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Release kinetics of lime essential oil (Citrus aurantifolia) from beads
microencapsulated through ion-gel method

Vinh Truong®, Phuong T. Nguyen, Nhung T. C. Pham, & Phuong T. Nguyen
Department of Chemical Engineering, Nong Lam University, Ho Chi Minh City, Vietnam

ARTICLE INFO ABSTRACT

Research Paper Ca-Alginate beads for microencapsulation of lime oil (Citrus aurantifolia)
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Keywords 75°C was twice as much as at 45°C. At 45°C, the difference in the release
rate among the alginate concentrations of 2%, 2.5% and 3% was clear and
Ca-Alginate statistically significant (P < 0.05). However, at 60°C and 75°C, there was

no significant difference in release between the alginate concentration of
2.5% and 3% (P > 0.05). In the storage of beads in 1% CaCly solution
at normal temperature, after the first 15 days, Ca-Alginate-Chitosan
system released about 3% slower than Ca-Alginate system, but there was
no difference between the two systems after 45 days. This shows that if
prolonged for a long time, the ion-gelation of Ca-Alginate prevails over
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TOM TAT

Hat Ca-Alginate vi boc tinh dau chanh bang phucng phap ion-gel dugc
thyc hién va sau dé ngam trong dich Chitosan dé c6 hat Ca-Alginate-
Chitosan. Nong do CaCls tang lam gidm sy phéng thich tinh dau chanh.
Nong do alginate (2 - 3%) va nhiét do nudc ngam anh huéng dén sy phéng
thich tinh ddu chanh (P < 0,05). O nhiét do cang cao, téc do phéng thich
cang 16n. Do phéng thich tinh ddu & nhigt do 75°C cao hon hai 1an & nhigt
do 45°C. O nhiet do 45°C, sy khéc biét téc do phong thich gita 3 ndng do
alginate 2%; 2,5% va 3% rd rang va c6 § nghia théng ke (P < 0,05). Tuy
nhién, & nhiét do 60°C va 75°C, khong c6 sy khac biét vé do phong thich
gitta ndng do alginate 2,5% va 3% (P > 0,05). Trong qué trinh b4o quan
hat vi boc trong moi truong CaCly 1% & nhiét do thudng, sau thai gian 15
ngay dau he Ca-Alginate-Chitosan phéng thich cham hon hé Ca-Alginate
khoang 3% nhung khong khéc bigt gitta hai hé sau 45 ngay. Didu nay cho
thay néu kéo dai thai gian lau thi lien két Ca-Alginate chiém wu thé so

véi lien két Alginate-Chitosan.

*Tac gia lién hé

Truong Vinh
Email: tv@hcmuaf.edu.vn

1. bat Van bé

Cong nghé vi boc hoat chit dugc tng dung
nhiéu trong cac linh vitec duge pham dé kiém soat
téc do phong thich thube, lam gidu dudng chat
cho thuc pham, dé tranh oxy héa hoat chit trong
m¥ pham. Ngoai ra, vi boc con gitp kiém soét
tdéc do phong thich hoat chit theo mong muén.
Cong nghé vi boc dugec ap dung rong rai trong
cac linh vic duge pham, my pham, thyc pham,
thudc bao vé thic vat, phan bén. Cac chat xic
tac nhu enzyme, vi khuédn, ndm, xtc téc héa hoc
(sinh hoc) khi duge vi boc cé thé tai sit dung
nhiéu lan. Cac hoat chat nhu chat chéng oxy hoa,
huong lidu, dau thyc vat, vitamin, amino acid,
chat mau, thuéc nhuom, dé bi hu héng do su tac
dong ctia moi truong ben ngoai nhu anh sdng, am
do, nhiet do, oxygen, hodc do phan ng véi cac
héa chat khéc, sé dude tranh khéi khi cac vat ligu
d6 duge ché tao dudi dang vi nang.

Céc tinh dau da duge ching minh 13 ¢6 tinh

diet khuan va c6 thé tng dung trong thudc bao
vé thyc vat (Anitha & ctv., 2011), m§ pham
(Martins & ctv., 2014). Soliman & ctv. (2013)
da nghién citu vi boc tinh dau qué (Cinnamon),
dinh huong (Clove) va hing tay (Thyme) v6i hieu
suat vi boc 90 - 94% va kha nang tai 22 - 24%
bang phuong phéap ion-gel he Alginate-Ca ding
voi phun khuéch tan dé tao giot.

Tinh dau chanh dugc vi boc bang nhiéu phuong
phap nhu trung hop (polymerization) st dung
urea-formaldehyde (Park & ctv., 2001), két tu
phttc (complex coacervation) st dung hai poly-
mer 14 whey protein va gum arabic (Weinbreck
& ctv., 2004) va bing siy phun vé6i khd ning
tai tinh dau la 10% (Kausadikar & ctv., 2015).
Viéc kiém soat téc do phéng thich hoat chat sé
gitp chon lya trong tng dung thyc tién (Peng
& ctv., 2010; Silva & ctv., 2015). Tinh chit clia
hat Alginate-Ca2+ nhu bé mit nhin, dong déu
cao (Fundueanu & ctv., 1999) nén la phuong phép
duge ing dung rong rai dé kiém soét tdc do phong
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thich hoat chét. Lién két chéo Alginate-Chitosan
béng phuong phap ion-gel da dugce nhiéu nghién
ctu tng dung dé vi boc thubc, protein, té& bao
(Douglas, 2005). Vi boc tinh dau chanh bang
phuong phap ion-gel hé Ca-Alginate chi méi duge
nghién cttu gan day (Truong, 2020; Truong & ctv.,
2020) nhung chua ¢6 bao céo vé dong hoc phéng
thich. Do vay, trong nghién ciu nay sé kho sat
anh hudng ctia nong do alginate lén dong hoc
phéng thich tinh dau chanh ctia hé Ca-Alginate
va so sanh véi hé Ca-Alginate-Chitosan.

2. Vat Liéu va Phuong Phap Nghién Cdu
2.1. Vat lieu

Tinh dau chanh c6 ngudn gbc chiét xudt tu
nhién tit vé chanh tuoi (chanh san, citrus auran-
tifolia) va cung cap béi cong ty Tinh dau Thien
nhién, Viét nam, 6 dia chi 51/4 Pha My, Q. Binh
Thanh, TP.HCM. Sodium Alginate ctia Trung
Qudc (Yantai Zhouji Marine Biotechnology Co.,
Ltd., c6 mau tring, am 9%, protein 2,4%, do nhét
cao). Chitosan, Sodium citrate, CaCly va hexan
ctia Trung Qudc.

2.2. Phuong phéap tién hanh

Tao hat vi boc Ca-Alginate: Dung ky thuéat
dun nht tuong theo phuong phap dong tia-giot
(Truong, 2020). Pha 100 mL Alginate trong nude
cit c6 nong do cho trudec da hoa tan Tween 80
theo 1% tinh dau. Cho tinh dau tit tit vao binh
alginate c¢6 khudy tit 300 v/p. Lugng tinh dau
cho vao dugc c¢b dinh 6 ning suét tai ly thuyét
(LCy;, = tinh dau/(tinh dau + Alginate + CaCly
+ Tween) 1a 22%. Hé nhit tuong duge dong hoa
13500 v/p bing may khudy tit cd hoc (Phillips
HR1607) 3 phit.

Bom nhii tuong Alginate-tinh dau vao binh 250
mL chita CaCly 0,5% (15 mM) bang kim tiém c6
kich thuée 0,26/0,51 mm (ID/OD) véi luu lugng
diéu khién bing dong co servo sao cho dau kim
tao ra dong tia va hinh thanh giot nhd xung dong
(thiét bi ctia dé tai cAp Bo B2018-NLS13 - Hinh
1). Khuay tir dich CaCly lién tuc, thoi gian phan
tng 25 phiit. Cho hat ra vgt dé trén gidy tham
10 phit dé xac dinh kich thudc, hieu suat vi boc.

Do cao kim t6i wu (Hopt) dén bé mat dich
CaCls dugc tinh toan theo cac phuong trinh sau
(Truong, 2020):

Khi Wey /Ohy < 7,53: Hope = 257 exp(-0,506

Pong co servo

Xylanh &
Kim tiém

Dich CaCl2

Hinh 1. Thiét bi dun dich qua kim tiém diéu khién
bing dong ca servo.

WeM/OhM)

Khi WeM/OhM > 7,53:
In(Wens/Ohy) - 7,265

Trong d6, (Ohyr) va (Weyp) tinh theo cac cong
thie (1) va (2).

Hope = 6,42

vp

Ohy = —22 1

M ) (1)
VﬁpdT

Wey = ~5% 2)

V6i dr la duong kinh voi (m), d, p, v lan lugt
13 stic cang bé mat, khoi lugng rieng, va dé nhét
dong hoc ctua dich tham khéo tit Truong & ctv.
(2020).

Tao hat vi boc Ca-Aginate-Chitosan: Ngam
hat Ca-Alginate ¢ trén vao 0,08% Chitosan vdéi
thoi gian phan tng 60 phut.

Phan tich tinh dau chanh bing quang phd: pha
tinh dau chanh trong hexan theo cic nong do
khéc nhau. Dé tim budc séng cho do hap thu cuc
dai, mau pha 0,1 g tinh dau/10 mL hexan dugc
quét & cac bude tit 290 dén 315 nm. Thiét bi st
dung 1a may quang phd Hewlett Packard UV-Vis.
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Sau d6 dyng dudng chuan hap thu tinh dau chanh
& bude séng hap thu cyc dai.

X4c dinh hiéu suat vi boc (MEY): Can 1 g hat
tuoi (khodng 1 g), cho vao dich citrate 0,055 M,
votex dén tan, cho 10 mL hexan vio vi votex
trong 3 phut. Ly tam 6000 v/p trong 10 phit
tach 16p, lay hexan & trén do quang phd, tinh
dugc lugng tinh dau vi boc mg. Hiéu suét vi boc
tinh theo cong thiic sau, véi my 13 lugng tinh dau
ban dau trong nhil tuong Alginate-CaCls.

MEY(%) = mo/mg x 100 (3)

Ham lugng dau tuong ddi (AR): Ham lugng
dau tuong dbéi tinh theo cong thitc (4) duge khéo
sat theo thoi gian ngadm hat vi boc trong moi
trudng nghién ciu. Trong dé mo(t) 1a lugng tinh
dau vi boc trong hat tai thoi diém t.

AR = mo(t)/ms (4)

Thi nghiém phéng thich: Dong hoc phong thich
dugce nghién ctu trong moéi trudsng bao quan hat
(dich CaCly) 6 nhigt do phong va moi trudng ing
dung I& nu6e & cac nhiét do 45°C, 60°C va 75°C
dé tir do6 suy rong két qua cho cac nhiet do thap
hon v& cao hon, dy kién tng dung trong cac diéu
kién ché bién (niu, hip, sy, xit Iy nhiét) va bao
quéan san pham. Thi nghiém b&o quan hat vi boc
& nhiét do phong tién hanh trong thoi gian dai
dén 90 ngay trén mot s6 dich c6 nong do CaCly
khac nhau. Thi nghiém phéng thich ¢ nhiét do 45
- 75°C thyc hién trong 1 tuan dé rat ngin thoi
gian khao sat nhim c6 két qua nhanh. C6 cac thi
nghiém sau day.

Anh huéng ctia ndng do CaCly lén sy phong
thich tinh dau ctia hé Ca-Alginate: C6 dinh nong
do alginate 1,5%, thay déi nong do CaCly tit 0%
dén 1%, nhiét do moi trudng.

Anh huéng ctia ndng do alginate va nhiet do
nuée lén sy phéng thich tinh dau ctia hé Ca-
Alginate: thay doéi nong do alginate 2% - 3%.
Nhiét do nuée 45°C, 60°C va 75°C.

So sanh hé Ca-Alginate va Ca-Alginate-
Chitosan: C6 dinh ndng do alginate 2,5%, dich
CaCly 1%, nhiét do moi truong.

2.3. Phan tich théng ké
Phan tich hdi qui bing phan mém Excel, phan

tich ANOVA bing phan mém Statgraphics cen-
turion v15.1.

3. Két Qua va Thao Luan

Chon buéc séng va dung dusng chuan: Do hap
thu cyc dai tai 295 nm va dudng chudn khao sat
trong Truong & ctv. (2020) dugce chon dé phan
tich tinh dau trong mau hat vi boc.

Anh huéng ctia ndéng do CaCl, len dong hoc
phoéng thich tinh dau chanh: Hinh 2 cho thiy anh
huéng ctia nong do CaCly lén dong hoc phéng
thich ctia tinh dau chanh & nhiét do thudng. Nong
do CaCly cang cao thi tinh dau phéng thich cang
cham. Trong thi nghiém nay, & CaCly 0% titc moi
trudng nudc c6 y nghia ting dung trong cac san
pham dang léng. O cac moi truong CaCly cao hon
cho thiy tiém ning bdo quan hat vi boc sau khi
san xuat. Tinh dau con trong hat dén 68% sau
60 ngay bao quan 6 CaCl, 0,75%. Tuong tu, tinh
dau con 57% sau 90 ngay bao quan ¢ CaCly 1%.
Trong lic do6, & trong moi trudng nude thi sau 4
ngay tinh dau con 66%.

Ap dung mo hinh phéng thich tinh dau bac 1
nhu phuong trinh (5), trong d6 A 1a ham lugng
tinh dau & trong hat tai thoi diém t, va k 1a dong
hoc phéng thich, tit d6 suy ra ham lugng tinh
dau A tai thoi diém t theo ham lugng tinh dau
ban dau (A,) trong hat vi boc theo (6), hosic ham
lugng dau tuong déi AR = A/A, (7), v6i k cho
trén Bang 1.

d(A)/dt = kA (5)

In(A) = -kt + In(A,) (6)

In(AR) = -kt (7)

Su gidm téc do phéng thich thé hién bing sy
giam hing s6 dong hoc k khi tang néng do CaCl,
nhu ¢ Bang 1. Mic dau sy tuong quan chua chiit
ché, nhung do dbc tuong ddi c6 xu hudng gidm
lien tuc khi tang ndng do CaCls.

Bang 1. Hing s6 dong hoc k & cac nong do CaCly
khac nhau
CaC12 0%
k 0,091

1%
0,006

0,25%
0,035

0,5%
0,008

0,75%
0,007

Anh hudng ndng do alginate len dong hoc
phéng thich tinh dau chanh trong méi trudng
nuée & nhiet do 45°C - 75°C: Hiéu suat vi boc
tinh dau chanh tang dan (79 - 86%) khi nong do
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Hinh 2. Anh huéng ctia ndng do CaCly lén dong hoc phéng thich tinh dau chanh.

Bang 2. Su phong thich tinh diu tuong déi & cic ndng do alginate khac nhau trong

moi truong nhiét do nuée khac nhau

Noa 15°C 60°C 75°C

88y 2% 250% 3% 2% 2,50% 3% 2% 2,50% 3%
0 1 1 1 1 1 1 1 1 1
1 0,95 0,96 0,98 093 096 097 092 096 0,96
2 0,84 0,92 0091
3092093 096 089 093 0,93

4 0,86 0091 0,91

7 0,81 0,86 0,89

alginate tang dan tir 2% - 3%. O 45°C, tinh dau
phéng thich 20%, 15% va 12% cho cac nong do 2;
2,5 va 3% sau 7 ngay bdo quan trong moi truong
nuée ¢ 45°C (Hinh 3). Sy phéng thich tuong do6i
clia tinh dau so véi ban dau cho trén Bang 2. Két
qué cho thiy sau 1 ngay, ndng do 3% alginate con
gitt 96 - 98% trong khoang nhiet do 45° - 75°C.
Tuong tuy nhu vay 1a 96% va 92 - 95% cho al-
ginate 2,5% va 2%. Diéu ndy ching té ring, khi
st dung hat vi boc trong cac san phdm c6 qua
trinh thanh tring ¢ khoéng nhiét do 45° - 75°C

thi hau nhu tinh dau khéng méat di. Nong do algi-
nate cang cao thi téc do phéng thich cang gidm.

Két qua hoi qui 6 cac Hinh 4, 5 va 6 cho thiy
da s6 tuong quan kha, chiit v6i he sé6 R? trén 0,98
ngoai trit trudng hop & 60°C c¢6 1é do sy bién dong
ctia sb ligu ldc phan tich mau.

Bang 3 va 4 cho thay nhiét do cang cao thi hé
s6 k cang 16n tic phéng thich cang nhanh. Diéu
nay ciing tuong tu két qua ciia Peng & ctv. (2010)
& nhiet do khac nhau. O nhiet do 45°C can 23 - 40
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Hinh 3. Sy phéng thich tinh dau sau 7 ngay trong nudc 3 nhiét do 45°C thé hién qua do gidm hieu suét vi
boc. Céc ki tu khac nhau thé hién sy khéac biet théng ke (P < 0,05).

ngay mdi gidm 50% nong do tinh diu trong hat
ting voi alginate 2 - 3%. Dong hoc phong thich ctia
alginate 2,5% v& 3% hau nhu khong khac nhau 6
nhiét do 60° - 75°C.

Bang 3. Tdng két dong hoc phéng thich k ciia tinh
dau chanh trong hat vi boc

Nong do alginate, %

Nhiét do nudc, °C

2.0 25 3,0

15 0,0298 0,0213 0,0172
60 0,0351 0,0220 0,0223
75 0,0855 0,0425 0,0481

Bang 4. Thoi gian (ngay) gidm 50% tinh dau (tso)
cta hat vi boc khi bdo quén trong nudc tinh tir cac
md hinh hdi qui

Nhiet do mde, °C Nong do alginate, %

20 25 30
15 233 325 40,3
60 19.8 31,6 31,1
75 81 16,3 144

Theo Truong (2020), khi san xuat hat vi boc
theo phuong phap dong tia-giot, do cau & 3% al-

ginate rat kho dat 92%, trong lic & 2,5% alginate
c6 thé dat 95%. Nhu vay c6 thé chon alginate 2
- 2,5% 1a nong do téi wu khi muén bio quan lau
dai va phéng thich cham, hodc trong diéu kién
ché bién nhiét do cao.

So sanh hé Ca-Alginate va Ca-Alginate-
Chitosan: Dinh huéng trong sin xuédt cong
nghiép, hat vi boc sé dudc san xuédt hang loat
va bdo quan trong moi truong CaCly & nhigt do
phong (25 - 30°C) truée khi duge st dung trong
céc san pham cu thé. Khi bdo quin trong moi
trudng CaCly 1%, su phéng thich tinh dau sé
cham hon (Hinh 7).

V6i hé Ca-Alginate, tit ngay 0 dén ngay 3 ham
lugng tinh dau phéng thich ra nhiéu (khoang 6%
so v6i ban dau) do 16p vo vi boc chua day vi thoi
gian phén tng gita Aglinate va CaCly chi khdi
dau 25 phit va kéo dai 3 ngay. Bat dau tit ngay 3
dén ngay 45 thi 16p vo vi boc dii day dé ngan can
sy phong thich tinh dau vi vay ham lugng tinh
dau gidm nhe khong dang ké (ro rét nhat la ti
ngay 30 dén ngdy 45 ham lugng tinh dau gidm
khodng 1%). Sau 45 ngay, ham lugng tinh dau
chi gidm 10% so v6i ban dau. Vé6i he Ca-alginate-
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Hinh 4. Anh huéng ctia ndng do alginate lén dong hoc phéng thich tinh dau & 45°C.
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Hinh 5. Anh huéng ctia ndng do alginate len dong hoc phéng thich tinh dau & 60°C.

Tap chi Nong nghiép va Phdt trién 20(1) www.jad.hcmuaf.edu.vn


http://jad.hcmuaf.edu.vn

Trudng Dai hoc Nong Lam TP. H6 Chi Minh 65

¢ 2% B 250% A 3%
......... Expon. (2%) ———Expon. (2.50%) ----- Expon. (3%)
1.02
1
0.98
- -00042
0.96 yEEOe
094 - - T
092 -
< _ .. 5
09 -0.048x
| “~._  y=10008e
058 y = 1,002¢ 0086 e RF=0,9992
086 - 2 - R
R? =0,9984
0.84 - *
0.82 : . . . .
0 05 1 15 2 25
Ngay

Hinh 6. Anh huéng ciia nong do alginate len dong hoc phéng thich tinh dau ¢ 75°C.

B Ca-Alginate
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<

Hinh 7. So sanh do phéng thich tinh dau chanh clia hat vi boc Ca-alginate va Ca-alginate-Chitosan ciia
alginate 2,5% & trong moi truong CaCly 1%.
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Chitosan thi dé gidm 6% can t6i 15 ngay néi len
toc do phong thich cham hon hé Ca-alginate do
16p Chitosan. Hai hé vi boc Ca-alginate va Ca-
alginate-Chitosan c6 khac nhau vé hiéu suat vi
boc va do phong thich & giai doan 15 ngay dau
nhung khong khéc biét sau thoi gian dai. Diéu nay
chiing t6 néu bdo quan trong moi trusng CaCly
1% thi lién két Ca-Alginate chiém wu thé nén a&nh
huéng ctia Chitosan khong dang ké. Tuy nhién,
thi nghiém chi thit 6 0,08% Chitosan véi thoi gian
phan tng 60 phit nén khong thiy anh hudng cia
Chitosan & thai gian bdo quan trén 45 ngay. Can
thi nghiém thém vdi cic nong do va thdi gian
khac.

4. Két Luan

Tinh dau chanh vi boc bang phuong phap ion-
gel tao hat bang kj thuat dong tia-giot c6 do
phéng thich trong nudc tity thuéc nong do al-
ginate va nhiét do nudc. Alginate dugc st dung
lam polymer cé ion am dé lién két v6i ion duong
clia calcium. Nong do CaCly c¢6 4nh hudng dén
su phong thich tinh dau chanh. o) nhiét do 45°C,
su phéng thich tinh dau trong nuéc phu thudc
ré rang vio nong do Alginate tit 2 dén 3%. Tuy
nhién, khong c6 sy khac biét clia sy phong thich
tinh dau gitta 2 nong do alginate 2,5% va 3% khi
nhiét do trén 60°C. Chitosan c6 dién tich duong
ciing tham gia lién két chéo v6i alginate 1am giam
do phoéng thich tinh dau so vdi chi c6 lien két
Ca-alginate. Khi bédo quén trong moi trudng dich
CaCly, st lien két Ca-Alginate tiép tuc xay ra va
chiém wu thé so véi lien két Alginate-Chitosan.

Loi Cam Doan

Chiing t6i cam doan bai bao do nhém tac gia
thyic hién va khong ¢6 mau thuin nao gitta céac
téc gia.
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