TAP CHi PHAT TRIEN KH&CN, TAP 17, $0 K1- 2014

Sw bién ddng cla cac hop chét phenolic
trong Ia tra trong quy trinh ché bién tra

Oolong

e Nguyén Ngoc Tram

e Huynh Ngoc Oanh

Trwdng Dai hoc Bach Khoa, PHQG-HCM
e Phan Phwéc Hién

Trwdng Dai hoc Nong Lam Tp.HCM

(Bai nhdn ngay 16 thang 4 nam 2014, hoan chinh sira chita ngay 3 thang 9 nam 2014)

TOM TAT:

Nghién ctu cung cép db thj bién déng
ham Iuong polyphenol téng sé (TPP), tannin,
theaflavin (TF), thearubigin (TR) va mau
téng. L4 tra xanh duwoc trdi qua céc giai doan:

tra twoi 2 lam héo = G 1 2 quay thom 1 >

U 2 = quay thom 2 = xao bét hoat enzyme.
MA4u tra tai céc giai doan trén duroc cung cép
béi nha may tra Céu Tre. Céc méu tra duoc
chia lam hai nhém: nhém chwa bét hoat va
da bat hoat enzyme - vi séng da duoc &p

dung dé xw& Ii méu tra chwa bét hoat
enzyme. M&u tra sau khi bét hoat
enzyme duoc tién hanh phén tich. Két
qué cho thdy ham lwong TPP va tannin
nhin chung ¢6 xu huwéng gidm. St bién
déng ham lweong theaflavin nguoc véi s
bién doéng ham lwong tannin. Mé&t khéc,
theaflavin va thearubigin la hai thanh
phédn chinh quyét dinh chét lwong tra
Oolong.

Ttr khod: hop chét phenolic, polyphenol, sw bién déng, tannin, thearubigin, theaflavin, tra

Oolong, vi séng.

1. PAT VAN PE

Tra 1a loai nuéc udng bé dudng, chaa nhiédu
hop chit polyphenol c6 loi cho stic khoe. Trong
d6, hai nhém polyphenol quan trong phai ké dén,
d6 1a theaflavin va thearubigin. Theo Francis
Muigai Ngure va cong su (2009), chit lwong tra
den phu thudc vao ham luong theaflavin tong
[1] va theaflavin digallate [2]. Theaflavin quyét
dinh d6 nén (d6 chat), d6 sang, mau, sy tao bot
va thearubigin lién quan dén do ddm va mau cua
tra den [3-5]. Theaflavin la san pham cua qua
trinh oxi hoa hop chat catechin dudi xuc tic cta
enzyme polyphenol oxidase (PPO). Trong qua

trinh xac tac phan tng, H,O, dugc sinh ra [6].
Luc nay, peroxidase (POD) s& tham gia phan
ing chuyén héa theaflavin thanh thearubigin [6,

7.

O Viét Nam, nhirng nghién ctu V& tra ngay
cang phd bién. Trich li ¢6 hd trg vi song cac
polyphenol tir bup tra twoi cia Pham Thanh
Quan va cong su [8]. Anh huéng cua ngudn
nguyén liéu dén thanh phan héa hoc co ban cua
gidng ché trung du (Camellia sinensis var.
sinensis) cua Giang Trung Khoa va cong su [9].
Anh huong cia qué trinh héo nhe dén chét
luong nguyén liéu va san pham ché xanh ctia Ha
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Duyén Tu va cong su [10]. Anh huong cta phan
bon va don dén nang suat, chat lugng nguyén
liéu ché bién ché Oolong tai Phii Tho cua D
Van Ngoc va cong su [11]...

Tuy nhién, ngoai tra den va tra xanh [12, 13],
nhimg nghién ctru vé tra Oolong hién nay chua
nhiéu. Cac nghién ctru da phan tap trung vao
gidng tra va sy trich ly, thu nhan hop chat
polyphenol. Viéc nghién ctiu sy bién dong cua
cac hop chét polyphenol subt qué trinh san xuét,
dac biét 1a qua trinh 1én men tra Oolong mang
lai ¥ nghia 16n vé khoa hoc va thyc tién. Cac
yéu té polyphenol tong s6, ham luong tannin,
theaflavin va thearubigin dugc tién hanh khao

sat.

2.VAT LIEU VA PHUONG PHAP
2.1. Nguyén liéu

La tra (1 tom, 2 14) — Kim Tuyén dugc trong
tai Nha may tra Cau Tre, Bao Lam, Lam Dong.
Quy trinh ché bién tra Oolong dwoc thyc hién tai
Nha may Tra Cau Tre. La tra tuoi trai qua lan
luot cac giai doan: Tra tuoi, 1am héo ning, 1én
men va xao bat hoat enzyme (trén 200°C).
Trong d6, qua trinh 1én men dwoc chia lam cac
cong doan nho: o lan 1 (18°C), quay thom lan 1
(25°C), u lan 2 (18°C) va quay thom lan 2
(25°C). Qua trinh 1én men dugc két thic sau khi
1a tra dugc xao bat hoat enzyme.

Cac mau tra sau ting giai doan: tuoi, lam
héo, U lan 1, quay thom 1an 1, u lan 2, quay
thom 14n 2, xao bét hoat enzyme duoc trir trong
tai dan mép, bao quan lanh trong thung médp va
chuyén vé phong thi nghiém ngay trong ngay.
Mau duoc trir ¢ nhiét d6 4°C cho dén khi phan
tich.

2.2. Cac phuwong phap phan tich
2.2.1. Chuan bi miu tra

Mau tra tai cac giai doan: tuoi, sau lam héo,
sau u 1, sau quay thom 1, sau U 2, sau quay
thom 2, sau xao bét hoat enzyme dugc danh $6
ther tu lan luot tr 1 — 7.

2.2.2. Xac dinh ham lwong chit kho (HLCK)

1g tra nguyén liéu duoc cho sdy & 105°C dén
khéi lwong khong dbi. Ham lwong chéat kho
duogc xéac dinh theo cong thuc sau:

khdi lwong miu sau sdy x 100
HLCK(%) = e Y

khéi lweng méu ban diu

2.2.3. Xac dinh ham hrgng polyphenol téng so
(TPP)

Nhu da dé cap & trén, catechin (mét trong
nhitng hop chat polyphenol) dé bi chuyén hoa
thanh theaflavin va thearubin dudi tac dung ctua
nhém enzyme oxy hoa khir. Bé loai trir sy anh
huéng nay, xir 1y vi song da duoc ap dung dé
bat hoat enzyme.

20g mau tra 1 — 6 dwgc xu li vi séng trong
25 gidy va lam ngudi dén nhiét do phong. Sau
d6, miu tra dugc nghién min. Can 2,5g bot tra
cho vao lo thay tinh 100ml, cho thém 25ml
nuéc cat va tién hanh dun céch thiy ¢ 100°C
trong 60 phut. Cudi ciing, mau tra dugc loc bing
bong cotton va dinh murc 1én 50ml (dung dich 1).

5ml dung dich 1 dugc dinh mirc 1én 50ml
bang nuéc cit. Sau d6, mau duoc tién hanh xac
dinh ham lugng polyphenol téng s theo
phuong phap cta L.H. Yao (2006) [14, 15].

2.2.4. Xac dinh ham lwgng tannin

Dinh lugng tannin thu dwoc trong dich chiét
(dung dich 1) bang phuong phap Lowenthal: oxi
hoa bang KMnO, véi chit chi thi indigocarmin
[16].

Céan 1.5 gam bot tra va 30ml nudc cat cho
vao mot chai thuy tinh, dun cach thay 100°C, 30
phut, vira dun vira khudy déu. Sau d6, hdn hop
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duge dé ling va loc. Dung dich dwoc 1am lanh
va duge dinh mirc 1én 250ml bang nudc cat. Ly
5ml dung dich thu dugc cho vao binh tam giac
250ml, thém 150ml H,O, 5ml dung dich
indigocarmin rdi dinh lwong bang dung dich
KMnO; 1N, vira nho vira lic déu cho dén khi
Xuét hién mau vang kim thi dirng chuan do.

Song song cung tién hanh dinh lugng mot
mau tring d6i chung véi 5ml dung dich
indigocarmin hoa tan trong 150 ml nuéc.

Ham luong polyphenol theo tinh chat kho
trong mau phan tich durgc tinh theo cong thirc:

_ {a—1) x V% 0,00582 x 100

X
V, X G

(%)

Trong do:

X: ham lugng tannin theo % chét kho.

a: thé tich dung dich KMnO4 dem chuin miu
phén tich (ml)

b: thé tich dung dich KMnO; dem chuan
mau trang (ml)

Vi: thé tich dung dich miu dem phan tich
(10ml)

V2: thé tich binh dinh muc (250 ml)

0.00582: khdi lugng tannin tng véi 1ml
dung dich KMnQg4

G: khéi lugng chét kho nguyén lidu (1 gam)
2.2.5. Xac dinh ham lwong theaflavin (TF),
thearubigin (TR) va mau téng

Theaflavin va thearubigin 1a cac san pham
clia qua trinh chuyén hoa catechin duéi tac dung
cia polyphenol oxidase. Nhim danh gia kha
nang hoat dong cua PPO, cac mau tra déi chung
— khong xir 1y vi song da dugc khao sat.

20g mau tra 1 — 6 dwoc nghién min. Céan

2,5¢ bot tra cho vao lo thuy tinh 100ml, cho
thém 25ml nudc cat va tién hanh dun cach thuy

& 100°C trong 60 phut. Cudi cting, mau tra duoc
loc bang bong cotton va dinh mirc 1én 50ml
(dung dich 2).

25ml dung dich 2 duoc tién hanh phan tich
theaflavin, thearubigin, mau téng theo phuong
phap cua Takeo and Oosawa (1976) [5, 14, 17].

2.2.6. Khao sat hoat tinh polyphenol oxidase

10g bot tra duoc cho vao cdc 100ml (dd boc
gidy bac), thém 50ml dém phosphate pH 7,5 c6
bé sung polyethylene glycol 1% (w/v). H3n hop
dugc khuay trong 30 phit & 4°C. Sau khi dugc
loc qua vai loc thu dich, dich sau loc dugc ly
tam 3000 vong trong 10 phat. Dich sau ly tam
dugc bao quan lanh ¢ 4°C.

Polyphenol oxidase xtic tdc qua trinh oxi hda
co chat pyrocatechol khong mau thanh san
pham benzoquinone c6 mau hip thu 4nh sang
cuc dai ¢ bude song 420 nm. 0.1ml dich enzyme,
0,9ml dung dich dém phosphate (pH 8) va 2ml
dung dich pyrocatechol 0,05M dugc cho vao
cuvette va do do hip thu quang tai budc séng
420nm. Phan ng bat dau xay ra khi cho
pyrocatechol vao hon hop phan tng. Hoat do
PPO dugc x4c dinh biang cong thirc Lambert-
Beer. Biét 420 Clia benzoquinone 1a 24300M-
Iem?® [18]. Hoat tinh ctia enzyme la luong
enzyme can dé chuyén héa pyrocatechol thanh
mot umol benzoquinone trong mot phut.

Theo dinh luat Beerstaco: A= ¢ClI
C.0.1ml —
U=—"-"":1.10"°
aml

Trong d6, A 1a do hip thu quang, € 1a hé sb
hip thu quang mol (Mcm®). Biét hé s6 hip thu
quang mol benzoquinone 24300 M-icm™[18], I:
la quang 16 (1 cm).

Ham luong protein dugc xac dinh bing

phuong phap Bradford.
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2.2.7. Xur ly th(“')ng ké tich phuong sai (ANOVA) theo mdé hinh don
yéu t6. Sb licu dugc xir Iy bang phan mém

Cac thi nghiém dugc tién hanh 3 lan. So _ _
Statgraphic Centurion XV.

sanh sy khac biét vé gia tri trung binh bang phan

Dich chiét tra

' !

Lml dich trd + 9ml nudc cat 25ml dich tra + 25ml IBMK (phéu chiét)
Do OD tai 460nm (A) l l
Lép dung dich IBMK Lép nude

‘ 1Iml dd l6p nude + 10ml butanol

1Iml dd IBMK + 9ml ‘
ethanol 45% 10ml dd IBMK + 10ml l ,
Iml 16p butanol + 9ml
NaHPO4 2,5% Bo 16p nuac ethanol 45%
Po OD & 380nm (B) ¢
l l Po OD ¢ 380nm (D)
Iml 16p IBMK + 9ml ethanol 45% Bo 16p nudc
Do OD ¢ 380nm (C)
Hinh 1. Quy trinh phén tich c4c chi tiéu TF, TR va mau tdng
Trongd6,  TF%=4,313XC; TR% = 13,643 X (B + D — C); Mau téng = 10 x A
3. KET QUA VA BAN LUAN
3.1. Khéo sat phwong phap bit hoat enzyme oxidase (PPO) va peroxidase (POD). Hai
polyphenol oxidase (PPO) va peroxidase enzyme nay thugc nhém enzyme oxi hoa khir,
(POD) rat nhay véi oxy. Mat khac, trong qué trinh

Theaflavin (TF) va thearubigin (TR) 14 hai chuan bi mau so ché, nguyén li¢u dwoc nghicn

Ca L A nhuyén. Dé bao ton ham luon hin, tannin
san pham cta qua trinh chuyén héa nhitng hop Uyen. B bao ton ham lugng catec a

% o P va polyphenol téng khoi tac dong cua enzyme,
chat catechin dudgi sy xtc tac cta polyphenol poiyp g ong y
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cac phuong phéap bat hoat enzyme di dwoc khao
sat.

Theo Qing-Han Gao va Ashugulati, céac
phuong phép xtr Iy nguyén liéu nhu: siy ngoai
troi, sdy bang thung quay, vi song, lanh
dong...[19, 20] da dugc khao sat. Trong do,
phuong phap vi song cé hiéu qua hon ca. Ngoai
ra, tia cuc tim ciing dang duoc sir dung kha pho
bién trong xir Iy mau vi sinh, thuc pham. Vi vay,

hai phuong phap chiéu tia cuc tim va vi song da
dugc st dung dé khao sat bat hoat enzyme. Mau
tra tuoi (14 gia) duoc tién hanh xir 1i bat hoat
enzyme PPO va POD bang vi séng va chiéu tia
cuc tim (UV) véi thoi gian xtr 1i 1an luot 1a 25
gidy va 15 phat. Mau ddi ching 1a méu tra tuoi
(1a gia) khong bat hoat enzyme. Cac mau sau xir
li duwoc nghién va dun cach thay & 100°C trong
20 phat. Dich trich sau loc thu dugc nhu hinh 1.

Hinh 1. Xir li bit hoat enzyme PPO va POD

Bang 1. Ham luong TF, TR, TPP va mau cta mau bat hoat enzyme PPO va POD

M4iu TF (%) TR (%) TPP (%) Mau téng

Déi ching 0,25+ 0,012 758+ 0,422 5,45+ 0,08 2 1,30 £ 0,052
Xir li bang tia cuc tim 027+0,12 8,10 £ 0,732 453 10,04° 1,40 + 0,082
Xir li bing vi song 0,06 +£0,01° 8,42+0,32¢ 595+ 0,10°¢ 0,49 + 0,03

Hinh 1 va bang 1 cho thay c6 su giéng nhau
vé ham lugng TR cua ca 3 mau. Tuy nhién, cac
yéu t6 khac lai cho sy khac biét. Ham lugng TF
va mau tong cua ca hai mau ddi chimg va xir li
bat hoat enzyme bing tia cuc tim co su gidng
nhau va khac voi miu xar 1i bat hoat enzyme
bang vi song. Qua ddy, ta co thé két luan tia cuc
tim khong c6 tac dung trong viéc bat hoat
enzyme PPO va POD. Trong khi do, vi song lai
¢6 tac dung tich cuc trong viéc bat hoat hai
enzyme nay. N6 duoc biéu hién thong qua su
khac nhau vé ham lugng TPP, TF va mau tong.
Khéng con tac dong cua hai enzyme PPO va
POD, ham lugng TPP ting 1én dang ké trong khi
ham lugng TF giam va dich trich c¢6 mau vang
sang giéng v6i mau cua tra xanh. Mt khac, ham

luong TR nhu nhau, ham lugng TF khac nhau s€
cho dich trich ¢c6 mau khac nhau hay ndi cach
khac, ham lwong TF anh huéng manh mé& dén
mau sac cua dich trich tra. Két qua nay phu hop
véi nghién ctu cua Qing-Han Gao va Ashugulati.
Vi vay, phuong phép xir 1y bit hoat enzyme bing
vi song di duoc sir dung dé tién hanh cac khao
sat tiép theo.

3.2. Sw bién ddng ciia polyphenol oxidase

Theo Hinh 2, nhin chung hoat tinh enzyme c6
xu hudng giam dan sau cac giai doan ché bién tra
Oolong. Mau tra tuoi dau vao co hoat tinh cao
(100%) va dat hoat tinh cao nhat ¢ giai doan sau
lam héo (115,85%), dén giai doan u lan 2 va
quay thom 2, hoat tinh enzyme giam dan, sau d6
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hoat tinh enzyme lan lugt taing nhe & giai doan U
lan 2 va quay thom lan 2. Tuy vay khi dén giai
doan quay thom 1an 2, hoat tinh enzyme PPO da
giam gan mot nira, dén giai doan sau diét men
(trén 200°C), hoat tinh enzyme giam rd rét
(19,1%).

% IU

0 Miu
1 2 3 4 5 6 7

Hinh 2. Bién dong enzyme polyphenol oxidase

% Tamnin (%)
15 —e—DPT (%)
10
5
0+ 1 N e R Miu
1 2 3 4 5 6 7
Hinh 3. B thi bién dong ham lwong TPP va
tannin caa dich tra Kim Tuyén Oolong
1 - Tra tuoi 5—Trasauu 2

2 — Tra sau lam héo 6 — Tra sau quay thom 2

3-Trasauul 7 — Tra sau xao bét hoat

4— Tra sau quay thom 1 enzyme

3.3. Su bién dong cia ham lwgng TPP va
tannin

Cung voi hoat dong cua PPO, ham lugng
polyphenol téng va tannin ciing bién dong twong
ty. Cu thé, ham lugng polyphenol tong va tannin
cling dat cuc dai tai giai doan lam héo, sau d6
giam dan dén giai doan & 2 va hoi ting nhe sau
giai doan quay thom 2. Cudi cing, ham luong
polyphenol tong cing giam sau giai doan diét

enzyme nhu hinh 3. Ham lwong polyphenol téng
va tannin sau giai doan diét enzyme giam tuwong
ung 1a 30,48% va 55,57% so véi giai doan lam
héo.

Duéi tac dung cua vi song, cac hop chat
polyphenol (cu thé 1a catechin) da dugc bao vé
trudc Sy anh huong cda enzyme ndi bao. So sanh
ham lugng polyphenol tong, tannin tong va hoat
tinh cta PPO tai hinh 2 va 3, giai doan enzyme
hoat dong manh nhat thi ham Iugng polyphenol
thu dugc 1a cao nhat (giai doan lam héo). Két qua
nay dung vai nhan dinh caa PoPop [21], 6ng cho
rang hoat tinh enzyme PPO duoc ting cuong
trong qua trinh 1am héo. Trong cac giai doan tiép
theo, hoat tinh enzyme c6 xu huéng giam dan.

3.4. Mbi twong quan giira ti 1¢ TF/TR va mau
téng

TF, TR va bis flavanol 1a ba thanh phan quyét
dinh mau sic (mau tong) cua dich tra. Trong do,
TF ¢6 mau vang sang, TR c6 mau nau do va bis
flavanol khong mau. Nhin chung, gita ti I&
TF/TR va mau téng ¢ mbi twong quan mat thiét
v6i nhau. Co thé néi, ti 16 TE/TR khac nhau s&
quyét dinh mau sic cua dich tra trich ly. Ngoai ra,
TF va TR la san pham do qua trinh chuyén héa
catechin dudi sy tic dong ctia PPO va peroxidase
[6]. Khi so sanh gitta Hinh 2 va 4, mdi tuong
quan dién ra tuong ty nhu Hinh 2 va 3. N6i cach
khac, do thi ti 16 TR/TR va hoat tinh PPO dong
bién v6i nhau. Két qua nay trung khop véi
Francis Muigai Ngure va céng sw (2009), N.
Subramanian va c¢éng sw (1999). Néu chénh léch
hoat tinh PPO giita mau co hoat tinh cao nhat
(giai doan 1am héo 115,65%) va thdp nhat (sau
giai doan diét enzyme 19,1%) khoang 6 lan thi
két qua do ciing twong tu ddi vai ti 18 TF/TR. Vi
vay, c¢6 thé danh gia bién dong hoat tinh PPO
thong qua 2 con dudng. Mot 1a xac dinh truc tiép
su bién dong hoat tinh PPO. Hai 1a x4c dinh theo
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con dudng gian tiép gitta sy bién ddi tannin (co

chat) va ti 1& TF/TR (san pham).

Maiu téng (%) TF/TR
2 0,15
15
- 01
—&— \iu tong
1 s —e—TE/TR
‘/_‘_\_’/_‘_\./
- 0,05
0,5
\.
0 ‘ . 0 Miu
1 2 3 4 5 6 7
Hinh 4. Bién dong mau tng va ti 18 TF/TR
1 - Tra tuoi 4 — Tra sau quay thom 1 7 — Tra sau x40 bit hoat enzyme

2 — Tra sau lam héo 5-Trasauu 2

3-Trasauul
4. KET LUAN

Nghién ctru cung cap do thi bién dong ham
luong TPP, tannin, TF, TR va mau téng. Ham
luong TPP dao ddng trong khoang 7 — 12%
HLCK, c6 su tang nhe & giai doan sau u 1 va
sau quay thom 2 va sau d6 giam manh ¢ cac giai
doan sau d6. Ham lugng tannin ting nhe ¢ giai
doan 1am héo, sau d6 giam nhe va gin nhu
khong ddi tir giai doan 1 — quay thom 2. Sau 2
lan quay thom, 1a tra chiu Sy co xat co hoc tao
diéu kién cho PPO tiép xuc vdi co chét din dén
su giam dot ngot ham luong tannin & mau tra

sau x40 bat hoat enzyme. Sau khi xao bat hoat

6— Tra sau quay thom 2

enzyme, sy giam ham lugng tannin & giai doan
xa0 bat hoat enzyme va thanh phim gy ra do
tac dong cua qua trinh sdy tach am. Két qua cho
thdy su bién dong ti 16 TF/TR biéu thi mdi quan
hé tuong quan véi mau sic (mau tong) cua dich
tra Oolong.

LO1 CAM ON: Xin giti loi cam on chdn thanh
dén Céng ty C6 phan ché bién hang xudt khdu Cau
Tre da tai tro cho du dn. Xin cam on cdc anh chi
trong Nha mdy Tra Cau Tre dd nhiét tinh giip d6, ho
tro trong viéc ldy mdu, tham quan Nha mdy. Cam on
cac Thay C6 ¢ hai Truong Pai hoc Bdach Khoa va
Truong Pai hoc Néng Lam di tao diéu kién cho

chung t6i hoan thanh dw an nay.
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Changes of phenolic compounds of tea
leaves during Oolong tea process
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ABSTRACT:

It was believed that provided
photographs of changes of total polyphenols
(TPP), tannin, theaflavins (TF), thearubigins
(TR) contents and total colour liquids. Green
tea leaves were going through the stages:
fresh tea - withering -2 incubated 1 -2
aromatic spin 1 - incubated 2 - aromatic
spin 2 “fried inactivated enzymes. Tea
samples in the stages were provided by Cau
Tre tea factory. Tea samples were divided
into two groups: the activated and inactivated

enzyme groups — microwave was
applied to treated the activated enzyme
one. Tea samples after the inactivation
were conducted. The results showed
that TPP and tannin contents generally
decreased. Changes of theaflavin
contents were contrast to tannin
contents. On the other hand, theaflavin
and thearubigin are the major
polyphenols that determine on the
quality of Oolong tea.

Key words: phenolic compounds, polyphenol, microwave-treated, Oolong tea, tannin,

theaflavin, thearubigin.
REFERENCE

[1]. L. P. Wright, Mphangwe, N. K., Nyirenda,
H., & Apostolides, Z., " Analysis of the
theaflavin  composition in black tea
(Camellia sinesis) predicting the quality of
black tea produced in Central and Southern
Africa," Journal of the Science of Food and
Agriculture, vol. 82, pp. 517-525, 2002.

[2]. P. O. Owuor, & Obanda, M., "The effects
of some agronomic and processing
practices and clones on the relative
composition of the individual theaflavins in
the black tea,” Food Science and
Technology International (Tokyo), vol. 3,
pp. 344-347, 1997.

[3]. A. K. Biswas, Biswas, A. K., & Sarkar, A.,
"Biological and chemical factors affecting
the valuations of North-East Indian plain
teas,” Journal of the Science of Food and
Agriculture, vol. 24, pp. 14571477, 1973.

[4]. M. Obanda, Owuor, P. O., & Mang’oka,
R., " Changes in the chemical and sensory
quality parameters of black tea due to
variations of fermentation time and
temperature," Food Chemistry, vol. 75, pp.
395-404, 2001.

[5]. S. N. Stephen Thanaraj, "Influence of
Polyphenol ~ Oxidase  Activity and
Polyphenol Content of Tea Shoot on
Quality of Black Tea," Journal of the

Trang 74



TAP CHi PHAT TRIEN KH&CN, TAP 17, $0 K1- 2014

(6].

[7].

[8].

[a].

[10].

[11].

[12].

[13].

Science of Food and Agriculture, vol. 51,
pp. 57-69, 1990.

Francis Muigai Ngure et al, "Catechins
depletion patterns in relation to theaflavin
and thearubigins  formation,”  Food
Chemistry, vol. 115, pp. 8-14, 2009.

N. Subramanian et al, "Role of Polyphenol
Oxidase and Peroxidase in the Generation
of Black Tea Theaflavins,"” Journal of
Agriculture Food Chemistry, vol. 47, p.
2571-2578, 1999.

Pham Thanh Quan et al.,, "Microwave-
assisted extraction of polyphenols from
fresh tea shoot," Tap chi phdt trién Khoa
hoc va Céng nghé, vol. 9, pp. 69-75, 2006.
Giang Trung Khoa va cong su, "Anh
huong cua ngudn nguyén liéu dén thanh
phan hoa hoc co ban cua giéng ché trung
du (Camellia sinensis var. sinensis)," Tap
chi Khoa hoc va Phdt trién, vol. 11, pp.
373-379, 2013.

Ngo6 Xuan Cuong va cong su, "Anh huong
ctia qua trinh 1am héo nhe dén chit luong
nguyén liéu va san pham ché xanh," Tap
chi Khoa hoc va Céng nghé cac Truong
DH Ky Thugt, vol. 70, pp. 90-95, 2009.
Hoang Thi L¢ Thu va c¢ong su, "Anh hudng
ctia phan bon va dén dén ning suét, chit
luong nguyén liéu ché bién ché oolong tai
Pha Tho," Tap chi Khoa hoc va Phat trién,
vol. 11, pp. 492-500, 2013.

Pradip K. Mahanta et al., "Changes of
Polyphenol Oxidase and Peroxidase
Activities and Pigment Composition of
Some Manufactured Black Teas (Camellia
sinensis L.)," Journal of Agriculture Food
Chemistry, vol. 41, pp. 272-276, 1993.

Ramaswamy Ravichandran and
Ramaswamy Parthiban, "Changes in
enzyme activities (polyphenol oxidase and
phenylalanine ammonia lyase) with type of

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

tea leaf and during black tea manufacture
and the effect of enzyme supplementation
of dhool on black tea quality,” Food
Chemistry, vol. 62, pp. 277-281, 1998.

L.H. Yao et al., "Phenolic compounds in
tea from Australian supermarkets," Food
Chemistry, vol. 96, pp. 614-620, 2006.

P.P. Srivastav Ch. Someswararao, "A novel
technology for production of instant tea
powder from the existing black tea
manufacturing process,” Innovative Food
Science and Emerging Technologies, vol.
16, 2012.

Vil Thi Thu va cong su, Cdc hop chdt héa
hoc cé trong ché va mét s6 phwong phdp
phdn tich théng dung trong san Xudt ché ¢
Viét Nam: NXB Néng Nghiép, 2001.

Oosawa K Takeo T, "Photometric analysis
and statistical evaluation of black tea
infusion,” Bull National Res Inst Tea
(Japan), vol. 12, pp. 125-181, 1976.

E. A. Braude, "Studies in light absorption.
Part |. p-Benzoquinones,” Chemistry
Society, vol. 45, pp. 490-497, 1945.

Ashugulati et al., "Application of
Microwave Energy in the Manufacture of
Enhanced-Quality Green Tea," Journal of
Agricultural and Food Chemistry, vol. 51,
p. 4764—-4768, 2003.

Qing-Han Gao et al., "Effect of Drying of
Jujubes (Ziziphus jujubaMill.) on the
Contents of Sugars, Organic Acids,a -
Tocopherol, - Carotene, and Phenolic
Compounds,” Journal of Agricultural and
Food Chemistry, vol. 60, p. 9642-9648,
2012.

Tap thé gido vién bdo moén Cay Nhiét Dai,
Hoa sinh che. Truong Pai hoc Bach khoa
Ha Noi: Nha xuat ban Dai hoc Bach khoa
Ha Noi., 1984.

Trang 75



