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TOM TAT

Cong nghé vi nang la mot giai phap bao géi hiru hiéu gilp chuyén céc hop chét dang
long, khi sang dang b, dong thoi bao vé hoat tinh cua céc hop chat nay trong mot cau tric
rat nho c6 mang bao boc nham han ché tac dong cia méi trudng bén ngoai, cai thien mot s6
tinh chat vat ly cua céc hop chét duoc bao boc. Trong bai béo nay ching toi tién hanh nghién
ctru phtrc hop bao cua p-cyclodextrin véi dau gac - chira ham lugng cao axit o-eleostearic acid.
Phirc hop thu dugc ¢ trang thai ran, bén ¢ diéu kién thuong, do tan dugc cai thién. Cac thong
s6 t&i wu cua qua trinh tao thanh phirc chit di duoc nghién ciu bing phuong phap bé mat dap
tng sir dung mo hinh CCD. Céc dac trung cua phirc dugc nghién ctru bang cac phuong
phap pho UV, FTIR, phan tich khéi lugng TGA va phan tich nhi¢t DSC. Cac két qua deu
chi ra rang, céc phan tu triglixerit trong dau hat thanh cong di vao trong cac khoang trong
cua B-cyclodextrin tao thanh phic hop dang bao. D6 bén cua cac triglixerit chira axit ¢ ndi
doi lién hop ¢ trang thai tao phtrc va do tan cua cac triglixerit trong dung méi nude dugc cai
thién rd rét (so vai mau tron vat ly thong thuong).

Tur khoa: Phirc hop bao, dau hat gic, vi nang, B-cyclodextrin, o-eleostearic acid.
1. GIOI THIEU

Gic (Momordica cochinchinensis) 1a mét loai cay than leo 1au nam dugc tréng rong rai &
nudc ta voi muc dich sir dung mot s6 thanh phan cia qua trong ché bién thyc pham ciing nhu
duoc pham. Phan thit qua gic duoc str dung nhiéu nhat, phan hat da phan bi loai bo sau cac qua
trinh ché bién, tuy nhién hat gac chira ham lwong dau tuong ddi cao. Mot s6 nghién ctru da chimng
minh riang nhan hat gac chira mot ty 16 du cao, dao dong tir 35% dén 53% [1, 2]. Céc axit béo
trong dau gic da phan la nhitng axit béo khong bio hoa da ¢ lgi cho sic khoe, dac biét 1a
sy cO mat ciia axit béo chira ndi doi lién hop (a-eleostearic acid) voi ham lugng cao [3]. Cac
axit béo chura ndi doi lién hop gan day da dwoc chirng minh 1a ¢6 nhiéu hoat tinh sinh hoc
quy [4, 5], nhu kha ning gay doc véi mot s6 loai té bao ung thu, kha ning tang cuong hé mién
dich, giam lwong m& thira, giam béo phi. Tuy nhién cac acid béo nay rat dé bi tac dong cua
moi trudng bén ngoai, nhu nhiét do, 4nh sang [6]. Ngoai ra, cac triglixerit trong dau Ia nhiing
chat kém phan cuc khéng tan trong nude, diéu ndy 1am han ché kha nang tng dung cua ching
trong cdng nghé thuc pham va dugc pham. Dé cai thién kha niang ung dung cua dau hat gac
can chuyén héa dau dudi dang mot hop chét bén c6 kha ning tan nhét dinh trong nuéc. Mot
trong cac ki thuét thuong ding trong muc dich nay 1a chuyén dau thanh dang vi nang [7]. C6
nhiéu phuong phép tao vi nang dugc wng dung thanh céng trong céng nghé dugc ciing nhu
thyc pham bao gém: phuong phéap bao, phuong phap say phun, phuong phap phun dong tu,
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phuong phap tach pha dong tu va phuong phap tao phtc hgp bao. Trong do phuong phap say
phun thuong duoc ap dung pho bién doi v6i nhitng phan tir khach dé tan trong dau do tinh don
gian va hi¢u qua, tuy nhién san pham it 6n dinh trong qua trinh bao quan. Mot sb nghién cau
da tién hanh tao vi nang thanh cong bang phuong phap sdy phun cua dau gac (dau chiét xuat
tir com gic - thanh phan chinh Ia carotenoid) voi chat bao chitosan [8] hay tinh dau sa chanh
sir dung chat bao 12 maltodextrin [9]. Phtic hop bao 1a mét dang phiic hop héa hoc doc dao,
trong d6 mot phan tir duoc bao boc trong mét phan tir hozc cau tric caa cac phan tir khac. Su
két hop nay duogc dic trung boi sy ving mat cua céac lién két hda hoc thong thuong, trong do,
phan tu dugc bao boc (phan tr khach) c6 kich thuéc va hinh dang phu hop dé vira voi mot
khoang trong cau trlc viing chic duoc tao thanh boi cac phan tir chit mang (phan tir chi).
Trong nhitng ndm gan day, nhom chét mang cyclodextrin (CD) duoc ¢tng dung nhiéu trong
cbng nghé vi nang thyc pham va dugc pham [10] duéi dang phirc hop bao. CD la mot ho cac
oligosaccharide mach vong, cau tao cua cyclodextrin véi su ¢ mat cua khoang Ky nudc va
M4t ngoai ¢ tinh wa nudc cho phép cyclodextrin cd thé chira mot phan tir khach kém phan
cuc trong khoang, tao thanh mét dang phiic chat bao (inclusion complex) [11, 12]. Qua trinh
tao phtic bao gitp bao vé phan tir khach khoi tac dong bét loi ciia méi trudng, ting tinh bén va
d6 tan cua phuc bao so véi cac phan tu khach ¢ dang tu do [13, 14]. Tuy nhién, chua c6 mot
nghién ctru nao d& cap dén viéc tao phuc hop bao gitra dau chira axit béo khdng no cé nbi doi
lien hop voi cac chat mang thuoc nhom cyclodextrin. Chinh vi vdy, trong nghién ciu nay
ching t6i tién hanh tong hop va téi uu hoa cac thong sé cua qua trinh tao phirc hop bao phan
tir gitra dau hat gac (chira ham luong cao axit khdng no cé ndi doi lién hop o-eleostearic acid)
va B-cyclodextrin (BCD) va nghién ciru mét s dic trung cua phirc bao tao thanh.

2. HOA CHAT, THIET BI VA THU'C NGHIEM

2.1. Hoa chat, nguyén liéu va thiét bi

Qua gic (Momordica cochinchinensis) dugc thu hai khi chin (sau 140 ngay tur khi ra qua)
tai Tien Giang vao 5/2022, tien hanh tach lay hat, say kho & nhiét do 40 °C va luu giir ¢ nhiét
d6 10 °C dén khi st dung (0,5 kg hat gac khé dugc luu giir trong tdi zip (25%25) cm).

n-hexane, dichloromethane (tinh khiét hoa hoc), isopropanol, acetonitrile (Sigma - My),
cac hoa chat con lai sir dung déu thugc loai tinh khiét hoa hoc.

Céc thiét bi duoc sir dung bao gdm: Hé thng kinh hién vi dién tir quét SEM (JSM-1T200,
JEOL, Nhat Ban), thiét bi sdy thing hoa Freezone 2.5 Labconco, thiét bi phan tich khéi lwong
(TGA) va phan tich nhiét quét vi sai (DSC) SDT Q600, may quang phd UV-Vis Jasco V730
va may do FT-IR, hé thong HPLC Agilent 1260.

2.2. Thuc nghiém
2.2.1. Chiét dau hat gac

DAu hat gac dugc chiét bang phuwong phap chiét soxhlet sir dung dung mdi ether dau hoa
sau khi ct quay chan khong dé dudi hét dung madi. Sau khi chiét, dau duwoc 1am sach bing
phuong phap chiét pha ran s dung pha tinh 1a silicagel sir dung cot sac ky (Flash-
chromatography). Déu dugc hoa tan trong n-hexane va dugc dua 1én dau cot, sau do ria giai
dau biang acetone va co quay chan khong dudi het dung mdi. Tién hanh phan tich thanh phan
axit béo cua dau thu dugc bang phuong phép sic ky l6ng hiéu ndng cao pha ddo RP HPLC
thong qua thanh phan cta cac triglixerit [15]. Cac diéu kién sic ky va phuong phap xac dinh
thanh phan triglixerit dugc tién hanh tuong tu nhu trong nghién ctru trude déy cua Nguyen
V.A. va cong su [3]. Cac diéu kién sic ky bao gom: hé théng sic ky HPLC Agilent 1260
infinity voi dau do DAD két ndi voi dau do khoi pho MS, cot sic ky pha dao Chromasil
(250 x 4,6) mm 100-5C18, hé dung méi acetonitrile:isopropanol (70:30) dugc bd sung thém
HCOONH; véi nong d6 10 mM, nhiét do cot 30 °C, dau do DAD tai bude séng A = 278 nm.
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Céc sic ky do duoc ghi lai, xir Ii bang phan mém Agilent Chemstation. Dau do MS duoc thiét
lap ché d¢ ion hda hda hoc & &p suat khi quyén (APCI) véi dién ap phan manh 160 V; 4p dung
tin hiéu phan tich cac ion tich dién duong. Cac triglixerit dugc dinh tinh st dung phuong phap
sb gia (incremental approach) [15]. Két qua dinh danh cac peak dugc xac nhan lai bang pho
hap thu phan tir cua ting triglixerit va théng tin khdi pho ciia ion phan tir [M+H]*. Phan mol
S

cua céc triglixerit ¢d trong dau hat duoc tinh theo cong thuc: a(TG,) = F. %100%

TN

Trong d6: Si la dién tich cua triglixerit i;
ni — 1a s6 luong goc axit béo lién hop cé trong phan tu triglixerit i.
Phan mol cua céc axit béo trong thanh phan triglixerit duoc tinh theo cong thuc:

§ o (T'Gy) - nij

o (Acid;) = -100%

Zj Zi x (TG;) - nij

nij — 1a s lwong géc axit béo j cd trong phan tu triglixerit i.

2.2.2. Tong hop phitc hop bao (inclusion complex)

Dung dich BD duoc chuan bi trong nudc cat véi cac nong d6 6,0; 8,0; 10,0 va 12,0 mM
va dau hat gic duoc hoa tan trong 3 mL diethyl ether. Qua trinh tdng hop phtic bao dugc tién
hanh bang cach thém tir tir dau hat gac vao trong dung dich BCD trong diéu kién khudy tron
sir dung may dong hda huyen phi véi toe do 4500 vong/phit. Sau d6 hon hop dong hoa & te
d6 11000 vong/phat trong mot khoang thai gian chi dinh. Qua trinh tao phirc duoc can bang
trong diéu kién khudy tron nhe sir dung may khudy tir trong thoi gian 2 gio. Tién hanh loai bo
dau du (khong tham gia tao phuc) sir dung phéu chiét véi dung mdi n-hexane. Cho toan bo
lwong hdn hop sau khi khudy tron vao phéu chiét, trang céc bang 5 mL n-hexane va cho vao
phiéu thém 20 mL dung méi, lic manh trong 5 pht. Bé yén phéu chiét trong 10 phit dé hdn
hop tach 16p. Tach phan dung dich chira phic chat & trang thai huyén pha khoi phan dung moi
n-hexane. Dung dich phirc thu dugc dem di sdy thang hoa sir dung thiét bi Freezone 2.5
Labconco & 0,021 mbar va -48 °C (dé thu duoc phiic dang bot). Phan dau du trong dung méi
n-hexane dugc xac dinh bang phuong phap quang phd phan tir UV tai bude séng 270 nm.
Puong chuin cua ndng d6 dau gac (mg/mL) dugc xay dung bang phuong phap phd hap thu
phan t tai budc séng 270 nm (Abs = 22,267xC+0,0042; R? = 0,9998).

2.2.3. Nghién citu cac dac tinh cua phac hop bao

Phé FT-IR cua dau hat géc, BCD, hon hop vt ly va phic hop bao BCD/dau hat gac duoc
ghi lai trén may quang pho Shimadzu IR Prestige trong ving tir 450 den 4000 cm? & do phan
giai 1 cm™. Mau dugc chuan bi bang k§ thuat nén vién KBr.

Pho hap thy UV - VIS cua dau hat géc va phirc hop bao cia BCD/dau hat gac duoc ghi
lai bang may quang pho UV-Vis Jasco V730 & budc song tir 220 dén 400 nm trong dung moi
n-hexane va nudc.

Dic diém hinh thai bé mat cua phic hop bao gitta BCD va dau hat gac duoc ghi lai sit
dung hé thong kinh hién vi dién tir quét SEM (INSTRUMENT JSM-1T200).

Phén tich khoi lwong (TGA) va phan tich nhiét quét vi sai (DSC) duoc tién hanh trén may
SDT Q600 trong moi truong argon. Phan tich duoc thuc hién tu nhiét @6 25 °C dén 500 °C &
toc d6 gia nhiét 10 °C/phut.
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Do bén cua cac axit béo co ndi d6i lién hop trong phirc hop bao da dugc nghién ctu trén
co s¢ 50 sanh véi do bén ciia hdn hop vat Iy [16]. Hon hop vat 1y dugc chuan bi bang céch
tron déu mot lugng dau hat gac véi BCD (ti 18 13:87, w/w). Phiic hop bao va mau vat 1y duoc
chuan bi & cing thoi dlem va luu gitr trong tli zip ¢ nhi¢t d6 phong, sau nhiing khoang thoi
gian nhat dinh 50 mg mau dugc Iay ra va tién hanh chiét lai ham luwong dau hat gac con lai
trong mau va xac dinh biang phuong phap do quang phan tir & budc séng 270 nm. Phan tram
dau con lai (chua bi phan hity) duoc tinh toan trén co s¢ so sanh ham luong dau trong mau &
thoi diém mai chuan bi va tai thoi diém lay mau phan tich.

2.2.4. Thiét ké thi nghiém bé mdr ddap 1mg (RSM)

Phuong phap phdi hop c6 tam (central composite design - CCD) véi o = 1 dd duoc sir
dung dé toi wu hoa cac qua trinh tao phuc. Ty 1& mol cua triglixerit trong dau va B-cyclodextrin
(X), ndng dd ban dau cua PCD (Y) (mM) va thoi gian ddng hoa (Z) (phat) dugc chon lam céc
thong sé khao sat va ham lugng dau trong phtrc thu duoc,% (A) dwoc chon lam ham muc tiéu.
Ham luong dau trong phiic bao dugc xac dinh bang phuong phap khéi lugng sau khi chiét
hoan toan dau ra khoi phirc bao bang phuong phap chiét soxhlet sir dung dung mdi n-hexane
& nhiét do cao trong thoi gian 8 gid. Pho IR cua phirc sau khi chiét dau dugc so sanh voi pho
IR cua BCD de dam bao dau trong phie duoc chiét ra hoan toan khoi phic bao. Khoang gia
tri cua cac yéu té khao sat duoc chon dua trén két qua thu duoc khi khao sat cac yéu té bang
phwong phap luan phién tirng bién. Ham muc tiéu duoc xay dung bang cach sir dung md hinh
bac hai cho ham muc tiéu va dwoc biéu thi theo phwong trinh:

Ham muc tiéu (A) = o + P1X + B2Y + BaZ + PruX? + Po2 Y2+ BaaZ? + ProXY + P1sXZ + PsYZ

Ham luong dau trong phtre duoc tinh theo cong thic: A (%)zmmm—% x 100
phic bao

Céc dir liéu duoc xu ly bang phan mém minitab v.9.1.1, cac két qua phan tich ANOVA
duogc danh gia & mic y nghia o = 0,05.

3. KET QUA VA THAO LUAN

3.1. T6i wu héa cac thong sé cia qua trinh tao phirc
3.1.1. Thanh phan axit béo c6 trong dau hat gdc

Déu hat gac sau khi 1am sach duoc tién hanh phan tich thanh phan cua cac triglixerit bang
phuong phap sac ky long hiéu nang cao pha dao. Sac ky d6 cua dau hat gac dwoc chi ra trong
Hinh 1.

mAu 8
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tg (min)
Hinh 1. Séc ky d cua dau hat gic
Két qua dinh tinh va dinh luong cac triglixerit trong dau hat géc dwoc xéc dinh véi cac
thanh phan nhu sau: 1-aEs: 5,62%; 2- aEoL: 7,31%; 3- aEL,: 3,88%); 4-aE20: 12,0%; 5-aE2P:
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4,28%:; 6-aEL0O:4,47; 7-aELO:1,93; 8-aE,S: 48,51; 9-aEO,: 2,68%; 10-aELC: 9,32%. Cac
triglixerit dugc ki hi¢u theo quy udc, st dung cac chit cai dai dién cho cac géc acid béo va
khong c6 su phan biét vi tri ctia cac goc acid béo trong mach glixerol. Trong d6: L - Linoleic
acid (C18:2%132); O - Oleic acid (C18:1%); S - Stearic acid (C18:0); P - Palmitic acid (C16:0);
oE - a-eleostearic acid (C18:3%1E13E): Két qua xac dinh ham lugng cac axit béo trong dau thu
duoc gom: axit o-eleostearic: 61,1%; linoleic: 10,3%; oleic: 7,3%; stearic: 19,3%; palmitic:
2,1%. Tir nhitng thdng tin trén ching ti tinh phan ti lugng trung binh caa triglixerit trong dau
hat gic M = 876,8 (CsHs(OCOR)a), thong tin nay duoc sir dung dé tinh s6 mole triglixerit
trong dau.

3.1.2. Khdo sét cac yéu té theo phwong phép ludn phién timg bién

Phuong phap luan phién timg bién dugc thuc hién dé tim ra khoang téi wu ctia cac thong sé
bao gom: ndng do PCD, ti I¢ mole cua triglixerit: BCD, thoi gian dong héa hdn hop. Ham luong
dau du (khéng tham gia phan tng tao phuec) trong cac thi nghiém dugc xac dinh dé danh gia kha
ning tao phic trong cua dau gac voi BCD. Két qua khao sat duoc chi ra trong Hinh 2, 3 va 4.

450

400 a
350 RS
300
250
200
150
100
50
0

Khéi lugng dau du (mg)

2 5 8 11
Thoi gian, phut
Hinh 2. Khao sat anh husng cua thoi gian ddng hoa dén ham luong dau du sau khi tao phic;
nong dé BCD 10 mM, ti 1é mole TG/ BCD

Két qua khao sat anh huong cia thoi gian dong hda chi ra réng, ham luwong dau du sau
khi tao phuc ¢ thoi gian khoang 8 phut thap nhat, khi ting thoi gian dong hoa tir 2 dén 8 pht
thi kha ning tao phirc ting dan do tang thoi gian va cham va tiép x(c ciia cac phan tir triglixerit
va BCD, chinh vi vay luong dau du sau qua trinh tao phic giam nhanh. Tuy nhién, khi qua
trinh tao phic d dat t6i trang théai can bang, ting thoi gian dong hoa lam luong dﬁu du tang
1én. Piéu nay c6 thé do nguyén nhan dau hao hut bin ra khoi chat 16ng hodc bam vao thanh
thiét bi trong qua trinh dong hoa.

450
400
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a1
o

300
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o RO ¢ ¢
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12
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6 8
Néng d6 pCD, mM

Khéi lugng dau du (mg)

Hinh 3. Khao sét anh hwong ciia nong do BCD dén khdi lwong dau du sau khi tao phic.
Thoi gian dong hoéa 8 phat, ti 1€ mole TG/ BCD 1,39.
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Nong do BCD anh hudng dang ké dén qua trinh tao phuc trong dung dich, nong do BCD
cang 16n thi xac suat va cham va hinh thanh phirc ciia cac phan tir trong dung dich cang Ién
nén kha ning tao phirc cang tiang. Tuy nhién do d6 tan ¢ diéu kién nhiét ¢6 phong cia pCD
khong 16n, viéc chuan bi néng do Ion hon 12 mM gap kho khan. Ngoai ra, & nong do gan bio
hoa cac phan tir BCD con c6 kha nang tu két hop véi nhau hinh thanh dang da phan tir va két
taa trong dung dich [17, 18]. Chinh vi vay, khi ting nong d6 10 mM dén 12 mM hiéu qua tao
phtrc thay d6i khong nhiéu (khdng c6 su khac nhau c6 ¥ nghia véi mic o = 0,05).

Két qua khao st anh huong cua ti 1& mole triligixerit:BCD dén kha ndng tao phirc khi
thoi gian dong hda va nong do BCD duoc gitr khong doi. Ket qua chi ra trong Hinh 4.

350,0

a

300,0

mg

- 250,0

=N
o 9
o o
o o

Khéi lwong dau du.

0,46 0,76 1,07 1,38 1,68
Ti 1€ mol TAG/BCD

Hinh 4. Khao sét anh huong cia ti 1¢ mole TG/ BCD dén khdi lwong dau du sau khi tao phc.
Thoi gian dong hda 8 phdt, nong 6 BCD 7,5mM.

Két qua chi ra rang, khi thay déi ti 1é mole giira triglixerit va SCD (TG/BCD) sé& gay anh
huéng 16n dén kha nang tao phirc hop bao trong dung dich. Ting ti 18 tir 0,46 dén 1,38 thi kha
ning tao phirc ting, diéu nay co thé duogc giai thich biang sy ting kha ning phan tan cua cac
triglixerit trong dung dich, tir 46 tang XAc suat va cham giira cac phan tu triglixerit vi BCD. Khi
ti 18 dat ti wu, viéc tang khdi lugng dau chi 1am ting ham luong dau du sau qua trinh tao phuec.

Tur nhitng két qua tdi wu hoa thong s6 nong do BCD, ti 1é mole cua triglixerit : BCD, thoi
gian dong héa hdn hop bang phuong phéap luan phién timng bién trén, ching tdi tién hanh ti
vu hoa qua trinh hinh thanh phiic hop bao bang phuong phap bé mat dap tng.

3.1.3. Tdi uu héa cdc théng sé bang phwong phdp bé mdt ddp 1mg

Tur nhiing két qua khao sat d6, chung toi tién hanh t6i uu hoa cac diéu kién tao phic bang
phuong phap bé mat dap (ng. Két qua chi ra trong Bang 1.

Bang 1. Ham luong dau hat gic trong phuc hop bao trong cac thi nghiém duoc thiét ké dang CCD

Ti 1€ mole TG: Nbng do BCD Thoi gian ddng hoa Ham lugng dau trong phic,

BCD (X) (mM) (Y) (phat) (2) % (A)
1,4 12,0 8,5 12,5
1,4 9,5 12 12,8
19 7,0 50 8,5
1,4 9,5 8,5 13,0
1,4 9,5 5,0 10,5
1,4 9,5 8,5 12,8
1,9 12,0 5,0 8,4
0,9 9,5 8,5 79
0,9 7,0 50 4,1
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Ti 1¢ mole TG: Néng d6 pCD Thoi gian ddng hoa Ham luogng dau trong phirc,
BCD (X) (mM) (Y) (phat) (2) % (A)
1,4 9,5 8,5 12,9
1,4 7,0 8,5 10,8
1,9 9,5 8,5 11,0
0,9 7,0 12,0 6,5
0,9 12,0 12,0 9,1
0,9 12,0 50 5,6
19 7,0 12,0 9,3
1,9 12,0 12,0 10,1

Tién hanh phan tich ANOVA va x@y dyng phuong trinh héi quy cho ham muc tiéu A,
chung t6i thu dugc phuong trinh hoi quy bac 2 phy thude cia ham luong dau trong phire vao
3 thong so khao sat nhu sau:

A=-4553+43,44 X +3,394Y + 1,699 Z - 12,617 X?-0,1527 Y? - 0,0779 Z2
- 0,3400 XY - 0,2429 XZ + 0,02857 YZ véi R?=99,68

Bang 2. Két qua phan tich ANOVA cia ham muc tiéu A

Source DF Adj SS Adj MS F-Value P-Value
Model 9 116,762 12,9736 238,90 <0,0001
Linear 3 35,555 11,8517 218,24 <0,0001
TG:bCD (X) 1 19,881 19,8810 366,09 <0,0001
bCD (mM) (Y) 1 4,225 4,2250 77,80 <0,0001
time (min) (Z) 1 11,449 11,4490 210,82 <0,0001
Square 3 77,817 25,9391 477,65 <0,0001
X*X 1 26,656 26,6562 490,85 <0,0001
Y*Y 1 2,440 2,4396 44,92 <0,0001
z*Z 1 2,440 2,4396 44,92 <0,0001
2-Way Interaction 3 3,390 1,1300 20,81 0,001
X*Y 1 1,445 1,4450 26,61 0,001
X*Z 1 1,445 1,4450 26,61 0,001
Y*Z 1 0,500 0,5000 9,21 0,019
Error 7 0,380 0,0543
Lack-of-Fit 5 0,360 0,0720 7,20 0,126
Pure Error 2 0,020 0,0100
Total 16 117,142

Phén tich phuong sai (ANOVA) cua md hinh héi quy bac hai thu dwoc cho thdy mé hinh
c6 y nghia; théng sé “Lack-of-Fit” khong c6 y nghia vé mat thong ké (P> 0,05). Diéu nay cho
thdy rang mé hinh c6 thé duoc sir dung dé du doan cac thong sé cua qué trinh tao phirc. Két
qua phan tich phuong sai day di cho céc hé sé cua phuong trinh hdi quy duoc chi ra trong
Bang 2. Két qua chi ra rang, tit ca cac hé sb tuyén tinh cua ba tham s6 (XY va Z) déu duong,
cho thay tac dong cong huong cua ba tham sé nay. Hé sé ciia thong sb ti 1¢ mole TG/BCD (X)
1a 16n nhat trong ba thdng s6 doc 1ap, cho thay thong s nay tac dong cao nhat dén ham luong
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cua dau c6 trong phic [19]. Anh hudng dong thoi cia 3 thong sé doc 1ap véi ham muc tiéu
duoc chi ra trong Hinh 5.

< 75 time (min)
/ — < 75 ftime (min)

150
ti 18 mole ctia oil:bCD

12

s0- 15
B o35 90
W so0- w05
W o5 - 20
LR

bCD (mM)
time (min)
time (min)

Hold Values
BCD (M) 95

10 12 14 16 18 10 2 14 1% e 7 8 s 10 [ 2
0il:bCD oikbCD bCD (mM)

Hinh 5. D4 thi bé mét dap tmg va Contour biéu dién sy anh hudng dong thoi
cua cac cap thdong so dén ham muc tiéu

Ham muc tiéu dat gia tri tbi da khi nong d6 BCD, ty 18 mol TG/BCD, va thoi gian dong
hoa thay ddi trong khoang 9,5-11,5 mM, 1,3-1,7 va 9-12 phut, tuong Gng. Tién hanh tbi uu
hoa ham muc tiéu khi thay d6i dong thoi ca 3 tham sb phu thudc thu duoc két qua thé hién
trong hinh 5. Theo mé hinh hdi quy da dé xuit cac didu kién tdi uvu dugc xac dinh bao gom:
nong do BCD 10,4 mM, ti I¢ mole TG/BCD: 1,45; thoi gian dong hda: 10,5 phut. Tién hanh thi
nghiém dbi ching tai diéu kién téi vu thu dugc sau d6 danh gia ham luong dau trong phic tai
diéu kién tbi wu trén, két qua thu duoc cho thiy ham lwong dau trong phire dat 13,08 + 0,3 %
(n = 3) khdng c6 su khéc biét c6 ¥ nghia so véi két qua thu dwoc di doan tir phuong trinh hdi
quy dé xuat va két qua nay kha tuong dong so véi két qua thi nghiém t6i wu héa qua trinh tao
phtic hop bao cua B-CD véi dau toi bang phuong phap dong két taa [20].

Optimal oikbCD bCD (mh) time {mi
b 1ooo Mo 1.90 120 120
o Cur [1.4758] [10.4343] [10.5152]
Low 0.90 7.0 5.0
N e
ya ~ e
// e
/ //
© / // S/

Maximum ’

y = 13.2742

d = 1.0000 /

Hinh 6. T6i uu cac thong sb cua qua trinh tao phtc tir md hinh héi quy da xay dung
3.2. Nghién ctru cac dac tinh caa phic hgp bao thu dwoc
Phé hdng ngoai caa phirc hop bao thu duge dugc so sanh véi phd hdng ngoai cua dau

géc va BCD, két qua chi ra trong Hinh 7.
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Hinh 7. Phé FTIR cua BCD (1); phtc hop bao (2) va dau hat gac (3)

Két qua chi ra rang, trong phé hong ngoai cua phuc hop bao thu duoc tat ca cac dai hap
thu dic trung cua PCD duoc gitr nguyén, dong thoi c6 sy bd sung cac dai hap thu cia cac
nhom chtrc diic trung trong phén tir triglixerit. Khi hinh thanh phuc chét, c6 sy chuyén dich rd
nét dinh hap thy ciia nhém C=0 (hap thu & s6 s6ng 1704 cm™) so vai dinh hap thu caa nhém
chie d6 trong dau hat (hap thu ¢ 1745 cm'h). Dong thoi, so sanh véi pho IR cua BCD ¢o sy gia
tang cuong do ving hap thy ¢ viing 2800-3000 cm%, dic trung dao dong kéo dai cua Csps-H
(cac nhdm CH, CH, va CHs). Ngoadi ra, c6 thé quan sét thdy ddi voi dao dong kéo dai cia C—
O-C trong vuing 1025-1158 cm™! (1028, 1076, 1153 cm™); trong viing 1480-1190 cm, tai s6
song 1452, 1413, 1372, 1332, 1299, 1244 cm'%, lién quan dén dao dong bién dang cua lién két
C-H, trong ph IR caa phtic ciing khéc biét rd rét so véi phd IR cia BCD. Ngoai ra, ving 3294
cm't ¢6 sy chuyén dich rd rang so vai phd IR caa cac BCD ban du. Piéu nay lién quan dén sy
hinh hanh nhiéu hon cac lién két hidro trong phan tir cia phirc hop, dong thoi sy ¢6 mat cua
lyc Van der Waals trong qua trinh twong tac cua c4c phan tur triglixerit dé tao thanh phuc hop
bao [21] Tat ca nhitng dac trung trén chi ra rang co su tuong tac ciia cac nhém chic C=0,
C=C va céc gbc hydrocarbon cua axit béo trong phan tir triglixerit v6i khoang tréng cia pCD.

Su hinh thanh cia mot phac hop bao thay vi mét hon hop vat ly giita BCD va cac
triglixerit da duoc Xac nhan bang phuong phap phan tich nhidu xa tia X, phan tich nhiét va
phan tich khéi lwong cua mau phac hop. Cac mau phic hop bao va cyclodextrin duoc chuan
bi tir dung dich sau khi tién hanh say thanh bot bang phuong phap siy dong khé da duoc mang
di phan tich.

400000 -

— complex

300000 4 — betaCD

200000

Intensity

100000
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Hinh 8. Gian d6 nhiéu xa tia X cua phuc hop bao thu duge va pCD
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Két qua chi ra rang su hinh thanh phic chat 1am thay doi cau tric mang tinh thé ban dau
ctia BCD va duoc chi ra trong gian d6 nhidu xa (Hinh 8). Pdi vai gian d6 nhidu xa cia fCD
cho thiy do két tinh cao, do cac dinh sic nét dic trung tai cac gia tri 20 1a 8,94, 10,60, 12,42,
15,80, 17,50, 18,71, 19,52. Gian dd nhiéu xa cua phirc hop bao xuat hién it peak hon cho thay
mot cAu tric co dd két tinh kém hon véi cac dinh xuét hién & 6,62°, 10,75°, 11,72°, 12,52°,
17,75°. Két qua nay kha tuong dong véi két qua phan tich gian db nhidu xa tia X ciia phirc hop
bao giira dau huéng duong vai BCD [22]; véi su xuat hién cia cac dinh pho méi co thé du
doan rang c6 su chuyén pha cia phic hop bao trong qué trinh tong hop. Viée thay doi ciu tric
tinh thé méi cua phirc cho thay su hinh thanh phiic hop bao giita diu va pCD. Twong tac giita
cac phan tir triglixerit va PCD c6 thé pha vé cau trc tinh thé ban dau cua cac phan tir BCD va
Iam bién d6i mang tinh thé.

Trén biéu d6 nhiét DSC cua PCD (Hinh 9), c6 mét dinh thu nhiét 16n trong khoang 75-
136 °C, lién quan dén qua trinh mat nudc cua BCD, twong Gng vai két qua giam trong luong
trong quatrlnh phan tich khoi luong (TGA) (Hinh 10) tai 95,7 °C. Khi nhiét d6 1én dén 280 °C,
khéng thay giam khoi lugng cua mau, sau d6 qua trinh phan huy cua BCD bat dau & nhiét do
trén 282 °C. Trong khi d6, ddi vai phirc hop bao cua dau hat gac va BCD, dinh thu nhiét va sy giam
khéi lugng bt dau & nhiét do thip hon tir 72 °C - 102 °C. Ngoai peak thu nhiét & 320 °C tuong tur
v6i phan tir BCD, xuét hién 1 peak thu nhiét va giam khéi luong & nhiét do 400 °C. Peak hap thu
nay c6 thé lién quan dén qué trinh phan hily phirc hop bao giita triglixerit va pCD [23].
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Hinh 11. Anh SEM chup bé mit ctia phirc hop bao gitta BCD va dau hat gac
& cac do phong dai khac nhau A - 10000 lan, B - 2000 lan

Tir hinh anh SEM cua phirc bao giira BCD va dau gac nhan thay rang, cac phuc bao duoc
tao thanh & dang két tinh tét véi dang hinh tru khong dong déu, chiéu dai trung binh khoang
4 pm,

Céc két qua do tan va pho hap thu phan tir ciia phirc hop da duge xac dinh. Két qua chi
ra rang, do tan cua phirc trong nudc dat 0,435 mg/ml. 6 hap thu caa phirc trong khoang budéc
s6ng tir 220-400 nm chi ra rang, cuc dai hip thu trong ethanol tai budc séng 270 nm, trong
dung mo6i nude la 272 nm.

N S
é 40? § §

Thoi gian luu, ngay
Hinh 12. Két qua khao sat d6 bén cua phirc hop (IC) va hdn hop vat ly (PM) theo thoi gian.

Két qua nghién ctru 6 bén cua phirc hop bao trong diéu kién luu giit ¢ nhiét do phong
ciing chi ra rang, phirc thu dugc bén hon dang ké so vai hdn hop vat 1y thong thuong duoc luu
trir & cung diéu kién, sau 28 ngay, dau hat gac trong hdn hop vat ly gan nhu bi bién ddi hoan
toan trong khi d6 phan tram bién déi trong phirc hop bao 1a 43,32%. Kha ning giir 6n dinh cac
phan tir khach ¢ trang thai tao phiic hop bao c6 thé giai thich bang su che chan cua phan tir
BCD véi cac gdc axit béo khong no khi phan tir triglixerit thanh cong chui vao bén trong cac
khoang trong ciia phan tir khéch. Két qua nay ciing trong dong véi két qua tang vé do bén cua
dau hat anh thao (Evening primrose) trong phtic hop bao véi aCD, BCD va yCD [24].

4. KET LUAN
Phuc hop bao gitta BCD va dau hat géc da dwoc tong hop thanh cong khi khudy tron dau
hat gac vai dung dich nuéc ctia BCD. Céc thong s6 cua qua trinh tao phirc da duoc toi uu hoa

str dung phuong phép thiét ké thi nghiém phdi hop c6 thm CCD Face central. Cac thong sb tdi
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wu cho qua trinh tao phirc bao gom: nong @6 BCD la 10,4 mM, ti I¢ mole TG/BCD la 1,45; thoi
gian ddng hoéa la 10,5 phit & téc d6 8000 rpm. Phirc hop sau khi dugc siy dong kho chira
13,02 % dau hat gac, do tan trong nudc dat 0,432 mg/mL, hap thu budc séng cuc dai tai 270
nm trong dung méi ethanol. Bot phirc hop thu duoc dd duogc tién hanh nghién cau bang mot
nhém cac phuong phéap: phd hap thu phan tir UV, hong ngoai FTIR, phan tich nhiét vi sai
DSC, phan tich khéi luong TGA va nhidu xa tia X. Cac két qua déu chi ra riang, cac phan tu
triglixerit trong dau hat gac thanh cong di vao khoang tréng cua cac phan tir BCD tao thanh
phtic hop bao. Qué trinh tao phtic hop bao cai thién dang ké do tan cua cac phan tir khéch,
dong thoi tang do bén cia phirc so vai hon hop vat ly giira BCD va triglixerit. Dau hat géc la
maot nguén chira ham lugng axit béo c6 ndi ddi lién hop (a- -eleostearic acid) cao (trén 60%).
Chinh vi vay phic hop bao tao thanh giita BCD va dau hat gac c6 tiém ning tro thanh nguyén
liéu cho nganh cong nghiép duoc pham ciing nhu thuc pham.

Loi cam on: Bai bao dugc thyuc hién trong khudn kho cua dé tai nghién ciru khoa hoc ciia sinh
vién maso 92/Hb 20/HD-DCT ngay 19/06/2022 cua Truong Dai hoc Cong nghi¢p Thyc Pham
TP. Ho Chi Minh (nay 1a Truong Pai hoc Céng Thuong Thanh phd H6 Chi Minh).
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ABSTRACT

OPTIMIZING THE FORMATION AND STUDYING CHARACTERISTICS OF
INCLUSION COMPLEX OF BETA-CYCLODEXTRIN WITH GAC SEED OIL

Nguyen Van Tung, Nguyen Le Lan Anh, Le Vu Diep Anh,
Phung Gia Man, Nguyen Van Anh*
Ho Chi Minh City University of Industry and Trade
*Email: anhnv@huit.edu.vn

Microencapsulation technology is an effective packaging solution that converts liquid
and gaseous compounds into powder while preserving the activity of these compounds in a
tiny structure with a membrane encapsulated to limit the effects of the external environment
and enhance some of the physical properties of the encapsulated compounds. In this paper, we
studied the inclusion complex of Gac oil, containing a high content of a-eleostearic acid with
B-cyclodextrin. The complex was obtained in the solid state, stable under room conditions, and
improved solubility in polar solvents. The optimal parameters of the complex formation
process were studied by Response Surface Method using the CCD model. The properties of
the complex were studied by a set of methods: UV, FTIR spectroscopy, TGA, and DSC
analysis. The results showed that triacylglycerols in the seed oil successfully entered into the
empty cavities of B-cyclodextrin to form the inclusion complex. The stability of triglycerides
with conjugated fatty acids in the complexing state and the solubility of triglycerides in
aqueous solvents are significantly improved compared to conventional physical mixing
samples.

Keywords: Inclusion Complex, Gac seed oil, Microencapsulation, $-cyclodextrin, a-eleostearic
acid.
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