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TOM TAT

Nghién ciu dwoc thuc hién nham so sanh hiéu sudt thu héi, ham luong
polyphenol téng s6 (TPC), flavonoid tong sé (TFC) va khd ning chong oxy
héa cia cao chiét tir ba gidng cam vé xanh (cam Sanh, Xodn va Mat) va
gldng cam Navel bing phirong phap chiét ngdm dam va Soxhlet. Khd ning
chong oxy héa duoc xdc dinh bang thur nghiém DPPH, ABTS, FRAP va RP.
Ket qua, hiéu sudt thu hoi cao chiét bang Soxhlet cao hon ngdm dam ¢ bon
giong cam. Cao chiét cam Sanh bang Soxhlet ¢é hiéu sudt cao nhat (15,1%)
theo sau la cao chiét cam Xodn (11,1%). Tuy nhién, TPC va TFC ciia cao
chiét bing Soxhlet thap hon ngam dam, lan luot la 25,8 — 46,7 mg GAE/g
va 16,5 — 30,5 mg OF/g. Cao chiét ngdm dam c6 kha nang chong oxy héa
& cde thir nghiém cao hon Soxhlet. Cao chiét cam Xoan bang ngdm dam va
Soxhlet cé ham lwong TPC va TFC cao nhdt nhing cao chiét ngam dam cé
kha ndng chong oxy héa cao nhat. Tém lai, Soxhlet ¢6 hiéu sudt thu hoi
cao nhing khd ning chong oxy héa thap hon ngam dam.

Tir khod: Cao chiét, phuong phap trich ly, polyphenol, flavonoid,
hoat tinh chong oxy hod, vo cam

ABSTRACT

The study was aimed to compare the yield, the content of total polyphenol
(TPC), flavonoids (TFC) and antioxidant activity of extracts from three
green orange cultivars (cv. Sanh, Xoan and Mat) and Navel cultivar by
soaking and Soxhlet method. The antioxidant activity of the extract was
determined by DPPH, ABTS, FRAP and RP assays. The results showed
that the yield of extracts by Soxhlet method was higher than that of the
soaking method in four orange cultivars. The extract from Sanh cultivar by
Soxhlet method was the highest yield (15.1%) followed by the extract from
Sanh cultivar (11.1%). However, TPC and TFC of the extracts by Soxhlet
method were lower than soaking method, ranging from 25.8 — 46.7 mg
GAE/g and 16.5 — 30.5 mg QFE/g, respectively. The extracts by soaking
method had higher antioxidant activity than Soxhlet method. The extract
from Xoan cultivar by soaking and Soxhlet method had the highest TPC
and TFC content but the extract using the soaking method had the highest
antioxidant activity. In summary, Soxhlet method had a higher yield but
lower antioxidant activity than soaking method.

Keywords: Antioxidant activity, extracts, extraction method,

flavonoids, orange peels, polyphenols
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1. GIOI THIEU

Trai cay ho cam quyt 1 nganh trai ciy 16n nhat
thé gidi v6i san lugng hang nam trén 100 triéu tan
(Shehata et al., 2021). Theo USDA (2023) téng san
lwong qua c6 mui tiéu thu trén thé gidi trong giai
doan 2022 — 2023 khoang 48 triéu tn, trong d6 san
lugng cam cua Viét Nam dat khoang 1,15 triéu tan.
O Viét Nam, dic biét 1a ving Pdng bang song Ctru
Long (PBSCL), ¢6 khoang 30 nghin hecta trong
cam, chi yéu 1a cam Sanh (Citrus reticulata x
sinensis), cam Xoan (Citrus sinensis) va cam Mat
(Citrus sinensis), voi san luong trén 500 nghin
tdn/ndm (Cuc Tréng trot, 2019). Cam thudng duoc
tidu thy twoi hodc ché bién thanh nudc ép va mut
hodc cac san phdm dang bot. Viée tiéu thu va ché
bién cam thai ra méi trudong mot luong 16n phu
pham (chiém ty 18 50% khdi luong qua), trong d6 vo
qua chiém khoang 20% tong trong luong, tir d6 co
thé anh huong truc tiép dén méi truong (Huang &
Ho, 2010). Phu phdm tir qua c¢6 mui trong cong
nghiép ngay cang tang lén, diéu d6 da thiic dy nhidu
nha nghién ciru tan dung ngudn phy pham nay dé tao
ra cac san pham c6 gia tri, giam thiéu 6 nhiém moi
truong (Sharma et al., 2017).

Mic di vo qua ¢6 mui 1a phu pham ciia nganh
ché bién nhung chiing ¢ chita cac hop chit c6 hoat
tinh sinh hoc quan trong nhu hoat tinh khang khuan,
chdng oxy hoa va chong ung thu (Contini et al.,
2014; Singh et al., 2020). Hoat tinh chdng oxy héa
ctia vo cam 1a do su hién dién ctia mot sd thanh phﬁn
¢6 hoat tinh sinh hoc nhu cac hop chét phenol,
limonoid, flavonoid va polysaccharide (Singh et al.,
2020). Bén canh do, v6 cam ciing dugc tim thdy co
hoat tinh khang khuan cao ddi voi mot sb vi sinh vat
gy bénh duoc truyén qua thuc pham (Lawal et al.,
2013). Ham luong cac hop chit chdng oxy hoa khéc
nhau gilra cdc by phén khéac nhau cia qua, do do,
hoat tinh chdng oxy hoa cua cac bd phan trong qua
cling c6 thé khac nhau. Trong d6, phan vé qua chira
ham luong chit chdng oxy hoa cao hon phan thit qua
(Kondo et al., 2002).

Trich ly 1a budc quan trong thu nhan cac hop
chat co hoat tinh sinh hoc tir thyc vat. Phuong phap
trich ly bang dung méi duge sir dung rong rai dé thu
h01 céc hop chét co hoat tinh sinh hoc mic du c6 mot
s6 nhugc dlem nhu thoi gian kéo dai, tiéu tén nhidu
dung mai, tiép xuc voi dung méi hitu co long dé
chay va nguy hiém trong van hanh (Nayak et al.,
2015). Ham luong phenol hoic chit chdng oxy hoa
bi anh hudng rat nhiéu béi tinh chit cia dung méi.
Mot sb dung mdi phd bién dugc sir dung trong trich
ly 1a methanol, ethanol, propanol, acetone va ethyl
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acetate (Spigno et al., 2007). Cac hop chat phenol
hoa tan tot hon trong dung mdi ¢6 do phan cyc cao
nhu methanol. Piéu quan trong can luu ¥ 1a mot s6
dung moéi hitu co dugc xac dinh la doc hai nhu
methanol, do d6 ethanol dugc xem nhu dung mdi an
toan va c6 kha niang umg dung trong quy trinh ché
b1en thuc pham, dwoc wu tién sir dung trong chiét
xudt cac hop chit phenol tir cac loai vo cam quyt
khac nhau vi ddc tinh thap nho kha ning loai bo sau
qua trinh trich ly dé dang va la dung méi sinh hoc
(Karadeniz et al., 2005; Li et al., 2006). Cac hgp
chét c6 hoat tinh sinh hoc khong chi bi anh hudng
boi dung mo6i ma con bi anh hudng bdi phuong phap
trich ly. Phuong phép trich ly cac hop chat ¢ hoat
tinh sinh hoc dugc chia thanh hai nhém: ung dung
cac k¥ thuat thong thuong (phwong phap ngdm dam,
phuong phap Soxhlet,...) va cac ky thuat hién dai
(sir dung song siéu 4m, hd tro vi séng, ap suét cao,
chét long siéu toi han, hd tro enzyme,...) (Tzanova
et al., 2020). Nghién ciru nay tap trung so sanh hi¢u
sut thu hoi cao chiét tir vo ctia ba loai cam vo xanh
(cam Sanh, cam Xoan va cam Mat) va mot giéng
cam Navel bang phuong phap ngdm dam va chiét
xuat Soxhlet v6i dung méi ethanol; x4c dinh cac hop
chit c¢6 hoat tinh sinh hoc va danh gia kha ning
chéng oxy hoa.

2. PHUONG PHAP NGHIEN CUU
2.1. Nguyén vit li¢u

Céc gidng cam vo xanh (cam Sanh, Xoan va
Mit) duoc thu tai vuon & cac tinh PBSCL. Qué cam
0 d6 chin k¥ thuat (d9 chin thu hoach) phuc vu &n
tuoi va san xuét dd uéng duoc chon dé thuc hién
nghién ctru. Gidng cam Navel nhap khau tir Uc duoc
mua tir siéu thi Mega — Can Tho.

2.2. Phuong phap nghién ctru

Qué cam dugc rira sach, dé ro, tach riéng phan
vo qua va thit qua. Vo cam dugc sdy kho bing
phuong phap siy d6i luu (may siy thuc phiam 16
khay, model: DRC-16T, Viét Nam) & nhiét do 50 +
5°C dén khdi luong khong d6i. Sau d6 vo duge xay
nhuyén, sang qua riy co kich thudc 16 0,5 mm va
bao quan ¢ nhiét do -20 + 2°C cho dén khi dugc sir
dung dé ly trich cao chiét.

Chiét nong b.';“mg Soxhlet dugc thuc hién theo
Niawanti et al. (2019) c6 hi¢u chinh. 100 g bdt vo
cam va cho vao hé thong chiét Soxhlet véi véi 1000
mL ethanol tuyét d6i, tién hanh chiét xuat ¢ nhiét do
80°C trong 3 gid. Sau d6 dich trich dugc loc bang
gidy loc Whatman sb 1 va c6 quay chan khong &
nhiét d 50°C (model RE-52A, Trung Qudc) dé dudi
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dung mo6i va thu nhan cao chiétﬁoxhlet. Qua trinh
ly trich duoc lap lai 3 1an cho moi giong cam.

Chiét ngudi bang phuong phap ngam dam dwoc
thuc hién theo Shehata et al. (2021) c¢6 hi€u chinh.
100 g bot vé cam va cho vao tui vai, sau d6 ngdm
dam trong binh kin mau hd phach chira 1000 mL
ethanol tuyét ddi trong 24 giod & nhiét d6 phong.
Dich trich dugc tach ra va 1000 mL ethanol tuyét
d6i mai duge thém vao binh, tiép tuc ngdm dam
trong 24 gio. Cac dich trich dugc tron véi nhau va
duoc loc qua gidy loc Whatman sb 1 va c6 quay chan
khong & nhiét do 50°C (model RE-52A, Trung
Qudc) dé dudi dung moi va thu nhéan cao chiét ngdm
dam. Qua trinh ly trich dwoc l3p lai 3 1in cho mdi
gidng cam.

2.3. Phuong phap phan tich

2.3.1. Xdc dinh hiéu sudt trich ly cao chiét tir vo
cam

Hiéu suit trich ly cao chiét dugc tinh theo cong
thire (1):

Khdi lwgng cao chiét
H (%)=

100 (1
Trong lwong kho ) @
2.3.2. D_inﬁ tinh thanh phcin hoa hoc cua cao

chiet tir vo cam

Nhom hop chit nhu alkaloid, phenolic,
flavonoid, tannin, saponin dugc dinh tinh bﬁng cac
phuong phép dinh tinh cic nhoém hop chét ty nhién
dugc mo ta bdi Shetty et al. (2016); Mostafa and
Essawy (2021). Trong d6, dinh tinh alkaloid bang
thudc thir Wagner; dinh tinh phenolic bang thudc
thir FeCls 10%; dinh tinh flavonoid bang thudc thir
FeCl; 1% va NaOH 10%; dinh tinh tannin bang
thudc thtr FeCls 5% va gelatin min; dinh tinh
saponin dua trén kha nang tao bot. Két qua dugc thé
hién trén 4 mirc d6: 4m tinh (-), duong tinh (+)

2.3.3. Dinh lwong polyphenol va flavonoid tong

s6 trong cao chiét tir vé cam

TPC duoc xac dinh theo phuong phap cua
Shehata et al. (2021) c6 hiéu chinh. Hon hgp phan
g gdm 250 uL cao chiét trong 250 pL nudc cat va
250 pL thude thir Folin-Ciocalteu, lic déu. Sau do,
thém vao 250 pL Na,COs 10%, u trong 30 phut ¢
40°C trong bé diéu nhiét. Do hap thu quang phd cua
hén hgp phan tmg dugc do & budc song 765 nm
bang thiét bi do quang phd (SpectraMax 190
Microplate Reader, Molecular Devices, Hoa Ky).
Gallic acid duoc st dung nhu chét d6i chimg duong
dé xay dung phuong trinh duong chudn. TPC trong
céc cao chiét dugc xac dinh dya trén phwong trinh
duong chuan gallic acid.
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TFC duoc xac dinh bang phuong phép so mau
AICI; ctia Shetty et al. (2016) c6 hiéu chinh. Hon
hop phan g gom 1 mL cao chiét & ndng d6 khao
sat pha trong 1 mL nudc rdi lic déu. Sau d6, hdn hop
phan g duoc thém vao 200 uL NaNO, 5%, dé yén
5 phut tiép tuc thém 200 uL AICl; 10%, lic déu. Hon
hop phan ung sau khi u trong 6 phut ¢ nhiét d
phong, thém 2 mL NaOH IM. Nuéce cit dugc thém
vao vira dit dén 5 mL, tién hanh do d6 hap thu quang
phd ¢ budc song 510 nm bang thiét bi do quang phd
(SpectraMax 190 Microplate Reader, Molecular
Devices, Hoa Ky). Quercetin dugc st dung nhu chat
dbi ching duong dé xay dung phuong trinh duong
chudn. TFC trong cic cao chiét dugc xac dinh dua
vao phuong trinh dudng chudn quercetin.

2.3.4. Khdo sat hoat tinh chéng oxy hod ciia cao
chiet tir vo cam

Hiéu qua loai bo gbc tu do DPPH (1,1-diphenyl-
2-picrylhydrazil) dugc danh gia bang cach sir dung
phuong phap dugc mo ta trong nghién ctru cia Anh
et al. (2021). Hon hop phan tmg gébm 50 pL DPPH
(0,2 mM) va 100 pL dung dich cao chiét trong
methanol & cac ndng do khac nhau (0 — 100 pL/mL)
va mau tring khong chira cao chiét. Cac mau duoc
U & nhiét 6 phong 30 phut trong bong t6i. Do do
hap thu quang phd ¢ budc song 517 nm bang thiét
bi do quang phd (SpectraMax 190 Microplate
Reader, Molecular Devices, Hoa Ky).

Hiéu qua loai bo géc tu do ABTS ™ (2,2'-azinobis
(3-ethylbenzothiazoline-6-sulfonic acid) dugc danh
gia bang cach sir dung phuong phap dwoc mo ta
trong nghién ctru ciia Anh et al. (2021). Chuan bj
dung dich ABTS* gdm 2 mL dung dich ABTS*7
mM va 2 mL dung dich K,S,05 2,45 mM, hén hop
dugc dé yén trong bong t6i 16 gio & nhiét do phong.
Dung dich duoc pha lodng véi methanol dé thu dwgc
d6 hap thu 0,7 + 0,02 & 734 nm. Tién hanh phan tmg
g6m 50 pL dung dich cao chiét trong methanol véi
ndéng d6 khac nhau (0 — 100 pL/mL) va 950 uL
ABTS™ va miu tring khong chita cao chiét. Hon
hop phan ng duge u ¢ nhiét d6 phong trong bong
t6i 7 phut, sau d6 do do hap thu quang phd & budc
song 734 nm bang thiét bi do quang phd
(SpectraMax 190 Microplate Reader, Molecular
Devices, Hoa Ky).

Hiéu qua loai bo gbc tr do ciia cao chiét (phan
tram rc ché = 1%) v&i DPPH va ABTS ™ dugc tinh
theo cong thire (2):

1% = 100 x (Ao — Ay)/As, 2

Trong d6, Ao va A, 1an luot 12 d6 hép thu cua
mau trang va mau chira cao chict. Hoat tinh chong
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oxy hoa cua cao chiét duogc ‘biéu thi bing 1Cso
(uL/mL) duoc dinh nghia la nong do cao chi€t de
lam giam 50% nong d6 DPPH va ABTS ™ ban dau.

FRAP (ferric-reducing antioxidant power) cua
cao chiét dugc danh gia bang cach st dung phuong
phép duoc mo ta trong nghién ciru cua Anh et al.
(2021). 50 pL dung dich cao chiét trong methanol
v6i nong d6 khac nhau dugce két hop véi 950 uL
dung dich FRAP (dung dich dém acetat 300 mM
(pH 3,6): 10 mM TPTZ (2,4,6-Tris(2-pyridyl)-s-
triazine) trong dung dich HC140 mM: 20 mM FeCls
tron voi ty 1€ thé tich 10:1:1). Cac hdn hop dugcu &
37°C trong 10 phut, va sau do6 dugc do do hép thu
quang phd & budc séong 593 nm bang thiét bi do
quang phd (SpectraMax 190 Microplate Reader,
Molecular Devices, Hoa Ky).

RP (Reducing Power) ctia cao chiét dwoc danh
gi4 bang cach sir dung phuong phap dwoc mo ta
trong nghién ctru cia Anh et al. (2021). 500 pL dung
dich cao chiét trong methanol véi nong d¢ khac
nhau dugc trén voi 500 pL dung dich dém
phosphate 0,2 M (pH 6,6) va 500 pL K;3Fe (CN)s
1%. Sau d6 hdn hop phan tmg duge G & 50°C trong
20 phut, thém vao 500 pL trichloroacetic acid 10%
va ly tdim & 3000 vong/phut trong 10 phat. Nhe
nhang rit 500 pL cho vao 500 pL nudc cit va 100
uL 0,1% FeCls, lic déu. Cac hdn hop do do hip thu
quang phd & budc song 700 nm bang thiét bi do
quang phd (SpectraMax 190 Microplate Reader,
Molecular Devices, Hoa Ky).

Kha ning chbng oxy hoa cua cao chiét trong thir
nghiém FRAP va RP dugc hién thi dudi dang ODos
dai djén cho ndng d¢ cao chiét can thiet d¢ dat dugc
d6 hap thu 0,5.

2.4. Phwong phép phén tich va xir Iy s6 li¢u

S6 lidu duge thu thap va xir Iy bang phan mém
thong ké Statgraphics Centurion 16.2 (Statgraphics
Technologies, Inc., Hoa Ky) va phan mém Excel
365 (Microsoft Corporation, USA). Phan tich
phuong sai (ANOVA) va kiém dinh LSD dugc sir
dung dé két luan vé su sai biét gitta trung binh céc
nghiém thuc & muc dJ y nghia p <0,05.

3. KET QUA VA THAO LUAN
3.1. Hiéu suét thu hdi cao chiét tir vé cam

Hiéu suat thu hdi cao chiét tir nguyén liéu thuc
vét phy thudc vao nhiéu yéu t6 nhu nguyén liéu,
dung moi (ethanol, methanol, acetone hodc hon hop
dung méi v6i nudce), phuong phap, nhiét do va thoi
gian trich ly. Cao chiét tir ba giéng cam v xanh
(cam Sanh, Xoan, Mat) va gidng cam Navel nhap
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khau tir Uc trong nghién ciru nay str dung dung moi
1a ethanol do hiéu suat thu hoi cao chiét cao, an toan
va than thién v4i moi truong (Shehata et al., 2021).

Bing 1. Hi¢u suét thu hdi cao chiét (%) tir vé cam

Gibng cam Phwong phap trich ly Higu suat thu

héi (%)
Cam Sanh 11,7+0,2°
Cam Xoan Neam da 9,73+0,1°¢
Cam Mat  eamdam 8.89+0,1°
Cam Navel 597+0,1"
Cam Sanh 15,1+£0,2°?
Cam Xoan Soxhlet 11,1£0,4°
Cam Mat 10,3+0,2 4
Cam Navel 7,84 +0,1%

(Trong cung mét cot, cdac chit cai khdc nhau biéu thi s
khac biét co y nghia giita cac nghiém thirc o mirc do tin
cay 95%)

Hiéu suit thu hodi cao chiét tir vo cuia cac glong
cam khac nhau bang phuong phap ngam dam va
Soxhlet dugc thé hién ¢ Bang 1. Két qua cho thiy
anh hudng cua cac giébng cam va phuong phap trich
ly dén hi¢u suat thu hoi cao chiét 1a dang ké (p <
0,05). Hiéu suat thu hdi cao chiét tir vo cam dao
dong trong khoang 5,97 — 15,1%. Trong do, cao
chiét cam Sanh bang phuong phap Soxhlet cho higu
suét thu hoi cao nhat 15,1% va thap nhat 1a cao chiét
cam Navel dugc trich ly bang phuong phap ngam
dim 5,97%. Trong o, hiéu suat thu hdi cao chiét
bang phuong phap Soxhlet (dao dong 7,84 — 15,1%)
cao hon phuong phap ngdm dam (dao dong 5,97 —
11,7%) (Bang 1). Hiéu suét thu hdi cao chiét bang
phuong phap Soxhlet cao hon phuong phap ngam
dam 14 do anh hudng boi nhiét do. Khi nhiét do ting
thi d6 nhot cua dung méi giam, do d6 tao diéu kién
thuén lgi cho qua trinh trich ly. Ngoai ra, nhiét do
tang con lam ting d¢ hoa tan ciia cic hop chét co
hoat tinh sinh hoc (polyphenol va flavonoid) dong
thoi do hoa tan cua cac tap chat (waxes, cac
hydrocarbon c6 khéi luong cao) ciing ting theo
(Mohamad et al., 2010). Do d6, hiéu suit thu hdi cao
ctia chiét Soxhlet c6 gia nhiét cao hon ngdm dam
khong gia nhiét.

Hiéu suét thu hdi cao chiét khong chi chiu anh
huong cua phuong phép trich ly ma con bi anh
huong boi loai nguyén liéu (glong cam). Hiéu suét
thu hdi cao chiét tir vo gitra cac giong cam khac biét
c6 ¥ nghia (p < 0,05). Trong cac giong cam dugc
khao sat, giong cam Sanh cho hi¢u suét thu hoi cao
hon giéng cam Xoan va cam Mat & ca hai phuong
phép. Cu thé, hiéu suit thu hoi cao chiét cam Sanh
1a cao nhét (11,7 — 15,1%), tiép theo 1a cam Xoan
(9,73 — 11,1%), cam Maét (8,89 — 10,3%) va cam
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Navel (5,97 — 7,84%). Theo nghién ctru ctia Hegazy céc gidng cam 1a do di truyén (loai hodc giéng), moi

and Ibrahium (2012), hiéu suat thu hdi cao chiét tir truong sinh trudng, qua trinh canh tac, thoi gian bao
vo cam (Baladi) biang dung méi ethanol 1a 28,0%. quan,... (Zahoor et al., 2016). Nhin chung, trong cac
Két qua twong tu ciing dwoc ghi nhan boi Kusrini et giong cam va phuong phap thu nhén cao chiét dwoc
al. (2018), voi hiéu suat thu nhan cao chiét ethanol khao sat, cao chiét cam Sanh dugc trich ly bing
cua vo Citrus sinensis (L.) bang phuong phap phuong phéap Soxhlet cho hiéu sudt thu hdi cao nhét.
Sohxlet 1a 29,5%. Hi¢u suét thu nhan cao chiét ddi 3.2. Thanh phin héa hoc ciia cic hop chit tw
v6i hai gibng cam (C. sinensis ‘Valancia’, C. nhién trong cao chiét vo cam

sinensis ‘Maltaise Sanguine’) khi trich ly bang dung ,

mdi ethanol 1an luot 1a 31,7% va 32,7%. Nhu vay, Su hién dién cua cac hop chat co hoat tinh
c6 thé thdy hiéu suat thu hoi cao chiét trong nghién sinh hoc trong cao chiét tir vo cam dugc thé hién ¢
clru nay thap hon so v&i cac nghién ctru trude day. Bing 2.

Su khéc biét vé hiéu suét thu hdi cao chiét tir vo cua
Bang 2. Pinh tinh sy hién dién mdt s6 thanh phin hoa hoc trén cao chiét tir vé cam

Cam Sanh Cam Xoan Cam Mit Cam Navel
Nhom chat Thudc thir A A A A
N%am Soxhlet N%am Soxhlet N%am Soxhlet N%am Soxhlet
dam dam dam dam
Alkaloid Wagner + + + + + + + +
Phenolic FeCl; 10% + + + + + + + +
Fl d FeCls 1% + + + + + + + +
avonot NaOH 10%  + + + + + + + +
Tanni Gelatin man  + + + + + + + +
annin FeCl; 5% + + + + + + + +
Saponin Nudc ct - - - - - - - -
Ghi chii: -: Am tinh; +: Duong tinh
Két qua thé hién & Bang 2 cho théy cao chiét tir ﬂayonoid ¢6 mbi quan hé tuyén tinh dén hoa} dong
cac gidng cam vo xanh (cam Sanh, Xoan, Mat) va chong oxy hoa va thuong xuat hién trong nhicu loai

gidng cam Navel déu duong tinh véi cac loai thube thyc vét (Chang et al., 2007). TPC va TFC trong cao
thr Wagner, FeCls 10%, FeCls 1%, NaOH 10%, chiét tir vo cam dugc thé hién & Bang 3.

FeCls % va gelatin man. Nhu vay co thé két luan Bing 3. Ham lugng polyphenol va flavonoid tong
rang cao chiét tir cac giong cam déu co sy hién dién 5 ciia cao chiét tir vo cam

cua alkaloid, phenolic, flavonoid va tannin. Tuy

nhién, khong c6 su hién dién cia saponin trong cao Giéng Ph}ro'ng TPC (mg TFC (mg
chiét tir cac giéng cam dugc nghién ctu khi thuc cam pl}ap GAE/g) QE/g)
hién dinh tinh bang phwong phép tao bot. Khi thyc trich ly

hién so sanh véi cac nghién ctru khac, cao chiét cua Cam Sanh 46,7+ 1,44°283+0,13
v6 cam déu cho thiy c6 sy hién dién chi yéu cia Cam Xoan Ngam 458+2.892 30,5+ 1,00°
tannin, flavonoid va alkaloid. Cu thé, nghién ctiru A A ab b
cua Sandhya and Sree Mahalakshmi (2020) ciing Cam Mjt dam 42,5£2,50% 26,8 +£2,97
cho thiy su hién dién cua nhitng hop chét ty nhién Cam Navel 31,7+ 1,44° 19,9+ 0,46 ¢
trong cao chiét tir vo cam (C. aurantium) gom cic Cam Sanh 38,3+3,82°223+040°¢
alkaloid, flavonoid, saponin, tannin va phenolic. Cam Xoan 4254250 23.4+030°¢
Tuong tu, cac hop chat alkaloid, tannin va phenol, _ Soxhlet .

flavonoid cling dlI;QC tim thiy trong cao chigt ttr vo Cam Mgt 333+3,82° 19,1 +137¢
cam (C. sinensis) (Shetty et al., 2016). Nghién ctru Cam Navel 258+1,444 16,5+ 1,45°
cua Yohan~es etal. (20%3) tr,én cao Shlét ttr Vo f]ué C (Trong cing mot cét, cdc chir cdi khdc nhau biéu thi sw
sinensis cung cho thay c¢6 sy hién dién cua cac khac biét c6 y nghia giita cac nghiém thirc o mirc do tin
alkaloid, flavonoid, tannin va phenolic trong khi cdy 95%)

saponin khong hién dién trong cao chiét. Nhu vay,
trong vo cam c6 chira cac hop chat co hoat tinh sinh
hoc nhu alkaloid, flavonoid, tannin. Nhiéu nghién
ctru da ching minh rang, cac hop chit phenol va

Cac hop chit phenol dugc xem la mét nhdm céc
hop chat chinh c¢6 kha nang chong oxy hoa trong
nguyén li¢u thuc vat do kha nang loai bo goc tu do
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(Sultana et al., 2007). Cac két qua nghién ctru cho
thiy rang gidng cam va phuong phap trich ly déu co
anh huong dang ké (p < 0,05) dén TPC (Bang 3).
TPC trong vo ciia bon gidng cam duoc trich ly bang
phuong phap ngam dam va Soxhlet dao dong tir 25,8
— 46,7 mg GAE/g. Trong d6, TPC trong cao chiét
cam Sanh cao nhat (46,7 mg GAE/g) va khac biét
khong c6 ¥ nghia so v6i cao chiét cam Xoan (45,8
mg GAE/g), va thap nhat trong cao chiét cam Navel
(25,8 mg GAE/g). Bén canh d6, TPC trong cao chiét
dugc trich ly bang phuong phéap ngam dam cao hon
phuong phap Soxhlet va khac biét c6 ¥ nghia thong
ké (p < 0,05), 1an luogt 1a 31,7 — 46,7 mg GAE/g va
25,8 — 38,3 mg GAE/g. Su khac biét vé ham luong
TPC trong cao chiét tir vo cua cac giéng cam la do
yéu t6 di truyén, méi trudng sinh truéng, diéu kién
canh tac. Bén canh d6, qua trinh sir dung nhiét dé ly
trich ¢6 thé 1a nguyén nhan phan hiy mét s6 hop
chat polyphenol va flavonoid, dan dén TPC va TEC
thu nhén dugc trong vé cam dugc trich ly bz"mg
phuong phap Soxhlet thap hon phuong phap ngam
dam. Két qua tuong tu ciing dugc ghi nhan trong
nghién ctru cua Putnik et al. (2017). Ham lugng TPC
clia cac cao chiét trong nghién ctru nay cao hon
nhiéu so v6i nghién ctru ciia Zahoor et al. (2016) dbi
véi C. sinensis ‘Valancia’ (23,4 mg GAE/g) va C.
sinensis ‘Maltaise Sanguine’ (13,7 mg GAE/g).
TPC trong cao chiét tir vo C. sinesis dugc ngam
dam 1a 21,4 mg GAE/g (Liew et al., 2018). Trong
khi d6, TPC thu nhan duoc trong cao chiét cia vo
quéa C. sinensis L. dugc trich ly bang phuong phap
Soxhlet 1a 20,5 mg/g (Kusrini et al., 2018).

TFC trong cao chiét tir vo ctia cac gidng cam va
phuong phép trich ly khac nhau dao dong trong
khoang 16,5 — 30,5 mg QE/g. Theo két qua thé hién
o Bang 3 cho thay TFC trong cao chiét cam Xoan
dugc trich ly bang phuong phap ngdm dam 1a cao
nhit (30,5 mg QE/g) va khac biét co y nghia thong
ké (p < 0,05) so vdi cac giéng cam khac. Trong khi
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d6, TFC thap nhét & cao chiét cam Navel ¢ ca hai
phuong phap trich ly (phuong phap ngdm dam 19,9
mg QE/g va phuong phap Soxhlet 16,5 mg QE/g).
TFC trong cao chiét khong chi bi anh huong boi
gidng cam ma con bi anh huéng boi phuwong phép
trich ly. Trong hai phuong phap trich ly dugc khao
sat, TFC trong phuong phap ngam dam (19,9 — 30,5
mg QE/g) cao hon phuong phap Soxhlet (16,5 —
23,4 mg QE/g). Nghién curu cia Liew et al., (2018)
da str dung cac loai dung moi vdi cac ty 1€ khac nhau
dé thu nhén cao chiét tir vo qua C. sinensis, két qua
cho théy cao chiét c6 TFC 13 2,6 mg QE/g, thip hon
nhiéu 1an so véi TFC trong nghién ctru nay. TFC
trong nghién clru nay ciing cao hon so véi nghién
clru ctia Zahoor et al. (2016), dugc ghi nhan trén
gidbng cam C. sinensis ‘Valancia’ va C. sinensis
‘Maltaise Sanguine (9,3 va 21,6 mg QE/g, tuong
tng). Doi v6i phuong phap trich ly bang Sohxlet,
Kusrini et al., (2018) da ghi nhan TFC trong cao
chiét ctia vo C. sinensis L. 1a 4,7 mg/g, két qua nay
ciing thap hon so v6i nghién ciru nay.

Tom lai, cao chiét dugce trich ly bang phwong
phap ngam dim c6 TPC va TFC cao hon phwong
phéap Soxhlet. Bén canh d6 TPC va TFC trong cao
chiét tir cac gidng cam vo xanh cao hon cam Navel.
Trong d6, TPC va TFC cua cao chiét cam Xoan la
cao nhat, tuy nhién TPC trong cao chiét cam Sanh
bang phuong phap ngdm dam khong khac biét voi
cam Xoan.

3.3. Kha niing chéng oxy ho4 ciia cao chiét vé

cam

Kha ning chdng oxy hoa ciia cao chiét tir vo cam
duoc xac dinh bdi cac thir nghiém loai bo céac géc tu
do DPPH va ABTS"* duoc thé hién qua chi s6 ICsy.
Két qua cho thdy su khac biét dang ké giita cac
gidng cam ciing nhu phwong phép trich ly (p < 0,05)
dugc thé hién ¢ Bang 4.

Biang 4. Hoat tinh chong oxy hoa ciia cic loai cao chiét tir vé cam

. Phwong phap ICs50/ODo,5s (ng/mL)

Giong cam = Ly DPPH ABTS" FRAP RP
Cam Sanh 426,7+3,60¢ 130,9 + 6,60 ¢ 181,6 £ 0,36°  570,1 £231°
Cam Xoan Neam d 379.0+7,62¢ 1224+357f 158,5+0,32Ff 4875+3,93fF
Cam Mat gam dam 447,1£9289¢  1412+2,53 ¢ 2355+1,83¢ 5984 +248¢
Cam Navel 490,9+3,20% 1492+ 148°¢ 241,0£943°  623,6+1,70°
Cam Sanh 472,610,845 1548 +2,72% 2657+ 2,47%  622,0+2,82°¢
Cam Xoan Soxhlet 406,3+10,90f  142,9+0,93¢ 221,5+£3,87¢ 5974+4,09¢
Cam Mat 470,1 £13,91¢ 1572 +3,12" 267,6 +1,37% 716,446,244
Cam Navel 496,7+1747% 163,6+2,81% 2749 +£3,72%  691,8+344°
Trolox/Vitamin E (ug/mL) 4,65+0,1 1,48 £0,1 6,65+0,1 52,1+0,1

(Trong cimg mot cét, cdc chit cdi khac nhau biéu thi sw khdc biét ¢6 ¥ nghia gifta cdc nghiém thire & mire dg tin cdy

95%)
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Trong thir nghiém véi DPPH, kha ning chéng
oxy hod cua cao chiét tir vo cam (Bang 4) c6 chi s6
ICso dao dong trong khoang 379,0 —496,7 pg/mL va
khéc bi€t 6 y nghia (p < 0,05). Trong do, cao chiét
cam Xoan duoc trich ly bang phuong phép ngdm
dam thé hién kha nang loai bo goc tw do DPPH 1a t6t
nhat véi chi sé ICs 379,0 pg/mL, va thap nhét 1a
cam Navel dugc trich ly bang phuong phap Soxhlet
(496,7 ug/mL). Két qua & Bang 4 cho thay cao chiét
duoc trich ly bang phuong phap ngdm dam thé hién
kha nang chong oxy hoa DPPH t6t hon cao chlet
dugc trich ly bang phuong phap Soxhlet, chi s6 ICso
lan luot 1a 379,0 — 490,9 pg/mL va 406,3 — 496,7
pg/mL. Véi cac glong cam dugc khao sat bing
phuong phap ngam dam, chi s6 ICso thip nhét & cam
Xoan (379,0 pg/mL ), theo sau la cam Sanh (426,7
pg/mL), cam Mat (447,1 pg/mL) va cam Navel
(490,9 pg/mL). Kha ning chdng oxy hoa bing
phuong phép DPPH cua cic gidng cam bang
phuong phap Soxhlet cling twong tu phuong phap
ngam darn Két qua nghién ctru cho thdy kha ning
loai bo gdc tr do DPPH ciia cac gidng cam vo xanh
t6t hon cam Navel va két qua nay ciing duoc ghi
nhén tuong tu & mot sé nghién ctru trude d6. Cu thé,
kha ning loai bo gbc tw do DPPH ciia cao chiét tir
cam C. sinensis L. v6i chi s6 ICso 1a 693,7 pg/mL
(Diab et al., 2015), chi sb ICso cua C. sinensis
‘Maltaise Sanguine 1a 0,37 mg/mL va C. sinensis
‘Valancia’ 1a 0,76 mg/mL (Zahoor et al., 2016), chi
s ICso ciia cam vang (Newhall) 1a 1,15 — 1,37
mg/mL (Lai et al., 2022). Tuy nhién, khi so véi kha
ning loai bo gdc tu do cua cao chiét voi chat chuan
vitamin E thi vitamin E ¢6 kha ning loai bo gbc tu
do t6t hon gap nhiéu lan (chi s6 ICs ctia vitamin E
la 4,65 pg/mL).

Hoat tinh chéng oxy hoa bang thir ‘nghiém
ABTS™ dbi v6i cao chiét tir vo ctia cac g1ong cam
bang cac phuong phép trich ly khac nhau thé hién
xu hudéng tuong ty kha nang loai bd géc tr do
DPPH. Kha ning loai b6 gdc ty do ABTS™ cua cao
chiét thé hién ¢ Bang 4 khac biét c6 y nghia (p <
0,05) giira cac gidng cam va phuong phép trich ly.
Kha nang loai bo gbc tu do ABTS'™" cuia cac loai cao
chiét dugc thé hién qua chi sb ICsy trong khoang
122,4 — 163,6 pg/mL. Nhin chung, chi s§ ICso thap
nhét cao chiét cam Xoan dwoc trich ly phwong phap
ngam dam (122,4 pg/mL). Thap nhét 13 cao chiét
cam Navel dugc trich ly bang phuong phap Soxhlet
(163,6 pg/mL). Kha nang loai bo goc tu do cua chat
chuén trolox tot hon gép nhiéu lan so véi cac loai
cao chiét tir vo cam (chi s6 ICso 1a 1,48 pg/mL).
Nghién ctru cua Lai et al. (2022) thé hién kha ning
chdng oxy hoa ciia v cam vang bang cac phuong
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phap say khac nhau c6 chi s6 ICso trong khoang 0,23
— 0,32 mg/mL dbi voi kha ning loai bo g tw do
ABTS™. Kha ning loai bo gbc ty do DPPH va
ABTS™ tot nhit cao chiét cam Xoan dugc trich ly
bang phuong phap ngam dam. Kha ning chong oxy
hoa cua cac giébng cam khac nhau cé thé lién quan
dén sy hién dién cta cac hop chat phenolic va
flavonoid, ham lugng cac hop chat phenolic va
flavonoid cang cao thi kha nang chng oxy hoa cang
cao (Li et al., 2006). Két qua phu hop véi s6 liéu
duoc bao cao 6 Bang 3, cao chiét cam Xoan thé hién
kha niang chdng oxy hoé t6t nhat do ham lugng TPC
va TFC trong cao chiét 1a cao nhit. Bén canh d6, su
khéc biét vé kha nang chong oxy hoa giira cac loai
cao chiét 1a do sy khac biét vé giong cay trong, diéu
kién sinh truong va canh tac, thoi gian bao quan,
chuén bi mau va phuong phép trich ly (Duong et al.,
2023).

Cao chiét tir vo cam khong chi thé hién kha ning
loai bo géc tu do ma con thé hién kha nang khu sat
(FRAP) va kha ning khir (RP). Kha niang khir sat
clia cac loai cao chiét tir vo cam dugc trich ly bang
phuong phap ngdm dam va Soxhlet thé hién & Bang
4 qua gia tri ODgs khac biét c6 y nghia (p < 0,05).
Cao chiét dat gia tri ODgs cang thap thé hién kha
nang khtr ion Fe** thanh ion Fe?" cang manh. Két
qua Bang 4 cho thiy kha nang khir sit cua cac loai
cao chiét tir vo cam dao dong trong khoang 158,5 —
274,9 pg/mL, thap hon nhiéu lan so véi chat chuan
trolox (6,65 pg/mL). Twong tu nhu kha nang loai bo
goc tu do, kha nang khir sit cia cao chiét cam Xoan
bang phwong phép ngam dam la tot nhét véi gia tri
ODys 158,5 pg/mL. Theo sau 1a cam Sanh-ngam
dim, cam Xoan-Soxhlet (14n luot 1a 181,6 pg/mL va
221,5 pg/mL), cam Mat-ngdm dam (235,00 pg/mL)
va cam Navel-ngam dam (241,0 ng/mL) khong khac
biét, cam Sanh-Soxhlet va cam Mat-soxhlet cling
thé hién su khac biét khong c6 y nghia. Gia tri ODg s
cao nhat & giébng cam Navel duoc trich ly bang
phuong phap Soxhlet (274,9 pg/mL). Cao chiét
dugc trich ly bang phwong phap ngam dim thé hién
kha nang khir st t6t hon phuong phap Soxhlet (lan
luot 1a 204,1 pg/mL va 257.4 pg/mL). Mot sb
nghién ctru trude d6 ciing thé hién kha nang khir sat
ctia cao chiét tir vo cam, cu thé nhu kha nang khir
sit ctia cao chiét tir vo cam (Citrus sinensis) 1a 139,4
mmol Fe(I)/g (Liew et al., 2018), kha ning khir sit
cua vo cam vang (Newhall) 14 3,39 - 4,27 pgVC/mL
(Lai et al., 2022).

Ngoai kha nang khur sit, niang lyc khir cua cac
loai cao chiét ciing dwoc xac dinh trong nghién ctru
nay. Bang 4 thé hién nang lyc khir (thé hién qua gia
tri ODys) cuia cac loai cao chiét dugc trich ly bang
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cac phuong phap khac nhau khac biét c6 y nghia (p
< 0,05). Nhin chung, cao chiét cam Xoan trich ly
bang phuong phap ngam dam thé hién nang lyc khir
t6t nhat vai gia tri ODg s 14 487,5 pg/mL va thap nhat
& cao chiét cam Mat trich ly bang phwong phap
Soxhlet (716, pg/mL). Cao chiét duoc trich ly bang
phuong phap ngam dam (487,5 — 623,6 ng/mL) thé
hién ning lyc khir tt hon phuong phap Soxhlet
(597,4 —716,4 pg/mL). Khi so sanh véi chat chuan
trolox, chat chudn trolox thé hién kha nang khtr gap
10 14n (512,1 pg/mL) so véi cac loai cao chiét tir vo
cam. Nghién ciru ctia Zahoor et al., (2016) thé hién
nang luc khtr cua C. sinensis ‘Maltaise Sanguine’ va
C. sinensis ‘Valancia’ 1an luot 13 2,36 mg/mL va
6,61 mg/mL. Tém lai, kha ning chdng oxy hoa ciia
cao chiét cam Xoan dugc trich ly bang phap ngdm
dam thé hién kha ning chdng oxy hod la t6t nhat.
Kha niang chéng oxy hoa ciia cam Navel trong
nghién ctru nay thip nhét do thoi gian bao quéan dai.
O Viét Nam, cam Navel thuong duoc nhép khau tir
Uc bang duong bién, thoi gian van chuyen khoang
22 — 30 ngay. Trong khi d6 dbi V@i cam giong cam
v6 xanh chi mat vai ngay nén su ton that vé cac hoat
chat sinh hoc trong vé cam xanh thap hon.
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4. KET LUAN

Nghién ctru da thu nhan cao chiét tir vo ctia ba
glong cam vo xanh (cam Sanh, Xoan, Mét) va mét
giong cam Navel bang phuong phap ngam dam va
Soxhlet. Hi¢u suét thu hdi cao chiét cam Sanh cao
nhét, tlep theo 1a cao chiét cam Navel, Xoan va Mat.
Phwong phéap Soxhlet cho hiéu suit thu hoi cao hon
phuong phap ngam dam. Ham lugng TPC, TFC
cling nhu kha ning chéng oxy hoa DPPH, ABTS,
FRAP va RP ciia cao chiét cam Xoan cao hon cac
gidng cam khéc; trong do, trich ly bang phuong
phap ngam dam c6 thé thu nhan dugc ham lugng cac
hop chit chdng oxy hoa va kha ning trung hoa cac
goc tu do cao hon phuong phap Soxhlet.
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