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Tém tat

Phat trién bén virng cac ngudn tai nguyén tai tao dang la mét thach thirc 1&n trén toan cau. Sinh khoi
la m&t ngudn nang lugng tdi tao quan trong va la gidi phap thay thé tiém nang cho nhién liéu hoéa
thach. Trong s6 cac phuong phép khai thac sinh khoi, nhiét phan dugc xem la mot ki thudt trién
vong cho phép dbéng thai thu dugc than sinh hoc (biochar), dau sinh hoc (bio-oil), gidm gb
(pyroligneous acid - PA), va khi nhién liéu. Nghién c&ru nay nham khao sat qué trinh nhiét phan va
hiéu suat thu san pham tlr qua ngdi vi tir (Schisandra chinensis) dudi cdc mirc cong suét nhiét khac
nhau. Gidm gbé thu dugc sau d6 dugc chiét tach bang cac dung mdi hiru co gobm ethyl formate,
dichloromethane, methanol va tetrahydrofuran. Cac hoat tinh chéng oxy héa culia cac dich chiét PA,
bao gom kha ndng bat géc tu do va kha nang khir sat (ferric reducing power), da dugc danh gia. Hai
chéat chéng oxy héa téng hgp la butylated hydroxyanisole (BHA) va butylated hydroxytoluene (BHT)
dugc st dung lam d6i ching duong. Két qua cho thdy dich chiét bang dichloromethane thé hién
hoat tinh chong oxy hda vugt trdi so véi cadc dung maoi con lai. Thanh phan hda hoc clia cac dich chiét
cling dugc phan tich bang sac ky khi ghép khéi phé (GC-MS), qua d6 xac nhan rang dich chiét bang
dichloromethane cé dac tinh chéng oxy héa tét nhat trong sé cac mau dugc thir nghiém.

Tir khéa: Schisandra chinensis Baill.; nhiét phan; gidm go,; hoat tinh chéng oxy héa; GC-MS

1. Gidi thiéu
Sinh khéi la mét ngudn tai nguyén tai tao quan trong, va viéc st dung sinh khéi dé san xuat nang
lugng khong chi mang lai lgi ich kinh té€ ma con it gdy hai cho méi trudng hon so véi cac nguodn
nang lugng khac. Sinh khéi c6 thé dugc chuyén hda théng qua cac qua trinh nhiét héa hoc nhu:
nhiét phan, dét, khi hda va héa ldng. Trong s6 d6, nhiét phan la mét phuong phap hiéu qua dé tan
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dung sinh khai, dac biét phl hgp vai cac qudc gia ndng nghiép co lugng 1én phu pham ndng nghiép
san c6 [1,2]. Cac san pham tao ra tlr qua trinh nhiét phan sinh khéi bao gbm than sinh hoc, khi,
hac in va giam gb (pyroligneous acid - PA).

Gidm gb, con goi la nudc gidm gb hodc nudc chung khd gb, 1a mdt hén hgp phirc tap bao gom
nudc, cac loai rugu, axit hiru co, hgp chat phenolic, aldehyde, ketone, ester, dan xuét furan va
pyran, hydrocarbon va hgp chat chira nito [3,4]. Thanh phan va hiéu sudt thu dugc cla giam gb
phu thudc vao loai sinh khéi st dung cling nhu diéu kién nhiét phan. PA la mot loai chat 1dng c6
mau nau do, tinh axit, tan trong nudc, dugc xem la san phdm chung cat tir go, thudng dugc st
dung trong thuéc trir sdu, phu gia thuc phdm tinh ché [5] va tao huang vi khéi cho thuc phdm [6].
Ngoai ra, PA con hitu ich trong cai tao dat va dac biét hiéu qua trong kiém soat ndm maoc va maéi
mot [7,8]. Nhiéu nghién cru cling cho thay PA c6 hoat tinh chéng oxy héa manh. Vi du, giam go tir
tre thé hién kha nang bat géc superoxide va chéng oxy hoda [9]. Cac hoat tinh nay ciing da dugc
ghi nhan & PA chiét t&r dudc (Rhizophora apiculata) [10], v qua 6c ché [11], va vo qua ho dao [12].
V@i ham lugng cao cac hgp chat phenolic, PA dugc xem la chat chéng oxy hda tu nhién tiém nang
va c6 thé dugc ing dung trong nganh thuc pham [11].

Chat chdng oxy hdéa ngay cang dugc quan tam nhd vai tro trong viéc bao vé sirc khde, phong ngura
cac bénh tim mach, xo vira ddng mach, ung thu va qud trinh 1do héa. Nhiéu hgp chat chong oxy
héa cé ngudn géc thuc vat da dugc xac dinh la cé kha nang bat géc tu do [13,14]. Trong nhirng
nam gan day, nhu cau tim ki€m cac chat chéng oxy hda c6 ngudn goc tu nhién dé thay thé cac chat
téng hop ngay cang gia tang, nhat la khi mot sé chat téng hgp bi han ché do lo ngai vé tac dung
phu (vi du, kha nang gay ung thu) [15-17]. M6t s chat chong oxy hda téng hgp nhu 2-tert-butyl-
4-methoxyphenol va 3-tert-butyl-4-methoxyphenol (butylated hydroxyanisole - BHA), hoac tert-
butylhydroquinone hién van dugc str dung trong thuc pham, nhung da bi dat nghi van do cac van
deé doc tinh [18]. Vi vy, cac chat chong oxy hda cd ngudn goc tu nhién tir thuc vat dang thu hat
nhiéu sy chu y. Cac chiét xuat tho tir thuc vat giau polyphenol ngay cang dugc nganh cong nghiép
thuc phdm quan tdm nhg khd nang lam chdm quaé trinh oxy hda chét béo, tir dé nang cao chét
lugng va gia tri dinh dudng cla thuc pham [13].

Nhu d3 dé cap, thanh phan va hiéu suat gidm gb phu thudc vao nguyén liéu sinh khéi va diéu kién
nhiét phan. Da cé nhiéu nghién clru chuyén sau vé thanh phan hoéa hoc va ing dung cla gidm gb
tlr cadc nguon nhu soéi, anh dao, tra xanh, tre, khuynh diép, dudc, huong thao va sinh khoi phé thai
[7,10,19]. Tuy nhién, qua trinh chuyén héa nhiét cdia qua ngi vi tir (Schisandra chinensis Baill., viét
tat 13 S. chinensis), cling nhu thanh phan hoa hoc va hoat tinh chéng oxy héa cla gidam go tir
nguyén liéu nay, van chua dugc nghién ciru day dd.

Qua khé clia ngii vi tir dugc st dung phé bién trong y hoc ¢6 truyén va lam phu gia thuc pham tai
Trung Qudc [20]. Tai Han Qudc va Nhat Ban, loai qua nay dugc irng dung nhu mot vi thuéce bé, an
than va lam se, dung dé diéu tri nhiéu bénh ly khac nhau [21-23]. Cac nghién clru dugc ly hién dai
da chirng minh rang ngti vi tlr c6 tac dung chdng oxy héa, chéng ung thu [24], bdo vé gan, gidi doc,
chéng sinh ung [25], khang viém [26], va c6 thé tac dong I&n hé than kinh trung uong. Ngoai ra, n6
con c6 kha nang gidm mét mai va tang sirc bén, tir d6 ho trg nang cao hiéu suat thé chat trong thé
thao [27]. Tai Trung Qudc, ngli vi tir con dugc sir dung nhu mot chat tao huong va phu gia thuc
pham trong cdc moén ham, sdp, tra, sita chua va chdo [28-31]. Thanh phan hoéa hoc cta qua ngdi vi
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t&r bao gobm tinh dau (terpenoid), polysaccharide, anthocyanin, axit hiru co, vitamin, tannin [35] va
cac hgp chét lignan chira khung biphenyl-cyclooctene [36] nhu thé hién trong Bang 1.

Bdng 1. Thanh phdn héa hoc cua qud ngd vi tu (S. chinensis)

Thanh phan héa hoc Ham luwgng (%) Tai liéu tham khao
Tinh dau thiét yéu 1,2-3,0 [32]
Polysaccharide 1,2-2,2 [33]
Anthocyanin 2,0-3,2 [34]
Terpenoid <1,5 [35]
Axit hru co (axit citric, malic, fumaric va tartaric) <1,0 [35]
Vitamin Cva E <0,5 [35]
Tannin <1,5 [35]
Lignan khung biphenyl-cyclooctene va dan xuét 7,2-19,2 [36]

Nghién c(ru nay nham tim hiéu qua trinh nhiét phan qua ngdi vi tir (Schisandra chinensis) nhu mét
phuong phap dé thu nhan gidm goé c6 ngudn gdc tu nhién vai tiém nang chéng oxy hoa, dong thai
gop phan giam thiéu 6 nhiém tir viéc sir dung nhién liéu hdéa thach. Mét muc tiéu quan trong khac
la danh gia ham lugng phenolic, khad nang bat goc tu do va nang luc khir sat cda cac dich chiét
gidam gb ngl vi tIr trong bon loai dung moi: ethyl formate, dichloromethane, methanol va
tetrahydrofuran. Cadc mau chiét dugc thu sau qua trinh nhiét phan véi cdc mdc cong suét gia nhiét
khac nhau. K&t qua nghién ctru cé thé lam nén tang cho viéc phat trién cac chat chéng oxy hda va
bdo quan c6 ngudn goc tu nhién tir gidm gb ngi vi tu.

2. Két quava Thao luan

2.1.  Anh huéng cGia d6 am va nhiét do tao hinh dén hiéu qua ép tao thanh

Phan ba kho sau sdy, v&i cac mirc dd am khac nhau (3,5%; 4,0%; 5,0%; 5,5%; 6,5%; 8,0%; 9,5%;
10,5%; 11,5%; 13,0%; 14,0%; 15,5%; 16,0%; 17,5%), dugc lan lugt cho vao phéu nap liéu. Sau dé,
ong gia nhiét dién dugc khai dong va nhiét do tao hinh dugc gilr 6n dinh & mirc 200 °C. May ép
truc vit dugc kich hoat, dua nguyén liéu vao éng dinh hinh dé tao thanh ép. Hiéu qua ép tao thanh
& cac mirc dé am dugc thé hién trong Bang 2.

K&t qua cho thay, khi d6 &m cGa nguyén liéu dudi 5% hoac vugt qua 15%, qua trinh ép tao thanh
khong thé thuc hién duoc. & khoang 5%-8% hoac 13%-15%, tuy van cé thé tao thanh nhung chat
lugng thanh ép kém, hinh dang khéng 6n dinh. Nguaoc lai, khi d6 am nam trong khoang 8%-13%,
cac thanh ép tao ra c6 hinh dang tét, chac chan va bé mat dong déu. Vi vay, khoang d6 am téi uu
dé san xuat thanh nén 1a tir 8% dén 13%.

Bdng 2. Anh huéng ctia d6 Gm dén khd ndng ép tao thanh clia ba nguyén liéu

D6 am (%) <5% 5%-8% 8%-13%  13%-15% >15%
Cé thé ép taothanh  Khéng Gannhukhong Co Gan nhu khong  Khong

O mot thi nghiém khac, bd nguyén liéu c6 d6 am 10,0% dugc dua vao phéu, sau do ti€én hanh tao thanh &
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cac muc nhiét dé khac nhau: 50, 100, 150, 200, 250, 300, 350 va 400 °C. Két qua dugc trinh bay & Bang 3.

Khi nhiét d6 tao hinh dudi 150 °C hodc vugt qua 400 °C, viéc ép tao thanh khdng thuc hién dugc.
Trong khodng 250-400 °C, tuy c6 thé ép thanh nhung chét lugng thanh ép kém, xuat hién nhiéu
Vet nurt trén bé mat. Pac biét, & 350-400 °C, thanh ép con bi hién tugng chay xém hodc than héa
bé mat. Trong khi d6, & mirc 200 °C, cac thanh ép dat chat lugng tét nhat: bé mat khéng nut, khong
bi than hoa, téc do tao thanh cling cao nhat trong tat ca cdc mdrc thr nghiém.

Bdng 3. Anh huéng ctia nhiét do dén khd ndng ép tao thanh cda bd nguyén liéu

Nhiét do ép(°C) 50 100 150 200 250 300 350 400
Cé thé ép tao thanh Khong Khoéng Cé Ccé cé cé Gan nhu khéng Khong
Nt bé mat —_ — (0 Khong Cé co Nhiéu —_
Than héa bé mat R p—— Khéng Khong Motit Mot phan Toan bo Nang
Téc d6 ép (kg/phit) — —— 2,1 2,0 1,8 1,8 1,7 —

2.2. Pudng cong nhiét phan va hiéu sudt thu sdn pham

Pudng cong nhiét phan thé hién mai quan hé gilra nhiét do va thai gian phan dng. Cac san pham
thu dugc bao gom khi sinh hoc (bio-gas), gidm gbé (bio-PA), dau sinh hoc (bio-oil) va than sinh hoc
(bio-char), dugc minh hoa trong Hinh 1.

Hinh 1a cho thay, khi cong suat gia nhiét tang, téc d6 tang nhiét cing nhanh hon, dan dén quéa
trinh nhiét phan dién ra nhanh hon. O murc cdng suat cao nhat (1200 W), nhiét d cudi cung cla
qua trinh nhiét phan gan cham ngudng 600 °C.

Hinh 1. (a) Budng cong nhiét phan va (b) hiéu sudt cdc sén phdm nhiét phdn thu duoc
VGi cdc mirc cbng sudt khdc nhau.
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Tuy vao diéu kién nhiét va nhiét dd cudi cung, san pham nhiét phan thu dugc sé& c6 su phan bd
khac nhau. Cu thé, & nhiét d6 thap (<450 °C) va tdc do gia nhiét chdm, san pham chi yéu la than
sinh hoc. Ngugc lai, & nhiét dé cao (>800 °C) va tdc dd gia nhiét nhanh, phan I6n san pham 1a khi.
Trong khi d6, & mic nhiét trung binh va toc d6 gia nhiét tuong déi nhanh, dau sinh hoc la san
pham chiém uu thé.

Theo Hinh 1b, hiéu suat dau sinh hoc & cdc mirc céng suat 200 W, 700 W va 1200 W gan nhu khéng
doi, dao déng quanh murc 21,4-21,5% trén téng khoi lugng sdn pham. Tuy nhién, khi cong suat nhiét
phan tang Ién, lugng khi sinh hoc cling tang dang k&, trong khi ty 1& gidm gb va than sinh hoc lai giam.
Cu thé, & céng sudt 200 W, gidm gb chiém 34,5% téng san pham, cao hon dang ké so va&i 700 W

(30,4%) va 1200 W (27,5%). Tuong ty, hiéu suat than sinh hoc & 200 W dat 28,4%, trong khi chi con
26,1% & 700 W va 22,5% & 1200 W.

Nhu vay, néu muc tiéu la thu dugc lugng gidm gbé va than sinh hoc cao, thi nén vu tién nhiét phan
& cdng suat thap (200 W).

Phan khéi lugng con lai dugc quy vé lugng khi khéng ngung tu. Lugng khi nay chiém 15,6% & 200
W, tang |én 22,1% & 700 W va dat 28,6% & 1200 W. Diéu nay cho thay: cdng suat cang cao, toc do
nhiét phan cang nhanh va lugng khi khéng ngung tu sinh ra cang nhiéu.

2.3. Tach gidm g6 khéi dau sinh hoc

HOn hgp ngung tu thu dugc tir thiét bi ngung tu bao gdm gidm gb (bio-PA) va dau sinh hoc (bio-
oil). Mét phuong phap don gian dé tach hai thanh phan nay 1a lam lanh, trong d6 giam gb néi &
|&p trén va dau sinh hoc lang xuéng |6p dudi.

DPE& khdo sat anh hudng clia nhiét dé 1am lanh dén thai gian tach I6p, nam mau ngung tu (méi mau
200 mL) dugc do chinh xac va dd vao cac binh chiét. Cac mau nay sau d6 dugc lam lanh & cac mirc
nhiét d6 khac nhau (tr -5 °C dén 20 °C). Thé tich cda gidm gb va dau sinh hoc dugc ghi nhan theo
tirng gid. Thai diém ma thé tich khéng thay déi nira dugc xem la thoi gian hoan tat qua trinh tach
|&p. K&t qua dugc thé hién trén Hinh 2.

Hinh 2. Anh huéng cda nhiét @6 dén thoi gian cdn thiét dé tdch gigm gé khdi ddu sinh hoc.
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K&t qua cho thay: cang lam lanh & nhiét d6 thap, hiéu qua tach hai pha cang cao va thdi gian tach
I&p cang rat ngan. Khi dé ngung tu & 20 °C, phai mat gan 350 gid mdi dat dugc su phan tach hoan
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toan. Trong khi d6, & nhiét d6 dudi 5 °C, toc do tach I1&p tang dang ké va toan bd mau dugc phan
tadch hoan toan chi trong vong 12 gid.

Tuy nhién, néu nhiét d6 lam lanh xuéng dudi 0 °C, can sir dung thiét bij lam lanh chuyén dung, kéo
theo chi phi nang lugng cao hon. Vi vay, 5 °C dugc lua chon la nhiét d6 téi uu cho qua trinh tach
giam gb khoi dau sinh hoc. Sau khi phan I&p hoan toan trong binh chiét kin, I6p dau sinh hoc bén
dudi dugc loai bd, va gidm gb (I6p trén) ti€p tuc dugc sir dung dé€ danh gia kha nang chéng oxy hoa.

2.4. Xac dinh ham lugng téng phenolic

Phép th(r Folin-Ciocalteu la mot phuong phap nhanh va don gian dé xac dinh ham lugng cac hop
chéat phenolic trong mau. Trong hau hét cac nghién ciru vé phenolic trong tu nhién, axit gallic
thudng dugc st dung lam chat chudn, do d6, két qua trong nghién ctru nay cling dugc biéu thi
theo "tuong duong axit gallic" (gallic acid equivalents) nham thuén tién cho viéc so sanh véi cac
cdng trinh trudc d6 [37].

Nhu thé hién trong Bang 4, mau PA-200 (gidm gb thu dugc khi nhiét phan & cong suat 200 W) cé
ham lugng phenolic téng cao hon so véi cdc mau PA-700 va PA-1200. Nguyén nhan la do & diéu
kién nhiét do thap, cac hgp chat phenolic khéng bi pha huy (nhiét phan), dong thai mot phan cac
hop chat phenolic tan trong nudc cling dugc gilr lai do téc d6 bay hai dm tlr nguyén liéu dién ra
cham. Vi vay, PA-200 c6 ham lugng phenolic cao nhéat va dugc chon lam mau dai dién dé danh gia
kha ndng chéng oxy hda.

Ngoai ra, Bang 4 cling cho thay, trong sé cac dich chiét PA, hai dung mdi dichloromethane (DMEP)
va methanol (MEP) thu dugc lugng phenolic cao hon dang ké so vdéi ethyl formate (EFEP) va
tetrahydrofuran (TFEP). Diéu nay cho thay cac hgp chat phenolic trong gidm gb cé xu hudng hoa
tan tét hon trong dichloromethane va methanol.

Bdng 4. Ham lugng téng phenolic trong cdc djch chiét giam gbé
(tinh theo tuong duong axit gallic, don vi: mg/g)

Co6ng suat nhiét (W) Ky hiéu mau EFEP: DMEP® MEP: TFEP¢

200 PA-200 236+005 391+£0,13 3,790,174 2,14+0,10
700 PA-700 235x0,12 3,70£0,11 3,470,175 1,99+0,06
1200 PA-1200 230013 281+0,14 269+0,10 1,58+0,08

» EFEP: pha chiét bang ethyl formate cla gidm gb; ® DMEP: pha chiét bang dichloromethane cua
gidm gb; < MEP: pha chiét bang methanol cta gidm gb; ¢ TFEP: pha chiét bang tetrahydrofuran cua
gidm gb

2.5. Kha nang khtr sat

Tiém nang chéng oxy hoa clia cac dich chiét giam gb dugc danh gid théng qua kha nang khir phirc
TPTZ-Fe(lll) thanh TPTZ-Fe(ll) [38]. Chi s6 hap thu quang (absorbance) cang cao thi kha nang khtr
cang manh. K&t qua duogc biéu thi theo don vi tuong duong Trolox (TE), v&i dung mdi lam mau
trang da dugc khau trir.

Hinh 3 thé hién nang luc khir clia cac dich chiét tir giam gb, tuong g véi ba mirc cdng sudt nhiét
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phan khac nhau.

Hinh 3a (PA-200): O nong d6 100 pg/mL, dich chiét bang methanol (MEP) va dichloromethane
(DMEP) cho kha nang khtr rat cao, dat lan lugt 587,55 + 22,50 va 522,05 + 32,20 (TE)/g. Nhitng gia
tri nay vuot xa so vdi dich chiét bang ethyl formate (EFEP, 102,35 + 4,20 TE/g) va tetrahydrofuran

(TFEP, 148,05 £ 8,43 TE/g).

Hai chat chéng oxy héa téng hgp dung lam déi chirng—BHA va BHT—cé nang luc khir & cing néng
do lan luot la 344,05 + 11,11 (TE)/g va 94,35 + 2,34 (TE)/g.

Hinh 3b (PA-700) va Hinh 3c (PA-1200) cling cho thay xu hudng tuong tu, mac du gia tri cu thé ¢
thay d6i theo mdrc cong suéat nhiét phan.

Th tu nang luc khir cdia cac dich chiét & tirng mirc cdng suat dugc sap xép nhu sau:

e« PA-200: MEP > DMEP > BHA > TFEP > EFEP > BHT

« PA-700: MEP > BHA > DMEP > BHT > TFEP > EFEP

e PA-1200: BHA > MEP > DMEP > BHT > TFEP > EFEP

Hinh 3. Khd ndng khir chéng oxy héa clia cdc dich chiét giGm gé sau khi nhiét phan &:
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2.6. Kha nang bat goc tw do DPPH

DPPH la mot loai goc tu do bén vitng, cé kha nang nhan mét electron hoac mét nguyén tir hydro
dé trd vé trang thai 6n dinh [39]. Nh& dac tinh nay, DPPH dugc str dung rong rai trong cac nghién
clru nham danh gia kha nang bat géc tu do clia nhiéu loai mau khac nhau.
Trong phuang phap nay, khity 1& bat gdc DPPH dat 50%, néng dé tuong (ng clia mau dugc goi la
SCs. Gid tri SCso cang thap thi kha nang chong oxy héa cang manh.
Hinh 4. Hoat tinh bat géc DPPH ctia cdc dich chiét gidm gé sau khi nhiét phén J:
(a) 200 W; (b) 700 W; (c) 1200 W.
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K&t qua thé hién trén Hinh 4 cho thay, khi ndng dd giam gb tang, ty & bat géc DPPH (%SC) cling

tang rd rét. Qua dd, c6 thé xac dinh th&r ty hiéu qua bat gbc cla cadc dung modi nhu sau:

MEP > DMEP > EFEP > TFEP.
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Ngoai ra, hoat tinh bat géc DPPH clia mau PA-200 (Hinh 4a) cling cao haon so v&i PA-700 (Hinh 4b)
va PA-1200 (Hinh 4c). Nguyén nhan la do cdng suat nhiét thap giup kéo dai thai gian luu clia cac
san pham 1dng trong qué trinh nhiét phan, tir d6 gilr lai nhiéu phan tlr hoat tinh sinh hoc tan trong
nudc [10].

Cu thé hon, hiéu suét tao sdn pham ngung tu va than sinh hoc phu thudc vao téc dé gia nhiét. Noi
cach khac, khi sir dung céng sudt thap, téc dé nhiét phan cham lai, phan ing nhiét phan dién ra
day du hon, cho ra nhiéu chat ldng ngung tu. Nguoc lai, cong suat cao khién phan (ng xay ra
nhanh, thic ddy hinh thanh cac sadn pham ran nhu than sinh hoc [2].

Khi nhiét phan & céng suat 200 W, gid tri SCs, cla cac pha chiét methanol (MEP) va
dichloromethane (DMEP) lan lugt 1a 41 + 1,2 pg/mL va 92 + 2,3 ug/mL, thdp han dang ké so vdi
EFEP va TFEP. Trong khi d6, SCs, clia hai chat chéng oxy hoa téng hgp doi chirng la BHA: 19 + 0,23
pg/mL va BHT: 60 £ 0,30 pg/mL.

Thi tu khad ndng bat géc DPPH cla PA-200 nhu sau: BHA > MEP > BHT > DMEP > EFEP > TFEP.

Trong khi d6, véi cdc mau nhiét phan & cong suat cao hon (PA-700 va PA-1200), th tu thay déi
thanh: BHA > BHT > MEP > DMEP > EFEP > TFEP.

2.7. Thanh phan héa hoc ctia cac dich chiét gidam go

Thanh phan héa hoc clia cac dich chiét gidam gb tir qua ngi vi tlr (S. chinensis) dugc phan tich bang
ky thuat sac ky khi khéi phé (GC-MS). Cac két qua chi dugc chap nhan khi do trung khdp véi thu
vién phé dat trén 90%. Ham lugng tuong déi clia cac hgp chat dugc tinh bang phuong phap chuan
héa dién tich pic.

Trong cac mudc cdng sudt nhiét phan dugc khao sat, mau nhiét phan & 200 W (PA-200) cho hiéu
suat gidm gb cao nhat va cling ¢ ham lugng phenolic tdng cao nhat. Vi vay, PA-200 dugc lua chon
dé danh gia hoat tinh chéng oxy hoa, v&i bon loai dung moi hitu co khac nhau dung cho qua trinh
chiét tach. Két qua phan tich thanh phan bay hai cia cdc mau chiét PA-200 dugc trinh bay trong
Bang 5.

Bdng 5. Cdc hgp chdt bay hoi ¢ trong dich chiét giGm go PA-200

Retention Molecular RA % *
o. _. . Compounds CAS Number

Time (min) Formula EFEP® DMEP< MEPY TFEP®
1 5.498 Pyridine, 3,4-dimethyl- 000583-58-4 C7HoN — — — 9.07
2 6.106 2,5-Furandione, 3-methyl- 000616-02-4 CsH405 16.43 7.20 17.06 14.35
3 6.489 2-Cyclopenten-1-one, 3-methyl-  002758-18-1 CeHsO 4.89 6.87 — 2.82
4 7.078 Formic acid phenyl ester 001864-94-4 C7HesO2 19.88 2089 17.80 18.39

1,2-Cyclopentanedione, 3-
5 8.065 000765-70-8 CeHzO: 2.50 — — —
methyl-
6 8.686 Ethylidenecyclobutane 001528-21-8 CeH1o 1.70 3.15 — 1.79
7 9.261 p-Cresol 000106-44-5 C;HsO 10.41 16.24 22.84 10.35
Phosphonofluoridic acid, ethyl-,

8 9.429 171741-07-4 Ci1H24FO,P 9.57 12.51 9.50 8.85

nonyl ester
9 9.755 Pyrimidinedione, 2,4(1H,3H)-5-  000932-52-5 C4HsN30, 9.98 12.61 9.29 9.07
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Retention Molecular RA%*
0. _. . Compounds CAS Number
Time (min) Formula  EFEP® DMEPc< MEPY TFEP®
amino-
4-Piperidinone, 2,2,6,6-
10 9.929 000826-36-8 CoH47NO 2.41 3.74 1.87 2.29
tetramethyl-
1M1 9.996 1-Hexene, 2-methyl- 006094-02-6 CiH14 0.71 — 2.38 —
12 10.243 2,5-Pyrrolidinedione, 1-ethyl- 002314-78-5 CeHoNO, 1.21 2.59 — —
13 10.294 4-Pyridinol 000626-64-2 CsHsNO 1.66 — 2.83 —
14 10.510 Succinimide 000123-56-8 C4HsNO, 2.03 7.71 — 2.87
15 10.698 Glutarimide 001121-89-7 CsH;NO, 3.60 — 6.04 3.73
16 10.869 4,5,6-Pyrimidinetriamine 001118-70-7 C4H7Ns 2.23 2.65 — 3.68
3,3-Dimethylpyrrolidine-2,5-
17 10.926 X 003437-29-4 CeHoNO, 1.56 — — 3.27
dione
18 11.261 Creosol 000093-51-6 CgH100; 1.24 — — 1.95
19 11.490 3-Pyridinol, 2,6-dimethyl- 001122-43-6 C;HoNO — — — 0.54
1,4,3,6-Dianhydro-alpha-d-
20 11.655 100009-81-8 CsHgO4 5.01 3.51 — 2.09
glucopyranose
21 13.578 Hydroquinone 000123-31-9 CeHsO> — — 5.75 —
Phenol, 2,2"-methylenebis[6-(1,1-
22f 33.801 000119-47-1 Cy3H3,0, 2.98 2.92 2.05 4.89

dimethylethyl)-4-methyl-]

a RA: Ty Ié dién tich tuong d6i, dugc tinh tr téng dién tich cac pic trong phd GC-MS sau khi d3 loai
trr anh hudng cda dung méi trang.

b EFEP: Pha chiét gidm gb bang ethyl formate

¢ DMEP: Pha chiét gidm gb bang dichloromethane

¢ MEP: Pha chiét gidm gb bang methanol

¢ TFEP: Pha chiét giam gb bang tetrahydrofuran

fHgp chat s6 22 (Butylated hydroxytoluene - BHT): Bugc thém vao dung méi nham én dinh dung
moi trong qua trinh phan tich, khdng phai la thanh phan tu nhién cda gidm go.

Theo cac nghién clru trudce day, dac diém phan hdy nhiét clda vat liéu gb hoac thuc vat phu thudc

nhiéu vao thanh phan hda hoc cla ching - bao gobm cellulose, hemicellulose va lignin [40-42]. Khi
sinh khoi bi phan hdy & nhiét d6 cao, sé tao ra cac hgp chat khac nhau:

Cellulose, hemicellulose va pectin bi phan giai nhiét thanh ketone, rugu, va cac dan xuét

furan, pyran.

Lignin bi phan hdy thanh phenol, guaiacol, syringol, pyrocatechol va cadc dan xuét ctia ching
- cac chat nay thuong phan b trong I6p dau sinh hoc.

Sau khi tach 16p bang phuong phéap lam lanh sau, cac phan t&r nhd hon hoa tan vao I&p nudc (tdrc
la 16p gidm gb - PA), con cac phan tir I6n hon nam & 1&p dau sinh hoc. Hinh 5 thé hién sac ky do
khi va cac thanh phan chinh cé trong dich chiét methanol (MEP).
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Hinh 5. Sac ky do toan ion (TIC) va cdc thanh phan chinh
trong pha chiét methanol (MEP) cia méu gidm gé PA-200.
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Cac s6 thir tu hgp chat trong Hinh 5 tuong Ung vdi cac hop chat dugc liét ké trong Bang 5. Thanh phan
chinh trong pha chiét methanol (MEP) ciia mau PA-200 gobm: p-cresol (22,84%), ester phenyl clia axit
fomic (17,80%), va furandione (17,06%). Trong pha chiét dichloromethane (DMEP), cac hgp chat chinh
cling bao gom p-cresol (16,24%), ester phenyl clia axit fomic (20,89%), va furandione (7,20%).

Tuy cac hgp chat tuong tu cling xuat hién trong hai pha chiét ethyl formate (EFEP) va
tetrahydrofuran (TFEP), nhung ham lugng thap hon mét chat. Bong thai, hoat tinh chéng oxy héa
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cUa MEP va DMEP cling cao hon ro rét so v&i EFEP va TFEP.

Két hgp vai két qua phan tich vé tong ham lugng phenolic, kha nang khir sat, va hoat tinh bat géc
tu do, c6 thé thdy rang cdc nhom hydroxyl phenolic va cac hgp chat chira lién két déi lién hop
(polyenes) déng vai trd quan trong trong viéc tang cudng kha nang chéng oxy hoa clia gidm gb sau
nhiét phan.

Trong nghién clru nay, 12 hgp chat da dugc xac dinh trong cac pha chiét DMEP va MEP, trong khi
EFEP va TFEP lan lugt c6 19 va 17 hgp chat. BPang luu y, BHT (Butylated hydroxytoluene, hgp chat
s6 22) - mot chat dugc bd sung vao dung moi dé duy tri do 6n dinh - chi xuat hién v&i ham lugng
nhé (<5%) va khong phai 1a thanh phan tu nhién cda giam go.

Nhirng két qua nay cho thay cac hgp chat chira nhém hydroxyl phenolic chinh la thanh phan chirc
nang déng vai trd quan trong trong viéc khir chat oxy hda va bat géc ty do. K&t luan nay hoan toan
phu hgp vai cac nghién clru trude d6 [15, 39].

3. Phuong phap thuc nghiém
3.1. Nguyén liéu
3.1.1. Héa chdt

Cac hoéa chat sir dung trong nghién clru bao gom: thudc thir Folin-Ciocalteu, 1,1-diphenyl-1-
picrylhydrazyl (DPPH, 95%), acid gallic, 2,4,6-tripyridyl-S-triazine (TPTZ), Trolox (6-hydroxy-2,5,7,8-
tetramethylchromane-2-carboxylic acid), cung véi hai chdt chéng oxy héa tong hop butylated
hydroxyanisole (BHA) va butylated hydroxytoluene (BHT)—déu dugc mua tir hang Sigma-Aldrich
(St. Louis, MO, Hoa Ky).

Cac hoéa chat khac dat cap d6 phan tich va dugc cung cap bdi Cong ty TNHH Hda chat Sinopharm
(Bac Kinh, Trung Qudc). Nudc siéu tinh khiét dung dé pha va pha lodng dung dich dugc 1y tir hé
thdng nudc loc tham thau nguac Milli-Q (Millipore, Billerica, MA, Hoa Ky).

3.1.2. Nguyén liéu tho

Qua ngii vi t&r (Schisandra chinensis) dugc thu mua tr Céng ty thuong mai San Keshu (Hac Long
Giang, Trung Qudc) va dugc dinh danh thuc vat bdi Gido su Shao-quan Nie, cong tac tai Phong thi
nghiém trong diém vé sinh thai thuc vat rimg, Dai hoc L&m nghiép Déng Bac (Harbin, Trung Qudc).

Sau khi thu nhan, qua ngti vi t&r dugc nghién nho va chiét xuat hai lan bang phuong phéap hoi luu
v@i dung dich ethanol-nudc (ty 1€ 80:20, thé tich/thé tich) & nhiét dd 90 °C trong 2 gid. Muc dich |a
dé thu nhan cac hoat chat nhu: polysaccharide, anthocyanin, terpenoid, acid hiru co, vitamin,
tannin, cac lignan khung biphenyl-cyclooctene va dan xudt cdia chdng. Dich chiét sau d6 dugc co
dac dudi ap suat giam, phan ba con lai dugc bao quan & nhiét d6 -4 °C cho dén khi dem di xtr ly
nhiét héa.
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3.2. Phuong phap
3.2.1. Phuong phdp tao thanh
Phan ba nguyén liéu da dugc chuan bi theo muc 3.1.2 ti€p tuc dugc sdy kho, sau dé dem ép tao

thanh bang thiét bi ép chuyén dung. Qua trinh tao thanh dugc thuc hién theo nguyén Iy nap liéu
lién tuc - xa liéu lién tuc nho thiét bi ép da dugc cai tién.

Cu thé, nguyén liéu sau sdy dugc dua vao phéu nap. Sau dé, 6ng gia nhiét dién va may ép truc vit
dugc khdi dong. Hé théng truc xodn sé& day nguyén liéu vao 6ng dinh hinh, nai ching dugc nén
thanh dang thanh. Cudi cung, thanh ép dugc dua ra ngoai qua clra xa clia éng dinh hinh.

Hinh 6. So @6 nguyén ly hoat déng cta thiét bj ép tao thanh
Hopper

Drive shatt

Spiral propellers

Molding sleeve

Molding rods exit 1y 4} B {3 4 \11" ) =i
s e L bae lis
— \\\\\t\\‘*\t\\“\i\\\\ alh i
Electric heating tube \‘\“‘ \‘ \‘\}‘ \ \\“\\‘ \\ !' ‘
S S S UCTY \tl.:-

3.2.2. Phuong phdp nhiét phén

Cac thanh ép tao ra tr Muc 3.2.1 dugc dua vao hé thdong nhiét phan géom noéi nhiét phan va bé
ngung tu (xem Hinh 7). Sau khi dua thanh ép vao noi, cd néi nhiét phan va b6 lam 1édng dugc khéi
dong. Téc d6 phan Ung nhiét phan dugc ki€ém soat bang cach diéu chinh cong suét gia nhiét, dong
thdi hoi ngung tu dugc thu gom va phan nhua hac in con lai dugc tinh loc.

Sau do, 6ng gia nhiét dién dugc kich hoat dé duy tri quéa trinh. Thai diém két thdc phan dng nhiét
phan dugc xac dinh bang cach theo ddi khdi lugng qua cdm bién can. Cu thé, khi khéi lugng dich
ngung tu tang thém dudi 2%, qua trinh dugc xem la hoan tat va van hé théng dugc déng lai.

Dich ngung tu thu dugc tlr bd ngung tu gbm hai 16p: 16p trén 1a gidm gbé (PA), I6p dudi la dau sinh
hoc (bio-oil). Gidm gb tho sau tach c6 mau nau do trong, gibng nhu nudc tra. Phan can ran con lai
trong nodi sau nhiét phan la than sinh hoc (biochar).

Dua theo dinh luat bao toan khoi lugng, phan chénh léch gitra khéi lugng dau vao va dau ra dugc
quy vé lugng khi khéng ngung tu sinh ra trong qua trinh nhiét phan.
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Hinh 7. So d6 nguyén ly cta thiét bj nhiét phan.
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3.2.3. Phuong phdp chudn bj cdc dich chiét tur giGm gé (PA)

Ba mau gidm gb dugc thu nhan sau qua trinh nhiét phan, bao gobm: PA-200 (gia nhiét 200 W, nhiét
dd t6i da 310 °C), PA-700 (700 W, 440 °C), va PA-1200 (1.200 W, 530 °C). M&i mau dugc thu tir 200
gram qua ngl vi ttr (S. chinensis). Qua trinh nhiét phan dugc xem la két thdc khi khong con sinh
khi mau vang va khong con chat ldong ngung tu.

Sau khi thu dugc, giam gb tho dugc lam kho bang natri sulfat khan dé loai bo nudc. Tiép d6, gidm
gd dugc tron véi cac dung méi hiru co gém: ethyl formate, dichloromethane, methanol, va
tetrahydrofuran - & diéu kién nhiét do phong, khudy tir & téc do 100 vong/phut trong vong 30 phut.
Sau d¢, loai bo natri sulfat bang cach loc, va dich chiét hiru co dugc str dung dé danh gia hoat tinh
chéng oxy héa.

Mdc du cac dung moi trén dugc sir dung trong nghién clru nay, ching khdng dugc khuyén nghi ap
dung cho thuc phdm hoadc dugc phadm do kha nang dé lai ton du ddc hai. Dac biét 1a formate,
dichloromethane va tetrahydrofuran, vi viéc st dung lugng I1&n dung méi hiru co cling khong than
thién v&i moi truong.

Ty lé dung méi dugc sir dung |a bang mot nlra thé tich cla gidm gd. Cac dich chiét thu dugc gom: EFEP
(pha ethyl formate), DMEP (pha dichloromethane), MEP (pha methanol) va TFEP (pha tetrahydrofuran),
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déu la chat 1dng mau nau dac va dugc bao quan trong diéu kién toi, & nhiét do tur 4-8 °C.
3.2.4. Phép thir Folin-Ciocalteu

DE xac dinh ham lugng phenolic téng, nghién clru sir dung phép do mau theo phuang phép Folin-
Ciocalteu, cé diéu chinh nhe so véi tai liéu da cong b trudc do6 [10,43].

Quy trinh thyc hién nhu sau: 18y 1 mL mau gidm gb cho vao 6ng nghiém, thém vao 1 mL thudc thir
Folin-Ciocalteu 50% va 1 mL dung dich natri carbonate 10%. Hén hgp dugc lac xody bang may
vortex trong 30 gidy, sau dé dé phan &ng & nhiét d6 phong trong vong 2 gid.

Mau dugc do quang tai budc séng 765 nm. Pudng chudn dugc thiét 1ap bang acid gallic, va két
qué dugc biéu thj theo don vi mg tuang duong acid gallic trén mdi gram mau (mg GAE/g).

3.2.5. Phép thir kha ndng khir sat (FRAP)

Hoat tinh chdng oxy héa thong qua kha nang khir sat cdia gidm gbé va cac dich chiét dugc danh gia
bang phép thr FRAP c6 cai tién [4].

Dung dich thudc thir FRAP dugc chuan bi tir:
e Dung dich dém acetate 300 mmol/L (pH 3.6)
e Ferric chloride 20 mmol/L
e 2,4,6-tripyridyl-s-triazine 10 mmol/L hoa tan trong HCl 40 mmol/L

Ba thanh phan nay dugc trén theo ty & thé tich 25:2.5:2.5 (v/v/v), va dugc lam nong trudc dén
38 °C trudc khi stir dung.

Trudc khi phan tich, ti€n hanh do quang dung dich thuéc thir (3 mL) cung véi mau trang (3 mL
dung dich dém) tai budc séng 593 nm. Sau d6, cho 100 pL mau thir vao éng nghiém chlra thuéc
thir, lac déu va tiép tuc do quang tai 593 nm sau 90 phut.

Gia tri hap thu quang cang cao cho thay kha nang khir sat cang manh. Két qua dugc bi€u dién theo
don vi tuong duong Trolox (TE/g), tirc la ty 1€ gitra hé s6 goc clia dudng chudn mau va dudng chuan
cla Trolox.

3.2.6. Ddnh gid hoat tinh bdt géc tu’ do DPPH

Hoat tinh bat gbc tu do DPPH cuia gidm gb va cac dich chiét dugc danh gia theo phuong phap cla
Lee va cdng su [44], dong thai so sanh vdi hai chat chong oxy hda tong hgp 1a BHA va BHT.

Cu thé, 1 mL mau dugc tron véi 2 mL dung dich DPPH trong methanol (néng dd 35 mg/L) trong
mat binh thdy tinh t6i mau (d€ tranh anh sang 1am bién tinh phan ing). Hon hgp dugc 1ac tir & t6c
dé 100 vong/phut, sau d6 dé yén & nhiét dé phong trong 30 phut.

Sau thai gian phan (ng, gia tri hdp thu quang dugc do tai budc séng 517 nm bang thiét bi quang
ph& UV-Vis (UV-2550, Shimadzu, Kyoto, Nhat Ban), s&r dung methanol lam mau trang. Gia tri hap
thu cang thap cho thay hoat tinh bat géc tu do cang manh.

Ty Ié kh&r mau DPPH dugc tinh theo cong thirc:

SC % = (Ao — A)/Ao x 100
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Trong do:

e Ao d0 hdp thu cila mau ddi ching (chira tat ca thanh phan trir hgp chat thir nghiém)

e A:d0 hap thu clia mau thir
Gia tri SCso (N6Ng d6 Mau can thiét dé€ dat 50% kha nang khir géc DPPH) dugc xac dinh tir biéu do
bi€u dién m&i quan hé gitta phan tram Urc ché va néng dé mau.

3.2.7. Phén tich GC-MS

Phan tich thanh phan hoéa hoc cla cac dich chiét gidm gb dugc thuc hién bang hé théng GC-MS
Agilent 7890A (Agilent Technologies, Palo Alto, CA, My), s&r dung ¢t mao quan DB-17MS (kich
thudc 30 mm x 0,25 mm, dé day mang 0,25 um). Hé théng con dugc trang bi bd 18y mau tu dong
Agilent 7693 va bd do khéi pho loai EI/CI 5975C inert XL v&i dau do ba truc.

MAu thir (2 L) dugc tiém bang tay theo ché dd khéng chia dong (splitless). Khi mang 1a heli (He)
V@i téc do dong 1,0 mL/phut.
Chuong trinh nhiét d6 16 nhu sau:

e Khdidau &60°C trong 5 phut

e Tanglén 120 °C véi toc d6 10 °C/phut, gilr trong 5 phut

e Tang ti€p dén 200 °C, gilr trong 5 phut

e Cuoicung tang dén 280 °C, gilr trong 15 phut
Nhiét d6 budng tiém va dau do 1an luot 13 280 °C va 230 °C. Ap suét va luu lugng clia budng tiém
la 15,0 psiva 25,0 mL/phut. Khoi phé van hanh & ché d6 ion hoa dién tlr (El) 70 eV, véi dai quét 50-
500 m/z (TIC scan).

4. Kétluan

Nghién clru nay da khdo sat qua trinh nhiét phan va cac san pham thu dugc tir qua ngd vi tdr
(Schisandra chinensis). K&t qua cho thay, khi sir dung mirc cong suat gia nhiét thap, hiéu suat thu
hoi gidm gb (PA) cao han so vdi nhiét phan & cong suét cao.

Dua trén phan tich ham lugng phenolic tdng, mau PA thu dugc & cong suat 200 W (PA-200) dugc
lua chon dé danh gia cac dac tinh chéng oxy héa nhu kha nang bat géc tu do va kha nang khir sat.
Trong s6 cac dung moi chiét, hai pha chiét bang methanol (MEP) va dichloromethane (DMEP) tir
PA-200 thé hién hiéu qua vugt trdi so vd@i cac pha chiét khac.

Phan tich thanh phan héa hoc cho thay, MEP va DMEP giau cac hgp chat phenol va polyene, bén
canh dé 1a cac ketone va dan xuat furan. Diéu nay khang dinh rang cac hgp chat phenolic tir qua
ngd vi tlr chinh 14 nhirng thanh phan chd luc trong kha ndng chéng oxy héa cla gidm gé, déng vai
tro quan trong trong viéc khir cac chat oxy héa va loai bd goc tu do.

Sau qua trinh chiét, cdc dung méi hitu co dugc loai bd bang phuong phap bay haoi chan khong, sau d6
san pham dugc hoa tan lai trong ethanol dé c6 thé img dung vao cac linh vuc nhu thuc pham, dugc
pham, my§ pham va thudc bdo vé thuc vat. Tuy nhién, dé ddm bdo an toan va kha nang g dung thuc
tién, can thuc hién thém cac nghién ciru chuyén sau, dac biét 1a vé doc tinh clia cac dich chiét PA.
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L&i cAm on

Nhém nghién clru xin gli 16i cdm on dén Quy nghién ciru co ban danh cho cac truong dai hoc
trung wong Trung Qudc (ma s8: 2572014EY01) va Quy sau tién sitinh Hac Long Giang da ho trg tai
chinh cho céng trinh nay.

Pong gép cua cac tac gia

LY va YZ thiét ké va dinh hudéng nghién cru; CM va WL thuc hién thi nghiém va x(r ly s6 liéu; YZ va
JL cung cap hda chat, thiét bi va cong cu phan tich; CM soan thao bai viét. Tat ca cac tac gia déu da

doc va phé duyét ban thdo cudi cung.

Tuyén b6 xung dot lgi ich

Cac tac gia tuyén bo khong c6 xung doét lgi ich lién quan dén nghién ciru nay.
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