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Curcumin is a natural substance having potential health benefits
including antimicrobial, antioxidant, anti-inflammatory, antitumor...
However, due to its low water solubility, curcumin possesses a low
bioavailability, low solubility, high decomposition rate and poor
absorption. In order to overcome limitations and improve the efficacy
of curcumin, the ionotropic gelation method was used in this study by
complexing pectin, surfactant and divalent cation Ca?* resulting in
micro curcumin beads. The encapsulation efficiency, encapsulation
yield, morphology and size were changed due to the quantity of
Solutol® HS 15 used in the production process. Adding Solutol® HS
15 25% (wi/v) during the manufacturing process was maintained the
antioxidant activity of curcumin comparing to curcumin powder. As
the result, the formulation of the micro curcumin bead was optimizer
and chosen.
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Curcumin c6 nhiéu hoat tinh sinh hoc manh nhu khang oxy hoa,
khéng khuan, khang viém, khang khéi u... Tuy nhién, sinh kha dung
va do hoa tan cua curcumin thip, tbc d¢ giai phong nhanh, hap thu
kém do dic tinh it tan trong nuéc. Dé khic phuc cac han ché cua
curcumin, phuong phap tao gel ion dd dugc sir dung trong nghién
ctru nay, véi su két hop dong thoi caa pectin, chat hoat dong bé mat
Solutol® HS 15 va ion canxi héa tri 2, nham tao ra vién nang curcumin
¢6 kich thuéc micro. Két qua cho thay, hiéu suat bao ché, hinh thai va
kich thuéc ciia nang micro curcumin bi thay doi khi thay doi luong
Solutol® HS 15. Hoat tinh khang oxy héa ciia nang micro curcumin cé
bd sung Solutol® HS 15 véi ndng do tir 25% (w/v) thay ddi khong dang
ké so vai bot curcumin nguyén liéu. Tir d6, cong thirc thich hop dé bao
ché nang micro curcumin da duoc tdi wu va Iya chon.
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1. Pat van dé

Curcumin ¢ cac hoat tinh sinh hoc manh nhu khang viém, khang khdi u, khang oxy héa va
khang khuan [1], [2]. Trong méi truong acid va trung tinh (pH = 3 - 7), curcumin ton tai ¢ dang
keto va hoat dong nhu mot chat nhuong proton, do do, ¢6 chire ndng quan trong d6i véi hoat tinh
khang oxy hoa [3]. Curcumin dong thoi thé hién hoat tinh khang viém manh bang cach tc ché
dang ké viéc tao ra cac goc tu do nhu H,O, va anion superoxit [4]. Tuy nhién, curcumin mang
nhitng dac diém dugc dong hoc kém nhu it tan trong nuéc, toc d6 phan hiy cao, qua trinh thai
loai khoi co thé nhanh nén sinh kha dung cua curcumin twong ddi kém [5]. Bé vuot qua nhitng
han ché nay, mot hudng tiép can dang cha ¥ 1a két hop curcumin vao cac hé mang thudc 1a hat
polymer c6 kich thuéc micro [6].

Pectin 1a mot chit xo tu nhién, c6 mat & nhiéu loai thyc vat. Do mang dic tinh khong giy doc
nén pectin dugc st dung rong rai lam hé mang thudc. Bac biét, su két hop gitra pectin methoxyl
hoa thap (d6 ester hda DE < 50%) va cation hda tri 2 (ion canxi) 1am giam d6 hoa tan va tao ra
cac lien két khong hoa tri (non-covalent interaction) cua cac chudi cachohydrat, dan téi hinh
thanh phuc hop pectinat canxi [7], [8]. Day chinh la nguyén 1y cta phuong phép tao gel ion,
nham muc dich tang cuong sinh kha dung va kiém soat qué trinh giai phong cac chat cé hoat tinh
sinh hoc [9]. Do dé, muc tiéu cua nghién ctu 1a tao duwoc nang micro curcumin bang phuong
phap tao gel ion, Két hop str dung pectin va chét hoat dong bé mat, nham muc dich ting cuong do
hoa tan va sinh kha dung cta curcumin, danh gia dwoc hiéu suat cua qua trinh diéu ché va hoat
tinh khang oxy héa cta nang micro curcumin so véi bot curcumin nguyén liéu.

2. Vit li¢u va phwong phap nghién ctru
2.1. Nguyén vat ligu, thiét bj

Nguyén liéu: Curcumin, low methoxyl amidated pectin (LMAP) (DA = 20-24%, DE = 20-
28%, pKa = 3,5), Solutol® HS 15, CaCly, dung dich dém phosphat (PBS pH 7,4), 2,2-Diphenyl-1-
picrylhydrazyl (DPPH), nudc khir ion (pH = 6,8).

Thiét bi: Can dién tr, may khudy tir gia nhiét, thiét bi do do pH, quang phd ké, bé song siéu
am, bom nhu dong. Phan tich hinh anh bang kinh hién vi dién tr quét, duoc thuc hién tai Phong
thi nghiém Coéng nghé dugc pham/Dugc Sinh hoc, Truong Pai hoc Y - Duoc Bourgogne
Franche-Comté, Phap.

2.2. Phwong phdp nghién ciru
2.2.1. Quy trinh bao ché nang micro curcumin

Nang micro curcumin dugc bao ché bing phuwong phap nang hoa theo phuong phap cua
Sriamornsak va Nunthanid (1998) (Hinh 1) [10], tién hanh theo cac buéc sau: Can 1,6 g LMAP
cho vao 20 ml nuéc khir ion va khuay manh & 700 rpm bang may khudy tir trong 2h & nhiét do
phong cho dén khi hoa tan hoan toan. Can va hoa tan Solutol® HS 15 trong 20 ml nuéc khir ion
dé thu dwoc dung dich Solutol® HS 15 ham luong thay ddi (Bang 1). Sau do, 500 mg curcumin
duoc thém vao coc thay tinh chira dung dich Solutol® HS 15 va khudy nhe & 200 rpm bang may
khudy tir trong 15 phit & nhiét do phong. Sau khi thu dwoc dung dich dong nhit, hdn dich duoc
chuyén sang cc thity tinh chtra hdn hop LMAP va khudy nhe & 200 rpm trong 15 phiit va duoc
tron bang séng am & tan s6 37 Hz trong 5 phat. Hon hop sau do dugc chuyén qua cdc thay tinh
chira 200 ml dung dich CaCl, (10% w/v) bang dng silicon c6 duong kinh 1,5 mm, sir dung bom
nhu dong vai tbe do 8 rpm, két hop khudy nhe & 200 rpm bang may khudy tir cho t6i khi hdn hop
dugc chuyén sang hoan toan. Nang micro curcumin sau khi thu dugc sé tiép tuc duoc thém 5
phut, sau d6 duoc loc va rira sach 2 1an bang nudc khir ion (200 ml/lan) dé loai bo ion Ca?* bam
trén bé mit nang. Nang micro dwoc siy khd trong ta siy ¢ nhiét do 37°C trong 48h.
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Bang 1. Thanh phan cac nang micro curcumin

Thanh ph?ln SO S3 S5 S10 S15
Curcumin 500 mg 500 mg 500 mg 500 mg 500 mg
LMAP 169 1649 1649 1649 1649
Solutol® HS 15 — 39 (7,5% wiv) 59 (12,5% wiv) 10 g (25% wi/v) 15 g (37,5% wiv)
Nuéc khir ion 40 ml 40 ml 40 ml 40 ml 40 ml
CaCl, 400 ml 400 ml 400 ml 400 ml 400 ml
ol OO O O iy
O
Song am
4 , \
LMAP: 1.6¢ Loc va nra i
Solutol*HS 15 ! f { [— W
Curcumin: 500 mg [— ] Sy kho b '
CaCl,: 10% (w/v) Nang miq’o
Khudy tir curcumin

Hinh 1. So d6 bao ché nang micro curcumin md td theo Sriamornsak va Nunthanid (1998) [10]
2.2.2. Cac phwong phap danh gida nang micro curcumin

i) Panh gia hiéu suét quy trinh bao ché nang micro curcumin

100 mg nang micro curcumin khé cho vao 200 ml dung dich giai ly (PBS 7,4 c¢6 bd sung 5 g/l
Solutol® HS 15), khudy manh & 500 rpm bang méy khudy tir trong 48 gio ¢ nhiét do phong va
khudy bang séng &m 3 1an & tan sé 37 Hz (10 phat/lan). Sau 48 gio, ldy 5 ml dung dich, thém 2
mL dung dich Solutol® HS 15 5 g/l. Tiép tuc Iy 1 ml hdn dich chuyén sang binh dinh muc 20 ml
va thém dung dich giai ly dén vach dinh mac 20 ml. Han dich duoc pha loang ¢ muc do thich
hop va nong do curcumin duogc xac dinh bing phuong phdp quang phé hap thu UV-Vis & budc
song 426 nm. Nong d6 curcumin duoc tinh toan bang phuong trinh dudng chuan va trén co sé do
tinh dugc t6ng khdi luong curcumin duoc nang hda (Men).

+ Phuong trinh duong chuén caa curcumin trong dung dich Solutol® HS 15 5 g/l:

y = 0,1248x — 0,0356 (R? = 0,9936) (1)

Trong do, y 1a d6 hap thu quang do & budc song 426 nm, x 1a ndng d6 curcumin (mg/l).
+ Hiéu suat bao ché nang micro curcumin duoc tinh toan theo cng thirc (2):

M.,
EE =

™ % 100 2)

o
Trong do: EE la hiéu suat quy trinh bao ché nang micro curcumin (%), Mes Ia tong khéi luong
curcumin dugc nang héa (mg), Mo la khoi lugng curcumin ban dau (mg).
+ Hiéu suat dong goi nang micro curcumin dugc tinh toan theo cong thic (3):

EY = Men 3)
db
Trong d6: EY la hi¢u suat dong goi nang micro curcumin (%), Men 12 tong khdi luong
curcumin dwgc nang héa (mg), M, 1a khéi lugng nang micro curcumin di duoc say khd (mg).
+ Luong curcumin khong duoc nang héa trong qué trinh bao ché duoc tinh toén theo cong
thac (4):

My + M, + Ms

1
0 X 100 (4)
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Trong d6: CL 1a lwong curcumin khong dwoc nang héa trong qua trinh bao ché (%), M, la
luong curcumin trong dung dich CaCl, (mg), M2 Ia lugng curcumin bi rira tréi trong qué trinh ria
nang micro curcumin lan thi nhat (mg), Mz 1a lugng curcumin bj ria troi trong qua trinh rira nang
micro curcumin lan tha hai (mg).

ii) Danh gia hinh thai ctia nang mico curcumin bang kinh hién vi dién tr quét: Mau thir duoc
phén tan trén mot khung cacbon, sau dé dugc phu bai maot 16p vang mong (kich thuéce tir 100-150
A) va dat vao budng soi mau cua thiét bi. Str dung kinh hién vi dién t SEM Quanta 250 FEI véi
dién ap gia toc U = 5 kV.

iii) Panh gi4 hoat tinh khang oxy héa cua nang micro curcumin bang phuong phip DPPH:
Kha nang khang oxy hoa cua nang micro curcumin dugc thyc hién theo miéu ta cua Brand-
Williams va cong su (1995) [11], bang cach so séanh hoat tinh khéang oxy héa cua curcumin trudc
va sau khi nang héa bang phwong phap DPPH.

Panh gia hoat tinh khang oxy hda cua bot curcumin nguyén liéu bang phuong phap DPPH:
Pha 100 ml dung dich DPPH bang c4ch hoa tan hoan toan 6,78 mg bot DPPH trong 100 ml
ethanol 96%. Tiép theo, pha 100 ml dung dich curcumin bing cach hoa tan hoan toan 36,8 mg
curcumin trong 100 ml ethanol 96%. Dung dich curcumin sau d6 duoc pha lodng theo céc nong
d6 khac nhau bang ethanol (Bang 2). Liy 5 ml dung dich curcumin sau khi dwuoc pha lodng qua
mot 6ng nghiém, sau d6 bd sung 5 mL dung dich DPPH. D6 hap thy quang duoc do & budc song
515 nm tai cac thoi diém khac nhau trong 2h. Mau tring duoc sir dung |a ethanol 96% va mau doi
chirng la dung dich DPPH.

Bang 2. Dung dich curcumin véi cac nong dé khdac nhau triréc khi bé sung DPPH

Nong d¢ dung dich Néng do dung dich Nong d dung dich Nong dé dung dich
curcumin ban dau curcumin ban dau curcumin sau khi pha  curcumin sau khi pha
(M) (mg/l) lodng (M) lodng (mg/l)

1*10°3 368,38 1,00*10° 3,68

1*10°3 368,38 1,25*10° 4,60

1*10°3 368,38 1,50*10° 5,52

1*10°3 368,38 1,75*10° 6,44

1*10°3 368,38 2,00*10°% 7,36

1*10°3 368,38 2,50*10° 9,20

1*10°3 368,38 3,00*10° 11,04

1*10°3 368,38 3,60*10° 12,88

Danh gia hoat tinh khang oxy hoéa cia nang micro curcumin bang phuong phap DPPH: Can
100 mg nang micro curcumin khd cho vao 200 ml dung dich giai ly (PBS 7,4 ¢6 b sung 5 g/l
Solutol® HS 15), khuay manh & 500 rpm trong 48 gio va duoc siéu &m 3 l1an ¢ tan sé 37 Hz (10
phlt/lan). P hap thu quang duoc do & budc séng 515 nm. Nong d6 curcumin duoc giai ly trudc
khi b6 sung dung dich DPPH duoc tinh todn bang phuong trinh duong chuan (1). Két qua thé
hi¢n trong Bang 3.

Bang 3. Nong dé curcumin dieoc gidi ly trieéc khi bé sung dung dich DPPH

Nang micro curcumin Nong d curcumin dwoc giai ly (mg/l)
SO 48,7+0,9
S3 40410
S5 35,1+05
S10 26,5+0,4
S15 20,4+£0,6

~ Sau khi hoa tan sau 48 gio, lay 1 ml phan dich giai ly pha lodng véi 4 ml ethanol 96%, sau do
b6 sung 5 ml dung dich DPPH. D¢ hap thu quang dugc do ¢ busc song 515 nm tai cac thoi diem
khac nhau trong 2 gio. Mau trang duoc su dung la 1 ml dung dich giai ly (PBS 7,4 c6 b6 sung 5
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g/l Solutol® HS 15) pha lodng v6i 9 ml ethanol 96%. Mau ddi chimng 1a 1 ml dung dich giai ly pha
lodng vai 4 ml ethanol 96% va b6 sung 5 ml dung dich DPPH.

Hoat tinh khang oxy hoa cta curcumin sau khi nang hoa duoc tinh toan theo cong thirc (5):

Aco - Aat
Pl = —— x 100 (5)
Y r ACO r ~ r

Trong do: Pl la phan trdm ¢rc cheé DPPH (%), Aco 1a d6 hap thu quang cua mau doi chung, Aat

la @6 hap thu quang cta mau c6 chira curcumin [12].

2.3. X Iy 56 ligu

Cac thi nghiém trong nghién ctru dugc tién hanh I3p lai 3 1an. Cac s6 liéu dugc xu Iy bang
phan mém Microsoft Excel 2016.
3. Két qua va ban luan
3.1. Téng hep nang micro curcumin

Cac nang micro curcumin dugc bao crlé bang cach chuyén hén dich gém curcumin, LMAP,
Solutol® HS 15 sang dung dich CaCl,, dan téi su hinh thanh céc lién ket chéo polysaccharide
gitra cac ion mang dién tich duwong Ca®" va nhom chirc mang dién tich &m COO" cta cé4c phan tu
LMAP, do d6 bao boc curcumin & bén trong.

Hinh 2. Céc nang micro curcumin sau khi say kho

Két qua & Hinh 2 cho thiy cd su khac nhau vé mau sic gitra c&c nang micro curcumin. Cu thé,
nang SO ¢6 mau cam dam, trong khi cac nang S3, S5, S10 va S15 cd mau cam nhat. Quan sat
dudi kinh hién vi dién tir quét, nang SO c6 cau trdc hinh bau duc, bé ngoai thd rép, san sui, do
curcumin chwa dugc hoa tan hét va bam trén bé mat (Hinh 3). Nang S3 va S5 c6 hinh bau duc, bé
ngoai con san sti, kich thudc nang to va chua dong nhat. Nang S10 cé hinh tron, bé ngoai tron,
min, kich thudc nang ddng nhat. Nang S15 ¢6 bé ngoai nhin nheo, hinh thai khong dong nhit,
kich thudc nang to hon so véi nang S10. Két qua nay cd thé giai thich do trong qua trinh say kho,
céc nang S10 giir dugc nhiéu nudce nén do trrong nd cao, tao sic cang bé mit tét, do do bé ngoai
nang tron, min. O nang S15, do bd sung Solutol® HS 15 ¢6 néng d0 cao nén kich thudc hat to
hon, tuy nhién bé mit ngoai nhin nheo do cac mang lién két dugc hinh thanh c6 do day cao, dan
t61 d6 truong nd thap. O cac nang SO, S3, S5, do lugng Solutol® HS 15 khong dugc stir dung (d6i
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véi nang S0) hodc dugc sir dung véi nong do qué thap (d6i véi nang S3, S5) dan ti sirc cing bé
mat giam, phan I6n nude di bay hoi trong qua trinh say kho, dan toi do truong nd thap. Wang va
cong su (2019) ciing nhén dinh rang, sy di chuyén ctia nudc vao bén trong nang micro va su giai
phéng caa curcumin ra khoi nang micro c6 anh huéng dén hinh thai caa cac nang micro [13].

si0 S15
Hinh 3. Hinh dnh quét bang kinh hién vi dién tir Ciia cdc nang micro curcumin dwoc bao ché
Higu suat bao ché, higu suat dong goi va lugng curcumin khong dwgc nang hoa cua cac nang
micro curcumin dugc thé hién trong Bang 4.
Bang 4. Hiéu sudt bao ché nang micro curcumin

Mau EE (%) EY (%) CL (%)
S0 91,47 £1,91 16,73 +0,35 0,04 0,01
S3 78,18 + 3,81 6,53 + 0,32 0,09 +0,03
S5 76,90 + 1,81 6,25+ 0,15 0,13 + 0,04
510 73,93 £2,29 5,64 +0,17 13,22 +0,77
515 57,84 + 1,40 4,16 £0,10 15,70 + 2,10

Két qua cho thiy c6 su khéc biét vé hiéu suat bao ché, hiéu suat dong géi va lwong curcumin
khong dugc nang hoa gitra cac nang micro curcumin. Nang SO c6 hiéu suat bao ché cao nhat do
khong b sung Solutol® HS 15 trong qué trinh bao ché, dan t6i curcumin it bi phan tan ra khoi
bao nang pectin trong dung dich CaCl,. Két qua nay trai nguoc véi cac nang con lai khi b sung
Solutol® HS 15 trong qua trinh bao ché. Dit liéu trong Bang 2 cho thay, luong Solutol® HS 15
trong phirc hop tang 1én thi hiéu suat bao ché giam xudng, nhiéu nhat & nang S15 khi bo sung 15
g Solutol® HS 15 (37,5% (w/v)). Diéu nay c6 thé giai thich do curcumin hoa tan manh trong dung
dich Solutol® HS 15, nén khi ting lwong Solutol® HS 15 trong qué trinh bao ché, sur phan tan coa
curcumin ra khoi bao nang pectin trong dung dich CaCl; ciing s tang 1én va luong curcumin dugc
nang micro hda s& giam xudng. Nguoc lai, véi lugng Solutol® HS 15 thap, curcumin it bi phéan tan
ra khoi bao nang pectin, do d6 hiéu suat bao ché cao. Két qua nay dong nhat voi nhan dinh cia Seo
va cong sur vé kha ning hoa tan cua Solutol® HS 15 trong qua trinh bao ché curcumin bang phwong
phép phan tan ran [14]. T4c gia nhan dinh rang, Solutol® HS 15 ¢ hiéu qua trong viéc ting cudng
kha ning hoa tan ctia curcumin, tuy nhién ciing 1am giam hiéu suét bao ché.
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Qua két qua thu dugc, nghién ctu lya chon bo sung Solutol® HS 15 véi nong do 25% (wiv)
trong qua trinh bao che nang micro curcumin cho hiéu qua toi wu va duoc str dung trong cac
nghién ciru tiép theo.

3.2. Pdnh gid hogt tinh oxy hda ciza nang micro curcumin

DPPH 14 hop chat hda hoc duogc sir dung rong rai trong danh gia hiéu qua khir cac goc tu do
cuia cac hop chat khang oxy héa. Phuong phap nay xac dinh hoat tinh cua céc chat khang oxy
bang phan tng véi DPPH géc bén. Qua trinh chuyén mau caa DPPH tir do tia sang vang khi
electron ti do cua géc DPPH bat cip vai mot electron tir chat chdng oxy héa va mot nguyén tir
hydro dé tao thanh DPPH-H khir. Trong nghién ctru ndy, hoat tinh khang oxy hoa dwgc danh gia
trén bot curcumin nguyén liéu va cac nang micro curcumin, nham danh gia hiéu qua cua qua trinh
nang hoa tdi hoat tinh khang oxy hoéa caia curcumin (Hinh 4).

50

4251

40
S
1 30.80
= 29.66
& 30
Bh
2 21.46
£ 17.21
g 20 :
=
=
e
=
=%
10
0
S0 s3 85 S10 815

EBotcurcumin ™ Nang micro curcumin

_Hinh 4. Hogt tinh khang oxy hoa cua bgt curcumin va nang micro curcumin
bang phwong phap DPPH (Thanh dung trén moi cét biéu do la d¢ 1éch chuan (STD))

Két qua cho thiy, phan trim ¢ ché DPPH cua nang micro curcumin S0, S3, S5 thip hon 8 -
12% so vé6i phan traim tc ché DPPH cua bot curcumin nguyén lidu. Ddi véi cac nang micro
curcumin S10 va S15, phan tram tc ché DPPH thay d6i khong dang ké so voi bot curcumin
nguyén liéu. Theo Ak va Giilgin (2008), su 6n dinh ctia curcumin c6 thé dugc ting cudng nho
Va0 su tao thanh nhil twong trong qué trinh bao ché [12]. Do d6, viéc bd sung Solutol® HS 15
trong nghién ctru nay di tang cuong su 6n dinh cia curcumin, bao vé curcumin khoi su oxy hoa
dién ra trong quéa trinh bao ché va bao quan. Pdi véi cac nang micro curcumin SO, S3 va S5,
lwong Solutol® HS 15 sir dung khong du dé bao vé curcumin khoi qué trinh oxy hoa, dan dén
phan tram trc ché DPPH ciia cac nang nay thip hon khi so sanh véi bot curcumin nguyén ligu.

4. Két luan

Trong nghién cuu nay, hi¢u suit bao ché,‘ hinh thai va kich thugc cua nang micro curcumin bi
thay doi rd rét khi bo sung chat hoat dong bé mat Solutol® HS 15 trong qua trinh bao ché. Ngoai
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ra, lwong curcumin khong dugc nang héa ty 1é thuan véi ham lugng Solutol® HS 15 trong hon
dich. Hoat tinh khang oxy hda cia nang micro curcumin c6 b sung Solutol® HS 15 véi nong do
tir 25% (W/v) thay doi khong dang ké so vé&i bot curcumin nguyén liéu. Cong thire téi wu dé bao
ché nang micro curcumin gém curcumin 500 mg, LMAP 1,6 g, Solutol® HS 15 25% (w/v), nudc
khtr ion 40 ml va CaCl, 10% (w/v).
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