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TOI UU HOA QUA TRINH THU NHAN CHAT MAU
BETACYANIN TU THIT QUA THANH LONG BANG
PHUONG PHAP TRICH LY CO HO TRO SIEU AM
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Thanh long rudt dé (Hylocereus polyrhizus) 1a loai trai cay chtra nhiéu betacyanin — mot loai chat mau tu
nhién c6 mau sic tir dé dén tim. Muc tiéu ctia nghién ctru nay 1a ing dung phuong phap bé mat dap tng
nhim t6i ru héa qua trinh trich ly chdt mau betacyanin c6 hd trg siéu am tir trai thanh long rudt dé voi 2
thong s6 13 thoi gian va cong suat siéu am. Mdoi quan hé giita diéu kién trich ly va ham luong betacyanin thu
nhan duoc twong thich ¥ nghia véi mot mo hinh hdi quy bac 2 c6 hé s6 xac dinh R? bang 0,99. Him luong
betacyanin thu nhan wéc luong cao nhat bang 15,59 mg/100 g & diéu kién téi vu 1a thoi gian 10,2 phut va
cong suat 262,5 W (35% ctia 750 W). Khong c6 su khac biét y nghia gitta diéu kién t6i wu du doan va diéu

kién t6i uvu duoc xac minh bang thuc nghiém (p > 0,05).

Tt khoa: Betacyanin, phuong phap bé mat dép umg, thanh long rudt do, trich Iy cé ho tro siéu am.

1. BAT VAN BE

Thanh long cé tén khoa hoc la Hylocereus spp.,
thudc ho Xuwong rong (Cactaceae). Viet Nam 1a mot
trong nhimg nudc cé dién tich va san lwong thanh
long 16n nhit chau A va cing 13 nuée xudt khiu
thanh long hang dau thé gi¢i. Thanh Long hién dang
duoc trong trén 32 tinh/thanh pho, nhung phat trién
manh thanh cac viing chuyén canh quy moé 16n tap
trung & cac tinh nhue Binh Thuan, Tién Giang va
Long An; dién tich thanh long ctia 3 tinh nay chiém
93% tong dién tich va 95% san luong cta ca nudc,
tong san luong vao khang 1,2 triéu tan vao nam 2019.

Stt dung chat mau tu nhién thay thé cho chat
mau téng hop, nham nang cao tinh an toan cho san
phidm dang 1a xu huong trong nganh ché bién thuc
phidm. Gan day, thanh long ruot dé duwoc cac nha
nghién ctru chu y dén nho ¢6 chia ham luong cao
chat mau betacyanin, mot loai hop chat chuaa
nitrogen tan tot trong nudc va thuoéc nhom chat
betalains [1]. Thanh long rudt 6 c6 chita betacyanin
& ca vo va thit qua; trong d6, betacyanin c6 nhiéu &
thit qua hon & vé [2]. Betacyanin c6 chira axit
betalamic va nhom acrylic amine, day la cac thanh
phan dé dang nhuong electron nén chung kho cé
kha nang bat cac goc tr do trong dung dich; nho vay
ma ngoai kha nang tao mau, betacyanin con la mot
chat chong oxy hoa tu nhién [3].
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bé nang cao hiéu qua trich ly cac hop chat tw
nhién tir thue vat, nhiéu phuong phap trich ly moi da
duwoc ap dung nhu phuong phap enzyme, phuong
phap siéu am, phuong phap vi séng. Trong 6, siéu
am da duoc tmg dung rong rai trong trich ly nhiéu
hop chat khac nhau tir thuc vat va giup nang cao
dang ké hiéu sut trich ly so voi phuong phap truyén
thong [4]. Song siéu am gay ra hién twong tao va vo
bot khi, két qua 1a tao ap luc giap pha vo t€ bao thuc
vat va tang toc do khuéch tan phan ti [5, 6]. Vinatoru
va cs. (2001) khang dinh séng siéu am lam tang 34%
hiéu suat trich ly cac hop chat hoa tan tir mot so loai
thao moc [7]; hiéu suat trich ly saponin titr cii ging
tang gdp ba lan khi duoc chiéu song siéu am [8].
Ngoai ra, hiéu suat trich ly isoflavones tir dau nanh
bing siéu am ciing tang thém 15% so v6i mau doi
chung [9]. Tuy nhién, cac nghién ctru tng dung siéu
am trong trich ly betacyanin tir thit qua thanh long
ruot dé6 (Hylocereus polyrhizus) trong tai Viet Nam
con rat han ché. Vi vay, muc tiéu cia nghién ctru nay
1a t6i wu hoa cac thong so ctia qua trinh trich ly thu
nhan chat mau betacyanin ttr thit qua trai thanh long
rudt do khi co ho tro siéu am.

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Nguyén liéu va héa chat

Thanh long ruot dé thu mua tai chg dau moi
nong san thuc phdm Tha DPuc, thanh phé Ho6 Chi
Minh; nhimg trai dugc chon cho nghién citu duoc
thu hoach sau 1,5 thang tir thoi diém ra hoa. Ethanol
dung cho thuc phdm cé do tinh khiét 98% (theo thé
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tich, v/v) do hang Merck (Ptc) san xuat. Ché phim
pectinex Ultra SP- L (26000 PG/ml; Novozyme).

2.2. Phuong phép nghién citu qua trinh trich ly
2.2.1. Phurong phap trich Iy betacyanin

Thit quéa thanh long duoc xay nho dé thu puree.
Tiép theo, puree duwoc xtt ly bang 0,25% (V/w)
enzyme pectinase trong 25 phut & 30°C. Sau d6, 100 g
puree duoc tron v6i 100 g dung moi (ty 1é ethanol
98% (v/v): nuoc cat bang 8:2 theo thé tich) trong
becher 250 ml. Qua trinh trich ly duwoc thuc hién trén
thié€t bi phat séng siéu am (cong suat cuc dai 750W,
tan so 20 kHz, nang suét t6i da 1000 ml, Sonics, My).
Theo d6, hon hop puree-dung moi trong becher duoc
lam lanh bang cach ngam trong nudc da dé gitr nhiét
do tang khong qua 20°C khi siéu am; dau phat siéu
am duoc nhung ngap vao nguyén liéu 2 cm tai tim
becher. Cac thong s6 clia qua trinh siéu am la thoi
gian (phut) va cong suat (ty lé % tinh theo 750W)
duoc kiém soat theo ké hoach thuc nghiém. Sau qua
trinh trich ly, hén hop puree-dung moi duogc loc tho
qua ray 0,1 mm va loc tinh duéi 4p suat chan khong
qua gidy loc. Dich loc sau d6 duoc dem di xac dinh
ham luong betacyanin.

222 Phuong phdp phin tich ham Iluong
betacyanin

Ham luong betacyanin trong dich loc duoc xac
dinh bang phuong phap do d¢ hap thu quang & budc
séng cuc dai 538 nm theo mo ta ciia Lim va cs (2011)
[10]. Theo d6, ham luwong betacyanin (mg/100 gr)
duoc tinh theo cong thiic sau:

_AxVxFxM
~ exLxW

Trong d6: A la @6 hap thu & 538 nm; V 1a thé tich
binh dinh muic (ml); F 1a hé s6 pha loang; M 1a khoi
lwong phan tir betacyanin (550 g/mol); & 1a he s6 hap
thu ctia betacyanin trong nuéc (¢ = 60000 1/mol.cm);

Bc x100

L 1a chiéu dai truyén quang (1 cm); W 1a khai luwong
mau (g). Tat ca cac phép do duwoc thuc hién 3 lan
trén thiét bi PhotoLab 6100 VIS (Ptrc).

223 Thi nghiém 1: Xdc dinh mién dnh huong
clia cdc yéu to

biéu kién siéu am duoc khao sat bang phuong
phap thuc nghiém 1 yéu t6 & 1 thoi gian dé xac dinh
quy luat anh huong va khoang bién thién cta 2 thong
s0. Theo do, yéu to thoi gian siéu am duoc khao sat &
7 muec: 0, 5, 10, 15, 20, 25 va 30 phut; khi d6 cong suat
situ am duogc co dinh & 35% (twong tng 262,5W).
Sau d6, thoi gian siéu am duwoc c6 dinh & muc tot
nhat trong 7 mirc trén; yéu to cong suat siéu am ti€p
tuc duoc khéo sat & 6 muc: 0% (khong siéu am), 20%
(150W), 25% (187,5W), 30% (225W), 35% (262,5W) va
40% (300W). Hiéu qua trich ly & cac muc yéu t6 duoc
danh gia thong qua ham luong betacyanin ctia dich
loc. Moi thi nghiém duoc 1ap lai 3 1an (n = 3) va duoc
trinh bay duoi dang ki hiéu x+ SD. Su khac biét vé
mat thong ké duoc danh gia bang phuong phap phan
tich phuong sai 1 chiéu (ANOVA 1 chiéu) trén phan
mém SAS JMP 10 véi a = 0,05.

2.2.4. Thi nghiém 2: Toi uu hod qué trinh trich Iy

Sau khi x4c dinh dugc mién anh huong cta cac
yéu to thoi gian va cong sudt siéu am, tién hanh xac
dinh cac gia tri t6i vu ctia 2 thong s6 nay bang
phuong phap quy hoach thuc nghiém tim ham hoi
quy.

2.3. Phuong phap xtt Iy s6 liéu

Méi thi nghiém duoc lap lai 3 1an. O thi nghiém
khao sat, su khac biét vé ham luong betacyanin & cac
diéu kien trich ly duoc kiém dinh bang 2 phuong
phap: phan tich phuong sai (ANOVA - Analysis of
Variance), kiém dinh hau t6 (LSD - Least Significant
Difference). O thi nghiém t3i tu héa, phan mém JMP
10.0 duoc st dung dé thiét ké thi nghiém, mo hinh
hoa va toi wu hoa. Kiém dinh Student duoc st dung
dé kiém tra su khac biét ¢ thi nghiém xac minh diéu
kién t6i wu. Mic y nghia a = 0,05.

8. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Két qua xac dinh mién 4nh huéng ciia cic
yéu to

Két qua thuc nghiém cho thdy ca 2 thong s6 déu
anh hudéng c6 nghia lén ham luong betacyanin (p <
0,05; ANOVA mot chiéu). Két qua thuc nghiém duoc
mo ta & hinh 1.
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Hinh 1. Anh hudng ciia thoi gian va cong sudt siéu 4am lén ham lueong betacyanin

Ghi chu: Dir liéu duwroc trinh bay dudi dang trung binh + do léch chuan. Cdc muic yéu to duoc dinh dau
bang cdc ky tir khdc nhau (a-) thé hién su khadc biét co y nghia thong ké voi p < 0,05.

Két qua ¢ hinh 1 cho thdy, & cong suit 35%
(twong duong 265 W) ham luong betacyanin thu
nhan tang nhanh (1,5 lan) khi thoi gian thay déi tie 0
phut 10 phuat; khi thoi gian kéo dai trén 10 phat thi
ham luong betacyanin c6 xu huéng giam. Hiéu qua
thu nhan cao nhat bang 15,62 mg/100 gr & thoi gian
10 phat. Hiéu qua trich ly giam khi thoi gian kéo dai
tren 10 phut 12 do betacyanin bi that thoat bdi qua
trinh oxy hoa va tac dong cta anh sang. Yen-Ming
Wong va Lee-Fong Siow (2015) quan sat thay dich ép
thanh long c6 ham luong betacyanin cao hon khi
duoc bado quan trong bong t6i va qua trinh khudy
tron lam phan huy trung binh 50% luwong betacyanin
do qua trinh nay 1am tang néng do oxy trong dich ép
thanh long [11]. Tinh 6n dinh cta betacyanin citing
duoc tang cuong khi oxy duoc loai bo trong nghién
ctu ctia Huang va cs (1987) [12].

Tiép theo & thoi gian trich ly ¢6 dinh 10 phut,
ham luong betacyanin trong dich loc ting dan tir
12,92 mg/100 g lén 15,65 mg/100 g khi cong suat
chay tir 0% (khong hé tro siéu am) dén 35% (262,5 W);
& muc nang luong cao hon (40% hay 300 W) thi hiéu
qua trich ly khong thay déi c6 y nghia (p > 0,05; kiém
dinh LSD). Su khac biét vé két qua thu duoc & day 1a
nh¢ hién tuong tao va vo bot khi do song siéu am gay
ra, két qua la tao ap luc giup pha vo té bao thuc vat va
tang toc do khuéch tan phan tx [5, 6]. Cu thé hon,
hiéu qua trich ly duoc quan sat thay & day do 3 hieu
ung sau tao ra: (1) hién tuong sui bot trong dung
moi, (2) kha ning ting cuong su thAm nhap sau hon
ctia dung moi trich ly vao mang lu6i ciu tric nguyén

lieu; (3) tac dong co hoc lam ting dién tich ti€p xuc
bé mit gitta nguyén liéu va dung moi [11, 13, 14].

3.2. Téi tu hoé qua trinh trich ly

Phuong phap bé mat dap img (Response Surface
Methodology — RSM) véi phuong an quay bac 2 c6
tam (Central Composite Design — CCD) duoc ap dung
dé t6i uu hoa diéu kién cta qua trinh trich ly voi 2 bién
dau vao 1a thoi gian (X;) va cong suat siéu am (Xy).
Ham muc tiéu dai dién cho hiéu qua trich ly la ham
luong betacyanin trong dich loc. Theo @6, phuong an
thuc nghiém bao gom 11 thi nghiém; trong d6 4 thi
nghiém & tam, 4 thi nghiém & diém sao va 3 thi
nghiém lap & tam. Mtc tot nhat ¢ thi nghiém khao sat
(thoi gian 10 phut, cong suat 35% (262,5 W)) duoc
chon lam mtc tam cho thi nghiém t6i wu héa voi
khoang bién thién cta 2 bién dugc thé hién trong
bang 1. Két qua thuc nghiém duoc trinh bay & bang 2.

Bang 1. Cac muc ctia bién dau vao

trong thi nghiém t3i tru hoa
Mtc | Muc | Muc
thap | tam | cao
Thoi gian (X, phut) 7 10 13
Cong suat (X,, %) 30 35 40

Céc hé s6 ctia phuong trinh hoi quy thuc nghiém
duoc wdc luong bang phuong phap binh phuong cuc
tiéu; tinh twong thich chung ctia mo6 hinh duoc danh
gia bang phuong phap phan tich phuong sai
(ANOVA; « = 0,05); y nghia ctia cac hé s6 duoc kiém
tra bang kiém dinh Student (o = 0,05). Diéu kién toi
uu duoc du doan va xac minh lai bang thuc nghiém.
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Béng 2. Ma tran thuc nghiém ctia

thi nghiém t3i tu ho4

Thi Bién Ham muc tiéu
nghiém | X, X, | Ythue | Ydu
nghiém | doan

1 7 30 13,64 13,73
2 7 40 15,16 15,06
3 13 30 14,92 15,04
4 13 40 14,53 14,45
5 5,5 35 13,85 13,86
6 14,5 | 35 14,41 14,39
7 10 25 13,68 13,58
8 10 45 14,22 14,32
9 10 35 15,73 15,72
10 10 35 15,75 15,72
11 10 35 15,7 15,72

Ghi chu: X,: thoi gian siéu am (phut); X,: cong
sudt siéu am (% cia 750 W); Y nghiem hdm Irong
betacyanin xdc dinh trén thuc nghiém (ng/100g);
Y doi’ Bam Izong betacyanin tinh fodn tur phuong
trinh hoi quy (mg/100 g).

Bang 3 trinh bay két qua phan tich phuong sai
cho mo6 hinh héi quy. Két qua cho thay tri s6 p < 0,05;
nhu vay, co it nhat mot hé so b, khac khong; néi cach
khéc, mo hinh hoi quy twong thich vé6i thuc nghieém.
Gia tri R? bang 0,99 cho thay c6 99% su bién thién cta
ham muc tiéu c6 thé duoc boi cac tac dong clia yéu
to thi nghiém.

Bang 3. Phan tich phuong sai cho mé hinh héi quy

(ANOVA)
Nguon | df | Téng | Trung F P

binh | binh

phuong| binh

phuong

M6 hinh 6,59 1,32 |108,44 | <0,0001
Sai s6 0,06 0,01
Téng 10 | 6,65

Két qua & bang 4 cho biét cu thé hon vé y nghia
ctia timg hé so b,. Theo d6, tat ca cac hé s6 trong mo
hinh déu c6 y nghia thong ké véi p < 0,05. Nhu vay,
phuong trinh héi quy c6 thé duoc viét nhu sau:

Ham luong betacyanin (mg/100 g) = 15,724 +
0,175X; + 0,184X, — 0,477X;X, —0,710X,? - 0,444X,?
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Hinh 2. Bé mit @4p tmg thé hién mdi quan hé gitra
diéu kién trich ly va ham lugng betacyanin

Béng 4. Kiém tra y nghia cac hé sé ciia phirong trinh

hdi quy
Thanh |Uédcso| Saiso t p
phan | ctab, | chudn

Piém cat | 15,72 | 0,06 | 256,93 | <0,0001
X, 0,18 0,04 4,64 | 0,0057
X, 0,18 0,03 5,79 | 0,0022
X *X, -0,48 0,06 -8,66 | 0,0003
X * X, -0,71 0,04 | -16,24 |<0,0001
Xo*X, -0,44 0,03 | -17,67 |<0,0001

Mo6i quan hé giita diéu kién trich ly v6i ham
luong betacyanin dugc mo td ¢ hinh 2. Dya vao
phuong trinh héi quy c6 thé thay rang cac hé so lien
quan dén cong suat va thoi gian déu duong, c6 nghia
1a hai thong s6 nay c6 méi quan hé thuan véi ham
muc tiéu. Ngoai ra, co ton tai hiéu tmg twong tac gitra
2 yéu t6 nay (p < 0,05). Theo do, anh huéng cta thoi
gian dén ham luong betacyanin khong giong nhau &
cac muc cong suat khac nhau; cu thé, cong suat cang
cao thi thoi gian dé ham luong betacyanin dat cao
nhat cang ngan (Hinh 3). Ham luong betacyanin
trich ly duoc dat cyc dai trong khoang thoi gian 10
phut & cong suat 40% (300 W); con & 30% (225 W) thi
can dén 12 phut.

88 NONG NGHIEP VA PHAT TRIEN NONG THON - KY 2 - THANG 5/2022



KHOA HOC CONG NGHE

16
15,5+
15

1 THOI GIAN
14,5 13

Ham lugng
betacyanin (mag 004gr)
MWD LOHL

14+

13,5

164

15,5+

45 30

1 ' CONG SUAT
LT 40

Ham lweng
betacyanin (mg'1 00an
1¥NS 9NOD

144

13,54

| T T | T T
o o o™ =t L o
- - - o =+

30

Hinh 3. Twong tac giita thoi gian va cong sudt siéu am

Vi su ho tro ctia phan JMP 10, diéu kién toi uu
duwoc xac dinh nhu sau: thoi gian 10 phut va cong
suit 35% (262,5 W). O diéu kién nay, ham luong
betacyanin thu nhan duoc bang 15,59 mg/100 g. Thi
nghiém xac minh duoc thuc hién ¢ diéu kién toi wu &
trén; két qua thuc nghiém cho thidy ham luwong
betacyanin trung binh bang 15,57 + 0,047 mg/100 g
(n = 3); ngoai ra, ham luong betacyanin khong co su
khac biét y nghia gita gia tri dy doan va gia tri xac
minh bang thuc nghiém & trén (p < 0,05; kiém dinh
Student).

4. KET LUAN

biéu kién t6i wu cta qua trinh thu nhan chat
mau betacyanin bang siéu am duoc xac dinh bang
phuong phap quy hoach thuc nghiem. Két qua thuc
nghiém cho thdy ham luong betacyanin cao nhat
bang 15,59 mg/100 g. Nghién cttu ndy goép phan mé
ra huéng di méi cho nganh ché bién céac san phim ti
trai cay ¢ Viet Nam.
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OPTIMIZATION FOR OBTAINING BETACYANIN PIGMENT FROM RED-FLESHED
DRAGON FRUIT BY USING ULTRASOUND ASSISTED EXTRACTION

Nguyen Hoang Anh!, Mac Xuan Xoa® "
1 Faculty of Food Science and Technology, Ho Chi Minh city University of Food Industry

*Email: xuanhoamac@gmail.com

Summary

Red-fleshed dragon fruit (Hylocereus polyrhizus) is rich in betacyanin — a natural pigment creating colours
from red to violet. The aim of this research was to optimize the operating parameters in ultrasound assisted
extraction process such as extraction time, acoustic power on the betacyanin content from flesh of red
dragon fruit (Hylocereus polyrhizus) using the central composite design (CCD) of the response surface
methodology. The relationship between the betacyanin content and conditions of extraction significantly
fitted a second-order regression model (p < 0.05) with R® of 0.99. The estimated optimum condition to reach
the highest betacyanin content of 15.59 mg/100 g was extraction time of 10.20 mins and acoustic power
of 262.5 W. The verification experiment showed no significant difference between optimized condition and

predicted condition (p > 0.05).

Keywords: Betacyanin, response surface design, red-fleshed dragon fruit (Hylocereus polyrhizus),
ultrasound assisted extraction.
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