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FVES B A R AN FNRE e, A R 7 A i o R 1) e
DALt T S5 o B A 0 T A v SR P 2% o 5O i v A
B FH G 3 0 SR 0 R B IR A B R i . A B S
P 6 A E A S Fh (Citrus sinensis Osbeck) : JfE %
R (Luzhai sweet orange) . 2% EF#f# 3-5(Xingguo
sweet orange) . 4l fif /K ¥ # (Newhall navel or-
ange) 35 B Bl L& (Tarocco blood orange) . il & i
Y E #& (Frost Valencia orange) Fl1 41 X # (Rohde
Red Valencia orange) (& 1) A& #t, Horf, g 5€ 8 9
% SRS 3-5 23 551 b )™ PG B RN T 94 8 0 OB i 7

®1

Table 1

O TR AR U /| ) o OB R i BN o8I
TG AP 2R & i 2 e P LS R Y 22 S %
R I A 0k 7, LU O I R i TR e e
ah A PR AR IS

1 MHERE

o #

TEHR 6 A~ BHEE ah A 04 BACR SEAR I, W3R 1

Fin . i IR FE 0.1.4.16.24,26,28,
30 A1 32 h BURERG I HoAr g1 A i

11

BATREW®RS T 6 A3 ( Citrus sinensis Osbeck) "

Six cultivars of Citrus sinensis Osbeck subjected for delayed bitterness analysis

BHEE SR Cultivars of Citrus sinensis 72 H Producing area

BLRFh 50 Average seeds K #EH Y Sampling date

JEFEHE M Luzhai sweet orange

D [E EH A 3-5 Xingguo sweet orange 3-5
2] 15 /R 5 # Newhall navel orange
B A Tarocco blood orange

% % Wbk 18 Frost Valencia orange
21 & #% Rohde Red Valencia orange

JTPEEEM Guilin, Guangxi

BIALREIT Zigui, Hubei

M 4LE B Yichang, Hubei
M JLE & Yichang, Hubei

YILVG# M Ganzhou, Jiangxi

PO JIYT.HE Jiangjin, Sichuan

1.7 2008-11-13
2.8 2009-01-06
0 2009-03-12
0 2009-02-12
0 2009-04-20
1.8 2009-04-20

DJE 4 AR A 0 R A P80 8 NS4 ({E . Average seeds per fruit of Newhall navel orange, Tarocco blood orange, Frost

and Rohde red Valencia orange were calculated with 8 fruits respectively.

12 H&EHEFZE

DB AE W BE . FRIBGE & bR e 2
WG ER N1 g/L B, MAGERE N, R
256,128, 64.32.,16.8.4.2 F1 1 mg/L )& 3 br
VW

2)AHA SR PR e R AR, B R S R
100 mL St AWZE K E 25 2 300 mL, i 8 K B 24
B, A AR E R R R 0.1.4.16.24.26,28.30 Al
32 h JG B 5 mL JEWMAF] 50 mL &0, w5
ODEFIMA 10 mL & B 4%, B ZIE Y 20 min, 8
AR 30 min, WHL EEWE S —1 50 mL &L
FOFIA 10 mL B ERE LR 5 1 W,
FE®.GIFTRW, B2 T, N E R
% 1 mL,% 0.22 pm fFLUE BT U8 J5 15 =5 0% A
g, KRRE3INMELE.HEL 3~5 1R

I EEERE RN FH IR SE, =
¥ 6 S REFEERIR G M ERBE 10 £%, B 80
mL T 100 mL BERR, B FR 1 h # 47 H & &,
LI 5 Y, AR o BE AR IBURE[R] Oy 120 s,
1.3 @B A X

G 2R 0 A I SR HH e 800 AH B k. il
Waters1525 i RCBAH 6385 A%, Bie — B 48 1 2] s I 2

(PDA), Cys 35 A (FLA& H 4. 6 mm X 150 mm,
5 pm#i ) (3£ [E Agilent Technologies) ., & FH
FEE R BT AT T E T, (1 Astree B &
(35 E Alpha M. O. S) &%, & LS16 & [ gl #E 2%
(35 E Alpha M. 0. S.) 5 5 £(57 )5 HRAL RS . 1R
BRI o R RO AR . R 0~12 R
T R R BE B N K . A 3R 0 BRI 4 1
FS60 %I 75 i 78 Y 1 (32 [# Fisher Scientific) Fl
5301 1 25 ¥k 45 1L (7 [F Eppendorf Co. ),

Py 2 1 HPLC R R F A 25 14 4 9 3h A
K Vo V= 50,5+ 49,5 S BB ik N
1 mL/min; 8K R 210 nm; #EEEE 20 pL s R
RHE .

% 2l £ AT BRI 35 [ Fisher 2], &
e A o0 M 4, 7 46 35 b o A (HPLC 4D I [ 3§
[ Sigma 2 Al 525 7K R gk

i i FR U S 7E HPLC B P B3 1R 8] A1 4 iE W%
WO HEAT R M AR E . SR Waters &
B A 35 1 Empower 2 #X A (3¢ [EH Waters) 4 il
SR Kb B 2R G0 %) 3% 25 SR AT A0 3. A Excel
B b B R (35 [ Microsoft) #E 47 5 4b B A1 bR
HERRZR 228, B SAS B4 (£ E SAS Institute
INC) i 2 5t 2 Pk 4347
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21 6 HERMETENFEEENESEZK

AR WA E S EOREMZE . Y =
4 650X-1 430, fRA BB E]A 7. 8 min ZEf . MR R L
70,999 6, 5% 2 K (P<C0. 01) . ¥y [l i R
ik 93% UL I,

6 I AR 10 SR T rp B R T B TR AR

6 AHIHE G Fh oM 5 A G e 3R O 1 i E  [A]
AR (R 2) Y B N, AR 2 Al Ll
F o K B SR 7T DL B B R T R
ik, 2% B #HE 3-5 195 &, 43 5l 35 (0. 76 £ 0. 06)

mg/LA(2. 7940.73) mg/L, %4 4 FpEf e A 221
Ko F 32 h BFRGIN, D4 FE RS 3-5 HAr g R &
AR T Al g5 /R B A L 43 53128 (9. 0340, 21) mg/L Al
(12.56+1.88) mg/L,m TIEFFHMA M (7. 21+
2.09) mg/L F1JEZEE A (4. 11£0. 09) mg/L,
ST  7E 30~32 h Z ], 5 1 WK 76 [ B #%
G A A ERRRR R TR R R B EME AL, 25
AT R AR A AR DU IR 2 A (B TE 30 h,
e SR AE 32 ho L 2 far K A6 I IS R B T
PR AE % E EH RS 35 R R E S T E
5 0 R 2 A L P 38 R I A R RS 3-5 2
] 22 57 AN f 3 T RS R S A 2 R 25 R

xR 2 6 EIE(C.sinensis Osbeck) MR HEEHTEEENSET L
Table 2 Limonin contents in juice of 6 sweet oranges(C. sinensis Osbeck) standing for different time lengths mg/L
i b 2 Wk A ZLE REFRE R &2 R il X E T 35 2] faf I 15
= Frost Valencia Rohde Red Luzhai sweet Tarocco blood Xingguo sweet Newhall navel

Standing time/h

orange Valencia orange orange orange orange orange
0 1.1940. 04 ¢ 0.76+0.06 d 1.4140.20 e 1.8541.01b 2.7940.73 f 1.5740.36 d
1 1.27+0.05 ¢ 0.8640.02 d 1.56+0.01 e 2.55+0.58 b 2.897+0.24 f 3.0140.72 cd
4 1.3540.13 ¢ 1.114 0.07 cd 1.6640.23 e 1.8340.27 b 4,52740.94 e 2.25+0.24d
16 Ni?ﬂid Nj:$j!?iijed 2.18+0.39 cd 2.04+0.19 b 5.68+0.43 d 2.5340.14 cd
24 2.05+0.09 b 1.7340.21 be  1.74+0.10 de 1.964+0.33 b 7.93+0. 39 be 2.27+0.23 d
26 3.24+0.55 a 2.40£0.41 b 2.45+0.17 ¢ 3.08+0.21 b 7.59+1.22 ¢ 4.497+0.21 ¢
28 3.2740.42 a 3.33+0.70 a 3.65+0.58 b 3.474+0.21 b 8.89+0.09 ab 6.94+1.69 b
30 3.56+0.23 a 3.557+0.66 a 4.18+0.15 a 5.82+1.20 a 9.23+0.20 a 11.12+1.94 a
32 Not detected Not detected 4,11£0.09 ab 7.2142.09 a 9.0340.21 a 12.56+1.88 a

1) & [a) 51 P B S TR) /NG 3 SR 3R R i 22 1) 1) 22 5 i 35 1 (P<C0. 05) . Different letters in the same column indicate significant

difference between limonin concentrations (P<Z0. 05).

FERE TS 000 B 2 A v B R (] ) ZE K, DA
ML 3-5 Ryt AT R 1w SR
JRIZ T LAYE B R A i AR e e o R e . 3E DRI
FEALAE 28~30 h P27 1 WK 3 I8y /L i 2%
[ FHE A% 3-5 M43 ) PR 4.16.24 1 28 h i B 4
W EBIN ARG T 28~32 h W ] 4 35 40 0 B2
Fee PEAOR T35 2 B i A %) 2 Bk 2 W 4y AL (L AE
24 F130 h HEE 2 R LTF, L BREE 2 R R
Hb HABFE YIAE 24~26 h I 1 BUAP I R & B 1Y
BB, AR IR T I AL 2R AR SR R R
EW B AR, 8L 5710, 36) mg/L, # T
28~30 hisf i B R 1Y B KR FE L A (6. 94 1. 69)
mg/L BANE| (11, 124+ 1. 94) mg/L, i 15 H7E & &
il 5 (32 WY& B i .
22 BEEREEWRISHWEFESH

i I T IS R A R [ R 8 R P R R

JFEAE L F 5 AR R A2 3 BT AR . A rpap D g
DRAEBE I (B] A2 {52 B b s, it fs . 1
AR D ) R S AR SR W IR B AT R A R
b5 AR K (r=0. 85)

£3 BEEBEEZRAKMBTENN

Table 3 Relative bitterness value of Luzhai sweet orange(C. sinensis)

I I [ R AE Friga 2 i

Standing time/h Relative bitterness Limonin content/(mg/L)
0 5.26+1.23 1.414+0. 20
1 5.44 +1.22 1.5640.01
2 5.60 £0.84 RAZMF] Not detected
3 6.69+ 0.96 ARKEIE] Not detected
4 7.00+ 0.91 1.66+0.23

3 it i’

AR R 52 A 1 R DR b g S L B R SR S
W IE B R L DR 1 50 3 5 SR s e 35 B R Wy
B S AR AR AT B 3 R TR L HE AR GE R
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T 5 o A0 AR A4 28 R0 o R AR AE M AR SR v b i
AT 6 mg/ L, AN EH TR I T, g R
TERAE 2~7 mg/L B B Bk, HOR E IR 15
mg/L Pk bk &A1 4E 5 Z 5 . AR gr g R R
WY 6 EEE 35 It ErE S RO Eal 4 R
FHEAN A R R GA F] (9. 030, 21) mg/L. 5T
IR HE 0 B 05 01 ff 2 JBE RS R SR A IR T B AT AR R
SEARE AT 28~30 h B I T K 0 1 K g
BE L (6. 94+ 1. 69) mg/L R F| (11, 124+ 1. 94)
mg/L, ANFF R T e & s & e b Rga e
(RS 35 % RS . HAE 28~30 h iHA B & 3, i
LG RLE G 3-5 Y A R 2 R ON B Y AR
B A EEMERESBRRBETZT 2 KN
FEFE R HTE 30 h & Hn 2. 37~2.79
mg/L,i55] 3.55~4. 18 mg/L W& KT, iX — 4
PEAFIF RN T B, 24 E R 3-5 . 5 28 R
NS DR MRS 3 A FhA L, JEE 28 2 48 B nT fig 0 B
R T, 0% [ EHE 3-5 A Rk i A 2R
FrlE R S R EE 28 h 5 W 88 T
6 mg/L, & /DG i 5 A e H AR T,

AR5 I A 0 1 6 RS S AR SRS R Y 2
M2 BRIE D B Sb, 35 S HE 24~26 h BF H BLAY
B I . R AR AR 24 by O F 5
BRI ZTE 28 h [ X = T A X 6 Fh S
S SR BURH 197 4% it . B LDRLase &9 B2 AE 7T
B2 RARPBEAR G w5 R 19 77 A . (AR 78 KAt i T
BF 3 AN B[R] AT RE 23 A AR Bl A il — B RR

5T 5 TR R 25 5 BR A2 R T AR R K
Wi 71 - Manners ™ 1A k. 5 B 48 A He . AR 4 B fE nl o
AR LARL 578 4 LG, R, B i 51 09 )5 w5
WRE B ., Zaare-Nahandi 25" WA Ky, J& 46 8 )5
LGTase 7E 552 F1 K 2 9 IF B 32 36 19 i 300 5 2R 0 19
Ja TR — 5 B R G L G I R TR A9 Owari iR
N F AL 60 d FF IR 3K, Thompson i #5 Al
R #% . Marsh seedless % 7 il 18 3 452 43 0l T 46 )5
120 d #1210 d J5 I f &k i e Rt BoA &
SR, HAT, LG Tase B7E Frost 1 ikl i
PR 2 v 45 2 4 200 g 1 1% i 1 ik I9 A5 31 5
BEUY, AR, Kita 25000 o % 56 R G 45 6
BT 2R W1« A8 5 0 N Al b LG Tase fiEfLfE J1 1 22
SHAE T G A i g 1) S5 TR ohy B 6 6 TR M R R IR 4 v
PLCitLGT-1 Wy 4 & W IE X AF7E, B> CitLGT-2,
7 Ji — 0 A5 o7 55 R ) 3R Gk 2 R SR SR i A

T 3R VR OROPR S A A 3R I R AL Sy TC B A Y
WhELEAE . AW ST 1R T B X R R A o A, 2R 2
KRB HF R ZERWIREHNZST S LGTase 1
FIR AT 5C 1 15 gE— 2D WF ST UESE

Astree H 75 J& — i 1 A 24 4% J8 s 21 Y A
D65 2 A% A T A0 22 L2 /Y — AR i A A4 20
s AT AR DL B A 5 SN BE ) £ LA B9 T 5T TP RE AR
D i, U000 4 A 1% A PR T 2 3 LRI A R A R R A
AT R 2 R TR i R DL RGE . A
TF 5 FRLE H 10 e R 8 B (5 R A A AT AR R
T Z B0 AL B L M A SCE L 2 R o B
RUESE , TE 2 FhEHR A A7 45w R & B I 7 w7 R
SR BE 22 [E) A AR B S Y Rk AR DG, T BE Y D
PRITE T« 201 i 23R IO 46 R R 20 8 RS R e o R 3
A 2SO O R TR A LR D i S TR
Chn LR &) A BOR 22 53 5 i b 38 ¥ 5 34 7] g X
W E MR AE FH (taste masking) M HoAth B w4
JoT A B2 HORE BT e 22 Wy 2R W BT L I RO 1Y
i 2% S Al AT BE X v AR iR BE (B A [ B BE Y TTRR
59 A0 AL IEAR A FE B (RSD ) X 43 A7 t A7 B 8 5
W] o Q0120 7 20K JF S ) R RSD fH v 1% 2. 76, 18 5 X
HL 7~ AT B U RO G SRR AT A e £ . e
TEARUEAL A A R4 PR A HIE T, X H 7 1R
A A5 O AR Y 25 5 0 12 AT R 7R ROk X T IS
R 1% 78000 7 1 B R AR )

i RAHEER REERMEAG (LE) LR
P F FAE I,

2 % X #
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Delayed Bitterness of Six Sweet Oranges(Citrus sinensis Osbeck)

DING Fan' LIU Bao-zhen' DENG Xiu-xin' WANG Zhuang'
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Huazhong Agricultural University sWuhan 430070,China;

2. Citrus Research Institute of Ganzhou City ,Jiangxi Province ,Ganzhou 341400,China

Abstract After juice squeezing as standing time prolonged, limonin content changes were deter-
mined with HPLC to evaluate delayed bitterness of six sweet oranges(Citrus sinensis Osbeck). The cor-
relation between limonin content in LLuzhai sweet orange and the bitterness intensity measured by elec-
tronic tongue were analyzed as well. Results showed that during the period of 0-32 h after squeezing,li-
monin content of juice from Xingguo sweet orange 3-5 underwent significant increase four times to reach
a relative high level of (9.03%+0.21) mg/L,the same level as that of juice from Tarocco blood orange at
32 h,which then developed a distinctive delayed bitterness in both cultivars. As a bad trait in juice pro-
cessing, the most serious delayed bitterness was attributed to juice from Newhall navel orange,of which
limonin content underwent a significant and the largest increase during 28-30 h and climbed up to
(11.12%£1.94) mg/L. However,the contents of Frost Valencia orange, Rohde Red Valencia orange and
Luzhai sweet orange increased 2. 37-2. 79 mg/L only at 30 h after squeezing, maintained at the lowest
level of 3.55-4.18 mg/L.lower than the threshold of limonin content in juice processing. Thus,debitter-
ing will be needed when using Xingguo sweet orange 3-5 and Tarocco blood orange as juice processing
cultivars. The results also showed that if measures were taken to inhibit the enzyme activity of limonin
D-ring lactone hydorlase before 24 h after juice squeezing,delayed bitterness would be decreased. The ap-
plication of electronic tongue in delayed bitterness prediction was discussed.

Key words sweet orange(Citrus sinensis Osbeck); delayed bitterness; limonin; electronic tongue
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