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Tom tat

Cay si r6 (Carissa carandas L.) 1a mét loai thuc vat c6 hoa thugc ho Tric dao. Cac bo phan
clia cay c6 thé duoc str dung nhu 13 dwoc pham va thuc pham, ma dac biét 1a trai si ro. Trai
chin dugc biét dén nhu 1a mot nguon giau cua hoat chat khang oxi hoa, duoc xac dinh 1a
anthocyanin. Trong nghién ctru nay, chiét xuat anthocyanin tir trai si r6 duoc thuc hién vai s
hd trg cua microwave (MAE) nhim ting hiéu sut voi hai thong sd ban dau 1a cong suét
microwave: 150, 300, 450 (W) va ti 1& nguyén liéu/nude 1:20, 1:40, 1:60 (g/ml). Két qua cho
thdy sy thay d6i ndng do anthocyanin trong subt qué trinh chiét xuat co thé duoc tién doan
boi mé hinh dong hoc bac 2. Hiéu suit chiét xuat bio hoa, hing sb toe do chiét xuat, va tdc
d6 chiét xuét ban dau ting twong Gmg 1,3; 17,6; va 3,3 1an khi ting cong sudt MW tir 150 dén
450W va luong nudc chiét xuat tang tir 20 dén 60ml/g. Tuy nhién, nong d chiét xuat bio
hoa giam 2,94 lan khi ting luong ti 1& nguyén liéu/nudc. Két qua dé tai gop phan thiét ké thi
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1 it van dé

Cay si 16 (Carissa carandas L.) 1a cdy nhiét dd&i thuoc ho
Trac dao (Apocyanaceae). Cdy c6 ngudn gdc tir An Do va
duoc tréng & Dai Loan, Indonesia, Malayia, Mién Pbién, Sri
Lanka, Thai Lan va Quan dao Thai Binh Duong[1].

Cac bo phan cua cay si rd déu ¢6 dugce tinh. Trai cay si ro
chua chin c6 thé dugc dung dé diéu tri rdi loan chic ning
gan, ha sot[1], chéng dai thdo duong, giam dau va chong
viém[2,3]; trai chin bo sung vitamin C va chita bénh cau
gat. Trai c6 mau do dic trung cua anthocyanin. Ba loai
anthocyanin chinh cé trong trai si r6 1a pelargonidin-3-O-
glucoside, cyanidin-3-O-rhamnoside va cyanidin-3-O-
glucoside. Ham lugng cua 3 loai nay dat cuc dai trong giai
doan qua chin va giam dan khi qua chin[4]. Anthocyanin da
dugc ching minh 1a c6 hoat tinh chong oxi hoa cao, gop
phan phong ngira nhiéu bénh tat do tac nhan oxi hoa giy ra
[thém tai liéu tham khao ¢ day]. Tuy nhién, cac nghién ctu
vé chiét xuat anthocyanin tir trai si ro chin van con rat han
ché cho dén nay.

Chiét xuat 1a khau ki thuat quan trong trong linh vuc cong
nghé hoa va thuc pham. Dic biét, cac chiét xuét voi su hd
tro cia microwave (MAE) c6 thé lam ting hiéu suét, giam
thoi gian, ting kha nang chon loc[5]. Dudi tac dung dam
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xuyén clia microwave, ning lwong dién tir chuyén thanh
nhiét trong vat liéu nho tac dong lam quay céac phan tir phan
cuc va sy dan cac ion[6]. MAE gia nhiét thé tich nhd vay
rit ngin dugc thoi gian gia nhiét va giam gradient nhiét. Co
ché cia MAE duoc gia dinh qua 3 giai doan[7]: (i) pha v&
lién két gitta chat tan véi mang cau tric cua mau; (ii) su
khuéch tan ciia dung mdi vao mau; (iii) giai phong chét tan
va hoa tan vao dung méi. Uu diém cua ki thuat MAE da
dugc xac dinh[8] gom (i) gia nhiét nhanh hon; (ii) giam cac
gradient nhiét; (iii) giam kich thuéc thiét bi va (iv) ting
hiéu suét chiét xuit. So véi cac phuong phap chiét xuit
truyén thong, MAE c6 tbc do nhanh hon va hiéu suat thu
hdi cao hon. MAE phu hop véi chiét xuat cac hop chat hitu
co va hitu co- kim loai do ciu trac san phdm duoc bao toan;
dong thoi né 1a ki thuat xanh vi giam viéc s dung dung
moi hitu co[7].

Trong nghién ctru nay, anthocyanin tir trai si ro dwoc chiét
Xuét bang ki thuat MAE, véi 2 thong sb dau vao 1a cong
suat microwave (MW) va ti Ié nguyén liéuw/dung méi. Dir
liéu thyc nghiém dwoc ding dé chon lya mé hinh chiét xuét
phu hop, du béo sy thay déi ham luong anthocyanin trong
sudt qua trinh MAE. Cac thong sé dong hoc duoc xac dinh
va phén tich. Két qua dé tai gop phan thiét ké thi nghiém va
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t6i wu hoa qua tinh MAE nham tiét kiém thoi gian, chi phi
va téi da ham lugng cac hop chét giau hoat tinh sinh hoc.

2 Giai quyét van dé

2.1 Nguyén ligu

Trai si r6 dugc thu mua tir vuon cay si rd, phuong An Phi
Dong, quan 12, thanh phd HO Chi Minh vao thang 07 nim
2019. Trai st dung trong nghién cttu ¢ giai doan chin, trai
mau tim den, c6 kich thudc tir 2-3cm, khéi luong tir 1-2g.
Nguyén liéu sau khi tiép nhan dugc rira sach, trir dong o -
18°C. Mau truéc khi chiét xuat, duoc tién xir li bang cach
rd dong, roi chan ¢ 80°C, lam ngudi nhanh bang nudc lanh,
dé rao. Qua duoc tach hat va cit nho.

Hinh 1 Trai si v trong nghién cuu.

2.2 Héa chit

Céc hoa chat dung trong nghién ctru dat chuan phan tich
gom nuéc cét, HCI, KCI, CH;COONa.3H,0.

2.3 Qua trinh chiét xuat anthocyanin ¢ su hd tro cua bic
Xa microwave

Trong thi nghiém, tréi si ré dwoc chiét xuat voi dung méi la
nudc cat. Thi nghiém bd tri toan phin 2 nhan t6 gom cong
sudt MW va ti 1é nguyén liéu/nude. Thiét bi hd tro phat bic
Xa MW 1a hé théng 10 vi ba thuong mai ELECTROLUX
EMM2001W, cong sudt MW dugc thay d6i lan luot 150,
300, va 450W. Ti I¢ nguyén liéu/dung moi khao sat & 3
muc gom 1:20, 1:40, va 1:60 (g/ml). Qua trinh chiét xuat
dugc theo ddi trong subt 15 phut.

2.4 Xac dinh ham lugng anthocyanin

Ham luong anthocyanin tong duoc xac dinh bang phuong
phap pH vi sai[9] voi mot vai thay ddi nho. Phuong phap
dya trén sy thay d6i vé& ciu tric cua anthocyanin xay ra
khi pH thay d6i. Dich chiét xuat trai si r6 dugc pha lodng
bang dung dich dém pH 1,0 va 4,5 rdi dugc dat trong bong
tbi trong 1 gid. B hip thu cia mdi dung dich dwgc do tai
budc séng 520nm va 700nm bang may quang phé (UV-
1800; SHIMADZU, Nhat Ban) sir dung nuéc cat lam mau
tring. Do hip thu cua dich trich dugc tinh toan theo cong
thirc sau:

Abs = (Aszo - A700)PH 10 ( Az — Ao )pH 45 (1)

Toéng ham luwong anthocynin duoc tinh toan theo duong
lugng cyanidin-3-glucoside sir dung cong thuc sau:
Absx MW x DF

Canthocyanin (mg/ml) = T (2)

trong do6, Abs 1a d6 hap thu cua dich trich; & 1a hé sb tat
phan tir cua cyanidin-3-glucoside (26900 I/mol/cm); L la
chiéu dai cuvet (lcm); MW 1a khéi lugng phan tir cua
cyanidin-3-glucoside (449,2 Da) va DF 14 hé s6 pha loang.
2.5 M6 hinh d6ng hoc chiét xuit anthocyanin
Nhiéu 1i thuyét toan hoc da dugc su dung dé md hinh hoa
qué trinh chiét xuat. Cac mé hinh thiét lap dya trén ca li
thuyét 1an thuc nghiém. Nhiéu mé hinh di dwoc ung dung
va nghién ctu rong rai ddi véi cac duong cong chiét xuat
gom dinh luat Fick vé khuéch tan, cac phuong trinh dong
hoc héa hoc va cac phuong trinh thuc nghiém. Trong
nghién ctru nay, dé nghién ctru dic tinh qua trinh chiét xuat
anthocyanin tir trai si r6 bang ki thuat MAE, mé hinh dinh
luat toc d6 bac 2 (goi tit 1a mo hinh bac 2) va mé hinh mi
dinh luat Fick (goi tat 1a mo hinh mii) duoc phén tich, danh
gid mirc d6 tuwong thich vai dir liéu thuc nghiém.
Mo hinh bac 2[10-13]:

_ C 7kt

T 1+C Kkt

Trong d6, C, 1a ndng d6 anthocyanin bdo hoa (mg/ml), k,

3)

1a hing s6 toc do chiét xuat (ml/mg/phut).
Mo hinh md[14]:

C Aexp(—kt) ()

Trong d6, A 1a hang s6 mo hinh va k 1a hang sb toc do
khuéch tan (1/phut).

Mb hinh duoc so sanh dua trén cac thong sé thdng ké gom do
léch chudn RMSE va khi binh phuong y? ¢6 gié tri thip nhét,
va gia tri R? cao nhét dé lya chon mé hinh nao 14 phit hop.

N
Z(Cexp,i _Cpre,i )2
RZ =1- i=1 (5)

Y (Cor~Cont)

i=1

13 2
RMSE = \/NIZ( exp,i pre,i) (6)
, ;(Cexp,i _Cpre,i )2 (7)
TNz

Trong d0, Ceyp,i 1a ham luong anthocyanin téng thuc nghiém
thir i; Cpre; 14 gia tri ham lugng anthocyanin tong tién doan
thir i; N 1a s6 miu quan sat; Z 1a s6 hing sé trong phuong
trinh tién doan.

2.6 Xt li s6 liéu

Tt ca thi nghiém dwoc 1am 1ap 3 lan. Cac gia tri dugc biéu
din bing gi4 tri trung binh va sai sé chuin cua cac gia tri
trung binh, tinh toan bang phan mém Microsoft Excel
(2016). Phin mém MATLAB R2014 dugc sir dung dé kiém
tra dit liéu thuc nghiém véi cac moé hinh dua trén phuong
phéap Levenberg-Marquardt.
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3 Két qua va thao luan

3.1 Xéc dinh m6 hinh mé ta dong hoc chiét xuat Anthocyanin
Su thay d6i ham lugng anthocyanin tong trong sudt qua
trinh chiét xuat & nhiing diéu Kién khac nhau dugc trinh bay
trong Hinh 2.
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Hinh 2 Sy thay déi ndng do anthocyanin trong subt qua trinh
chiét xuét & nhiing cong sudt MW va ti 1& chiét xuét khac nhau.

Tir két qua Hinh 2 cho thdy cic duong cong chiét xuét
anthocyanin trong nghién ctru phu hop véi nhiing duong cong
li twong chiét xuat cac hop chat hoa hoc tir thuc vat gom 2 pha.
Pha ban dau cta qua trinh MAE 1a giai doan chiét xuat nhanh
chéng Anthocyanin, dién ra trong 2 phat dau cua qué trinh
chiét xuat. Trong giai doan nay, cic chit tan & bé mat nguyén
liéu duoc hoa tan nhanh chong vao dung moi. Pha thir hai la
budc khuéch tan, trong giai doan nay tée do gia ting ndng do
anthocyanin giam rd rét so voi giai doan dau va sau mot thoi
gian dai hé ran-long sé dat trang thai bao hoa[15].

Két qua phan tich hdi qui phi tuyén cia cac mé hinh toan
hoc bang phuong phap Levenberg-Marquardt dua trén gia
tri thuc nghiém ham lugng anthocyanin tong thay doi theo
thoi gian trich li dugc trinh bay ¢ Bang 1.

Béang 1 Phan tich hdi qui phi tuyén cac mé hinh toan hoc trong
nghién ciru dong hoc chiét xuat anthocyanin bang ki thuat MAE
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300 W | 0,9892 | 0,00624 | 4,13E-05 | 0,9688 |0,01087 |1,25E-04
450 W | 0,9937 | 0,00533 | 3,02E-05 | 0,9583 |0,01204|1,54E-04
150 W | 0,9748 | 0,00467 | 2,32E-05 | 0,9251 |0,00544 |3,14E-05
1:40| 300 W | 0,9944 | 0,00344 | 1,26E-05 | 0,9102 |0,00637 |4,31E-05
450 W | 0,9970 | 0,00326 | 1,13E-05 | 0,8489 [0,01074|1,23E-04
150 W | 0,9933 | 0,00266 | 7,54E-06 | 0,9085 (0,00425|1,92E-05
1:60| 300 W | 0,9954 | 0,00305 | 9,90E-06 | 0,8919 |0,00543|3,13E-05
450 W | 0,9993 | 0,00164 | 2,87E-06 | 0,8463 [0,00573|3,49E-05

Tile Cong M0 hinh bic 2 M4 hinh mii
YYlsustMw| RZ [RMSE | o R [RMSE| o2
120 150 W | 0,9789 | 0,00633 | 4,26E-05 | 0,9778 |0,00748|5,94E-05
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Dua vao két qua Bang 1 cho thiy mé hinh bac 2 ¢6 hé sb
tuong quan cao, hau nhu cac diéu kién chiét xuat déu c6 gia
tri R? 16n hon 0,99, ngoai trir khi chiét xuét & 150W, ti I8
1:20 (0,9789); 300W, ti I¢ 1:20 (0,9892); 150W, ti & 1:40
(0,9748) nhung cac gia tri R? thu duogc van Ion hon 0,95.
Trong khi d6, mé hinh mii ¢6 hé s twong quan thap & tt ca
cac didu kién so voi mé hinh bac 2, va dao dong tir 0,7659
dén 0,9778. Bén canh dé, cac thong sb théng ké vé RMSE
va y? ciia mé hinh béac 2 thdp hon so véi mé hinh mi. Nhu
vay, trong nghién ciru nay khi thay d6i cong suat MW va ti
1& chiét xuat thi mo hinh bac 2 tién doan sy thay d6i ham
lwong anthocyanin trong subt qua trinh chiét xuat trai si ro
t6t hon so v6i md hinh mii. Cho dén nay, cac cong bd vé
md hinh dy doan qua trinh chiét xuat anthocyanin con kha
han ché. Trong d6, Ben Amor va Allaf (2009) da sir dung
md hinh mii dé nghién ctru qua trinh chiét xuat anthocyanin
tir Maysian Roselle (Hibiscus sabdariffa) bang phuong
phap tién xu li (giam 4p suat tac thoi) va sau do chiét xuat
bang ki thuat truyén théng[16].

3.2 Anh huong cia cong suat MW va ti 1¢ dén qua trinh
chiét xuat Anthocyanin

Tir md hinh dong hoc chiét xuit bac 2, cac théng sé dic ta
qué trinh chiét xuat MAE tir trai si r6 dwoc xac dinh gom
néng d¢ anthocyanin bdo hoa (Cs, mg/ml, véi C,=C,),

. L . . C, xV
hi¢u suat chiét xuat bao hoa (Y, mg/g, voi Y, = e

trong d6 V 1a tdng thé tich chiét xuit, m 1a khdi luong
mau), hang sé téc do chiét xuat (k, ml/mg/phut), téc do
chiét xuat ban dau (h, mg/ml/phut, véi h=kC_ ). Két qua
dugc trinh bay chi tiét & Bang 2.

Bang 2 Thong sb d4c ta qua trinh chiét xuat Anthocyanin tir trai si
16 bang ki thuat MAE

Tile Cong suat Cs Y k h
¢ MW (mg/ml) | (mg/g) | (ml/mg/phut) |(mg/ml/phit)

1:20 150 W 0,17851 3,57 1,61732 0,05154
300w | 0,19222 | 3,84 1,91203 0,07065
450 W | 0,20020 | 4,00 2,34909 0,09415

1:40 150 W | 0,08098 | 3,24 5,70882 0,03744
300W | 0,08690 | 3,48 9,21232 0,06957
450 W | 0,10483 | 4,19 10,0981 0,11097

1:60 150 W | 0,06069 | 3,64 12,1493 0,04475
300 W 0,07234 4,34 14,1552 0,07407
450 W 0,07717 4,63 28,4719 0,16956

Ti 1& nguyén liéu/nudc rat quan trong trong ki thuat MAE vi
nguyén liéu can dugc nhing ngap hoan toan trong dung
mdi chiét xuit va dam bao tdc do gia nhiét mau dong nhat.
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Vi ti 1€ nguyén liéu/nude dugc khao sat trong nghién cau
nay, mau trai si ré c6 thé dwoc nhiing ngép hoan toan trong
nudce. Ti 1é nguyén lidu/ nude co thé thay doi bang cach giir
thé tich nuéc khong ddi (thay doi khéi lugng mau) hoic giir
khéi luong khong ddi (thay d6i thé tich nuéc). Trong
nghién ctru nay, thé tich nuéc duoc giir ¢6 dinh va thay doi
khbi lugng nguyén liéu. Vi vay, & cing mot mirc cong sut
MW khi thay ddi ti I¢ nguyén liéu nuée thi nang luong hap
thu boi nude duge xem nhu khong khac biét c6 nghia. Tir
két qua bang 2 cho thay khi thay ddi ti 1& nguyén liéu/ nudc
tir 1:20 dén 1:60 thi hiéu suat chiét xuat bao hoa tang. O ti
1& nu6e thip, nhimg rao can truyén khdi anh huong dén qua
trinh khuéch tan cac hop chét tir té bao thuc vat, dan dén
hiéu suat chiét xuat thap[11,17]. Khi tang ti I¢ nguyén liéu/
nuéc s& lam ting gradient ndng d6 dan dén thuc diy qua
trinh truyén khdi va ting hiéu qua chiét xuat[11]. Hay noi
cach khac, ti 1€ nudc so voi nguyén li€u cang 16n s€ lam
tang kha niang khuéch tan cua chat tan. Theo nhimg nghién
ctru trude Kia, khi ti 1€ nguyén liéu/dung méi giam, hiéu qua
chiét xuat cac hop chat phenolic s& ting 1én, cho dén khi dat
gia tri toi uvu[18]. Pi v6i ndng d6 anthocyanin bao hoa, két
qua cho thay khi thay doi ti 1¢ nguyén liéu/dung moi tir 1:20
dén 1:60 thi ndng do anthocyanin bdo hoa cang thip. Két
qua phu hop véi qui luat chung khi chiét xuat hé ran-
I6ng[19]. Mic dii ndng do anthocyanin bdo hoa c6 thap
hon, nhung hiéu suét chiét xuat bao hoa van cao hon khi
chiét xuat & ti 18 1:60. Nhur vay, ti 1é nguyén liéu/ nudc ting
s& ¢6 tac dung cai thién hiéu qua qua trinh chiét xuat. Két
qua ciing twong tw nhu két luan trong nghién ctu cua
Krishnan va Rajan [20]. Téc d6 chiét xuat ban dau giam khi
ti 1& nguyén liéu/nude thay d6i tir 1:20 dén 1:60, co 1& do
ndng d6 bdo hoa thip hon & ti 18 1:60. Téc d6 chiét xuat
ban dau ti & thuan véi hang sé toc do chiét xuat va binh
phuong ndng d6 bio hoa. Piéu d6 ¢ nghia 1a nong do bio
hoa anh hudng dén tdc do chiét xuat ban du I6n hon so véi
hang s6 toc do chiét xuat.

Céc thong sd dic ta qua trinh chiét xuat anthocyanin tir
trai si ro6 bang ki thuat MAE ciing thay di theo su thay
ddi cua cong sudt MW. Tuong Gng voi mdi ti 1& nguyén
liu/nuéc, cong sudt MW tiang thi hiéu suét chiét xuat bao
hoa ciing tang theo. Sy anh huong cia MW dén qua trinh
chiét xuit c6 y nghia & ca hai giai doan. O giai doan dau
qué trinh chiét xuat, viéc ting cong suat bic xa lam cho
lugng nudce cé trong hé ran-long hap thu nhiéu nang lugng
va nhiét d¢ tang 1én nhanh chong nho vao viéc phat sinh
nhiét thé tich thong qua co ché din ion va quay phan
cuc[21], din dén c6 thé tang toc su tuong tac gitra dung
moi-chét ran. Khi nhiét do tang, su chuyén dong cua phan
tir va hé s6 khuéch tan ting 1én rd rét. Bén canh do, dung
mdi & nhiét d6 cao ciing ¢6 muc do hoa tan tot hon. Viéc

di chuyén lién tuc cua cac phan tir cung su gia ting twong
tac giita dung moi-chat rin lam ting lyc ma sat giira chat
ran va dung moi, dan dén gop phan ria troi chat tan ¢ bé
mat chat ran[22]. O giai doan thir hai ciia qua trinh chiét
XUAt, twong ng V&i qua trinh khuéch tan trong, giai doan
nay c6 toc d6 cham hon so véi qua trinh khuéch tan ngoai.
Cong sudt MW lam ting toc su chuyén dong cua cac phan
tr va sy khuéch tan trong, va 1am pha v& ciu tric té bao
thyc vat[23]. Theo Dong va cdng su thi cac mang ludi bi
pha v& tré nén mém di va cho phép nhiéu dung méi
khuéch tan vao trong mang ludi té bao thuc vat[22]. Cong
Sudt MW gay ra su pha v vat 1i[24]. O day, khi té bao bi
pha v& da lam ting sy truyén khdi bang viéc ting o hoa
tan va cai thién kha ning tiép xuc giita chét tan va dung
mbi[20]. Mirc d6 pha v cang 16n, ndng do chit tan thu
duogc cang cao. Tuy nhién, Gao cung cong Su ciling xac
nhan khi tng dung cong sudt MW cao hon rat kho kiém
soat nhiét do chiét xuat[25]. Bbi véi ndng d6 biao hoa, khi
tang cong sudt MW thi gia tri ndng do bio hoa ciing ting.
Viéc ting ndng d6 bdo hoa ¢ cong suat cao hon do & cong
suit MW cao lam yéu di cic twong tac giita chat tan-chat
tan va chét tan-chit ran (solute-solid)[20]. Hang s téc do
chiét xuat ciing ting khi ting cong suat MW, co6 thé do
ning luong nhiét cao hon lam ting kha nang khuéch tan
chat tan. Téc do chiét xuit ban dau ciing cao hon & nhitng
cong suat MW cao.

4 Két luan va dé xuét

Pong hoc chiét xuat anthocyanin tir tréi si ro bang ki thuat
MAE di duoc thuc hién va danh gia. Két qua cho thay, mo
hinh bac 2 phi hgp dé tién doan sy thay doi nong do
anthocyanin trong sudt qua trinh MAE. Cong suat MW va ti
I& nguyén liéu/nuéc anh hudng c6 y nghia dén quéa trinh
MAE. Viéc ting cong sudt MW c6 tic dung ting ndng do
anthocyanin bdo hoa, hiéu suét chiét xuat bao hoa, hing s6
tbc do chiét xuat va téc do trich ban diu nhd vao ning
luong birc xa MW 1am ting toc do chuyén dong cac phan
tir, pha v té bao va lam ting hiéu qua chiét xuat. Trong khi
do, viéc tang lwong nudc chiét xuat co tac dung ting toc do
va hiéu suat chiét xuit, tuy nhién lam giam ndng do chiét
Xuét bdo hoa. Tir két qua nghién ctru, qui luat anh huong
cia diéu kién chiét xuit anthocyanin c6 sy hd trg
microwave dugc dung dé qui hoach thuc nghiém xac dinh
diéu kién chiét xuat t6i wu ham lugng anthocyanin tong, tdi
thiéu thoi gian chiét xuét. ..

Lot cdm on

Nghién ciru nay duoc tai tro boi Qui Phat trién Khoa hoc va
Cong nghé Pai hoc Nguyén Tat Thanh, dé tai mi so
2019.01.30.
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Kinetics of anthocyanin extraction from Karonda fruit (Carissa carandas L.)

Dang Thanh Thuy, Nguyen Thi Van Linh”
Faculty of Environmental and Food Engineering
Nguyén Tat Thanh University
“ntvlinh@ntt.edu.vn

Abstract Karonda fruit (Carissa carandas L.) is a tropical fruit rich in biological value. In this study, the kinetic of
anthocyanin extraction from the karonda fruit by microwave-assisted extraction technique was investigated with two main
factors, including microwave power (150, 300, 450W) and the ratio of material/solvent (1:20, 1:40, and 1:60 (g/ml)). A
second-order kinetic model provided the best fit to experimental data. The extraction of anthocyanin from karonda was
affected significantly by microwave power and material/solvent ratio. The extraction efficiency, extraction rate constant, and
initial extraction rate in the saturation state increased when the microwave power and amount of extraction solvent increased.
However, the saturated concentration decreased with an increasing amount of extraction solvent.

Keywords Anthocyanin, kinetic of extraction, karonda fruit, microwave-assisted extraction.
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