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Tom tit:

Linh chi 13 mét loai nam dwoec liéu chira cac hoat chit cé lgi cho sirc khée con nguoi.
Cic polysaccharides chiét xuit tir nam linh chi dang nhan dwgc s chii y ngay cang cao
do c6 hoat tinh sinh hoc da dang va tiém niing ing dung trong dwgc phim, my pham,
thuwe pham chire ning va cong nghé sinh hoc. Nghién ciru nay nham khio sat anh huwéng
ciia cac nguon dinh dudng khac nhau dén sy ting sinh khoéi niam, sw tich liy
polysaccharides ngoai bao (EPS) va polysaccharides ndi bao (IPS) ciia nim linh chi
Ganoderma australe (G. australe) trong qua trinh 1én men ngip nuwéc. Két qua nghién
ctru cho thz"iy, trong cac ngu(“)n carbon khao sat, glucose la nguﬁn cho sinh khdi nam cao
va ham luong IPS cao nhit, véi gia tri twong tng lan lwot 1a 7,65 g/l va 125,07 mg/l.
Peptone dwoc chon 13 ngudn nitrogen phu hop nhét véi cic gia tri sinh khéi ndm, ham
lwong EPS va IPS twong ung 1a 7,05 g/l, 74,90 mg/l va 697,04 mg/l. Trong cac ngudn
phosphorus khio sat, KH,PO4 dwoc xac dinh 1a ngudn phu hop nhit, véi cac gia tri
sinh khéi nam, ham lwong EPS va IPS lan luot 1a 7,60 g/1, 186,00 mg/l va 601,14 mg/l.
Nhiirng phat hi¢n nay nhin manh tim quan trong ciia viéc lwa chon nguén dinh duéng
dé cai thién sinh khoi nim ciing nhw ham lwgng polysaccharides ciia nim linh chi G.
australe trong moi trwomg nudi cay ngap nwdéc.
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Abstract:

Ganoderma is a medicinal mushroom containing bioactive compounds that are
beneficial to human health. Polysaccharides extracted from Ganoderma have attracted
increasing attention due to their diverse biological activities and potential applications
in pharmaceuticals, cosmetics, functional foods, and biotechnology. This study aimed
to investigate the effects of different nutrient sources on mycelial biomass production
and the accumulation of extracellular polysaccharide (EPS) and intracellular
polysaccharide (IPS) of Ganoderma australe (G. australe) in submerged culture
conditions. The results showed that, among the carbon sources evaluated, glucose
resulted in high mycelial biomass and the highest IPS production with values of 7.65
g/l and 125.07 mg/l, respectively. Among the nitrogen sources evaluated, peptone was
identified as the most suitable source, yielding mycelial biomass, EPS, and IPS with
values of 7.05 g/1, 74.90 mg/l, and 697.04 mg/l, respectively. For phosphorus sources,
KH;PO4 was found to be the optimal source, with mycelial biomass, EPS, and IPS with
values of 7.60 g/1, 186.00 mg/l, and 601.14 mg/l, respectively. These findings highlight
the importance of nutrient source selection in enhancing mycelial biomass production
and polysaccharides accumulation in G. australe in submerged culture.

Keywords: extracellular polysaccharide, Ganoderma australe, intracellular
polysaccharide, mycelial biomass, submerged culture.

Classification numbers: 4.1, 4.6

1. Pit van dé

Linh chi 12 mot loai ndm duoc liéu ndi tiéng da duoc st dung trong y hoc cd truyén
cia Viét Nam, Trung Qudc va nhiéu nudc chdu A tir hon hai ngan nim trude [1]. Cac
polysaccharides c6 ngudn gbc tir nAm linh chi dang thu hit sy cha y ngay cang ting do cac
hoat tinh sinh hoc da dang va tiém ning (mg dung trong duoc pham, my pham, thyc pham
chtrc ndng va cong nghé sinh hoc [2-6]. Ganoderma australe dugc phan 1ap tir linh chi moc
trén than cay dira hodc trén gc dira dd muc [7]. Triterpenoid, polysaccharides, steroid, cyclic
dipeptide. .. c6 trong ndm linh chi G. australe &3 duwoc ching minh cé cac tic dung nhu
khang viém, chéng xo vita dong mach, ting cudng hé mién dich, chéng ung thu, khang
khuan, chdng vi rat, bao vé gan va chdng 130 hoa [8-10]. Cac nghién ciru vé& ngudn dinh dudng
tang ham luong polysaccharides ctia nm linh chi chii yéu nghién ctru vé ching G. lucidum, trong
khi nghién ctru vé san xuét polysaccharides cta G. australe van con han ché.

Phuong phap 1én men ngap nudc duoc sir dung rong rii dé san xuat polysaccharides
tir ndm linh chi vi n6 cho phép kiém so4t tét hon cac thong sé méi trudng, thoi gian nudi ciy
ngin hon va dé dang mé rong quy mé hon so v6i phuong phap nudi ciy thé qua [11, 12].
Trong hé thong 1én men ngap nudc, polysaccharides dugc san xuat dudi hai dang chinh: EPS,
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duoc tiét vao moi trudng nudi cdy, va IPS, tich lily bén trong soi ndm. Ty 1¢ phan b giita

EPS va IPS c6 thé thay dbi tiry thudc vao didu kién nudi cy, anh hudng truc tiép dén ning
suit tong thé.

Thanh phan dinh dudng 13 yéu t6 then chét diéu chinh sy phat trién ciia nAm va qua
trinh sinh tong hop chat chuyén hoa. Carbon cung cip khung ciu triic cho sy hinh thanh
polysaccharides, trong khi nitrogen anh huéng dén su phat trién sinh khdi va su phan bd
carbon cho qua trinh chuyén héa so cip hodc thir cip [13, 14]. Phosphorus dong vai tro thiét
yéu trong qua trinh chuyén hoa ning luong té bao va tong hop axit nucleic [15], do d6 anh
hudéng dén ca sy ting trudng va kha ning sinh téng hop. Vi vdy, su cin bang giita carbon,
nitrogen va phosphorus (C/N/P) rat quan trong trong viéc xac dinh su tich iy sinh khoi va
hiéu qua san xuat polysaccharides. Cac nghién ctru vé anh hudng cta thanh phan chat dinh
dudng dugc nghién clru ¢ cac chung Ganoderma khac nhau [16-20], nhung viéc danh gia co
hé théng cac ngudn carbon, nitrogen va phosphorus d6i véi ca qua trinh san xuat EPS va IPS
& nam linh chi G. australe van chua day du. Do d6, nghién ctru nay nham muc dich danh gia
anh huong ctia cac ngudn dinh dudng dén sy ting truong sinh khdi nAm ciing nhu ham luong
EPS va IPS trong qua trinh 1én men ngap nudc ctia nam linh chi G. australe.

2. Vat liéu va phwong phap nghién ciru

2.1. Vit liéu

Chung nim st dung trong nghién ctru nay duoc dinh danh bang phuong phép sinh hoc
phan tir ¢6 tén khoa hoc 1a G. australe va dugc luu trir tai Trung tam Thyc nghiém va Phat
trién cong nghé thudc Trudng Pai hoc Lam nghiép phan hiéu tai tinh Pong Nai. Chiing nAm
duoc nudi cay & 25°C trong 7 ngdy trén moi trudng thach khoai tdy dextrose (PDA), bao
quan & 4°C va ciy chuyén mdi bén tudn.

2.2. Khdo sdt nguén carbon

Céac mdi trudng nudi cay véi cac ngudn carbon khac nhau cé thanh phan nhu sau:

+ MT 1.1: Glucose: 20 g/l, cao ndm men: 2 g/l, KH2POu: 1 g/I, MgSO4-7H20: 0,5 g/1.

+ MT 1.2: Mat ri dudng: 20 /1, cao ndm men: 2 g/l, KH2POa: 1 g/l, MgSO4-7H,0: 0,5
g/l.

+ MT 1.3: Khoai tay tuoi: 200 g, cao nam men: 2 g/, KH2PO4: 1 g/l, MgSO4-7H0:
0,5 g/l.

+ MT 1.4: Sucrose: 20 g/l, cao ndm men: 2 g/l, KH2PO4: 1 g/I, MgSO4-7TH,0: 0,5 g/1.

Cac méi trudng duge hip khir tring ¢ 121°C trong 20 phuat. Sau khi dé ngudi, 250 ml
cia moi moi truong khac nhau duoc cdy 4 khoanh gidng (0,5*%0,5 cm) tir dia peptri thach
gidng [21]. Cac nghiém thirc dugc thuc hién 3 1an, nAm dugc nudi bang phuong phap khudy,
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tdc d6 khudy 150 vong/phut, 20 phiit/ngdy. Sau 21 ngay cac nghiém thirc duge xir Iy va xac
dinh sinh khdi ndm va ham luong polysaccharides.

2.3. Khdo sdt nguén nitrogen

Tt ngudn carbon dugc lya chon ¢ thi nghiém 2.2, chuan bi cadc moi truong nudi cay
v6i1 cac nguon nitrogen khac nhau theo cac nghi¢m thirc dudi day:

+ MT 2.1: Ngudn carbon 20 g/, cao ndm men: 2 g/l, KH,PO4: 1 g/l, MgSO4-7H,0: 0,5
g/l.

+ MT 2.2: Ngudn carbon 20 g/l, cam gao: 10 g/100 ml, KH2POu: 1 g/I, MgSO4-7H,0:
0,5 g/l.

+ MT 2.3: Nguon carbon 20 g/1, peptone: 2 g/I, KH2POa: 1 g/l, MgSO4-7H20: 0,5 g/l.

+ MT 2.4: Ngudn carbon 20 g/l, (NH,)2SO04: 2 g/I, KH2PO4: 1 g/l, MgSO4-7H,0: 0,5
g/l.

Céac moi trudng sau khi hip khir tring duoc nudi cay va xir 1y trong cac diéu kién nhu
thi nghiém 2.2.

2.4. Khdo sdt anh hwéng nguon phosphorus

Tu nguén carbon va nguén nitrogen dugc lua chon ¢ thi nghiém 2.2 va 2.3, chuan bi
cac moi truong nudi cay véi cac ngudn P khac nhau theo cac nghiém thirc dudi day:

+ MT 3.1: Ngudn carbon: 20 g/l, ngudn nitrogen: 2 g/l, KH,PO4: 1 g/I, MgSO4-7H,0:
0,5 g/l.

+ MT 3.2: Ngudn carbon: 20 g/l, ngudn nitrogen: 2 g/l, Na;HPO4: 1 g/l, MgSOu-7H,0:
0,5 g/l.

+ MT 3.3: Ngudn carbon: 20 g/l, ngudn nitrogen: 2 g/l, Caz(PO4)a: 1 g/l, MgSO4-7TH,O:
0,5 g/l.

Céac mdi trudng sau khi hap khir tring duge nudi cay va xir Iy trong cac diéu kién nhur
thi nghiém muc 2.2.

2.5. Xdc dinh khéi lwong sinh khoi ndm

Sinh khéi ndm sau 21 ngay nudi céy duoc loc bﬁng giéy loc, soi ndm duoc rira bﬁng
nuée loc 3 1an, sau d6 dugc say & 60°C dén khdi lugng khong d6i. Sau 2 gio dit trong binh
hat 4m, sinh khdi nAm dugc can bang cin phén tich dé xac dinh khéi luong.

2.6. Xdc dinh ham lugng polysaccharides
2.6.1. Xac dinh ham luong polysaccharides ngoai bao (EPS)

Dich méi truong sau khi nudi céy duoc c6 dic dén 100 ml va duge két taa béng ethanol
96% (EtOH) (ty 1¢ 1:4) & 4°C trong 12 gid. Hon hop sau d6 dem ly tam 5000 vong/phut
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trong 20 phut, loai bo phan dich long. Phan ran dugc rira bang EtOH 96% va lam kho, thu

duoc polysaccharides (PS) tho [22]. Ham luong PS duoc x4c dinh bang phwong phap phenol-
sulfuric [23, 24].

- Xay dung duong chuan dinh luong polysaccharide: Tir dung dich chudn D-glucose
100 pg/ml, hat lan luwot 0; 0,1; 0,2; 0,4; 0,6; 0,8; 1 ml cho vao cac 6ng nghi¢m khac nhau va
thém nudce cét vao cho da 1 ml, sau d6 thém vao mdi 6ng nghiém 0,5 ml phenol 5%, 2,5 ml
H2S04 (98%), lic déu dé phan tmg xay ra nhanh va dong nhat. Po mat d6 quang & budc song
490 nm va xay dung dudng chuan D-glucose.

- Pinh lugng polysaccharide tir dich chiét: Hoa tan 0,1 g PS tho vao 100 ml nudc cat,
huat chinh xac 0,1 ml dung dich hoa tan cho vao éng nghiém thém nudc cat cho da 1 ml.
Thém tiép vao dng nghiém 0,5 ml dung dich phenol 5% va 2,5 ml axit H,SO4 ddm dic sau
d6 lac déu. Bé yén hon hop cho ngudi dén nhiét do phong. Po mat d6 quang & budc song
490 nm. Dya vao phuong trinh dudng chuin dé dinh luong ham luong polysaccharide co
trong mau.

Mau tring: Thyc hién trong tu nhu mau thir nhung thay dich chiét linh chi bang nuéc
cat. Him luong PS trong cdc miu nam linh chi dwoc x4c dinh dua trén dudng chuan D-
glucose va theo cong thtrc:
HpS:CpS.V.n
trong do, Cps: ndng do PS trong cao trich ly (mg/ml); V: thé tich dich chiét dem phan tich
(ml); n: hé sb pha lodng; m: khéi lvgng nguyén liéu thd ban dau (g).

2.6.2. Xac dinh ham luong polysaccharides ngi bao (IPS)

Chiét sinh khdi ndm linh chi bang nudc cét (ty 18 sinh khdi linh chi: nude 1:20) & 100°C
trong 2 gio [25]. Gan dich chiét ra binh tam giac, chiét 1an tha 2 thir 3 twong tu 1an 1. Gop
dich chiét 3 1an lai, c6 dic dich chiét dén 100 ml, bd sung ethanol 96% (EtOH) (4 1an dich
chiét co dic) dé yén & 4°C trong 12 gid, hdn hop sau d6 duoc ly tim (5000 vong/phit trong
20 phiit), loai bé phan dich 16ng. Phan rin duoc rira bang EtOH 96% va lam khé, thu dugc
polysaccharide tho. Ham luong IPS duoc xac dinh bang phuong phap phenol-sulfuric tuong
tu truong hop EPS.

2.7. Xir Iy 56 ligu

Céc thi nghiém duoc lap lai 3 1an. Két qua nghién ctru duge xir Iy théng ké bang phan
mém théng ké minitab 16. Sy khac biét giira cac gia tri trung binh duoc danh gia bang
phuong phap phan tich phuong sai hai chiéu (two-way ANOVA) va so sanh nhiéu nhém
(Tukey’s multiple comparisons test) tai mirc y nghia P<0,05.
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3. Két qua va ban luidn

3.1. Anh hwéng ciia nguéon carbon

Puong 1a ngudn cung cip carbon quan trong dé té bao sinh tong hop carbohydrate, lipid,
acid amin va 13 ngudn cung cip ning luong chinh cho su sinh trudng cia té bao [26, 27]. Anh
huéng clia ngudn carbon t6i tang sinh khdi nAm va ham lwong EPS va IPS duoc thé hién trong
bang 1.

Bang 1. Anh hwéng ciia ngudn carbon téi sinh khdi nAm va ham lwong EPS va IPS.

Ngudn carbon Glucose Mat ri dwong Khoai tay Sucrose
Sinh khéi ndm kho (g/l)  7,65+0,25° 7,8110,14° 5,6110,28¢ 7,57+0,36°
EPS (mg/1) 94,80+0,534 155,574+0,83° 184,80+1,00° 124,20+0,34¢
IPS (mg/1) 125,07+0,79* 90,69+0,38° 116,79+0,88° 102,10£0,95°

Cac chit s6 trong cing mdt hang ma khac nhau thi thé hién cac trudng hop co su khac biét co y
nghia thdng ké & mirc y nghia 0,05%.

Theo két qua bang 1, ngudn carbon khac c6 anh hudong déang ké dén sinh khbi ndm
ham luong polysaccharides thu duoc. Mat ri duong cho sinh khdi soi nAm cao nhat voi khbi
lugng 7,81 /1, nhung lai c6 gia tri IPS thap nhéat 90,69 mg/l, diéu nay ching to thanh phan
dinh dudng phong pht ¢ trong mat ri duong dugc wu tién hudng t6i su phat trién sinh khéi
nim hon la dy trit IPS.

Méi trudng chira dich chiét khoai tdy mic du cho sinh khdi soi thap nhét (5,61 g/l)
nhung lai cho ham lugng EPS cao nhét véi gia tri 184,80 mg/l.

Glucose va sucrose cho sinh khdi nAm twong dwong nhau véi gia tri 1an luot 13 7,65
g/l va 7,57 g/l. Trong d6, mdi trudong co sucrose cho ham lugng EPS cao hon moi truong co
glucose. Tuy nhién, méi truong c6 glucose lai cho ham lwong IPS cao nhit véi gid tri 125,07 mg/l.
Két qua nghién ctru cling phit hop véi bao co ciia N.V. Giang va cs (2021b) [27], S. Supramani
va cs (2019) [28], glucose 14 ngudn carbon hiéu qua nhat cho sy sinh truéng va qué trinh tong hop
IPS cua soi ndm. IPS 1a polysaccharides ndi bao thudng dugc chiét tich tir soi nAm. Trong
d6, B-glucan 1a mot trong nhitng thanh phan polysaccharide chinh c6 hoat tinh sinh hoc chu
yéu véi kha ning ting cudng mién dich, khang viém, chéng ung thu, hd trg diéu tri tiéu
duong [29]. Do d6, nghién ctru chon glucose 1a moi trudng nudi cay cd ham luong IPS cao
nhat 1am ngudn carbon cho nghién ctru tiép theo.
3.2. Anh hwéng ciia nguén nitrogen
Trong qué trinh sinh truéng va phat trién, hé sgi ndm sir dung nitrogen dé tong hop céc
chat hitu co nhu purin, pyrimidin, protein va tong hop chitin cho vach té bao [30]. Trong thi
nghiém ndy, soi nim G. australe duge nudi cay trong méi truong chira cac ngudn nitrogen
hitu co (cao nAm men, cam gao, peptone) va ngudn nitrogen vo co (NH4)2SO4. Anh hudng
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ctia ngudn nitrogen t6i sy ting truong sinh khéi ndm, ham lugng EPS va IPS dugc thé hién
trong bang 2.

Bang 2. Anh hwéng ciia ngudn nitrogen téi sinh khéi nim, ham lwong EPS va IPS.

Ngudn nitrogen Caonim men Ciam gao Peptone (NH4)2S04
Sinh khéi ndm kho (g/l)  6,05+0,12° 3,10+0,16¢ 7,05+0,23° 1,95+0,09¢
EPS (mg/1) 113,94+0,96¢ 449,25+0,84* 74,90+0,99¢ 202,77+1,02°
IPS (mg/1) 147,43£1,23¢ 219,87+1,85° 697,04£1,19° 35,66+0,87¢

Cac chit s6 trong cing mdt hang ma khac nhau thi thé hién cac trudng hop co su khac biét co y
nghia thdng ké & mirc y nghia 0,05%.

Két qua bang 2 cho thay, ngudn nitrogen khac nhau c¢6 anh huéng dén su gia ting
sinh khéi ndm, ham luong EPS va IPS. Ngudn nitrogen vo co (NH4)2SO4 khong phai 1a
ngudn thich hop cho su sinh truéng, phat trién ctia soi nam ciing nhu qua trinh sinh tong hop
PS. Cu thé, nghiém thtrc sir dung (NH4)2SO4 cho sinh khdi sgi ndm 1,95 g/, ham luong IPS
cling thap hon khi sir dung nguon nitrogen hitu co. Piéu nay c6 thé do tinh phii hop han ché
ctia ngudn nitrogen vo co d6i v6i qua trinh tong hop protein hiéu qua ¢ nAm G. australe [31].
Nitrogen vo co can chuyén héa thém trudc khi duoc dong hoa, diéu nay co6 thé 1am giam
hiéu qua sir dung nitrogen va do d6 han ché sy tich Iy sinh khéi va tong hop PS.

Trong cac ngudn nitrogen hitu co, peptone 1a ngudn phu hop nhét véi su ting trudng
sinh khdi nam ciing nhu qua trinh tong hop IPS. O nghiém thuc sir dung peptone sinh khoi
nam dat 7,05 g/1, trong khi stir dung cam gao chi dat 3,10 g/l va cao nam men 6,05 g/l. Ham
lugng EPS trong mdi truong nudi ciy co peptone (74,90 mg/l) dui ¢6 thap hon trong cic moi
truong con lai, tuy nhién ham luong IPS trong moi trudng co peptone dat gid tri cao nhit
697,04 mg/l cao hon 3-6 1an so voi moi trudng cam gao va cao ndm men. Piéu nay co thé
do ngudn nitrogen hitu co trong peptone cung cap cac axit amin va peptit nho dé dang co
san, c6 thé duge két hop truc tiép vao protein té bao, do d6 ting cudng sy phét trién ciia soi
nam [32]. Sinh khéi duoc cai thién c6 thé thuc day su tich liy IPS [33]. Nghién ctru cia
P.K.H. Nguyen va cs (2023) [34] va Q.H. Fang va cs (2002) [31] cling bao cdo peptone la
ngudn nitrogen thich hop nhat trong qua trinh sinh tong hop PS cta ndm G. lucidum trong
moi truong nudi cdy 1én men dich thé. Do d6, peptone dugc lua chon 13 ngudn cung cip
nitrogen & céac thi nghiém tiép theo ctia nghién ctru nay.

3.3. Anh hwéng ciia nguén phosphorus

Phosphorus 12 nguon dinh dudng thiét yéu anh huong dén téc do sinh tong hop va qua
trinh chuyén héa céc chat trong ndm linh chi. Trong nghién ctru nay, KH,PO4, Na;HPO4,
Ca3(POs), duge st dung dé khao sat anh hudng cta cac ngudn P khac nhau t6i su ting sinh
khéi ndm ciing nhu qua trinh téng hop EPS va IPS cua G. australe. Két qua khao sat thé hién
trong bang 3.
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Bang 3. Anh huwéng ciia ngudn phosphorus téi sinh khdi nAm, ham lwong EPS va IPS.

Nguodn phosphorus KH,PO, Na,HPO, Cas(PO,):
Sinh khéi ndm kho (g/1) 7,60+0,30° 7,35+0,46° 6,90+0,62°¢
EPS (mg/l) 186,00+1,22° 182,5140,76" 123,43+1,42°
IPS (mg/l) 601,14+0,92° 543,24+1,10° 389,33+1,54°

Céc chit s6 trong cing mét hang khac nhau cd sy khac biét c6 y nghia théng ké & mirc y nghta 0,05%.

Két qua nghién ctru cho thdy, méi trudng c6 ngudn phosphate d& hoa tan nhu KH,PO4,
Na;HPO4 cho sinh khéi nam 1an luot 1a 7,60 g/1; 7,35 g/l va ham lugng EPS (186,00 mg/l;
182,51 mg/l), IPS (601,14 mg/l; 543,24 mg/l) cao hon méi truong chira nguén phosphate
kho hoa tan nhu Ca3(POs),. Piéu nady co thé thiy rang, phosphate d& hoa tan (co trong
KH>PO4 va Na;HPO4) hd trg cac qua trinh sinh truong va tong hop trao doi chat [35], con
phosphate trong Cas(POa): it kha dung hon, qua trinh trao doi ning luong bi han ché, din
dén sinh khdi it va giam tong hop EPS/IPS.

Bang két qua ciing cho thay, méi truong chira KH2PO4 cho ham luong EPS va IPS
cao hon trong méi truong c¢6 Na,HPO4. Piéu nay cho thay rang, phosphate dugc cung cip
cung voi K* ¢6 thé hd trg phan bd carbon ndi bao hudng téi polysaccharides du trit hidu qua
hon Na* trong céac diéu kién thir nghiém. Duya trén ning suat EPS va IPS thu duoc cho thiy,
KH>PO4 12 ngudn phosphate thich hgp cho viéc nudi trong nAm G. australe dang dich thé.

4. Két luan

Két qua nghién ctru cho thiy, ngudn dinh dudng c6 anh huong rd rét dén sinh truong
va tich lity polysaccharides trong qua trinh 1én men ngdp nudc cia G. australe. Cu thé, su
thay doi ngudn carbon, nitrogen va phosphorus da dan dén khac biét dang ké vé sinh khoi
nam ciing nhu ham luong EPS va IPS. Trong cac diéu kién khao sat, glucose, peptone va
KH2PO; dugc xac dinh 1a nhitng ngudn dinh dudng phi hop nhat, cho hiéu qua cao trong ca
tang sinh khéi va tich lily polysaccharides. Tuy nhién, dé t6i vu hoa hon nira qué trinh san
Xuat, can tiép tuc nghién ciru 4nh huong ciia ndng do cac thanh phan nay nham xac dinh diéu
kién t6i wu cho hiéu suat EPS va IPS cao nht.
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