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pitaya, the fruits at different development stages of 13 d, 16 d, 19 d, 22 d, 25 d and 28 d after fruit setting were sampled.
The color parameters, total content, components and relative content change of Betalains in different parts (flesh, peel
and sepal) were determined, and the results were analyzed by correlation and principal component analysis. Results
showed that @ value of Dahong flesh gradually increased and the flesh showed red color 16 days after fruit setting. The
a value of the peel and sepal was negative before 19 d after fruit setting, positive during 19 d to 28 d and showed an
upward trend; the b* value significantly increased and then decreased after 22 d after fruit setting, showing that green
first turned to red and yellow, then turned to red. The a’ value of the peel and sepal of Wucihuanglong was negative
before 25 d, and the absolute value of 28 d was close to 0; the b" value showed a stable trend during 13 d to 19 d after
fruit setting, and then increased significantly, showing that green turned to yellow. A total of 11 kinds of betalains were
detected in Dahong, and the content of betanin was the highest. The total content increased gradually, and the increase
was significant at 28 d. A total of 6 kinds of betalain components were detected in the Wucihuanglong, and leucine be-
taxanthin content was the highest, while the flesh only contained betanidin and tyrosine. There was no significant dif-
ference in the total content of betalains in flesh, but it increased gradually in peel and sepal. There was only one com-
mon component of betanidin between the two varieties. According to the correlation analysis, the a° value of the three
parts of Dahong was significantly positively correlated with the total content of betalains and extremely significantly
positively correlated with the content of betanin. The b values in the peel and sepal of Wucihuanglong were signifi-
cantly positively correlated with the total content of betalain and the content of leucine betaxanthin, while the correla-
tion between the total content of betalain in the flesh and the @, b" and L" values was not significant. The principal
component analysis of the betalains of the two varieties showed that Dahong extracted four principal components, and
the cumulative variance contribution rate was 79.23%. The contribution rate of the first principal component was
34.30%, which mainly integrated the components of betanin and phyllocactin. The comprehensive contribution rate of
the second principal component betaine and metabolites was 21.35%, mainly synthesizing 2,17-Decarboxyphyllocactin and
betalamic acid. Two principal components were extracted from Wucihuanglong, and the accumulative rate reached 84.21%.
The contribution rate of the first principal component betaxanthin was 61.71%, which mainly integrated leucine-betaxanthin,
tyrosine-betaxanthin and other components, which provided a new idea for color evaluation and breeding of pitaya. In conclu-
sion, the peel and sepal of Dahong and Wucihuanglong gradually changed color with the increase of betalains. The flesh of
Wucihuanglong contained only metabolites of betalains, and did not change color. Combined with correlation and principal
component analysis, it was further speculated that the red color of Dahong was mainly contributed by betanin, phyllocactin
and 2,17-Decarboxyphyllocactin, and the yellow color of Wucihuanglong peel and sepal was mainly contributed by leu-
cine-betaxanthin. This would provide a new idea for the evaluation of pitaya color. This study described the formation mecha-
nism of color difference of pitaya, and would lay a theoretical foundation for exploring the color mechanism, color evaluation,
as well as the development and utilization of betalains.
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Tab. 1 Changes of betalain components and relative content in different parts of fruit at different development stages
fn AL o Bt FHXT £ & Relative content/%

Varieties  Part Stage al a2 a3 a4 a5 a6 a7 bl b2 b3 b4 b5 b6 cl 2 3
PN B ABHJE 134 - - - - - - - - - - - - - - - -
ARE16d  — - - - - - - - - - - - - - - -
ARJE 19d 23.56 - - - - - - 5136 - 1642 866 - - - - -
MIJE 22d 3822 - 7.84 639 - - - 2883 - 924 679 - - 269 - -
HRJE 25d 36.24 1126 749 433 - 819 - 2063 - 622 366 - - 198 - —
A IRJE 28 d 33.45 13.77 6.69 573 - 637 - 22.06 - 588 4.04 - - 201 - -
B OARFI3d - - - - - - - - - - - -
1 -
AR 19d - - - - - - - - 7563 - 2437 - - - - -
MRS 22d 43.62 - - 1154 - - - - 1552 7.63 937 - - 1232 - -
AH)S 25d 45.16 9.61 - 12.61 — - - - 12.05 9.67 437 - - 653 - -
AR5 28 d 46.37 8.85 3.81 11.96 5.57 - - - 1042 6.75 3.44 - - 283 - -
supt ARIRJF13d 0 - - - - - - - - - - - - - - - -
1 0 -
1 L
WIRJF22d 17.85 -~ - - - - - - - 18.67 5583 — - 765 - -
AT 25d 29.88 1022 — - - - - - - 19.56 3352 - - 682 - -
RS 28d 32.45 998 — 834 743 - - - — 2264 18.16 — - 100 - -

E: SRR ARKH .

Note: — indicates undetected.
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Tab. 1 Changes of betalain components and relative content in different parts of fruit at different development stages (continued)
fn B A i Bz FAXTE & Relative content/%
Varieties  Part Stage al a2 a3 a4 a5 a6 a7 bl b2 b3 b4 b5 b6 cl 2 3
TRl e By ARE 13d 0 - - - - - - - - - - - - - - - -
BRF16d -~ - - - - - - - - - - - - - - -
MR/ 194 - - - - - - - - - - - - - -
AWIE2d - - - - - - -  — 10000 - - - -
ARJE25d - - - - - - - 23.66 - - - 7634 - - - -
ARG 28d - - - - - - - 3150 - - - 6850 - - - -
W ARIF13d - - - - - - - - - - - - - - -
BRF16d -~ - - - - - - - - - - - - - - -
ARSE19d - - - - - - - - - - - 10000 - - -
ARJE22d - - - - - - 920 - - - — 24581130 - 38.76 16.16
ARJE25d - - - - - - 733 - - - — 1824 7.84 -~ 52.56 14.03
ARG 28d - - - — - - 426 - - - - 2388969 - 40022215
B ARIF13d - - - - - - - - - - - - - - - -
BRF16d -~ - - - - - - - - - - - - - - -
MR/ 194 - - - - - - - - - - - - - -
MRS 2d - - - - — - - - - - - 7078 - - 2922 -
ARJE25d - - - - - - 255 - - - —  36.89 879 - 40.40 11.37
ARHF28d - - - — - - 183 — - - — 3052774 - 45621429

T —FRARkH .

Note: — indicates undetected.

24 RELBESHEMXEEZLAENMEXE
ST

& 2 oJ 0L, REFRH., R, SO
F MU RS a ([HE R FIEH (P<0.05), H%
ZECH 0.817. 0.827. 0.904; KRLLFp H2p L
2 PEAML, HXRBN-0.818, -0.878, Tt
R IR RS EYS b2 M
X, HXAREN 0.893; HRHIFOELATES

®2 RIBFSUEHXBRLZIENEXY
Tab. 2 Correlation between fruit color parameters and
total betalain content

Y7 A R4 Correlation coefficient

Part a’ b L
KARMA 0.817" ~0.689 -0.818"
PNAR Y 0.827" -0.004 -0.436
ARy 0.904" —0.153 -0.878"
TCR B IR A 0.656 0.739 0.785
JCIR B I 2R e 0.656 0.893" 0.785
ToR B e = R 0.994" 0.928" 0.821"
PECEI P<0.05 P<0.01
Note: " indicates significant correlation (P<0.05), " indicates

extremely significant correlation (P<0.01).

a ., bHREREFTEML (P<0.01), 5L HEEE
FIEMSR, MRRE0 0.994, 0.928, 0.821;
RAFEOAZRESERS a. b LAMHEHESE
ik K-,

25 RIBEFSYUEHUHXBERZATIEW
EES kS

251 KREXAREFABEMRET S ALY S
FegARA e R 3T, KLLRA a (SR
Decarboxylated Phyllocactin, 2-descarboxy-betanidin
0 A A 2 TG, O R B 0.938
0.931, 0.918; b {53 FF Fl Decarboxylated
Phyllocactin 2% B AAHIC, MR 5N
-0.957. -0.933, 5 2-descarboxy-betanidin, A5
AN 238 o 1 W 3 SARH G, AH O R B —0.888
—0.898; Ll 54 " BEEISE 1 . Decarboxylated Phy-
llocacti , 2-descarboxy-betanidin . descarboxylatedneo
betanidin, FURAIFE B BT W& FUAHC, MER
$(H-0.853. -0.903, -0.887. —0.813, —0.861,
KL Kz a (i 5FH3F . Decarboxylated Phyllo-
cactin AR P 3 IEAHSE, AHERECH 0.951.0.940,
SR LU R BETAHL, HEREH 0.877; b
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HEHREMAEEREREEME (RECH
0.871), L{H- S A /MRS ARE ., Ky
a ST . 2SS AR, M
KZRECH 0.989, 0.961, S5TH FEEERTT B35 M
(RHN 0.857); b H 54 AN A B
L™ 5 2-descarboxy-betanidin, 2,17-Decarboxyphy
llocactin 7 1 &2 I & A ¢, A C R B R
—0.906. —0.906.

252 ARMEAKARECFLAHEWEE L LN
SeEaAAE LHEBERANSKEATTEN
R R I B R b7, L EY 55
HAR-FEHER | AR IEHEN ST EEDE
EAHSG, MOCREUHNN 0.873, 0.916, 0915,
0.838; ) b HGREAM-FHEHEER . WA -
FISR RO B 2 R E R, M RE 5
4 0.949., 0.935,

26 REIMEBEHAINERSSH

26.1 Ra#Eéefms ioott  FREE
TR AT 2R BE IS FE B, mT LA B 4 I 45 il
SyRAR TR a S, Ik A R AR B .
BlS AT, RLARSAENT 3 A 5 R IE(E
BT R, B 8 A TR IFE TR,
WA B Eot 17 B, thak 4 o, w4
A F RS RREE S 52 3,774, 2.348, 1.430,
1.164, ARG R, H 2T T 80%.
P, AIBEHCHT 4 A T E N R EEE AR
3BT o

N
1

w
T

—
T

FHIEME
Characteristic value
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JRAEX Fraction
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Fig. 5 Scree plot of betalain components in Dahong by
principal component analysis

951 ERUSTEIEELIER I (PCL-DH) 1Y 2251
BRAEN 34.30% (R 4), FELGATHERT . W2
BRI . A2 EAEA s (£ 5); 52 EMAHE
LR 5L A2 (PC2-DH ) By 22 5Tk %
M 21.35%, FELEE T 2,17-Decarboxyphyllocactin
SRR . R M S 3 FRUMCIY
SR LA (PC3-DH) W Z 5Tk E N

(=)

9 10 11

R4 RAMKBRASENSDTHEEE. FTEER

Tab. 4 Characteristic value and contribution rate of prin-
cipal component analysis of betalain components in Dahong

F S FHIE(E TR BT
Principal Characteristic  Contribution ~ Cumulative con-
components value rate/% tribution rate/%
PC1-DH 3.774 34.30 34.30
PC2-DH 2.348 21.35 55.65
PC3-DH 1.430 13.00 68.65
PC4-DH 1.164 10.57 79.23

®5 KABHKBEHANEMT TR ETER
Tab. 5 Loading matrix of principal component analysis
of betalain components in Dahong

24y FE 4> Principal component
Components PC1-DH PC2-DH PC3-DH PC4-DH
[iEStH 0.959  0.071 -0.035  0.107
N BRI S H 0.795 -0.175 -0.167 -0.050
Decarboxylated Phyllocactin =~ 0.577 —0.669  0.089  0.153
2-descarboxy-betanidin 0.770 0.119 -0.489  0.207

2,17-Decarboxyphyllocactin ~ 0.438 0.264 -0.570 -0.499
decarboxylatedneo betanin ~ 0.438 0.264 -0.570 —-0.499

TSR e 2k 0.299 —0.511  0.531 —0.192
AR B R —0.151  0.257 -0.132  0.655
HEm 0.665 0.474  0.385 -0.393
£ 0222  0.671 0.561  0.043
FLERAN N B T 0.539  0.546 0.194 0.413

13.00%, FZLZE TR, FE2m, 20,
BN E B A4 0 56 4 ERr RS a RS
&2% (PC4-DH) M ZTHk%EN 10.57%, FE
224 T 2-descarboxy-betanidin, FHSEEE R . Al
TR N B FTAF 57

262 RRFRMRKEFASy T RS HH  EL
TR (K6, 6, F£7) 5, 7EIHH
KSR, 2 A TR R IE (A ARl B B
WS ET 1, 4390k 3.703 #i11.350, B mEmft
ek, TUERFIL 84.21%. I, AT 2 N3
B E R TR IR B @ R A M de s . 26

N

w

—

FHE(E
Characteristic value
[ 8]

(=]

: jk\+~1~*_
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48X Fraction

El6 AREEMKEBRAFSENSHTEAE

Fig. 6 Scree plot of betalain components in
Waucihuanglong by principal component analysis
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1 FEMA R R 2 (PCI-WCHL ) 75 25 5Tk
HH61.71%, FELA T A M - FewE . B
AR — GHSE 8 & | Prebetanin Z54H 7 ; 56 2 F sy
TRt REEA2E (PC2-WCHL ) 5 Z5HkER A
22.50%, FELEA T AR | AR I RS 5.

*k6 TRIERMEBRAD TR SMHFEE. mBE
Tab. 6 Characteristic value and contribution rate of prin-
cipal component analysis of betalain components in
Waucihuanglong

. ; . EYA e
EWA AR ik AR
Principal Characteristic ~ Contribution umuiative
components value rate/% contribution
rate/%
PC1-WCHL 3.703 61.71 61.71
PC2-WCHL 1.350 22.50 84.21

R7 ERERBERERAS TS T HHIERETIER

Tab. 7 Loading matrix of principal component
analysis of betalain components in Wucihuanglong

H 4y 143 Principal component
Components PC1-HL PC2-HL
Prebetanin 0.909 0.070
ik 2 B2 -0.121 0.852
OHER 0.981 0.089
Al e -0.315 0.768
TR - R EER 0.933 0.122
it R — FSE R 0.965 0.082
3 it

S HOR MR S 3 (AR b e EOW R F8 B
Z—, HBE AT DU 2 00 PF A SR S e e AR 4k
KLTRA a (ARG 16 d BTE T 0, 15 &
HEIEERLT (s R SR QAR RIE 19 d mT R
E, 19~28 d HIF HE FIH#EaS, b ARG
22 d WY E TR, RIS G R
WOMRE NG, TR RA a', b EER
MREMABGIET 0, RPas, wiEe, R
Rz 5 R & {lAE 25 d B Ul , 28 d 48 XHE T
F 0, b HARE 13~19d B PR, W5 L%
ETF, BHCAMs @ NG, 5O AR
b, TELL 2T P KO SR T By ph S e Sl 21 €8 1) S
b b, AT RARGARE 22 d @F 28
&, TR e,

KL KR RG 13~16 d A3 FHE
£, 19 d UEER AR AT S RiE, KA
AR 22~28 d DL RISRLZT R I FP S A X & i

. HAS S m, RV EZEINGE;
R AR 22d BLIR AN E B A X S Ik
12.32%, RRLEFAL . 0TI RRm i, R
RerEa, TR KRR R R RE 13~16d
ARAGI BN FHFE MK, 19~28 d FE @RS EICH -
TR AR, KkAE 6, R 13~16d
FAMEBE AR, 19 dVERBRER (HR6R
R ) R KA 5,5 22~28 d Lhss @R — TR
RIAX & e, HESEBEsm, RN
FAOAEINR . SR 13~22 d RAGTE]FHESE 0 £
25~28 d LISe & iRl R AR S, B
B E IR . A s AT HEN , Rk g Ry 3
TR R B, JOR e nY 3 R R
WE TN, ASRORRIEYE R P REM;
AN, BIERA R A E R B b s BRI K
e R A2,

WL H SR T AT A, KL 3 AN &l
iR aRLSEEEFEEMX, SHETMNS
BEMNETMX. TR BEr b ES
Rt R A EMEEAR- TR E RN T ENE
BEFMXE, RAMXAELASES a. b, L
B AR PR R R I8 K o X 2 AN AP Ry Bl
ERM AT ER AT, RAIT 4 D FER
4y, BRUTETUHRRIE 79.23%; 55 1 F Al
TRBTEE RN 34.30%, FHELEE TR N
TSRS S A 2 FER SRR R AR
WA RTH RN 2135%, EHEET
2,17-Decarboxyphyllocactin . Fif 3¢l 2 R 5 . Joiil
BORPRHUT 2 N FRSr, RITFGA 84.21%; 51
FHT TR R L TTIRE RN 61.71%, FELEET
SR - TR R MER -SSR R EH S, K
2155 — F A RIS 2D 2R A DTRR AT AR, R
INBNTHZKY 5 AT BB TSR A R A
RFEE, H—F R TOTk R BN 1 TTRE R

TEAMFE R 20 AN T B SR e 55 7 Bl
S 00 28 B B IR T 5 5 DGR B SR PRI i
ORI R KBS ; WYBRANIEC 204
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BB ; SVENSON 252 8 B 41 35
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