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TOM TAT

Nghién cttu nay danh gia hiéu qua thu héi polysaccharide tit xuong rong Nopal (Opuntia spp.)
bang ba phuong phap: ngam chiét, trich ly hé tro sieu am (UAE) va trich ly enzyme két hop siéu
am (UAEE). O phuong phap ngam chiét, khao sat ti 1é nguyéen liew:dung moi va thoi gian chiét
cho thdy hiéu suat trich ly polysaccharide tho cao nhat dat 7,92% va carbohydrate trong
polysaccharide tho dat 5,58%. Phuong phap UAE, voi cac diéu kién siéu 4m khac nhau, cai thién
hiéu suat trich ly polysaccharide tho 9,01% va carbohydrate 6,44%. UAEE cho két qua vuot troi,
dac biet khi két hop 0,5% cellulase va 0,5% pectinase, thu duwoc 18,12% polysaccharide tho va
13,02% carbohydrate. Phé FTIR ghi nhan su hién dién cta ciac nhom chic dic trung cia
polysaccharide nhu -OH, -CH, -C=0, C=C va C-O-C. Két qua cho thdy UAEE khong chi ting ham
lwong thu héi ma con bao toan ciu trac héa hoc, cho thiy tiém nang tmg dung trong phat trién
vat liéu mang sinh hoc phan hiy tu nhién.

Tiekhoa: Cellulase, enzyme, ngam chiét, pectinase, polysaccharide, siéu 4m va xuong rong Nopal

(Opuntiaspp.).

1. BAT VAN BE

Trong nhitng nim gan day, xu huéng khai
thac va tmg dung cac hop chat tu nhién c6 hoat
tinh sinh hoc tir thuc vat ngay cang gia tang trong
cac linh vuc thuc phdm, dugc phdm va my pham,
nho tinh an toan, bén vimg va da dang chic ning
[1]. Xwong rong Nopal (Opuntia spp.), mot loai
thuoc ho Cactaceae, duoc phan b6 rong rai tai khu
viuc chau My va hién da duoc tréong ¢ nhiéu noi
trén thé gioi. Tai Viet Nam, xuong rong Nopal xuat
hién tai cac tinh duyén hai mién Trung va Tay
Nguyeén, noi c6 diéu kién kho han phu hop dic
tinh sinh thai ctia loai [2 - 4]. Tt lau, xwong réng
Nopal da duoc st dung trong y hoc ¢6 truyén nho
nhiéu hoat tinh sinh hoc nhu chéng oxy hoa,
chong viém, diéu hoa duong huyét, bao vé gan va
tim mach [5].
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Bén canh cac hop chat phenolic, flavonoid,
betalain va vitamin, xwong rong Nopal con chta
mot luong 1on polysaccharide, dac biét 1a mucilage
- mot heteropolysaccharide c6 cau truc phan
nhanh cao, giau arabinose, galactose, rhamnose,
xylose va galacturonic acid, cting khoang chat nhuw
Ca® va K* [6]. Mucilage nim cht yéu trong mo
nhu mo va c6 kha nang gitt nuwdc vuot troi, tao gel,
tang do nhot, hinh thanh hé keo bén va tuong tac
tot voi polymer, khién chung tré thanh nguyén
lieu giau tiém ning trong cong nghiép thuc phdm
(chat 6n dinh, chat lam day), duoc phdm (ta duoc,
chat mang thuoc) va vat lieu sinh hoc (mang
polymer phan hay sinh hoc, hydrogel cho tai tao
mo) [1]. Mot s6 nghién ctu cing ghi nhan
mucilage cta Opuntia c6 hoat tinh chong viem,
kich thich tai tao mo va két dinh sinh hoc, mé ra
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huéng tng dung trong san xuat vat liéu y sinh nhu
mang vét thuong [7].

Viéc chiét xuat polysaccharide tir xwrong rong
Nopal thuong gap thach thirc do cau truc mo day,
ham luong chit xo cao va su gan két giita cac
polysaccharide véi pectin, hemicellulose hoac
lignin [5]. Ba nhém ky thuat chinh duoc timg dung
gom: ngam chiét dung moi truyén théng (ME),
trich ly ho tro siéu am (UAE) va trich ly enzyme c6
ho tro situ am (UAEE).

Moi phuong phap c6 co ché tic dong khac
nhau lén cdu trac té€ bao, dan dén su thay déi dang
ké vé hiéu sudt thu hoi va chat luong
polysaccharide. ME 1la phuong phap truyén thong
st dung nudc lam dung moi véi diéu kién dién
hinh nhu ty 1é nguyén liéu/nudc 1:5 - 1:7, nhiét do
40 - 70°C va thoi gian chiét 4 - 16 gio, cho phép
mucilage hoa tan dan tr mé nhu moé [2]. Tuy
nhién, ME thuong bi han ché béi hiéu suat thap,
thoi gian dai va nguy co dong chiét tap chat.

Trong khi @6, UAE st dung nang luong siéu
am dé tao cavitation, pha vo vach t€ bao va giai
phong mucilage nhanh hon. Phuong phap nay
giup cai thién hiéu suat, rat ngan thoi gian chiét va
giam tiéu thu dung moéi, dac biét phu hop voi
mucilage - loai polysaccharide c6 kich thuéc phan
tr lon va nhay cam véi nhiét [5]. Tuy nhién, UAE
doi hoi kiém soat cuong do siéu am dé tranh phan
cat mach polysaccharide. Bén canh do, UAEE -
phuong phap két hop enzyme thay phan
(pectinase, cellulase...) véi cavitation siéu am -
duoc xem 1a ky thuat tién tién c6 kha niang pha vo
lien ket cellulose - pectin hiéu qua nhat, tir 46 nang
cao hiéu suat va do tinh khiét polysaccharide thu
duoc. Nghién ctru gidi phau cau triuc mé nhu mo
trong Opuntia cho thiy enzyme c6 thé ho tro phan
giai mang polysaccharide phac tap, giup giai
phong mucilage nhanh hon [8, 9].
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Su khac biét gitra ME, UAE va UAEE cho thay
viéc lea chon phuwong phap trich ly dong vai tro
quyét dinh trong viéc ting hiéu suét trich ly, ciing
nhu 4anh huéng dén do tinh khiét va cau trac phan
tir cua mucilage/polysaccharide tir Nopal. Mac du
cac nghién cttu trén thé giéi da mo ta thanh phan,
tinh chat va cac diéu kién chiét xuat mucilage ti
Opuntia spp., dit lieu vé anh hudéng ctia ting
phuong phap chiét len chat luong polysaccharide,
dac biét doi voi Nopal trong tai Viet Nam, van con
han ché. Do do, nghién cttu nay duoc thuc hién
nhim danh gia va so sanh ba phuong phap chiét
xuat ME, UAE va UAEE; dong thoi phan tich chat
lwong polysaccharide thu duoc thong qua hiéu
suat trich ly polysaccharide tho, carbohydrate
trong polysaccharide tho tir xwong rong Nopal va
dac trung cau trac bang FTIR, gép phan xay dung
co s khoa hoc cho tng dung mucilage trong phat
trién vat liéu sinh hoc.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Dia diém nghién cttu

Nghién ctru duoc tién hanh tai Khoa Cong
nghé Hoa hoc, Trung tam thi nghiém thuc hanh -
Truong Dai hoc Cong Thuong Thanh pho H6 Chi
Minh.

2.2. Vat liéu va hoa chat nghién ctru
2.2.1. Nguyén liéu

Than cay xuong réng Nopal (Opuntia spp.),
lwra chon cac nhanh c6 chiéu dai 20 - 25 cm, duoc
thu hai trong khoang thoi gian tir 10:00 dén 12:00
vao thang 6 tir quan thé moc hoang tai tinh Quang
Nam, Vit Nam (toa d6 15°45'30.3"N
108°21’47.8"E). Mau sau khi thu duoc lam mat va
van chuyén ngay vé phong thi nghiém dé xt ly.
Sau d6 duoc say kho, nghién nho ( 0,5 - 1,0 mm)
va bao quan trong tui polyamide 50 g da dugc hut
chan khong.
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222 Hod chat

D - glucose (100%); phenol (> 99,0%); H,SO, (>
97,0%); ethanol (P > 98,0%) va methanol (= 99,0%)
co xuat xit Trung Quoc; cellulase (Sigma, My);
pectinase (Novozyme, Pan Mach).

2.3. Thiét ké va bé tri thi nghiém

231 Quy trinh trich ly polysaccharide bang
phuong phap ME

Bot xuong rong kho duoc chiét bing ME
trong nudc voi ty 1é nguyén liéu: Dung méi la (1 :
10/1 : 20/1 : 30 w/v) va thoi gian (4/ 6/ 8 gio).
Dich chiét thu dugc ly tam (5000 v/p, 10 phuat),
sau do co dac con 1/3 thé tich. Chiét xuat nay
duoc két tia bang ethanol/methanol, tiép tuc ly
tam (5000 v/p, 10 phat) dé thu két tta. Cuéi cung,
két thia duoc sdy kho dén khoi luong khong déi dé
thu nhan polysaccharide tho [10].

232 Quy trinh trich Iy polysaccharide bang
phuong phap UAE

Bot xuong rong kho duoc thém vao dung moi
nuédc voi ty 1é nguyén liéu:dung moi trich ly 1:30
(W/v). Thuc hién tach chiét polysaccharide bang
phuong phap UAE, hé tro séng siéu am bang thiét
bi Q1375 Qsonica, khao sat anh hudéng ctia bién do
siéu am (20%/ 40%/ 60%), thoi gian siéu am (10/
30/ 50 phut) va ty lé dung moi két tia ethanol:
chiétxuat 2:1/3:1/4:1).

2.3.3. Quy trinh trich ly polysaccharide bang
phuong phap UAEE

Bot xuwong rong kho duoc thém vao dung moi
nudc voi ty 1é nguyén lieu:dung méi 1:30 (w/v).
Thuc hién danh siéu am vo6i bién do 40% va thoi
gian 30 phut. B4 sung enzyme cellulase (0,5%/ 1%/
2%/ 3%)/ pectinase (0,5%/ 1%/ 1,5%)/ (0,5%
cellulase va 0,5% pectinase) vao dich chiét, tién
hanh hoat héa & nhiét @6 50°C, thoi gian 30 phut,
pH = 5; sau d6 vo hoat enzyme trong 1 phut & nhiét
do 80°C. Thu dich chiét xuwong rong va thuc hién
tach chiét trong tu phuong phap ME.

2.4. Phuong phap danh gia

24.1. Xdc dinh hiéu suat trich ly polysaccharide
tho tir xuong rong Nopal

Polysaccharide tho thu duoc tir qua trinh trich
ly, dem sidy dén khoi luong khong doi thu
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polysaccharide. Tinh toan hiéu suat trich ly
polysaccharide tho (% g polysaccharide/g nguyén
lieu kho) theo cong thirc sau [11]:

. . Mpalysacchande th
Hié u suat trich ly polysaccharide thé (%) =———— " 22 %100

My

2.4.2. Xdc dinh hiéu suat trich ly carbohydrate
trong polysaccharide tho tir xuong rong Nopal

Hiéu suat trich ly carbohydrate trong
polysaccharide tho tir xuong rong Nopal (qui vé %
g glucose/g nguyeén lieu kho) duoc xac dinh bang
phuong phap quang phé lén mau phenol - sulfuric
acid, stt dung D - glucose lam chat chudn (tuyén
tinh 0 - 100 pg/mL) [12]. Polysaccharide thé thu
duoc, dem hoa tan dinh mac thanh 500 mL dung
dich 1. Lay 0,25 mL dung dich 1 tron véi 2,5 mL
sulfuric axit dam dac va 0,1 mL thudc thi phenol.
Hoén hop duoc bd sung nudc cat thanh 5 mL, sau
d6 u trong 20 phut va do do héap thu tai buoc song
490 nm bang may quang phd UV - Vis. Két qua
biéu thi hiéu suat trich ly la % khoi luong
carbohydrate trong polysaccharide tho tir xwong
rong Nopal tuwong duong gam glucose trén moi
gam bot xuong rong kho (% g glucose/g nguyén
lieu kho), tinh theo cong thirc sau:

xVE100

Hiéu suat trich ly carbohydrate trong polysacchande tha (%)=

10°.m,,

Trong do: x 1a ham luwong carbohydrate trong
polysaccharide tho qui vé gam glucose xac dinh
theo duong chuin D - glucose (ug/mL); V 1a thé
tich dich chiét tr m(g) mau; f1a hé s6 pha loang;

10° 1a hé s6 chuyén d6i thanh g; m,, 1a khoi
luong mau kho dem di chiét (g).

24.3. Phuong phdp quang phd hong ngoai
FTIR

Phé FTIR duoc thuc hién trén thiét bi FTI
IMPACT Nicolet 410 trong viung 4.000 - 400cm™.
Mau polysaccharide tho dugc sidy kho 2 ngay
trong ti say chan khong ¢ 50°C va st dung ky
thuat ép vién voi KBr.

2.5. Phan tich thdng ké

Gia tri trung binh va do léch chuén ctia cac chi
tieu thu thap duwoc tinh toan bang phan mém
Minitab 16. St khac biét c6 y nghia thong ke (P <
0,05) ctia cac nghiém thitc duoc phan tich bang
phuong phap ANOVA mot yéu to.
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3. KET QUA NGHIEN CUU

3.1 Nghién ctu trich ly polysaccharide
béng phuong phap ME

Nguyeén liéu xuong réong dua trén quéa trinh
ngam chiét phu thuoc chua yéu vao co ché khuéch
tan hoat chat tir ma tran thuc vat ra dung moi, do
d6 thoi gian ti€p xuc gitta nguyén liéu va dung moi
quyét dinh mute do gidi phong polysaccharide.

Két qua khao sat trinh bay ¢ hinh 2 cho thay
ty 1é nguyen liéu/dung moi 1:30 (w/v) la diéu kién
toi uu cho qua trinh ngam chiét polysaccharide ti
xuong rong Nopal, tai d6 hiéu suat trich ly dat gia
tri cao nhat. Xu huéong nay phu hop véi co ché
khuéch tan khoi, trong d6 viéc gia ting thé tich

DOCarbohydrats (% Glcosa's khi)
DOPolysaccharide thd (% polysaccharide’s khi)
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o
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10,00 - OCarbohydrats (% Glucose'g khé) 10,00

OPFolyzaccharide thé (36 polysaccharide) s kha)

dung moi ban dau lam tang gradient néng d¢ gitta
pha ran va pha 16ng, tir @6 thuc ddy su hoa tan va
khuéch tan polysaccharide ra moi truong chiét.
Tuy nhién, khi vuot qua ty 1é t6i vu, hiéu suat trich
ly polysaccharide va carbohydrate trong
polysaccharide tho khong tiép tuc ting ma giam
nhe, c6 thé do hién tuong bao hoa dung moi va su
tai két tu hodc phan tan khong hiéu qua ctia cac
phan tit polysaccharide c6 khoi lwong phan tit 16n,
lam han ché dong luc khuéch tan [10]. Hién tuong
tuong tu cing duoc Zhonghai Tang va cs (2011)
ghi nhan khi t6i wu trich ly polysaccharide tir 14
Morus alba, trong d6 ty 1&é nguyén liéu/dung moi
vuot nguong t6i vu khong mang lai loi ich vé hiéu
qua trich ly [13].

DBCarbohydrats (% Ghicosaz khd)
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Hinh 2. Hiéu sudt trich ly polysaccharide tho va carbohydrate bing phuong phap ME
@, b, ¢, d ©<0,05). thé hién sir khac biét co y nghia thong ké, so liéu I4 trung binh cia 3 lan Iap lai,)

Thoi gian trich ly t6i wu duoc xac dinh 1a 6 gio.
Viéc kéo dai thoi gian ngam chiét hon muc nay
khong cai thién hiéu suat ma co thé gay bat loi do
hién tuong over-extraction, dan dén su phan hiy
ting phan hoac thay déi cau trac khong gian cta
polysaccharide, anh huéng dén cac dac tinh chic
nang nhu do nhét va kha nang tao gel. Cac nghién
ctru vé polysaccharide thuc vat cting ching minh,
thoi gian chiét qua dai lam tang nguy co cat mach
polymer va giam chat luong san phidm thu nhan,
[10, 14]. Nghién cttu ctia Rodriguez - Gonzalez va
cs (2015) trén mucilage tir Opuntia te nhién cting
chi ra rang thoi gian chiét ngin hodc trung binh
giup bao toan ciu truc polysaccharide t6t hon so
voi kéo dai thoi gian xix Iy nhiét [15].

Mic du methanol thuong cho hiéu qua két tha
polysaccharide cao hon do d0 phan cuwc manh,
ethanol da duoc lua chon lam dung moi két tha
trong nghién ctru nay nham dam bao tinh an toan

104

sinh hoc, gidm nguy co ton du dung moi doc hai va
phu hop voi dinh huwong trich ly xanh. Lia chon
nay hoan toan phu hop véi xu huéng hién nay
trong khai thac polysaccharide tir phu phdm nong
nghiép, dac biet doi voi cac ing dung trong thuc
phdm, duoc phdm va vat lieu sinh hoc [14]. Cac
nghién ctu gan day trén Opuntia ficus - indica
ciing uu tién st dung ethanol lam dung moi két
tia do tinh than thién moéi truong va kha nang duy
tri chat luwong polysaccharide thu duoc [16, 17].
Dudi cac diéu kién toi vu gom ty lé nguyén
liéu/dung moi 1:30, thoi gian trich ly 6 gio va dung
moi két taa ethanol, hiéu sudt trich ly
polysaccharide thé thu dwoc dat 7,92 + 0,14% (g
polysaccharide/g chat kho), tuwong Ung
carbohydrate trong polysaccharide tho tir xwong
rong Nopal quy ddi glucose dat 5,58 + 0,18%. Gia
tri ndy cao hon so voi nhiéu nghién cttu stt dung
ngam chiét truyén thong trén cac nguon
polysaccharide thuc vat khac nhu Morus albahoac
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phu phdm ct cai duong, nhung van thap hon dang
ké so voi cac phuong phap tang cuong nhu siéu
am hodc enzyme ho tro siéu am [18, 19].

3.2. Nghién citu trich ly polysaccharide bing
phuong phap UAE

Phuong phap ho tro sieu am (UAE) cho thay
hiéu qua trich ly polysaccharide tir xuong rong

12,00 12,00 -

DCarbohydrate (3% Glocosa'z khi)

lyzsaccharide tho (3 polysaccharide.s kho)
10,00 | OPolysaccharide thé (% polyzaccharide/z khd) 1000 ]

8,00 - 5,00

6,00

4,00 {

Hiéu suit trich Iy (%a)
o
=

Hiéu suit trich Iy (%a)

2,00 4

B Carbohydrate (% Ghicos's khi)

DOPclyzaccharide the (o polysaccharide g kié)

Nopal cao hon so voi phuong phap ngam chiét
truyén thong, gidm dang ké thoi gian trich ly va
gia taing ham luong polysaccharide thu héi. UAE
duoc xem la mot ky thuat trich ly tang cuong hiéu
qua doi voi polysaccharide thuc vat, dic biét tir cac
nguyén liéu giau mucilage va co6 cau truc polymer
phtc tap [20]

12.00 - EICarbohydrats (% Glicosas ki)

@Polyzaccharids thd (% polysaccharide s kha)
10,00 4

a b

5,00
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Hiéu suit trich Iy (%)

4,00 {

2,00 4
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Bién @ siéu im
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Hinh 3. Hiéu sudt trich ly polysaccharide thé va carbohydrate bing phuong phap UAE
a, b, ¢, d (p< 0,05 thé hién sur khdc biét co y nghia thong ké, so liéu I3 trung binh cia 3 Iin Iap Iai)

Két qua trinh bay ¢ hinh 3 cho thay, bién do
sieu am c6 anh hudéng dang ké dén hiéu qua
trich ly. Khi bién do tang tir 20% 1én 40%, hiéu
suat trich ly polysaccharide tho va carbohydrate
trong polysaccharide tho déu tang ro rét va su
khac biét c6 y nghia thong ké (p < 0,05)). Xu
huéng nay tuong dong voi két qua cia Wei va
cong su khi trich ly polysaccharide tit Cercis
chinensis, trong d6 cac muc cuong do siéu am
trung binh cho hiéu suat thu hoi cao hon dang
ké so voi thap [21, 18].

Thoi gian siéu am tir 30 1én 50 phut, hiéu suat
trich ly khong tiép tuc ting ma c6 xu huéng giam
nhe. Két qua nay phu hop voi nhiéu bao céo trudc
day, trong do viéc xt ly siéu am kéo dai dugc ghi
nhan 1a khong mang lai loi ich b6 sung vé hiéu
suat va tham chi c6 thé 1am suy gidm cac dic tinh
mong muén cta polysaccharide. Zhang va cs
(2025) khi nghién cttu polysaccharide tir Brassica
rapa cing ghi nhan rang thoi gian siéu am qua dai
lam gidam do nhot va thay déi dac tinh polymer,
dan dén hiéu qua thu héi thap hon [20]. Tuong tu,
Abou - Elseoud va cs (2021) bao cdo rang xt ly
siéu am qua muc trong trich ly pectin c6 thé anh
hudéng bat loi dén chat luong polysaccharide thu
duoc [19]. Nhitng két qua nay cho thdy UAE doi
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héi su can bang gitta cuong do va thoi gian xt ly
dé dat hiéu qua toi uu.

Dong thoi, ty 1é dung moi két tta ethanol ciing
anh huong ro reét dén hiéu suat trich ly
polysaccharide. Viéc tang ty 1é ethanol tir 2 : 1 Ién
3 : 1 giup cai thién dang ké hiéu suat, trong khi
tang ti€p len 4 : 1 khong tao ra su khac biét co y
nghia thong ké. Voi cac nghién cttu vé mucilage
Opuntia ficus - indica, ty 1é ethanol trung binh (3 :
1) duoc xac dinh 1a da dé dat hiéu qua két taa toi
uwu ma khong can st dung luong dung moi du thira
[15, 22].

Duéi cac diéu kién t6i wu cua phuong phap
UAE (bién @6 40%, thoi gian 30 phat va ty 1é dung
moi két taa ethanol 3 : 1), hiéu suat trich ly
polysaccharide tho dat 9,01% (g/g chat kho) va
carbohydrate trong polysaccharide tho quy déi
glucose dat 6,44% (g/g chat kho). Gia tri nay cao
hon ro6 rét so voi phuong phap ngam chiét truyén
thong, khing dinh wu thé ctia UAE trong viéc
nang cao ham luong va rat ngan thoi gian trich ly.

3.3. Nghién ciru trich ly polysaccharide bang
phuong phap UAEE

Hiéu qua trich ly polysaccharide tir nguyén
lieu thuc vat phu thuoc chit ché vao diac diém cau
trac thanh té€ bao, do duoc hinh thanh chi yéu tir
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cellulose, hemicellulose, lignin va pectin. Cac cau
tric nay tao nén mot mang ludi polymer bén vimg,
han ché kha ning khuéch tan ctia dung moi va sy
giai phong polysaccharide hoa tan. Do do, viéc st
dung enzyme thay phan nhu cellulase va pectinase
dong vai tro quan trong trong viéc pha vo lién két
B-1,4-glycosidic ctia cellulose va mang pectin lién
bao, qua dé lam suy yéu cau truc thanh té bao va
tao diéu kién giai phong polysaccharide vao moi
truong chiét [8]. Co ché nay da duoc ghi nhan
rong rai trong cac nghién cttu vé polysaccharide ttr
phu phdm thuc vat, bao gom 1a Morus alba va vo
trai cay ho Citrus.

16,00 - OCarbohydrate (% Glocosa'z khé)

14,00 DPolysaccharide thd (% polysaccharide’s khi)
12,00 4 a
10,00 4
5,00

6.00

Hidu suat trich Iy {04)

4,00 4

2,00 4

0,00

Nong d6 enryme

Hidu suit trich Iy {04)

Khi két hop enzyme v6i song siéu am, hiéu
qua trich ly duoc ting cuong ro rét nho hiéu tng
cavitation. Sy hinh thanh va sup dé cua cac bong
bong cavitation tao ra ap suat va nhiét do cuc bo
rat cao, dan dén pha vo co hoc mo thuc vat, lam
tang dién tich bé mat ti€p xac va cai thién kha
nang tham nhap ctia enzyme ciing nhu dung moi
vao cau truc té bao [23]. Nghién cttu ctia Lin va cs
(2023) trén polysaccharide tir vo budi Shatian cho
thay phuong phéap enzyme hd tro siéu am cho ham
luong cao vuot troi so voi chiét nuéc néng truyén
thong, dong thoi cai thién ham luong duong va
acid uronic trong san pham thu duoc [23]. Xu
huéng nay hoan toan phu hop voi két qua caa
nghién ctru hién tai trén xwong réong Nopal.

20,00 - @ Carbohydrats (% Glcose's khd)

B

OPolysaccharida thd (% polysaccharide/s khi)

16,00 4 5 0

b

12,00 4

2,00 A

4,00

0,00

1P 1ip 0.50+0.5C

Nong dé enryme

Hinh 4. Hiéu sudt trich ly polysaccharide thé va carbohydrate bing phuwong phap UAEE

a, b, c,d (p<0,05: Thé hién su khac biét c6 y nghia thong ké, s6 liéu 1a trung binh ctia 3 1an lap lai)

Két qua khao sat (Hinh 4) cho thay voi
enzyme don 1é, hiéu suat trich ly dat cuc dai tai 2%
doi voi cellulase (12,10%) va 1% doi voi pectinase
(15,24%). Nong do enzyme 1a yéu t6 anh hudng
mang tinh quyét dinh dén hiéu suat va chat luong
polysaccharide. O nong d¢ enzyme thép, s6 luong
trung tam hoat dong khong da dé pha vo hiéu qua
cau truc mo, dan dén hiéu qua trich ly con han
ché. Khi taing néng do6 enzyme, su két hop giita
qua trinh thay phéan sinh hoc va tac déong co hoc
clia cavitation gitp gia tang toc do truyén khai va
giai phong polysaccharide. Tuy nhién, khi néng do
enzyme vuot qua nguong toi wu, hién tuong thiy
phan qua muc co6 thé xay ra, lam giam khai luong
phan tt polysaccharide, anh hudéng dén tinh chat
chitc nang nhu do nhot, kha nang tao gel, cling
nhu lam tang chi phi xttr Iy ma khong mang lai loi
ich tuong tng [3]. Hién twong nay ctng dugc ghi
nhan trong cac nghién ctru vé polysaccharide tir vo
budi va cac ngudn thuc vat giau pectin khac, noi
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hiéu suat giam khi enzyme duoc b sung qua mitc
do bao hoa co chat va ttc ché nguoc [23].

Pectinase cho hiéu qua cao hon cellulase, diéu
nay c6 thé duogc giai thich béi vai tro trung tam ctia
pectin trong cau tric lién bao ctia mé6 xuwong rong,
noi pectin hoat dong nhu “chat xi mang sinh hoc”
gan két cac t€ bao thuc vat. Viéc pha vo pectin
giup mé rong cac kénh khuéch tan va thuc day
qua trinh gidi phong polysaccharide hiéu qua hon
[24]. Két qua nay tuong tu voi cac nghién ctu vé
mucilage va gum tit Opuntia ficus-indica, trong d6
pectin va polysaccharide giau acid uronic duoc xac
dinh 1a thanh phan chinh quyét dinh tinh chat leu
bién va chirc nang sinh hoc [25].

bang chu vy, hiéu suat trich ly cao nhat dat
duoc khi st dung t6 hop 0,5% cellulase va 0,5%
pectinase, voi gia tri 18,12% polysaccharide tho,
twuong utng  13,02%  carbohydrate  trong
polysaccharide thé quy ddi glucose. Su gia tang
vuot troi ndy khang dinh hiéu tmg cong hudng
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enzyme, trong do cellulase pha vo khung cellulose
so' cap, trong khi pectinase dong thoi pha vo 1op
pectin lién bao, dan dén sy suy yéu toan dién ciu
trac thanh té bao va giam dang ké tr& luc khuéch
tan. Co ché cong huong nay da duoc nhiéu nghién
ctru quoc té ghi nhan, dac biét trong trich ly
polysaccharide tr v6 qua va phu phim nong
nghiép, noi t6 hop enzyme thuong cho hiéu qua
cao hon dang ké so voi enzyme don 1é [23].

So sanh véi cac nghién ctru trudc day trén
Opuntia ficus - indica, hiéu suat trich ly
polysaccharide dat dugc trong nghién cttu nay cao
hon cac phuong phap trich ly tién tién nhu vi song
hodc enzyme don thuan, dong thoi van bao toan
cau trac polymer can thiét cho cac tng dung cong
nghé thuc pham va vat liéu sinh hoc [15].

3.4. Danh gia chat luong polysaccharide thu
nhan tir xuong rong Nopal bing cac phwong phép
trich ly

Trich ly polysaccharide tir xwong rong Nopal
(Opuntia spp.) cho thay hiéu qua ctia quéa trinh
chiét phu thuoc manh vao phuong phéap ap dung,
trong do6 phuong phap enzyme ho trg siéu am
(UAEE) thé hién wu thé ro rét so v6i ngam chiét
(ME) va siéu am don thuan (UAE).

20,00 -
16,00 4 BPolysaccharide thé (0 polysaccharide/'z kha)

\Carbohydrate (% Glucose's khi)

Hiiéu suit tich Iy

Phwong phap trich Iy

Hinh 5. Hiéu suét trich ly polysaccharide thé va
carbohydrate phuong phap ME, UAE va UAEE

a, b, ¢, d (p< 0.05: thé hién s khac biét co y nghia
thong ké, so liéu 14 trung binh cua 3 Ian Iap lai)

Két qua so sanh ¢ hinh 5 cho thay hiéu qua
trich ly polysaccharide tir xwong rong Nopal
(Opuntia spp.) tang dan theo mutc d¢ céi tién cta
phuong phap, voi tht tu ME < UAE < UAEE.
Phuong phap ngam chiét (ME) cho ham luwong
thap nhat do giéi han noi tai ctia co ché chiét truyén
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thong, phu hop voi nhiéu bao céo trudc day ve
polysaccharide Opuntia c6 cau tric polymer 16n va
mang lién két bén vitng, kho giai phong hoan toan
bang cac phuong phap don gian [26, 17]. Viec ap
dung song siéu am trong UAE giup cai thién dang
ké hiéu suat so voi ME, khang dinh vai tro cta cac
ky thuat chiét ting cuong trong khai thac
polysaccharide tir nguyén liéu thuc vat, tuong
déng voi cac nghién ctu trén Cercis chinensis,
Brassica rapava nhiéu nguon polysaccharide khac
[18, 20].

Tuy nhién, phuong phap UAEE cho thay su
vuot troi ro rét ca vé hiéu suat trich ly
polysaccharide thé va carbohydrate trong
polysaccharide tho, dat gi4 tri cao hon hon hai lan
so voi ME va gan hai 1an so voi UAE. Két qua nay
phu hop véi xu huéong chung ctia cac nghién ciru
gan day, trong do6 phuong phap enzyme hé tro
siéu am duoc xem 1a chién lugc hiéu qua nhat dé
nang cao hiéu suat trich ly polysaccharide dong
thoi han ché cac bat loi cia timg phuwong phap
riéng 1é [23, 3]. Viéc dat hiéu suat cao & diéu kién
enzyme thap ciing cho thay tinh kha thi vé mat
kinh té€ va bén viing ctia phuong phap UAEE, dic
biet doi voi cac nguyen liéu gidu mucilage nhuw
Opuntia [27, 28].

Su khac biet vé hiéu qua trich ly
polysaccharide gitta ba phuong phap ME, UAE va
UAEE duoc cung c6 ro rét thong qua phan tich
phé FTIR ctia cic mau thu nhan (Hinh 6). Phé
FTIR ctia tat ca cac mau déu cho thay su hién dién
ctia cac dai hap thu dac trung cho polysaccharide
xuong rong, bao gom nhom hydroxyl (-OH),
aliphatic C - H, carbonyl/carboxyl (C = O/-COO- )
va ether (C - O - C), phu hop véi dac diém cau trac
ctia mucilage Opuntia da duoc bao céo trong nhiéu
nghién ctu trudce day [15, 26, 29].

Tuy nhién, cuong do va do sac nét cta cac dai
hap thu c6 su khac biét dang ké tuy thuoc vao
phuong phap trich ly. Mau thu nhan bing UAEE
thé hién phé FTIR véi tin hiéu ro rang va cuong do
hap thu cao hon trén hau hét cac vung dic trung
so vo6i ME va UAE, phan anh hiéu suat thu hoi
polysaccharide cao hon cting nhu mitc o bao toan
cau truc hoa hoc tot hon [15, 27, 3].
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Hinh 6. Phé FTIR polysaccharide tho tir xuong rong trich ly bing ME, UAE va UAEE

Dai hap thu rong tai khoang 3.400 cm?, dic
trung cho dao dong kéo dai ciia nhom -OH lién
quan dén lién két hydro noéi va lién phan tt, duoc
quan sat voi cuong do manh nhat & mau UAEE. Xu
huong nay cho thidy mat o nhom hydroxyl tu do
cao hon, phu hop v6i cac bao ciao FTIR vé
mucilage Opuntia ficus-indica, trong d6 cuong do
dai -OH duoc xem 1a dau hiéu gian tiép cho muc
do giai phong va do tinh sach ctia polysaccharide
[26, 30].

Cac dai tai khoang 2.900 cm?, twong tng voi
dao dong cua lien két -CH va -CH,, trong khung
polysaccharide, thé hién r6 @ mau ME nhung giadm
cuong d6 & UAE va UAEE. Su thay ddi nay da
duoc ghi nhan trong cac nghién ctu trudc va
thuong duwoc lién hé voi su diéu chinh cau hinh
hodc phan bo mach polysaccharide duwoi tac dong
ctia cac phuong phép chiét ting cuong, ma khong
lam mat di cac dac trung cau truc cot 16i cua
polymer [15], [25].

Trong vung 1.600 va 1.416 cm?, cac dai hap
thu lién quan dén dao dong bat doi xing va doi
xung cua nhom carboxylate ((COO- ) dugc quan
sat & ca ba mau, cho thay su hién dién cta cac acid
uronic - thanh phan cdu tric quan trong cta
mucilage Opuntia. Mau UAEE ti€p tuc thé hién
cuong do tin hiéu cao hon, goi y kha nang thu hoi
tot hon cac phan doan giau acid uronic, tuong tu
voi cac nghién ctu cho thay ham luong va trang
thai ion hoa clia nhom carboxylate c6 thé bi anh
hudng béi phuong phap trich ly [26], [31].

108

Ngoai ra, cac dai hap thu trong ving 1.084 -
1.070 cm?, dac trung cho dao dong cua lien két C-
C va C-O-C trong khung polysaccharide, xuat hién
ro nét nhat & mau UAEE. Diéu nay cho thay ciu
truc polymer co ban duoc bao toan tot, déong thoi
phan anh muc do tinh sach cao ctia polysaccharide
thu nhan, tuong quan chat che véi két qua dinh
lwong polysaccharide da trinh bay trén. Xu huong
nay phu hop véi ciac nghién cuu FTIR trén
mucilage Opuntia ficus-indica va Opuntia robusta,
trong d6 phuong phap trich ly dugc xac dinh la
yéu to chinh anh huong dén ca ham luong va chat
luong cau truc polymer [31], [32], [27].

4. KET LUAN

Nghién cttu da danh gia hiéu qua ba phuong
phap trich ly polysaccharide tir xwong rong Nopal
(Opuntia spp.), gom ngam chiét, situ am va
enzyme hoé tro sieu am. Két qua cho thdy phuong
phap enzyme két hop sieu am (UAEE) véi t6 hop
0,5% cellulase va 0,5% pectinase mang lai hiéu suat
trich ly cao nhat, dat 18,12% polysaccharide tho va
13,02% carbohydrate trong polysaccharide tho,
vuot trén hai 1an so voi ngam chiét va gan hai lan
so voi siéu am don thuan. Diéu nay khang dinh
hiéu tng cong huong gitta cavitation ctia siéu am
va hoat tinh thay phan ctia enzyme trong viéc pha
vo cau truc thanh t€ bao, giup gidi phong
polysaccharide hiéu qua hon. Phan tich FTIR xac
nhan sy hién dién cac nhém chic dac trung va cho
thdy mau UAEE c6 cuong do hap thu manh nhat,
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phan anh muc d6 giai phong hoat chat cao va su
bdo tén cau tric polysaccharide tot. Nhin chung,
phuong phap UAEE duoc x4c dinh 1a quy trinh t6i
uu dé thu hoi polysaccharide tir xwong rong Nopal
(Opuntia Spp.), @dng thoi cung cap co s& khoa hoc
quan trong cho cac nghién ctru tiép theo vé dac
tinh chic nang va tiém nang tng dung trong phat
trién vat liéu mang sinh hoc.
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POLYSACCHARIDES OBTAINED FROM NOPAL (OPUNTIA SPP.)
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Abstract

This study investigates the extraction efficiency of polysaccharides from Nopal cactus (Opuntia
spp.) using three methods: maceration, ultrasound-assisted extraction (UAE), and ultrasound-
assisted enzymatic extraction (UAEE). In the maceration method, optimization of material-to-
solvent ratios and extraction times yielded a maximum crude polysaccharide content of 7.92%
and a carbohydrate content in the crude polysaccharide of 5.58%. UAE improved extraction
performance, achieving 9.01% polysaccharides and 6.44% carbohydrate under varied ultrasound
amplitudes and precipitation ratios. UAEE demonstrated the highest efficiency, particularly with
the combined use of 0.5% cellulase and 0.5% pectinase, resulting in 18.12% polysaccharides and
13.02% carbohydrate. FTIR spectra confirmed the presence of polysaccharides through
characteristic functional groups, including -OH, -CH, -C=0, C=C, and C-O-C. Overall, UAEE
not only significantly enhanced polysaccharide recovery but also preserved chemical integrity,
highlighting its potential for developing biodegradable polymer films.
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