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SUMMARY

USE OF ULTRASOUND IN THE PRODUCTION OF Syzygium cumini
JUICE WITH HIGH ANTIOXYDANT ACTIVITY

Syzygium cumini fruit is rich in antioxidants including ascorbic acid and phenolic compounds. In this
study, ultrasound was used in treatment of the ground Syzygium cumini fruit for improvement in
antioxidant activity of the fruit juice. Firstly, the effects of ultrasonic power and sonication time on the
level of ascorbic acid, total phenolics anthocyanin and antioxidant activity of Syzygium cumini fruit
extract were investigated. Response Surface Methodology (RSM) was then used to optimize the conditions
of ultrasound-assisted extraction of the Syzygium cumini fruit juice. The optimal conditions were the
ultrasonic power of 6,6 W/g and sonication time of 1,5 min under which the ascorbic acid, phenolic,
anthocyanin contents and the antioxidant activity of the fruit juice (evaluated by Ferric Reducing
Antioxidant Potential assay) augmented by 19%, 13%, 18,5% and 15,1% respectively, compared with
those of the control without ultrasonic treatment. Ultrasonic treatment of ground fruit could be a potential
method in the production of Syzygium cumini fruit juice with high antioxidant activity.

1. GIOI THIEU trong qua trinh thu nhan dich qua tram. Muc
Qua tram c6 tén khoa hoc la Syzygium cumini. dich cua nghién ctru nay la xac dinh cac dieu
Bén canh duong va acid la nhitng thanh phan kién t0i uu cua qua trinh xt Iy siéu am qua
dinh dudng phd bién trong cac loai qua. Qua trdm sau cong doan nghién dé thu nhan dich
tram giau vitamin C va cac hop chit phenolic qud tram giau hoat tinh khang oxy hoa.

nhu anthocyanin, acid gallic, tannin véi hoat 2.NGUYEN LIEU VA PHUONG PHAP
tinh khang oxy héa cao [1]. Bén nay, qua tram NGHIEN CUU

duoc s dung dé ché bién ra nhiéu loai thuc 2.1. Nguyén ligu

phim khac nhau nhu nuéc qua, ruou vang va Qua tram (Syzygium cumini) st dung trong
mut jam [2] nghién ciru nay c6 xuat X tr mot nha vuon
D¢ ché bién nuéc qua, nguyén ligu qua tram thuoc huyén Trang Bang, tinh Tay Ninh. Qua
dugc nghién va ép dé pha v cau triic md va tram sau khi thu hoach duoc van chuyen ngay
thanh té bao, tir do giai phong cac chat dinh ve phong thi nghi¢m trong cung mot ngay de
dudng tir bén trong té bao vao dich qua [3]. phan loai, loai bo tap chat va trai kém chat
Nhiing nghién ciru gan day cho thdy qua téo va lugng, rira sach, lam khd roi cho vao tui bao
qua dau tim sau cong doan nghién, néu dugc quan ¢ -18°C trong tu dong va duoc su dung
dem xtr 1y voi séng siéu am thi cau tric mo va cho ca qua trinh thi nghi¢m.

thanh té bao qua s& tiép tuc bi phan hiy, nho 2.2. Phuong phap nghién ciu

d6 dich qua thu dugc sau cong doan ép s& chia 2.2.1 Anh huéng ciia congsuat va thoi gian siéu
nhiéu chat dinh dudng hon [4] [5]. Tuy nhién, 4m dén ham hrong cic chat khing oxy héa vi
dén nay van chua c6 cong bd khoa hoc trong hoat tinh khang oxy hoa ciia djch qui trim

va ngoai nudc vé viéc sir dung séng siéu am Qua trdm dugc ra déng ¢ nhiét 6 phong trong
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1 gio roi dem loai bo hat bang phuong phap
thi céng va nghién véi nuéc theo ty I8
nude/qua 1a 2,5/1,0 (theo khdi lwong). Sau do,
mau duoc cho vao cdc thity tinh dé xu 1y siéu
am, s dung thanh phat siéu am caa héng
Sonics and Materials, model VC750 (Hoa ky).
Dé khao sat cong suat siéu am, cong suat duoc
thay d6i trong khoang 0 — 10W/g con thoi gian
siéu am dugc chon ¢é dinh 1a 1 phat. Khi khao
sat thoi gian siéu am, thoi gian dugc thay ddi trong
khoang 0 — 2,5 phdt con cong suét siéu am duoc
chon tir két qua thi nghiém trude do. Trong qua
trinh xu ly siéu &m, cbc chira mau duoc dit trong
bé nudc lanh dé nhiét @6 cua mau khong vuot qua
30°C. Khi két thic xu ly siéu &m, hdn hop duoc
loc qua thiét bi loc chan khong roi ly tim vdi gia
tdc 3000xg trong 10 phut dé loai b thd va bd min
va thu duoc dich qua tram. Dich thu dugc sau ly
tam duoc dem do thé tich va xac dinh ham luong
c4c chat: vitamin C, anthocyanin, phenolic tong,
hoat tinh khang oxi hoa theo 2 phuong phap
ABTS  (2,2'-azino-bis-3-ethylbenzothiazoline-6-
sulfonic acid) va FRAP (Ferric Reducing
Antioxidant Power) va chét kho.

2.2.2. Toi wu héa cong sudt va thoi gian siéu
am bang phwong phdp quy hoach thuc
nghiém

Thuc hién ma tran quy hoach thuc nghiém theo
mo hinh truc giao cap hai c6 tam xoay Véi tat
ca 13 thi nghiém, trong d6 c6 5 thi nghiém tai
tam. Phin mém Modde 5.0 dwoc sir dung dé xir
ly két qua cuia cac thi nghiém. Phwong trinh hoi
quy md ta sy anh huéng cua cong suat va thoi
gian xir ly siéu am dén hoat tinh khéng oxi hoa

cua dich qua trdm. Sau d6, thi nghiém dugc
thuc hién lai tai diéu kién tdi wu dé so sanh gia
tri thuc nghiém cua hoat tinh chdng oxi héa
cua dich qua vai gid tri ly thuyét dugc du doan
ttr mo hinh.

2.2.3. Phwong phdp phdn tich

Ham lugng vitamin C trong mau phan tich
dugc xac dinh bang bo kit thir vitamin C
Reflectoquant® Ascorbic Axit Test va cac
phuong phap do dugc thuc hién trén thiét bi do
RQflex plus 10, Merck (Dtc).

Ham lugng chat khd cua dich qua dwoc Xac
dinh bang phuong phap siy mau & 105°C dén
trong luong khong ddi. Phenolic tong duoc
dinh lwong bang phuong phap quang phd so
mau véi thude thir Folin — Ciocalteu [6]. Ham
lwong anthocyanin dugce do bang phuong phap
pH vi sai [7]. Hoat tinh khang oxi héa dugc
xac dinh theo phuong phap ABTS va FRAP
[6]. ,

2.2.4. Phuong phdp xii 1y sé ligu

Mai thi nghiém duoc 13p lai 3 1an va két qua 1a
gia tri trung binh + d¢ léch chuan. Két qua
dugc xu Iy théng ké biang phin mém
Statgraphics Centurion XV dé xac dinh su
khac nhau gitra chung 1a c6 ¥ nghia hay khong.
3. KET QUA VA BAN LUAN

3.1. Anh hwéng caa cong suét siéu am dén
ham lrgng cac chit khang oxy hoéa va hoat
tinh khang oxy hoa caa dich qua tram

Sy thay ddi ham lwong vitamin C, phenolic
téng, anthocyanin va hoat tinh khang oxy hoa
cua dich qua tram khi thay doi cong suét siéu
am duoc trinh bay trén Bang 1.

Bang 1. Anh hirong ciia cong sudt siéu dm dén ham lrong cac chdt khang oxy héa
va hoat tinh kh&ng oxy hoéa cua dich qua tram

Corng L L . Hoat tinh khang oxy Hoat t|n,h Khéng
suat Vitamin C Phenolic tong Anthocyanin hoa theo FRAP oxy hoa theo
siéu (mg/100g  (mg GAE/100  (mg/100g chét (umol TE/L00 ABTS
am chat kho) g chit kho) kho) K hit ko) 9 (umol TE/00¢g
(W/g) e chét kho)
0 1406,4* + 22,3 5253,0°+35,2 647,07* £3,2 64736,9* +1401,9  43545,2% £271,0
2 1489,2°+22,3 5329,6°+32,9 702,88° +6,1 68196,8” + 230,5  44838,9° +531,4
4 1561,0°+ 8,4 5500,9°+19,2 723,60%+5,9 68995,2° + 921,9  46066,2° + 920,4
6 159599+ 55 5612,19+358  739,59¢ + 0,9 70459,0° + 798,4  47600,2¢ +702,9
8 1496,5° + 25,3 5256,7°+27,3 732,81®+6,2  61011,09 +£1004,6  43611,7% +957,9
10  1382,52+139 5107,2°+ 3,2  716,24° £54 57418,1¢ +1219,6  41867,3% +510,1

Cac ket qua c6 cung ky twr a, b, ¢, d va e trong cling mét ¢ét thi khdc nhau khéng cé y nghia thong ké (p < 0,05)
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Két qua thuc nghiém cho thay tat ca cac mau
c6 qua xir 1y siéu 4m déu c6 ham luong céc
chat khang oxy hoa va hoat tinh khang oxy hoa
cao hon mau d6i ching khong qua xir ly siéu
am. Nhu vay, phuong phap xt ly siéu am da
cai thién dang ké chat luong dich qua tram.

Cu thé, khi ting cong suét siéu am tir 0 dén 6
W/g thi ham luong vitamin C, phenolic tong va
anthocyanin ting lan luot 13,5%, 6,8% va
14,3% so v6i mau ddi chang.Trong qué trinh
xtr ly siéu &m, hién tugng xam thyc khi xay ra
manh m& 1am phéa v& mo va thanh té bao qua
[3]; nho d6, ham lwong chét chiét trong dich
qua ting manh so véi mau khong qua Xt ly
siéu &m. Sy gia ting ham luong vitamin C,
phenolic tong va anthocyanin da lam cho hoat
tinh khang oxy hoa cua dich qua trdm cling
tang theo. O cling mot diéu kién xir ly siéu &m
thi hoat tinh khang oxy hoa theo phuwong phap
FRAP 1uén cao hon so véi phuong phap
ABTS. Céac hop chit phenolic rit da dang va
co ché khang oxy hoéa cua chung ciing khéac
nhau [8]. Két qua trén Bang 1 cho thiy ham
lwong céc chit co co ché khang oxy héa theo
phuong phap FRAP 1a cao hon so véi c4c chat

¢6 co ché khang oxy hoa theo phuong phap
ABTS.

Khi tiép tuc tang cong sut siéu am tir 6 dén 10
W/g thi ham lugng vitamin C, phenolic tong va
anthocyanin trong dich qua trdm bi giam nhe.
Xu ly nguyén liéu biang séng siéu am & cong
suit cao sinh ra cac goc ty do nhu gbc
hydroxyl; ching cé thé phan ng véi vitamin C
va cac hgp phenolic trong dich qua [9]. P6 1a
nguyén nhan lam cho ham lugng vitamin C,
phenolic téng va anthocyanin trong dich qua
trdm bi giam di. Trudc day, Amir va cong sy
(2013) ciing ghi nhan rang cong suat siéu am
tang cao da lam giam ham lugng anthocyanin
va hoat tinh khang oxy héa cua pu-ré qua mam
x0i [10].

Nhu vay, cong suit siéu am 6 W/g s& duoc
chon cho qua trinh thu nhan dich qua tram.

3.2. Anh hwéng caa thoi gian xi ly siéu am
dén ham hrgng cac chit chéng oxy héa va
hoat tinh khang oxy héa cuaa dich qua tram
Bang 2 gigi thiéu ham luwong vitamin C,
phenolic téng, anthocyanin va hoat tinh khang
oxy hda cua dich qua trdm theo thoi gian xu ly
siéu am.

Bang 2. Anh hurong cua thoi gian xi [y siéu dm dén ham hrong céc chat khang oxy héa va va hogt tinh
khang oxy hoa cua dich qua tram

Thoi Hoat tinh khang Hoat tinh khang
gian Vitamin C Phenolic tong  Anthocyanin oxy hoa theo oxy hda theo
siéu (mg/100 g chat  (mg GAE/100  (mg/100g chat FRAP ABTS
am kho) g chét kho) kho) (uwmol TE/100 g (umol TE/100 g
(phut) chat kho) chat kho)
0,0 1336,22+ 31,6 5015,72+£ 11,1 742,22 +24,1 68701,2°+ 14946 44165,12+ 9789
0,5 1415,2°+ 5.4 5042,8°+38,0 802,9°+ 4,6 70493,3°+ 836,7 46246,6°+627,0
1,0 1514,6°+ 2,9  5356,9°+16,4 836,8°°+19,9 74518,2°+ 337,3  48847,0°+ 766,2
15 157259 + 3,0 5553,5°+ 13,4 869,6°+27,7 77154,69+ 731,5 52089,0°+ 603,3
2,0 1561,9+ 6,1  5654,6°+71,9 879,0°+458 783259+ 608,6 52692,39+ 5225
2,5 154969 + 13,9  5338,7°+82,9 834,9°+26,4  78443,1°+ 536,8 52792,9%+ 460,8

Céc két qua b cuing ky tie a, b, ¢ va d trong cting mét cét thi khdc nhau khéng cé y nghia thong ké (p < 0,05)

Khi ting thoi xir Iy siéu &m tir 0 dén 1,5 phut
thi ham luong vitamin C, phenolic tong va
anthocyanin tang lan luot 1a 17,7%, 10,7% va
17,2% so v&i mau dbi chang khong qua xir |y
siéu am. Thoi gian xir ly siéu &m cang dai thi
hién tugng xam thuc khi dién ra cang lau; do
d6 md va t& bao qua bi pha v& cang triét dé,
céc chét tir bén trong té bao s& khuéch tan ra
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bén ngoai nhiéu hon dé tao nén dich qua.
Trudc day, Quang va cong su (2014) cling
nhan thay khi tang thoi gian xir 1y siéu am tir 0
1én 6 phat thi ham luong phenolic tong cua
dich qua tao ciing tang 31,2% [4].

Tuy nhién, néu tiép tuc ting thoi gian siéu &m
tir 1,5 phut 1én 2,5 phut thi ham lugng vitamin
C, phenolic téng, anthocyanin va hoat tinh



khang oxy hoa cua dich qua trdim thay doi
khong co ¥ nghia thong ké (p > 0,05). Két qua
tuong ty dugc bdo cdo boi Gonzélez-Centeno
va cong su (2015): hoat tinh chéng oxy hoa
trong dich trich tir ba nho (Vitis vinifera L.)
khong thay doi khi thoi gian siéu am kéo dai tir
50 dén 60 phit [11]. Nhu vay, thoi gian xu ly
siéu &m 1,5 phat dugc xem la thich hop dé thu
nhan dich qua tram.

3.3. T6i wu héa cong suit va thoi gian siéu Am
bang phwong phép quy hoach thye nghiém
Két qua phan 3.1 va 3.2 cho thiy dich qua tram
c6 hoat tinh khang oxy hoa cao nhat theo
phuong phap FRAP 1a 77154 pmol TE/100g
chat kho nguyén lidu qua khi cong suit va thoi
gian xur ly siéu am lan luot 12 6 W/g va 1,5

phit. Bé quy hoach thyc nghiém theo mé hinh
tryc giao cap hai, hai yéu t6 khao sat nhu sau:
Xy 1a cdng suat siéu am vai tam 0 (twong ung 6
W/g), mic trén gém +1 (tuong tng 8 W/g) va
+1,41 (tuong tng 8,83 W/g), mirc dudi gom -1
(twong ung 4 W/g) va -1,41 (twong ung 3,17
W/g); X la thoi gian siéu am véi tdm 0 (tuong
tng 1,5 phat), mac trén gom +1 (twong Gng
2,0 phat) va + 1,41 (twong ung 2,71 phat), muc
dusi gébm -1 (twong ung 1,0 phat), -1,41
(twong tng 0,79 phat); ham muyc tiéu la hoat
tinh chéng khang héa Y theo phwong phap
FRAP (umol TE/100g chat khd nguyén liéu
qua).

Ma tran quy hoach thuc nghiém va két qua thi
nghiém duoc thé hién trong bang 3.

Bang 3. Ma trédn quy hoach thuc nghiém va két qua hoat tinh khang oxy hda cua dich qud tram
theo phwong phap FRAP

Lo c X1 — Cong suat siéu Xz — Thoi gian Y — Hoat tinh khang oxy héa
SO thir ty thi nghicm am (Wig) siéu am(phit) (umol TE/100g chét kho)
1 1 1 57382,1
2 1 1 61202.8
3 1 1 45875.9
4 1 1 80999.3
5 1,414 0 38100,3
6 1414 0 690410
7 0 1,414 63526.9
8 0 1,414 669010
9 0 0 76800.3
10 0 0 76800.3
11 0 0 771515
12 0 0 771515
13 0 0 771515

Két qua xu 1y s6 liéu thuc nghiém trén phan mém Modde 5.0 dwgc trinh bay ¢ bang 4

Bang 4. Anh hurong cia cac bién déc ldp d@én hoat tinh khdang oxy héa (phwong phdap FRAP)
cua dich quad trdm

Y Coeff. SC Std. Err P Conf. int(+)
Constant 77010,8 595,708 4,371e-013 1408,64
X1 10338,3 470,984 1,02843e-007 1113,71
X2 1632,92 470,984 0,0104477 1113,71
X1*Xy -11229 505,145 9,42549e-008 1194,49
Xo*Xo -5405,54 505,145 1,36646e-005 1194,49
X1*Xs 7825,66 666,022 7,32298e-006 1574,91
N=13 Q2= 0,959 Cond.no. = 2,8971
DF=7 RZ= 0,994 Y-miss= 0
R? Adj. = 0,990 RSD 1332,0430

Conf.lev.= 0,95

Ta thu dugc phuong trinh hoi quy theo bién 4o nhu sau:
Y =77010,8 + 10338,3X; + 1632,92X, — 112291’{% — 5405,54}1% + 7825,66X,X,



Két qua trén Bang 4 cho thay nhiing yéu tb bac
mot nhu cong sudt siéu am X; va thoi gian xir
ly siéu &m Xz ¢ anh huong duong dén ham
muc tiéu hoat tinh khang oxy héa cua dich qua
tram Y (p < 0.05). Tuy nhién, nhiing yéu té
bac hai nhu cong suat siéu &m X;2va thoi gian
xir 1y siéu am X,2 ¢6 anh huong am dén ham
muc tiéu Y (p < 0,05). Sy anh hudng caa cong
Suit siéu am dén hoat tinh khang oxy héa cua
dich qua trdm la 16n hon sy anh huong cua thoi
gian siéu am vi cac hé sb cua X va X;2déu cao
hon so véi hé sé cua Xz va X;2 Ngoai ra, su
trong tac cua yéu té cdng suit va thoi gian
siéu am (X1xXy) ciing dugc khing dinh va sy
turong tic nay co6 anh huéng duong dén ham
muc tidu Y (p < 0,05). Gié tri Q2 = 0,959 (d6
bién thién a0) va R? = 0,994 (d6 bién thién
thuc) la rat cao; diéu d6 khang dinh mé hinh
thu duoc 1a dang tin cay [12]. Do thi biéu dién
su anh hudng ddng thoi cua cong suat va thoi
gian xir Iy siéu &m dén hoat tinh khang oxy héa
cua dich qua tram dugc trinh bay trén hinh 1.
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Hinh 1. Anh hwong cia cong suat (X1) va thoi
gian xar 1y siéu &m (Xz) dén hogt tinh khang oxy
héa cua dich qud trdm theo phwong phdp FRAP

Tir phuong trinh hdi quy, chuong trinh Modde
5.0 cho ra diém Y cuc dai tai X; = 0,33 (ing
v6i cong suat siéu am 1a 6,6 W/g thit qua) va
Xz = -0,01 (&ng voi thoi gian xt ly siéu am la
1,5 phat). Khi d6, hoat tinh khang oxy hoéa cuc
dai theo phuong phap FRAP ctia mo hinh la
79157 pmol TE/100g chat kho nguyén liéu qua
va gid tri nay tang 15,2% so véi mau ddi chimng
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khong qua xir ly siéu &m. Tién hanh thi nghiém
kiém chiing ¢ gia tri cong suat va thoi gian xi
ly siéu &m tdi wu; gia tri hoat tinh khang oxi
hoa trung binh thu duoc cua ba thi nghiém lap
lai 12 79061 pumol TE/100g chat kho nguyén
lieu qua va gia tri nay ting 15,1% so véi mau
dbi chung. Do chénh léch gira gia tri thuc
nghiém va gia tri caa md hinh 1a 0,12% va
dugc xem la chap nhan dugc.

Khi so sanh hoat tinh khang oxy héa (phuong
phap FRAP) cua dich qua tram thu dugc trong
phan 3.1 va 3.2 (77154 pmol TE/100g chét khd
nguyén liéu qua) véi phan 3.3 (79061 pmol
TE/100g chat khd nguyén liéu qua) thi su
chénh léch 1a kha it. Nguyén nhan 1a do diéu
kién xir Iy siéu am sau khi téi wu hoa bang quy
hoach thuc nghiém (cong suit 6,6 W/g, thoi
gian 1,5 phat) khdng khéc biét nhiéu so véi
truge khi tdi wu hoa (cong suit 6,0 W/g, thoi
gian 1,5 phut)

4. KET LUAN

X ly qua trdm nghién bang séng siéu &m lam
cai thién dang ké hoat tinh khang oxy hoa cua
dich qua tram. Diéu kién xu 1y siéu &m tdi vu
bao gom cong suat siéu am 6,6 W/g va thoi
gian siéu am 1,5 phut. Khi do, hoat tinh khéng
oxy hoa (phuong phap FRAP) cao hon 15,1%
so v&i mau dbi chiang khong xu |i siéu am;
ham luwgng vitamin C, phenolic téng va
anthocyanin ting lan luot 1a 19%, 13% va
18,5% so véi mau ddi ching khong qua xir ly
siéu &m. Qué trinh xu ly qua trdm vai song
siéu am & quy mo pilot can dugc tiép tuc thir
nghiém dé lam co so trién khai tng dung
phuong phap nay vao thuc tién trong qua trinh
thu nhan dich qua tram.
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