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MO PAU

Hon 4.000 ndm trude ddy (o thor Hodng dé 2550 - 2140 tiide Céng nguyén), gid trf duge lidu
cua nd&m Linh Chi d3 dugc ghi chép trong cdc thi tich ¢6 (Zhao, J.D... 1994).

Linh Chi duge xép vao "Thugng dugc” trong sdch "Than ndng ban thao” cdch nay khodng 2000
ndm thoy nha Chiu va sau dé dugc nha y duge ndi liéng Trung Quéc Ly Thoi Trén phén ra thanh "Lyc
bao Linh Chi” (khodng 1590) théi nha Minh vdi cdc khdri qudt céng dung duge ly khdc nhau, Ung theo
(tng mau. T d6 IO nay, trdi qua bao thang trém cua lich su, bao bién ddng cua thor iét, khi hdu, moi
trong, Linh Chi van triong (6n va thé hign gid tr] siéu dugc ligu” trén cd nhén sdm (Panax ginseng)
(DS Tat Loy et al, 1994). Trong s& cdc tén goi : Bt ldo thdo, Van nién nhung, Thén tién thdo, Chi linh,
M¢gc Linh Chi, H6 nhi Linh chi, Boan thdo, ndm Lim,... tén goi Linh Chi ¢d 16 liéu biéu va mang tinh lich
SU cdn théng nh&t su dung hon cd. D6 I3 bat ngudn &I tén phién &m tiéng Trung Qudc: Lingzhi, hay
theo tiéhg Nhat: Reishi hodc Mannentake. O cdc nudc Bong A, nhat la Trung Qudc, Nhét Ban, Han
Qudc, Pai Loan,.. viéc nghién ciu, phét lrién va su dung Linh Chi dang dugc céng nghi¢p hda vdr quy
mé rfng Ion, cd vé phan loai hoc, thu hdi ty nhién, nudi trdng chu dpng, ché bién va bao.ché dupc
pham, dong thor nghién clu hda duge cdc hoat chdl, téc dung dugce Iy va phuong cdch diéu trf 15m
sang. Tai th] truong Nhgt Ban, gid bdn cd 16 13 cao nhat: 200 - 350USD/kg thé qua khé so ché. Trong
khi d6 & Viét Nam gid bdn bién dgng rét Ion: 20.000 - 200.0000/kg thé qusd khd, gid xust khdu tai
Thanh phd HG Chi Minh chi dat 15 - 20USD/kg. Trung Qudc hign dang trd thanh trung tim  san xuét
Linh Chi Ion nhat thé gidi vdi cdc sdn phdm ban khdp cdc nudc , trong dé Luc bdo Linh Chi cua Tu
Xuyén dugc DOMESCO (Cong ty Xuat nhdp khau Y (6 Déng Thdp) dua vao dic quyén thuong mai
trén toan coi Viét Nam. That dang phai suy nghi khi ma céc loai thugc Lyc bao Linh Chi hoang dai, &
nudc ta t bao dor nay vén con I hoang dai, va dang ngay cang bi xdi mon ngudn gen quy hiém,
frong tinh trang suy thodi moi truong hién nay.

Hoi nghf N3m hoc thé gidi 7/1994 tai Vancouver (Canada) di danh riéng mot Hoi thao vé Linh Chi,
két qud da di dén quyét dinh thanh l3p Vién Nghién cdu Linh chi Quéc (&, dat try sJ tai New York (Hoa
Ky). Do vy, vdo thdng 10 - 1994 Hi nghl Quéc t& diu tién vé nam Linh Chi d3 dugc t6 chuc tai Bdc
Kinh, Trung Qudc. Sau dd, vao trung tuan thiang 8 - 1996, Hi nghl Qudc té nghién cuu Linh Chi dugc
{6 chuc tai Trung tAm H@i nghl Quéc t& Dai Bac, Bai Loan. Néu tinh dén Héi nghi Quéc t& vé ndm
Linh chi tai Tokyo, 11/1997 va céng trinh t6ng quan cda Jong va Birmingham (1992), thi théng ké
chua diy du cho con s& trén 250 ¢ong trinh khdo clu hda duge ly céc loai ném Linh Chi.

Ho Linh Chi Ganodermataceae Donk con I& mgt dién hinh vé tinh da dang sinh hoc, hién cd dén
250 lodi trén thé gidi. Viét Nam vdi v tri dja Iy &/ nhién ndm trong vung trung tim phdn bd cua ho
Ganodermataceae Donk, song ké t/ nhidng nghién cuu cua Patouillard, N. 100 ndm vé truce, viéc
nghién ctu H@ N&m Vigt Nam ndi chung va Linh Chi ndi riéng mdi chi duge tién hanh so by vé hé
théng hoc, ky thudt nudi tréng. Ldm déng - Dalat da dugc ghi nhdn cé 16i hon 20 loai ndm Linh chi
(Lé Xudn Tham, 1996a, 1999) - ¢o thé ndi cho dén nay la phong phi hon bat ky mét dia phuong
ndo khac & Viét nam. Tuy nhién nhdng nghién cdu vé ndm Linh chi Dalat - L&m déng mdi chi ding
& muc védn dyng cdc ky thudt hat nhin két hgp trong sinh hec ndm Linh chi (Lé Xudn Tham,
1998). So vdi quy mé va nhjp d¢ chung cua thé gidi cang nhu khu vife, cdn cdn phai c& gdng rét nhiéu.

£ 9dp mxt phein nhd trong nhihg o5 géng d6, chiing 167 03 6éh hanh D& tai: “Ung dung qui trinkh nudi trong
s&n xut nfm Linh chi Ganoderma lucidurm phyc vy phat tién ngudn duse iéu qui Tinh Lam ddng”

Tién hanh D t3i ndy ching 15i da nhidn dude su ho trg tan tinh cla S& Khoa hoc Cong nghé Moi trubing
Tihh Lam dBng, nhan dip ndy ching &7 xin bay (5 k¥ cam on chan thanh 6 cac can b3 clia Qui 83, dic bigt (6i
PGs. Ts. Pham B4 Phong v8 nhitng chi din hét sikc chu dzo.
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Cac nudc vung Dong Nam A gan day ciing bat ddu cdng nghé Linh chi. Malaysia cha trong cai
tién cac quy trinh tréng Linh chi ngan ngay trén cac phé thai giau chat xd, tham chi cho thu hoach thé
qua sau 40 ngay (Teow et al., 1994), mdi day ho cing thanh cdng trong nudi tréng loai G. boninense
thuaing moc trén cdy co dau (Eleais guineensis). G Thai Lan da cé mot s& trang trgi c& via nudi trdng
G.Jucidum va G. capense (Linh chi s8). Linh chi cling dugc nghién cdu nudi trdng tif 1929 & An D6
(Bose, 1929) va phat trién & qui mé nhd, vi rAng ngudi ta van cé quan niém cho 13 ndm Linh Chi chi 1a
n&m pha gd manh (Bakshi et al., 1976).

Gén day, do gia tr] dugc liéu cao cla cac ndm Linh chi da dugc xac dinh trén céc thyc nghiém
khoa hoc, qui mé nudi tréng céng nghiép bat ddu xust hién & Hoa Ky (Allice Chen et al, 1996), va viéc
thanh 13p Vién Nghién cdu Linh chi Qudc t€ d New York ta mét budc ti€n quan trong. Dang chu y 14
Adaskaveg va Gilbertson (1986), Nobles & Canada (1948) nghién clu nudi tréng Linh Chi G.lucidum
va nhiéu loai khac va nhdm danh gia dc tinh pha gd phan hiy cellulose va van dung vao djnh loai
cac nhdm loai, d4c biét td nhédm (group, complex) G. lucidurmn.

3 Viét Nam, Hai Thugng Lan Ong L& Hilu Trac da ndi vé Linh chi tif 1au va L& Quy Dén da chi 6
d6 1a "ngudn san vat quy hiém cla dat ring Dai nam". Song gén day, loai chuin G. lucidum méi duge
nudi trdng thanh céng trong phdng thi nghiém (1978) va vao thap nién 90, Linh chi mdi "bung nd" &
TP. H8 Chi Minh (D4 T4t Lgi et al, 1994), sdn lugng hang ndm mdi dat khoang 10 t&n (C8 Bic Trong,
1991, 1993). Ndm 1994 Pham Quang Thu da dua ndm Lim - mdt ching Linh Chi dé dac sic cla cac
ving riing Lim Bac Viét Nam vao nudi trdng chi déng. Chung t6i da suu tdm va nudi tréng thanh cong
11 chdng loai Linh chi thudc 3 chi: Ganoderma, Amauroderma va Humphreya (L& Xuan Tham 1995,
1996). Céc k&t qua phan tich hoat chat va tac dyng dugc ty Linh Chi Viét Nam 1a rdt cé trién vong.

1.2. Thanh phdn héa dugc cd ban cia ndm linh chi:

S8 lugng cac ching loai ndm Linh Chi dugc sU dung trong cdng nghé dugc liéu, duge pham ngay
cang tdng va d6 cing la bi quy8t cua cac quéc gia A Béng. Khai niém Lyc bdo Linh tif thai Ly Thei
Tran cach nay 400 ndm (1595) cd I& phai bao ham hang chyc loai khdc nhau. Cho nén, khéng phai
ngau nhién ma & Trung Qudc c6 kha nhiéu co sd tdm cd nghién cliu va san xuat Linh Chi (d3c bigt 1a &
Phuc Kién va Td Xuyén).

C4ac nudc Chau A dan dau vé nghién clu héa dugc, nudi tréng va bao ché cac loai Linh Chi. Thyc
t& mjt s6 tac gid da quan tam phan tich thanh phan c4u tao Idp vd lang & céc loai Ganoderma va
Amauroderma vao thdp nién 20, phat hién cac ergosterol va cac enzyme phenoloxydase,
peroxydase,... 0 G. lucidum (dan theo tai liéu Trung Quéc, 1976). Gan day mdi co 1é té cac khao ciu
vé tac dyng gay d| Ung va bénh dudng hd hap bdi bao tf mot s loai Ganoderma & Aukland (New Zealand)
(Hasnain, S.M., et al.,, 1985), dac biét bdi cac thanh 8 chiét it G. applanatum, G. uickdumva G, meredithiae & New
Orleans (Hoa Ky) (Homer, W.E., et al., 1993).

Vao th4p nién 70 - 80, bAt ddu mét trao luu khdo clu héa duge hoc cac ndm Linh Chi. Chd y&u &
Trung Qudc, Nhat Ban, Han Quéc, Dai Loan va Viét Nam. Gan day mét s8 phdng thi nghiém & Hoa Ky
va viing Béng Nam A ciing bt dau tham gia vao tién trinh nay.

Véi cac phuong phap cd dién trudc day ngudi ta da phan tich cac thanh phan héa duge tdng quat
cla Linh Chi, cho thdy so bd nhu sau:

Nudc : 12-13%
(trong cao mém cua Viét Nam thi tdi 22,32%)
Cellulose : 54 - 56%
Lignin : 13- 14%
Hgp chit nito : 1,6-2,1%

Ch&t béo (k& ci dang xa phong héa) : 1.9-2%




Bdng 1. Thanh phan hoat chat co ban & nam Linh Chi ?

Hoat chat Nhom Hoat tinh dugc ly
Cycloogtasufur | e ché giai phong histamine
Adenosine Nucleotide Uc ché két dinh tiéu cau, thu gian
dan xust co, gidm dau
Lingzhi - 8 Proteine Chéng d} tng phd rong, diéu hoa

mién djch

T X Alcaloide Trg tim
Ganodosterone Steroide Giai doc gan
Lanosporeric acid A Steroide tc ché sinh t8ng hop Cholesterol
Lanosterol Steroide | Uc ché sinh tdng hgp Cholesterol
ILULIV,V Steroide dc ché sinh tdng hgp Cholesterol

Ganoderans A,B,C

Polysaccharide

Ha duong huyét

Beta - D - Glucan Polysacc. Chéng ung Ithu, tang tinh mién
dich
BN -3B:1,2,3 Polysacc.
D-6 Polysacc. Tang téng hop protein, tang
chuyén hda acid nucleic
b Polysacc. Trg tim

'ESanoderic acid R,S

Triterpenoide

Uc ché giai phdng histamine

Ganoderic acid B,D,F,H K)Y Triterpen. Ha huyét ap, dc ché ACE
Ganoderic acid Triterpen. Uc ché sinh t8ng hgp Cholesterol
Ganodermadiol Triterpen. Ha huyét ap, uc ché ACE
Ganodermic acid M, F Triterpen. tc ché sinh t8ng hgp Cholesterol
Ganodermic acid T, O Triterpen. tc ché sinh t8ng hgp Cholesterol
Lucidone A Triterpen. Bao vé gan

Lucidenol Triterpen. Bao vé gan

Ganosporelacton A Triterpen. Chéng khéi u

Ganosporelacton B Triterpen. Chéng khdi u

Oleic acid d&n xuat Acid béo Uc ché giai phéng histamine

Riéng nhém nucleoside, ndi bat trong Ganoderma lucidumva G. capense cé cac dan xust cia
adenosine v6i tac dyng thu gian co, gidm dau va Uc ch& sy dinh két tidu ciu.

O Xin xem thém phy lyc c&u tric cac hoat chit co ban cda n&m Linh chi




ganoine:

N - isopenlyl - § hydroxyrethy! - pyrryl aldehyde
ganodine:

N - phenylethyl - 5 - hydroxymethy! - pyrryl aldehyde
ganoderpurine:

N9 - (alpha, alpha dimethyl - gamma - oxybulyl) adenine.

Ti d6 da t8ng hgp cac alcaloid tuong ty cac mau ty nhién cd hiéu qua chdng viém (1A va 1B):

1A 1 - isopentyl 1 -2 - formyl & - hydroxymethylpyrrole
1B: 1 - phenylethyl 1 - 2 formy! - 5 - hydroxymethylpyrrole

C6 18 da dang nhit va tac dyng dugc ly manh 1a nhém saponine - triterpenoids - céc acid
ganoderic. Lan dau tién Nishitoba et al (1984 - 1987) ching minh cac ganoderic acid C 1a mdi trong ty
nhién, sau dé Morigiwa et al. 1986, tim ra thém ganoderic acid B. Ching thé hién hoat lyc Uc ché giai
phdéng histamine, Uc ch& Angiotensine Conversion enzyme (ACE), Uc ché sinh t3ng hgp Cholesterol va
ha huy&t 4p. Ngay nay nhém ganoderic acids da dugc phat hién cé tdi hang chyc dan xuat khac nhau.
Két qua tach trén sic ky 1dng cao ap (HPLC) loai Linh chi G. fsugae Murrill rit d3c sic.

R6 rang c6 sy tuong dong ldn vdi G. lucidum. Ngoai lucideric acid (lucidone) do Kohda et al (1985)
tim ra, con c6 dan xuat lucidenol duge Su, C.H. et al (1993) chidng minh la mdi hoan toan. Cau tric
phan tU ctia 4 hoat chat chinh dugc cac ky thuat quang phd va cdng hudng U hat nhan xac dinh (Su
et al, 1993).

Céac hoat chat nay déu c6 tac dung bdo vé gan, thyc nghiém dac sic thu duge véi gdy tang GOT va
GPT bang CCl, (tetrachlorurcarbon). Biéu ly thi 13 tung triterpenoid tinh khidt rigng ré thé hién hoat lyc
thdp hon khi ding cac phan doan tach chua tinh ché, nghia 13 td hgp cac déng phan clia chung higu
qua hon. Do vay dé hidu ngudi ta thusng dung dich chiét toan bd t ndm Linh chi.

1.3. Tac dung tri liéu co ban cta cac ndm Linh chi:

Linh chi dugc dung nhu mét thugng dugce ti khodng 4000 ndm nay & Trung Qudc. Chua thdy co tu
lidu vé tadc dung xadu, ddc tinh cla Linh chi (ngoai trit cac khdo clu vé kha nadng tén tai cac dl Ung
nguy@n trén bé mat bao t& mdt s& loai Ganoderma - didu rdt phd bién trong ndm). Céch day 400 nam,
nha y - dugc ndi tiéng clia Trung Quéc Ly Thoi Tran da phan ra cac nhém Linh chi chinh va khéi quat
tac dyng tri liéu cta ching (Bang 2).

Pén 1988, tai Nhat Ban da c6 t6i 300 bénh nhan b} nhugc ca duge didu trl thanh cdng bang Linh
Chi, theo bién phap diéu tr| bénh sinh trén nguyén tac didu hoa mién dich. Bang chu y 1a khéng ndy
sinh mdt tdc dung phy nao (side - effects).

Bénh gan va tiét nidu cling dugc didu tr] kha quan bang ché phdm td Linh Chi. Bénh vién & Son
P6ng - Trung Qudc diung mdt loai "Xup” Linh Chi d& gidi ddc va b8 gan cé kél qua t6t (> 90%) cho
70.000 ca, trong d6 c6 879 ca dang dugc diéu tr| liéu chuyén biét (Lui Xing ja, 1994). T4c gid cdn cho
rang cac n&m Linh Chi béng (Glossy Ganoderma) déu tac dung tSt trén tiét ni¢u, diéu hoa réi loan tuan
hoan ndo, tranh céc can kich phat nghén mach va 1am dju thdn kinh. Vdi thanh cdng trén 319 bénh
nhan va cac k&t qua nghién citu tac gid d3 duge tang thudng huan chuong hang hai.

Hiéu qua kim ham qua trinh k&t ty tidu cSu bdi ch&t chiét clia G. lucidum duge ching minh rd ring
InVitro bdi nhiéu cdng trinh cdng phu, d&n nam 1990 lai duge Tao, J. va Feng K. khang dinh. Ho ciling
ching minh /nVivo véi 15 ngudi tinh nguyén khoe manh va vdi 33 bénh nhan bj xo cing dyng mach,
trong dé higu qua ch8ng nghén mach cing 16 ra kha quan.




g4n 3.000 ppm., trong thé qua nudi trdng trén gé khuc ciing dat t6i trén 100 ppm. Hién nay, chi s§ Ge
trong cac dugc pham U Linh Chi dugc coi nhu mgt chi tiéu quan trong, cd gia trl trong diéu trl bénh tim
mach va gidm dau trong diéu trj ung thu (Chen Ti Qian, 1994,....).

Hidu qua chdng ung thu cua cac ndm Linh chi da duge chung minh ti 1au. Trén cac bénh nhan ung
thu phdi, ung thu vi va ung thu da day, cdc phuong phép xa tr|, hoéa trl va giai phdu duge két hop vai trf
lidu ndm. K&t qud 14 thdi gian s8ng dugc kéo dai, ty 1& ngudi sdng trén 5 ndm cao hon nhom khéng
dung n&m. Tai Trung tdm diéu trf ung thu & Tokyo, phuong phap trj liéu Linh chi k&t hgp xa tr| cho két
qua t8t vdi cac bénh nhan ung thu cé (U cung. BEi vdi loai ung thu ndy, nhidu thdng tin & Dai Loan cho
bi&t néu dung Linh chi tréng trén gd long nio cho k&t qua rat tdt - khdi u tiéu bién hoan toan. Cac t§
bao Sarcome 180 bj Uc ch& manh khi x ly bdi phic polysaccharide khdng tan trong nuédc. Hiéu lyc
cing thé hién rd vdi cac t& bao ung thu khoang miéng (Chen, TW,, et al, 1991), va ung thu gan (Hau et
al, 1996) dac biat khi k&t hgp vdi taxol i cdy thong do.

Céng trinh cta Gs. Zhibin Lin et al. (1994) vé tac dyng chdng ung thu cia cac ché phdm ti Linh
chi ching td phd tac dyng rng. Nguyén ly hiéu dung 14 tang khoi phyc hé mién dich, nhé d6 cac phac
dd tr] liéu: xa tr|, gidi phdu, hoa tr| dat hidu qua cao hon. Khdng phdi ngdu nhién ma doanh s hang
nam cla cac ch& phdm chéng uné thu tU ndm dugc liéu ndi chung va Linh chi ndi riéng dat trén 350
triéu USD, cao hon céc biét duge khac nhidu, k& cd so vdi Interferon, Tamoxifen, tai th] truong Nhat
Ban (1991). i

Vé kha nang antioxydant (chdng oxy hda) cua ndm Linh chi, nhiéu thyc nghiém chi ra vai trd cua
c4c saponin - triterpenoids, ma trong dé Ganoderic acids dugc coi 1a hiéu qua cao nh&t. Ngay ti thap
nién 80, & Trung Qudc da ching minh kha nang khit g&c ty do hydroxyl clia G. ucidum (Wang, C.H., et al,
1985). Hiéu lyc tuong ty & ndm Lim Viét Nam (G. /ucidum) gdn day dugce chi ra kha cao. Hau hét cac
nha nghién cfu déu lien hé khd ndng kht gdc ty do cla cac lodi Ganoderma vdi tinh dic tinh
antioxydant va chéng 1do héa. & day, Linh chi dugc x&p vao nhém cay thudc tang tudi tho, tré héa nhu:
ha tha 8, ngan nhi, phyc linh, nhan sam...(Chen, K. va Li, C., 1993, Xiao, P.G., et al., 1993,...). Va ciling
trén co sd nady, chung toi da lam giadu Se - mdt nguyén 6 khoang cé hoat tinh antioxydant rit manh -
vao ndm Linh chi. Cong nghé& nay dang dugc hoan tt, van dé con lai Id chung minh sy tham gia cua
Se vao cac phic hé hoat chal dugc tinh va kha nang tr] liéu 1am sang cta nam Linh chi gidu Se, nhat
14 khi dung phéi hop véi tocoferot (Vitamin E). Cé thd ché dgi modt dugc pham ting tudi tho tif ndm Linh
chi ndi chung, va Linh chi Viét Nam ndéi riéng?

Pac tinh dugc ly tri lidu cla ndm Linh Chi gan day dugc md rng thém. Nhing thuong 18n cac hé
bach cdu chudt chiéu xa bdiy "*'Cs liéu 400rad dugc gidm thiu khi cho udng ché pham Linh Chi & Dai
Loan (Chen et al, 1996). Chung t6i da thi nghiém chiu xa chudt t 600rad - 900rad trén ngudn y *°Co,
song khang thdy cé hiéu qua nao cda Linh Chi, (Hgp déng Nghién clu vdi Xi nghiép dugec TU 24,
1992). Tuy nhién khi khdo st vdn dé nhiém xa trong & chudt vai *'Cs, ching toi chifng minh cao N&m
Linh Chi cho u8ng tif 30 phut dén 6 gi¥ sau nhidm xa c6 thé 1am tang qua trinh thai xa (Nguyén Gia
Ch&n, Bam Nhan, Lé Xuan Tham, 1993). Koval (1972), Stather (1972), llyn (1978) ciling bdo cédo cac
két qud tuong ty trén nhiéu ddng vat khac vai hang tram logi thudc.

Trong tinh hinh nhiém HIV ngay cang gia tdng & nudc ta (thdng ké hién nay tdi trén 16.000 ngudi),
Linh chi cé thé dugc dua vao cac phac dé diéu trj tam thdi, nhdm nang d& thé trang mién dich cho
bénh nhan, trong tinh trang AZT, DDI va DDC con hiém va r3t dit (chua k& tac dyng phy rét nang).
Khéng phai ngiu nhién ma co quan FDA (Hoa Ky) ch&p thu4n cho thd nghiém 1am sang phuong phap
dung tr] liéu Linh chi trong diéu tr] AIDS, ma thyc t& xu&t phéat tif cac khdo clfu nghiém tac & Dai Loan
(Gau, J.P., et al., 1990), Kim et al. (1996). G Trung Qudc da kiém tra hiéu qud ddi khang cia ché
phdm tu Linh chi (chl y&u Polysaccharide - protein) véi morphine trén cac dai thyc bao, trén hoat tinh
hé Interleukine 1 va 2 cac t& bao T,... Nhd dé tang cudng kha nang mién dich cla co thé néi chung (Lu
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PHAN THU HAI

MAU VAT VA PHUONG PHAP NGHIEN cUU
VA CHUYEN GIAO CONG NGHE

1. Thu hai mau vat

M3u vat dugc thu thap U ving ring hdn loai cao nguyén Langbian, Lam ddng, huyén Bic
trong va trung tam Tp. Dalat, nam Viét nam. Ching cia Nhat ban dugc tim thdy & vung rung
thua Gunma, tai Vién Nghién cdu héa phong xa Takasaki, Nhat ban.

2. Phudng phap

- Phan tich giam dinh miu theo Steyaert (1972), Zhao (1989) so sanh vdi nhiéu tu liéu khac
(Mims and Seabury, 1989). Chup anh bao & ddm trén kinh hién vi quang hoc vdi vat kinh diu
(x100), kinh hién vi dién tU quét va kinh hién vi dién t& truyén qua tai Vién Vé sinh Dich té Ha
noi.

- Tach phén ldp gidng nguyén ching va thi nghiém tuong hgp hé sgi trén méi trudng PGA.
Th nghiém nudi tréng trén cac gid thé t8ng hgp theo cac qui trinh do chang téi cai tién tu cac
phuong thic cla cac tac gid Nhat ban (Lé Xuan Tham, 1998).

- Ch&t lugng hoat chdt cd ban ndm Linh chi Dalat dugc xac dinh nhd sy giup dd clia cdc
chuyén gia nudc ngoai. Tién hanh xac dinh hoat chat va tach triterpenoids trén hé sac ky 1dng cao
ap HPLC, so sanh vdi két qua & loai TU chi Ganoderma tsugae Murr. cia Dai Loan vdi sy trg gitip ky
thuat ctia Dr. Chen Dang-Hai, Phé Giam déc Trung tam Nghién clu & Phat trién, thudc Tap
doan Yungkien san xudt va ché bién Linh chi ldn nhat Dai loan.

3. Chuyén giao phd bién ky thuit-céng nghé

Tién hanh 1ap D& cuong nghién cdu chi tiét bao gdm cac budc cong viéc sau:

- Xay dyng qui trinh nudi trdng qui md trang trai.

- Kidm tra chu trinh sinh trudng phat trién cda ndm Linh chi tai phong thi nghiém.

- Chuyén giao va tap hudn qui trinh nudi trdng ndm cho ngudi trong nam.

- Tién hanh xay dyng va cling ¢ cac cd sd trang trai thd nghiém trong nam.

- Ti&€n hanh nhan gidng va san xudt giong cung cap dai tra.

- Ti€n hanh thU nghiém giai doan dau.

- Tréng th & trang trai chon loc.

- Theo ddi thu k&t qua, danh gia san pham thu hoach.

- So sanh danh gi4 véi cdc co s& nudi trdng khac.

- Lap ludn chung Kinh té& - Ky thuat cho phép trién khai céng nghé ndm Linh chi & Dalat -
Lam déng vdi hidu qud kinh t& dang ké: dya trén nhing co s& tu lidu trién khai va kiém chung
trong phong thf nghidm.

Chuyén giao ting budc cdc ky thuit va qui trinh cong nghé, gidi thich va tap huin tung
khau theo yéu cau cla ngudi tréng nam.
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Cdng thuc 5:
Mun cua cao su: 100 kg
Tong cgng: 100 kg

1.2. Phan boén phai tron:
* Supper lan khodng 1%
* V&i bot khoang 1.5-2%
* Pam Urea hodc SA 0.3-0,5%
* MgS0,.7H,0: néu cé didu kién bd sung thém khodng 0.05%. Tuy nhién thudng la cac hd
dan khéngluu y ap dung.

Nhu vdy, theo nhing qui trinh tréng nim théng dyng, sé bén bé sung cho 100 kg co
chit da trén (goi la co chat nén) theo ty 18 sau:

Superlan: 1.0 kg

Vai bdt: 1.5-2.0 kg

i Bam Urea: 0.3 kg hodc SA: 0.5 kg
1.3. Dudng chat phdi trén
* Cdm gao khodng 15%
4 Bot banh dau khoang 5%
Bén ba sung cho 100 kg cd chit da trén theo ty 1é sau:
Cam gao: 10 kg
Bét banh dau: 5 kg

Trén that déu cac nguyén lidu, thém nuéc tu tu va dao ky. Nén U 100 kg nguyén liéu nén
vdi nudc voi trude 1 dém thi tdt hon.

Sau khi tron that déu, ndm mot vée hén hgp co chat bop chat trong long ban tay rdi budng
ra, néu hdn hgp co chit gid nguyén khéi cuc khang v3 1a dat (hoac khi bop chat ¢c6 nudc rin ra
theo cac k& ngdn tay). Nhu thé thudng do 4m cg chat s& dat khodng 60-65% - phu hgp cho tg
ndm phat trién trong thdi gian G.

1.4. Xay dung 16 hap nguyén liéu don gian

Hién tai cé nhiéu loai 16 hdp hgi nudc thong dung khéng ap luc, theo khuyén cao cla ching
t6i nén xét, hoc tap kiéu 16 hap tréng ndm méo, dun than hoic cui.
1.5. Xay dung xudng phdi tron nguyén liéu

Pay la kho chira nguyén lidu va déng bich : dién tich chl cdn 40 m” . Néu c¢o diéu kién thi
nén dé tach biét. Néu cé phong Idn, cé thé ngan ra thanh kho va xudng dong bich riéng.
1.6. Buéng cay meo giéng

Né&u dau tu dugc ti cdy vé trung thi tt nhat, song khéng nhat thigt. Chi can lam mét budng
nho, can sach va khi trung so bd b&ng formol, lau cén trudc khi cdy meo gidng, dung dén t
ngoai (2-4 bd), dién tich dd 10-20 m?

1.7. Lam nha nam

Tuy quy mé 50m?-200m?, dung bd khung gé, tranh tre, Iudi, hodc 16t nhit 1a dung nha khung
sdt... trung binh 100m?. Hé thdng gid che t8i, tAng sang tudn ty (boc IUdi chédng con tring.
chudt,... che anh sdng) va hé thdng tudi phun dugc thiét k& l&p dat kha hgp ly & trai nha anh
Thudng, Phudng 8 Tp. Dalat.

Luu y rAng nén dé mai nylon trong (xanh), nhu vay dnh sang sé& tda déu tU trén xudng, tai
ndm sé ra tron déu, cudng khdng bj kéo dai. Tudng vach bao quanh nén boc nylon téi mau va
bén trong budng cdn boc Iudi chéng cén tring (rudi mudi, sdu bo,... rat thich chich hit nam non).
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2. K&t qua nudi tréng trién khai qui mé nhd & Dalat - Lam déng

Sau khi da chuyén giao cong nghé, gitip 03 ho dan ¢ Dalat va Duc trong thiét 1ap 03 trai
nudi trdng Linh chi qui md nhd: 40-120 m”, ching t6i da cung cip gidng nam, chi dao ky thuat,
ti&n hanh nudi trédng t& 7/1999. Cho dén nay thu hoach tdng cdng dugc > 50 kg ndm Linh chi
gém 2 dang:

- dang ndm sung huou: thudng chl gédm cac bd cong ndm kha dai (22-38 cm), phan nhanh it
nhidu, 1ang bdng, rdt giong ki€u Linh chi sung hugu nudi tréng & Nhat ban.

- dang thé qua hoan chinh: thé hién ciu tric cudng dién hinh, ldng bong va tan nim xoe
tron khd déu, dudng kinh 1dn t6i > 10 cm. Hinh thdi kiéu chudn Dalat, tuong ddi khdc biét so vdi
ndm Linh chi Sai gon (L& Duy Thdng, 1998; CS Buc Trong, 1999). Dang luu y 1a kha gidng
chling ndm Linh chi Bai loan (Ruye Sheng Hseu, 1992).

Nhin chung ndm thu hoach dat tiéu chudn cdm quan hinh thai, chat lugng hoat chit co ban
vao loai kha, theo k&t qua phan tich cia Cong ty Yungkien, Dai loan (Céng ty nudi trdng ché
bi&n n&m Linh chi Idn nh&t Dai loan).

2.1. Tao giéng ndm thuidn chung. Panh gia dic diém sinh trudng phat trién

clGa hé sgi nam Linh chi nudi tréng:

Théng thudng vdi thé qua ndm tuai (mdi thu hai gil dugc tdi 1 vai tudn, néu bdo quan trong t fanh
c6 thé gill dugc hang thang), ding dao, 1udi lam tach got phdn méd bén ngoai (got do 2-3 1dn vdi viéc
thay Iugi lam vé trung mdi), nhu vay 19 ra I6p md vd trung bén trong, sdn sang cho tach gidng. C6 thé
cit thanh cac manh nhd 4-10mm?2 Cdy lén moi truding, U trong t3i, khodng 25°C (16t nhat 1a 26°+2°C).
Tuy theo 6 non va stc sdng cia md, ma hé sgi moc sau 15- 65 giy u.

Céc ching thudng cé t6c do phat trién hé sgi khac nhau, tao thanh cac khudan fac hinh tron, mau
trdng. Thudng hé sgi sinh trudng nhanh trong khodng 7-15 ngdy. K&t qua chiing td ching Takasaki,
Nhat ban moc chdm hon ca (80-90 wm/h), chung Buc trong (DT) moc nhanh nhat (160-190 pm/h),
ching Dalat (DL) mgc cham hon déi chut (140-160 pm/h). Bang luu y 13 & ching Takasaki (J) hé soi
rdt day déc (phan nhanh manh), cho nén tdc do lan vao cd chat cham hon it nhiéu (Anh1, Bang 1).
Nén cat gill gidng cd 9-12 ngay tudi trong td lanh (7°- 9°C) dé lam giéng géc.

Anh 1. Hg sgi cac ching ndm Linh chi phat trién trén co chat hén hgp
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trai hau hé&t cac nguén mun cua, ba mia, vd qua ca phé déu dugce tan thu sU dung. Hau hét ba
con dé ap dyng ding cac qui trinh phdi trén co chit do ching téi hudng dan,

Vao giai doan sgi, trén gia thé tdng hop. cd 2 ching: DL, DT déu sinh trudng manh, chua thé hién
sai bidl nao dang ké, sau khodng 5-7 ngay ching DT moc manh han hdn, t6c dd phat trién hé sgi
nhanh hdn 20-30%. Riéng ching Takasaki moc cham hon hdn. Trong giai doan nay, U trong budng
t&i, nhiét 4o 22°-25°C. Hé sgl ndm phat tridn manh, sau 25-30 ngdy, lan qua 2/3 khéi gia thé, bt diu
bén k&t trén bé mat vao ngay 21-25. Sau khi hé sgi bén két (25 ngay). chuyén cac bjch nudi sang nha
im (bdng tUdi phun suong sao cho dd 8m dat >80 % - 90%), thiét k& tuy theo diéu kién tung trang
trai, trudng hgp trai nha anh Thudng la mot dién hinh, kha dat vé ky thuat, bd tri gian thép
thodng va hgp ly, tdn dyng dugc khdng gian (Anh 2). Nhiét d3 ha xudng, trung binh dat 25°+ 2°C.
Trong nha &m cé thé x&p cac bich td ndm 1&n gian ké g, thép hoic cé thé treo theo kiu quay
ngugc tuln ty (Anh 3).

Sau vai ngay, md nit, cdc mam n3m xudt hién dang cac nim tron, map, mau trdng. TU 35-40
ngay, mam thé qua kéo dai thanh c4c try tron, map, phan géc bat ddu hinh thanh 1dp vé lang béng do -
da cam, cang vé phia dinh cang nhat mau, phdn dinh mau trdng, bt diu loe det ra. Sau khodng 45-
50 ngay, chuing DL hau nhu hoan thanh giai doan tao tan ndm va bt ddu hinh thanh bao ting. Luu y 1a
trén bjch nudi, thudng chi hinh thanh 2-3 tai ndm cudng rat map (t6i 2,5-4cm dudng kinh), to tdi
>12cm, trong khi nudi trén chai miéng réng, lai thudng tao ra nhiu tan hon (3-6 tan), trong do6 cé 1-2
tan Ion vugt hah (m&c du lugng co chat trong chai chi dat 1/2 so véi trong bich PP). C6 I8 bdi didu kién
nhiét dé nudi tréng d Da Lat hoi thdp hon, thich hgp hon cho ching Dalat.

Ching DT ra thé qud chdm hon sau DL khodng 5-7 ngay, riéng chling Takasaki chdm hon
dén 30-35 ngay, song thd qua to han. Dang chu y 1A néu dé anh s&nh khuyé&ch tan ti bén héng
nha ndm cao (che Iudi den khdng dua), thé qua ndm thudng kéo dai cudng hinh thanh cac nhanh
dang siing hugu, chiéu dai dat tdi 25-35 cm (Anh 4). Trén thyc t& d cac nudc nhu Nhat ban, Dai
loan ngudi ta cling ua thich nudi tréng ndm Linh chi dang sing hudu, tuy nhién nhién ning suat
thudng khong cao.

Nang sudt thé qua tuoi thu hoach & cd 2 ching DL va DT la xap xi nhau. dat tif 15-22% (thé qua
tuoi so vdi lugng co chat khd), so sanh céc dot dan ra trén Bang 2 (trong cac dot thi nghiém,
chung toi chon cdng thuc co chdt hdn hgp 3 cho phu hgp vdi ngudn nguyén lidu tai chd). Sau khi
thu hai, ndm dugc sdy kho (45°+ 3°C) tU 36-48 gid, toa mui thom dac biét. Hidu sudt thu hoach thé
qua tuoi/kho dat khodng 5-7, tuc la khoang 5-7 kg ndm tugi sé& cho 1 kg ndm kha.

Badng 2. Sinh trudng va kha ndng ndng suéat thé qua chung DL (Céng thuc 3)

Dgt S& thé qua/bich | Téng trong lugng Nang sudt
(moc dgt dau) tugi thé qud (thé qua kho: g)
(dgtthu hoach 1: @)
1 2-5 106-162 (135) 20-36 (33)
2 2-4 118-183 (166) 35-39 (36)
3 2-4 112-201 (188) 33-42 (39)
Trung binh 3 163 36
- .
PT :
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nhan chl yéu la do & phong thi nghiém nhigt dd kha thdp, hau nhu thudng xuyén & muc 22-
23°C.

Nang sudt d cac trang trai cao hon 17-22% so vdi ¢ phong thi nghiém (Bang 3). Do dé chl
20-25 bijch da cho thu hoach khodng 1 kg niam khd (phoi 3-4 ndng). Tuy nhién trudng hgp trai
nha anh Huy ndm chju anh hudng anh sanh khuyéch tan t& mot phia nén kéo dai dang cong-
sung huou nhiéu, tai nAm nhd han cad ndm & phong thl nghiém, tuy ning suat thé qua kho téng
cdng van Ion han.

Bang 3. So sanh mét sé ddc diém ndm Linh chi (DL) nudi tréng

Dja diém D9 dai cuéng ndm Pudng kinh tan Ning suit
(cm) (cm) (thé qua khd/bich: g)

Phong thi nghiém 3.5-11.5 (7.3) 7-9 (8.5) 35.5

Traianh Thudng || 3.5-7.5(5.7) 7.5-14.5 (11.5) 56

Trai anh Huy T 9.7-17.6 (13.8) 3.3-6.8 (5.2) 48

4. So sanh két qua & trang trai ving Lam dong va & Ha ndi, Tp. HCM:

- N&ng sudt ndm Linh chi nudi trong & Dalat - L&m déng cao hon so vdi & Ha ndi (theo
Nguyén Thj Chinh, 1999: nang suit ndm kho thu hoach & Ha ndi chl vao khoang 2-3%). Bac biét
& Ha ndi chl nudi tréng duge ndm Lim - Linh chi vao mua hé - thu, do dé han ché& khad ning tham
canh tadng vy. Hién nay chat lugng ndm & mién Bac (Ha ndi) chua dugc xac dinh chinh xac, do
vay cling han ché thj trudng.

- Nang suat ndm Linh chi 8 Tp. HCM cao hon c3, dat tdi 7-10% (thé qua khd/ca chat khd, theo
Lé Duy Thing, 1998; C3 Buc Trong, 1999). Nhugc diém cd ban clia ndm Linh chi Sai gon 1a
chat thit nd&m th&m nau, thdi gian sinh trudng kha dai (4-6 thang/vy). Chat lugng ndm Linh chi
tréng & Tp. HCM dat yéu cau tiéu dung trong nudc (Triterpenoids dat cd 1%).

Han ché cta ndm Linh chi & Tp. HCM 1a do nhiét dd qua cao vé mua khd, do dd khé nudi
tréng phd bién cho nang suat cao dugc.

Nhu vay cé thé thira nhan rdng nAm Linh chi Dalat (ca hai ching DL va DT) ¢é uvu th& dic
biét, cho phép nudi trong trong mdt khodng nhiét do rdng (20-30°C: Daiat va Buc trong) quanh
nam. Thém nia thdi gian sinh trudng ngdn gitp cho kha nang ting vy, quay vong san xuét
nhanh.

Nang sudt tuy vao loai trung binh song chit lugng ndm kha cao cho phép trién khai rong cac
ching Linh chi DL va DT, dap ung yéu cdu cua dia phuong va ca nudc trong thdi gian tgi.
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Anh 2: Trai tréng ndm Linh chi xay dung bang khung thép, dién tich 108 m°
(trai nha anh Thudng, Phuong 8, Tp. Dalat)
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Anh 4: Nam Linh chi phét trién manh dang thé qua sung huou trong nha tréng
(8nh sang khuyéch tan bén héng nha trong)
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PHAN THU TU
Phac thao luan ching kinh té - ky thuat
Coéng nghé nam Linh chi G. lucidum tai Dalat

TU nhitng két qua nudi tréng th nghiém tuong déi hoan chinh trén day, ching toi tién hanh
phan tich, tinh toan va phac hoa nhiing nét co ban cho Luan ching kinh té - ky thuat nham xac
dinh tinh kha thi clia cdng nghé nudi trdng nam Linh chi cho cac cd s&. Trude mét 4 cdc trang
trai qui md ho gia dinh.

1. Nhiing chi phi co ban vé cd sd vat chat ky thuat
1.1. Thiét lap qui md trang trai nudi tréng
- Dién tich m&t bang:
+ qui md ¢d 6.000 bich/thang: can trai 120-200 m?
+ qui mo ¢d 20.000 bich/thang: cin trai 600 m?
- Phong cdy gidng cho bich nudi: budng cay vé trung/ 12 m?
Neu dat san lugng phai dat 60-100 kg ndm/ thang va tan dung dién tich thi chi cdn khoang
500 m? nha xudng, trai nudi la di cho 6.000 - 8000 bjch/ thang.

1.2. Thiét lap xudng ché bién va xii ly compost
- kho ch(fa nguyén vatligu: 40 m?
- xudng ché bién compost va dong bich: 18 m?

1.3. Nguyén vat liéu va nhién liéu
- Nguyén vat liéu:
+ san xuat giong nam: khoang 100 VN d/ bich
+ ¢o chat hdn hgp dong bich (650-700 g): khoang 300 VN d/ bich
+ kh{ tring: 100 VN d/ bich (I6 hai nudc binh thudng, thiét ké dan da).
+ nudc, hda chat: 130 VN d/ bich
+ bich PP, béng gon, gidy,.... 70 VN d/ bich
- Nhién lidu: con dét, khi trung, dién
Chi phi khoang 150 VN-d/ bich
Nhu vay téng chi phi nguyén vat liédu, nang lugng cho sdn xuat bich da cdy giéng nam la
khoang: 850 VN d/bich
- Nhan cong: khoang 850 VN d/bich
Gid thanh cho dén bjch thanh pham la: 1700 VN d.
Trén thyc t& cac h$ dan san xuat bich Ja cay gidong vdi gia thanh bién déng nhiéu: 1100-
1800 VN d/bjch, tuy theo muc dau tu nguyén liéu.
1.4. Gidng ndm nguyén chiing va gidong san xuat
- giébng nguyén ching: cdy chuyén dinh ky va bdo quan lanh (cin thiét phai dya vao cac
phong thi nghiém c6 didu kién, chdng han Phong Céng nghé Sinh hoc, Vién Nghién ctu hat
nhan Dalat).
- gidng sdn xudt: cdp 1, 2, 3.... Co6 thé lam J nha dan song doi hoi phai ¢ diu tu k¥ thuat cao
hon. T6t nhat van 1a phuong an mua giéng san xudt tai cac phong thi nghiém.

25




+ néu can tinh thoi diém hdi van thl can phai xét khau hao trang trai, trang thiét bj (néu cho
qui md xay dyng cap 3-4, can khodng > 24.000.000 VN d cho 100-120 m?) m&t bang: chi sau
14 thang da cé thé hoan vdn xay dyng cd ban.

1.900.000 d x 14 thang = 26.600.000 VN d

DAy !a muc tinh toan ly tudng, t8i uu cac qui trinh nudi tréng, dac biét 1a khau U td riéng biét
trong budng U &m. Song thudng & cac trang trai-h$ dan rat khé thyc hién.

Tat nhién thdi diém hoda vén cé thé rut ngdn hon néu tinh khiu hao cao hon nta. Tuy nhién
trén thyc t& thdi diém hoa vén c6 thé kéo dai hon, 18n dén 24 thing vl ndu muc thAm canh chi
dat 2 thang/vy. Phudng &n thi hai c6 thé giup rut ngdn thoi gian hda vdn 14 phai thAm canh ting
vy, chdng han c6 thé gdi dau tang t&i gdn 8-10 vy/ ndm, nghia la phai dat dugc 1.5 thang/vu.

Nhu vay néu dat 2 thang/vy thi Igi nhudn thd sé& con la: khodng 25%/thang.

Cén tinh thém muc hu hao do tap nhiém, nguyén iiéu kém chat lugng, thdi tiét bién dong
thi tinh binh quéan ty 1é hao hyt s& 14 20-30%. Nghta la ty 18 1gi nhuln ciing s& gidm tuong Ung,
thyc té s& chl con khodng 15-18%/thang ma thoi.

Véi muc Igi nhudn cao (> 15%/thdng néu san xudt 2 thang/vy), cic trang trai dan & Dalat,
LAm déng cé thé vay v8n ngan hang ho3c qui xda déi gidm nghéo dé sdn xuit. Tuy nhién cérl
phdi nhdn manh rdng thj trudng chua phai da rdng md, cho nén cin ndm chic nhu ciu tseu thy
dé md rong tung budc qui md va s& lugng trang trai nudi trong nam. ‘
i
5. Kha ning thij trudng .

Hién nay chung toi da c¢d gdng md réng thi trudng tiéu thy san phdm nadm Linh chi Dalat:

- Hgp dong tiéu thy nam Linh chi tai Bénh vién Y hgc Pham Ngoc Thach: khoang 50-100
kg/thang, cho riéng ndm 2000. N&u co6 k& hoach sdn xuit l4u dai cé thé bao tidu vé nguyén tic
khong han ché& san lugng. Gia ban hién tai chap nhdn & mifc 150.000 - 200.000 VN d/kg ndm
kho. Bidu kién la cdn cd sy giam dinh hinh thai-chat lugng cla cac chuyén gia nam Linh chi cla
Phong Cdng nghé Sinh hoc, Vién Nghién ctu hat nhan Dalat (chat lugng ndm t&i thi€u phai dat
nhu trong phéan tich & Cong ty Yungkien, Dai loan: L& Xuan Tham, 1999).

- Thda thuan vé nguyén tic tiéu thy ndm Linh chi tai Vién Nghién ctu Céng nghiép Thue
phd&m Ha noi: khodng 50-80 kg/thang, cho riéng nam 2000. N&u cé k& hoach san xuat lau dai co
thé bao tidu khang han ché san lugng. Gia ban hién tai chdp nhan & muc 150.000 - 200.000 VN
d/kg nam kho. Diéu kién la can cd sy giam dinh hinh thai-chat lugng cla cac chuyén gia ndm
Linh chi cia Phong Cang nghé Sinh hoc, Vién Nghién ctu hat nhan Dalat (chat lugng nam t6i
thiéu phai dat nhu trong phan tich & Cong ty Yungkien, Dai loan: Lé Xuan Tham, 1999).

- Nhu cau tiéu thuy 1é clia dan chung vung Dalat-Lam déng ciing ¢6 chiéu hudng ting, néu
co tuyén truyén phd bién va hudng cach sd ché dung nam Linh chi rong rai thi dy kién muc nhu
cau tai dia phuong cling dat khodng 50-80 kg/thang.

Thyc t& kha ning tiéu thy hién nay mdi chl & muc 80-150 kg/thang, cho nén chi nén md
thém 2-3 trai nhd (qui md 3500-5000 bich) 1a vita cho ndm 2000.
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PHU LUC
CAau tric hoat chat co ban ciia nam Linh chi
Ganoderma lucidum (W. Curt.: Fr.) Karst.
&

M6t sb cong trinh cong bé vé nam Linh chi Dalat

(trong thdi gian ti€n hanh Bé tal)




-~

O ,‘
OH Cerevisterol (M. Hattori et al., 1997)

OH 3 -5 -dihydroxy-6 -mctl|(‘)xycrgostn-7,22-(licne
OMe (M. Hattori et al., 1997)

MGt 5&” hogt chat Triterpenoid tich Iy 1t Ganaderma Incidum twumg tid ulne & Agaricus blazei Murr.
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Ganoderic acids A (D and B (11).'1: RR' =0, R? = O, R*=11;
: R=0H, R =11, R'R = O (Kubota et al., 1982)

Me

R

I
' (C11,),CO,1
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Me

Lucidenic acids A (Dand D (ID. R =11, R" = OI;IER=0,R' = O
(Nishitoha et ul., 19854, 4)
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CH, _R°

CI, —R°

R
R

Me !
Me
Ganoderiols A (Dand B (I1). I R' = R? = R°*=R"=H, R =R*=R*=R* = OII;
I: RR' =0, R?=R® = R* = OH. R'R? = lien k&t chua biio hoa, R7 =11
(Sato et al., 1986)
H OH

11

Me ’ (CII,), R

/

C(OH)Me

Me H
Me
Ganodermadiol (I) and ganodermatriol (I1). R = Me; 11: R = CI1,011
(Fujita et al., 1986)
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Me

Me

Ganolucidic acids A (I) and B (II). I: RR' =0 II: R =11, R' = OH
(Kikuchi et al., 1986¢)

Me

Me

Ganoderenic acids A (Dand B (I). : RR' = O, R*=1I. R® = OII;
I: R=0IL R ' =11, R’ = O (Komoda et al., 1985)
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14 THONG TIN KHOA HOC VA CONG NGHE

PHAT HIEN MOT CHUNG NAM LINH CHH1 DO CUA DA LAT
THUOC LOAl CHUAN GANODERMA LUCIDUM

Am Linh chi chuidn Ganoderma lucidion

(W. Curt.: Fr.) Karst. d B Lat duge 0m
ra tr khodng 1990, tdch phin 14p gidng nguytn
ching va nu6i w8ng thanh cong wr 1993. Sau do,
hang loat cdc nghién ctu cd bin vé sinh hoc vdi
nhitng &ng dung rdng rii cic k§y thudt hat nhiin di
dua d€n nhidu k€t qud madi (L& Xudn Thim, 1996a)
[1]. K& tix 1881 khi PA. Karsten, nhd ndm hae Phin
Lan xdc lap ddy R todi chudn, rén cd s ban vE v
md 3 glc ddu tidn cha nha W nhién hoc ngudi Anh
William Curtis trurde do 100 ndin vdi cdc miu vil
suu tdp duge & ving London (1781), cho dén nay,
ngudi ta charding ¢6 d&n rén 40 ching (strain) thude
G. lucidum khdc nhau dugc dé nghi. Mdi diy.
Moncalvo vA Ryvarden (1997) di kiém tra toin ho
lich sir danh phip cta lodi chuin Linh chi nay [2].
Céc k€t quad nghin ctiv hinh théi, sinh hoc kinh dién
v k€ ca sinh hoc phdn ¥ cho phép ching t6i di d&n
suy luin rAng ndin Linh chi phdt hién duge ¢ Pa
Lat ¢6 thé 1a mdt thit (varicty) ndi, ¢d tinh cich ly
dia - sinh vt trong (3 hgp lodi chuin, va cing I3
mGt chdng (strain) mdi trong gidi han lodi chuin
hep: G. lucidum complex ct G lucidum s.str. Bai
nz\y gidi thidu cdc nghién ciu hi¢n nay, Gp trung
vao kha ning cdng nghé hoa ndm Linh chi 1ai dia
phuung, g6p phiin cung cdp dugc ligu qui tir ngudn
i nguy€n gen nfin hoang dai cia Lim Pdng,

MAU VAT VA PHUONG PHAP
NGHIEN cUu

1. Thu hal m3u vat

MAu vat dugce thu thip iy vang rirng tim da tap
HA Bdc (BAc Vi¢t Nam): vang ridng hdn loai cao
nguyén Langbian (1.Am Pdng) vd thanh phd DA Lat
(Nam Vi¢t Nam); ving rimg thua tai Vién nghicn
cttu hda phéng xa Takasaki (Nhit Bin). Cluing nhap
ndi cé ngudn ghe W viing rimg T Xuyén (Nam

LE XUAN THAM, PH.D.
Phong céng ngh@ sinh hoc & k§ thudt hat nhidn
Vién nghién ciiu hat nhin D3 Lal

Trung Hon) nhin duge tir Vién didge Ti¢u 112 NoOIL

2. Phuong phidp

- Phiin tich gidim dinh imiu thea Zhao (1989)
(3] so sdnh vai nhidu tr ligu kleic. Chyp dnh bao uy
dim trén kinh hién vi quang hocvdi vt kinh diu
(x100), kinh hin vi dién 1t quét va kinh hién vi
dién ur truy@n gra tai Vicn vé sinh dich (& Ha Noi.

- Tich phdan Ep giong nguyén chiing v tha
nghi¢m taimg hetp hé sdi theo, trén moi trudng PGA.
Thit nghi¢m nudi rdng uén cic gid thé ng hyp
theo cie gui iinh do chting 161 caitién tir cic phuemg

thtte cia cie tic gid Nhdt Ban,

Pic hi¢t Fn dau tién chiing 0i dp dung ky

thudt khi trimg gid thd cd chdt hdn hop bling chidu .

xa tia pamma. Tidn hinh xice dinh hoat chit v tich
triterpenoids trén hé siic ky long cao dp HPLC. so
sinh vdi k& qui O lodi Ta chi Ganaderma tsugae
Mugr. ctia Pai Loan vdi su g gidp k§ thudt cia Dr.
Chen Dang-Tai. Phé Gidm dde Trung tam nghién
ctru v phit trién, thude Gip doin Yungkicn sin xnat
vit ch@ bidn Linh chi ldn nhat Dai 1 oan.
KET QUA NGHIEN CUU VA THAO LUAN
1. Glam dinh danh phdp va mé ta

Ganaderma Tuvidum (W, Ciite: Fry Karst.

Ganaderma Incidum (1eyss.: Fr.) Karst; Rev.
Myec. IT1, 9:17, 1881

Synonym:

Boletus lieidus W, Cuit, FL London. 2: PL..224,
1781

Boletus tncidimn Leyss,, Flora Thalensis, 1783

17RR

Boletus laccatus Timm, FL megalop Prodh. 269,
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16 THONG TIN KHOA HQC VA CONG NGIHIE

Polyporus lucidum Leyss.: Fr.. Syst. Myce. I
353, 1821

Palyporus laccatus (Timm): Pers., Mycol.
europ. 2: 54, 1825

Fomes japonicus (I'r)) Sacc., Sylloge Fungorum
6. Reprint Ann. Arbor., 1888

)

Ganoderma sessile Murr., Torrey Bot. Club.
Bull. 29: 604, 1920

Cic tdc gid hién dai cho rling tén goi G.
tucidum (W. Curt.: Fr.) Karst. hyp ludt danh phip
hon (Moncalvo and Ryvarden, 1997).

D4 c6 nhidu mo (4, khdo citu v& nTm Linh chi
chuin Ganodermu lucidum (W. Curt.: Tr.) Karst. -
mat trong nhing lodi toan th€ gidi (cosmopolitan).
do vdy. c6 nh@ng sai biét hinh thii ngodi va su phin
ly thanh nhiéu ching. V1 vy di tdn tai khdi ni¢m
"nhém G. lucidum™ hay "6 hgp G. lucidum™ (group.,
complcx). Hién nay gidi han cta lodi chuin my
dang dugc xdc djnh 12 cic ching dia 1y, vat kho hiva
bén hé sgi v3i nhau, k& cd khi nudi cdy don blo
tao hé sgi don hach. Nghia 13 ching di cé dic tinh
cdch ly sinh hoc 16 rét. Gin diy cdc didn lidu uic
nghi¢m phin td: phin tich chudi ciu ic ADN (k§
thuat PCR), ph§ dién di cdc hé enzyme, isozyme....
cling chlra qué trinh phiin héa tinh vi trong cic oii
Ganoderma v ngay trong lodi G. lucidum (llscu ct
al., 1996; Moncalvo, J.M. et al., 1995) |4, 5]. Trong
thyc nghiém cia ching (5, k€t qua nudi ey ghép
chéo thudn khi€t gita hai ching: DL x TQ va DI. x
LI d3 chdng 16 c6 su cdch nbi¢t ldn. HE sdi clia
chang phdt riéih rft manh, song luon tao Bin ranh
noi tip xic vdi nhau v thudng hinh thanh mim
thé qua (primardia) @i vimg rinh gidi 4o, die bict
c6 hién trgng 1€ dich mau vang ndu. Trong khi dé
khi nu6i ciy ghép cdp: TQ x LI lyi khong thily sy
cdch bi¢t d6: khOng quan sdt thiy lin ranh phin
cich va khdng thfy tict dich, thly 16 uén Anh 1,

V& hinh thdi ngodi ching cling ¢6 it nhiéu sai
khic. Thé qui €6 cudng dai hoJc ngidn, duriing dink
bén, ddi khi trd thanh dinh tAm do qui uinh lién tin
ma thanh. Cudng ndm thudng hinh tl, hodc thanh
mdnh (¢d 0,3 - 0,8cin ductng kinh), hojc mdp khoc
(t3i 2 - 3.5cm dudng kinh), ft khi phan nlinh, 1ir
2,7- 22, d6i khi cé udn khic cang queca. Lap vo
cudng 1dng do - adu do - ndu den, hing, khing ¢6

[ong., phtt sudtIcn mat tin nim,

Md ndm dang thin - gin won, doi khi xoe
hinh quat hade ft nhido di dang. Tién mdt md ¢o
van gun ddug tim v ¢ tia rinh phong xa, mau sdc
tir vitng chanh - vang nghé - vdng niu - ving can -
d0 ndu - ndu tm - ndu den, nhifn bong, Mang nhy
vemi. Thieing sdm mau din khi gid, 1dp vo king
phit 1o kin mat u&n mit, ddi khi cé Idp phin dnh
xanh tim. Kich thirde tin bhidn ddng tan, tir 2 - 36em,
iy 0.8 - 3 3enn Phivn dinh ending hodc g 1&n, hode
16m nhar 18m @i, Phin thit nim (context) ddy (i
4. 2,2cm chlt Tie, man vang kenr - nfin nht -
tritug kent, phifin ehia kicu lap nén v 1ap dudi. Thay
o @ cde 1dp uén, cic tia sdi hudng 1én. Ting sinh
san (bo dng, thy ting - hymenium) 13 mot 1ap Sug
diy tir 0,2 -‘l.Rc'm miu kem - nfu nhat gdm cic
ong nhd thing, mi¢ng gin uon, nadu tiing - vang
chanh nhat. khodng 3 - 5 dng/mm. Piam ddn hito
(holobasidic) hinh tritng - hinh chiy, khong mau,

dii 16 - 22, mang 4 dim bio uf (basidiospores).

Bao i ddin thiing dudge md 1§ co dang tring
cut (truncate), doi khi 1a dang hinh tring c6 diu

chép won - nhon. Thue ra dé ki do chup phi 16 ndy

mim (tcctn cap) hodic phdng ciing (convex cap -
convex germpore), haice 16m thut (concave
germpore) vao md thanh. Bao wt dam cé cdu (ric
Idp vo kép (bitunicate), miu viing mmdt ong sding,
chinh gitra khdi ngi chit w lai dang giot diu, kich
thude bao W dao dong it nhidu 8 - 11,5 x 6 - 7,7um
(Anh 2). Bidu Iy thi 12 madc d kich thude ¢6 bicn
dong, sang ciu tao tinh vi cia bdo 1f ddm cd do dn
dinh caa, dd 12 d ching Nhit Bin, Tnmg Qudc,
ching ndm Lim 11a Bdc hay chiing DA Lat. RG u\ﬁg
ki€n tao I thing (pores, lacunac) vén bé mat kap
vo ngodti (sexine) 1 pln"; bi¢n J cic ching, v thém
nita thuiig quan sit thd'y mau i nhd (duiing kinh
0.5 - 1.5 & didu ddi dién vdi 16 ndy mim
(permipore) - tiic 11 & diiy bao tr (¢6 h thiy i &
ching Lim). Clning t6i cho ring nén coi dé 1a 16
nidly mim gid (pscudoaperture), 13 dau v& ndi dinh
clia bdo wr rén Géu binh (sterigma) cda ddm (bia-

sidia).

2. Dic diém sinh thdi va phian bd d Viét
Nam
Nam Linh chi ¢6 thé moc uén cdy pd (thacing

1Y thde bo ddu Fabales) song hay di ch&t The gui
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BANG 2: HAM LUUNG HOAT CHAT CUA CAC CHUNG LINH CHI { % CHAT KH0)

Hoatl chal (tdng s0)

Ham iuqnglrong thé qué;I{d (D.W)

LI hoang dal DL hoang dal DL nudl tréng
Adenosine 0,004 0.010 0,024
Polysaccharide 4610 2,640 2,950
Triterpenolde 0.680 0,740 0.820

lucidum Vigt Nam phong phd han.

Nhu vy cdc ching Linh chi do cia Vi¢t Nam
c6 ham lugng triterpenoid vo loai kh4. Pac bi¢t
chiing Linh chi Da Lat khi nu0i trdng c6 haun lugng
hoat chdt tAng cao hdn so vdi hoang dai:

- Nhém adcnosine idng gdn 2.5 1dn

- Nhém polysaccharide tan trong nude ting ~
12%

- Nhém triterpenoide ting 11%

N&u so vdi chiing Lim HA Bic hoang dai cilng
c6 nhitng ly th:

- Nhém adenosine cao han gdp 6 1dn

- Nhém triterpencide cao hdn > 20%

- Riéng polysaccharide tan trong nudc lai thip
hon fihidu (64%).

Ham Iugng hoat chat (nhit 1a tritcrpenoids)
tAng cao khi niidi trdng ching DL cho phép xdc lip
quy tinh nuoi trdng dai trd. Trong diéu kién nudi
trdng 3 DA Lal, ching DL ¢6 tdc do sinh trudng
nhanh hogn, cho thu hoach sdm hon. Chat lugng hoal
chdt nfm Linh chi nudi rdng cao hon so vdi hoang
dai vd khi ning cOng nghé héa. tao ngudn dudc
lidu quf 12 hién thyc ¢ LAain Ddng, D2 Lat.
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* Nghidn ctiu ndy duge hd trg kinh phf mde phdn tir i)u
4n II'S, Thuy Pifn (Intemational Foundation for Science,
Sweden) cho chieng trinh nghidn cidu v& nfm Linh chi

Ganoderma.

CAY THONG DO...

Hom thOng d6 tudng ddi d& ra &, 1y 1& phu
thudc vdo tl'ldi‘cﬁy va cfich chon hoin. Ciy cang tré
v2 hom 3 d4du doan cdnh mdi mang dinh sinh tudng
s& ra r& sOm va dat 1y 1¢ cao. Cdc loai chat kich

. thich sinh trudng phd hyp 13 IBA v BT & cic ndng
dd 1-1,5%. Viéc nhidn gidng htu tinh chua dat k&t

(Tiép theo tranyg 22)

qui cao nén clin dwge 1iEp tue nghién cdu.

Vi¢e khio nghi¢m cdy udng rén cdc 1ap dia
khic nhau mdi dugse | nim nén chua ddnh gid mot
ciich chinh xic v& khd ning sinh rudng, cin theo
doi v dinh gid wong thii gian GEp theo.
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was used as GeClyat 10-1,120 yrig/ml Ge.

Substrates for G. lucidum cultivation were prepared
with sawdust as basic substratum (100%), and added
tice bran (15%), bean powder (5%), CaCOj; {2%),
{NH,),S0, {0.5%), KH,PO, {0.5%) and MgSO, (0.05%
to the basic substratum. The moisture content of sub-
strate was adjusted to about 65%. Polypropylene {PI")
bags containing substrate (0.5 kg of dry substrate/baq)
were irradiated for sterilization at 32 kGy (8 kGy/h} with y
rays of ®°Co (Msiek et al.,, 1994). V as VCl;solution was
supplementad at 30 and 80 ;1g/g Into each of 5bags.
The bags were inoculated with seed and incubated at
268°C under 852 humidity in the dark for 23-26d to
sliow full colontzation of mycella. Al bags with young
primordia were then transferred to the greenhouse for
frulting under daily Irrigation and attenuation of illumina
tion. The contents of V in harvested fruitbodies wern
analyzed by ICP techniques.

Fifty nCl 75Se/5 mg Se as Na,SeO, in 30 ml H,0 was
Injected into substrates in 5 bags 25d after inoculation
{primordia weil formed). Translocation and accumula-
tion of Se in fruitbodies were determined by y measurc-
ments and calculations from specilic activity of 73Se in
dry matter of stipe, pileus and basidiospores harvested

from 5 random samples {L'Annunziata and Legg. 1984).
For Ge analysis, 150 Ci 77Ge/50 mg Ge as GeCl, was in-
jected into 5 bags in the same way as 75Se but 35d after
Inoculation.

Results and Discussion

Effect of V, Se and Ge on mycelial growth of of G.
lucidum Mycelial growth of G. lucidum was measured
as colony diam In pure cultures supplemented w|trn VCl,
and NHVO,. We found that G. lucidum Is more sensl-
tive to V both in cation and anlon forms {V3*, VO;-)
compared with Se. Mpycelia showed healthy growth at
50 pg/mi V and slight inhibition at 100 ;ig/ml V. At
higher V concentrations, mycelial growth was inhibited
critically (150-200;:g/ml V), Inhibition of mycalial
growth by 502% (LG50: limitation of growth by 50%) oc-
curred at about 180 yrg/mit V. At 510 and 1,020 ;rg/mi
V, growth was Interrupted ond the mycella dled com-
pietety 5-7 d Iater (Table 1). ’

Table 1 ailso shows the clear alffects of Se on the
growth of mycelia. Se was considerabiy toxic to G.
lucidum at 100 prg/ml or more. The LG50 value was
about 200 ;«g/mi Se. The mycelia died after growth for
7-9din the p'resenc%of 500 or*1,000 ;cg/mi Se, whereas
they survived with very weak growth at 300 yrg/ml Se in
the media. .

Control and Ge-treated colonies both grew heaithily.
No toxic effect on G[. lucidum mycelia at any concentra-
tion of Geup to 1,120 ng/g. Our results agreed with the
data of Chen et al. {19943), who found similar effects of
Ge both in cation and anion forms on G. lucidumm. The
responses of mycelia to V, Se and Ge are iilustrated in
Fig. 1.

Table 1. Mycelial growth of G. lucicdum on PDA supplemented with V, Se and Ge.

Mineral Colony diam 9 d alter inoculation {mm)
supplement - —_— - i — -
{ng/ml) VinVCl, Vin (NH),VD, Se in Na,SeO, Ge in GeCl,
Control (0) 84.2+4.1 87.5+4.4 87.4+29 85.4+3.8
10 -- 77.8+2.2 85.8:£2.2
50 77.2+4.2 83.3+4.1 68.9+4.2
70 — - 86.9+4.0
100 72.7+3.7 71.9+26 53.7+2.9
140 89.7+3.6
150 69.9+3.3 69.1+3.2 51.4+3.4
180 42.6+2.5 43.9+4.3
200 41.44+3.6 40.9+3.1 452+2.4
280 - - 88.4+2.5
300 23.2+1.4
500 7.7+1.7
510 18.3+2.1 22.1+28
560 89.5+2.6
1,000 7.14+1.2
1,020 8.5+1.3 10.2+1.7 -
1,120 85.2+2.9

Fig. 1. Growthol G. fucidum on media supplemented with V, Se and Ge at 7 d after inoculation.
8. V suplement (sg/mi): 1, O; 2, 50; 3, 100; 4, 200; 5, 510; 6, 1,020.
b. Se suplement {;/g/mi): 1, 0; 2, 50; 3, 100; 4, 300:; 5, 1,000.
c. Ge suplement (;rg/mi): 1, 0; 2, 70; 3. 140; 4, 280; 5, 560; 6, 1, 120.
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Chen et al. {1994a) examined the responses ol
mycelia of G. lucidum to GeQ, added to liquid media and
showed increases in the contents of fres amino acids antf
of Ge up to 3,000.g/g dry biomass. On vyeast
{Saccharomyces ceravisiae Hansen), Se was shown to
be quite toxic, and biomass in submerged fermentation
being drastically decraased when 30-100 ;:g/ml Se was
added (Thuong et al., 1995). However, Se bioenrich
ment was successful up to 150-500,:g/g dry matter,
supporting the results obtalned by Meng et al. (1990}
suggesting the Improvement of antioxidative activities.
Recently, we obtsined biomass of mycelia of a special
Lingzhi fungus In Vietnam, Humphreya sp., with high
concentrations of Se (150-1,000 ;:g/g) In pure cultures
(Tham et al., 1997). Therefore, it seems possible to ac-
cumulate Se In G. lucidum by optimizing culture condi
tions.

Biological effects of V on microorganisms have been
intensively studied: these include the adverse impacts on
ATPase activity and ATP content in the fungus Neuro-
sporag crassa Shear et Dodge at 1.5-15 M VO, {Bowman
and Slayman, 1979}, and the effect of stimulation on the
oxidation of NADH in plasma membranes of S. cerevisiae
{Minasi, 1990). Ulaszewskietal. {1987) showed similar
effects of vanadate {0-20 1M} on wild and mutant strains
of Schizosaccharomyces pombe Lindner. A low-
molecular-weight compound Cy;H;0N,VO,, was isolated
from A. muscaria by Kneifeld and Bayer {1973) and
Feicman and Da Silva {1984), which was called "amava
dine.” However, the physiological significance of V in
higher fungi and other organisms is still not clear. Arnon
and Wessel {1953) reported that V is an essential ele-
ment for the growth of the green alga Scenedesmus ob/i-
quus (Turpin) Kutzing, which required 0.1 jtig/ml V in the
nutrient medium. Beneman et al. {1972) found that V
can substituta for Mo in N,-fixation in Azotobacter, and
Robson et al. {1986) showed the alternative nitrogenase
from Azotobacter chroococcum Beijerink is a8 V-enzyme.
Meish and Becker {1981} found that V interferes with
chlorophyll synthesis and photosynthetic electron trans
port in -Chlorella fusca Shihira et Krauss and even in
higher plants. However, Weich and Huffman {1973)
concluded that if V were essential to higher plants, it is
required at a level of 1/2,500 to less than 1/250 that re-
quired for the normal growth of S. obliquus, rat, or
chicks. Further study is required to clarify the biologic:l
functions of V for the growth of fungi.

Cultlvation of G. /ucidum on substrates supplemented
with V, Se and Ge On the substrates supplemented
with 30 and 80 s«g/g V as VCl,, the mycelia grew normat
ly and young primordia formed well at 20-25d after in-
oculation. The fruitbodies of both strains isolated in
Takasaki, Japan, and in Dalat, Vietnam, developed cont
pletely and discharged spores from 50-60 d after inocula
tion. There was no difference in morphology of truit-
bodies grown on substrates with and without V supple-
ments. However, the strain from Takasaki showed o
delay in maturation of about 7-11 d (the giossy cortex on
the upper surface of pilei formed and expanded later as
shown in Fig. 2). The samples of the strain from Dalat

were harvested for analysis of V-bioaccumulation in at
75d {Table 2). Without V addition, the fruitbodies of G.
lucidum contained only a trace ol V {< 1 nig/g), due to the
low contents of V in the substrate. The addition of
30 /1g/g V to substrate produced the effective accumula-

Fig. 2. Fruitbody formation of G. /ucidum on substrates sup-
plemented with V.
a. Dalat strain, Vietnam; b. Takasaki strain, Japan. Two
strains were inoculated at the same time. In Takasaki
strain, the periphery surface of pileus is white, but turns
brown later.

Table 2. Accumulation of Vin fruitbodies of G. hucidum.

V content in fruitbodies {;1g/g)

Fruitbodies Levels of V applied to substrates

without V 30 (;rg/g) 80 (ng/g)
Stipe 1 12.5 215
Pileus - 2.5 7.0
Basidiospotes 1

(O
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sawdusts of the rubber trae {fHevea brasiiensis L.), the
lim tree (Erythrophloeurn fordii Oliv.), and mixtures of
unidentifled sawdust {S1)} were dried at 65°C for 3d,
then ground to fine powders for analysis. Pb, Zn, Cu,
Mn and Cd were datermined by polarography techniques
with a Matrom Model 648 VA; and Hg, Zn, Mn and Cu
wera determined by neutron activation analysis {Camp
bell and Bewlick, 1978) in Dalat Nuclear Reactor IVV-90
with a neutron flux of ~2-10'In'cm?-s ' with a muiti
channel gamma spectroanalysar {8,192 channels} with
NIM standards and HP Ge detector. Fruitbodies of
Takasak! strain and mixtures of unidentified sswdust col
lected In Japan {S2) were analyzed by ICP techniques.
Heavy metal supplements Seven to 9-d-old mycelial
fragments of 7-9 mm in diam were Inoculated onto PDA
media supplemented with heavy metals and incubated at
26 +0.3°C in the dark as follows.

Hg supplements were prepared with HgCl, and Hg
acetate at 50-3,000 scg/ml Hg on PGA in Petri dishes with
5 replicates per treatment. Cd was used as CdCl, at
25-1,425 d/ml Cd, Cu as CuSO, at 128-2,048 jig/ml
Cu, U as urany! acetate at 10-3,000 ,g/ml U, Pb as
PbCl, and Pb acetate at 10-3,000.g/m! Pb, Zn as
ZnSO, at 200-3,000,g/ml Zn, and Mn as MnCl, at
50-3,000 ;ig/ml Mn.  Diameters of, colonies formed
were determined 4-15d after inoculation to assess the
affects of heavy metals on the growth of mycelia.

The uptake and translocation of Zn were investigat-
ed by using 25 ;«Ci 8Zn with specific activity of about
5 ;«Ci/mg Zn in each of five pots as previously described
{Tham et al., 1999}, based on the method of Brunnert
and Zadrazil (1983).

Results and Discussion

Heavy metals in G. Jucidum cultivated on mixed sub-
strates Ganoderma lucidum was cultivated on mixed
sawdusts of various trees in Dalat City, Vietnam and
Takasaki, Japan. Table 1 shows the levels of heavy
metals in strains from Sichuan {Southwest China), Habac
Province {North Vietnam), Dalat (South Vietnam) and
Takasaki (Central Japan). Hg and Cd were extremely

Table 1. Contents of heavy matals In Ganoderma lucidum.

Contents ;—f heavy metais in 75 d ;IT’ fruitbodies
{12g/g dry weight, means of 4 samples)

Metal —Dalat . . Sichuan Takasaki ) o
strain Lim steain strain straine  8rrOf (%3)

Cu 33 47 31 28 5
Mn 15 12 19 13 5

Zn 18 27 33 24 5
Ca* <0.15 <0.15 <0.15 <1

Hg 0.07 0.01 0.01 nd 15
Pb 3.4 3.8 5.7 <5 10

U nd<! nd nd trace

a) Determined only by ICP.
b} Determined only by NAA,
c) Not determined.

low in the former thiee strains and Cd was similarly low
in the Takasaki strain (Hg was not determined}. Pb was
slightly higher, beeing highest in the Chins strain. Simi-
lar levels of Cu, Zn end Mn were found by both methods
of analysis, and these accorded with earlier reports {Mizu-
no, 1992; lol et al.,, 1993). U was found in Takasaki
strain and Japanese sawdust at trace lavel {Table 2).
Compared with many other mushrooms, this cultivated
G. lucidum contains very low levels of heavy metals.
High values were obtained for Cd in fungi, averaging
5 1tg/g. as Byrne and Ravnik {1976) showed with some
extraordinary cases of /Hyqgrocybe punicea {Pers.: Fr.) Fr.
{~ 40 nig/g) and others of about 10 4g/g. On the basis
of the Joint FAO/WHO Codex Alimentarius Commissionis
maximum recommended weekly intake of 6.7-8.3 ;g
Cd/ kg body weight, or 500 ;¢g for adult, only a modest
consumption of such mushrooms would be ‘acceptable.
Woidich and Pfannhauser {1975) determined Hg in edible
fresh, dried and canned mushrogms and found greet vari-
ety, from 0.01-10g/g dry weight. Stegnar et al.
(1973), and Byrne and Ravnik (1976} found an average
more than 2 ig/g Hg in 27 higher fungi in Slovenla, with
the highest values in Boletus spp., Agaricus spp.,
Lycoperdon perlatum Pers,, and particularly Lactarius
deliciosus (L.} Fr. {up to ~-40 yig/g). Therefore, it can be
concluded that G. lucidurm and the sawdusts commonly
used in its cultivation are safe from Hg and Cd contami-
nation. Muramatsu and Yoshida {1997) reported Pb lev--
els in mushirooms in the Tokyo region of around 2 g/g, -
10 times lower than that in the soils where they were col-
lected. They aiso found extremely low contents of U in’
mushrooms, about 200 times lower than that in the soils
(~ 24g/g U). The accumulation factors of Zn, Cu and
Mn were about 1, i.e., lovels of approx. 1,000 y1g/g were
found in both mushrooms and soils. Byrne and Ravnik
{1976) found some special cases such as Scleroderma
vulgare Horn. with 434-600 yrg/g Zn, L. perlatum with

Table 2. Contents of heavy metals in sawdusts.

Contents of heavy metals in various sawdusts
{(yrg/g dry weight, means of 4 samples)

Metal l'—l - -
tt:gg,ﬁ' Lim tiee™ s 1 Al error ("4

Cu 24 17 13 <1 5

Mn 31 32 11 20 5

Zn 31 21 29 17 5

Cd~ <0.05 ~0.05% < 0.05 <1

Hg 0.01 0.01 0.01 nd"

Pb 2.0 1.2 1.7 “5 10

U od nd nd trace

8) Hevea brasiliensis cultivated around Ho Chi Minh City, South
Vietnam.

bt Erythrophloeurn fordii cultivated in North Vietnam. Py

c) S 1: unidentified sawdust from Vietnam,

d) S 2: unidentilied sawdust from Japan, determined only by
ICP.

e] Detrimined only by NAA.

f) Not determined.
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Table 4. Zn uptake and translocation in Garderma lucidum by using ““Zn tracer.

Time after R
Inoculation stipe
tdi e e
8 bhi
30 487 5.65+1.4
35 496 5.90+1.3
40 597 7.10+1.7
45 63;! 7.50+1.7
65 617 7.30+2.0
65 611 7.25+2.5
75 625

7.40+1.8

a
838
665
723
792
864
1,233
1,194

Accumulatian of Zn in®

pilaus basidiospores

b . S
7.55t1.7 "
7.90"1.3
8.65+2.8
9.40 + 3.1
10.25+2.7 451 535:1.3 )
1460125 569 6.75" 1.6

707 8.30+1.7

14.15+2.8

a) 8: cpm 100 mg ! dry weight; error of measuremeants < 6°%.

b: amount of Zn derived from the total 7n aupplemnent (6 mgl into substratea {;#g 100 mg !

dry weight).
b) Mean values % standard devlation.
c) Not determined.

!

metals such as Pb and U are limited to the report by
Rothstein {1965) on the effects of U on yeasts. Al
though uranyl lons, UQ,2+, can not penetrate into the
yeast cells, the transport system for glucose is specially
Inhibited, and associated with binding to carboxyl
groups, the enzyme invertase, located on the outer suu-
face of the cells, is inhibited too. High toxicities of
metals, particularly heavy metals, were determined in
higher plants (Macnicol and Beckett, 1985). The high
tolerance of G. /ucidum to Cu, Mn and Zn might correlate
with its wood-decaying ability, particularly with the func-
tions of ligninocellulolytic enzymes [Adaskaveg et al.,
1990), and this may be a general feature of wood-rotting
fungl.

Zn uptake and translocation jin G. Jlucidum 2Zn
selected as an example of heavy metals capable of incor-
poration into biomass of the Dalat strain of G. fucidum.
When Zn labeled with 5Zn was added to substrates at
the level of 10 ,g/g. it was effectively taken up and
translocated into fruitbodies. Accumulation of Zn in pilei
increased up to 75 d of cultivation and exceeded that in
stipes throughout. Traces of ®%Zn were found in dis
charged basidiospores after 50 d of cultivation (Table 4).
Harvested fruitbodies (~ 5% compared with dry weight
of substrates) were analyzed for total Zn content {(by
polarography), and the amount of Zn derived from the Zn
supplement was calculated from the specific activities of
96Zn supplemented and in the fruitbody. The respective
values obtained, approximately 136 and 120 ;g/g. indi
cated that 90% of the Zn accumulated in biomass of
fruitbodies was derived from that added artificially to
substrates. In discharged basidiospores, the amount of
Zn derived from fruitbodies was up to 80 pig/g, as calcu
lated both from specilic activities of #5Zn and by NAA.
Ovaerall, supplemented Zn was used with efficiency of
about 60%. Bano et al. {1981) indicated that Pleuroctus
mushrooms have a tendency to accumulate Zn in their
fruitbodies. Brunnert and Zadrazil {1983} found very
high translocation rates of externally applied Cd and Hg in
Pleurotus djamor (Fr.: Fr.) Boedijn. and P. ostreatus

was

.

N

{Jacq.: Fr.} Kummer, Aichberger and Horak (1975)
reported that the commercial champignon, A. bisporus,
was capable of high Hg uptake up to 30 r:g/g from artifi-
cially contaminated substrates (10 ;:g/g Hg supplement-
ed). However, the application of radiotracers, e.g.,
203k[g and '0°Cd (Brunnert and Zadrazil, 1983), should
lead more exact data for the transportation and accumu-
lation of polluted Hg or heavy metals by mushrooms. '
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