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PSRBT AR TR T, 85, 400712)

8 FE O3 M E R EMAE R & B R A
BABA ST IR E RO HEAT LB 4

HAPE 3 P EAAEERRUEATE

HRKH,HFEAAH SRR, AU Y B R

MM BEMEMEFHUEL o fb EREM2ABAFH2.54~6.06, L F B RE. BN EMAEF
ERPERRLSAELETAM, EFEMNEM P LB L ER T L 43.78 mg/100 mL. #HATFREZSEN
0.59 mg/L, REBTHM2 NG, RIAAFRTE, T FEL/LFERARIAF RS A AMk &R,
FEMF ARG 61374 ngle, EEERRE, & BN 281.37 pg/g. FL, BN EHE A48 &, HL
tEEF WA ME L EA ST &R LR ER

REIA R R R R G RS AT BN B BB A

P AR A2 T S8 — ROoR KR, o Fh 2R 00 46 58 R A
B2 M2 b A Al ™ o B B AR (Citrus
reticulate) J& 2= 75 £} (Rutaceae) # 4% J& (Citrus. L) 18
Wi, e — 2R B2 BERA < 5 5 ) B2 WA A it A o 8 1
MIEAE 2018 /19 4EJE A BR ™= B TIHik 3 140 J5 t,
[E 342 200 75 t, i 4 BREE B A 1 70% LA R P .
T PR R AR TR & A 2 A R A Dy e
AR U 1IN S o O el O | L B R
7o g (2017 4E) 19 23.4% +6.0% +10.3% ¥ .

o [ B AR A T BEAAR 56 — A 2 K E L B T4k
AL 5% » H A FEHIN T KSR 2 1% G 10 A7 I e
Sy I B 05°4 7 P WA R S SSW B L = S S K N 7 W
DL N BEAH e = 2 AURE AR R W 0 5, 82
SRR CRLES BB R 2 5 ol 2 R M T 1R 20 B KUk
VIl » N oe B2 M f v SR A F e 255, DU A 3k
VL 35 Bz M AR ) FH 238 % 2 At SR 4 o

1 M#E7 %

1.1 #R5KH

ORI SRR Gl M 2 A R = S A AR AT 3
FEFSGAIIRAN » 73 9K T AL B & VT 00 R = T
M o MATHER S PERLEIVE, PRI )R 242 80 H B W &b
ATILIE 47T - 80C BACIR KA % FH

S A R W U A (5 M2 55 AR S R O 38 AR & 5 E-mail:
maya211@ 163. com)

BT H < DU AR AL B A fk & (CARS-26-06B) ;
RS AOY 55 9 T < B Bl (XDJK2019B048)
s H #1:2019 - 07 - 30, gl H #1:2019 - 09 -03

AT B SR R (o g 4l L I TR R T
WA i) AR A =] AR AR R, 0 T A6 50 8 A
BAEVFE ARG R BT AT ;2,6 HMH - 7 A7 T
Bk S bE DUIA MR S ¥ B/ T IR T T S T R
TR NG I (Ko@) , 18T 2% Rl
(b 50) BHEAES AR A .

1.2 UFE5EE

PEV AL, 3% B Brown A F]; SEI0 = pH i, 478 -
R 2 (i) AR AR50 66 E o (TU-
1901) » Ab 3T 3 A7 38 F XA A IR 5T 4F A 7 5 8 80 A
3 (Ulimate 3000) ; 2% [E Thermo Fisher A 5] ; 4 7
% (Color i5) , it + Gretag Machech 2\ @] ; i Ul 37 5
A RS L2 AR A IR A F] 5 7890A /5975C
A P B AT 7 3 A (B DB-SMS 7 3K BN 4E) »
2 Agilent 2 7] ; Combi PAL S AH 3% £ Th 8 [ 3l
HEFERS, Bt CTC A H] .

1.3 R HE
1.3.1 pH&E®R =

1 FH M 45 =0 R 2 FE20 ZUS2aG=< pH i+ B8
AT I 5E o
1.3.2 Tk EHpmN g

HCHE GB/T 8210—2011 CHif A fisf B A 56 7 6 ) v
B DL R A7 S ASCI 5 V£ AT I 5E
1.3.3 S[HLBRN <

MR GB/T 8210—2011 i i fF S AG 36 75 6 ) o
P R 7~ 7R AT I
1.3.4  STibEnz
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K P R 8T €0 R RS 28 R 7 22 3T A I 2%
(refractive index detector, RID) o JiAH (it 4% 44 - €2 i
A Hypersil APS2 47 % 4 3% 4 (250 x 4. 6 mm,
Sum) ; 3 B AH: 80% Z i i 1 : 2 mL/min; FE
40°C; #EWHE 10 pl.

HERAARER 250 mg SR ) 25 18 A0 RE W b >
4K E 2 E 10 mL AR #1448 25.0 g/ L (AR HERE
Mo RGBS 15.0.10.0.5.0.2.5.2.0.
1.0 F10.5 g/Lo DL 25 4 TR o 5 1 AL AR »
U T AR AR 2] 1 Bl B 2R . SRbE 2T R A IR
R (KR v 1 25 3 51 v = 0. 013x —0. 005y =0. 011 8x
+0.031 6 fly =0. 012 7x 0. 007 1.

1.3.5 &fimz

i Color i5 tZ2 AL M ERES I L va” A1 D
B, b 1" RFERM R, o NIOGE b NE
WA
1.3.6 IR BR M 2

KB GB 5009. 86—2016 (& b 224 H Fhrvhk &
SRR LR ) v 2, 6—— S BE My s I 5
1.3.7 BByl

Z I Folin-Ciocalteu 7= @ M 5E .

1.3.8 BEHE FEME

SRR AR 0 i I T A T M 5
1.3.9 #HEFEMNZ

SR — % 7 g m e s . B AL
HH 20 mL SR I 20 mL S B S » IR R
30 min, ELHRHE 3 K, R IR E e i 75 KA 30°C 7%
T ARG 85% ZEEAE2 mL, £:0.22 pm G HLIE
FRIE 368 S5 34T HPLC 4347 .

HPLC P& 26 1 A Ml 215, B M- 4K ik
1 mL/min; #: J& 30 °C; #E A & 20 uL; £ 0 3% &
210 nmo
1.3.10 Bydgsmle

8 MATTILA %7 {7783 A& k. B 10 mL
RN 5 mLKE A 16 mol /L [¥) NaOH 5 /K fift
1 h, KFEEEHR G, F 8 mol/L () HCI i pH £ 1 ~2, 4%
JE 10 mL ZFR 2.l 5 2B (RFAEL 1:1) FEHL 3 K,
B IR 40 C et 75 RAXZE T, FEH 2 mL 80%
I 25,0, 22 pum FRFLIERES I8, EAHLEH -

HPLC 4644 : i #: : Venusil MP C g i (5 pum,
4.6 mm x250 mm) A #H: 2EFEE, B #:0.5% LR, ik
1 mL/min, #F & 20 pL.

1.3.11 R EAA SN2
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S AGCAM™ {77 ¥E3F I bME . 10 mL it
AN 10 mL 42 2, B8 % e $% 3% 20 min, 4 000 r/min
B0 15 min, BUA HLAH & 35 8508 J, KA FEH 10
mL ZR ZBEREL 2 R, & 91 3 IRFEEUH, 40 °C g%
ARAUFET FH 2 mL60% I 5E %,0. 22 pum fFLIE
Rt g, B

HPLC &4 : (434 : Thermo Fisher (43 4% (5 pum,
4.6 mm x250 mm) AEjE 30°C A #H: 45205, B #H:1%
2R 1 mL/min, FEEEE 20 wl.

1.3.12 HAmRSMNZ
1.3.12.1  FERAHURF

SRR S 7V, I N LA B Ve AR R X
5.0 g By, BF 20 mL 2 OB, I 1.0 ¢ T
155 1 NaCL, BN 2 pL 38 2B AR N R bR, 3R
DU G, £ 45 o A i e R 4% L 5 R 0 o 2
Wo THA [ MR 2K X 2% A4 1 40°C “F- 47 20 min; T5 451
B 30 min; f#HT 5 min.
1.3.12.2 (B s i 261

AR S0 A DB-SMS (30 m x0.25 mm,
0.25 um) ; FHEFF 35 C1745 S min, L3 C/min F+E
180 °C {#%F 2 min, F§ LL 5 °C/min & 240 °C, {5
2 min; BEREIEE 250 °C; ROkt A va A (4
FERT99.99% ) ; S E 1 mL/min.

St 4% 44 : B B B (electron ionization, EI) J§ ;
HLFREE 70 eV fEHIZRIRE 280 °C; B T-IRIR B 230
°C; PURRAT IR Z 150 °C; i A EH m/z 35 ~400.
1.3.12.3  EMEMPERESHT

I FH B 3 2 (NTIST 2008 F1 Flavour 2. 0) &
g5, IR DL C5-C25 IEMIBE R I AR B B (] S H Ak &
WIIRIAR K B FE 80 4 A e Scak U0 s s e A
PRV . BT IERH WERE AR IR
Ul o ) 25 o3 U T RS 5 P A 4 U T RRURT B i AT
P g BT B RN pe/g.

1.4 ¥ESH

S FH SPSS Statistics 17. 0 #AE 4T BB &7 24
Hr (ANOVA) , XLSTAT 2016 % {4 33 47 3 B 2 4 #7»
Excel 2013 % il R % K Fdis 2 1

2 SR 54

2.1 Z=FhEERHHAETERR AL 4 EL

R R R 2 A A7 A SR ) 2 R g s W R
Bl R AT AORE , 1R - ZOR TR AT R IR SE R IR S . R 1
P79 3 7l 58 B2 AH 5 TR 1 2 LA, R AT LU



S ARFE SR 2 8], R & B R 2 i (P
<0.01) o AT IR T W 58 BR 7 &= e e UM T IR
2o R EAS Fe AR, I pH B A A S R R T
VB R AR E M T BT KA S PSR B
TR R AR A, b S E R
80% o 3 FhFE K AT A v 2 B i v 1) T VA P B A 2
B, ELRERE & B2 W A MR 2 ~4 . M FE
RSB RTIE PR T8 RERE & 5 m T J3 4h 2 Fh 5 B At
A6 » T PN BEAH FORE AT FR) 3 0 AT v 1 B L 2 B 2 AN
KABFVEVERTEY & B2 R R %
F1 =MEEHIBIERR A 7R
Table 1 Comparison of sugar and acid components
of three Mandarin ( Citrus reticulata)

P il MR TREERG B e/ il
g+ (100uL) = 1] (Brv) [g (100wl) =1 [g' (100n1) =1 [g' (100mt) =1
BHER 34200>  076:0.01°  BB0.06° 28000 292000 56:0.18"
BEER 418001 08:001°  BB:006° L8001 214000 8.20:0.08°
BEE 3205000 0R£0.03*  1246:0.06¢  261:0.08" 2562008 5.69:0.07°
A 0 0 0 0 0 0

TE FSR b AR 7RO A B 2R (P <0.05) o FIA.

2.2 =MERHEECFERIEELE

A B £ P8 2 R M 31 o D SR PR B B 3R
2 R SRR R i AN AR 0 B B R A
TRAR U ZR B AR AN B R T ) (o B o D 1
TR . a2 AL R BT e (L) At
(o) ot (b7 ) WERE T HAR w5
Bt A 7 E SRS ANERT I L7 AR AR H R
BRI o (AT REAT b (8 2w TREA

& = SRR

2.3 =M HBIEMR S EER
MK R A £ KE FRNE, B &G HE AR
B2 AL 3 & A BN IR - W R S 2R b
R TR E R G2 MR TR o FE AT RN
TR 2 BRI th A2 BF 4 SR T R g 2 9
iabs"

M3 3 WA, 3 Fh e TG A 4 K3 VE L & B
Z GRS 7R (P <0.01) o HA, BEERK
PUR MR AN SRS b RS R e BEA ROFT B
REERE WmMNEMK SRS B, 3 F i Bt
WA MR & A Z AR, B s = & &
Fe - EAE IR 3 A% T A S S R R
B 2.5 %, B R EA R SR MRS BN
1.8 fio

®3 ZSMTERHEBEMR SR
Table 3 Comparison of active ingredients of three
Mandarin ( Citrus reticulata)

B PRI/ lig: S5 B BREY MK/
[mg « (100mL) ~1 [mg < (100mL) ~1 [mg - (100mL) Y [mcr + (100mL) ~1
WmANEH  26.82:1.57° 0.23£0.03" 43.78 £0.42° 1.20£0.01"
MEER  27.45:0.01° 0.20 +0.01° 17.73 £0.55° 1.87 £0.01°
Rttt 21,17 £0.04" 0.590.07° 22,92 £0.98" 1.02 £0.02¢
B 0 0 0 0

R4 PR NNGE T M E IR > 15 B BT
R & R M R AL 70> I HETR T TR I B T
TR X A BRI T ) Lo RS o 2 R TR 55 R o
1%, Sk oM " BT F gk REEA — B H,3 M5
BATA FRD0T 2 2 28 TR IR TR of 7 R A B B TR

2 =#E SRR LB
Table 2 f ,ﬂ“ ?ﬂi_ﬁj’“:ﬁ% tii‘ - ZrhRE (P <0.01), RETREEERLE (P
able omparison ol optical characteristics ol ree . - . —_ e
o _ <0.05), JFI)LFEMRAFFREEERAEE (P>
Mandarin ( Citrus reticulata) . ) N I N
P G = = 0.05) . WM EM KBS TR R ILA IR X &%
AR
BB 43.88+0.03"  12.95+0.03*  28.01 +0. 10" HR 0 7 IR BT BB R AN T ¥ 1R & & 1 v T Atk 2
MEER  41.34£0.16° 6.890.01°  25.92+0.03" Fhws ARG AR AT U & B o, B iE T E
i b b c . .
Eﬂg?; 41.60;0.07 8.55 20.04 22.39;0.05 SE 6 4%, R R R R VR AL S B T B LS
FBTZRER » PR T i M 2 AH FREAH o
F4 =HTEEHEIGEIERE YL
Table 4 Comparison of phenolic acids of three Mandarin ( Citrus reticulata)
. BT/ FOLRER/  WREIEFE/ Wi HER / pUEueR Yl Rl BRI / TR/
At (mg*L™)  (mg+L™)  (mg+L)  (mg+L)  (mgeL)  (mg+LD (mg L")
RN B 1.82+0.01° 0.19 +0.01° 0.91 +0.11° 2.91£0.01° 3.38£0.04*  63.34 +0.68" 2.98 £0.47*
[EEEA 1.42 £0.01" 0.14 £0.04° 0.16 £0.01°¢ 1.07 =0.01° 0.91£0.01°  30.79 0. 14" 1.96 £0.02"
HEFH 1.53+0.15" 0.12 £0.01° 0.39 £0.01" 5.81£0.01° 2.14 £0.05"  28.66 £0.43° 2.16 £0.01*
B 0.038 0.141 0.003 0 0 0 0.063
5 P e 5 Fh BRI A S &, RS R E NN 5, EFMEHF R, &
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AR (A Al R R R ™ B T
GERFEA o Horpr 3 vl B M AT A 2 7 il B A
WS B M 2 R 3 (P <0.01) , il i1
PRI R R G B2 M 2R 8% (P <0.05) .
B 1N BERRER FoAth 4 b S R 470 2 iR M AT TP 3
BRI PR R AERLAH & B m, R A
(1 25 7 Al g T 8 B A1 B R 3R B R T N
AEAIRERT, I H A R 22 R .
xS ZHERHEBERIHLEE

Table 5 Comparison of flavonoids of three

Mandarin ( Citrus reticulata)

SR W TRt BB IEBE

(mgeL7)  (mg*L7)  (mgeL™H  (mgeL™") (mgeL™h
EMEH 8.95+1.81"  0.81£0.07" 16.12£0.75" 1.26+0.01* 2.09+0.44"
BEER 4152021 0.55£0.08>  7.69£0.32>  0.52£0.01" 1.02£0.17°
HEME 8.20£0.84°  0.49£0.02° 14.39+1.82" 0.41+0.01° 3.3740.43°
BEM 0 0.032 0.01 0 0.018

Eo
=

2.4 =HMERHEBESYRLEER

BT B RS DU ) B R A B AT A )
FERMESY KL, ARV R G /E &,
VEFI R i, I [ 37 A A% SR T8 8 R 87 & 1R
R o R GCMS 75 3 i 5 S MR H 3L 2] 49 Fi
BB H AR TR A B AR 23 A
MF 27.30 128 Fi (R 6) »3 Ff 5 B AT Hh 3L 455
WIT RS B4y 51 441, 61.281. 37 1 673.74 ng/g. Hib
MBS U0 B R S BEHOK 2 1 B B
e 763 L HEHORGR T U A SR
NG USRI . M R K
ANBESRY TS B 1 At 2 P58 B AT m R RS Y
A2 Ay 2 o 25 B vy TR B AH ARG AR S i P 20
W SRAEREA T ) B e

R6 =HEXHBESYRIELR
Table 6 Comparison of aroma substances in three

Mandarin ( Citrus reticulata)

LR A A%{J'I‘Iﬁiilﬂ:/ Fﬁﬂz%fﬁl/ mﬂsr/_l
(pgeg™h) (pgeg™h (pgg™)

(e 18.47 23.5 42.44
[ 2.36 0.27 0.23
[EE 0.14 1.11 0.88

FES 26.04 25.03 23.6

I 1% 392.97 229.32 604.17
B 0.89 1.86 1.77
Hopth 0.74 0.29 0.65

Mt 441.61 281.37 673.74
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SERENE YR EREAES, S E
e AT A 0 o A AR A S TR AR B AN & B A AUE
(odor aclivity value, OAV) 0] L% #E 7 1 ) @ & R ol
JEo OAV > 1 )& TR A RFAE & 5T th iy fi
BRI, OAV (R B iy 2 /0o B2 B K, 0 44K
B TURRFE B AR K . 2 A OGSk ™™ 453
FEEWREE, 55 GCMS e B4R, iHH
JIif3 OAV Al R 7 Frzsoy 3 T et OAV > 1
MESYIB. R T W LLE 3 M TG o OAV
>1 WFS PSR IE 27 M B8 WK BR 2K s 2K
S YK 23 45 8.3.3.1.10 A1 2 Fift, Hidh OAV
R e AN et NS VA i
MRS . R B & e 2 AR & W L, O 21
Toft, JUON T BT 605 19 B B F A A, N
17 Fio

RT ZWMEXEMETD OAV>1 WESHIR
Table 7 Aroma substances of OAV >1 in three
Mandarin ( Citrus reticulata)

T B/ 0AV
BEFUIL (eve) ENEN WEER W
F R 0.03 234.9 121.32 616.33
a-FAHEE 0.33 11.62 47.62 17.83
HFE 0.04 31.53 8.61 113.73
E¥RE 0.11 5.15 — 20.49
Hﬂ%;_ ;Tf é;%_%ﬁ%) Tl 7.62 — 1.74
[icxtai 0.3 5.31 — 2.76
I EE 0.01 — — 16.6
M 0.07 7.4 — —
RA2-DIRE 0.02 93.61 — —
2 0.03 5.64 9.08 7.68
E N 0.06 9.64 — —
! 0.25 0.57 0.92 1.38
A i 0.06 — 8.72 8.95
B-4£2 2 0.001 — 35723 —
;ﬁ}ﬁ_ﬁ% 0.02 — — 35.67
o-JR N 0.19 8.15 6.36 20.37
HEA 0.67 19.49 10.86 32.92
TN 1.2 271.3 157.25  419.25
N T 0.26 151 92.24 238.1
=y VN liibe 0.04 94.72 50.59 152.13
LS P A 10.5 0.52 0.02 0.06
B-A 1T M 0.06 19.3 — —
IKFEH 0.5 — 1.16 2.9
N i 0.03 — — 5.2
PRI 0.01 — 366.96 —
2,5 T By 0.5 1.78 1.82 2.27
H 55 0.1 — 9.47 6.31
- RE.



2.5 =MERHEBRENERS T

A 5 DL B8 B ARARAE i S B TR AR AE R R 5
SKFH F 3 o it 3 T i K AR A St i) 11 A BB
WFRARAT 3o F1 FERr I TTRER RN 63.61% , 12
AT I TTHRZE A 36.38% ,2 D ER I Rt kR &
L3 100% , R F1F2 P4 3 0o R 1 5 il o e
AR 100% M7 ZE R Fla 1| TEERNLZ
pH ATV [ T2« RT3 58 R T I RN AT R
PURMER SR DR IE R, ERs 2 FE R
MR L o b ISR

11 AN EEHAIRARE 2 A 3804 1 A7 B -
Lo ATV VERE ALy P B 90 BUAR R A o™ 4y A 7F
B, W TN ERS 1 MRS 2 AR
Wi o T E BR Sy A ARAESE R W EATS
F o2 BIEAG. Frge =00 T 58 3 GER, vl B
FR 1 FIFE R 2 s pH AUERHE bR
MFEEDURIR, B EATS F 8 1 R K. F
B 1 AT B A 2 568 =P B8 B AR X 43 BH 32, SN 2
MS5REEL Mo MRMEREZ, BHFEERS pH Bk
HAEE N RAHCIE R 2 MEA AL T2 = R IR, Sirs
FHBKIIA M

F1AIF23%,5100%

4 B

3 AT MR W0
—~ 2 . Vo
S .
g | T
] R
%0
I~ R o B NE
-] . 1 PH

. TS

-2 i

-3 -

4 -3 -2 -1 0 1 2 3 4 5 6

F1(63.61%)

K1 B8

Fig.1 Principal component load diagram

3 4

3 98 B RHAR BV BRAL SR AR A7 AE i35 22 57 IR M 2
P RB &2 L o .0 L5 MMy
(R TR JE LA IR X F2 L 8 H R B 3R IR T 1
T2) A1 4 Fp 2k o Wi 25 43 (2% 2 il BT Al B2 1
BT B ) 350 B v, P R ERS D pHL AL
TP AIE YRR SR PUR MR BT PR R
Syt AR AT E R AT R B A L e
166 PR 733 AL ) B DS &
F I M (0 FT30 2 R AT B 3R R | B R 3R
SRR B O e, (H R R [ A

& = SRR

PR AR MKW MR b RFEMRT A2 A
e

P = B RS R R I R B AR » RAH T D9 ey IR I
R TR M B B 0 BRI B A o RN AT AT i 2 2
B o) B B R T A, RS 2
FRRY o REA AT RS B R T HAl 2 A
il RBLY TR ™ 5L, 1T P = B L AR BLE R
ik o MERH FR) XU o S5 B > T S B A A 2 o 3 R B
M R R R 5 2 el 1 L e P R ak AR Y g
SROG S5 RIEA— B B o Hr AR A LR A SR BT
PICKE 3 A58 B AR AT R X 3 TF K IR A5 R B AH B
WA LR b, ARSLIGHT T 3 Tl 98 B 1 &
P 70 B FLfbl) o L1 O T B ARG 1 T SR R 12 2
2 A R i AT BB LS S I E B
R S e B A P L 2 T o TR A BR

Z2 £ X #

01 JE B MRS 2 60t Fe it e — ik grid (). [ml 224,
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2] USDA. Citrus: World markets and trade [EB/OL]J.
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Evaluation of juice-making quality of three main Chinese Mandarin
(Citrus reticulate) varieties

CHENG Chuanxiang, WANG Pengxu, JIA Meng, GUI Yao, MA Yaqin®

(Citrus Research Institute, Southwest University, National Citrus Engineering Research Center, Chongging 400712, China)

ABSTRACT This paper studies the juice-making quality of three main mandarin cultivars and evaluates their juice—
making characteristics. The main physical and chemical indexes, nutritional components and aroma substances of
three kinds of mandarin were determined, and the principal component analysis was used to compare and distinguish
them. Nanfeng mandarin was characterized by high sugar and low acidity, while Ponkan was characterized by high a—
cidity and low sugar. The optical properties L™ , a" and b" of Satsuma orange were 2. 54 —6.06 higher than those of
the other two varieties, and the color attributes of Satsuma orange were the best. The content of active ingredients in
Satsuma orange and Nanfeng mandarin was higher than that in Ponkan, and the highest content of total phenols in Sat—
suma orange was 43. 78 mg/100 mL. The content of Limonin in Ponkan was 0. 59 mg/L, which was significantly
higher than that of the other two varieties, showing harsh bitterness, while Nanfeng mandarin showed almost no bitter—
ness. Ponkan had the best flavor quality with the total content of aroma substances reaching 673.74 pg/g, while Nan—
feng mandarin had the least flavor quality in which the content of aroma substances was only 281.37 pg/g. The juice—
making characteristics of Satsuma orange are the best, but other factors such as climate and soil conditions also have
significant effects on the qualily of citrus juice.

Key words Mandarin ( Citrus reticulate) ; juice-making quality ; principal component analysis; Satsuma orange ; Nan—

feng mandarin; Ponkan
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