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Abstract: [Objective] To study the dynamic changes in sugar and acid components during fruit color-
ation of the main passionfruit cultivars and some self-bred varieties including yellow varieties and pur-
ple varieties, in order to determine the appropriate harvest time, produce high-quality fruits and culti-
vate high- quality varieties of passionfruit. [Methods] The tested varieties included Qinmi (QM),
Zhuangxiang Mibao (ZXMB), Zhongbai No. 6 (ZB-6), Huangxiang No. 1(HX-1), Tainong (TN) and
Mantiaxing (MTX) for the trial materials, and the samples were collected at the five stages according to
the degree of fruit color change and ripeness. The five stages were: T1 (12 weeks after flowering), with

green fruit skin, pale yellow flesh; T2 (13 weeks after flowering): yellowish fruit skin and yellow flesh;
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T3 (after 14 weeks after flowering), with half-yellow fruit skin and yellow flesh; T4 (ripe period, after
15 weeks after flowering), with yellow fruit skin and yellow flesh; T5 (after 16 weeks after flowering),
with slightly wrinkled fruit skin and yellow flesh. The soluble solid content was measured using a sugar-
acid meter (ATAGO PAL-BX/ACID 1); the acid content was determined using a ZDJ-4B automatic po-
tentiometric titrator (Shanghai Lei-ci), and the solid to acid ratio was calculated. The organic acids and
soluble sugar components and content were determined using high-performance liquid chromatography
(HPLC). [Results] As the fruits matured and changed color, the soluble solid contents in the flesh of
QM, ZXMB, ZB-6, HX-1, TN and MTX varieties displayed a trend of increasing first and then decreas-
ing, and reached peak values at T3, when the fruit peel was half-yellow and the flesh yellow. The titrat-
able acid content of ZXMB, ZB-6, HX-1, TN and MTX decreased gradually as the fruits changed color,
while that of QM showed an up-and-down trend. Except for QM, solid to acid ratio increased gradually
during fruit coloration. The solid to acid ratios of ZXMB, ZB-6, HX-1, TN and MTX varieties all
showed an up-and-down trend. The sucrose content during coloration of the fruit in all varieties showed
an up-and-down trend, but the highest value of sucrose content varied among the varieties. The change
trends of fructose and glucose during coloration period were consistent in the six varieties, among
which QM, ZB-6, HX-1, and MTX increased first and then decreased. Citric acid is the main organic ac-
id component in passionfruit, and the change trend of citric acid of the six passionfruit varieties all
showed a gradual decrease as the fruits changed color. Malic acid is the second major organic acid,
while the contents of succinic acid, lactic acid and tartaric acid were very low. There were significant
differences in sugar and acid components among the six passionfruit varieties at mature stage. The con-
tents of fructose and glucose in the fruit of ZB-6 was significantly higher than that of the other varieties
at mature stage, while ZXMB had a significantly higher soluble solid content than the other varieties.
The major acid components in the mature fruits of the six passion fruit varieties was citric acid, which
accounted for 68.27%—84.22% of the total. Citric acid, total acid and titratable acidity in TN were signif-
icantly higher than those in the other varieties. QM had a significantly higher solid to acid ratio than the
other varieties, and the solid to acid ratio of yellow passionfruit was higher than that of the purple pas-
sionfruit varieties. The solid to acid ratio from high to low was: QM > ZXMB > HX-1 > ZB-6 >
TN > MTX. [Conclusion] Sugars, acids and sugar to acid ratio in different passionfruit varieties vary
at different stages of fruit maturation. T2—-T4 is the key period of fruit quality formation for QM, ZX-
MB, ZB-6, HX-1, TN and MTX. With fruit maturation, reducing sugars tend to reduce, and the solid to
acid ratio of yellow passionfruit varieties is greater than that of purple passionfruit. When the fruit is ful-
ly ripe, the solid to acid ratio from high to low is as follows: QM > ZXMB > HX-1 > ZB-6 >
TN > MTX. Both purple and yellow varieties belong to the citric acid dominant type, and the fruit sol-
id to acid ratio is mainly influenced by citric acid content. Through the above research, the optimal har-
vest period of the six passionfruit varieties is from the complete maturity to the stage of slightly wrin-
kled skin. Among them, the fruits of MTX, HX-1, and ZXMB, have a fairly balanced sour and sweet
taste at the stage of half-color change quite close to the state of full maturity, so this stage is also suit-
able for harvesting.

Key words: Passion fruit; Color-changed period; Soluble sugar; Organic acid; Solid-acid ratio
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Fig. 1 Changes in substance content during fruit coloration in 6 passion fruit varieties
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Fig.2 Changes in soluble sugar content during fruit coloration in 6 passion fruit varieties

B A R, 6 T & R WA H IR
B ILE, RIS 1 A SRR S R, T Ik [ T
BRI, AIVE TR R VA RS R — A
FARAR , HL B R A R, AR R AT
TR [ TR R AR RS T R, R TT
77 ST TR AN R R B B e A R R S T
VERE & 5w PR S R 2 AR EATR, H
A — B IR LS, 5 AT S A R A —
Bl B R R A2 [ R EE R, PR EDRCK
RSER , LU RN, RSO, AR 6 DA R
fib ol SRS P IR R A T AT T E R A
RSt ) 8 R BN [RIRE JEE (10 T B, LR [ R L
I ETHRES, 5RO ECE RS T A RRLA



413

2538

aTs

aT4

aT3

aT2

oTl

20.00

(,/Tw - W) /UdIU0d PIoe dLnI)
FE LI

R E MTX

WA 1S HX-1

65 ZB-6

G4 TN

sl Variety

10.00
8.00
6.00
4.00
2.00
0.00

(/T - Sur) Auuod proe JIfej
m (H¥AI

BT KA MTX

¥ 15 HX-1

FH6%5 ZB-6

2 %5 ZXMB

N

B QM

fuFl Variety

=) =} =) =) =}
S S S S S
< o o — S

(,/Tw - W) /U2IU0d PIOL JIUIIING
&) (HiteynHd

A 15 HX-1 B8R TN R MTX

2 %% ZXMB T H 65 ZB-6

B QM

o .
o
<
< -
o
3 b
o |
=]
o B
« ||||||
>
B
15]
2
-
<
>
=
S
og
o
<
c)
o
< ||
L L L L L
=3 =3 =3 =3 =3 o
e S e S e S
IS\ S — — = =}

(/T - Sur) AUuod proe onoe|
o (Y

A 15 HX-1

b Ff Variety

R E MTX

G4 TN

M2 %R ZXMB 65 ZB-6

B QM

WRE MTX

G4 TN

.

HA& 15 HX-1

ZB-6

=)
is2

FH6

M2 %% ZXMB

B QM

1.50

[a]

1.00
0.50
0.00

(/Tw. W) Jua)uod proe SLIBLIR],

(DI

fh M Variety

3 6T EEREMERIHEIETANRIENTL

Fig. 3 Changes in organic acid content during fruit coloration in 6 passion fruit varieties
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Table 1 Comparison of sugar and acid contents at maturity in 6 passion fruit varieties (mean+SE)
pCRAD pCHRIETHD pCRERD pOBAED pCERED p LD pUTFHEERD)
il Fructose Glucose Sucrose Tartaric acid Malic acid Lactic acid Citric acid
Variety content/ content/ content/ content/ content/ content/ content/
(mg-mL™") (mg-mL™") (mg-mL™") (mg-mL") (mg-mL™") (mg-mL") (mg-mL")
B QM 36.01£0.03 ¢ 32.84+0.18 d 31.72£0.06 ¢ 0.23+0.01 f 2.08+0.07 d 1.68+0.04 a 15.62+0.24 ¢
M2 EFZXMB 44.16£0.22 b 38.96+0.12 b 35.1740.15b  0.49+0.03 d 2.33+0.05 ¢ 0.18+0.01 d 20.08+0.50 ¢
T 65ZB-6  48.76x0.12a 45.57+0.17 a 31.5320.24 ¢ 0.92+0.03 b 2.28+0.05 ¢ 0.95+0.03 b 23.72+0.51 ab
WH1SHX-1  42.19+0.34 ¢ 35.88+0.36 ¢ 28.98+0.47d  1.00+0.03 a 2.96+0.01 b 0.31£0.01 ¢ 18.61+0.01d
HA TN 28.35+0.04 f 25.07+0.16 f 49.98+0.07a  0.62+0.02 ¢ 4.01+0.10 a 0.34+0.01 ¢ 23.95+0.58 a
WREMTX 36.51+0.04 d 31.94+0.07 e 15.24+0.01 ¢ 0.40+0.01 ¢ 2.08+0.02 d 0.18+0.01 d 23.13+0.13 b
o p (BRI pURFE) pUSTR) wCAlE BT wORl i E D i L
:}; rie Succinic acid Total sugar content/  Total acid content/ Soluble solid Titratable acid Solid acid ratio
R content/(mg-mL™")  (mg-mL™) (mg-mL") content/% content/(g-100 g")
QM 3.27£0.19 a 100.58+0.24 ¢ 22.88+0.40 d 17.80+0.20 b 2.40+0.07 d 7.44£0.30 a
Ik 2 %5 ZXMB 1.46+0.12 ¢ 118.28+0.19 b 24.54+0.71 ¢ 19.17+0.90 a 3.09+0.05 ¢ 6.22+0.38 b
FH 65 ZB-6 0.29+0.01 ¢ 125.86+0.12 a 28.16+0.58 b 17.47£0.15b 3.76+0.03 b 4.65+0.04 ¢
A 15 HX-1 1.04+0.06 d 107.05+1.11 ¢ 23.93+0.03 ¢ 18.13+0.58 ab 3.16+0.07 ¢ 5.75£0.31b
HA TN 1.87+0.06 b 103.40+0.13 d 30.78+0.72 a 18.13+0.21 ab 3.98+0.11 a 4.56+0.18 cd
WREMTX 3.09+0.17 a 83.69+0.10 f 28.88+0.26 b 16.10+0.70 ¢ 4.00+0.08 a 4.03+0.25d
VE A ANG FREFR IR R — 20 3 78 S R ) 22 s 3 25K (p<0.05) .
Note: Different small letters indicate significant differences in the same component among varieties (p<<0.05).
1.0
L& & Fructose content 057 065 68
] %1 BE & Glucose content 059 064 | 0.72 0.8
JEE AR 2 i Sucrose content 0.77 0.67 0.6
W94 TR 7 2 Tartaric acid content 1 -089
- 0.4
SE AR & /& Malic acid content 1
FLEZ & & Lactic acid content ;fm:’ 1 054 041 061 060 - 02
FriE L & & Citric acid content 097  -0.94 = 0.0
BEHAML % & Succinic acid content -
S Bl 75 i Total sugar content
-0.4
SR 75 i Total acid content 094 -0.89
ALETEEIE SR 46 | 055 -0.6
Soluble solid content i
W] §i% %€ R 2 i Titratable acid content 1 -09% 0.8
[ L Solid acid ratio ° & e 1
-1.0
S \ S " . S \ S X S 0
B o o o o o A o e
@09’ & 5 & ?@é oS o e o \?&-\6 so\.‘é o8 2%
Q 0\ g\) %& A {Acp@ C\.&O 6\0\0 0.@\ o \ ¥ & 3\ i \\/()%0
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@ % A & "%“ @&L ® “"@?&”/ @
« /\va\% %’\%

*#RF L FAIE (p<<0.05) s+ RTMLFEAA L (p<<0.01)6

*indicates significant correlation (p<<0.05); **indicates extremely significant correlation (p<<0.01).
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Fig. 4 Correlation analysis of the contents of sugar and acid components in the mature fruit of 6 passion fruit varieties
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