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TOM TAT

Ca chua 13 mét loai rau qua cé gia tri dinh dwéng do chira cac chét cé loi cho strc khde nhw carotenoid va
phenolic. Nghién clru nay thyc hién véi muc dich xac dinh anh hwéng ctia d6 chin dén ham lwgng mét sb hop chét
c6 hoat tinh sinh hoc trén gidng ca chua Thay Héng va xac dinh thoi diém thu hai cling nhw ché bién phu hop. Ca
chua duoc thu hai & 5 d6 chin (BC) dé& phan tich cac hop chét cé hoat tinh sinh hoc, trong d6 ham Iwong phenolic va
hoat tinh khang oxy héa dwoc do béng phwong phap Folin-Ciocalteu va DPPH. Trong qué trinh chin, ham lwong
vitamin C tang manh tir 2,25 [&én 27,17 mg/100 g chét twoi (CT) tr DC1 (mau xanh) dén BC5 (mau dé, mém). Sw tich
Ity hop chét phenolic tdng l1én manh tr DC1 dén BC3 (mau vang cam nhat), sau d6 hau nhw khéng déi dén DC5.
Carotenoid ciing tich Itly manh trong subt qué trinh chin; & DC1 ham lwong carotenoid la 598,81 ug/100 g CT va
tang 1én 12,6 1an & BC5. Hoat tinh khang oxy héa ciing tdng manh tir d& chin 1 dén d6 chin 3, sau dé gi®» 4n dinh
dén DC5. Sy sw tang nay co thé la do sw tich Ity ctia phenolic va carotenoid. DC5 la giai doan mang lai gia tri dinh
dwdng cao khi st dung.

Ttr khoa: Ca chua (Solanum lycopersicum L), carotenoid, d6 chin, hoat tinh khang oxy, phenolic.

Changes in Total Phenolic, Carotenoid Contents
and Antoxidant Activity During Tomato Ripening

ABSTRACT

Tomato is a nutritious vegetable rich in carotenoids and phenolics. This study aimed to determine the effect of
ripeness on the accumulation of some bioactive compounds in Thuy Hong tomato cultivar to identify suitable time for
harvest and consumption. Tomatoes were harvested at 5 ripening stages (RS) for analysis of bioactive compounds,
in which phenolic contents and antioxidant activities were measured by Folin-ciocalteu and DPPH methods,
respectively. During ripening, vitamin C content increased dramatically from 2.25 to 27.17 mg/100 g fresh weight
(FW) from RS1 (green) to RS5 (red, soft). The accumulation of phenolic compounds increased significantly from RS1
to RS3 (light orange-yellow color), then almost unchanged to RS5. Carotenoid content rised intensely during ripening;
At RS1 carotenoid content was 598.81 ug/100 g FW, and then increased of 12.6 times at RS5. Antioxidant activity
increased dramatically from RS1 to RS3, then remained unchanged to RS5. This increase would be due to the
accumulation of in phenolics and carotenoids during maturation. RS5 seems to be the suitable for consumption due
to its high content of bioactive compounds.

Keywords: Antioxidant activity, carotenoids, phenolic compounds, ripening stage, tomato (Solanum lycopersicum L.)

2007). Cac hop chit phenolic 1a cac chat chuyén
héa thii cap c6 nhiéu trong cac loai rau qua, ngi

Hop chit phenolic va carotenoid la ch&t  c6c va d6 uéng (Shahidi & Ambigaipalan, 2015;
khang oxy hoéa tu nhién c6 1gi cho stic khoe con Srivastava & Mishra, 2015). Phenolic 1a cac hgp
nguci (Handique & Baruah, 2002; Rao & Rao, chat chtia mot hodac nhiéu vong benzen chta

1. DAT VAN DE
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mot hodc nhiéu nhém hydroxyl (Dai & Mumper,
2010). Nhiing chat nay rat da dang véi nhiéu
nhém hgp chat (phenolic acid, flavonoid don
gian, flavonoid phtc tap va anthocyanin) (Lin et
al., 2016). Cac chat nay da thu hut duge su quan
tdm ngay cang nhiéu vi tiém néng khang oxy
héa va cac tic dung c6 lgi cho stic khde
(Haminiuk et al., 2012). Nghién ctiu cho thiy
riang cac hop chat phenolic ¢6 tac dung phong
chéng cac bénh méan tinh nhu bénh tim mach,
roi loan thoai héa than kinh va mot s6 loai ung
thu (Vizzotto et al., 2014; Aguilera et al., 2016).
Cac hgp chat nay ciing ¢6 vai tro bién déi hé vi
sinh vat dudng rudt theo chiéu huéng cé lgi cho
stic khoe (Sauceda et al., 2017). Do d6, ché& do &n
¢6 ludng phu hgp céc hdp chat phenolic 1a rat
quan trong dé ting cuong stic khde con ngudi.
Carotenoid 14 mo6t nhém cac chat sic td
duge tong hop bdi thuc vat va vi sinh vat nhung
khoéng dude tong hgp bsi dong vat. Carotenoid cé
hai nhém chinh 1a xanthophyll va carotene,
chiing tham gia vao bd may quang hdp & thuc
vat va bao vé ching chéng lai su pha huy anh
sang (Rao & Rao, 2007). Ching c6 ham lugng
nho trong rau qua va tao nén mau vang, da cam
va d6 (Perera & Yen, 2007). Carotenoid cua rau
qua c6 1gi trong viéc ngin nglia cac bénh tim
mach, ung thu va cdc bénh man tinh khac 6
nguoli (Paiva & Russell, 1999; Wang et al.,
2010). Ching ciing 14 ngudn vitamin A quan
trong trong ché& do #n uéng (Rao & Rao, 2007).
Ca chua (Solanum lycopersicum L.) 1la mot
loai rau qua phd bién c6 gia tri dinh dudng cao va
chia nhiéu chit c6 hoat tinh sinh hoc nhu
phenolic, carotenoid, vitamin C va E (Anton et
al., 2017). Trong qua trinh chin, qua ca chua cé
su thay déi vé mau séc ctiing nhu céc hgp chat
bén trong. Vi du, chlorophyll bi phan giai trong
khi ham lugng carotenoid tédng lén (Ilahy et al,
2011; Carrillo-Lépez & Yahia, 2014). Ham lugng
hgp chat phenolic cling ting 1én trong qua trinh
chin ctia qua. Viéc xac dinh ham lugng cac chit
¢6 hoat tinh sinh hoc trong qua trinh chin c¢6 y
nghia x4c dinh thoi diém thu hai ciing nhu st
dung ca chua lam thiic An mét cach t6t nhat. Ca
chua Thiy Héng 1a giong ca chua nhét nhap noi
¢6 nhiing dac diém wu viét nhu cho thu qua
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nhanh, sai qua, thit qua day, chic min, khé rao,
huong thom dam da. Nghién ctGu nay thyc hién
v6i muc dich xac dinh su bién déi ham lugng
phenolic, carotenoid va hoat tinh khang oxy hoéa
cua giéng ca chua Thiy Hong, qua d6 cho biét
ham lugng cac chit c6 hoat tinh sinh hoc trong ca
chua, mot khia canh con chua dugc quan tdm
nghién ctiu.

2. VAT LIEU VA PHUONG PHAP

2.1. Vat liéu nghién ctiu

Nguyén liéu dé thuc hién dé tai nay la
gidng ca chua Thiy Hong vu déng xuan dudc
thu hai tai vudn thi nghiém ctia Khoa Noéng hoc
vao ngay 21 thang 1 nam 2013.

Qua ca chua thu hai tai cing mét thdi diém
ngau nhién va trai déu trén thiia rudng cé6 dién
tich 200 m® Ca chua dugc thu ¢ 5 dd chin khac
nhau dua vao mau sic (Bang 1) va mbi d6 chin
thu 60 - 80 qua. Sau d6 ca chua dudc so ché
bing cach loai bé phan cudng va loai bé mot s
tap ch4t bang cach rta sach, dé rao nudc rdi lau
khé nhe nhang tranh lam tén thuong. Tién
hanh do céc chi tiéu khéi lugng, kich thuéc, thé
tich ctia qua (mbi d6 chin do 10 qud). Sau d6
mau dude bao quan & -23°C cho cac thi nghiém
phan tich. Cac thi nghiém phan tich dugc tién
hanh lap lai 3 1an, méi d6 lap lai st dung ngiu
nhién 5 qua. Cac qua dugdc thai nhé va tron déu
trude khi 14y ¢é phan tich.

2.2. Héa chat

1,1-diphenyl-2-picryl-hydrazyl (DPPH) va
(6-hydroxy-2,5,7,8 cua
tetramethylchroman-2-carboxylic acid) la hoéa

Trolox hang
chat dung cho phéan tich ctia hing Sigma (My).
Gallic acid va thuéc thii Folin - Ciocalteu 1a cta
hang Merk (Dtic). Cac héa chit khac 1a héa chat
dat tiéu chudn dung cho phéan tich c¢6 xudt xu
Trung Qudc.

2.3. Xac dinh duong kinh, khéi lugng va ti
trong riéng qua

DPudng kinh qua duge xac dinh bing thudc
kep Panme dién ti.
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Sw bién ddi ham Iwong phenolic, carotenoid va hoat tinh khang oxy héa trong qua trinh chin ctia ca chua

Bang 1. Phén loai d6 chin (DC)

Do chin Mau séc vé qua
bC1 Qua c6 mau xanh
bC2 Qua cé mau xanh sang, giai doan nay hinh thanh gel xung quanh hat
bC3 Qua c6 mau vang cam nhat
bC4 Qua cé mau vang cam dam hay dd nhat
BC5 Qua c6 mau dd, mém

Ti trong riéng ctia qua la ti 1é khéi lugng va
thé tich qua. Khéi lugng qua dude x4c dinh bang
can ky thuat. Thé tich qua xac dinh bing dua
vao thé tich ma qua ca chua chi€m trong nudec.
Thi nghiém tién hanh trén 10 qua 6 mdi d6 chin.

24. Xac dinh t(";ng chit rin hoa tan (total
soluble solids - TSS) va acid hiru co tong sé

TSS duge xac dinh bang chiét quang ké
(PR-101, Atago, Japan). Mau dudc thai nho,
tron déu, cho mau vao vai man sau d6 dung
dung cu ép toi ép 14y dich trong, sau d6 do bing
chiét quang ké.

Ham luong acid hiiu co téng s6 duge xéac dinh
theo phuong phap chuén d6 bang NaOH 0,1N va
duge tinh theo citric acid (Ilahy et al, 2011).
Niam gam miu duge nghién nhd, sau dé chuyén
sang binh tam giac 250 ml, thém nuéc dat thé
tich dung dich 150 ml. Pun 30 phit cach thuy
trén bép & nhiét do 80 - 90°C, thinh thoang lic.
Khi dung dich da ngudi, loc qua gidy loc vao binh
dinh mtc 250 ml, 1én thé tich t6i vach nudc cat.

Lugng acid hitu co hoa tan trong mau
(mg/100 g CT) dugdc tinh theo cong thic:

ax0,0064+V*100
HLacid htiu co =

v*C
Trong do:
a: 86 ml NaOH 0,01 N can dé chuén d6

0,0064: S6 gam acid tuong tng véi 1 mL
NaOH (0,0064 14 hé s6 d6i vdi citric acid).

V: Téng thé tich dich chiét (mL)
v: 86 mililit dung dich 18y dé chuén d6 (mL)
c: Khoi lugng mau (g)

2.5. Xac dinh ham lugng vitamin C

Vitamin C dudc chiét theo phucng phap ctua
Musulin & King (1936). Can 5 g mau ca chua,
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nghién nho trong cdi st roéi ddong nhat mau véi 2
mL dung dich dém (CH,COOH 8% va HPO,
2%). Khi miu dong nhat, cho mau vao ong
falcon, trang céc va chay bang dung dich
(CH,COOH 8% va HPO, 2%) ba 1an (mdi lan 10
mL), sau d6 1én thé tich dén 50 mL. Pem ly tam
mau trong 6.000 vong/phit trong 15 phut, 14y
phén dich trong.

Ham lugng vitamin C sau d6 dugc xac dinh
bang cach chudn d6 véi dung dich I, 0,01N. L&y 20
mL dich chiét cho vao binh tam giac 0,5 ml tinh
bot, sau d6 dem di chuén d¢ bang dung dich I,
0,01N dén khi dung dich chuyén xanh. Song song
vdi binh thi nghiém mét binh d8i chting duge tién
hanh tuong tu véi 20 mL dung dich diung dé chiét.
Pudng cong chudn dude xay dung véi nam diém
chuén 0, 0,5; 1,0; 1,5 va 2,0 mg/mL dé tinh ham
lugng vitamin C trong dich chiét. Phuong trinh
dudng chuén y = 1,6333x (R? = 0,995).

Ham lugng vitamin C (mg % CT) dugc xac
dinh bang cong thiic:

(b—c)*V%100
axvxm

HL

vitamin C —

Trong dé:

b: Thé tich dung dich I, 0,01 N tiéu tén &
binh thi nghiém (mL)

c: Thé tich dung dd I, 0,01 N tiéu t6n & binh
d61 chting (mL)

V: Téng thé tich dich chiét (mL)

v: Thé tich dich chiét diung chudn d (mL)

a: Hé s6 do doc cua phuong trinh duong
chuén vitamin C

m: Khéi lugng mau (g)

2.6. Xac dinh ham luong phenolic tong s6

Mau dugdc chiét theo phuong phap cua
Alothman et al. (2009) c6 thay d6i. Can 5 g mau



nghién nhd, thém 2 ml dung dich acetone 90%.
Nghién cho téi khi déng nhét va chuyén sang éng
falcon, 1én thé tich 25 mL bang acetone 90%.
Dung may Vortex lic manh, dé & nhiét d6 phong
3 tiéng, 10 phut lic mot 1an va qua trinh chiét
dién ra trong béng ti. Sau d6 ly tam dich nghién
trong 20 phit véi téc d6 2.000 v/phit va thu 14y
dich trong bao quan & -20°C dé phan tich.

Ham lugng phenolic dude do bang phuong
phap Folin-Ciocalteu dudc mé ta béi Fu et al
(2011). MAu pha lodng (0,5 mL) dudc chuyén
vao 6ng nghiém va 2,5 mL thuéc thi Folin-
Ciocalteu pha loang 1:10 dudc thém vao va tron
déu. Sau 4 phit, thém vao 2 mL Na,CO, 7,5%.
Phan ting dudc 0 6 nhiét d6 phong trong béng
tél trong 2 tiéng va d6 hap thu cta dung dich
phan tng sau dé dude do tai 760 nm bing may
quang phé. Pudng chuén duge xay dung dua
trén cac dung dich chuén c6 ndng dé 0,02; 0,04;
0,06; 0,08 va 0,1 mg/mL dé tinh ham lugng
phenolic téng s6. Pudng chuén c6 phuong trinh
y = 11,781x (R? = 0,998). Cac két qua duge biéu
thi bang gallic acid tuong duong (mg GAE/100 g
CT; GAE viét tat cta gallic acid equivalent).

Ham lugng phenolic tong s6 (mg GAE/100
g) dudc tinh theo cong thic sau day:

__ OD*V*dF+100

'phenolic —

HL

a*xm

Trong d6

OD: D6 hap thu 6 budc séng 760 nm

V: Thé tich dich chiét (ml)

dF: D6 pha loang dich chiét

a: Hé s6 a 1a hé s6 dd doc cua phuong trinh
dudng chuén gallic acid

100: Hé s6 tinh trong 100 g CT

m: Khéi lugng mAu diing dé chiét dich (g)

2.7. Xac dinh ham lugng chlorophyll va
carotenoid

Ham lugng chlorophyll va carotenoid dugc xac
dinh theo phuong phap cua Kotikova et al. (2011).
Can 1 g mau nghién nhé va cho vao éng falcon 50
ml, sau d6 thém vao 30 ml dung dich acetone
100%. Lic déu va dé trong béng téi trong vong 2
ngay. Lén thé tich 50 mL va ly tdm & 6.000 v/p
trong 15 phut, sau d6 thu 14y dich trong.
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Pha loang dich chiét ca chua 4 1an, sau d6
dem do dd hap thu caa dich chiét (da pha lodng
4 14n) 6 3 budc séng: 662 nm, 645 nm, 470 nm.

Cong thic xac dinh ham lugng carotenoid:

C,=17,75%Agq, - 2,35%Agy5

C,=18,61* Agys - 3,96 Ag,

Cy. = (1000*A,; - 2,27% Ca - 81,4 *C,)/227

Cong thtic chuyén sang don vi pg/100 g CT

__ AxV*dF+100

HL

Trong d6

C,: Ham lugng chlorophyll a (ng/mL)
C,: Ham lugng cholorophyll b (ug/mL)
C,ie: Ham lugng carotenoid (ug/mL)
A: C,, C, hoac C
dF: Do pha loang dich chiét truéec khi so mau
100: Hé s6 tinh trong 100 g CT

x+c

m: Khéi lugng mau ca chua (g)

2.8. Xac dinh hoat tinh khang oxy héa

Mau dugc chiét gidng nhu phuong phap
chiét mau phan tich ham lugng phenolic téng
s6. Kha niang khang oxy héa dudc xac dinh st
dung 1,1-diphenyl-2-picryl-hydrazyl (DPPH)
dude moé td bdi Thaipong et al. (2006). Dung
dich géc DPPH dudc pha bang cach hoa tan 24
mg DPPH véi 100 mL metanol va sau dé giti 6
-23°C. Dung dich dé tién hanh phan tng caa
DPPH dugc chudn bi bing cach pha lodng
10 mL dung dich gbéc v6i 45 mL methanol.
Phan tng dudc thuc hién bing cach tron 150
pL dich chiét da pha loang thich hop véi 2.850
uL dung dich DPPH va 1 trong béng t6i trong
30 phut. 6ng d6i ching ciing dude chuén bi
bang cach st dung 150 pL methanol thay cho
dich chiét tit qua. D6 hap thu sau dé duge do &
buée séng 515 nm bing may quang phé. Cac
ké&t qua dugc tinh toan duya trén mot duong
cong chudn dudc thiét lap tit ch&t chuén
Trolox ¢6 ndng d6 50, 100, 250, 500, 750 va
1.000 pM. Pudng chuén c6 phuong trinh y =
0,0837x (R* = 0,994). Cac két qua dugc thé
hién tuong duong Trolox (uM TE/g CT; TE
viét tit ctia Trolox equivalent).
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Sw bién ddi ham Iwong phenolic, carotenoid va hoat tinh khang oxy héa trong qua trinh chin ctia ca chua

Kha ning khang oxi héa ctia qua ca chua
(uM TE/100 g CT) dugc tinh theo céng thtc:

A A =AA%*V*dF*100
axm=1000
Trong do:

AA%: % Kim ham, tinh theo cong thiec:

AAY = (0Ddsi chitng—0DmMAw)*100
0Dddi ching

V: Thé tich dung dich chiét (mL)

dF: D6 pha lodng dich chiét truéc khi tién
hanh phan {ing

100: Hé s6 tinh trong 100 g CT

a: Hé s6 dod doc ctia ctia phuong trinh duong
chuén Trolox

m: Khéi lugng mau (g)

1000: Hé s6 chuyén d6i td mL sang L
dich chiét.

2.9. Phan tich thong ké

Két qua dugc phan tich thong ké st dung
phan mém R. Gia tri trung binh dugc so sanh st
dung kiém chitng Turkey (P < 0,05).

3. KET QUA VA THAO LUAN

3.1. Thu mau va phén tich

Su phén chia d6 chin qua ca chua c6 thé
dua vao thoi gian ké tit khi thu ph&n hodc mau
sic (Bargel & Neinhuis, 2005; Anton et al.,
2017). Uu diém cta phuong phap dua vao thdi
gian sau thu phan dam bao su déng déu vé tudi,
tuy nhién cling c6 truong hgp cac qua chin
khong déng déu méc du cung d6 tudi. Phan chia
d6 chin ctaa qua dua vao mau séc c6 nhuge diém
1a thi€u d6 chinh xac vé su dong déu do tudi.
Tuy nhién, day 1la mét phuong phap duge dung
phé bién, c6 vu diém 1a c6 thé thu duge qua chin
dong déu (Ilahy et al, 2011; Bhandari & Lee,
2016). Ngoai ra, phuong phap nay tiét kiém thoi
gian va cong stic xac dinh thoi diém thu phén,
danh d&u qua d#c biét d6i v6i nhiing loai qua
nhé nhu giéng ca chua trong nghién ctu nay.

Céac phuong phap phan tich chinh trong thi
nghiém nay gém c6 phan tich ham luong acid
hiiu co téng s6, vitamin C, phenolic téng s,
carotenoid, chlorophyll a va b va hoat tinh
khang oxy héa. Nhiing phuong phap nay la
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nhiing phuong phap phan tich phé bién, c6 d6
chinh xac cao va duge trich din cu thé. P4 thi
chuéin cta cac phuong phap phan tich vitamin
C, phenolic téng s6 va hoat tinh khang oxy héa
déu c6 hé s6 tuong quan R? chit, tuong ting 1a
0,995, 0,998 va 0,994. Thi nghiém phéan tich
dudc 1ap lai ba 14n. Do vay, cac phucng phap
phéan tich trong nghién ctu nay c6 do tin cay.

3.2. Su bién do6i duwong kinh, khéi lugng va
ti trong riéng qua

Su thay d6i vé dudng kinh qua khong dang
ké nhung khéi lugng qua ¢ PC5 tang 17,1% so
v6i DC1 (Bang 2). Nghién ctiu khac trén ba
giéng ca chua ciling cho thdy dudng kinh va khéi
luong qua ting 1én khong dang ké tiu giai doan
chin sinh 1y dén chin dé (Bargel & Neinhuis,
2005). Tuy nhién, nghién ctu cta Dalal et al.
(1965) trén gidng modt gidng ca chua cho thay
khéi lugng qua 6 DC5 tang gap hai lan so véi
PC1. Nhu vay, su thay d6i dic tinh sinh néng
hoc ¢6 su khéac nhau gifia cac giéng.

Ti trong riéng ctia qua khong thay déi trong
qué trinh chin (Bang 2). K&t qua nay khong
gidng véi két qua nghién ctiu trén cac loai qua
khac nhu 6i va bo. O ca hai loai qua nay, ti trong
riéng cua qua giam trong qua trinh chin (Stahl,
1933; Tandon et al., 1989). Ti trong riéng ctiia qua
¢6 thé dude st dung dé danh gia d6 chin caa qua
(Yusof & Mohamed, 1987). Tandon et al. (1989)
b4o céo ring 6i nén thu hoach khi qua c6 ti trong
riéng < 1, trong khi cac loai qué c6 ti trong riéng
> 1,2 khéng nén thu hoach vi ching vin chua
chin. Tuy nhién, qua ca chua trong nghién ciiu
nay khong tuan theo quy luat nhu vay.

3.3. Su bién ddi TSS, ham lugng vitamin C
va ham lugng acid httu co

Qua trinh chin lam tang TSS. Trong qua trinh
chin, T'SS tang tu 5,17 °Bx 1én 6,50 °Bx tu DC1
dén DC5 (Bang 3). Nghién ctu cia Kaur et al.
(2006) trén 7 giéng ca chua ciing cho thiy su
tang TSS trong qua trinh chin; vi duy, giéng UC-
828 téng ti 4,34% lén 6,62% tu giai doan xanh
dén giai doan chin. Winsor et al. (1962) ciing chi
ra trong qua trinh chin TSS ctia thanh t& bao
tang 4,32% lén 5,28% tu chin sinh ly dén do
chin giai doan chin do.
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Bang 2. Su bién d6i duwong kinh, khéi lugng va ti trong riéng

Bo chin Puwong kinh qua (mm) Khéi lwong qua (g) Ti trong riéng (g/mL)
bC1 19,92 +1,18% 6,19 + 0,76° 0,99 +0,14%
bc2 20,11 +1,21° 6,47 +0,86% 0,98 +0,26"
bC3 20,12 +1,02° 6,71+ 0,54% 0,96 +0,10°
pC4 20,37 +1,05° 7,02 £ 0,69 0,93 £0,12°
bC5 20,67 +1,05° 7,25+0,79° 0,93 £0,14%

Chi ghii: Két qua la gia tri TB + do léch chudn (n = 10, n la s6’ qua). Céc chi céi gidng nhau theo sau cdc gia tri thé hién khong

¢6 su sai khac vé mét thong ké (P < 0,05).

Bang 3. Su bié€n d6i TSS, ham lugng vitamin C
va ham lugng acid hitu co trong qua trinh chin

Ham lwong vitamin C

Ham lwong acid hiru

B0 chin TSS (°Brix) (mg 100/g CT) co (g/100 g CT)
pC1 5,17 + 0,06 2,25+0,17° 0,34 +0,02°
pC2 5,73 + 0,06° 13,62 £ 0,68" 0,40 + 0,02°
pC3 6,03+ 0,06° 17,99 # 0,85° 0,46 +0,01°
pC4 6,33 +0,12° 23,80 + 0,22° 0,48 +0,01°
DC5 6,50 + 0,10° 27,17+0,81° 0,52 +0,01°

Chi ghu: Két qua la gia tri TB #+ do léch chuan (n = 3). Céc chit cdi gidng nhau theo sau céc gia tri thé hién khéng cé su sai

khéc vé mat théng ké (P < 0,05).

Ham lugng acid hiiu co ciing ting dan tu
0,34 g/100 g CT 6 DC1 1én 0,52 g/100 g CT 6
DPC5 (Bang 3). K&t qua nay ciing giéng nhu
nghién ctiu cia Kaur et al. (2006). Tuy nhién,
nghién ciiu ctia Dalal et al. (1965) cho thdy ham
lugng acid hitu co tang tu giai doan chin sinh 1y
dén d6 chin vang, sau dé6 giam & do chin dd.

Vitamin C la chit c6 vai tro quan trong
kim ham céc goc tu do (Bhandari & Lee, 2016).
Nghién ctiu nay chi ra ham lugng vitamin C
tdng 1én manh trong quéa trinh chin cta ca chua
(Bang 3). O DC1 ham lugng vitamin C la
2,25 mg/100 g CT, sau d6 tang lén 6 1an 6 DC2
va 12 lan 6 DC5. Ilahy et al (2011) cho thay
ham lugng vitamin C tang lén tu giai doan chin
sinh 1y dén giai doan ddé vang trong tat ca 4
giéng nghién ctu, sau d6 c6 thé khéng ddi, giam
ho#c ting tuy ting gidng. Mot nghién ciu khac
chi ra rang ham lugng vitamin C tang manh tir
d6 chinh sinh ly dén giai doan chin héng sau d6
gidm § d6 chin d6 (Dalal et al., 1965). Nghién
ctiu trén céc loai qua khéc cho thdy su bién déi
ham lugng vitamin C khac nhau, nhu ham

lugng vitamin C tang lén trong qua trinh chin
cta qua 6i nhung giam déi v6i qua xoai. Co ché
kiém soat su khac nhau nay van chua c6 nghién
ctiu r6 rang (Gomez & Lajolo, 2008).

Nghién cttu cia Nour et al. (2014) cho thay
6 d6 chin d6 ham lugng vitamin C dao ddng ti
khoang 15 - 27 mg/100 g CT tuy vao giéng. Ca
chua Thiy Héng 6 d6 chin d6 c6 ham lugng
vitamin C la 27,17 mg/100 gCT, tuong duong
gibng c6 ham lugng vitamin C cao trong nghién
ctiu cua Nour et al. (2014).

3.4. Su bién d6i ham lugng phenolic tong s6

Phenolic 1a nhiing chat thii cap c6 kha ning
khang oxy héa va lam giam nguy cd méc bénh
ung thu va tim mach (Aguilera et al., 2016).
Nhém hdgp chit nay déng vai trd 60 - 70% kha
nang khang oxy héa cua dich chiét ca chua
(Bhandari & Lee, 2016). Trong nghién ctu nay,
ham lugng phenolic ting 1én manh tit DC1 dén
DC3, sau d6 gitt hau nhu khéng d6i d&n PC5
(Hinh 1). Ca chua 6 DC1 c6 ham lugng phenolic
1a 37,4 mg GAE/100 g CT va ham lugng chat
nay ting lén 69,5% 6 DC3. Nghién ctu cua
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Hinh 1. Sy bién d6i ham lugng phenolic trong qua trinh chin ctia ca chua

Ghi chu: Két qué 1a gia tri TB + do léch chuan (n = 3). Céc chit céi gidng nhau theo sau cdc gié tri thé hién khong cé su sai

khac vé mat théng ké (P < 0,05).

Anton et al. (2017) cling chi ra ham lugng
phenolic ting lén 6 giai doan dau trong qua
trinh chin, sau d6 khong d6i ¢ ca 5 giéng ca
chua nghién ctiu trong ca hai phuong thic trong
hfiu co va truyén théng. Két qua mot nghién
ctiu khéac cho thay ham ludng phenolic ting 1én
manh ti giai doan chin sinh 1y dén giai doan
chin vang dd, sau dé gidm xudng & giai doan
chin @ (Nour et al, 2014). Tuy nhién, mot
nghién ctu trén 4 giéng ca chua cho thay su
bién d6i ham lugng phenolic gitia ching 14 khac
nhau (Ilahy et al., 2011). Trong nghién ctu nay,
c6 gidng c6 ham lugng phenolic ting 1én trong
qua trinh chin, c6 gidng gidm, c6 gidng khong
bién d6i. Nhu vay, qua trinh trao d8i chat caa
cac hop chat phenolic trong qua trinh chin cé
thé khac nhau giia cac giénhg ca chua.
Slimestad & Verheul (2009) ciing bao cao rang
cac nghién ctiu vé su trao d6i chdt cua cac hgp
chat phenolic trong qué trinh chin cta ca chua
c6 két qua khong giong nhau. Ca su ting va
gidm cac chat ferulic acid, caffeic acid va
chlorogenic acid déu dugc bao cao (Slimestad
and Verheul, 2009; Anton et al., 2017).

Nghién citu trén moét s6 loai qua khac nhu
qua son tra hay qua 8i cho thay két qua ngudgc lai
v6i nghién ciiu trén qua ca chua vi ham lugng
phenolic téng s6 ctia ching giam trong qua trinh
chin (Gull et al., 2012). Theo Goldstein & Swain
(1963), su gidm nay cé lién quan dén su gia ting
tring hgp cta leucoanthocyanidin trong qua
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trinh chin ctia qua. Su trung hop khong chi anh
huéng dén kha ning chiét, ma con anh hudng
dén phan tGing héa hoc do thuc t& 1 su trung hgp
lién quan dén sy hinh thanh méi lién két gitia
cac nhém chtic nang ctia cac monome.

Ham lugng phenolic tdng s6 cta ca chua
Thiy Héng & d6 chin d6 MC5) la 68,9 mg
GAE/100 g CT, cao hon so véi 9 gidng ca chua
trong nghién ctiu cia Martinez-Valverde et al.
(2002), dao dong tu 25,9 - 49,9 mg GAE/100 g
CT. Tuy nhién, k&t qua nay thap hon so véi 16
gidng va 103 dong ca chua trong nghién cttu cta
Bhandari et al. (2016), dao déng tu 133 - 318 mg
GAE/100 g CT. Su khéac nhau nay c6 thé do anh
hudng cta giong, thé nhudng hofic mdi trudng.

3.5. Su bién d6i ham lugng chlorophyll va
carotenoid

Két qua tu hinh 3 cho thay ham lugng
chlorophyll b khong thay déi trong qua trinh
chin. Tuy nhién, ham lugng chlorophyll a giam
manh; ham lugng chlorophyll a & DC5 la
1.075 pg/100 g CT, giam 3,9 1an so v6i DC1. Mot
nghién citu khac ciing cho thay chlorophyll a bi
phan gidi manh trong qua trinh chin caa ca
chua Dalal et al. (1965). Nghién ctiu ciia Nour et
al. (2014) ciing cho két qua tuong tu.

Nguge lai v6i chlorophyll a, ham lugng
carotenoid ting manh trong qué trinh chin; 6
DC5 ham lugng carotenoid 1a 8.134 pg/100 g CT,
tang 13,6 14n so v6i PC1. Ham lugng carotenoid
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Hinh 2. Sy bién dé6i ham lugng chlorophyll a, chlorophyl b
va caroteinoid trong qua trinh chin cta ca chua

Ghi chu: Két qua la gia tri TB # do léch chuan (n = 8). Céc chii c4i gidng nhau theo sau céc gia tri thé hién khoéng cé sy sai

khac vé mat théng ké (P < 0,05).

cling ting lén manh & ca 7 giong ca chua trong
moét nghién ctiu ctia Bhandari & Lee (2016);
giong Unicon c¢6 ham lugng carotenoid ting lén
ti 16,75 - 110,27 mg/100 g chat kho tit d6 chin
diu dén giai doan chin d6. Tuong tu nhu vay,
Ilahy et al (2011) cho thay ham lugng
carotenoid ting lén manh trong qua trinh chin &
ca 4 giong ca chua nghién ciu; gidng Lyco 2
td 8,01 1én 199,00 mg P-caroten
equivalents/1 kg CT tu giai doan chin sinh ly

tang

dén chin doé. C4 hai nghién cu nay ciing chi cho
thay thanh phan chinh cta carotenoid trong cac
giéng ca chua nay 1a lypcopen va chat nay ciing
sinh téng hop manh trong qua trinh chin.
B-carotene chiém ty phan it hon so véi lypcopen
va xu hudng tang it hon so véi lypcopen, hoéc co
gidng lic dau tdng sau dé giam (Bhandari &
Lee, 2016). Dalal et al. (1965) ciing chi ra ring
B-carotene ting tu giai doan chin sinh 1y dén
giai doan chin héng sau dé gidm manh, trong
khi d6 lycopene tiang lién tuc tu giai doan chin
sinh 1y dén giai doan chin dé.

Ham lugng carotenoid cua ca chua thuay
Héng 6 DC5 1a 8.134 pg/100 g CT, thap hon so
voi 4 gidng ca chua trong nghién ctu ctua Ilahy
et al. (2011) c6 ham lugng carotenoid dao dong
tit 1.050 dén 2.780 pg/100 g CT. Su khac nhau
nay c6 thé 1a do anh hudng cta gidng.

3.6. Su bién d6i hoat tinh khang oxy héa

Kha ning khang oxy héa la mdt chi tiéu
quan trong dé danh gia 1¢i ich stic khde ctia thuc
pham. Trong nghién ctiu nay, tuong tu nhu ham
lugng phenolic, hoat tinh khang oxy héa tiang
lén nhiéu tid DC1 dén PC3 va hau nhu khong
déi tid PC3 dén PC5 (Hinh 3). Tuy nhién, su
tadng hoat tinh khang oxy héa manh hon so véi
su tang ham lugng phenolic tong s6. Cu thé,
hoat tinh khang oxy héa ¢ DC3 1a 361,9 uM
TE/100 g CT, cao hon 2,7 lan so véi DC1.
Nghién ctiu trén 4 gidng ca chua cua Ilahy et al.
(2011) cho thay hoat tinh khang oxy hoéa dugc
chiét bing acetone 50% déu ting lén trong qua
trinh chin méc du 1a xu huéng khong hoan toan
giong nhau. Vi du, gidng ca chua HLY 13 tang
tu 156 - 208 uM TE/100 g CT tu giai doan chin
sinh 1y dé&n giai doan d6 vang, sau d6 khéng
ting 6 giai doan chin dd, trong khi d6 déi véi
gidng Lyco 2 hoat tinh khang oxy héa tang dan
tu 139 - 228 uM TE/100 g CT tu giai doan chin
sinh 1y dén giai doan chin dé. Mot nghién ctu
khéc trén nam giéng ca chua ciing cho thdy hoat
tinh khang oxy héa cua ching ting ti giai doan
chin sinh 1y dén giai doan chin vang va giit hau
nhu khong d6i ¢ giai doan chin dé (Anton et al.,
2017).
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Hinh 3. Sy bién daoi hoat tinh khang oxy héa trong qua trinh chin cua ca chua

Ghi chu: Két qué 1a gia tri TB #+ do léch chuan (n = 3). Céc chi céi gidng nhau theo sau cdc gié tri thé hién khong cé su sai

khéc vé mat théng ké (P < 0,05).

Hop chat phenolic va carotenoid déu la
nhiing chit c6 hoat tinh khang oxy héa. C4 hai
nhém chit nay déu ting lén trong qua trinh
chin cta ca chua. Do vay, c6 thé su tich liy caa
ching trong qua trinh chin din dén su gia ting
vé hoat tinh khang oxy héa.

Hoat tinh khang oxy héa cua ca chua Thuy
Héng 6 DC5 1a 418,9 uM TE/100 g CT. Két qua
nay cao hon cac giéng ca chua trong nghién ctu
cta Ilahy et al. (2011), dao dong ti 116 dén 271
uM TE/100 g CT tuy theo giong. Su khic nhau
nay c6 thé do gidng hodc diéu kién nudi trong.
Ciang c6 thé trong nghién ctu cta ching téi
mau dudc chiét 6 nhiét d6 phong nén kha ning
chiét cao hon so vé6i mau dudge chiét ¢ 4°C trong
nghién cGu cua Ilahy et al. (2011).

Két qua nghién ctiu duge tinh trén ham
luong chét tuci 1a mot diém yé&u vi khé danh gia
su khac nhau thuc gifia cadc d6 chin néu ham
lugng nuéce gitia cac do chin rat khac nhau. Tuy
nhién, nhiéu nghién trén ca chua ciing tinh trén
ham lugng chat tucsi (Minnoggio et al., 2003;
Ilahy et al., 2011; Zanfini et al., 2016) va day la
co s6 dé so sanh véi cac nghién ctu trude. Bén
canh d6, nghién ciiu cia Nour et al. (2014) cho
thay ham lugng chat khé cta ca chua giam dan
trong qua trinh chin tU khoang 8,5% xudng
7,5%. K&t qua trude day ctia ching t6i cling cho
thay ham lugng chat kho ctia giéng ca chua
Thiy Héng (thu thang 2/2012) giam dan tu
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8,4% xudéng 6,3% trong qua trinh chin. Trong
nghién ctu nay, ham lugng acid hiiu cd, vitamin
C, phenolic téng sb, caroteinoid va hoat tinh
khang oxy héa ting din trong qua trinh chin
khi tinh trén don vi chat tuci. Vi vay, su giam
ham ludng chit kho trong qua trinh chin sé cho
thdy su gia ting manh hon céac chit nay trong
qua trinh chin khi tinh trén ham lugng chat
khé. Do vay, trong trucéng hgp nay tinh don vi
trén ham lugng chit tudi c6 thé so sanh dudgc
gitta cac d6 chin.

4. KET LUAN VA KIEN NGHI

QuA trinh chin cua ca chua nghién ctiu anh
hudéng dén su tich liiy mot s6 hop chat nhu chat
rén hoa tan, acid hitu co téng s§ va vitamin C.
Quaé trinh chin ciing din dén ting cudng sinh tong
hop cac chat c6 hoat tinh sinh hoc bao gbém
phenolic tdng s6 va carotenoid. Hoat tinh khang
oxy hoda cling tang 1én trong qua trinh nay. DC5 c6
thé 1a giai doan st dung c6 lgi cho stic khoe vi
chiia ham lugng cac chat c6 hoat tinh sinh hoc cao.

Nghién cttu vé su bién d6i cac chét trong
qué trinh chin ctia qua 1a c6 s dé hiéu vé qua
trinh trao ddi chét cta cac chit. Qua dé c6 bién
phap nham lam ting ham lugng nhiing chat
mong mudn trong qué trinh nay. Huéng nghién
ciiu tiép theo la xac dinh su bién d6i caa tiing
chat trong qué trinh chin cia nhém hgp chat



nay. Ngoai ra, can tién hanh nghién ctiu trén s6
lugng giong nhiéu hon nhiam lya chon nhiing
giéng c¢6 ham ludng phenolic va carotenoid cao.
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