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Nghlen ciu xac dinh mit 5 thanh phan dinh duimg va i ki t0 1 trich ly siéu Am
saponin friterpenoid va ong phenolic fir nam Linh chi den (Ganoderma atrum) ¢ Ngheé An
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Tom tit:

Nghién ctru nay nham muc dich khao sat mgt s6 thanh phan hoa hgc va t6i wu héa diéu kién trich ly siéu am
ham lugng saponln triterpenoid (TST) va tong phenolic (TPC) tir nam Linh chi den (Ganoderma atrum) bang
phuong phap dap lrng bé mat (RSM). Bb tri thi nghiém theo thiét ké Box-Behnken, nhom nghién ciru da xay
dlrng dwgc mo hinh toi wu quy trinh trich ly ham lu’o’ng saponln trlterpenmd (Y, va tong phenolic (Y)) voi 3
yéu t 1a nhiét dg trich ly (X)), thoi gian siéu 4m (X,) va cong sudt siéu am (X). Theo mo hinh, diéu klen ti wu
hoa qua trinh trich ly de thu dugc ham lu’o’ng saponin trlterpenmd va tong phenollc cao nhit 1a nhiét d§ 65°C,
thoi glan siéu Am 83 phut va cong suit siéu am 310 W. Vi cac thong so nay, dich chiét thu dwge ¢6 ham lwgng
saponin triterpenoid la 1,08+0,04% va tong phenolic 1a 122,52+0,15 mg GAE/g.

Tir khda: bé mit dap ing, Ganoderma lucidum, saponin triterpenoid, tong phenolic, trich ly siéu am.

Chi s6 phin logi: 1.4
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Trong tu nhién, ném 1a sinh vat dong vai tro rat quan
trong, néu khong ¢ nam, chu trinh tudn hoan vét chat s&
mat di mot mét xich quan trong trong viéc phan huy chat
bé hiru co. Nam 1a mot nguon thuc pham giau dam, day
du cac vitamin va axit amin thiét yéu, trong ndm chtra
ham lugng chat béo it va d6 1a nhitng axit béo chua bio
hoa, gia tri ning luong cao, giau khoang chit va co tac
dung t6t cho sire khoe.

O Viét Nam, Trung Quéc va mot s6 nudce chau A khac
thi nAm Linh chi den dugc coi 1a mot loai thao duge quy,
¢6 nhiéu tac dung tich cuc cho stic khoe con ngudi [1, 2].
Ngoai ra con c6 nhiéu loai ndm Linh chi khac nhu: Linh
chi do, Linh chi xanh, Linh chi vang... Trong nim Linh
chi den c6 chira nhiéu thanh phan hoéa hoc nhu axit amin,
vitamin, protein, khoang, carbohydrate va nhiéu hop
chét co hoat tinh sinh hoc ¢ gia tri nhu polysaccharide,
triterpenoid, saponin, phenolic, flavonoid, steroid... [3,
4]. Trong d6, saponin c6 nhiéu cong dung t6t dbi véi sirc
khoe con ngudi nhu ngén ngtra ung thu, tang cudng stic
khoe cua hé xuong, kich thich hé mién dich... 5, 6].

Viéc khai thac cac hop chét c6 hoat tinh sinh hoc, cac
thanh phan dinh duorng trong nam duoc liéu néi chung
va ndm Linh chi noi riéng bang cac cong nghé ché bién
hién dai, tao ra dugc cac san pham giau hoat chat dé ung
dung san xuat cac loai thuc pham chirc ning c6 kha nang
hd trg, nang cao sirc khoe 1a hudng di duoc cac nha khoa
hoc ciling nhur cac doanh nghiép hét sirc quan tam. Nghién
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ctru nay nham muc dich khao sat mot s6 thanh phan dinh
dudng va xdy dung quy trinh trich ly mét s6 hoat chat
tir ném Linh chi den dugc thu hai tai Khu bao ton thién
nhién Pu Hoat, tinh Nghé An.

Poi tuong va phuong phap nghién ciu
Déi twong

Nam Linh chi den dugc thu héi tai Khu bao ton thién
nhién Pu Hoat, tinh Nghé An. Mau duoc séy kho va
nghién nho, sau do6 sang qua ludi sang kich thude 2 mm
dé thu dugc mau co6 kich thudc dong nhat, mau dugc hut
chan khong va bao quan ¢ -20°C trudc khi tién hanh cac
bude tiép theo.

Phuwong phap nghién ciru

Xdc dinh dg dm: do 4m dugc xéc dinh theo AOAC
2003 [7], mau duge cho vao tu sdy va sdy kho ¢ 105°C
dén khi khoi lugng khong doi.

Xdc dinh ham leong chdt béo thé: chét béo thd duoc
xac dinh bang cach chiét xuat mau kho voi dung moi
dietyl ete [8]. Loai bo dung méi bang may cat quay chan
khong, phan trim chit béo duoc tinh theo cong thirc:

KL cin chiét dietyl ete

Chét béo tho (OA)) KL miu khd ban dau

x 100 (1

trong d6: KL: khi lugng.

Xac dinh ham lwang chdt xo: 10 g miu am khong
chira chit béo duge gia nhiét & 80°C trong 30 phut voi
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Abstract:

The objective of this study was to investigate
the nutritional composition and the optimal
conditions of ultrasonic extraction of total saponin
triterpenoid (TST) and total phenolic content (TPC)
from Ganoderma atrum using response surface
methodology (RSM). An optimal model according
to the Box - Behnken design has been formulated
to extract TST Y, and TPC Y, with three factors:
extraction temperature (X)), ultrasonic time (X)),
and ultrasonic power (X,). Following this model,
the optimal parameters for the extraction process
to obtain the highest content of TST and TPC were
extraction temperature of 65°C, time of 83 mins and
ultrasonic power of 310 W. The experimental values of
TST and TPC were 1.08+0.04% and 122.52+0.15 mg
GAE/g, respectively.

Keywords: Ganoderma atrum, response surface
methodology, saponin triterpenoid, total phenolic,
ultrasonic extraction.
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200 ml dung dich axit sunfuric 0,25 N (thé tich dwoc giit
khong doi bﬁng cach cho thém nudc nong). Hon hop sau
d6 duoc loc va can dugc rira sach béng nude nong dé
khong bi axit. Phan can duoc xir Iy vai 200 ml dung dich
NaOH 0,32 N va mot lan nita dugc rira bing nudc nong,
con va ete dé loai bo kiém. Can duoc cho vao chén nung
sdy kho 12 gid & 80-100°C va can (W)). Sau do, chén
nung dugc nung trong 10 nung ¢ 600°C trong 5-6 gio, lam
ngudi va can lai (W,) [9].

Ham luong chit xo duoc tinh theo cong thirc:
Chﬁt X (%) KL can trwéc khi nung (W1)—KL can sau khi nung (W2) x 100 (2)

KL mau 4m khong chira chat béo

Xac dinh tro tong: ham lugng tro duge xac dinh bang
cach nung mau trong 10 nung ¢ nhié¢t dé 600°C trong 5-6
gi0 [9]. Ham lugng tro dugc tinh theo cong thurc:
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KL tro
KL méu kho x 100 (3)

Ham lwgng tro (%) =

Xac dinh ham lwong protein: ham luong protein tho
thu dugc dugc bang cach nhén gia tri nito tong (N) theo
hé 56 6,25 [10]. Phan trdim protein trong mau duoc tinh
bang cong thirc:

Ham lugng protein tho (%) = %N x 6,25 4)

Ham luong nito téng duge xac dinh theo phuong phép

Kjeldahl:
N (%) = (VaxNa—Vl‘,;Nb)xlA-Ol )
trong do: V.: ml HCl do trong binh nén (chung cat); Vi
ml NaOH du'oc sir dung dé chuan do trong binh nén; N
dinh mtrc HCI vao binh nén; N,: dinh murc cua NaOH
duge st dung dé chuan do; W: kh01 luong bot nam sir
dung dé phan tich (g).

Xdc dinh ham lwong tong carbohydrate ham luong
tong carbohydrate [11] duoc tinh theo cong thirc:

Ham luong carbohydrate thd (%) =100 - (protein tho
+ chat béo tho + chat xo thd + tro)] (6)

Xac dinh ham lwong saponin triterpenoid téng: ham
lwgng saponin triterpenoid tong cua dich chiét tir nam
Linh chi den dugc xac dinh theo phuong phap ctia Chen
va cs (2007) [12]. Mau sau khi trich ly dugc loc va pha
lodng 10 1an, hat 2 ml mau da pha lodng vao dng nghiém,
thém 1an luot 1a 0,2 ml vanilin - axit acetic (8%), dun
cach thuy va u ¢ 60°C trong 15 phut. Sau 15 phut, cic
ong nghiém duoc lay ra lam mat, bd sung ethyl acetate
sao cho tong thé tich du 5 ml. Téng ham luong saponin
triterpenoid dugc phan tich dya trén phu:ong phép do do
hap thu quang phd & budc song 550 nm voi chat chuan la
axit oleanolic (may do quang pho Agilent 8453). Két qua
duoc biéu thi bang gam axit oleanolic duong luong trén
100 gam khdi lwong kho (%).

Xac dinh ham luvong tong phenolic: ham luong tong
phenolic tir dich chiét ndm Linh chi den dugc xac dinh
theo phuong phap Folin-Ciocalteu [13]. Hat 1 ml dich
mau pha lodng thém 5 ml thuoc thir Folin-Ciocalteu

10% va lac déu, sau 3 phut tlep tuc thém 4 ml dung dich
Na,CO,7,5%, lac déu va dé yén 1 gid trong bong t0i, sau
do tlen hanh so mau ¢ budc soéng 765 nm bang may do
quang pho Agilent 8453.

Phwong phap quy hoach thuc nghiém: lga chon
phuong phip bé mat dap ung (Response surface
methodology) dé t6i vu hoa diéu kién trich ly ham luong
sapomn triterpenoid va tong phenohc tr ndm Linh chi
den ¢ hd trg bang ky thuat siéu am. Ba thong sO quan
trong cua qua trinh trich ly duoc nghién clru bao gom:
nhiét do trich ly (X)), thoi gian siéu am (X,) va cong suat
siéu am (X,). Cac th1 nghiém duoc bd tri theo phuong
phap Box-Behnken gém 17 thi nghiém. Mdi thi nghiém
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duoc tién hanh 3 1an va lay két qua trung binh. M6 hinh
toan hoc mo ta anh hudng cua cac bién doc lap ddi vai
bién phu thudc c6 dang ham da thirc bac hai va cé dang
téng quat nhu sau:

Y= ﬁ0+2 1ﬁlX+Z 1ﬁLLX2+ZZl<}Bl]XX (7)

trong d6: Y: bién phu thudc (ham muc tiéu); X, X bién
ma hoéa (bién doc 1ap) anh huong dén Y; By By BJ cac hé
s6 hdi quy.

Phwong phap trich ly siéu dm: mdi thi nghiém can
10 g mau cho vao binh tam gidc thé tich 500 ml, thém
dung méi véi ty 1& cho trudc theo phuong phap bd tri
thi nghiém ti wu. Cho binh vao thiét bj siéu &m CYF-
TES600N-4S (Pai Loan, Trung Quéc), diéu chinh cong
suat song siéu am theo cac diéu kién thi nghiém. Tién
hanh trich ly theo thoi gian cho trudc. Sau khi két thiic
qua trinh trich ly, dich duoc loc qua gidy loc va mang di
phan tich.

Két qua va ban luan

M@t sé thanh phan héa hoc ciia ndm Linh chi den
0 Nghé An

Két qua khao sat mot s6 thanh phan hoa hoc ctia nAm
Linh chi den thu hai tai Ngh¢ An duogc thé hién & bang
1. P6 4m ctia ndm sau khi thu hai duoc x4c dinh khoang
72,5+0,7%. Ham lugng chat béo thé xac dinh duge 1a
3,15+0,1%, gia tri chat béo thé cua ndm Linh chi den
thu hai tai Nghé An c6 gia tri cao hon trong cong b cta
0. Taofiq va cs (2017) [14] (2,50+0,1). Ham lugng tro
(2,58+0,12%) cua miu nam trong nghién ctru ndy ciing
cao hon mau nghién ciru ctia O. Taofiq va cs (2,4+0,2%),
tuong tu 1 ham luong protein tho (7,45+0,2%) ctia nAm
Linh chi den & Nghé An c6 gia tri cao hon so v&i miu
nghién ctru cia O. Taofiq va cs (6,72+0,04%). Ham
luong carbohydrate tong (63,10+0,5%) ciia mau nam
trong nghién ctru nay thap hon so voi nghién ciru vé nAm
Linh chi cta O. Taofiq va cs (88,4+0,2%).

Bang 1. Ham lwgng mét sé thanh phan trong ndm Linh chi den
& Nghé An.

Thanh phén Ham lugng (%)
Do 4m 72,5+0,7
Chét béo tho 3,15+0,1
Chét xo 22,7240,25
Tro 2,58+0,12
Protein tho 7,45+0,2
Carbohydrate tng 63,10+0,5
o i
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Thiét ligp mé hinh

Cac nghién ctru ban dau da khao sat cac yéu to
anh huong dén qué trinh trich ly ham luong saponin
triterpenoid va tong phenohc tor nam Linh chi den nhu:
nhiét do trich ly, cong suat siéu am, thoi gian, ty I¢ nudc/
nguyen li¢u va nong d§ dung moéi. Trong nghién ctru nay,
tién hanh t6i vu hoa diéu kién trich Iy ham lugng saponin
triterpenoid va tong phenolic véi cac thong s0 khao sat
(bang 2): nhiét do trich ly (50 70°C) cong sudt siéu am
300500 W va thoi gian siéu am 6090 phut. St dung
dung moi trich ly la ethanol 50% va ty 1€ nguyén li€u/
dung moi 1a 1/40 (g/ml).

Bang 2. Bang ma héa cua cac bién dac lap.

Cac mirc ma hoa

Cécbién ddclap Donvi Ky hiéu

-1 0 +1
Nhiét @9 trich ly °C X, 50 0 70
Thoi gian siéu &m  phut X, 60 5 90
Cong sudt siéuam W X, 300 400 500

Su dung phan mém D651gn Expert® phlen ban 7.0 dé
danh gia anh huong cla cac thong 0 qua trinh trich ly
ham luong saponln triterpenoid va tong phenolic €O su
ho trg cua song si€u am tr nam Linh chi den. Két qua
duoc thé hién trong bang 3.

Bang 3. Thiét ké thi nghiém va két qua.

™ X, X, X

. . Ham lwong saponin triterpenoid Ham lwgng tong phenolic

nghiém (°C) (phit) (w) Y, (%) Y, (mg GAE/g)
1 0 18,26 6,34
2 + 0 23,17 7,64
3 + 0 2,55 7,67
4 + 4+ 0 16,79 542
5 0 1621 522
6 + 0 17,98 521
7 0 + 15,86 471
8 + 0 + 20,18 6,93
9 0 21,29 6,34
10 0 + - 15,49 551
11 0 + 15,71 4,68
12 0+ + 19,48 6,92
13 0 0 0 19,53 6,54
14 0 0 0 15,54 4,06
15 0 0 0 22,76 7,94
16 0 0 0 17,13 6,17
17 0 0 0 18,50 7,17

Ghi ch: +: ma héa mirc cao; -: ma hoa murc thap; 0: tam clia cac bién.
Phan tich sw co y nghia va sw twong quan ctia mé hinh

Ttr cac phan tich hdi quy tuyén tinh cua 17 thi nghiém
da xay dung dugc phuong trinh hoi quy bac hai cua qua
trinh trich ly ham luong saponin triterpenoid va tong



phenolic c6 ho trg cua siéu am tir nam Linh chi den la:

Y, = 1,22 +0,099X, +0,096X, + 0,047X, + 0,050X X,
-0,058X X, - 0,047X X, - 0,15X - 0,18X *- 0,065X.* (8)
Y,= 118,46 + 4,54X + 2,88X - 1,36X, - 1,24X X,
- 1,82X X -2,26X X - 5,01X % - 2,46X 7+ 0,96X > (9)
Két qua phan tich ANOVA cua md hinh bac hai cua Y,
va 'Y, da dugc danh gia bang cac gia tri F, p va R? (bang 4)

Gia tr1 F,pcuaY, la 81,66 va 0,0001; Y, 1a 82,94 va 0,0001
ca hai gia tri déu thoa min didu klen p<0 05, cho thy ca 2

Bang 4. Két qua phan tich hdi quy ham lwgng TST va TFC.

Neubn Y, - TST Y,- TFC
GiiniF  Gidtrip Gid tri F Gid tri p
M hinh 81,66 <0,0001 82,94 <0,0001
X, 120,68 <0,0001 290,19 <0,0001
X, 114,65  <0,0001 116,56 <0,0001
X, 27,92 0,0011 26,04 0,0014
XX, 15,47 0,0057 10,80 0,0134%
XX, 20,46 0,0027 2336 0,0019
XX, 13,96 0,0073 35,93 0,0005
X2 15148 <0,0001 186,18 <0,0001
X2 20522 <0,0001 44,95 0,0003
X2 27,52 0,0012 6,79 0,0351%
Khong tuong thich 0,68 0,6098" 2,50 0,1989"
R? 0,9906 0,9907
CV% 2,46 0,65

NS: khong cé y nghia.
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mé hinh hoan toan ¢6 ¥ nghia thong ké voi do tin cay déu la
99,99% (p<0,0001). H¢ so twong quan bdi (R?) ctia m6 hinh
Y, 12 0,9906 va Y, 1a 0,9907 cho thdy, mo hinh Y, mo ta dén
99 06%, mo hinh Y mo ti dén 99,07% su thay d01 cua cac
ham muyc ti€u phy thuoc vao c4c bién anh huong. Chuén F cua
mo hinh Y, 14 0,68 (p=0,6098 va Y, la 2,50 (p =0,1989) chi ra

“su khong tucmg thich” ctia 2 mo hmh 14 v6 nghia. Piéu nay
tot cho qué trinh thiét 1ap mo hinh mo phong thuc nghiém.

Anh hwéng ciia cdc yéu to dén qud trinh trich ly

Duya vao md hinh da thire bac 2 thyc nghiém, dir ligu thuc
nghi¢m dugc phan tich bang phuong phap bé mit dap g sur
dung phan mém Design-Expert 7.0. Céc truc X va Y cua bé
mat dap | ng 3 chiéu dai dién cho 2 yéu t, truc Z 1a mot trong
hai chi s6 dénh gia 1a ham luong sapomn tr1terpen01d va tong
phenohc Ba bé mit dap tmg dwoc xdy dung nhu mo ta trong
hinh 1 va 2.

Anh huong ciia cac yeu t0 dén qua trinh trich ly ham lugng
sapomn triterpenoid ndm Linh chi den dugc the hién & hinh
1 va bang 3. Két qua hinh 1A va bang 3 cho thay, anh hudng
twong tac cua nhiét do trich ly va thoi glan den qua trinh trich
ly ham lugng saponin triterpenoid khi cong suat siéu am duoc
gitr tai tm (400 W). Sy tuong tac cua 2 yéu t0 nay ¢6 y nghia
dén ham luong saponin trlterpenmd thu duge (p<0,05). Dya
vao bé mat dap ung hinh 1A ¢6 thé thay twong tac cua yéu to
nhi¢t d9 va thoi glan 1a twong dwong nhau dén qua trinh trich
ly. Ham lugng saponin triterpenoid tang dat; khi thoi gian siéu
am tang tu 60 den 77 phit, khi thoi gian tiép tuc tang thi ham
lugng saponin triterpenoid c6 xu hudng giam xuéng Ham
luong saponin triterpenoid tong cao nhat khi thoi gian si€u am
nim trong khoang 75-83 phut. Twong ty nhu vay, véi yéu to

TSTC
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nhiét do thi khi nhiét do tang tir 50 dén 65°C thi ham luong
saponin triterpenoid ting, tuy nhién khi nhiét do tiép tuc ting
1én 65-70°C thi ham luong saponin triterpenoid c6 xu hudng
giam, ham lugng saponin triterpenoid cao nhat khi nhiét do
trich ly ¢ khoang 60-67°C.

Trén hinh 1B thé hién anh huong cua cip yeu to cong suat
siéu &m vdi nhiét dg trich ly, 0 tuong tac nay, yéu t6 cong suat
siéu &m anh hudng it hon yeu to nhiét d§. Ham lugng saponin
triterpenoid ting 1én khi cong suat siéu Am ting, giai doan 300-
400 W thi ham lwong tang nhanh, tuy nhién khi cong suat tang
16n 400-500 W thi ham lugng nay c6 tang nhung khong dang keé.

Anh hudng cta cac yéu to dén qua trinh trich ly ham luong
tong phenolic tir ndm Linh chi den dugc thé hién & hinh 2 va
bang 3. Két qua hinh 2A va bang 3 cho thay, anh hudng tuong
tac clia nhiét do trich ly va thoi gian siéu am dén qua trinh trich
ly ham luong tong phenolic khi cong suat siéu am dugc giit tai
tam (400 W). Su tuong tac cta 2 yéu to ndy la co nghia dén
ham luong tong phenolic thu dugce (p<0,05). Ham lugng tng
phenolic tang dan khi nhiét d9 va thoi gian siéu 4m ting, ham
luong tdng phenolic cao nhat khi nhiét do sidu 4m trong khodng
65-70°C va thoi gian trong khoang 81-90 phl'lt Hinh 2B the
hién anh hudng cia cép yéu to cong suét siéu am va nhiét do
trich ly. Anh huong ctia cip yéu to nay la co nghia (p<0 05).
Cong suét siéu am tang thi ham luong tong phenolic giam, tuy
nhién xu huéng giam nay khong dang ké. Ciing nhur & hinh 2A,
khi nhiét do trich ly tang thi ham luong tong phenolic thu duoc
cling tang lén.

Téi wu hod mé hinh

Qua trinh trich ly nham thu dwgc ham lwong saponin
triterpenoid va tong phenolic cao nhét tir dich chiét nam Linh
chi den. Két qua phan tich toi wu héa trén phin mém Design-
Expert® 7.0 cho théy, voi nhiét d6 trich ly 65,74°C, thoi gian
sidu 4m 83,39 phit va cong sudt siéu 4m 307,81 W thi ham
lugng saponin triterpenoid du doan la 1,1966% va ham lugng
tong phenolic du doan 124,05 mg GAE/g.

Dé phu hop céc thong sé cong nghé cua thiét bi, tién hanh
thyc nghiém lai mo hinh t01 wu tai cac thong s6: nhiét do trich
ly 65°C, thoi gian siéu 4m 83 phiit va cong suat siéu 4m 310 W,
két qua thu dugc nhu sau: ham luong saponin triterpenoid 1a
1,08+0,04% va tong phenolic 1 122,52+0,15 mg GAE/g (bang
5). Két qua thyc nghiém lai cho thay quy trinh trich ly phu hop
v6i gid tri toi wu ctia mo hinh.

Bang 5: Két qua trich ly ham lwong saponin triterpenoid va
tédng phenolic ttr nAm Linh chi den theo diéu kién téi wu.

Diéu ki¢n tbi wu Cacham  Gi tri Gid tri
X, X, X, muc tiéu  thwe nghiém* dw doan
Y, 1,08+0,04% 1,1966%
65°C 83 phat 310 W 122,5240,15 mg 124,05 mg
2 GAE/g GAE/g

*: gia tri trung binh cda 3 1&n thyc nghiém (n=3).

TAP CHI
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Nghién ctru ndy di xac dinh dwgc mot sb thanh phan dinh
dudng va diéu kién t6i wu qua trinh trich ly siéu am nham thu
duoc ham lugng saponin triterpenoid va tong phenolic cao nhét
tir ndm Linh chi den thu hai tai Khu bao ton thién nhién Pu Hoat,
Ngh¢ An 1a nhiét d§ 65°C, thoi gian siéu am 83 phut va cong
sudt siéu 4m 310 W. Vi cac thong s6 nay, dich chiét thu duoc
¢6 ham luong saponin triterpenoid cao nhat 1a 1,08+0,04% va
tong phenolic cao nhét 1a 122,52+0,15 mg GAE/g.

TAI LIEU THAM KHAO
[1] S.T. Chang, J.A. Buswell (1999), “Ganoderma lucidum (curt.: Fr.) P.

Karst. (Aphyllophoromycetideae) - A mushrooming medicinal mushroom”,
International Journal of Medicinal Mushrooms, 1(2), pp.139-146.

[2]S.C. Jong, J.M. Birmingham (1992), “Medicinal benefits of the mushroom
Ganoderma”, Advances in Applied Microbiology, 37, pp.101-134.

[3] B. Boh, M. Berovic, J. Zhang, L. Zhi-Bin (2007), “Ganoderma lucidum
and its pharmaceutically active compounds”, Biotechnol. Annu. Rev., 13, pp.265-
301.

[4] X. Bao, X. Wang, Q. Dong, J. Fang, X. Li (2002), “Structural features
of immunologically active polysaccharides from Ganoderma lucidum”,
Phytochemistry, 59, pp.175-181.

[5] B. Han, Y. Chen, Y. Ren, C. Chen (2004), “Content determination of total
saponins from Opuntia”, An Indian Journal of Biotechnology, 10(18), pp.10400-
10404.

[6] Ngb Van Thu (1990), Héa hoc saponin, Khoa Dugc, Truong Pai hoc Y
Dugc TP Hb Chi Minh.

[7TAOAC (2003), Official Methods of Analysis of the Association of Official
Analytical Chemists.

[8]N. Raghuramulu, N.K. Madhavan, S. Kalyanasundaram (2003), A Manual
of Laboratory Techniques, National Institute of Nutrition, pp.56-58.

[9] N.A. Khan, M. Ajmal, J. Nicklin, S. Aslam, M.A. Ali (2013), “Nutational
value of Pleurotus (flabellatus) DJAMOR(R-22) cultivated on sawdusts of
different woods”, Pak. J. Bot., 45(3), pp.1105-1108.

[10] S.T. Chang, J.A. Buswell (2003), “Mushrooms - A prominent source of
nutriceuticals for the 21% Century”, Curr: Topics in Neutraceutical Res., 1, pp.257-
280.

[11] J. Ashraf, et al. (2013), “Effect of different substrate supplements on
oyster mushroom (Pleurotus spp.)”, Production Food Science and Technology,
1(3), pp.44-51.

[12] Y. Chen, M.Y. Xie, X.F. Gong (2007), “Microwave-assisted extraction
used for the isolation of total triterpenoid saponins from Ganoderma atrum”,
Journal of Food Engineering, 81, pp.162-170.

[13] V.L. Singleton, et al. (1999), “Analysis of total phenols and other
oxidation substrates and antioxidants by means of Folin-Ciocalteu reagent”,
Methods in Enzymology, 299, pp.152-178.

[14] O. Taofiq, et al. (2017), “The potential of Ganoderma lucidum extracts
as bioactive ingredients in topical formulations, beyond its nutritional benefits”,
Food and Chemical Toxicology, 108, pp.139-147.

10





