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TOM TAT

Trong nghién cuu s dung enzyme
Viscozyme L trong san xudt tra Oolong, chdng toi
tién hanh san xudt tra Oolong theo quy trinh nha
may (QTNM) vai thoi gian « 1a 18 gio va cac quy
trinh c¢6 bé sung enzyme (QTCE) Véi nong do tir
0% dén 12%, véi thoi gian 1 4 gio. Két qud phan
tich nhén thdy ham leong polyphenol, tannin
trong cac mau thanh phdm san xudt theo QTCE
gidam nhanh hon mau tra theo QTNM. Ham lwong
chdt hoa tan, ham lirong mau téng trong mau tra

theo QTCE tang khi nong dé enzyme tang va cao
hon mdu theo QNNM. Nghién citu ciing cho thdy
c6 moi lién hé giira ti 1¢ TF/TR va mau tong, cu
thé 1a t/ |¢ TF/TR tang thi mau téng giam va
nguoc lgi. T/ I¢ TF/TR cang cao cang lam cho
mau meoc tra Oolong thanh pham trong va sang
hon. Pady la hwong nghién cizu ma réng viéc ung
dung enzyme trong quy trinh san xuat tra tai Viét
Nam.

Tur khod: Tra Oolong, Brightness (BR), theaflavins (TF), thearubigins (TR), total colour (TC).

1. PAT VAN PE

Tra Oolong hay con goi la vua cua cac loai
tra, 1a trd 1én men mot phan, trong khi tra xanh
khong 1én men va tra den duoc Ién men toan
phan. Quy trinh san xuét tra Oolong truyén thong
trai qua cac budc sau: Tra tuoi - héo ning, héo
mét - & - quay thom - diét men - v - thanh pham
[13].

Trong d6 cac giai doan quay thom, G dong
vai trd quan trong trong qua trinh tao nén huong
thom, vi vd mau sic cua tra, tuy nhién téng thoi
gian cda qua trinh 0 va quay thom 1a 18 git nén

khi sir dung enzyme gitip rdt ngan thoi gian u tra
ddng thoi gitp kiém soat mau, mui, vi cua tra dé
dang hon va qua d6 c6 thé da dang hoé san pham
tra Oolong.

Trén thé gioi ciing c6 kha nhidu nghién ciru
vé tac dong enzyme trén quy trinh san xuat tra.
Nghién cttu cuia Chee-Hway Tsai va cong su ttng
dung xtr ly enzyme trén tra den, khi s dung
enzyme: tannase, cellulase, papain, pectinase,
hemicellulase cho két qua ham lwong chat hoa tan
trong tra tang tir 0,3% dén 10% [1]. Trong nghién
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ctu cua Gregg Lance Lehmberg va cong su, tién
hanh dong 1én men 14 tra den voi enzyme tanase
va nhidu enzyme cellulase, pectinase,
hemixenlulase hoic Viscozyme cho thdy dich
chiét tra ting va trong hon [2]. Mt nghién ciu
Bent R. Petersen da sir dung enzyme trong san
Xuét tra udng lién cho thay cao chiét cua tra co xir
Iy enzyme tang 2,25 1an so véi tra khong xu ly
enzyme, dong thoi giam d6 duc trong dich chiét
cao tra [3].

Tai Viét Nam, enzyme noi chung va enzyme
Viscozyme L noi riéng ciing dd dugc ttng dung
va nghién ciru rat nhiéu trong linh vuc thyc pham.
Tuy nhién chua c¢6 cong trinh ndo vé ung dung
enzyme dé cai tién quy trinh ché bién tra. Ung
dung enzyme trong san xuét tra Oolong nham rit
ngan thoi gian san xuét, taing ham heong chat hoa
tan, ting d6 sang va trong, cai thién mui, mau va
vi cua tra thanh pham 12 yéu cau can thiét nham
cai thién quy trinh ki thuat ciing nhu kiém soat
dugc chat luong tra Oolong thanh pham.

2. VAT LIEU VA PHUONG PHAP NGHIEN
cuu
2.1 Vit ligu

Tra Olong (1 tébm, 2 14) — Kim Tuyén duoc
trong tai Nha may tra Cau Tre- Bao Loc —-Lam
Pong thuoc Cong Ty Ché Bién Hang Xuat Khau
Céu Tre. Tra duogc trong va san xuit theo tiéu
chuian VietGAP (tiéu chuan thuc hanh san xuit
nong nghiép tét & Viét Nam).

Enzyme Viscozyme® L cia héng
Novozymes (Pan Mach) 1a hén hop gom 3
enzyme: xylanase, hemicellulase, cellulase dugc
thu nhan béi chung Aspergillus aculeatus cé mau
nau, dang long hoat tinh 100 FBG/g.

Hoa chit: FeSOs, KNaCsH4Os va IBMK
(Merck).

Qua trinh phan tich duoc tién hanh tai
phong Coéng Nghé Sinh Hoc, Khoa Hoa Hoc Dai
Hoc Bach Khoa Tp. H6 Chi Minh, va qua trinh

san xuat tra dugc thuc hién tai nha may tra Cau
Tre- Bao Loc- Lam Dong.
2.2 Phuong phap phéan tich

Chung t6i tién hanh san xuat nhu sau: Bao
gom 480 kg tra (chia lam 8 16, mdi 16 60kg) tién
hanh san xuat theo 2 quy trinh (quy trinh bé sung
enzyme (QTCE) va quy trinh nha may(QTNM))
dugc thyc hién tai nha may tra Cau Tre- Bao Loc-
Lam Dong. Két qua thu dugc 7 mau tra thanh
pham duoc san xuat theo QTCE véi cac ndng do
0% dén 12%, voi thoi gian quay thom va u 13 4
gio va 1 mau thanh pham theo QTNM véi thoi
gian quay thom va 1 1a 18 gio. Cac mau tra thanh
phim duoc dong goi, ki hiéu, van chuyén vé
phong thi nghiém Coéng nghé Sinh Hoc — Khoa
Hoa hoc — Dai hoc Bach Khoa TP. HCM, tién
hanh xir ly mau nham phan tich céc chi tiéu sau:

- Xdc dinh ham Iwong chat hoa tan theo TCVN
5610-1991 [4]

Chiét cheé bang nudc nong sau d6 dem siy
chét chiét da thu duoc.
- Xdc dinh ham lwong polyphenol téng (PPT) [5],
[6]

Pha dung dich mudi tartrate gém 1g FeSO,
59 KNaC4H,Os pha trong nudc cit va dinh muc
1&n 1000ml. Hat Iml méiu cho vao binh dinh mac
25ml, thém 5ml mudi tatarate dinh mac 1én 25ml
bang dém phosphate 7,5. Sau d6 dem do OD &
budc song 540nm

Két qua duoc tinh nhu sau:

3,914 x<EXV0x%100
1000xV1x HLCK

Polyphenol tong (%)=
Trong do:

E : d6 hip thu quang
Vo: Tong thé tich dung dich

V1: Thé tich st dung do d6 hap thu quang( 1ml)
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- Xdc dinh ham lugng tannin theo phwong phdp
Lowenthal [5]

Tanin 1 hop chét khir, khi bi oxi hoa boi
KMnO4 trong méi trudng axit voi chét chi thi
Indigocamin s€ tao thanh khi cacbonic va nude
dong thoi 1am mat mau xanh cta Indigocamin
theo phan ng sau:

Tanin+ KMnO4 = CO2 + H20

Két qua: ham luwong Tanin tinh theo cong
thirc sau:

__ V%0.00582%(a—b)

X *100

vxm
X: Ham lugng Tanin tinh theo chat khd(%)

1. S6 ml kali permanganat 0.1N chuan d¢ mau thi
nghiém

2. S6 ml kali permanganat 0.1N chuan d¢ miu
d6i chung

V- Thé tich dd ché chiét tr 2g miau nghién
cuu( 250ml)

v- Thé tich dung dich ché liy ra dé phan
tich( 10ml)

m- S6 g mau kho nghién ciu

0.00582- Hé s6 Tanin( ctr 1ml KmnO4 oxy héa
0.00582 g hop chat Tanin)

- Xdc dinh ham Iwong TF, TR va mau téng
[51.[61.[7]

Can chinh x4c 3g tra + 250ml nuéc cat dun
s6i, dun s6i trong thoi gian cach thuy khoang 20
phut sau d6 loc qua bong, dé dich nguoi dén nhiét
do6 phong.

Hat Iml + 9ml nuéc cit dem do & OD

460nm.

L4y 25ml dich loc + 100ml + 50ml dd etyl
axetate, lic can than trong 5 phat, khong lic
manh tao nhii trong. Sau khi phan 16p, tach phan

dung dich dudi. Tu I6p nude phia trén dung pipet
hit 4ml chuyén vao binh dinh muac 25ml va dung
cdn 96 dinh mirc dén vach. Ta thu duoc dung dich
A c6 chira TF va mot phan TR dang tu do. Tir 16p
nude phia dudi dung pipet hat 2ml cho vao binh
dinh mirc 25ml + 8ml nudc cat va ding con 96°
dinh mic dén vach. Ta thu dugc dung dich B ¢6
TR & dang axit tu do. Tur I6p phia trén cua phiéu
chiét 1ay 10ml dd NaHCO3. Sau khi phan thanh 2
16p, gan bo nhanh 16p nudce phia dudi va 1 phan
etylaxetat & phia trén (cho 2 16p chat long tiép xuc
nhau). Ttr 16p nuée phia trén thu dugc, lay 4ml
cho vao binh dinh mac 25ml va ding con 96°
dinh muc 1én dén vach. Dung dich C thu duoc chi
chaa TF.

Tir 16p nuée ¢ phia dudi lay 2ml cho vao
binh dinh mirc 25ml va cho thém vao d6 2ml axit
oxalic bdo hoa trong nudc cét, cho thém 6ml
nuéc cat va ding con 96°C dinh murc dén vach,
thu duoc dung dich D c6 cht TR & dang axit tu
do. Chuén bi cac mau dd A, B,C,D dem do & budc
song 380nm va 460nm trén méay quang pho.

Tinh két qua:
TC (%) = 10xA
TF (%) = 4,313 x C
TR (%) = (B + D — C) x 13,643

- Xdc dinh chi tiéu cam quan theo TCVN 3218
—1993 [14]

Xéc dinh mau, mui, vi, hau vi: Can 3 g tra
can thir, chinh xac dén 0,1g va cho vao cbc su.
Dung nuéc sach dang séi cho vao coe dung tra
khoang 150ml, ddy nap lai. Sau 5 phut, gan nuéc
ra mot coc sir khac. Tién hanh thir ném, danh gia
mau sic, mui va vi nudc tra.

3. KET QUA VA THAO LUAN
3.1 Anh hwéng ciia nong dd enzyme dén ham
lwong chét hoa tan
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Theo két qua nghién ctu cho thdy, ham
lwong chat hoa tan trong mau tra san xuat theo
QTCE tang khi nong d6 enzyme bé sung ting tir
0% dén 12%. Ham luong chét hoa tan caa mau
san xuat theo QTNM 1a 28,55 %. Céc mau tra
san xuét theo QTCE véi ndng dé enzyme 4% dén
12% cho ham lwong chét hoa tan cao hon mau tra
cia QTNM lan luot 1a 0,4%; 1,7%; 3,97%;
7,23%, 7,5%. Biéu nay cho thay c6 thé sir dung
enzyme dé lam ting ham lugng chat hoa tan cua
mau tra thanh pham vai thoi gian u cia QTCE la
4 gid ngan hon thoi gian caa QTNM la 14 gio.

Pectin cung va&i hemicellulose, cellulose
gilp cho thanh té bao 14 tra tro nén viing chac.
Duéi tac dung co hoc qua trinh quay thom lam

HLHT (%)
45
40

35

(6]

0% 2% 4% 6%

30
7
20 _

8% 10% 12% NM

cho la tra co xat nhe nhang véi nhau, hé enzyme
hemicellulase, cellulase, xylanase trong ché
pham enzyme Viscozyme co diéu kién tiép xdc
dong déu véi 14 tra 1am véch té bao 14 tra duoc
phan cit manh m&hon nhd d6 cac thanh phan bén
trong té bao thoat ra nhiéu hon lam ting ham
luong chit hoa tan trong tra. Piéu ndy ciing thé
hién qua nghién citu cia Chee-Hway Tsai va
cong su (1987), ting dung xtr ly enzyme trén tra
den, két qua cho thay khi st dung enzyme tannase
va mot it enzyme tiéu hod thanh té bao nhu
cellulase, papain, pectinase, and hemicellulase
cho két qua ham lugng ¢ hit hoa tan trong tra ting
tir 0,3% dén 10%. Diéu nay cho thdy enzyme tac
dong lam ting ham luong chat hoa tan trong tra

[1].

mQTCE
zQTNM

%

,%

Nong d¢ enzyme (%)

Hinh 1. Anh huong cia ndng d6 enzyme dén ham luong chat hoa tan
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PPT (%)
20 -

19 -

18 -

mQTCE
2QTNM

0% 2% 4% 6%

17 -
) I 11
1

8%

10%  12%

Nong d¢ enzyme (%)

Hinh 2. Anh huong cia ndng do enzyme 1én ham lugng polyphenol téng

3.2 Anh huéng cia ndng dé enzyme dén ham
lwong polyphenol tong

Ta nhan thdy rang ¢ cic mau tra san xuat
theo QTCE Véi ndng d6 enzyme bd sung ting tir
0% dén 12% cho ham lugng polyphenol tong
giam dan tir 17,47% dén 15,86%. Ham luong
polyphenol tong cia cac mau trad cd bo sung
enzyme Vvéi nong d6 4% dén 12% theo QTCE
thap hon ham lugng polyphenol téng ciia mau tra
theo QTNM lan luot 1a 0,24%; 0,87%; 0,92%;
1,11%; 1,41%.

Qua két qua nghién ctru, c6 thé thiy rang cé
thé kiém soat ham lrong polyphenol tong trong
mau tra thanh pham khi bé sung enzyme. Ché
pham Viscozyme L bao gém cac enzyme
xylanase, hemicellulase, cellulase vao quy trinh
san xuat. Dudi tac dung cua hé enzyme nay lam
véch té bao tra bi phan cit cong véi tac dong co
hoc ctia qué trinh quay thom giup ting sy tiép xdc
vGi oxy lam enzyme Polyphenol Oxidase hoat
dong manh chuyén héa polyphenol lam giam
ham luong polyphenol téng nhanh hon mau
thanh pham theo QTNM tir 18 gio giam chi con
4 gio.

Theo nghién ctru cua (Pham Thanh Quan va
cong su, 2007) ham lwong polyphenol tong trong
mau thanh phiam cua 3 loat tra: tra xanh, tra
Oolong, tra den lan luot 12 15,06%; 13,12%;
12,40% [8]. Piéu nay cho thay thai gian u cang
dai ham luong polyphenol tong cang giam. Theo
nghién ctru ciia (Nguyén Ngoc Tram) ham luong
polyphenol tng ting & giai doan u 1 va giam
manh & cac giai doan u 2 va u 3 [9]. Tac gia cling
cho rang qua trinh quay thom c6 su co sat co hoc
cua l4 tra gilip enzyme noi bao tiép xuc co chét.

3.3 Anh hwéng cia nong d9 enzyme dén ham
lwgng tannin

Hau hét tannin trong tra la tannin ngung tu
dién hinh 1a catechin va gallocatechin. Tannin la
lop chat quan trong trong 14 tra quy dinh mau séc,
huong thom va vi chéat cua thanh pham. Tannin
d& bi oxi hoa dudi xtic tac oxi va enzyme. Diéu
nay rat quan trong trong ché bién tra den ngudi ta
thuong chon nguyén liéu ¢ nhiéu tannin. Tuy
nhién trong san xuét tra Oolong ngudi ta thuong
sir dung nguyén liéu c6 ham lwong tannin thip
(<30%) nham han ché quéa trinh oxi hoa tannin
lam cho mau nuéc bi den va vi nuéc tra bj ding
chat.
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Theo két qua nghién ctru, ham lwong tannin
trong QTCE tir 2% dén 12%, ham lwong tannin
trong mau tra thanh pham giam dan tir 15,68 %
xudng con 10,4 %. Ham lwong tannin trong mau
tra c6 bd sung enzyme & ndng do 6% dén 12%
theo quy trinh QTCE véi thoi gian 1 4h thap hon
mau tra theo QTNM véi thoi gian 1t 18h tir 0,24%
dén 1,24%.

Tannin (%)

Sy phdi hop gitra hé enzyme xylanase,
hemicellulase, cellulase trong ché pham enzyme
Viscozyme Véi tac ddng co hoc cua qua trinh
quay thom giGp tiang cwong hoat dong cua
tannase noi bao thuy phan tannin lam giam ham
lwong tannin trong tra thanh pham qua dé giam
dd chat dang va tang d6 sang cho dich chiét tra
Oolong. Theo nghién cau cua Nguyén Ngoc
Tram ciing cho rang qué trinh quay thom lam
ham lugng tannin giam [9].

20
16
12
mQTCE
8 QTNM
4
0 A
0% 2% 4% 6% 8% 10% 12% NM
Nong d§ enzyme (%)
Hinh 3. Anh huong cia ndng do enzyme dén ham luong tannin
TC % TF/TR
18 0,3
1,6 . 0,25
® & o o
14 * & ¢ 0,2
1,2 015 OTFR

0% 2% 4% 6% 8%

1 0.1 ¢TC
08 ”m m]] 0,05
0,6 i 1A A 0

10% 12%
Nong d¢ enzyme (%)

Hinh 4. Anh huong cia ndng d6 enzyme dén ham lugng mau téng,
méi lién hé gitra ti 16 TF/ TR va mau téng
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Hinh 5. Mau nuéc tra cia mau thanh phdm theo QTNM va
céc thanh pham c6 b sung enzyme tir 0% dén 12% theo QTCE

3.4 Anh hwéng cia nong dd enzyme dén ham
lwong mau téng, maéi lién hé giira ti 1¢ TF/TR
va mau téng

Theaflavins (TF) va Therubigins (TR) I két
qua cua qua trinh oxy hoa catechin. TF ¢ mau
vang 6ng anh con TR c6 may nau dé, hai hop chat
nay la mot phan cua vi va mau sic caa tra. Llc
dau TF duoc tao ra nhiéu hon tuy nhién sau mot
thoi gian dai TF s& bi oxy hod bién thanh TR diéu
nay lam cho nudc tra dé cang lau cang tré nén
dam mau. (S Borah va cong su, 2003) [12].

O céc quy trinh ¢6 bd sung enzyme véi ndng
d6 cang cao thi ham lwong mau téng cua tra thanh
pham cang cao. Cu thé 1a ham luong mau tong
ctia mau tra theo QTCE voi thoi gian 1én men 4
gio tang tir 1,38% dén 1,55% khi ting nong do
enzyme tir 0% dén 12% (hinh 5). Tuy nhién &
mau tra theo QTNM khéng c6 bd sung enzyme
nhung vai thoi gian 1én men dai 18 gid ciing cho
ham luong mau tong cao (1,55%). Bong thoi ta
ciing nhan thay c6 su lién quan giwa ti ¢ TF/TR
va mau téng. O cac mau thanh phiam cua quy
trinh c6 bd sung enzyme ham luong mau tong cao
thi ti ¢ TF/TR thap va nguoc lai. Him lugng mau
tong & cAc mau tra thanh phdm cua quy trinh cé
b sung enzyme khong cao hon ham lwong mau

tong ciia mau thanh pham cua quy trinh san xuat
nha méay nhung ti 1é¢ TF/TR ctia cac mau tra thanh
pham c6 bd sung enzyme cao hon ti 1¢ TF/TR cia
mau tra thanh pham san xuit theo quy trinh nha
may. Tilé TF/TR cang cao nudc tra cang sang va
trong.

Theo Ch. Someswararao va cong su (2013)
trong nghién ciru chat luong tra den trong thi
truong An Do ciing chi ra rang ti 1¢ TF/TR 1a
0,215 thi mau tong thap 2,519; ti 1é¢ TF/TR thip
hon 0,036 cho ham lwong mau téng 14 4,675 [10].
Theo Reza Hojjat Ansari va cong sy ciing cho
rang ty 16 TR/TR, TR, TF anh huéng dén ham
lwong mau tong va do sang cua dich chiét tra, tac
gia ciing cho thay ti 1&¢ TF/TR cang thap ham
lwong mau téng cang cao, va do sang cua tra
giam. Tac gia ciing cho thdy thoi gian 18n men
cang cao thi d¢ sang cua tra cang giam [11].

Vi vay viéc tng dung enzyme trong qua
trinh san xuét tra Oolong gitp cho quéa trinh oxi
hod tao TF va TR nhiéu hon va véi thoi gian 1én
men ngan TF dugc tao ra it bi oxy hoé thanh TR
didu nay lam ting ti 1& TF/TR qua do cai thién,
kiém soat chét lwong tra Oolong va dong thoi co
thé da dang hoa san pham tra Oolong theo mau,
mui, vi theo sé thich cta timg nguoi.
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Diém Piém tong
1,60 - A - 3,9
A A -3 :
120 | A A A A i m Mau
’ A 25 L.
- = Mui
0.80 1 - 15 mvj
0,40 - 1 Au Vi
o5 auvh
0,00 - -0 A Diém tong
0 2 4 6 8 10 12 NM

Nong dé enzyme (%)

Hinh 6. Cam quan tra Oolong theo QTCE va QTNM

3.5 Cam quan tra theo quy trinh diét men 240

Qua trinh cam quan dugc thuc hién boi cac
chuyén gia cam quan tai cong ty va nha may tra
Cau Tre. Qua két qua cam quan cho thy diém
téng cuia cac mau tra theo QTCE cao va déu cao
hon méu tra theo QTNM. Diém tong ciia mau tra
twong tng véi ndng do enzyme tir 0% dén 12%
lan luot 1 3,06; 3,33; 3,05; 2,92; 2,72; 2,77; 2,79
cao so véi diém tong cua mau nha may la 2,49.
Diém vé mui & miu trd enzyme 6% la cao nhit
1,06; vé mau 12 0,90 & mau tra enzyme 2%; V& vi
12 0,68 & mau tra 2%; 4%; 12%; hau vi 13 0,88 &
mau 6%. Tuy nhién vaéi chi tiéu quan trong nhat
1a hwong sau 1a vi, hau vi, mau chdng t6i chon
dugc mau tra theo QTCE véi ndng d6 enzyme bo
sung 1a 6% voi diém tong, diém vé mui mau vi
déu cao hon mau tra nha may.

4. KET LUAN

Nhu vay ng dung enzyme Viscozyme L
trong quy trinh san xuat tra Oolong gilp giam
thoi gian san xuat bang vi rut ngan thoi gian quay

thom va 1 50 véi quy trinh san xuit caa nha may
la 14 gio.

Trong quy trinh ¢6 bd sung enzyme chlng
t6i chon duoc ndng do enzyme téi wu 1a 6% vi
cho diém tong, diém cam quan vé mau, vi, hau vi
cao hon mau nha may va déng thoi cam quan vé
mui 1a cao nhit 1,06 theo y8u ciu ctiia nha may.
Vi céc thdng sb ham luong chat hoa tan 30,15%
cao hon miu nha may, ham lugng polyphenol
téng 16.4% va ham luong tanin 11,4% giam so
v6i mau tra nha may, ham leong mau tong 1,45%
thap so voi miu trad nha may va ti 16 TF/TR cao
hon mau nha may 0,14.

Ngoai ra tng dung enzyme hd trg qué trinh
quay thom téng su hoat déng cua enzyme ndi bao
gitp oxi ho4 nhanh céc thanh phan trong qua
trinh san xuit tra nhu ham lugng polyphenol
téng, ham lwong tanin, TF, TR, ti 16 TF/TR, TC
theo ndng do enzyme qua do6 kiém soat duoc do
sang, mau, vi va huong cua tra Oolong thanh
pham. Qua d6 c6 thé da dang hoé san pham tra
Oolong.
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Viscozyme L treatment in the Oolong tea

production processing
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ABSTRACT

In this study, enzyme Viscozyme L treatment
in Oolong tea process, we conducted Oolong tea
production using the plant process (QTNM) with
fermentation time of 18 hours and enzyme
concentrations (QTCE) from 0% to 12% were
added with 4 hours of fermentation. According to
results from the analysis, we found that total
polyphenol content and tannin content in QTCE
decreased more quickly than those in QTNM.
Total color and Total Dissolved Solid (TDS) in

QTCE decreased more quickly than those in
QTNM. Total color and Total Dissolved Solid
(TDS) increased when enzyme concentration
increased. We showed that there existed an
empirical relation between ratio TF/TR and total
color. The high TF: TR ratio reduced the total
color and vice versa. The higher the TF:TR ratio
was,the better the quality of Oolong tea was. This
is a new direction in the research of applying
enzyme in tea production in Vietnam

Keywords: OQolong tea, Brightness (BR), theaflavins (TF), thearubigins (TR), total colour (TC).
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