of L. nuda; VIII, Tofu made with mycelium of L. edodes; IX, Tofu made with fruit body of L. edodes; X, Tofu made with mycelium of

L. nuda; XI, Tofu made with mycelium of L. nuda

fFrodoz A EA-S YEPHTHFig. 1B). L&t} TNF-
ae FUHA AAAE H7HeE FRE HEe B9l 7
2o g2 Aol FREAL(P<0.05), HF-E9] & 155
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Fig. 2. Plasma levels of IgG1l (A) and IgG2a (B) in mice after being injected for 4 weeks with water, mushrooms, tofu, or tofu made

with mushrooms.

Calcium sulfate was used as a coagulant in group III, IV, VIL, VIII, and XI. In group V, VI, IX, and X, Zactobacillus extract was used as a coagulant.
Groups: I, D.W; II, Fruit body of L. edodes; III, Regular tofu; IV, Tofu made with fruit body of L. edodes; V, Regular tofu; VI, Tofu made with mycelium of L. nuda;
VII, Tofu made with fruit body of L. nuda; VIII, Tofu made with mycelium of L. edodes; IX, Tofu made with fruit body of L. edodes; X, Tofu made with mycelium of

L. nuda; XI, Tofu made with mycelium of L. nuda
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Fig. 3. Concentrations of IgG1 (A) and IgG2a (B) in culture media of lymphocytes collected from mice after being injected for 4 weeks

with water, mushrooms, tofu, or tofu made with mushrooms.

Calcium sulfate was used as a coagulant in group III, IV, VII, VIII, and XI. In group V, VI, IX, and X, Lactobacillus extract was used as a coagulant.
Groups: I, D.W; II, Fruit body of L. edodes; III, Regular tofu; IV, Tofu made with fruit body of L. edodes; V, Regular tofu; VI, Tofu made with mycelium of L. nuda;
VII, Tofu made with fruit body of L. nuda, VI, Tofu made with mycelium of L. edodes; IX, Tofu made with fruit body of L. edodes; X, Tofu made with mycelium of

L. nuda; XI, Tofu made with mycelium of L. nuda
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Fig. 4. Plasma levels of IgE in mice after being injected for 4 weeks
with water, mushrooms, tofu, or tofu made with mushrooms.
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Calcium sulfate was used as a coagulant in group III, IV, VII, VIII, and XI. In group
V, VI, IX, and X, ZLactobacillus extract was used as a coagulant.

Groups: I, D.W; II, Fruit body of L. edodes; III, Regular tofu; IV, Tofu made with
fruit body of L. edodes; V, Regular tofu; VI, Tofu made with mycelium of L. nuda;
VII, Tofu made with fruit body of L. nuda; VIII, Tofu made with mycelium of L.
edodes; IX, Tofu made with fruit body of L. edodes; X, Tofu made with mycelium
of L. nuda; XI, Tofu made with mycelium of L. nuda
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