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Abstract: Fruit quality is the key indicator to measure the commodity value of fruit, and the indicators such as single
fruit weight, fruit shape and fruit determination degree (DD) are particularly crucial, which directly affect consumers'
desire to buy. In addition, primary metabolites are indispensable substances in the process of plant growth and devel-
opment, which are widely present in all plants, providing basal metabolites and energy support for plant growth, devel-
opment and reproduction. Primary metabolites such as sugars, organic acids, amino acids and inositol are the key factors
affecting fruit quality, and they are also important criteria for measuring fruit flavor and texture. With the improvement
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of consumers' living standards and the pursuit of healthy fruits, a large amount of data is needed to screen out Annona
squamosa varieties with high nutritional value and high sugar. Yunnan's hot and dry valley climate provides an excellent
environment for the fruit to thrive. In order to explore the differences in fruit quality and the composition and content of
primary metabolites in the pulp of the four varieties of A. squamosa in the dry and hot river valley of Yunnan Province,
the varieties with high nutritional value and high sugar were screened. Four varieties (AP, Damu, Fengli and Liulian)
from the planting base of Yuanjiang County, Yuxi City, Yunnan Province were used as the test materials. Gas chroma-
tography-mass spectrometry (GC-MS) was used to determine the composition and content of primary metabolites per
unit weight of fresh fruit pulp, and the one-way analysis of variance (ANOVA), principal component analysis (PCA) and
partial least squares discriminant analysis (PLS-DA) were used for comprehensive analysis and evaluation. Among the
four cultivars in the dry-hot valley area of Yunnan, AP A. squamosa had the largest single fruit weight. The content of
soluble solids (TSS) in Liulian A. sqguamosa was the highest. The fruit shape of the Damu A. squamosa is oval, and the
other three varieties are oblong; The fruit DD of Fengli A. squamosa was the smallest, and there was no significant dif-
ference among the other three cultivars. A total of 43 primary metabolites were detected in the pulp of the four cultivars,
including 9 amino acids, 13 organic acids, inositol and 20 soluble sugars. Further analysis of the contents of various
primary metabolites in the pulp of the four varieties showed that the contents of sucrose, fructose, glucose, allulose,
citric acid and malic acid were the main among the 43 primary metabolites. The contents of glucose, allulose, citric acid
and malic acid in Liulian A. squamosa were significantly higher than those of other varieties, and the contents of sucrose
and fructose in AP A. squamosa were significantly higher than those of other varieties. In addition, some primary me-
tabolites had significant cultivarity specificity, among which leucine, acetamide acid, xylulose and threonate were only
detected in AP A. squamosa. Trehalose is only detected in Liulian A. squamosa. Principal component analysis (PCA)
showed that the variance contribution rate of PC1 was 48.3%, that of PC2 was 25.8%, and that of cumulative variance
was 74.1%. Partial least squares discriminant analysis (PLS-DA) was used to screen 19 primary metabolites as the
characteristic differential metabolites in VIP=1, including 5 amino acids, serine, L-hydroxyproline, leucine,
L-norvaline and L-glutamic acid. 2 organic acids, acetamide and 2-ketoglutarate; 7 soluble sugars, namely D-(+)-xylose,
D-arabinose, hexapyranose, xylulose, L-threonose, L-(-)-fucose, sucrose, d-galactose, D-(+)-pinedisinose, maltose and
D-(+)-cellobiose; and inositol. From the perspective of basic quality and primary metabolite level, the fruit TSS and
primary metabolite content of Liulian A. squamosa were the highest, while the TSS of Fengli A. squamosa was moderate
and the outer gauge was the most regular. Therefore, the two varieties can be promoted and planted as A. squamosa va-
rieties with high nutritional value and high sugar in dry and hot river valleys.
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Tab. 1  Fruit quality analysis of four A. sqguamosa cultivars
S AR AR R Al s EIE Y A
i e Bt Az P IR TR
Variety Fruit weight/g Fruit length/mm Fruit width/mm Fruit shape index Frult(;ieegtferzr/l;:atlon Sos;lztl:nst?‘}/lds
AP TFE# B 354.83+9.42° 82.35+4.07° 96.35+0.37° 1.1740.06* 25.00° 23.00+3.01%
KHEBM  236.11+8.28° 87.35+1.22° 82.19+5.00° 0.94+0.06" 24.00° 19.63+£0.21¢
RAELE 246.20+£0.17% 79.58+8.86" 94.47+1.63" 1.20+0.14° 18.33% 27.234+0.67%
IR 308.35+112.42% 81.11x1.49° 96.58+24.74° 1.19+0.31° 25.00° 30.40+3.86°
*: FAARVNG ERRRER B (P<0.05) .
Note: Different small letters in peers indicate significant difference (P<0.05).
K2 AN EBHLMREARMNEREDTRER
Tab. 2  Variation of primary metabolites in pulp of four A. Squamosa varieties
eI S TNIE] /ME FHIE i 2% A5 R HL
Index Maximum/(pg-g’)  Minimum/(pg-g™) Mean/(pg-g™) Standard deviation/(ug-g')  Coefficient of variation/%
AR 4393.80 2967.22 3366.56 688.86 20.46
AR 1212.37 357.36 671.55 390.95 58.22
CIRET Y 41 926.91 36 328.17 38 677.90 2481.94 6.42
L 279.97 138.11 210.40 74.40 35.36
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Fig. 1 Analysis of content of amino acids, organic acids, myo-inositol, and soluble sugars
in pulp of four A. squamosa cultivars
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Fig. 2 PCA and PLS-DA analysis of content of primary
metabolites in pulp of four A. squamosa cultivars
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Tab. 3  Analysis of types and contents of primary metabolites in pulp of four A. squamosa varieties
/i AP FHIH K H R KA R KR RE

Compounds African pride Annona squamosal (damu)  Pineapple sugar apple Durian sugar apple
JULEE 154.60+4.66° 268.94+3.10° 138.11+2.38° 279.97+8.99*
FrigER 1208.94+10.72° 1144.43+7.62° 1270.15+6.13° 1411.78+51.74°
TR 28.15+0.21° 96.14+7.12° 33.22+0.85° 177.49+2.36
Tl IR 1R 23.69+0.56° 21.52+41.46° 20.1242.23° 19.62+0.96°
SRR 4.92+0.03° - - -
TR 21.67+0.36" 15.03+4.38° 10.44+0.19° 4.13£0.62°
25 R 32.24%0.10° 17.49£2.01° 21.05+0.59° 22.23+0.49°
R 883.97+4.89° 843.27+23.26° 960.62+1.31° 1346.59+11.59*
KNAR 14.12+0.33" 13.76£1.65% 12.42+0.20* 11.87+0.21°
LR 297.07+3.64° 643.68+24.19" 335.53+1.92° 643.10+11.45
LRz 53.86+0.84° - - -
' 28.75+0.75° 21.94+0.66° 30.28+0.16" 18.390.30¢
%R -16-45- 18R 136.78+2.19° 91.25+1.45° 132.88+4.50° 664.50+5.64°
2-J % 1R 23.04+0.73° - 12.71£0.41° 37.23+0.79*
4-FHEET R 208.68+0.65° 183.56+3.31° 115.60+0.57° -
HEC 20.28+0.85 18.26+1.90° 21.71£0.97* 21.08+0.12%
D-# Bl 1R 32.35+0.27" 50.25+0.99° 32.64+7.05" 49.88+7.57°
DL-fE A & 65.93+0.95° 59.16+8.90° 56.51+1.50° 105.51+3.28"
L-IE S 1R 10.83+0.10° 6.39+0.51° 8.15+0.06° 8.08+0.13°
L-JH &R 163.58+1.54¢ 250.04+11.57° 536.34+0.26" 983.23+10.30°
L- 73R 24.59+0.44° 31.34+0.42° 23.2420.42¢ 39.92+0.05°
L-F2 il 2 iR 12.80+0.17° 10.82+0.90° 30.85+1.03¢ 32.09+0.43"
L- B E R 28.33+1.07° 24.93+1.58° 13.98+0.70° 9.45+0.17¢
A 12.18+0.14° - - _
EAZR 491.13+4.85° 455.96+27.72° 355.14+18.34° 701.83+19.47*
L2 482.09+238.89° 1083.95+30.18* 772.68+162.47° 1105.85+572.45°
7 M g A 8.54+0.60° 9.57+0.54° 13.30+1.41° 12.66+0.32°
e 8937.34+520.97" 4745.10+35.84 8861.57+673.61° 8326.53+270.46"
WAL 4 119.42+1.60° 131.64+27.19° 102.38+1.56" 171.67+2.69°
1 ety 2 7L 29.08+2.10° 12.98+1.70° 24.91+7.58% 15.34+3.63%
d-1 8 vk 24.70+1.06° 144.11+18.85* 61.76£17.19° 174.14+58.79°
A 93.51+34.49% 169.42+53.10° 61.20+1.93° 103.12+12.03%
IDRIENR(SE 27.66+3.74° 16.98+2.33¢ 14.37+0.95¢ 35.24+0.59°
D-(+)-A M - 25.98+6.89° 19.52+0.36° -
d-2B3L 0 171.90+1.46° 143.96+5.44° 177.81£1.77% 186.23+5.21°
D-(+)-#A 4 371.10+11.63° 216.63+£12.85° 391.36+6.99° 483.58+12.88"
D-Hil 13 429.52+1365.37° 11 796.01+784.03* 11 827.06+411.12% 10 540.40+314.59°
d-Hi % b 10 828.82+2468.72%° 12 702.91+1295.00° 9186.03+98.19° 13 681.92+368.47°
D-Fa] 1% il 4086.62+299.65° 5305.67+124.62° 4398.21+54.98° 6072.54+138.96"
D-(+)-£F 4 — bk 97.39+19.32° 262.80+50.17° 42.98+0.87" 295.24+11.63°
D- 1t 5k - - - 14.07+0.64°
L-(-)- 10.50+3.09° 4.97+0.59° 17.87+0.73° 6.54+4.52°
L-(+)- 754 6.36£0.72° _ _ N

I FAARFENG TR 2R R (P<0.05) 5 SRR AR,

Note: Different small letters in the same line indicate significant difference (P<0.05); — indicates that this item is not detected.
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Tab. 4 PLS-DA analysis of differences in primary metabolites in pulp of four A. squamosa cultivars

/)i P o0 A ik AR LY/ P5 U A% ik A
Compounds 1D VIP Compounds ID VIP
D-(+)- A 1 1.20 TEHE 11 1.12
D-Faf 7 {f b 2 1.18 2- i % R 12 1.11
7 ML g A% 3 1.15 L-1E45 2R 13 1.11
2R 4 1.14 d-2FFL 14 1.10
L-2 Ml AR 5 1.14 D-(+)-FA —h¥ 15 1.09
LRI 6 1.13 % 2EhE 16 1.08
R i A 7 1.13 L-A 2 17 1.04
YN i 8 1.13 (+)-£1 4k — 18 1.01
L-Jp b 9 1.12 N 19 1.01

—_
(=)

L-(-)- % bl 1.12

A L-J5 B AE AP 3 7 A s 5 D-(0)-AH
AR R H ORI R AR rf gl A i 5 B H R
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