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Abstract: [Objective] This study aims to explore the testing conditions and methods suitable for the
texture characteristics of litchi fruit through whole fruit puncture test and Texture Profile Analysis
(TPA). Puncture test refers to the use of a millimeter diameter probe to puncture a sample, which can de-
termine the hardness and brittleness of the sample, and it is also commonly used for peel analysis. TPA
testing simulates the chewing motion of the human oral cavity and compresses the sample twice. This
process can determine the texture parameters such as hardness, adhesion, elasticity, cohesion, and chew-
iness of the sample. Meanwhile, through variance analysis, correlation analysis, principal component
analysis, and cluster analysis of the texture parameters of different lychee varieties, a preliminary quanti-
tative evaluation method for lychee fruit quality was established. [Methods] This study used mature
Shuidong fruits as experimental materials. Firstly, physiological indicator data of fresh fruits were col-
lected, including fruit weight, fruit volume, fruit size, etc. Then, using puncture and TPA methods, refer-

ring to relevant literature, single factor tests were conducted on indicators such as deformation, testing
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speed, puncture depth, and trigger force. To clarify the optimal conditions for determining the texture of
lychee fruit, we set multiple gradients for each detection factor in this experiment. Prior to the start of
the formal experiment, pre-experiments were conducted on the test samples and basic testing condi-
tions. And three fruit texture analysis and testing modes have been established: whole fruit puncture
method, whole fruit TPA method, and whole fruit peeling TPA method. During testing, the suture line of
the fruit is parallel to the storage platform, with the highest point on the sunny side as the testing point.
Five fruits were measured for each treatment. In addition, this study used 8 lychee cultivars including
Shuidong, Feizixiao, Chiye, Renshanli, Zaomi, Heiye, Leiling Xiaolingxiang, and Ziniangxi as experi-
mental materials to analyze and evaluate the texture of lychees and test the adaptability of the optimal
conditions. [Results] (1) The results of the single factor experiment showed that the optimal parameters
for detecting lychee fruit peel by puncture method were puncture depth of 4 mm, testing speed of 0.5
mm -s”', and triggering force of 0.38 N; The optimal testing level for TPA testing of lychee whole fruit
(with and without skin) is a deformation of 20%, a testing rate of 0.5 mm-s™', and a triggering force of
0.38 N. (2) The analysis of fruit texture parameters of different lychee varieties showed that there were
differences in texture indicators between each variety in the puncture test and TPA test. Among them, in
the puncture test, the variation amplitude of peel strength was the smallest, with a coefficient of varia-
tion of 14.35%. The peel strength of Feizixiao was the highest, significantly higher than the other seven
varieties; In the TPA whole fruit with skin analysis, the recovery of Feizixiao was significantly higher
than that of other varieties except for Chiye; In the whole fruit peeling TPA experiment, the chewiness
of the flesh of Renshanli and Zaomi was significantly higher than that of other varieties (P<<0.05),
while there was no significant difference in the chewiness of the flesh of Heiye, Shuidong, Leiling Li-
lac, and Ziniangxi. (3) The correlation analysis of texture indicators of different lychee varieties showed
that the skin hardness was very significantly and positively correlated with the maximum displacement
of the peel and the penetration of the fruit peel (P<<0.01), the hardness of the fruit flesh was highly sig-
nificantly and positively correlated with chewiness (P<<0.01), and highly significantly and negatively
correlated with cohesiveness and resilience (P<<0.01). Elasticity and chewiness were highly significant-
ly and positively correlated (P<<0.01). These results indicated that important indicators in the puncture
test included peel hardness, peel maximum displacement, and puncture work, while important indica-
tors in the TPA test included fruit hardness, cohesiveness, resilience, chewiness, and elasticity. (4) Using
principal component analysis, 6 factors were extracted from 28 indicators (phenotype indicators and tex-
ture analyzer parameter indicators), with a cumulative variance contribution rate of 87.90%, represent-
ing the vast majority of texture characteristics, which can basically analyze the main reasons for the di-
versity between different lychee germplasm resources. The first and second principal components can
be used as important indicators for variety identification. Fifteen indicators with load values greater
than 0.8 were extracted for cluster analysis, and the texture indicators were divided into three catego-
ries. Eight lychee cultivars were also divided into three categories, indicating that the selected important
indicators can be used to distinguish the texture characteristics of different lychee fruits. [Conclusion]
Compared with TPA test, whole fruit puncture test is more suitable for analyzing the texture of fruit
skin. In TPA, the compression of whole fruit with skin can also reflect the texture characteristics of fruit
flesh to a certain extent. This study preliminarily determined the standardized parameters for lychee
puncture test and TPA test and screened out the core indicator group that can be used to evaluate the tex-
ture characteristics of lychee fruit. The combination of puncture method and TPA method can effective-

ly distinguish the texture differences between different germplasm resources, enriching the content of ly-
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chee texture evaluation.

Key words: Litchi; Puncture method; Texture profile analysis (TPA); Fruit texture; Germplasm resource
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Fig. 1 Appearance traits of ripe fruits of different cultivars
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Fig. 2 Texture characteristic curves of Shuidong tested by P2/N probe under different detection factors
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Table 1 Effects of different puncture factors on the texture parameters of Shuidong litchi pericarp
. , i , AHE BT AR ) i =) & = AR A &L T AR
mamE kE e £i TWREMDIZL e R upaer 28
strength/N  CV/% distance/mm  CV/% CV/% modulus/(N-mm™) CV/% ion/N CVl%
2 R 2 mm 1.70+0.04  2.06 1.87+0.10C 518 1.96+0.15C  7.44 0.74£0.03 a 465 031£0.07C 23.05
Puncture depth 3 ) 1.96£0.49 2521 228+046C 2022 2.85+0.90 BC 31.60 0.71+0.29 a 41.08 0.83+0.08 B  9.89
4 mm 2.00£0.17 846 2.17£030C  14.06 2.47+0.16C 639 0.86+0.13a 1507 0.89+0.14B 15.24
5 mm 2.06£0.22 10.86 3.37+121B  36.01 4.90+2.35B 4790 0.61+0.25a 4122 0.95+0.16 AB 16.38
6 mm 1.93£0.44 22.80 5.60+0.24 A 436 9.67+230A 23.78 0.28+0.09 b 3158 1.11£0.08 A  7.15
cc 0.29 0.79%* 0.77%* -0.50% 0.84%%*
W 0.5mm's’ 2.00£020 9.67 2.38+0.43 18.95 3.23+0.68  21.90 0.80+0.12 1526 0.92+0.13  14.00
Test speed 1.0mm-s' 2.14+031 14.57 2.62+0.81 3092 351126 3548  0.79+0.21 2633  0.89£0.09  10.47
1.5mm-s' 2.17+0.24 11.10 2.65+0.59 2272 3.69+1.54 4174 0.76£0.21 27.46  0.86+0.07 8.49
fili % 7 038N 2.00£0.20  9.67 2.38+0.53 22.95 3.23+0.48 1490  0.80+0.13 1626  0.92+0.13 14.00
Trigger force (49§ 1.79£0.20 1120 2.87+0.93 3279 3.68+1.11 29.65 0.68+0.24 35.88 0.85+0.12  15.04
0.58 N 1.73£0.30  17.34 2.88+1.24 4323 3.88+0.93  24.68 0.52+0.23 4440 0.81+0.17  21.51

W FSUR S FRRIRE 0.01 KT ERWEE, FHIAE/NG FRFRIRAE 0.05 K2R EE. B BEAREE (=5, NFH. CC i

AT RIRIE 5 TS HU AR R

Note: Capital letters in the same column indicate significant differences at the 0.01 level, while small letters in the same column indicate significant

differences at the 0.05 level. The data is mean + standard deviation (#n=5). The same below. The CC value represents the correlation between puncture

depths and texture parameters.
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Fig. 3 Effects of different deformation variables (A) and testing speeds (B) on the texture profile of Shuidong whole fruit
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Fig. 4 Effects of different deformation variables (A) and testing speeds (B) on the texture profile of Shuidong pulp
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SH. Skin hardness; SD. Skin breakage distance; SW. Puncture skin work; SM. Skin Maximum modulus; PA. Pulp adhesion; FH. Fruit hardness;
FD. Fruit maximum displacement; FW. Fruit squeeze work; FCO. Fruit cohesion; FS. Fruit springiness; FM. Fruit initial modulus; FR. Fruit resil-
ience; PH. Pulp hardness; PD. Pulp maximum displacement; PW. Pulp squeeze work; PCO. Pulp cohesion; PS. Pulp springiness; PC. Pulp chewiness;
PM. Pulp initial modulus; PR. Pulp resilience; FWE. Fruit weight; FV. Fruit volume; FL. Fruit length; FLD. Fruit long diameter; FSD. Fruit short di-
ameter; PT. Pulp thickness; ST. Skin thickness; FI. Fruit shape index.
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Fig.5 Correlation analysis of litchi fruit indexes
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Table S Principal component analysis of litchi fruit texture
Y AE 1) 7= Feature vector
PEAR 1M 2 WA 3 W 4L 55 LM
Character First principal Second principal Third principal Fourth principal Fifth principal
component component component component component
58 Skin strength -0.05 0.42 0.84 0.04 -0.05
24 EE 25 Skin breakage distance -0.23 -0.27 0.82 -0.19 -0.02
ZEI S 7 {52 Puncture skin work -0.10 -0.08 0.92 0.03 -0.08
e KA Skin maximum modulus 0.16 0.87 0.05 0.09 -0.01
R IAZE 77 Pulp adhesion 0.28 0.10 0.47 0.16 -0.36
WS FE Fruit hardness 0.75 0.35 -0.06 0.46 0.17
I KA Fruit maximum displacement  —0.01 0.95 -0.09 -0.03 -0.01
BB L2 Fruit squeeze work 0.50 0.47 -0.15 0.63 0.20
SN EME Fruit cohesion -0.03 -0.22 0.58 -0.21 0.43
SESLHfYE Fruit springiness 0.04 0.92 -0.03 -0.23 -0.03
RSLHCIAT & Fruit initial modulus 0.61 0.23 -0.19 0.61 0.30
H 5[5 F 1 Fruit resilience -0.14 0.23 0.12 -0.89 -0.14
R ATFEE Pulp hardness 0.96 0.00 -0.05 0.19 -0.04
A K ALA% Pulp maximum displacement 0.24 0.04 0.03 0.36 0.85
FAFF AT Pulp squeeze work 0.94 0.00 -0.03 0.20 0.20
S FEAE Pulp cohesion -0.63 0.24 -0.24 -0.54 0.20
F#E Pulp springiness 0.25 -0.02 -0.10 -0.06 0.91
AN Pulp chewiness 0.94 0.07 -0.13 0.09 0.21
R HRIAHHE Pulp initial modulus 0.90 0.15 -0.11 0.06 0.14
A A P Pulp resilience -0.54 0.13 -0.14 -0.68 0.31
$FHE{E Characteristic value 7.65 3.31 2.89 2.06 1.34
TTHAZE Contribution rate/% 38.25 16.56 14.46 10.31 6.68
ZiFTTHk % Cumulative contribution rate/% 38.25 54.81 69.27 79.58 86.26
A Moy
BrsL
4r @xpxs .i::l
xDx3 @ @ XD o
2F wis M@ @rox . FZX2 2
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8 . RSL4 . SD}{GF e : 4 .FZX
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PCI

CY. M :RSL. A= 1113 : ZM. 58 HY. J0: XDX. TV /N T 7 s ZNX. S04 :SD. KR FZX 875K 5 1~5 ARRFEA 1~5.
CY. Chiye; RSL. Renshanli; ZM. Zaomi; HY. Heiye; XDX. Leilingxiaodingxiang; ZNX. Ziniangxi; SD. Shuidong; FZX. Feizixiao; 1-5 represents
sample 1-5.
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Fig. 6 Principal component score plot of 8 litchi varieties
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