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Tém tat

Trong nghién ctru nay, chat mau anthocyanin trong bap cai tim duoc chiét bdng dung méi etanol véi sw hé
tro cla séng siéu &m. Chét mau nay duoc gén trén mang xo xenlulo va mang xenlophan béng phuong phép
nhuém tan trich. Dung dich chat mau anthocyanin va cac vét liéu nhuém mau déu c6 kha néng chi thi pH
trong khoéng ttr 1 dén 13 théng qua suw thay d6i mau séc tir dé dén vang. Phé hap thu phéan ti UV-Vis cua
dung dich chat mau & céac pH khac nhau cho théy cé sw dich chuyén cta budéc séng hép thu cuc dai vé
vung héng ngoai khi gia tri pH tang Ién, chirng té céu tric phan tir anthocyanin da bj bién déi. Céac vat liéu
nhuém mau nay da dwoc chimg minh c6 kha néng phat hién sy bién chét cda stra dau nanh théng qua s
thay déi mau sac tir tim sang dé. Do vay, vét liéu nhuém bang chét mau anthocyanin chiét ttr bap cai tim c6
thé ung dung nhw mét vét lidu cam bién pH dé nhén biét sw bién chét cia thuc pham.

T khoa: Bép cai tim, Anthocyanin, Vat liéu xenlulo, VAt liéu cdm bién pH.
Abstract

In this paper, the anthocyanin compounds from Red cabage were extracted by ultrasound-assisted
extraction (UAE) technology using acid-ethanol solvent. These natural colorants were immobilized to a non-
woven cellulose membrane and a cellophane film using exhaust dyeing method. The anthocyanin extract
solutions and cellulosic films loaded with anthocyanin colorant showed visibly distinct colors at all pH range
from 1 to 13. The ultraviolet-visible (UV-Vis) spectrum of anthocyanin extract solutions showed a red shift of
the maximum peak absorbance to longer wavelengths at higher pH-values, which indicates that chemical
structure of anthocyanins have been altered. An application test was conducted for potential use of these
dyed films as soybean milk spoilage sensors. The pH-sensing films showed pH changes and spoilage point
of soybean milk samples, changing from violet to red. Therefore, the use of these colorimetric pH-sensing
films as a diagnostic tool for the detection of food spoilage is a promising path.

Keywords: Red cabage, Anthocyanin, Cenlulosic material, pH-sensing film.

1. Tong quan

Mau sic doéng vai trd quan trong trong cudc
song hang ngdy cua chung ta. Cac vat liéu ma mau
sac co thé  thay d6i thuan nghich khi bi kich thich boi
cac yeu t6 bén ngoai nhu anh sang, nhiét d§ va pH
dang thu hut nhiéu nha nghién ciru trong thoi gian
gan day, dic biét trong linh vuc cam bién [1-2]. Cac
vat liéu chi thi pH 1a nhirng vat liéu c¢6 kha nang thay
d6i mau sic khi thay doi pH cta méi truong, da dugc
nghién ciru va tmg dung dé 1am quan 4o bao hg, biang
vét thuong, mang loc [2-5]. Mot s chat chi thi va
thude nhudm da duoc tong hop c6 kha nang thay doi
mau sic theo pH mdi truong [3-4]. Tuy nhién, céc
chit chi thi va thubc nhuém tong hop nay cé kha
nang gdy anh hudng ti€u cyc cho mdi truong va
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ngudi st dung. Do d6, viéc nghién ctru chiét tach cac
chit mau ty nhién c¢6 kha ning chi thi pH, an toan vai
con nguoi va than thién véi moi truong dang dugce
cac nha khoa hoc trén thé gi6i quan tam [2,6-8].

Trong cac chdt maiu ty nhién, hop chét
anthocyanin, thudéc nhém flavonoid, khéng nhiing c6
kha ning thay d6i mau sic theo pH ma con cé cac
tinh chét tot khac nhu kha ning hoa tan trong nudc,
d6 bén anh sang kha t6t va kha bén nhiét [2].
Anthocyanin ¢é trong nhiéu lodi thyc vat véi ham
luong, thanh phan va mau sic khac nhau tiiy thudc
vao loai, giéng va mdi trudng sinh trudng. Bip cai
tim 1a mot trong nhimg ngudn chia ham lwong
anthocyanin cao vdi 24 hop chét da duoge phan lap,
cha yéu 1a cyanidin-3,5-diglucozit, cyanidin-3-
sophorozit-5-glucozit va cic dang acrylat hoa khac
[7-9]. Coéng thic céu tao chung cua chit mau
anthocyanin va ctua mdt anthocyanin dién hinh
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cyanidin-3-glucozit (C3G) dugc biéu dién lan luot
trong hinh la va hinh 1b. M6t s6 nghién ctru d chi ra
rang, chit mau anthocyanin trong bap cai tim c6 do
6n dinh t6t hon chat mau nay trong cac ngudn thuc
vat khac. Diéu nay c6 dugc la do hop chét
anthocyanin trong bap cai tim ¢6 chira cac nhom chirc
acylat, giup bao vé cac nhom chirc hydroxyl. Vi
nhiing dic tinh t6t nay nén chung t6i chon bap cai tim
lam dbi twong nghién ctru dé chiét tach chat mau
anthocyanin dung dé ché tao vat liéu chi thi pH.

Xenlulo 1a vat liéu tu nhién, co trir lugng 16n va
kha nang phén huy sinh hoc nén duoc s dung trong
nhiéu linh vuc khac nhau ¢ dang nguyén liéu ban dau
hodc dugc bién tinh [5]. Vat lidu nay c6 4i luc tot voi
nhiéu loai thudc nhudém va chat mau tu nhién nén da
da duoc str dung dé nhudm mau. Véi muc dich ché
tao mang chi thi pH sinh thai nén nghién ctru nay sé
st dung mang xo xenlulo khong dét va mang
xenlophan dé lam vat liéu nén cho viéc ga‘in két chat
mau anthocyanin chiét tir bap cai tim. Cac vat liéu
nhudm mau nay s€ duoc danh gia kha nang nhan biét
sy thay ddi pH moi truong thong qua bién d6i mau
sdc trong ving anh sang nhin thay va kha nang ung
dung lam vat liéu cam bién pH dé phat hién sy bién
chét cua sita dau nanh.
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Hinh 1. (a) Coéng thic cau tao chung cua

anthocyanin; (b) Cong thirc cdu tao cua cyanidin-3-
glucozit; (c) So d6 quy trinh chiét tach chat mau tur
bap cai tim va nhudém mau vat li€u xenlulo.

2. P6i twong va phwong phap nghién ciru
2.1. Péi twong nghién ciru

Bép cai tim Pa Lat dugc cung cip boi siéu thi
VinMart. Sita dau nanh mua & chg truyén théng tai
Ha Noi. Vit li€u xenlulo dung trong nghién ctru bao
gdm mang xo xenlulo - gidy loc Whatman #2, 106
g/m? ctia Macherey-Nagel GmbH & Co. KG., Dig;
mang xenlophan khong trang phu (35 x 44 cm) cia
Sigma Aldrich. Cac héa chét sir dung trong nghién
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cuu bao gém etanol, axit formic, axit clohydric, kali
clorua, kali hydrophtalat, natri hydroxit, kali dihydro
photphat, kali hydro photphat, kali hydro cacbonat,
borax, amoni hydroxit dwoc cung cip boi cong ty hoa
chat Xilong, Trung Qudc. Cac thi nghiém va phan
tich duoc thyc hién tai Trung tam thi nghiém Vat li€u
Dét may - Da gidy va PTN du an JST - JICA
ESCANBER, DPai hoc Bach khoa HN.

2.2. Phwong phdp nghién ciru
2.2.1. Chiét chat mau anthocyanin

Chat mau anthocyanin duoc chiét tir bap cai tim
theo phuong phap ngdm chiét €0 sy trg' giip cua song
siéu am, tai diéu kién chiét t6i wu da duoc xac dinh
trong mdt cong trinh nghién ctru da cong bd cua
chung t6i [10]. Theo d6, bip cai tim di nghién nho
dugc bd sung dung mdi etanol da axit hoa béng axit
fomic 1% theo ty 1& rin-long 1a 1/5 (g/ml), va tién
hanh chiét tach chat mau trong bé rira siéu am cong
sudt 750W (S70H Elmasonic, Dtrc). Diéu kién chiét
bao gdm nhiét do 65 °C, thoi gian 35 phit va ndng do
etanol 10 %.

Sau khi chiét, dung dich chit mau dugc phan
tach qua gidy loc va cit quay chan khong (Buchi
Rotavapor R-210) d c6 dic dich chiét. Dung dich
chit mau ddm dic nay dugc do mat do quang bing
thiét bi Unico 4802 Double Beam UV/Vis
Spectrophotometer, xdc dinh gia tri do hép thu cuc
dai ctia chit mau. St dung phuong phéap pH vi sai dé
tinh ham luong anthocyanin tong co trong dich chiét
6 dic, 1am can ctr dé xac dinh don cong ngh¢ nhuoém
mau vat lidu xenlulo [10-11]. Quy trinh chiét tach
chat mau tir bﬁp cai tim va nhudm mau vat liéu
xenlulo dugc trinh bay trong hinh Ic.

2.2.2. Nhuom mau vat liéu xenlulo

Dung dich chat mau ¢d déc sau khi xdc dinh
ham luong anthocyanin tong duoc xir 1y bang dung
dich NH,OH & trung hoa luong axit formic ton du
trong dich chiét. Him lwong anthocyanin tong trong
dung dich chat mau sau trung hoa va pha lodng bang
nu6e cat dé dat ndong d6 15g C3G/L. Sir dung dung
dich chat mau nay dé nhudém cho mang xenlophan va
mang xo xenlulo. Pon cong nghé nhudm va quy trinh
nhu¢m cho mang xenlophan va mang xo xenlulo
dugc trinh bay trong bang 1 va hinh 2. Piéu kién
nhu¢m cho mang xenlophan la & 80 °C trong 6 gio,
va mang xo xenlulo 1a & 80 °C trong 1 gio.

Bang 1. Bon cong nghé nhudm cho vat liéu xenlulo

Khdi lugng vt liéu m (@)

Dung ty 1/30  (g/ml)
1. NH4OH, 5% 1 (ml/N)
2. Dung dich anthocyanin, 15g/ 100 (ml/)
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Hinh 2. Quy trinh nhué¢m mau cho vat li¢u xenlulo.

2.2.3. Banh gia kha nang chi thi pH cua chdt mau
anthocyanin chiét tw bap cdi tim

Chit mau anthocyanin chiét tir bap cai tim &
dang dung dich va trén vat liéu nén xenlulo dugc
khao sat kha nang chi thi pH thong qua su thay d01
mau sic. Cac dung dich dém dugc chuan bi bao gdm
pH =1 (KCI + HCI), pH = 3 (KHCgH4O4+ HCI), pH
= 5 (KHCgH404 + NaOH), pH = 7 (KHPO4 +
K2HPO4), pH = 9 (Na:B4sO; + HCI), pH = 11
(NaHCOs3 + NaOH), pH = 13 (KCI + NaOH).

Dung dich chit mau anthocyanin dugc pha
lodng bang nudc cit dén ndng d6 20 mg/l dé d& quan
sat sy thay d6i mau sac khi nho vao cac dung dich
dém c6 pH tir 1 dén 13 dung trong cic dia petri
(dwong kinh 50 mm). Po quang phd hap thu cac dung
dich nay trén may UV-Vis vai bude song tir 400-700
nm dé xac dinh do hép thu cuc dai Amax, 12 ddc trung
cho mdi dang céu tric ctia phan tir anthocyanin trong
dung dich pH tuong tng.

Céac tim mang xenlophan va mang xo xenlulo
da dugc nhudém mau anthocyanin dugce cit thanh céac
miéng nho véi kich thude 1 x 1 cm, dit vao cac dia
Petri chtra cac dung dich pH khac nhau va quan sat sy
thay d6i mau sic. Sir dung gidy pH thuong mai lam
mau dbi ching dé danh gia kha niang chi thi cia cac
vat liéu nay.

2.2.4. Khdo sdat kha nang nhdn biét cua chat mau
anthocyanin chiét tir bap cai tim doi voi sw phan huy
theo thoi gian cua sita dau nanh

Lay 0,5ml dung dich chit mau anthocyanin
néng d6 20 mg/l, cac manh nho cua vt liéu xenlulo
da nhudém cho vao cac dia Petri chira 3 ml sita dau
nanh, ¢ nhiét d§ phong. Quan sat sy thay d6i mau sic
cua vat liéu chi thi theo thoi gian khao sat (0 - 12
gio). Su dung gidy pH thuong mai lam mau ddi
chung dé danh gia kha nang chi thi mau vt li€u chi
thi pH ché tao.

3. Két qua va thao luin
3.1. Phé hdp thu UV-Vis ciia chit mau chiét tiv bip
cdi tim

Phé hap thy phan tir UV-Vis cua dung dich chat
mau chiét tach tr bap cai tim dugc trinh bay trén hinh

3. Quan sat phd ta thay chit mau chiét tir bip cai tim
c6 budc song hép thu cuc dai Amax = 522 nm. Theo
cac cong trinh nghién ctru di cong bd, budc song hap
cuc dai cac phan tir anthocyanin nim trong khoang
510 - 540 nm. Diéu nay ching t6 dich chiét thu dwoc
tir bép cai tim giau anthocyanin, va két qua nay ciing
phit hop véi mot sb nghién ciru da cong bd vé bude
song h?ip thu cuc dai cia chit mau trong bép cai tim
[2, 7-10].
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Hinh 3. Pho hip thy phan tir UV-Vis ctia chit mau
chiét tir bép cai tim.
3.2. Khd ndng chi thi pH ciia chit mau anthocyanin
chiét tir bip cdi tim

Két qua chi thi mau véi cac dung dich dém co
pH khac nhau cua chat mau anthocyanin chiét tir bap
cai tim ¢ dang dung dich va trén vét li¢u nén xenlulo
dugc trinh bay trong hinh 4. Ta thiy rang chit mau
anthocyanin & dang dung dich hay trén vt liéu nén
xenlulo déu c6 sy thay d6i mau rd rét khi pH thay doi
tir 1 dén 13. So sanh véi gidy pH thwong mai cho thiy
sy thay d6i mau cua anthocyanin 13 twong duong voi
kha ning chi thi cua gidy pH.
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Hinh 4. Sy thay ddi mau theo pH méi trudong cua
dung dich chit mau anthocyanin (Antho), mang xo
xenlulo nhu¢m mau (Antho/Xelu), mang xenlophan
nhuém mau (Antho/Xelo) va gidy chi thi pH thuong
mai.
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D¢ giai thich anh huong ciia pH dén sy thay doi
céu tric phan tir ciia chat mau anthocyanin, phd hip
thu phan tir UV-Vis cua cac dung dich chat mau trong
cac pH khac nhau dugc thyc hién, két qua trinh bay
trong hinh 5. Quan sat phd hép thu ta thay c¢6 sy dich
chuyén budc song h?ip thu cuc dai theo chiéu tang cla
pH. Cu thé budc song hﬁp thu cuc dai cia chit mau
trong cac dung dichco pH=1,3,5,7,9, 11 va 13 lan
luot 1a 520, 538, 550, 560, 586, 610 va 624 nm. Nhu
vy, sy thay d6i mau anthocyanin ctia bap cai tim
trong cac pH khac nhau 1a do céu trac phéan tir chét
mau bi bién d6i gay ra [11-13].
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Hinh 5. Phd hip thu phan tir UV-Vis cta dung dich
chat mau anthocyanin trong cac moi truong pH.

Theo céc cong trinh nghién ciru di cong b,
trong méi truong axit manh (pH = 1-3), anthocyanin
ton tai dang cation flavilium c6 mau do. Khi pH ting,
vong pyran C trong phan ti anthocyanin (h1nh la) bi
hydrat hoa lam phén tir chdt mau chuyén dan sang
dang carbinol khong mau. Trong méi truong kiém, co
su chuyén dich H* tir nhém -OH trén vong B (hinh
la) 1am phan tir anthocyanin chuyén sang dang anion
c6 mau xanh. Khi pH cang cao, cac H* trong nhom
chirc -OH con lai bi phén huy lam giam sy linh dong
cua dién tir trong mach chit mau, 1am dung dich tré
nén xanh hon, bu6c séng hap thy dai hon. Khi pH 16n
hon 12, phan tir chit mau bi bién ddi vé dang
chalcone ¢6 mau vang. Trong moi truong trung tinh,
ca hai dang cau triic nay déu ton tai nén dung dich c6
mau tim. Su thay d6i cau tric phan tir va mau sic cua
anthocyamin trong cac méi truong pH dugc trinh bay
trong h1nh 6. Nhu vay, mau sac cua cac phan tor gan
lién vé6i ciu hinh dién tir va su thay ddi cua nhoém —
OH trén phan ti anthocyanin. Vi thé, chit mau
anthocyanin chiét tir bap cai tim c6 thé ung dung nhu
mot chét chi thi pH cho cac moi trudong axit-bazo.

3.3. Ung dung chit mau anthocyanin chiét tiv bip

cdi tim dé nhdn biét sy phdn hiiy ciia sita ddu nanh
Cac san phﬁm tr dau nanh nhu sira dau nanh,

dau phu d¢ bi vi khuan tan cong, 1én men lam san
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phim bi chua, h6ng [14]. Dé nhan biét sy phan hﬁy
clia cac san phim nay thong thuong chung ta co thé
sir dung khtru giac hodc vi giac. Didu niy c6 thé giy
ra sy kho chiu hoac khong c6 lgi cho suc khoe. Voi
cac san pham tir dau nanh dugc bao gbi, viéc phat
hién ra sy phan huy ciia san pham, co thé xdy ra trude
khi hét han sir dung, lai cang khé hon. Néu trén bao
bi clia cdc san pham nay ¢ gan dai vt liéu chi thi pH
sinh thai, khong doc hai dé nhan biét sy axit hoa - san
pham bi chua - thong qua su thay d6i mau sic thi
nguoi tiéu dung co thé nhan biét va tranh str dung san
phim da hong. Ngoai ra, sir dung céac kit thr chia
chat chi thi pH sinh thai dé kiém tra nhanh su bién
chit ciia thyc pham, d6 udng ciing réat hitu dung.
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Hinh 6. Sy thay ddi c4u triic phan tir v mau sic ctia
anthocyamin trong cac moi truong pH [12].
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Hinh 7. Kha ning nhan biét sy phan huy cua sita dau
nanh bang chat mau anthocyanin & dang dung dich va
dang gén trén vat liéu nén xenlulo thong qua su thay
d6i mau sic theo thoi gian.

Dé hién thuc hoa y tuong nay, chung t6i da st
dung cac vat liéu chi thi pH duoc ché tao & trén dé
kiém tra sy phan huy ciia sira dau nanh theo thoi gian.
Trong nghién ctru nay, tac gia da su dung gidy pH
thuong mai dé kiém ching. Do chdt mau nhudém trén
cac vat li¢u xenlulo & trang thai kho va trang thai udt
¢6 thé khac nhau chit it nén ching toi ¢6 sir dung
nudce cat dé 1am moi trudng so sdnh mau sdc vat liéu
& trang thai wot. Két qua khao sat thé hién trén hinh 7
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cho thay chat mau anthocyanin chiét tir bap cai tim &
dang dung dich, gin trén mang xo xenlulo va mang
xenlophan déu khong thay d6i mau véi san pham sita
dau nanh tuoi. Tuy nhién, sau 6 gio bdo quan ¢ nhiét
d6 phong mau cua vat liéu chi thi chuyén tir mau tim
sang phdt hong, va sy d01 mau nay cang rod rét sau 12
gio luu trir. Sir dung gidy pH thuong mai dé kiém
chimg cho thiy c6 su thay doi pH cua san pham sita
theo thoi gian, lam gidy pH chuyén mau tir vang anh
xanh sang mau cam anh d6. Nguyén nhén gay ra su
thay d6i mau trén cac mau vat liéu chi thi 1a do sira
dau nanh da bi vi sinh vat phan hay, 1én men chuyén
hoa duong thanh axit lactic va phan huy protein thanh
cac axit amin, lam stta bi chua theo thoi gian [14].
Nhu vay, cac vat liéu nhudém mau anthocyanin trong
nghién ciru nay déu c6 kha nang nhan biét sy phan
hiy cua sita dau nanh theo thoi gian, trong d6 mang
xo xenlulo nhuém mau tot hon nén chi thi o rang
hon mang xenlophan nhu¢m mau. Mang xo xenlulo
nhuém mau anthocyanin c¢6 thé tmg dung lam kit thu
pH va mang xenlophan nhuém mau c6 thé lam mang
boc thuc phém chi thi pH.

4. Két luin

Trong bai bao nay, chdt mau anthocyanin trong
bép cai tim duoc chiét bing dung méi etanol, vi su
trg gitip cla soéng siéu am, tai diéu kién nhiét do 65
°C, thoi gian 35 phit va nong do etanol 10 %. Chét
mau anthoxyanin da dugc nhudm cho mang xo
xenlulo va mang xenlophan dé lam vt liéu cam bién
pH. Cac vat liéu nhudm mau anthocyanin nay déu co
kha nang chi thi pH trong khoang tir 1 dén 13 thong
qua sy thay d6i mau sic tir d6 dén vang. Sir dung
phuong phap do phd hap thu phéan tir UV-Vis voi cac
dung dich chit mau ¢ cac pH khac nhau cho thiy cau
trac phan tir anthocyanin da bi bién d6i theo pH gay
ra sy thay ddi bude song hép thu cuc dai. Cac vét liéu
nhudom mau nay da dugc ching minh c6 kha ning
phat hién sy bién chit cua sita dau nanh theo thoi
gian thong ‘qua sy thay d6i mau sic. Két qua nghién
ctru cho thiy tiém nang tmg dung cua vat liéu nhuém
mau anthocyanin chiét tir bap cai tim trong nhu mot
chét chi thi pH an toan, sinh thai.
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