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Suppression of Browning of Green Tea by Extraction with
Organic Acids
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Abstract

The suppression effects of ascorbic acid and citric acid against the browning reaction in green tea
extract (GTE) were compared in order to maintain the green color of GTE during its processing and
distribution. GTE were prepared by the extraction of green tea leaves with hot ascorbic acid or citric
acid solutions. The changes in pH, acidity, color (L, a, b values), brownness, greenness of GTE were
monitored during heat treatment and storage. The GTE extracted with water showed a great decrease in
L value and rapid increase in a and b values and brownness during the storage and the heat treatment.
The changes in color of GTE were remarkably retarded when extracted with organic acids. Citric acid
suppressed the browning, but furthermore weakened the green color of GTE. Ascorbic acid showed a
mild suppression effect against the browning of GTE with no detrimental side effects on its color. GTE
extracted with ascorbic acid possessed superior sensory quality to those with either citric acid or water.
The optimum concentration of ascorbic acid solution for the extraction of GTE was 25 ppm.
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I e, °lE AFY AL Frslr] sy
7Yzt o)

Auizo g sigAd AL AFEY B, B3I
21 F¢] pHel me} Exlglz2e] Gt E,
1999). A 2 FME CL botulinum 5 HEA
A FEE, PA 3679 59 ¥7/AH FL+, Bac
stearothermophilus, Bac. coagulans 5 J-24d &
o] F2 WHIEZJay, 1992) 5 100°C °]4
Lo A2AFE Fofdt). vl A AlE
N Bac. polymyxa, Bac. macerans, Cl. pas-
teurianium, AAF T GA o] Yo mjAYEo] F
2 AL R (Jay, 1992) 100°Ce|5te] E=olA )
A FO AR, 1998). AHA A EoA 83}
= UAE F uEZAA Age 88°C ol v
64.5°ColA 1087 EA-sha 5 Apgsla, &%
E 66°CHAA sEolA, AR ¥AE 80°C S5E-o|W
AbEshs Fog 4elA Arh(Kyzlink, 1990).
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o] St o] F AEH VIR 7P & L v
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= Hpg} 7ol gE2d % ¥ =40l 71 H}
FA3I) H3he B tdE HEE 160~170°CY
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z5to] AZITHAFE, 1995). o|FA 7R o
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g B4R ERN 53 &9 NE ¥
Fxqoz FAFEE gt 2y OYE 9A
Y FAstietEe EedEs ASlasE Ss] 4E
A7 dEs mEA AE B4e e 84
o] ZAgog Az TE AF F A7to] Ao
we} F&H9] zhdnkgo] AYPH, F, 538 &
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St o] 9% A3 W8-g AdEo}r e E
gulE A3l 93 ZhES dAlEhe WHoR
£ 714 58 A8l pHE HESEM o] &
49 A% pHE HohA dAY, d4AE AAs e

WY ol UTHAHEE, 1998).

£ d7dMe =3 S8 2He JAFoEH
Mg FA&3, pHE REOEZN AT LS
BAFA)F] 7] 3 HZMAIEA citric acid®} ascorbic
acid®d] &35 v, FEAUE ZALEE
Az87] Y8t =21 gl J&S vx)A] &
oWA HAe] pHE WE 4 v 3R /U1
I HERE AT e Auto] £ol3 HASE
g Azde WiHe gy ok
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HEE
B Ade] AMS FHale GHEYY AF F
TSrEEE sl ARSI, ciric acid$}

ascorbic acid® EFA| g ARS-3F9 ).

HEe

53 32

Ez1e] 2L AF UY 14gS 328700 ¥
I 80°C €F e =& 2 {714 &9 80
mLE 718l 187F F2% F 20 wWH stainless
steel Aol A2 =x}FZH(green tea extract, GTE)
& AzskHo)

E=2}32N(GTE)E ol3H8Hy E4

GTE®] A& EFFEAH(UV-1201, Shimadzu
Corp., Japan)& AM&-3t9 Hu FuA<] 675mm
e FFEE HAL, 420 nmolMY] B 7
Ag 2339t 422 FR Scm FHEZEY
HE] YAl Hol WX (Type 6000, Sindo Ricoh
Co.)$lol &8l%¥3 Ax}AI(CR-200, Minolta Camera
Co., Japan)E ©] &3} L, a, bghg =3It 7t
44 7L JFe F24E 105°CHA AZEA
AFES o gy AABIYHFEATF 5, 1995).
=3}¢] pH¥= pH meter (Istek 740P, Korea)® AR&-
gty 23 oH, AdEs AR 10mLel i3ty
HEZEHRle AAee s M3l 0.1 N NaOH
2 HAYspen o8 Ao mel Axg A4k
CHSadler, 1994).
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A 108 Awsiglon, S5 e 98 AEHA
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F& SAS (SAS Institute Inc., 1990)F ©]& 3}
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E Ee {714 98 §uE AHEdle 2EE
*2te] pHE Fig. 13 Zt) && ARE3lY &%
thz7e] 7392 pHE 6842 FAol 77hslen,
F714ke] 'rt F7Htel we} pHe W e B
Aok §714F Z54E pHE |2, citric acidE
ARE-3E 739-9] pH7} ascorbic acidE AMEEIY &
gt 7390 H|gty e pHAtE EQHY. & 25ppm
citric acid & ascorbic acid® AFE-3l] F&3 A9
7tz} 6.10% 6.508 EHE, 50 ppm] 4= 27
5.45% 6.26& YEMRTE Citric acid®} ascorbic
acid®] Exbgke 7z} 192,128} 176.128 & Ao|E
Holx YA citric acid®] -$ pKl, pk2 ¥
pK37} 247} 3.13, 4.76, 6.402.EA (Budavari, 1989),
B A =d3 pH 72 50~70 Alele] §&
e 4.0x 1070}, whAd) ascorbic acide] 7
£ pK13}h pK2= 2t 4173 115724 £ A8
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Fig. 1. pH of green tea extracted with organic acid
solutions.
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Fig. 2. Acidity of green tea extracted with organic acid
solutions.
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Fig. 3. Effects of organic acids on lightness of green tes
extract during storage at ambient temperature.
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Fig. 4. Effects of organic acids on redness of green tea
extract during storage at ambient temperature.
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Fig. 5. Effects of organic acids on yellowness of green tea
extract during storage at ambient temperature.
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Lk R e ) =

atk, & rednesst BEER F33 A7t M B
e BIE, 4714 FEF €T F2 aft
£ HYH, citric acid® F28 797} ascorbic
acidoll HlEled ¥L azhE HoH, AF F FEH

i

Lightness
o
w

62

~— Control
61 F | - AA25ppm
| —k— AA 50 ppm
~¥— CA 25 ppm

60 f —@-CA 50 ppm |

59

0 50 100 150 200 250 300 350
Time (min)

Fig. 6. Effects of organic acids on lightness of green tea

extract during heating at 70°C.
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Fig. 7. Effects of organic acids on redness of green tea
extract during heating at 70°C.
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Fig. 8. Effects of organic acids on yellowness of green tea
extract during heating at 70°C.
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&% 499 L3 #4r FEHAT 9 /704
08 FEF e LY #avr E3HUeH,
#7143 FEI B84 130 2AE dAske &
#7} FhER T, citric acid®] & &7} ascorbic
acidol] VIt 7 &S & F Ui

a7t Z7lelE FHE HElE Holx sk
o 7HEAE] 1817 ool = THE Az whet
agto]l ®oAlE AFE B 7N WE a
el wsk=s B2 &% 497t 7P g 30t
g Bgon, 4714 FE7F HolA,E aztel F
7¥wrt 3 agke $7HE dASe &9
A} citric acid”} ascorbic acidoll Hlsle] Fom,
£3] 50 ppm citric acid® FF8 9= agte] 2
8l Zhdhe FEgS B

7tgxeol wet bk FEE Folske A
& B¥on, EE F&% GTEY A7 W F
=Y. f714b 23k bytel W= E3EU
o, b3tel WEYA Ede Rl Fxo v
#strt A FFERe= HA] citric acid7b ascorbic
acidoll ®|&t] bgke] Wist Al F& ¥+ U
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Fig. 9. Effects of organic acids on browning of green tea
extract during storage at ambient temperature.
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WehE HojvA gozn Zhawts 58 A3t
AN7le Aoz FHdr

3 420 nmAlM e FHER e ZAEE B
9 Fig. 98} Zo] BE &% 799 27 2=
7} 04152 71 #9ke ™, 25 ppm ascorbic acid®
23 7%= 0378F, S0 ppmlE 323 A
027002 @& ZMEE HYth. Ciic acid® $3&
3 9= 5 25ppm ® 50 ppmel A 22t 0.247
3 0.2689] ¥&d $X&8 Bl GTEY 42 A
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acidZ2 F28 A5 227t @AsA F71g
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F23 At AR F 2= 7Pt 2ZA 3
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283 Zidle AT Ho ZHA Bk opy
2t dF E4E e AR vEbgth

70°C 7t F ZA=e] Wshk= Fig 109 ol o
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38 #Ax F7PF 7P FEEAY §714ke
7t B A= FUHE dAlke 2oz Jehgt
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Fig. 10. Effects of organic acids on browning of green tea
extract during heating at 70°C.
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Fig. 11. Effects of organic acids on greenness of green tea
extract during storage at ambient temperature

E AL citric acid® $& 3 GTES] pH7} ascorbic
acid® F2% 79-Ert 7| fEo2 A7ZberhFig.
1). ¥ ascorbic acid® &3¢ GTE®] pHe Fig.
1] Yehd wiel 7ol 6.62~6.262.2 pH AstEH

7} 3R] ekskeny, wabA ascorbic acide] ZWH
A &= pH Adel] 2§ Aoj2}7| B e ascorbic
acidZ7tb GTEWOl EAlshs 4haeh Whg-8te] dehy-
droascorbic acidZ AFS}HTHA] AAE Av|Fozy
Z¥Ee Ashks-& JAshs R 71sks A
o2 FFEH(Pyler, 1988).

TH 7HAEA 99elA GTEZF A F3=EE
BHel 1238 675 nmelAL. 2 & (data not shown) ©]
gl Me] FREE SMER AHs GTEY 4
< A F 542 W3E 9% A9 Fig 1134
ket AFAI 7k Wt £33 ascorbic acid® &
g GTEY S Ee 7 F7iske e B
™, citric acid®2 F&3 GTEQ M= AH %
7lol Zadhe S B 238 =48 s

e Aoz vehgon, 60~80% o|Fol <zt &
WA 5YE 88 X AEE 2

olde] Az2HE GTEY ZW oA 3= citric
acid’} ascorbic acidel] Y&t IR, citric
acide GTES] Z A9 §7 GTEY =4& oF
3l e g7 g3l dge] R =3}
o] ZFAERol& ascorbic acid7} AFEE &+ A
Aok

F714F FZo] 70°CAAM 2717 7HEA B E GTE
9] #FEA mAl= %@:2 Table 1] YERANS]
t}. GTEY 428 52 33 7$ 352 @& 3

FE HQ ¥ fIIdeE &% A5 w93t
A & AFE B9 {714k GTE A A8 &5

7} 4% 4 5 Ao, ascorbic acid®} citric
acid 7+e] zjo] & Fxol| wE jole AUAEHR &
9&‘:} ""%FJ—F ot —Ef?} F714F FZo] B FEo vls)

& ATE JERAAS Y 25 ppm ascorbic acid
] 73—ra *1]9]3}5’—%: E F27 /942 zelE
Holx gskth. igtilAle] =Ae & 4wzt
o fol&HQl Ao]l& HolA Yoyt FIH riZx
£ & 32, 50ppm ascorbic acid ¥ 25ppme} 50
ppm citric acid® F&§ 7% Aloldle F¢H<l

Table 1. Effects of solvent on sensory score means* of GTE heat-treated for 2 h at 70°C

Sensory Solvent
properties Distilled water 25 ppm ascorbic acid 50 ppm ascorbic acid 25 ppm citric acid 50 ppm citric acid
Color 3.5b 6.4a 6.8a 5.7a 6.9a
Flavor 3.7b 5.6a 5.2ab 4.6ab 49ab
Taste 4.0b 6.1a 4.6ab 4.7ab 4.4ab
Mouthfeel 4.3a 5.3a 5.6a 44a 3.8a
Overall 4.0b 6.9a 5.7ab 4.3b 4.2b

*Means with same letter(s) within same row are not significantly different (o = 0.05).
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Ao]7t AL, 25 ppm ascorbic acid® F&3%F 7
= 69728 E F& E& citic acid® &%
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= Zd WA9 7 GTES] Mg %3y A
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Hlale] AWbog <FF 3l on, 25ppm ascorbic
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