[E 224, 2020, 47 (6): 1172 - 1182.
Acta Horticulturae Sinica
1172 doi: 10.16420/j.issn.0513-353x.2019-0750; http: //www. ahs. ac. cn

I PBER IR “ IR REERERREVR

AW FRRC, FULAFL gEKL 2TRL FXz Y, OB OB
GRES R, K OB

(bR A M2, A% B 9%, T 430070; 2 1 BB Bl 2 5T
B 530007 > B RRRETEILR, B 550006 ‘TR AALHEE BRI, 1M 510640)

W OB UTUUE, OGRS XANGRIRIE 58 B A AE (Citrus reticulata Blanco) FsZHBLA B2 215 4
M “TER 7 RIS, RIUNTE A R Z AN B BEHR il (X 3. AR, L7 3 A=
DR IRFE DA A CEhKEET MIER R EHE AR W FONMEL Skt A R R e
HERBMYIE T a7 TARMA T [, FIH GC - MS 208 e B 5 A i vy i 4%
FERIE HLER, LARAHA AR ST B Ol . S5 SRR %08 (TR 75 T SR B 2 o B 2R BT 88
RS R AR S R R R AR & R B BT WG ZE P Cay Mgy S\ Zn. B 1 Ba
rEB G A B R, (AR EAT 80, 551 21 B EK & &1 OPLS-DA 43T i) LUK « i
B WA RIX I, HAREMICRA K, R S 16 601 B2 B v A rb () 397 SR W AN IR B 25 s IE
WA T Dk, 3O A MR RS NG T 2R T R S s SRR R A K

KHRIA: RN CWERT R BORUCE: RMIR

PESHS: S 666 NEERERD: A XEHS: 0513-353X (20200 06-1172-11
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Abstract: In recent years, abnormal fruits of Citrus reticulata Blanco with commonly known as“Blue
albedo” were reported to appear in some citrus producing areas. The phenomenon of blue patches or blue
areas near the segment membrane side of the albedo arouses the common concern of consumers and
growers. In an attempt to clarify the reason behind, the normal fruits of three loose-skinned mandarins,
including Orah mandarin, Gonggan mandarin and Mashuiju tangerine, and their respective “Blue albedo”
fruits were collected from three production areas in Guangxi. Anthocyanins and other flavonoids, mineral

elements in the albedo were detected and analyzed. Simultaneously, soluble sugar and organic acids in the
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albedo and juice sacs were analyzed by using GC - MS, so as to illustrate the changes of flavor quality.
The results showed that the blue color was not caused by the accumulation of anthocyanins and
flavanones; the contents of 5 polymethoxyflavones in the albedo of “Blue albedo” fruit increased
significantly at ripening; compared with the control, the contents of Ca, Mg, S, Zn, B and Ba in the blue
albedo had significant differences, but without consistent trend. OPLS-DA analysis based on 21 mineral
elements could distinguish the “Blue albedo” from the normal albedo, with K as the first marker element
and S as the second. Compared with normal fruits, the content of malic acid and sucrose in blue albedo and
its juice sacs increased significantly. Therefore, the formation of “Blue albedo” fruit may be related to the
accumulation of various mineral element complexes or chelates under stress.

Keywords: loose-skin mandarin; Citrus reticulata; “Blue albedo ” fruit; mineral element; fruit quality

o [ 58 B MR (Citrus reticulata Blanco) 77 & G5 = &1 71%. HARH SN . 5
FIR . mHEEIL A GLARMEL, 201D, TFERERKR, 7R, | Mz SR ERE . oAl
HKHAE CHINERTE) 550 — B2 e 77 o7 I3 58 R ARG an b Gk 55, 20065 XBF5HT, 2008;
TS HAFIZAT &, 2013)0 (HSE, IRHE TTAH R KA RS AR B e A s E . R B4R
W JE T DX 1 LR B i BB, A AR “EE R ek “EAR” B D MG H TS
A SRR 25 ) BTS20, 5] R B A TR A5 B R AR S S it ol K B e At 4R . 20 tHZETESE
EA SO R EEERRERE, FBNKEEEE TR R, A5 &K 5 A 5%
(Browning et al., 1995), {HJ5 AN W AW E P, AR Iy HO FS i i i 520 .

AHEFE AR AIAE) P 3 AN XU T 5 MIEF RS R RARL, M e B S R Y B
KA TR B &, [ oA H B R JE A R R el vE YRS . AR S R E R, DURYIP R “
B A A G AE BRI R, VTl CWE R B G B AR AL

1F % B Control %R B Blue albedo
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Fig. 1 Typical “Blue albedo” fruits of Orah mandarin and Mashuiju tangerine
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L bR

1.1 R

PR R . ST AN S KRG RS R B AR BT FIABM 3 =X Ho, T
THUIX SRAE T AESG 240 d F1 330 d CRGEAMD BOIRA R SE . R 48 RE/NSFEERE XM ES
PRI &5 R s, s AN 5 R — R ESRAR ) TR SR AT LT

FE bS5 RAE AR AR, SEEUOR /. A — 8, AMIES . (@R, o E RS,
FERR X o “W R RAERE R, FWAS A, 85 MRISH 1 MEWHES, L3 MY EE,

FE R S5 SR AR 04 B R 2 B i o SR, BNV A PRI, IR R A KR
DL 4% 5 N BT B R o AT A R AL B . - 50 C¥T (LyoLab 3000 ¥4 T4, Heto, J13),
T ER 70 7 B B Aok AR, TEZAE - 80 °C P& 43T o IR FE A VoK 2 [ ZAE Y AR W) 2 E
s =T .

1.2 7533%
1.2.1 A% & K& T L EEAAN

AT FEAS IR R A AT L4 Y6 6 BE T 757 (Rapisarda et al., 2000) 1 LC - MS (Durand-Hulak et
al. 2015; RifgEHEE, 2015),

WSS 2 H R 75 (2013) M7k, MREFEM % 0.1g, BETF 10mL BO0Ed. s
mL 80% HiE (3 4l), JwlE 1 min. B AR, 40 CHAZE 1 h. A 1 mL LR
WG, 28 0.22 um JEEILJE S 2 mL BEFENR, #E47 HPLC &0 .

HPLC MK A 1525 B 038 2996 BOG “ARE FESIR 28 (PDAD 1 717 plus 2L H ) HEFEHL
(Waters Corp, Milford, MA, [E) A C18 Hypersil GOLD 4 (4.6 mm x 250 mm x 5 pm; Thermo
Scientific, Waltham, MA, E£ED. JizitH: A MHN 0.15%FER/KER, B MM 0.15% TR LN
Mo AER 35 °C, Rl 280 ~ 340 nm.

122 #AEaREFT RAKGCRERIBESFHTHRKAA#E (JICP-OES) 447

FEMZH JE mig (2013) 77T KL, AREL 0.3 ¢ T&H s, KR E TS w, Jon
A 200 CLRFF 30 min, BEJEAHEZS 300 CARHAF 30 min 7853 RAk, )5 550 CHKM 9 he MICE
IRAGEIRE G IIN 1 mL WK EEFRIE M 1 h, RVEME I 4 mL ddH,0 JFH# % 50 mL B0, H
FI 5 mL ddH,0 JE%E EHR, B ER B0, P 3 K. £ 4000 - min” B4 10 min, H] 10 mL
ESTERIEL 7 ~ 9 mL LIS 0.22 pm JEMRT S8 EHT A 10 mL S04 . RS GE WA A R
SRR 7] R FH 24818 ICP-OES (Agilent, SEE) #HATH BRI . BMSECN: LB S s,
FaEmR A 15s, ZALESSUUE 0.7 L - min™, HEVSAE 1L min', A NES.

1.2.3 G R EFait fa b =T itk A Fo 7 HLER A )

AR S [ R S AN M R R R A HLER P2 S5 € 27 Sheng &6 (2017) 777, KA
ISQ IT RS Mt i X (GC - MS, Thermofisher, £[E) il
124 #IEHH7

X Excel (MS office 2016, Microsoft, CA, USA) HATEHEBIMAFEEHZH], F|FH SPSS
(SPSS 20.0, IBM, NY, USA) [ ANOVA FFibfr 2 5 & Wi .

SIS (2016) Bk, f#iH SIMCA 14.1 (https: //umetrics.com/products/simca) F£/F,
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W5 0 AT IEAS e/ 3R F 343 #1 (OPLS-DA), &itH 1G24 Efs S 2 Z{H (Variable
importance for the projection, VIP), FJLAREE &0 5020 73 KA s g g, JFLL VIP (KT
1.0 VE AT bR S50 3 1 BIE .

2 RS0

21 “ER7 RAKEPRERIIR

2.1.1 HEHF

BT A A AU BT R B R Z S BRAC T B R 5 RRE g . IF H LC - MS rffr i ok
B “W R B RS s BIPEH B RV B AAE (GR D
2.1.2 FIRER

DM Bz J2 v E R SR W) o3 & s e B2, LAl 21 3 b O =8 15 8 B BRI KD,
HAE “lER” REEFRAKBEHHANEKKERN AN AREZR (K 1D,

R1 FHEERS ‘ER” REKETESTNRERLYRS R

Table 1 Flavanones and anthocyanins contents in the Orah albedo of “Blue albedo” fruit and normal fruit

1eJa R H M/ (ug - g')  Flavanone

2Rt = ==
AR Daysafier TEE Tyguwt B TR
Production area Fruit Anthocyanin . Lo . .
florescence Narirutin Hesperidin Didymin
AR EE XL R 330 IE® 4L Control - 455+0.15 2572+2.51  5.94+0.39
Shankou, Lingui, Guilin W5 57 R Blue albedo — 4.97+0.24 28.32+£2.55 7.14+0.50
[ERERELLE= 2L i 240 E# 3 Control — 433£0.05 3525+ 1.05  5.64+3.45
Shuanggiao, Wuming, Nanning W Blue albedo 3.92+0.13 33.49+237  7.82+043
W — FoRARRE,
Note: — for not detected.

213 RTF ALK

MFE 2 FTRAFE H, IR E R IEA I 6 A 58 PR AL B RS it . B PUEEMRAE S 330 d Rt
RN “HE R R ZET, . JIBRE R 5,6,7,4 - IUH A EE AT, 5,7,8,4 - DY HI A2
A 3,5,6,7,8,3,4 - CHAREEF S ERE®mTIEFRR (R2).

®2 RHEERS ‘BER” REEETRPSEAFXIRSE

Table 2 Polymethoxy flavones contents in the albedo of Orah “Blue albedo” fruit and normal fruit

RIPE RN (ug-g')  Polymethoxy flavones

" 5,7,8,4 - JUH
- 1e)a RE - o 56,74 - TUR 3,567,834 - IR
TR RRH . N R e 7834 ERIRE
Production area Days after Frait R T JIBR R %% 5784 AR CHERETE R
florescence Sinensetin Nobiletin 2 5,6,7,4-Tetrame- 3,5,6,7,8,3,4-Hep- Demethylno-
Tetramethy- . .
! thylscutellarein tamethoxyflavone biletin
Iscutellarein
FERRIEAEED L A 330 B3R 28121+8.72 216.61+3.13 1547+007 48.13+0.56  18.33+0.98 20.61+0.98
Shankou, Lingui, Control
Guilin R R 325.69+553° 287.11+£1045" 1882+ 1.64° 61.86+148°  21.99+0.60° 21.79+1.01
Blue albedo
BT RME 240 IEH 5 Control 182.44+3.63  13.88+2.84 6.24+1.01 9.98+0.73 7.81+0.08 14.43+0.39
% Shuanggiao, R R 18148+6.87  10.70+4.46  7.12+048  10.10£0.66 6.30+0.54" 14.13+1.46
Wuming, Nanning Blue albedo

*P<0.05.
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TR VR TR JE 240 d 19 “HER” BRIA R ZEH, KB 3,5,6,7,8,3,4 - LHAIE IS &
FRTEFR, HMMHRELEEEER (R 2).
P E R T RER SRR, ElRBERRIRR T .

22 WRLESEMLLE

EEB M 1 3 MK 3 AN SRl “ IR 7 RANIE R R A ZH 21 F FUTRKI& &, B4 5 fik
BIGHR. 6 MEIGER. 9 FEEE LR KEITER.

KETTE M (R 3D K, T GEMATR TR SRR “HR 7 RAREHHITR
X EERERmTIEFEAR (P<0.05, TFRD. K GEMME TR Moo “3k” RA LR+
Mo REERFE R TIEER, ESRRE “ER” RS Z T IEER.

DRA CHEMCATRE T RE A “H R RAKE TR S REFMTIEWR, Sk “EE” R

BESTESR. 4 <R B, HAEFRM ETER “EE7 RPhmci S22 E KT
B R, HAh 3 MYEZESTIEFER. R CERRRE TR Motk “WHE k7 RhmsssnE
T IER R,
%3 BEEYXAERESR
Table 3 Content of major elements in the albedo
st SRR ERRE g, KGR (g gD
Variety Production area Days after Fruit Major element
florescence K Ca Mg
KA FERRIEAE DL A 330 E% Y Control  4768.69+117.5  432553+2.19 518.83+£1.24
Orah Shankou, Lingui, Guilin W 616724+7457" 533854+17.92"  439.64+192"
mandarin Blue albedo
TN L XU 240 IE% 5 Control ~ 4297.88+ 11474 865247+11488 31723 +6.67
Shuangqgiao, Wuming, Nanning W R 5007.21+190.36™ 9208.69+47.79"  294.81+6.53"
Blue albedo
Gt LN ERQNIEE YN o 330 TEH 5 Control 339048 +352.19 4822.06+127.05  540.63 + 14.05
Gonggan Datang, Mengshan, Wuzhou R 3989.35+289.18 60749845427  589.23+6.7
mandarin Blue albedo
oK LN ERQNIEE YN o 330 IEH Y Control 3 880.69+167.06 6 682.59+140.32  558.64+11.66
Mashuiju Datang, Mengshan, Wuzhou W7 1067833 £252.08” 5143.62+9552"  99548+18.40"
tangerine Blue albedo
s RBH R g RECH g g
Variety Production area gays after Fruit Major element
orescence S P
PR FERRIGEEE DX 1L A 330 IEH % Control  364.80 +2.83 37429 +0.64
Orah Shankou, Lingui, Guilin W R 45094+10997  392.67+243"
mandarin Blue albedo
BTG B A A 240 IEH % Control ~ 756.09 +15.24 509.01 +7.42
Shuanggiao, Wuming, Nanning W 556.23+£9.40" 594.16+4.317
Blue albedo
DIt NERIRE YN e 330 IE% % Control  335.14+16.25 567.82 + 15.03
Gonggan Datang, Mengshan, Wuzhou S 671.56+12.95" 577.12£2.29
mandarin Blue albedo
oK NERIIRE YN e 330 IE% % Control  437.83+£27.19 65538+ 13.14
Mashuiju Datang, Mengshan, Wuzhou s 98534420697  597.53+13.32"
tangerine Blue albedo

oo PREEARXBEMELAEREEER (P<00D); * BREEFEFER (P<0.05).

Note: ** means significantly different with their respective control at P <0.01; * means significantly different at P < 0.05.

PO “Hi B RANEW RAKZEPHMEITRR R4, KIIRM GEEMFES . B TRE&D MEK
W R RETRSEMEZE (P<0.01, FED mFIEWR, HET0H 87 R b 52 PR,
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RAE (BT REdhD AoTHE “H R R ECER S BIEE T IR R, A CGEEMRES) “HER” R
VPRI 25 B AR o WRAE CREARAE D STRERT S /K AE “ R ” ReP e R S BB m T IEW R, R (4
THEAD LR RN FRAR. KA (R TREdD) MTEKIE “ER” RPPOTRGEHEZE R TIE
R URME (RETREGD MG W R RS EE R S, T SKAE R R

.

®4 BEETREBIESR

Table 4 Content of trace elements in the albedo

TEJG KA

METE (ng-gh)

w b KA R Pis
Variety Production area Days after Fruit Trace clement
florescence Zn Mn B

N FEMRIGAE X 1L DA 330 1E%# 1 Control 10.73+0.81  7.66+0.03  18.70+0.11
Orah Shankou, Lingui, Guilin W R 1433+0.69" 6.05+0.04" 21.71+0.67"
mandarin Blue albedo

A P EL OO B 240 1E%# 3 Control 30.99 £1.01 557+0.00 27.87+0.55

Shuangqiao, Wuming, Nanning W 55.80+0.93"  7.59+0.17" 20.95+0.01"

Blue albedo
pitiil FE NS L SRS 330 1E% % Control 2099+0.50  4.83+0.12 2136+1.06
Gonggan  Datang, Mengshan, Wuzhou W 1920+0.34"  724+03"  2639+0.12"
mandarin Blue albedo
CYIN] FE N 52 (L B H 330 IE% # Control 16974221  5.19+02 24.00 + 0.64
Mashuiju ~ Datang, Mengshan, Wuzhou W R o 2881+0.57" 556+0.14  29.14+0.70"
tangerine Blue albedo
e TREH PN P METE (ng-gh)
Variety Production area Days after Fruit Trace element
florescence Fe Cu Mo

N FE AR L X L A 330 1E%# 3 Control 19.07+3.19  3.88+0.92 0.19+0.11
Orah Shankou, Lingui, Guilin W R 23.98+276  4.67+082 0.18+0.08
mandarin Blue albedo

A P B OO 240 1E%# 3 Control 59.60+5.14  440+0.56  0.46+0.19

Shuangqiao, Wuming, Nanning W 76.57+4.03"  858+097" 037+031

Blue albedo

pitiil FEIN SR L SO B 330 1E# 3 Control 46.86+5.56  443+1.01  0.12=0.11
Gonggan Datang, Mengshan, Wuzhou W R 81.62+5498 3.84+0.15 0.30+0.36
mandarin Blue albedo
K FEIN SR L B O B 330 1E# 3 Control 4992+7.15  377+0.11  0.11£0.10
Mashuiju ~ Datang, Mengshan, Wuzhou W 71.63+£7.16™ 5.03+022" 036+0.10°
tangerine Blue albedo

T o FOR SR ERTRALLLAE R R EZR (P<0.01); *FREFEER (P<0.05),

Note: ** means significantly different with their respective control at P <0.01; * means significantly different at P < 0.05.

HEEILHR (RS F, “BE” REEFRTONSEHH BEBNEEZR, KA G
M TREED FITTHE “HE R R RERC, DoKig IR R BENE. “EE” RPHEoRSE
BN R T IR R BuR S EERM (B TR W7 Rl RK. SooR g ENE
kg “WR” R EERTIEF R, 8. . 4. 8. EEEREM <@L Rhsapem,
JUTRAR] thah, FERFIEE. 8 S EET (GB2762-2017 £ dh 4 W K br it & fh s
PR D) FUERESR, KRR IX 3 M E SR TR AR

IR E RS BNfEGER, E180RE pH EARE, 7TLARHE 75 8 RS
7t (Delhaize & Ryan, 1995). K CEEARFESD FUAM (R RS “HE” RPEOREEN &=
BEMTIETR, GKE W7 Rk eE.
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%5 BREVTESEARMETRIE

Table 5 Content of metallic elements and Al element in the albedo

S SRAEHL RREC g, TGRS (ug g
Variety Production area Days after Fruit Metallic clement
florescence Ba Sr Cr Ni
KA HEAR IR X 1 R 330 1EH 4 Control 32114020 7.45+0.03  0.91+0.08 0.79 £ 0.09
Orah Shankou, Lingui, Guilin W R 3 29.03+0.18" 8.45+0.08" 0.83+0.07 0.89+0.11
mandarin Blue albedo
[FEENTULEE DLy 240 1EH 4 Control 6.47+027 1891+021 2.67+035 1.14+0.37
Shuanggiao, Wuming, Nanning W R 3 443+0.05" 23.75£020" 1.18+0.13"  1.63+0.32
Blue albedo
i) LEZAE JURS DN i 330 1EH 4 Control 8.00£0.16 937+031 3.95+0.14 0.86 % 0.05
Gonggan  Datang, Mengshan, Wuzhou W R 3 7234024 112440207 3.92+0.63 0.72 +0.32
mandarin Blue albedo
LK i LEZAE JURS DN i 330 1EH 4 Control 642024 1025+023 14602 0.62+0.13
Mashuiju ~ Datang, Mengshan, Wuzhou W 13.72+0.24"™ 13.09+ 025" 1.69+0.20 1.45+0.20"
tangerine Blue albedo
WA RRHLE RIRRE g HOMIEH (g g
Variety Production area Days after Frait Metallic element
florescence Co Se Cd
s R X 1Ly R 330 1EH R Control JRfE Trace  0.02+0.02  —
Orah Shankou, Lingui, Guilin S — JRE Trace 0.18 £ 0.00
mandarin Blue albedo
B g B U 240 IE# 3 Control — JR & Trace —
Shuanggiao, Wuming, Nanning S JNIE Trace  JRH Trace —
Blue albedo
pivii) LA E JURS PN i 330 IE 4 Control 0.19+£0.09 JR& Trace  —
Gonggan Datang, Mengshan, Wuzhou [ Trace™ JR & Trace —
mandarin Blue albedo
KK S LESIR: YN 330 IE# 3 Control JR& Trace — —
Mashuiju ~ Datang, Mengshan, Wuzhou S — JRE Trace —
tangerine Blue albedo
S SRAEHL RREC g TGRIA (ug g ,
Variety Production area Days after Fruit Metallic element Al/ (ug-g)
florescence Pb As
KA HEAR IR X 1 DR 330 1EH 4 Control — — 38.92 +8.54
Orah Shankou, Lingui, Guilin R R 0.18+0.00 — 67.67+13.29"
mandarin Blue albedo
[T DLy 240 1EH 4 Control — — 47.85+13.46
Shuanggiao, Wuming, Nanning W R R — — 9327+11.87"
Blue albedo
i) LEZAE JURSDN i 330 1EH 4 Control — — 66.60 % 20.00
Gonggan Datang, Mengshan, Wuzhou W R R — 0.11+0.00 45.55+7.48
mandarin Blue albedo
LK LEZAE JURSDN i 330 1EH 4 Control — — 83.05 +£7.85
Mashuiju ~ Datang, Mengshan, Wuzhou W R R — 0.13 +0.00 145.40 + 12.68"
tangerine Blue albedo
e e FOREGEARIRAALAEREZEZER (P<0.0D); *RREEER (P<0.05); — FpRRENE.
Note: ** means significantly different with their respective control at P < 0.01; * means significantly different at P <0.05; — for not detected.

NEMX S “HR” RMEFRAKEVRGRESR, £T 21 MPBRTRNSEHT T
OPLS-DA 7 #T, ZJ5iknl LRIK IEH R AR ER “WE 7 RAKZEX 2. Hd, VIPEKTF 1
PTG AR, 22 5lE 4.2601 F1 1.2037 (K 6), UHIXWMICREIEFERALEM “HE” R
HEEREEESRRAN, ATLMENX o B B <R RrbrEN FocER.
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®6 X “HR” REERRAKENV RTESE OPLS-DA 47

Table 6 OPLS-DA analysis based on mineral element contents in the albedo of Orah “Blue albedo” fruit and normal fruit

JLHR VIP & JLHR VIP & JLHR VIP 18
Element VIP value Element VIP value Element VIP value

K 4.2601 Zn 0.1646 Co 0.0102

S 1.2037 B 0.1075 As 0.0085

Ca 0.7549 Cu 0.0457 Sr 0.0041

Mg 0.7191 Ni 0.0403 Mn 0.0027

Al 0.4467 Cr 0.0387 Pb 0.0004

P 0.1952 Ba 0.0173 Cd 0.0001

Fe 0.1809 Mo 0.0156 Se 9.70581E-05

2.3 AREMiTRERHE RSP

TRA “ W R SRANIEH R A B2 A 2] O AT ER . “HER” RERIR. - DR TR
AERNGERE S E R & TIEWR, AW, R, 7R, WaiEsElltestzm R,

w7 RM ER RNEEREEETNEREYSR

Table 7 Contents of secondary metabolites in the albedo of Orah “Blue albedo” fruits and normal fruits / (pg - g'l )
3 % -5 %
e Jam o EETR e B9E R W W i3
Fruit . e vie Xylose Ribose Quinic acid ~ Fructose Glucose Inositol Saccharose
acid acid
EH R 0.23+0.02 0.11+0.01 0.04+0.00 024+£0.00 028+0.05 295+0.19 154+030 3.67+049 10.82+1.36
Control
R 0.51£0.0270.18+0.01™  0.05+£0.00 029+0.01" 021+001 266011 126006 453028 1440+0.60°
Blue albedo

e oo FoRHHEA XML ERREE (P<0.01); * REREE (P<0.05),

Note: ** means significantly different with their respective control at P <0.01; * means significantly different at P < 0.05.
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Table 8 Contents of secondary metabolites in the juice sacs of Orah “Blue albedo” fruits and normal fruits / Cug - gh
. S, - BHETRR gt s , I .y PEBR
Pt R pRETR e W e e mme
Fruit Malic acid e ¥ Citric acid  Fructose Glucose Saccharose Inositol ! sug
acid and acid
1EH R 1.13+£0.02 0.16 = 0.00 353+0.24 2948+0.55 8.75+£043 21.23+1.20 252014 12.77
Control
P 170£0.09"  0.10£0.017  3.75+0.51 3350+1.65 931087 2872+272" 3.01+032 13.26
Blue albedo

e oo FoRHHEA XML ERREE (P<0.01); * REREE (P<0.05),

Note: ** means significantly different with their respective control at P <0.01; * means significantly different at P < 0.05.
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(1K AE LRI 25, X S5HKARS (2018) HIRIEWI A . 767 AT T RIE R, 7EAH R HhbR
[ A S KA AN A, A8 R AR W7 R AR Mk, 1 AR U 56 A TR o SR HEM, “E R
RIR ARG F T 5, B R B SR FC . 75 E A 0 E R . A AR R A A bR L«
B RIG, wREEHMEXIERZ MilX (g XK.

AHIE T AR SR AN AT L 3 0 0 BE TR R R AR SO R LC - MS PRSI 77V, SARAE E B JE
B HRYE, BWE W RORERRSEEHRYRNIMETLR. mH, BRiE.
R B AT R AR, AR R IRAEA A BRAR L Ak s S Rl b A R RAEE H R R RIE . %R
ST Rubyl FEH i X 808 307 X I8 AN G514 R X (Butelli etal., 2017).
ORISR A A R b R BRI (FRaast 55, 2016). ABFFFRME “W K7 RAKE
W3 R R R S E Y SRR B EE R BT, HERR TR SR R s R R e 4
B TF—RGERE A (HBEY) BRSO TR,

AW T A AT T IR AL IR E R Z R TR, H AR TR
i N A s AR AE P A 5% (Djoukeng et al., 2008). T E M, IKFHTESG 330 d 19 “H 2”7 AR
L, f S MR AR IR A L, REGAR IR TR R SRR R R C AR
BEFAARN BB N MRS 330 d B “HE R RAKEPERFEIEEINEE S, TR E
— P N HERT AT, ZE R RO R AR TR R b, FRE SR SR R o e >
(Chenetal., 2015). {HANHERR R IR 2 5] 60 56 W A 28 B I 22 S AR 3R ) D [
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MRAKAREE (2018) MIWFFLRI, W8 T4 2 & ENKIE AR O RN R R4 1R
o (HRTEARBIFH, FERA RIUHER A KRR ac A — Sttt & 2

ERETET, RAMITRSEE3I M “HEK” RPREAG. HooRid 225 ARG Bm
T, BARRIAEREMIE. RS Rt e LR ERRCSE (BESREE, 2003). OPLS-DA 4
P BoREETHT RN S EATLUE “WR” BRAEE RX oIk, HE, mTREE S, HE+
BN —, WAL, BEAFRHT ORI ZREOR, HAENTHEEER R, &
W7 FR AN g DA — e b sl 8 B 25 4 — B0 IE o SRR SR AT b, AL, DR i8 A R 4%
BRI 2 A I LAIESE . B, #rRMEEASBTRSEAAEERER—F, BT RA
R EAMAE KRB, 7 RAMEIER, RERRART, FH B HAHE, 5 LR oER
it 2 PR R IIA— 2.
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PEEE, | V0= X8 AT G R R AR W R IR MR K I KR — B AR
IR X SE R PR EOR, 3K 1200 ~2 000 mm (E SRR, 2007). i%771X 2016 K 2017 4
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