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TOM TAT

Qua chudi hot (Musa balbisiana) chira nhiéu chat cé hoat tinh sinh hoc, trong d6 ham lugng
polyphenol va saponin chiém ti 16 cao. Nghién ctru nay dugc tién hanh dé danh gia hiéu qua cia phuong
phap trich ly co hd trg cua séng siéu am (UAE), vi song (MAE) va ngdm tinh dén hiéu qua thu nhan
chlet xuét giau polyphenol va saponin tlr qua chudi hot. Tir @0, phuong phap ¢6 hiu qua cao nhit dugc
tiép tuc nghién ctru sang loc va téi wu hoa cac didu kién trich ly. Két qua nghién ctru cho thy, phuong
phap MAE cho hi¢u qua cao hon hai phuong phap con lai véi cac thong so khao sat thu nhén duoc 1a
dung moi methanol 70%, cong sut vi song 360 W vdi tan suét vi song 4 gidy/phut trong thoi gian 40
phat, chiét xuit thu dwoc c6 ham lugng polyphenol (TPC) va saponin (TSC) lan luot 1a 71,03
mgGAE/gCK va 60,62 mg/gCK. Két qua thu nghiém sang loc cho thdy yéu td cong suat vi song, tan
suét vi song va thoi gian vi soéng c6 anh huong dén qua trinh trich ly thu nhan dich chiét. O diéu kién
t6i wu ham lugng polyphenol va saponin dat gia tri cao nhat lan luot cuc dai v6i 74,04 mgGAE/gCK va
64,65 mg/gCK khi dugc trich ly voi cong suat vi song 360,02 W, tan sudt vi song 4,17 gidy/phut va thoi
gian vi song 41,93 phat. Phd FT-IR va phd Raman cua chiét xuét thu nhan dugc ¢6 cac dinh trén sic ky
dd dic trung cua cac hop chit polyphenol va saponin.
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1. GIOI THIEU

Chubi hot (Musa balbisiana) thudc chi Musa, nguén géc hoang dai, 1a mét loai trai cay phé bién
tr vung nhiét déi An Do - Malaysia, Chau A va Chau Uc. Chudi hdt ¢6 nhiéu loi ich cho strc khoe con
ngudi nhd vao ham lwong dinh dudng phong phi va cac hop chat ¢ gia tri duoc liéu [1]. Qua chudi hot
¢6 chira nhiéu cac hop chat chuyén héa thtr cap nhu flavonoid, polyphenol, tannin, monoterpenoid va
sesquiterpenoid, quinon va saponin, ciing nhu 14 ngudn cung cép kali, chloride, calcium va carbonate
[2]. Sy trao ddi chét thu cép o thyc vat tao thanh cac hop chét ¢ hoat tinh sinh hoc ¢6 nhiéu tiém nang
diéu tri khac nhau. Phin thit qua chudi hot chira a-carotene, p- carotene va p-cryptoxanthin; cac
carotenoid khac, ching han nhu lycopene va lutein dugc biét 1a ¢6 tac dung cai thién kha niang mién
dich va giam nguy co mic nhidu bénh nhu ung thu, tiéu dudng loai 2 va cac van dé vé tim mach [3].
Chiét xuét trong methanol tir bot qua chudi hot co chira acid chlorogenic, (-)-epicatechin, catechol,
kaempferol 3-O-sophoroside, quercetin 3-O-[2-O-B-D glucopyranosyl]-a-L rhamnopyranoside, rutin va
apigenin-6-C glucoside-7-O-glucoside. Nhirng hoat chat nay c6 vai tro quan trong quyét dinh cac hoat
tinh sinh hoc va nhimg tac dong c6 loi dén stic khoe [4].

Qua chudi hot chira ham lugng saponin va polyphenol cao hon cac hoat chit con lai [5]. Saponin
va polyphenol duoc biét dén 1a nhitng hop chét tu nhién phd bién xuét hién trong nhiéu loai thao dugc
quy va dugc st dung rong réi trong nhiéu linh vuc, dic biét 1 trong dwoc pham [6]. Polyphenol la chat
chuyén hoéa thtr cip quan trong, 1a thanh phan chie nang trong thyc pham vi chung co thé ngan chan
qua trinh oxy hoéa lipid, ngén ngira nam mdc va sy phat trién ctia vi khuan. Thit qua va vo chudi chira
nhiéu hop chit polyphenol khac nhau nhu acid gallic, catechin, epicatechin, tannin va anthocyanin. Do
d6, ching thé hién dugc kha ning khang oxy hoa cao, khang khuan va khang mdc. Chudi chira mot
luong dang ké polyphenol téng va cac hop chit flavonol. Ham lugng phenolic téng trong chudi chiém
khoang 7 mg/100 g trong lwong twoi [7]. Saponin 14 chat chuyén héa thir cip gitip chi Musa c6 hoat tinh
chéng loét, lam lanh vét thuong, tri dai thao duong, lam thude giai doc cho noc ddc crotalidae, hoat tinh
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chéng soi, hoat dong co co xuong. Nhimng hop chat thuoc nhém saponin trong cay chudi hot da duge
cong bd bao gdm protopanaxadiol (nhém steroidal saponin), gypsogenin, acid gypsogenic, acid quillaic,
hederagenin (nhém triterpenoid saponin) [8]. Nhu vay, qua chudi hot c6 chtra ham luong cao cac hop
chat nhém polyphenol va saponin, gop phan thé hién nhidu hoat tinh sinh hoc quan trong.

Hién nay, nhidu phuong phép duoc sir dung dé chiét xuit cac hoat chat tir nguyén liéu thuc vat
nhu chiét Soxhlet, siéu 4m, vi song, enzyme va siéu t6i han. Trong do, cac k¥ thuét chiét xuit “xanh”
nhu vi séng va siéu 4m ngay cang dugc wa chudng nhd hidu qua cao, tiét kiém dung moi va than thién
v6i moi truong [9]. Phaiphan va cong su thye hién thu nhén pectin tir vo chudi bang phwong phap trich
ly co hd trg siéu am. O diéu kién pH 3,68, nhiét d6 33,12°C va thoi gian siéu am 1a 17,12 phut; higu
suét pectin thu dugc 2,62% va acid galacturonic 87% [10]. Ishak va cong sy (2020) thyc hién trich ly
c6 hd trg siéu am vo M. acuminata cho ham lugng polyphenol 1192 mgGAE/gCK, ham lugng
flavonoid 29,0 mgRE/gCK véi hoat tinh khang oxy héa DPPH la 80,8% va ABTS la 84,7% [11].
Phuong phép trich ly vi séng dwoc Bilhman va cong su (2023) st dung dé trich ly cic chét
phytochemical tir qua chudi M. sapientum chua chin. Téng ham lugng phenolic, flavonoid, vitamin C
va vitamin E thu dugc 1an luot 1a 39 mgGAE/100 gCK, 26 mgQE/100 g, 10,47 mg/100 g va 4,77 mg/100
g. Ngoai ra, chiét xuat thu dugc con c6 hoat sinh khang oxy hoéa DPPH khoang 50,62% va dugc ching
minh 1 khong gy doc té bao [12].

Bén canh d6, phuong phap ngam chiét sir dung dung maéi hitu co van duoc sir dung pho blen
Dung mdi methanol va ethanol dugc nhiéu tac gia sir dung trong cac nghién ctru thu nhan cac chiét xuat
tir céc loai chudi hot khac nhau. Téc gia Fajrih va cong su [13] cling nhu Revadigar va cong su [14] da
thuc hién thu nhén chiét xuat trong ethanol tir cu va qua M. balbisiana. Genatrika va cong sy [15] thu
chiét xuat ethanol tir vo M. acuminata. Kumari va cong su [16] thu nhan chiét xuét trong nudc giau
polyphneol tir qua M. balbisiana c6 kha nang khang viém, @rc ché té bao ung thu H9c2. Ngoai ra,
Hossain va cong su (2011) thu chiét xuét tir hat M. sapientum trong methanol c¢6 ham lugng polyphenol
(15,94 + 0,12 mgGAE/gCK), flavonoid (29,98 + 0,32 mg/gCK) véi hoat tinh khang oxy héa DPPH
(ICsp: 12,3240,33 pug/mL) va NO (ICso: 18,96+1,01 pg/mL) [17]. Dung m6i methanol ciling dugc cac
tac gia Manita va cong su [18], Onyema va cong su [19], Gurumayum [20], Basumatary va cong sy
[21] thu nhén c4c chiét xuit tir cac bd phan tuong tng 13: cu M. balbisiana, than M. acuminata, hat M.
balbisiana va hoa M. balbisiana. Bén canh d6, cac dung moi khac cling duoc duge dung trong mot )
nghién ctru nhu acetone duoc dung trong nghién ciru ciia Gopalan va cong su [22] thu chiét xuat tir qua
M. balbisiana hay Kapadia va cong su [23] thu chiét xuit c6 kha ning khang khuan tir vo M.
paradisiaca. Nhu vay, cac phuong phap c6 sir dung song siéu am, vi song hay dung moi déu thé hién
dugc hiéu qua trong viéc thu nhan chiét xuat giau hoat chét tir cac bd phén céc loai chudi hot khac nhau.
Viéc lwa chon phuong phap trich ly phii hop cho timg nguyén liéu 14 diéu can thiét.

Nghién ctru nay duoc thuc hién dé danh gia hiéu qua ciia cac phuong phap trich ly co hd trg song
siéu 4m, vi song va phuong phap ngadm tinh dén kha ning thu nhan chiét xuat giau polyphenol va saponin
tir qua chudi hot (M. balbisiana) dong thdi nghién ciru diéu kién tdi wu ctia qua trinh trich ly. Chiét xudt
thu nhan dwoc duge danh gia cac phd FT-IR va Raman dé danh gia cac ddc trung cua hop chit
polyphenol va saponin. Két qua ctia nghién clru cung cap thong tin cho cac nghién ciru diéu kién chiét
xudt thu nhan cac hoat chat tir qua chudi hot tir d6 ¢ thé dinh hudng Gmg dung trong cac san pham thuc
pham va dugc pham.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vit lidu

Qua chudi hot khi dat do chin khoang 80-85% duoc thu hoach tir ciy sau khoang 115-120 ngay
tinh tir khi ra hoa. Nguyén liéu chui hot duoc trong & x3 An Hoa, huyén Tam Noéng, tinh Ddng Thép.
Qua tuoi duge 1am sach, loai tap chét, cét 1at nho, sy kho & 60°C dén do 4m dudi 10% trudce khi nghién
thanh bd c6 kich thudc nhd hon 80 mesh. Nguyén li¢u bdt dugc bao quan trong thi kin ¢ nhiét do 4°C
va st dung cho toan bo thi nghiém [24].

Hoa chit: Acid oleanolic, vanillin, acid acetic khan, acid perchloric, ethanol (EtOH), ethyl acetate
(EtOAc), n-butanol (BuOH), thudc thir Folin-Ciocalteu, dung dich gallic acid (GA), dung dich H,O»,
quercetin (QE). Cac hoa chét va chat chuin sir dung trong nghién cuu dat chuan phan tich, c6 ngudn
goc tir Merck (Ptic) va Sigma — Aldrich (Hoa Ky).
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2.2. Phwong phap
2.2.1. Khao sat anh huong cua cdac phwong phap trich ly

Can 1,0 g nguyén liéu bot qua chudi hot (tinh theo chat kho), thuc hién trich ly bang cac phuong
phap khao sat: Phuong phap trich ly ngam tinh (thoi gian 90 phut ¢ nhiét d6 60°C va ty 1€ nguyén liéu/
dung mdi (NL/DM) 1a 1:25 w/v); phuwong phép trich ly ¢6 hd trg song siéu am (Thoi gian siéu am: 8
phut, bién d6 dao dong siéu am: 30% va ty 1¢ NL/DM la 1/50 w/v); phuong phép trich ly c6 hd trg vi
song (tan suét vi song 1a 4 gidy/phut voi cong sudt 300 W va ty 1¢ NL/DM la 1/50 w/v trong thoi gian
30 phuat). Ham muc tiéu la ham luong polyphenol téng s6 (TPC, mgGAE/gCK) va ham luong saponin
tong s6 (TSC, mg/gCK).

2.2.2. Khao sat diéu kién trich ly phwong phip MAE

Can 1,0 g bot qua chudi (tinh theo khdi lwong chat khd), bd sung dung moi methanol (40, 50, 60,
70, 80%) voi ty 1€ NL/DM 1a 1/50 w/v va khao sat cac thong s6 v6i cong suét vi song (90, 180, 270,
360 va 450 W), tan suét vi song (2, 3, 4, 5 gidy/phat) va thoi gian vi song (20, 30, 40, 50, 60 phut). Sau
d6, mau dugc tiép tuc ngam tinh ¢ nhiét d6 60°C, 60 phit trong bé 6n nhiét. Két thic qua trinh trich ly,
hon hop duoc lam ngudi vé nhiét d6 phong, toan bo dich trich duoc ly tim & tde d6 5.000 vong/phut
trong 15 phut. Dich sau ly tim duoc loc qua gidy loc @110 mm va duoc dinh mirc dén thé tich thich hop
dé xac dinh ham lugng TPC, TSC bing phuong phap do quang phd UV-VIS.

2.2.3. Sang loc, t6i wu diéu kién trich ly phwong phip MAE

Thi nghiém sang loc: Trong thi nghiém nay, dé nghién clru diéu kién chiét xuat t01 wu tién hanh sang
loc 4 yéu t6 anh huéng bao gom nong do dung moi (%), cong suat vi song (W), tan suat vi song (giay/phut)
va thoi gian vi song (phut). Phuong phap quang phé dugce ap dung dé xac dinh TPC va TSC dé danh gia
hiéu qua qua trinh chiét xuat S6 liéu thuc nghiém dugc xur Iy bang phan mém Minitab 19 (Minitab LLC.,
Hoa Ky). Két qua xir Iy s6 liéu dua ra cac thong s biéu thi muc do anh hudng ciia timg yéu to.

Thi nghiém t6i wu. Trong thi nghiém ndy, phuong phap RSM duoc sir dung dé nghién ciru didu
kién chiét xuét toi wu. Qua trinh chiét xuat dugc tién hanh trong bé diéu nhiét. Phuong phép quang phd
dugc ap dung dé xéac dinh TPC va TSC dé danh gia hiéu qua qua trinh chiét xuat. M6 hinh thiét ké Box-
Behnkqn dufgc st dung dé xay dung ma tran thyc nghiém, véi ba yeu to va ba mire (-1, 0, +1), thuc hién
trén phan mém JMP 10 (SAS Institute Inc., Hoa Ky) Ba yeu t6 anh huong nhiéu hon duge sang loc tur
4 yeu to dugce khao sat ¢ trén nong va bién phy thudc dugce theo doi 1a ham luong polyphenol tong (Y1,
mgGAE/gCK) va ham luong saponin tong (Y2, mg/gCK). M6 hinh hoi quy bac hai day du dugc biéu
dién trong phuong trinh (Eq.1).

Y =0+ YK, piXi + YK, piiXi? + ¥¥ 121 ~L . BiXiXj (Eq.1)

Trong d6 Y 1a phan ung du doan, S0, Bi, Bii va Bij 1a hé s6 hdi quy cho cic s6 hang chin, tuyén
tinh, bac hai va tuong tac; Xi va Xj 1a cac bien doc lap. Ket qua thi nghiém theo thiét ké BBK thu dugc
s€ dugc nhép vao chuong trinh JMP 10 dé thyc hién phan tich.

2.2.4. Phuong phap phan tich

- Ham luong polyphenol (TPC): Ham luong polyphenol duoc thyc hién theo phuong phap Folin-
Ciocalteu dugc mo ta boi Feduraev va cong su (291 9) v6i mot so hiéu chinh.”Dé hap thu dugc ghi nhan &
budc séng 765 nm [25]. Thi nghi¢m duogc lap lai 3 1an. Ham lugng polyphenol tong duoc tinh theo cong thirc:

P=axV/m (Eq.2)

_ Trong d¢, P la ham luong polyphenol tong (mg gallic acid/g chiét xuat), A 1a gia tri x tir duong
chuan vdi acid gallic (ug/mL), V la thé tich dung dich cao chiét (mL) va M la khoi luong cao chiét co
trong thé tich V (g).

- Ham lwong saponin (TSC): Ham luong saponin dugc xac dinh theo phuong phap cua Chen va
cong su [26]. Ham lugng saponin duoc tinh toan dya theo duong chuan (chat chuan acid oleanolic. Ham
luong saponin dugc tinh bang don vi mg/g chat kho (mg/gCK) theo cong thic:

Ham lugng saponin (mg/gCK) = (C, X V X N X 1000)/m;, (Eq.3)

Trong d6: Cx 1a ndng d9 saponin tir duong chuan, V 1a thé tich ciia dich chiét (mL), F 1a h¢ s6 pha
lodng va mek 1a khoi lugng chat kho trong mau nguyén li¢u (g).
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- Xdc dinh phé FT-IR va Raman: Dich trich qua chudi hot dwoc tinh sach so bd bing séc ky long
long bang petroleum ether va sau dé 1a n-butanol trudce khi xac dinh ph6 FT-IR va Raman.

Phd héng ngoai FT-IR cua mau chiét xuit qua chubi hot dugc ghi nhan trén may Tensor 37 (Bruker,
brc) sir dung vién nén, hoat ddng & che do hap thu trong khoang budc song tir 400-4.000 cm™ [27].

Ph6 Raman ciia mau chiét xuét chudi hot dugc ghi nhan trén may quang phd Raman Cora 5X00
(Anton Paar, Ao), sit dung budc song laser kich thich 785 nm, phu hgp cho phan tich cac hop chat hiru
co ty nhién

2.3. Phwong phap xir 1y s6 liéu

Tét ca cac thir nghiém duogc thyuc hién ba lan. Phuong sai dugc phan tich bang hé thong phan mém
SPSS Statistic 20 (IBM Corporation, Hoa Ky) va JMP 10 (SAS Institute Inc., Hoa Ky). Céc thir nghiém
da pham vi méi cua Duncan da dugc st dung dé xac dinh su khéc biét trung binh va két qua dugc coi
1a ¢6 ¥ nghia véi p < 0,05. Cac biéu do dugc vé bang Excel 2019 (Microsoft Corporation, Hoa Ky).

3. KET QUA VA BAN LUAN

3.1. Két qua khio sat diéu kién trich ly polyphenol va saponin tir qua chudi hot
3.1.1. Anh hwéng cia phirong phdp thu nhdn chiét xudt qud chudi hot

Két qua anh hudng ciia phuwong phap trich ly ¢6 hd tro ctia song siéu 4m, vi séng va ngdm tinh
dén hiéu qua thu nhan chiét xuat giau TPC va TSC tir qua chudi hot dugc thé hién qua Hinh 1. Két qua
cho thiy phwong phap MAE thu duoc ¢6 ham luong polyphenol (TPC) va saponin (TSC) lan luot 1a
63,67 mgGAE/gCK va 54,74 mg/gCK cao hon so v6i phuong phap trich ly truyén thong bang dung moi
cho két qua ham luong polyphenol va saponin dat gia tri v&i 51,25 mgGAE/gCK va 41,08 mg/gCK
cling nhu phuong phép c¢6 hd trg song siéu 4m. Uu diém chinh cia MAE 1a giam déng ké thoi gian chiét
so v0i cac phuong phap thong thuong, tir 6 nang cao hi¢u qua thu nhan polyphenol va saponin [28].
Theo nghién ctru cua Li va cong sy (2010) ¢ ca hai phuong phap co hd trg cia song siéu am (6,48%)
va trich ly hoi luu nhiét (10,25%) déu cho thdy hiéu qua chiét xuat saponin triterpene thap hon so véi
MAE (11,62%) [29]. Hiéu tmg tao 15 rdng 1a co ché chinh ciia UAE, nhung c6 thé do cuong d6 co hoc
tao ra khong di manh dé pha v thanh té bao dé giai phong triterpene saponin. Do d6, hiéu qué cia
phuong phap UAE thip hon va thoi gian dai hon [30]. Hiéu qua chiét xuét tt hon cuia MAE lién quan
dén céc hiéu g co hoc ciia qua trinh gia nhiét bén trong dua trén sy dan dién va phan cyuc dién moi do
chiéu xa vi song gdy ra va ap suit tich ty bén trong cac té bao ctia mau dan dén viéc phan phdi hiéu qua
dén vat liu thuc vat thong qua tuong tac phan tir v6i truong dién tir va truyén ning lugng nhanh chéng
dén dung méi chiét xut va nguyén liéu thyc vat tho [31].

80 1
b a
60 ¢ a—I—
&en
g ¢
E 40 1
=
rgmv
20 A
0 - r

Ngam tinh Siéu am Vi song
Phuong phap trich ly
BTPC (mgGAE/gCK) OTSC (mg/gCK)

Hinh 1. Ham lugng TPC va TSC trong dich chiét qua chudi hot bang cac phuong phap tfich ly khéac nhau
Ghi chu: Trong cung ham muc tiéu (TPC, TSC), cac chir cai khac nhau biéu thi sw khac nhau
vé mdt thong ké (p<0,05)
Nhu vay, phuong phap chiét xuat co hd tro vi song MAE duoc Iya chon dé thu nhan chiét xuét giau
hoat chat tir cac b phan chudi hot, cac yeu t6 anh hudng dén qua trinh trich ly ciia phuong phép nay duge
tiép tuc khao sat & ndi dung ti€p theo.
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3.1.2. Cdc yéu té anh hwéng dén qud trinh thu nhdn chiét xudt giau polyphenol va saponin bang phirong
phap MAE

Cac thong s6 khao sat chinh nhu nong do dung moéi, cong suét vi song, tan sudt vi song va thoi
gian trich ly anh huéng dén hi¢u suét trich ly thu chiét xuat giau TPC va TSC tir qua chudi hot dugc
trinh bay két qua ¢ Hinh 2. Két qua thye nghiém cho thay, methanol 70% la ndng d6 dung méi phii hop
dugc thé hién théng qua gia tri TPC va TSC dat 1an luot 1a 40,36 mgGAE/gCK va 37,17 mg/gCK, TPC
va TSC ¢ khuynh hudng ting v6i methanol 70%, d6i véi TPC giam c6 ¥ nghia thong ké va TSC khac
biét khong y nghia thong ké véi methanol 80%, nén nong do dung méi duge lwa chon 1a methanol 70%
thu duoc ¢ Hinh 2A.
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© (D)
Hinh 2. Anh hudng ctia céc yéu t0 trich ly c6 hd trg vi séng dén thu nhan chiét xuét giau TPC va TSC tir qua chudi hot;
Ghi chii: (4) - nong do dung moi (%), (B) - cong sudt vi song (W), (C) - tan suat vi song (gidy/phut) va (D) - thoi gian vi
song. Trong cung ham muc tiéu (TPC, TSC), cac chit cdi khac nhau biéu thi sy khdac nhau vé mat thong ké (p<0,05)

Nong d6 dung moi c6 anh huéng 16n dén qua trinh trich ly nhu higu qua trich ly, tc d trich ly
va cac hop chat chiét. Nong d6 dung moi cang 16n, téc do tham thau vao té bao cang manh, dung moi
d& tham thau vao sau bén trong té bao va thuc hién qua trinh trich ly cac hop chét ty nhién. Tuy nhién,
nf)ng d6 dung moéi qua cao co thé 1am hong céu trac cua cac hop chat mong mudn, tir d6 lam giam hodc
mat cac hoat tinh sinh hoc [26]. Nguoc lai, ndng d6 dung moi thp c6 thé dan dén hiéu sudt trich ly thap,
do sy bio hoa chua dat dwoc, kha ning 16i cac chat tir mau ra bén ngoai kem. Ngoai ra, cong suét vi
song cling co thé 1am thay ddi trang thai can bang chiét va diéu kién truyén khdi [32]. Hiéu qua chlet
xudt polyphenol va saponin tang khi ting cong suét vi song TPC va TSC ting dan khi ting cong sudt tir
180 W 1én 360 W thu dwgc TPC tir 40,01 mgGAE/gCK dén 48,96 mgGAE/gCK va TSC tir 36,98
mg/gCK dén 46,04 mg/gCK. Cong suit cho hiéu qua trich ly cao nhit 13 360 W. Khi ting cao hon &
cong sudt vi song 450 W, TPC va TSC giam lan lugt con 42,67 mgGAE/gCK va 33,49 mg/gCK, c6 thé
da gay ra su phéan hity hoa hoc ctia cac hop chét hoat tinh sinh hoc trong chiét xuét, lam giam hiéu qua
thu nhén TPC va TSC (Hinh 2B). Két qua thyc nghiém cuia Hismath va cong su cho thay khi ting nhiét
d6 vuot qua gia tri nhét dinh c6 thé dong thoi 1am phén huy cac hop chat polyphenol d dugc thu nhén
hodc tham chi pha v& cau tric polyphenol van con trong cac té bao thuc vét. Bén canh d6, cong suét vi
song cao con lam bay hoi dung méi, tang chi phi trong qua trinh nghién ctru [33].
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Mot s6 nghién ctru di chi ra rang hiéu qua chiét xuat c6 xu hudng ting khi tin suit vi song ting
trong phuong phap MAE; tuy nhién, tiép xtic nhiéu hon v&i cong suét vi song c6 thé gy ra sy phan huiy
cac hop chét hoat tinh sinh hoc [34]. Do d6, viéc lua chon tan suit vi song thich hop trong MAE la can
thiét dé dat duoc kha nang phuc hi cao vé chét luong va ) luong. Duya trén két qua Hinh 2C, vi¢c thu
nhan cac hop chat TPC va TSC duogc khao sat & cc tan suat vi song khac nhau 1a tir 2 dén 5 gidy/phut.
O tan suét vi song tir 2 dén 4 gidy/phit cho thay TPC va TSC lan luot ting tir 40,01 mgGAE/gCK dén
59,02 mgGAE/gCK va tir 38,85 mg/gCK dén 53,03 mg/gCK. cua cac nguyén lidu cé sy thay doi déng
ké va dat cao nhat & mbc 4 gidy/phit. Tuy nhién, khi ting tan sudt vi song 1én 5 gidy/phut, TPC va TSC
thu dugc c6 xu hudng giam 16 rét xudng con 55,77 mgGAE/gCK va 50,44 mg/gCK. Thoi gian vi song
tang tir 20 dén 40 phut thi higu qua thu nhan TPC va TSC ciing ting tir 58,02 mgGAE/gCK dén 71,03
mgGAE/gCK va saponin (TSC) tir 52,23 mg/gCK dén 60,62 mg/gCK. Tuy nhién, thoi gian kéo dai dén
50 phut thi TPC va TSC lai ¢6 xu huéng giam va dén 60 phit thi ham lwong TPC dat 63,35 mgGAE/gCK
va TSC thu dugc 1a 53,16 mg/gCK (Hinh 2D).

Diéu nay duoc giai thich rang chiét xuit di dat duoc trang thai cAn bang cubi cing giita ndng do
chat tan trong nguyén liéu va dung dich theo dinh luat khuéch tén thir hai ctia Fick [35]. Nhu vy, thoi
gian trich ly tang cing khong lam tang luong TPC va TSC thu nhén duoc do lugng polyphenol va
saponin trong nguyén liéu la ¢b dinh. Mt khac thoi gian xtr 1y vi song lau hon, luong polyphenol va
saponin von da nhay cam véi nhi¢t d¢ cao lai tlep xuc lau hon véi nhiét nén mot phan chung s& bi phan
hay dan dén giam luong TPC va TSC [36]. Két qua trong thi nghiém nay ciing tvong dong véi nghién
clru ctia Liu va cong su (2019) di t6i wu cac diéu kién trich ly flavonoid tir 14 khoai lang véi ty 16 NL/DM
la 1/40, w/v, st dung dung mdi ethanol 72% & nhié¢t do 57°C trong thoi gian 1a 76 gidy, thu dugc ham
luong flavonoid cao nhét 1a 91,65% [37].

Nhu vay, tir cac két qua trén cho thay cac diéu kién trich ly thich hop dugc Iya chon cho cac thi
nghiém tiép theo véi ndng d6 methanol 70%, cong suat vi song 360 W, tan suét vi song 4 gidy/phut va
thoi gian xir Iy tong cong 1a 40 phut.

3.2. Sang loc va toi wu héa qua trinh thu nhan chiét xuét tir qua chudi hot
3.2.1. Két qua sang loc cdc yéu té anh hudng dén qud trinh chiét xudt

Thi nghiém sang loc dugc thuc hién dé xac dinh su tac dong va tuong tac cua cac yéu t6 khao sat
dén ham luong TPC va TSC tir qua chudi hot. Nghién ctru sir dung thiét ké thir nghiém 2 giai thira toan
phin (2-level full factorial experiment) v&i 4 yéu té anh huong gom ndng d6 dung méi (X1, %), cong
sudt vi song (Xa, W), tan suét vi song (X3, gidy/phut), thoi gian vi song (Xs, phut). Két qua cua thi
nghiém sang loc ¢c6 ham luong polyphenol lan luot tir 61,77 dén 74,21 mgGAE/gCK va ham lugng
saponin dat tir 49,92 dén 65,85 mg/gCK trong cac mirc yéu té khac nhau dugce trinh bay & Bang 1.

Bang 1. Két qua thir nghiém sang loc céc yéu t6 anh hudng trich ly TPC (mgGAE/gCK)
va TSC (mg/gCK) tir qua chudi hot

STT Ma hoa Ham lugng
Xi X2 X3 X4 TPC TSC
1 60 180 3 30 61,77+0,58 55,18+0,77
2 80 180 3 30 63,11+0,91 56,41+0,62
3 60 360 3 30 62,98+0,36 50,30+0,10
4 80 360 3 30 63,9440,71 51,34+0,16
5 60 180 5 30 66,27+0,45 55,11+0,59
6 80 180 5 30 62,07+0,34 57,98+0,94
7 60 360 5 30 67,56+0,69 56,23+0,74
8 80 360 5 30 71,32+0,17 63,45+0,43
9 60 180 3 50 64,94+0,62 58,32+0,55
10 80 180 3 50 64,53+0,89 56,98+0,12
11 60 360 3 50 67,29+0,94 49,92+0,15
12 80 360 3 50 65,87+0,37 55,95+0,79
13 60 180 5 50 66,45+0,63 57,78+0,78
14 80 180 5 50 68,41+0,53 61,73+0,44
15 60 360 5 50 72,21+0,29 62,96+1,06
16 80 360 5 50 73,30+0,45 63,85+0,47
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Hinh 3. Mttc d6 anh hudng cua cac yéu t6 khao sat dén ham lugng TPC va TSC trich ly tir qua chudi hot

Gi4 tri anh huéng cia ndng do dung moi, cong suat vi song, tan sudt vi song va thoi gian vi song
dugc tinh toan bang phan mém Minitab 19. Gié tri nao c¢6 anh hudng duong va 16n s& anh huong dén
ham luong saponin va polyphenol thu nhan dugc. Ba yéu té cong suét vi song, tan suat vi song va thoi
gian vi song thé hién mirc ¢ anh huéng manh dén ham lugng TPC va TSC tir qua chudi hot. Vi vay ba
yéu t6 anh huong dugc lya chon dé tién hanh t6i wu hoa.

3.2.2. Téi wu héa cdc yéu té anh hieong theo mé hinh Box-Behnken

Tbi wu hoa diéu kién trich ly c6 hd trg vi song voi hai ham muyc tiéu, 3 yéu to anh huong dugc ma
hoa theo Bang 2 va két qua duoc h1en thi theo Bang 3. Trong thi nghiém nay, ba yeu t6 anh huong qua
trinh ch1et xudt thu nhén chiét xuit giau polyphenol va saponin gdm c6 cong sudt vi song (X1, phut),
tan suat vi song (Xa, gidy/phut), thoi gian vi song (Xs, phut) da dugc t01 vu hoa bang RSM. Két qua
phan tich ANOVA bang phin mém JMP 10 cho thay sy anh huong tuyén tinh, binh phuong cua cac
bién doc 1ap, su tuong tac cua cac bién va cac hé sd hoi quy dugc thé hién & Bang 4.

Bang 2. Cac muc thi nghiém dugc st dung trong m6 hinh

Bién X1 (W) X (gidy/phut) X3 (phit)

Miic -1 270 3 30

Miic 0 360 4 40

Miic 1 450 5 50

Bdng 3. Két qué t5i wu theo mo hinh quy hoach thuc nghiém RSM-BBK
STT Ma hoa Ham lugng
Xi Xz Xs TPC (mgGAE/gCK) | TSC (mg/gCK)

1 -1 -1 0 63,86+0,72 55,8140,48
2 -1 1 0 67,07+0,46 56,15+0,67
3 1 -1 0 65,67+0,28 53,52+0,50
4 1 1 0 68,43+0,39 60,21+0,70
5 0 -1 -1 62,17+0,43 53,45+0,81
6 0 -1 1 65,13+0,71 56,54+0,34
7 0 1 -1 63,54+1,10 52,78+1,07
8 0 1 1 68,01+0,41 59,65+0,77
9 -1 0 -1 64,19+0,77 55,18+0,78
10 1 0 -1 64,95+1,18 52,75+0,87
11 -1 0 1 67,07+0,09 58,43+0,78
12 1 0 1 66,42+0,49 55,49+0,37
13 0 0 0 73,89+0,46 64,05+0,42
14 0 0 0 74,63+0,57 63,86+0,62
15 0 0 0 72,96+0,19 65,07+0,66
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Mirc d6 phi hop ctia mé hinh hdi quy duoc xac dinh thong qua hé sd xac dinh R2 mét chi s6 phan
anh ty 1¢ bién thién cta bién phu thudc dugce giai thich boi cac bién doc 1ap trong mo hinh. Theo Guan va
Yao (2008), md hinh c6 gi4 tri R? 16n hon 0,8 dwoc xem 1a ¢6 kha nang du doan tt [38]. Trong nghién
clru nay, cac md hinh xay dung tir dit liéu thuc nghiém cho thiy gia tri R? dat 0,98 d6i v6i polyphenol va
0,95 ddi voi saponin, cho thdy mirc d6 giai thich rit cao cia mé hinh déi v6i bién dong trong dit liéu dau
ra (Bang 4). Diéu nay c6 nghia 1a mo hinh da 1y giai duoc lan lugt 98% va 95% su bién thién cia cac dir
liéu do dugc, trong khi chi con lai 2% va 5% la do cac yéu té chua dugc dwa vao mé hinh. Hé s6 R? cao
ciing cho thdy mirc d6 tuong dong cao gitra dir liéu thyc nghiém va cac gia tri du doan tir m6 hinh, khing
dinh kha ning mo ta sat thyuc té mdi quan h¢ gitra cac bién ctia md hinh. Bén canh do, kiém dinh d6 phu
hop (Lack of fit) cho két qua p-value lan luot 14 0,46 va 0,1055 (deu 16n hon 0,05), cho thdy khong c6 sai
léch c6 ¥ nghia thng ké giita m6 hinh va dir liéu thye nghiém. Diéu nay cang cung ¢b tinh phit hop va do
tin cdy ctia mé hinh trong viéc mé phong va du doan cac gia tri thyc té.

Bdng 4. Phan tich hdi quy

Ngudn (Source) | Df | SS | MS | F value | Prob>F
TPC
Mo hinh (model) 9 202,42 | 22,49 | 27,25 0,001*
Sai s6 (error) 5 4,13 | 0,82
Téng cong (C. total) 14 206,55
Sai s0 do mo hinh khong phu h
lack of it & PP 30| 273 | o091 | 13 0,46
Sai s6 thudn (pure error) 2 1,4 0,7
Tdng sai s6 (total error) 5 4,13
R? = 0,98; R? hiéu chinh = 0,94
TSC
M5 hinh (model) 9 233,76 | 25,97 | 10,98 | 0,0084*
Sai s6 (error) 5 11,82 | 2,36
Tébng cong (C. total) 14 | 245,58
(Slzlcls("o‘;"ﬁg‘o hinh khong phu hop 3| 1098 | 3,66 | 8,64 | 0,1055
Sai s6 thudn (pure error) 2 0,85 0,42
Téng sai sb (total error) 5 11,82
R?=0,95; R? hiéu chinh = 0,86

*Ghi chii: C6 ¥ nghia thong ké ¢ mirc 0,05 (p < 0,05)

Theo Caporaso va cong su, gia tri R2 > 0,8 cho biét mirc do pht hop ciia mé hinh [39]. R? hiéu
chinh ciing dwoc dung dé phan dnh muc d6 pht hop ciia mé hinh, tuy nhién, gia tri luén nho hon hodc
bang R? thuong duoc st dung hon vi gié tri ndy phan anh sat hon mirc d6 phu hop ciia mé hinh hdi quy
tuyén tinh da bién. Hon nita, mirc d6 phu hop ctia md hinh cting duoc danh gia thong qua gia tri F cua
Lack of fit (sw khong phit hop). M6 hinh twong quan tét can sy phu hop gitra s0 liéu thye té va ly thuyet
vi vay m6 hinh thu dugc voi kiém dinh Lack of fit khong ¢ ¥ nghia thong ké 1a diéu mong muon. Didu
nay xay ra nguoc lai dbi véi cac gia tri ANOVA (phén tich phuong sai), vi gia tri ndy can phai dat muc
¢6 ¥ nghia dé mé hinh c6 tinh thyc nghiém (Bang 5).

Céc yéu to cong sut vi song, tan suat vi song va thoi gian vi song cho thay tac dong dang ké dén

qua trinh chiét xuat TPC va TSC tir qua va duoc chon trong khoang tuong tng la 270-450 W va 3-5
gidy/phut, 30-50 phut. Tt d6, phuong trinh hoi quy c¢6 dang:

TPC: Y1 =73,83 + 1,28X, + 1,47X3— 3,31X3 — 4,26X3 — 4,86X3
TSC: Y= 64,33 + 1,99X; — 4,02X3 — 3,88X3 — 4,84X3

~ Tirkét qua cta phuong trinh hoi quy c6 thé nhn thay hau hét cac yéu t6 déu anh hudéng nhét dinh

dén ham muyc ti€u. Két qua phén tich ANOVA bang JMP cho thay cac két qua sau: ham luong

polyphenol va sap‘onin dat gia tri cao nhat lan luot la 74,94 mgGAE/ gCK va 64,65 mg/gCK khi dugc

trich ly véi cac diéu kién: cong suat vi song 360,02 W, tan suat vi séng 4,17 gidy/phuat va thoi gian vi
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song 41,93 phat. M6 hinh bé mit dép tmg thé hi¢n anh huong cuia cac yéu t6 khao sat 1én ham lwong
polyphenol va saponin va md hinh du doén dicu kién t61i vu dugc mo phdng tai Hinh 4.

Bdng 5. Anh huéng tuyén tinh, binh phuong ciia cac bién doc 1ap va sy tuong tic cia cac bién va cac hé s hdi quy

Théng sb TPC TSC Thoéng s6 TPC TSC
Xo 73,83% 64,33* X1 -3,31%* -4,02*
X1 0,41 -0,45 X2 -4,25% -3,89%
Xz 1,28* 1,18 X33 -4,86* -4,84%*
X3 1,47* 1,99%* R? 0,98 0,95
X2 -0,11 1,58 F value (model) 27,25% 10,98*
Xi3 -0,35 -0,13 F value
X23 0,38 0,95 (Lack of fit) 1.3 8,64

Ghi chii: Cdc hé s6 ¢6 * ¢6 ¥ nghia thong ké & mike 0,05 (p < 0,05)
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Hinh 4. Biéu d6 b mit dap tmg mé ta anh huong cia cac yéu t6 1én ham lugng TPC, TSC trich ly tir qua chudi hot

Bdng 6. Gia tri ti wru ctia TPC va TSC tir dy doan ctia mé hinh va tir thyc nghiém & didu kién chiét xuit t6i uu

Két qua dy doan Két qua thyc nghiém
TPC (mgGAE/gCK) TSC (mg/gCK) TPC (mgGAE/gCK) TSC (mg/gCK)
74,042 64,65° 72,74+0,18* 62,59+0,45°

Chit y: Cdc chiF cdi khdc nhau theo TPC va TSC biéu thi s khdc nhau vé mdt thong ké (p<0,05)

Tir két qua TPC va TSC ¢ thi nghiém thuc nghiém chénh Iéch <5% so véi két qua dugc dy doan
tir mo hinh hoi quy béc 2 (Bang 6). Dich chiét xuat voi thanh phan TPC va TSC dugc trich ly tir qua
chudi hot & diéu kién tdi wu (cong suét vi song 360,02 W, tan suét vi song 4,17 gidy/phit va thoi gian
vi song 41,93 phut), dugc thé hién dé chuan bi cho danh gia pho FT-IR, Raman nham xéc dinh cac
nhom chure dac trung cua polyphenol va saponin.

3.3. X4c dinh phé Raman va phé h("ing ngoai FT-IR cia chiét xuit qua chudi hot

Ph6 Raman 1a mot ky thuat phan tich hoa hoc cung cip thong tin chi tiét vé céu trac phan tir cua
cac hop chat hitu co trong chiét xuat thuc vat. N6 dua trén su twong tac ciia anh sang véi cac lién ket
hoda hoc trong vat li¢u. Pho Raman cua chiét xuat qua dugc thé hién ¢ Hinh 5.
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Hinh 5. Phd RAMAN cua chiét xuit tir qua chudi hot

Két qua cho thiy & cac dao dong 1.359,73 cm™, 1.494,75 cm™', 1.537,16 cm™ va 1.606,84 cm™
duogc ghi nhén cac tin hiéu dic trung cho céc lién két C=C, dién hinh cho cac hop chét thuoc nhom
carotenoid va flavonoid. Tai dinh trén sic ky dd 1494,75 cm™' va 1.537,16 cm ™! dic biét dic trung cho
céc dao dong kéo gidn stretching cua lién két C=C trong chudi polyene lién hop, dic diém ndi bat cia
carotenoid nhu B-carotene, lutein hoac lycopene. O dao dong 1.359 cm™!, cho théiy su hién dién cua cac
bién dang trong hé lién hop hodc nhitng thanh phan carbon khéng c6 trat tu trong mau. Ngoai ra, & dinh
trén sic ky dd 1.606 cm™! phan anh chuyén dong kéo gidn cua lién két C=C trong vong thom, cung ¢
gia thuyét vé sy hién dién cua cac hop chit flavonoid. Cac dinh trén sic ky do tai 254 va 604 cm™ ¢
thé lién quan dén dao dong mang hoic dao dong udn cia cac lién két kim loai—phi kim, vong thom. Cac
dao dong kéo gidn C=0 va C=C dugc thiy trong ving 1.710 — 1.530 cm™' va mot cap d6i ¢ 1.557,16cm
"'va 1.606,84 cm™, duoc gan cho cic dao dong kéo dai phenyl két hop voi cac ché d6 udn cong trong
mit phiang O—H va CH, c6 thé nhin thay dugc [40].
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Hinh 6. Phd FT-IR cia chiét xuit qua chudi hot

Phd FT-IR cua chiét xudt qua & Hinh 6 cho thiy xut hién phd hép thu dic trung cua nhém -OH
quan sat duoc tai 3.421,9 cm™, trong khoang tir 3.550 — 3.400 cm! ¢ sy hién dién cua acid carboxylic.
Trong ving 2.940 — 2.925 cm™! cac dao dong kéo dai —CH, ~CH; va —CH; dugc phat hién tai 2.939,5
em™. Tai ving 1.680 — 1.450 cm™ ¢6 tin hiéu hip thu ciia nhém C=0 dic trung. Do hap thy kéo dai
C=C dugc quan sat thdy & 1.656,3 cm™. O khoang 1.560-1.465 cm', dai dugc dao dong ciia vong C
lién két doi C co mit dbi voi tat ca cac nhom flavonoid ngoai trr flavanol. Pinh tai 1.445,5 cm™ tuong
mg v6i dao dong bién dang ctia nhom —CH. va/hodc dao dong vong thom, c6 thé lién quan dén cac
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nhom flavonol va anthocyanin. Tuong ty nhu véy, dai ¢ khoang 1.380 —1.350 cm ! (duoc gan cho lién
két d6i C=C) c6 mat trong nhom flavone va isoflavone. Cac dai khac dugc quy vé vong c6 mit & khoang
1.310 — 1.200 cm™! d6i vai tat ca cac nhom flavonoid ngoai trir anthocyanin, & khoang 1.225 — 1.180
cm’! chi c6 mat d6i voi phé isoflavone, flavonol va flavanol, phé h?ip thu dbi véi lién két oligosaccharide
v6i sapogenin, tic la C—O-C, thé hién ¢ 1.091,4 cm™ va 1.062,3 cm™. O khoéang 1.046 — 970 cm! chi
¢6 mat dbi véi isoflavone, polyphenol va anthocyanin. Cac tin hig¢u ddi voi mdi nhém polyphenol tuy
nhién chi yéu 1a do sy gan ghép ctia chiing, khong phai do vi tri ctia chiing, tirc 14 C—O—C thé hién 13 &
1.091,4 cm™!, -COOH tai 1.657,42 cm™! ¢6 2 dao dong & 678,58 cm! va 725,92 cm™! [41].

4. KET LUAN

Két qua ctia nghién ciru nay cho thay phuong phép trich ly c¢6 hd trg vi song MAE cho hiéu qua
trich ly thu dich chiét giau TPC va TSC tir qua chudi hot. Ham lugng TPC va TSC thu duge ¢ diéu kién
ti wu twong tng 1a 74,04 mgGAE/gCK va 64,65 mg/gCK khi dugc trich ly tai cac diéu kién véi cong
suét vi song 360,02 W, tan suit vi song 4,17 gidy/phut va thoi gian vi song 41,93 phut. Cac thanh phan
chinh trong chiét xuat tir qua chudi hot duoc khang dinh thudc nhom chat polyphenol va saponin dugce
thong qua phd FT-IR vda RAMAN nho vao cic peak dic trung cua polyphenol va saponin. Két qua
nghién ctru cho thdy qua chudi 1a mot ngudn tiém nang dé tiép tuc nghién ctru va img dung vao cac ché
pham thyc pham chirc ning, my pham va dugc pham Cac nghién ciru m¢ rong thém ve cac hoat tinh
sinh hoc cing nhu dgc tinh cua chiét xudt tir qua chudi hot cin duge nghién ciru dé hudng dén tng dung
vao thuc tién.
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ABSTRACT

STUDY ON THE EXTRACTION OF POLYPHENOLS AND SAPONINS
FROM (Musa balbisiana)

Hoang Thi Ngoc Nhon, Ngo Thi Huyen Trang, Le Thi Hong Anh*
Ho Chi Minh City University of Industry and Trade
*Email: anhlth@huit.edu.vn

Wild banana fruit (Musa balbisiana) is rich in bioactive compounds, particularly polyphenols and
saponins. This study aimed to evaluate the effectiveness of ultrasound-assisted extraction (UAE),
microwave-assisted extraction (MAE), and static maceration methods in obtaining the extract-enriched
polyphenols and saponins from wild banana fruit. Subsequently, assessment and optimization of the
most effective extraction method were conducted. The results showed that microwave-assisted
extraction outperformed the other two methods. The obtained extraction conditions included 70%
methanol, microwave power 360 W, and time of 4 sec/min in 40 min. Under these conditions, the total
polyphenol content (TPC) and total saponin content (TSC) of the extract reached 71.03 mgGAE/gDM
(dried mass) and 60.62 mg/gDM, respectively. Screening experiments indicated that microwave power,
microwave frequency, and extraction time significantly influenced extraction efficiency. At optimized
conditions of 360.02 W, 4.17 sec/min in 41.93 min, the highest TPC and TSC were 74.04 mg GAE/gDM
and 64.65 mg/gDM, respectively. The FT-IR and Raman spectroscopy confirmed the presence of
characteristic peaks corresponding to polyphenols and saponins, verifying the success of the extraction
process.

Keywords: Musa balbisiana, optimization, polyphenols, saponins.

26


mailto:anhlth@huit.edu.vn

