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Tém tit:

Hat qua tdc (Fortunella japonica) la nguon nguyén liéu cé gid tri cao, déc biét giau cdc hop chat cé hoat
tinh sinh hoc. Tuy nhién, diém han ché 1ém nhdt la vi dcfng dac trung nén hat tdc van chua dwoc khai thac
hiéu qud trong ché bién thuc pham. Do dé, viéc dp dung cdc phwong phdp tién xit Iy thich hop nham gidm
hop chat gay ddng naringin va han ché ton thdt cac hop chat ¢6 hoat tinh sinh hoc la can thiét. Trong nghién
citu ndy, cdc phirong phdp tién xir Iy bao gom: dung dich NaOH pH 8,5, 90°C, 2 phiit; nude dién gidi pH
8,5, 90°C, 2 phut; dung dich NaOH pH 8,5, 90°C, 2 phut két hop voi naringinase 3%, 50°C, 3 gio,; nuoc dién
giai pH 8,5, 90°C, 2 phut két hop voi naringinase 3%, 50°C, 3 gioy; két hop cellulase 10%, 50°C, 2 gio va
naringinase 3%, 50°C, 3 gio; nuoc dién giai pH 8,5 két hop siéu am 40kHz, 80°C, 2 phut, dung dich NaCl
4% két hop siéu am 40kHz, 80°C, 2 phit; ciing véi mau doi chirng (khéng xir 1y). Két qua cho thay tién xir Iy
trong nude dién giai pH 8,5 két hop siéu am 40kHz, 80°C, 2 phit givip gidam naringin va duy tri ham lwong
hop chdt ¢é hoat tinh sinh hoc ¢ mirc cao.

Tir khéa: hat tac, phu pham, tién xir Iy, naringin, hoat tinh sinh hoc

Effect of pretreatment methods on naringin and bioactive compounds in
kumquat seeds (Fortunella japonica)

Abstract:

Kumquat seeds (Fortunella japonica) are a valuable raw material, particularly rich in bioactive compounds.
However, their characteristic bitterness remains a major limitation, hindering the effective utilization of
kumquat seeds in food processing. Therefore, appropriate pretreatment methods are necessary to reduce the
bitter compound naringin while minimizing the loss of bioactive compounds. In this study, the pretreatment
methods included: NaOH solution at pH 8.5, 90°C for 2 min; electrolyzed water at pH 8.5, 90°C for 2 min;
NaOH solution at pH 8.5, 90°C for 2 min combined with 3% naringinase at 50°C for 3 h; electrolyzed water
at pH 8.5, 90°C for 2 min combined with 3% naringinase at 50°C for 3 h; a combination of 10% cellulase
at 50°C for 2 h and 3% naringinase at 50°C for 3 h; electrolyzed water at pH 8.5 combined with ultrasound
treatment at 40 kHz and 80°C for 2 min,; and 4% NaCl solution combined with ultrasound treatment at
40 kHz and 80°C for 2 min, along with an untreated control. The results showed that pretreatment with
electrolyzed water at pH 8.5 combined with ultrasound treatment at 40 kHz and 80°C for 2 min effectively
reduced the naringin content while maintaining a high level of bioactive compounds.

Keywords: bioactive activity, by-product, kumquat seeds, naringin, pre-treatment
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1. Pit van dé

Qua tic duoc biét dén 1a mot loai cay an qua thude ho Rutaceae duogc trong phd bién tai Viét Nam,
mot trong nhitng loai qua c6 mui dugc st dung phé bién nhd cod gid tri dinh dudng cao, ham luong
phenolic va flavonoid ciing dugc tim théy trong qua tic thudc ho Citrus (Yu et al., 2005). Dac biét,
trong hat qua tic chira rat nhiéu hgp chat chirc ning c6 hoat tinh sinh hoc cao nhu tocopherol, phenolic,
flavonoid (hesperidin, naringin va naringenin) va limonoids (limonin, nomilin, obacunone) c6 tdc dung
chdng oxy hoa, khang viém, chdng ung thu tiém ning, hd trg giam cholesterol,... Cac hop chat trong hat
tac c6 kha nang thé hién hoat tinh chong oxy hoa thong qua kha ning bét giir gbc tw do DPPH. Ngoai ra,
diu hat duoc chiét xut tir hat ho Citrus giau cac acid béo khong no tot cho tim mach (Liu et al., 2022).

Hién nay, cac nha may ché bién trai cay ho Citrus nhu nha may ché bién nudce tic co dic di tao ra
mot luong 16n phy pham gom vo, cui, hat 1a mot van dé déng lo ngai do ty 1¢ chét thai chiém gan 50%
khdi luong qua tuoi (Andrade et al., 2022). Diéu nay cho thay, tiém ning tng dung ciia hat tic trong
nganh cong nghiép thuc phém 1a rat 16n. Tuy giau hop chat sinh hoc, hat tic van bi han ché ung dung do
vi ddng dic trung tir limonin va naringin. Mot s6 phuong phap khir vi dang nhu str dung mudi va kiém
cho thdy kha ning lam giam cac hop chéit gay dang trén cac bo phan cta qua thudc ho citrus. Nguyén
Dtrc Tung va cong su (2023) cho thay, viéc ngdm va chin trong dung dich NaOH ndng dé 100ppm gitp
giam ham lugng naringin, tir d6 giam dugc vi dang trong vo cam Sanh. Kailaje et al. (2025) ciing da bao
cdo phuwong phéap xir Iy dang 14t chanh ngot bang NaCl & nong do 4% két hop véi siéu am co6 kha ning
lam giam dang ké cac hop chit gay ding. Dong thoi, pectinase va cellulase ciing dugc sir dung dé phan
giai thanh té bao, nham tao diéu kién cho naringinase (pH 4,5, 50°C) tiép cin va thity phan naringin, qua
d6 gop phan giam vi dang bot qua ho citrus (Zhang et al., 2026). Tuy nhién, cdc nghién ciru vé giam vi
ddng trén hat tic van con han ché. Do vy, viéc nghién ctru cic phwong phap xt 1y giam vi déng hiéu
qua 1a can thiét nham nang cao gia tri st dung va khai thac tiém ning ctia hat tic nhu mot nguoén nguyén
liéu c6 gia tri tng dung ché bién san phém thuc phém nhu snack hat tic, bot hat téc.

2. Phwong phap nghién ciru

2.1. Ngi dung nghién ciru

Hat tic duoc thu gom tor nha may ché bién nudc tic c6 dic tai thanh phé Can Tho va duge van
chuyén vé phong thi nghiém, sau do hat tic duoc rira sach va loai bo nhiing hat hu héng, hat dugc dong
g6i trong bao bi PA/PE hut chan khong bao quan & nhiét d6 -18°C str dung trong nghién ctru. Khi tién
hanh thi nghiém, tan gia hat & diéu kién nhiét do 4-5°C va cb dinh khéi lugng méu 1a 30g hat/phuong
phép xu 1y, ty 18 nguyén liéu/dung dich chan c¢6 dinh 1a 1:10 (w/v), nguyén liéu/dung dich dém 1a 1:2
(w/v). Tiép dén, hat dugc tién xir Iy bang cac phuong phép tién xir Iy khac nhau bao gdm (i) mau déi
chung (khong xu 1y); (ii) dung dich NaOH pH 8.5, 90°C, 2 phut; (iii) nudc dién giai pH 8,5, 90°C, 2
phut; (iv) dung dich NaOH pH 8.5, 90°C, 2 phut két hop voi naringinase 3%, 50°C, 3 gio; (v) nudce dién
giai pH 8,5, 90°C, 2 phut két hop véi naringinase 3%, 50°C, 3 gio; (vi) két hop cellulase 10%, 50°C, 2
gid va naringinase 3%, 50°C, 3 gio; (vii) nudc dién giai pH 8,5 két hop siéu 4m 40kHz, 80°C, 2 phut
va (viii) dung dich NaCl 4% két hop siéu 4m 40kHz, 80°C, 2 phit. Hiéu qua giam dang dugc danh gia
thong qua ham luong naringin, ddng thoi cac hop chat co hoat tinh sinh ham luong polyphenol tong sb
(TPC), flavonoid tong s6 (TFC) va kha ning loai bo gdc tu do DPPH ciing dugc sir dung dé dénh gia

kha niang duy tri cac hop chat co hoat tinh sinh hoc ¢6 trong hat tic.
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2.2. Phwong phdp phdn tich

Ham luong naringin dugc duoc xac dinh bang phuong phap ctia Davis (1947). Ham luong polyphenol
tong s6 (TPC) dugc xac dinh theo phuong phap cua Bassey et al. (2022). Ham luong flavonoid téng s6
(TFC) duoc xac dinh theo phuong phap ciia Syahdam et al. (2024). Kha ning loai gbc tw do DPPH dugc
xac dinh theo phuong phap ctia Bedawey et al. (2010).

2.3. Phwong phdp xir Iy sé li¢u

S liéu dugc phén tich bang phuong phap phan tich phuong sai (ANOVA), kiém dinh su khac biét y
nghia giita cac nghiém thirc thong qua LSD (Least Significant Difference). Toan bo qua trinh xir 1y thong
ké dugc thuc hién bang phan mém Statgraphics Centurion XV. D6 thi duge xay dung bang chuong trinh
Microsoft Excel 2021.

3. Két qua va thao luan

Phuong phép tién xir Iy ¢6 anh huong dén hiéu qua giam dang va ham lugng cac hop chat c6 hoat tinh
sinh hoc trong hat tic. Két qua anh huong dén ham lugng naringin, polyphenol, flavonoid va kha ning loai
b6 gbe tu do dugc trinh bay ¢ Hinh 1, 2 va Bang 1.

Trong cac loai trai cdy thudc chi citrus, naringin 1a mot flavanone glycoside gdm aglycone naringenin
va disaccharide neohesperidose, gop phan tao vi dang dic trung (Chen et al., 2016). Thong qua céc
phuong phap tién xtr Iy, ham lugng naringin trong hat tic déu c6 xu huéng giam. Hinh 1 cho thay hiéu
qua cta phuong phap xt 1y dén su giam ham lugng naringin véi nghiém thitc B6 (xir Iy véi nude dién
giai pH 8,5 két hop siéu am 40kHz & 80°C trong 2 phut) & murc cao nhat (9,83 + 0,96 mg/100 g CK), giam
26,4% so v&i mau ddi chimg (13,35 + 0,17 mg/100 g CK). Theo Phan Thi Thanh Qué va ctv. (2021) da
chi ra, naringin 1a mot hop chat thudc nhém glycoside c6 kha ning hoa tan trong nuée va do hoa tan ting
khi nhiét d6 tang, cung vdi két hop véi tac dong cua si€éu am nho sy hinh thanh cac vi bot khi lam tang

Hinh 2. Anh hwéng ciia phwong phdp tién xir li
dén ham lwong polyphenol tong sé trong hat tic

Hinh 1. Anh hwéng ciia phwong phdp tién xir li
dén ham lwong naringin trong hat tic
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Phuong phap tién xir Iy: BO: doi ching (khéng xit 1y); Bl: dung dich NaOH pH 8,5, 90°C, 2 phiit; B2:
nwoc dién giai pH 8,5, 90°C, 2 phut; B3: dung dich NaOH pH 8,5, 90°C, 2 phut + naringinase 3%, 50°C,
3 gio; B4: nuwoce dién giai pH 8,5, 90°C, 2 phut + naringinase 3%, 50°C, 3 gio; BS: cellulase 10%, 50°C,
2 gio + naringinase 3%, 50°C, 3 gio,; B6: nuoc dién giai pH 8,5 két hop siéu am 40kHz, 80°C, 2 phut; B7:
dung dich NaCl 4% két hop siéu am 40kHz, 80°C, 2 phut. Sai $6 thé hién trén do thi la d6 léch chudn ciia
gia tri trung binh ¢ mirc y nghia 5%.
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Bang 1. Anh hwéng ciia phwong phap tién xir 1y hat tic dén ham lwong flavonoid tong sé (TFC)
va kha ning loai bé goc tu do (DPPH)

TFC DPPH

Phwong phap tien xt ly (mg QE/g CK) | (uM TE/g CK)

Bo: déi chirng (khong xt 1y) 1,07 £0,01° | 22,03 +0,18'
B+: dung dich NaOH pH 8,5, 90°C, 2 phat 0,95+0,01¢ | 7,45 0,04
Bz: nwéc dién giai pH 8,5, 90°C, 2 phat 1,06 £0,05° | 19,28 + 0,33

Bs: dung dich NaOH pH 8,5, 90°C, 2 phut + naringinase 3%, 50°C, 3 gi | 0,78 £ 0,01°¢ 8,10 £ 0,52°

B4: nwoc dién giai pH 8,5, 90°C, 2 phut + naringinase 3%, 50°C, 3 gi& 0,67 £0,0042 | 10,33 £ 0,22°

Bs: cellulase 10%, 50°C, 2 gi& + naringinase 3%, 50°C 0,74 £0,02> | 11,81 £0,53¢
Be: nwdc dién gidi pH 8,5 két hop siéu am 40kHz, 80°C, 2 phut 0,94 +0,01¢ 8,20 + 0,32°
B+: dung dich NaCl 4% két hop siéu am 40kHz, 80°C, 2 phdit. 0,95+ 0,01¢ 8,66 + 0,02°

Chir cdi a, b, ¢ trong ciing mot c¢ét thé hién su khdc biét ¢6 y nghia thong ké ¢ mirc y nghia 5%.

cudng qué trinh truyén khéi va gbp phan pha vd thanh té bao dan t6i thay ddi cdu trac mé tao didu kién
thuan loi cho naringin khuéch tan tir bén trong té bao ra méi truong xur Iy. Ham lugng naringin & cic mau
Ba va Bs lan luot 1a 10,00 £ 0,80 mg/100 g CK va 10,21 + 0,74 mg/100 g CK cho thay su anh huong rd rét
clia phuong phap chan nguyén liéu voi nudce dién giai hodc dung dich kiém sau d6 xir Iy véi naringinase.
Naringinase gom hai hoat tinh 13 a-L-rhamnosidase va p-D-glucosidase, c6 kha ning thiy phan naringin
thanh prunin va tiép tuc chuyén héa thanh naringenin qua d6 lam giam ham lugng naringin trong nguyén
liéu (Zhu et al., 2017). Pang chu y, ham lugng naringin ctia cac nghiém thuc Bs va B4 khac biét khong co
¥ nghia thong ké so v6i Bs (p > 0,05), cho thdy hiéu qua giam naringin ctia cic phuong phap nay tuong
duong nhau trong diéu kién khao sat.

Cac hop chat phenolic 13 nhitng hop chat c6 mot hodc nhiéu vong thom véi mot hodc nhiéu nhom
hydroxyl va 6 tiém ning bao vé té bao trudc stress oxy hoa (Dai & Mumper, 2010). Két qua & hinh 2 chi
ra, phuong phap tién xir Iy anh hudng cé y nghia théng ké dén ham luong polyphenol (p < 0,05). Trong cac
mau qua tién xir Iy, mau xtr 1y véi nudc dién giai pH 8,5 & 90°C trong 2 phut duy tri ham luong polyphenol
& muc cao nht (4,12 + 0,09 mg GAE/g CK), twong dwong 87,8% so voi miu ddi chimg (khong xir 1i),
trong khi mau xir li nude dién giai pH 8,5, 90°C, 2 phut + naringinase 3%, 50°C, 3 gid c6 gi tri thap nhét
(2,55 + 0,03 mg GAE/g CK), giam 45,6% so v6i d6i ching.

Theo Nambi et al. (2016), chan trong thoi gian ngin ciing lam giam dang ké ham lugng tong
phenolic va su hao hut nay c6 thé bat ngudn tir sy khuéch tan cac hop chit phenolic tan trong nudc
vao mdi trudng chan, ddng thoi do sy phan huy nhiét ctia cac hop chét nay. D6i voi hat tic tién xir
ly trong dung dich NaOH pH 8.5, 90°C, 2 phut (B1); nudc dién giai pH 8,5 két hop siéu am 40kHz,
80°C, 2 phut (B6) va dung dich NaCl 4% két hop siéu 4m 40kHz, 80°C, 2 phut (B7), ham lugng
polyphenol tong sb khac biét khong c6 y nghia thong ké (p > 0,05). Xir Iy trong méi trudng kiém voi
dung dich NaOH pH 8,5, 90°C va nudc dién giai pH 8,5, 90°C, 2 phtt co thé 1lam giam do on dinh
ctia mot s6 hop chét phenolic.
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Theo Friedman & Jiirgens (2000) ghi nhan mot sé phenolic ¢6 d6 6n dinh thap & pH cao va c6 thé bi
bién doi trong diéu kién kiém. Trong khi d6, véi hai phwong phéap xir Iy nuéc dién giai pH 8,5 két hop
siéu am 40kHz, 80°C, 2 phut va dung dich NaCl 4% két hop siéu am 40kHz, 80°C, 2 phut la su két hop
gitta nhiét va siéu am c6 thé lam ting qua trinh truyén khéi, tir d6 gop phan thic day su thit thoat cac
hop chét phenolic khoi mo nguyén liéu. Tir két qua hinh 1 va Bang 1 cho thiy méu xir 1y véi nude dién
giai pH 8,5 két hop siéu am 40kHz, 80°C, 2 phut vira ¢6 kha nang giam ham lugng naringin hiéu qua,
ddng thoi duy tri ham lwong polyphenol tong sb twong ddi cao.

Flavonoid 1a nhém hop chét polyphenol thtr cdp phd bién ¢ thyuc vat, co ciu tric co ban C6-C3-C6
va duogc chia thanh nhiéu phan nhom (Ullah et al., 2022). Ham luong flavonoid ctia cac mau (Bang 1)
dao dong tir 0,67-1,07 mg QE/g CK cho thdy phwong phép tién xir Iy anh hudng dang ké dén ham luong
flavonoid trong nguyén li¢u. Mau xir Iy chan véi nude dién giai 90°C, 2 phit (1,06 + 0,005 mg QE/
CK) khac biét khong c6 ¥ nghia thong ké (p > 0,05) so v6i miu ddi ching (1,07+0,004 mg QE/g CK).

Nguogc lai, cac nghiém thuc c6 st dung naringinase (Bs, B4 va Bs) lam giam ham lugng flavonoid
1a do naringinase c6 kha ning thuy phan glycoside cua flavonoid bao gdm naringin, rutin, quercitrin,
hesperidin, diosgene va terphenyl glycoside, chita a-rhamnose va B-glucose & dau mach tir d6 lam thay
ddi thanh phan flavonoid va d6 c6 thé 1a nguyén nhan giy suy giam ham luong flavonoid trong mau
nguyén liéu (Ribeiro, 2011). Tuy nhién, sy giam TFC do bang phuong phap AICI; khong nhat thiét phan
anh sy phan huy hoan toan flavonoid, do dap tng cua phép do phu thudc vao cau tric cua ting flavonoid
(Pekal & Pyrzynska, 2014). Mau xir Iy trong nudc dién giai pH 8,5 két hop siéu am 40kHz, 80°C, 2 phut
(B6); hoic xir 1y v&i dung dich NaCl 4% két hop siéu am 40kHz, 80°C, 2 phut (B7) duy tri ham lugng
flavonoid khéc biét khong c6 y nghia théng ké (p > 0,05). Cac gia tri nay cao hon cac miu xur 1y & céc
phuong phap B3 dén B5 va chi thip hon Bo dén B2 khoang 11-12%.

DPPH 1a gbc tu do 6n dinh, dugc st dung dé danh gia kha niang bat goc tu do ctia cac chat chong
oxy hoa. Két qua Bang 1 cho thdy miu ddi chting Bo c6 gia tri DPPH cao nhat (22,03 + 0,18 uM TE/g
CK), trong khi cac phuong phap tién xir 1y lam giam gia tri nay ¢ nhirng mirc d6 khac nhau. Trong s6
cac nghiém thirc khao sat, B2 chan bang nudc dién giai & pH 8,5, 90°C, 2 phut da duy tri gia tri DPPH
tuong ddi cao (19,28 + 0,33 uM TE/g CK). Nguoc lai, nghiém thic Bl sir dung NaOH lam dung dich
chdn cho gi4 tri DPPH thip nhat (7,45 + 0,04 uM TE/g CK). Theo nghién ciru ciia Yen & Hung (2000),
moi truong kiém va nhiét do cao lam giam ham lugng phenolic tong s c6 kha nang thac day qua trinh
oxy hoa hodc phan hiy mot sb hop chat phenolic nhay cam tir 6 c6 thé 1am suy giam dang ké kha ning
loai b6 gbc tu do ciia mau hat tac tién xtr Iy bang cac phuong phap khac nhau. Ddi véi cac nghiém thire
c6 xir 1y v6i naringinase, DPPH dao dong tir 8,10 dén 11,81 pM TE/g CK. V& mit co ché, naringinase
c6 kha nang thuy phan flavonoid glycoside va tao thanh céac aglycone tuong trng. Naringenin da duoc
chtng minh c6 kha ning chéng oxy hoa cao hon naringin trong mot sb phép thir in vitro (Cavia-Saiz et
al., 2010).

Tuy nhién, trong diéu kién thi nghiém hién tai, tdc dong nay chua thé hién 1o qua chi tiéu DPPH,
c6 thé do hiéu suit thuy phan cua enzyme, diéu kién nhiét d6 va thoi gian xt 1y hodc do dong thoi xay
ra cic qué trinh phan huy hop chat chong oxy héa. Dbi véi xir Iy siéu am trong nude dién giai (B6) va
mudi NaCl (B7) lan luot dat 8,20 + 0,32 uM TE/g CK va 8,66 + 0,02 uM TE/g CK, khac bi¢t khong
c6 ¥ nghia thdng ké (p > 0,05), cho thdy hiéu qua cta hai phuong phap tién xu 1y trén 1a twong duong
nhau. Trong d6, miu xir 1y véi nude dién giai pH 8,5 két hop siéu am 40kHz, 80°C, 2 phut (B6) c6 kha
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ning duy tri twong d6i tét ham lugng cac chit ¢ hoat tinh sinh hoc, vira dat hidu qua giam ham luong
naringin cao nhét.

4. Két luan

Nghién ctru da dénh gia tac dong cua cac didu kién tién xur 1y dén hiéu qua giam ham luong naringin
va kha nang duy tri cac hop chat co hoat tinh sinh hoc trong hat tic. Két qua cho thiy diéu kién chan trong
nuée dién giai pH 8,5 két hop siéu 4m & tan s6 40 kHz, nhiét o 80°C trong 2 phut cho hiéu qua xtr 1y phu
hop, thé hién su can bang giita kha nang giam hop chat giy dang naringin va gia tri sinh hoc ctia nguyén
liéu. Két qua nghién ctru cung cap co s khoa hoc cho viéc khai thac va str dung hat tic theo huéng gia
tang gia tri, dong thoi mo ra tiém ning tng dung trong phit trién cac san pham thyc pham, dic biét 1a san

pham snack tir nguon phu pham hat tic m
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