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FERWIMLTT T HREEMETES  RIEE > HEEEK - MR ENLI LEER
R FEERH A EHEEN SR BT H (Hour ef al. 1980 ; Ting et al. 1986) » AR &% A7
A o BEERAEE B E MR LIRS - MR EMSHE &R 77E 0 BIRME kB RIER
& - 7EFT: 77 > Robert & Chandier (1982)% {8 1 Amberlite XAD-7 & Deacidite - FFIP 35§ 75 #t
RS A £ R 1k s Barmore (1986) % AJRM#EH Florisil (activated magnnesium silicate) i R {5 &) % fl SR+
HZELR o —iRT S » MARMSEREEEWREE - 2HR » BAEZRRMEIZ 2 EIE ~ #IER
AREHEEYHELERTEHERE - FHRT LE L EREMENE RTINS -

TERERIE I > HIPERRREE - REE CESHS  WBREHE M AESZ - FIFFLses
DraFEEms T mERkE  ARREMEMLUAREMNL > 41 DEAE-Sephadex (Ono1977),
tannnin-aminohexylcellulose (Park & Chang 1978), glass beads (Olson 1979), hollow fiber (Yeh & Tsen
1987), chitin (Tsen 1984) © B (1989) 5 fill e F Btk ABS B FoK RS & T AORS 1 o IR fh
FEEIE E 1 hollow fiber AR FEIT MR » 7R 45 mU/min TR > FIAGE &M P duihE £ 5
885ug/ml FEKES 285ug/ml o FRAR 1998 TSRS » FlI F 8] 8 1 H e > B S5 I8 (B BB A ) 2l F%
{BC 577 171 R Y3 R (Soares & Hotchkiss 1998) ©
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FRIRIFESEMSEIUME T EAEE S (Citrus paradisi, Mact.) » RREAGCSALER - BEH AL
FATH o A YRR > SEEEER R P > B2 LU 8,000g B L 10 778# 0 1F 91°C FAAE 12.7 B (Kew et
al 1957) » WAL —20°C THrmilUE #i% > T & ZME BS54 -
ANEERERREEHRTHINI

B & MRS UM » BB IR R o 83 DL 8,000 X g BEL 1 /088 » A 25 75 R B SR A5 8 (300
IU/g, from Penicillium decumbens) 0.5 mg/ml B[R IIA o-L-FELZENEFFBF(10 TU/g, from Penicillium
decumbens) 0.1mg/ml & B-D-E & B F B (30 TU/mg, from Almonds) 0.1 mg/m1 B25E 4 H Sigma, St. Louis,
Mo) I 30 5788 o 1£ 91 °C FFATRE 12.7 1) (Kew et al 1957) » WANE 20 °C TN E A »
AT F A BV BT -
HEHFSENIELED T

15 _LtE R TR A > 52 B 50%(viv)IN R IR SR A S B K ZBHR &35 7) 5 18 8,000 X g B
£ 10 SRR E LB > LABIFLIEER(0.45 um)i@ I8 E1T HPLC(E B JASCO Japan) 734 - 2 &)HAH
J#% 5 acetonitrile : H,0=30/70 > L 0.45 um BE3E AR5 > 5iE % 0.8 ml/min © HPLC B EHE C-18
reverse phase column J&H7E (B Mecrk KGaA, Darmstadt, Germany) * {HfI28 (UV detector) LR K55
280 nm ° 1 FHEAS 20 Wl > HIEHTE L Z 8 R B HFE 5 EmFE K 2% (Chien et al. 2001) °
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HARAETRR T « SR 10%EEEE A VR AP NEL » 75 LAE B /K PEIT - BEEZ AR B IR HZ 1538 PR AT 30
Gri o FEAETR - EEMEZ ~ BAD - TP RIFEEEE -
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pH {ERYAIE

BEmBREERBREHEENE ST - AR L EREBREBEHEENEE M > TCEEE AR EE
T LA pH meter HIFE
OE4ER Y RE

BRAA AR EE R R EHAE E M - SR E TR RREENA ST > BCEEZ SR
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» 0.1 N'NaOH {#ERT ml £ x f x 0.0064
AR E R (%) = h X 100
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2% Shaw & Wilson (1983) /71582 - FEBIMHAR S K » LL0.45 pm BEERE IS - FES 0.6
ml/min © HPLC 87 & ;5 Bio - Rad Aminex-HPX 87C (300X 7.8 mm) * {&E £ 80 °C  {HiHlI2§ 5 RI
detector ° BRATE AR 20 ul > HHIE I8 2 9 5 IRE 1 B HLAE ) IO AR AR I E ©
B D1

22% Shaw & Wilson (1983) 77142 - BEHHMEAS 5 mM H,S0, 0 LL 0.45 um BEOEE ISR »
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BEHIE

B 15 mL #98R 1 LLE 2 (color and color difference meter, model ND-1001 DP, Nippon Denshoku
KOGYO Co., LTD.)#I € Rt tH#) Hunter L ~ a ~ b {H(L 8RR > & L {H/S 100 BS2E - L=0 5
FRER +a RALEE » -a MR EE 5 +b FRE A - b RRE Q) o BT 2% (S X = 83.3,
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Rl il B
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FREISUREE - (KEREZIRER D > FAARBANE > Bh S SIEREES  —SHBEY
ABERER - WiGCERE L A AS SR o SAFEBRMIE Ll ANOVA FE 1T ST -
IEI3 1T

SRR it 5 R I SR PP B YA ) 25 S Ok e SR R B A AT el - DU 75 20 S 30 i 50 A B
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FREE - KR BROR -~ B REMEFEERS > BNARBANE P ASBIEREH > 5
FIEH SRR AMACER AR TR SR o ShATEBRIE Ll ANOVA FER T B4 -
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Difference, LSD) © % FiAH R 228 p < 0.05 HIF S B =R -
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T (L=73.4) LLHT BE R B BT Al (L=65.9) (fresh squeezed grapefruit juice, NO.WY L B (35 2) - (HASR 2
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HEEAIE 3, NO.S)EL BB A o-L-E 208 1 B Ay BR s (Ll 3) -



232 REEEENE ES28 F3H 2003

500
j =
E 400
o)
=
& 300 ]
® L
£ | o— Naringin
g 200 —o— Prunin
8 |
100
O O O —_—O— —0
0 T T T T T T
1 2 3 4 5 6

Step of juice processing

1. B mLREeERERYE 281 -

Fig 1. The changes of bittering components in grapefruit juice during juice processing. ( 1. squeezed; 2. filtration;
3. debittering enzymatic treatment by an enzyme mixture of o-L-rhamnosidase (0.1 mg/mL) and B-D-glucosidase
(0.1 mg/mL); 4. centrifugation ; 5. pasteurization ; 6. after 4 weeks of storage at -20 °C).
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Fig 2. The hydrolytic conversions of naringin to prunin and prunin to naringenin during debittering processing for
grapefruit juice. (The naringin level in the juice blank was determined as 418.5 mg/mL. 1. squeezed; 2. filtration;
3. debittering enzymatic treatment by an enzyme mixture of o-L-rhamnosidase (0.1 mg/mL) and B-D-glucosidase

(0.1 mg/mL); 4. centrifugation ; 5. pasteurization ; 6. after 4 weeks of storage at -20 °C).
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®/ 1. EEWN LREREE MIT 20 21k
Table 1. The changes of some components in grapefruit juice during debittering processing
iy 2 Total protein Sugars
Type e earer (%) (mg/ml) Sucrose (%)  Glucose (%) Frucose (%) o Brix
Gra juice (fresh) 89.8+0.4%a* 2.0£0.4a 1.8£0.2a 2.0+0.2a 2.3%0.1a 8.0£0.2a
Gra juice (processing) 90.2+0.3a 1.920.7a 1.840.2a 2.0+0.2a 2.310.1a 8.0+0.2a
Nar juice 89.8+0.4Ya*™ 2.0£0.4a 1.8£0.2a 2.0£0.2a 2.310.1a 8.0£0.2a
R juice 89.8+0.4%a*™ 2.0+0.4a 1.840.2a 2.0+0.2a 2.3%0.1a 8.0£0.2a
RG juice 89.8£0.4Va* 2.0+0.4a 1.8+0.2a 2.0£0.2a 2.3+0.1a 8.0+0.2a
G juice 89.840.4%a* 2.0£0.4a 1.8£0.2a 2.0+0.2a 2.3%0.1a 8.0£0.2a
Acids
Teperofijuice z Titratable Citric acid D,L-malic acid Vit C pH
Acidity (%) (g/100 ml) (g/100 ml) (MG/100 ML)

Gra juice (fresh) 1.1£0.2a 1.140.1a 0.240.1a 73.1£3.9a 48.7£2.5b
Gra juice (processing) 1.510.2a 1.5£0.3a 0.2+0.1a 3.240.2a 3.3%0.1a
Nar juice 1.1+0.2a 1.140.1a 0.210.1a 73.1£3.9a 48.7£2.5b
R juice 1.5£0.2a 1.5+0.3a 0.2+0.1a 3.240.2a 3.3+0.1a
RG juice 1.1+0.2a 1.1+0.1a 0.2£0.1a 73.14£3.9a 48.7£2.5b
G juice 1.5+0.2a 1.5+0.3a 0.240.1a 3.240.2a 3.3%0.1a

* Gra juice: Grapefruit juice; Nar juice: juice debittering by naringinase; R juice: juice debittered by a-L-rhamnosidase;
RG juice debittered by a-L-rhamnosidase and /5 -D-glucosidase; G juice: juice debittered by /5 -D-glucosidase.

’ Results are presented as mean + S. D. The experiments were performed 3 times.
* Values within a column with the same letter are not significantly different (p>0.05).

&2 FERERMTERREEMT L a, b E28L

Table 2. Changes of L ~ a ~ b values in grapefruit juice during debittering processing

The types of juice* L a b

Fresh squeezed juice 65.9£1.5 6.6:0.9 7.6x1.1
Grapefruit juice processing 73.4+3.1 5.510.8 8.2+1.0
Nar juice 51.8£2.0 14.4+1.2 22.4%1.7
R juice 532421 14.3x1.1 15:541.3
RG juice 53.2+2.4 13.3£0.9 13.841.1

*Nar juice; juice debittering by naringinase; R juice: juice debittering by o-L-rhamnosidase; RG juice: juice debittering
by o-L-rhamnosidase and B-D-glucosidase. Values within a column with the same letter are not significantly different

(p>0.05). The experiments were performed 3 times.

3. WEMITREERER M LEHE R ZEEEL -

Fig 3. The color changes of grapefruit juice debittered by different enzymes. ( 1. frseh grapefruit juice; 2. undebittered
processing grapefruit juice; 3. naringinase debittered grapefruit juice; 4. o-L-rhamnosidase debittered grapefruit

juice; 5. a-L-rthamnosidase and B-D-glucosidase debittered grapefruit juice.).
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AEREHMETIEITHTNEZE

R £ B R AR (USDA) AT B 1Y) 9% 5% B 3 M BT 92 T (Florida Citrus Department)Z2 55 A #} HY%) & fili 52
A S B (KRS 600ppm LA T (B, 1989) 1M MR UM FUAZ HE 22 £55 e 75 15 E /) 12 300~700ppm [&] (Buffu
et al. 1962) o MAMFURE R EHFELER D » TR AXBANE  HPNSBIEFEEH - —O Bk
AR > M ACER BRI TS R o 3R 3 KRS REURE A ST R ZEE S/ NS 100ppm ¢ ERPIEE KA
1 200ppm {EMEEELS » BB B URAY L 24 R K S SE R SN - B L AT A0 AR (R R 9 A 36 S ok
MEZERRRNER - MTHIEER 100~200ppm B » HRT B IHASIRS « EMEH/ PR
100ppm Kf » BIATEZER 6.4£1.2 57 HhBUHEER 71111 5 tWMEES 581104 -
AABERNREEMT2IESH

TN R SR PR S R AT e B - ARIE R 4 2o BRI 5 S5 kB R & B My
BXERS - MARRINESHWERN B AT 201208 4 » £ LIBEBRN o-L- B = HEH 0 =475
BRim o 7B 65112 4 HRZBMEHEEAFRIMA o-L-FEHEE B-D-FH M58 > 5 8UK
R 57108 7K 6.0+0.8 4 » HREFGMEAEER o
xR 3. mEEHEEMTAETRBEMSE T ZRHEZE

Table 3. The mean ratings of bitterness recipient for grapefruit juices with different concentrations

Concentration of

L Male Female Average
naringin (ppm)
= 500 ppm 1.620.9" ¢’ 1.640.9 b 1.6+0.9 ¢
200 ~ 300 ppm 2.1+0.8 ¢ 1.9£1.0b 2.0£09 ¢
100 ~ 200 ppm 5.7£1.4b 5.5%15a 5.6x1.4b
= 100 ppm 7.1¢1.1a 5.8t1.0a 6.4t1.2 a
0 ppm 6.5t1.4a 6.3t1.1a 6.4t1.3 a

" The score sheet was used numbered 0 through 9, where 0 indicated no intensity and 9 indicated extreme intensity
(Hedonic scale).

¥ Values within a column fallowed by same letter sare not significantly different (p>0.05), according to sensory evaluation.

® 4. BEEHAEABRRRNPE ST 2ESE
Table 4. The mean ratings of acceptance for grapefruit juice added the naringinase * o-L-rhamnosidase * o-L-rhamnosidase
and B-D-glucosidase

Type of juice i Male Female Average

Ori juice 2.1£0.9 ¢’ 1.810.8 ¢ 2.0x0.8 ¢
Nar juice 57209 b 5.7+£0.7 b 5.7£0.8 b
R juice 7.1x1.1a 5.910.9 ab 6.5t1.2a
RG juice 5.6£0.6 b 6.210.8 a 6.0£0.8 b

* Ori juice:fresh grapefruit juice; Nar juice:juice debittering by naringinase; R juice:juice debittering by o-L-rham-
nosidase ; RG juice : juice debittering by o-L-rhamnosidase and B-D-glucosidase.

’ The score sheet was used numbered 0 through 9, where O indicated no intensity and 9 indicated extreme intensity
(Hedonic scale).

" Values within a column fallowed by the same letter sare not significantly different (p>0.05), according to sensory
evaluation.
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Summary

Chien, P. J., Y. T. Shyu, and S. H. Yang. 2003. Utilizing enzyme for reducing bitterness in grapefruit juice. J.
Agric. Res. China 52:228-237.

The objectives of this study were to evaluate the applicability of @ -L-rhamnosidase in debittering
grapefruit juice and to investigate the quality and acceptance of the enzymaticly debittered juice. When the
processed juice was not enzymaticly debittered, its naringin content was not significant’y changed (p>0.05).
In addition, the acceptance of processed juices that were debittered using naringinase, « -L-rhamnosidase
and B -D-glucosidase, respectively, were further studied. Results show that the processes of enzymatic
debittering can hydrolyze the bitter flavanones, but not interfere the other constitutions of the juice
Compared with the undebittered juice, the acceptance of debittered one was significantly increased. These
results suggest that enzymatic debittering using « -L-rhamnosidase could promote the acceptance of people

for grapefruit juice.

Key words : Debittering, , o-L-Rhamnosidase , Naringin and Grapefruit juice.
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