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Research and application of image recognition- based identification for

flesh browning of loquat fruits
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Abstract: [Objective] Loquat [Eriobotrya japonica (Thunb.) Lindl.] is a kind of fruit tree of the genus
Loquat in the Rosaceae, maloideae, and its fruit is tasteful, rich in nutrients, and reputed as ‘the first
fruit of the early spring’. Browning of flesh can affect the quality of fresh -cut product of the fruit. So
far there has been no report on the research of fresh-cut loquat fruit. Exploring the fast and efficient
identification and evaluation of the flesh browning of loquat fruit is conducive to the efficient screening
of browning- resistant germplasm resources of loquat. [Methods] The mature fruits of five white-
fleshed loquat resources, including Zhongbai, Sanyuebai, Baixuezao, Guifei, and Guofenben, and five
red-fleshed resources, including Zhongshudaxiang, Huangjinkuai, Ruisui, Muluo, and Yanhong collect-
ed from the National Loquat Germplasm Resource Nursery (Fuzhou, China), were used as materials. Af-
ter the loquat flesh was freshly cut, it was placed in a simple soft light photographic light box with fixed
light source and temperature. The browning phenotypes of loquat flesh cuts were photographed and re-
corded in 0 min, 10 min, 30 min and 60 min. And then the Photoshop software was used to pre-process

the background purification of the original photos taken by the camera, and the rgb2lab and rgb2hsi
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function algorithms of the MATLAB R2022a were used to convert the color space of the pre-processed
pictures of the cut surface of the fruit flesh, the recognizabilities of the loquat fruit flesh under each col-
or component of the three color spaces of RGB, Lab, and HSI were compared, and the suitable color
spaces were accordingly chosen for measuring loquat flesh. Then based on the MATLAB edge detec-
tion algorithm, the Sobel operator was used for binary segmentation of the loquat flesh cut image, to ex-
tract the change of Lab value of the flesh image pixels at different time points after cutting, and calcu-
late the browning index according to the formula of color change value. Additionally, the MATLAB
ROI function was used to select the irregular representative loquat flesh browning areas, extract the col-
or feature value, and complete the browning area segmentation of the original image by using the Eu-
clidean distance. Finally, according to the characteristics of the Lab value change, the browning index
and browning area during the browning process of loquat flesh section, the principal components were
extracted and ranked by the affiliation function, by which the browning resistance grading of the 10 lo-
quat resources was comprehensively realized. [Results] A method based on the MATLAB image seg-
mentation algorithm was established to rapidly identify loquat flesh browning, and the CIE-Lab color
space transformed by MATLAB could accurately identify the flesh browning phenotypes of the differ-
ent resources, which would be mostly close to the results determined by colorimeter. The L value and «
value could effectively distinguish the flesh color characteristics of the two major types of red flesh and
white flesh, and could be used for the flesh color phenotype identification analysis of the loquat germ-
plasm resources. Using the color difference formula to calculate the browning index (BI) of the 10 re-
sources at different time intervals based on Lab values, the browning indexes of the loquat resources
with white flesh were significantly higher than those of the red flesh resources, and the browning index-
es of Baixuezao, Guifei, Zhongbai, Zhongshudaxiang, Ruisui, and Yanhong increased with the prolonga-
tion of time post cutting, whereas thosed of Sanyuebai, Guofenben, Huangjinkuai, and Muluo loquat
reached the threshold for browning after 30 min of fresh-cutting, and then tended to keep stabile. The
Euclidean distance algorithm indicated that the percentage of browning area in the white flesh type was
significantly higher than that in the red flesh type. Among the 10 resources, the browning process of
Guofenben was the fastest and the browning area was the largest, while the browning process of Yan-
hong was the slowest and the browning area was the smallest 60 min post cutting. The study indicated
that splitting the browning area could be possible to distinguish and localize the phenotypic differences
of browning between the red and the white flesh types more precisely. According to the membership
function ranking by principal component analysis, the browning resistance of the 10 loquat resources
from strong to weak was: Yanhong, Ruisui, Huangjinkuai, Zhongshudaxiang, Muluo Loquat, Zhongbai,
Guifei, Sanyuebai, Baixuezao, Guofenben. [Conclusion] The MATLAB image segmentation algorithm
had a wide recognition range and fast computational speed, which would be suitable for quantitative
analysis of the color change process of intensive resources. In the evaluation of the loquat flesh brown-
ing, the browning index and browning area of the MATLAB algorithm indicated the browning situation
from different dimensions, and the combination of the two methods could maximize the characteriza-
tion of the browning resistance of the loquat resources. The MATLAB image segmentation technique
could be used to accurately and rapidly identify the browning resistance of the loquat flesh, and the tech-
nique could be also applicable to the identification and evaluation of the other color traits of the loquat
germplasm resources.
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Table 1 Ten loquat resources for testing

P BRI RAGIE A A AR FPs BHEAATR KRG REL S

No. Variety name Types of flesh Variety origin || No. Variety name Types of flesh Variety origin

1 hH(ZB) HA R 6 TR (ZSDXO) ARG EMEES
Zhongbai (ZB) White flesh Fujian, China Zhongshudaxiang (ZSDX)  Red flesh Chongqing, China

2 =HH(EYB) HA R 7 H AP HIKD ARG FEH
Sanyuebai (SYB) White flesh Fujian, China Huangjinkuai (HJK) Red flesh America

3 H T 5 (BX2) HA R 8 i (RS) ARG FEH
Baixuezao (BXZ) White flesh Fujian, China Ruisui (RS) Red flesh America

4 BRI (GF) HA R 9 A HEAE (MLPP) ARG HE=H
Guifei (GF) White flesh Fujian, China Muluopipa (MLPP) Red flesh Yunnan, China

5 [ %5 7= (GFB) HA T e 10 2L (YHD ARG T
Guofenben (GFB) White flesh Fujian, China Yanhong (YH) Red flesh Fujian, China
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Fig.2 Segmentation results of Guifei (GF) and Huangjinkuai (HJK) with different thresholds for 60 min
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Fig.3 Two types of loquat fruit flesh with different color space grayscale images
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Fig. 4 MATLAB algorithm and colorimeter method to extract fruit flesh color Lab and RGB value differences
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Fig. 5 Changes in Lab values at different times after fresh cutting of 10 loquat resources
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Fig. 6 Browning index (BI) of 10 loquat resources at different times after fresh cutting
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Fig. 7 Phenotypic changes in browning at different times after fresh cutting of 10 loquat resources
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Fig. 8 Area of browning at different times after fresh cutting of 10 loquat resources
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Table 2  Significance test of browning area difference between red flesh loquats and white flesh loquats

[ERFIESEHINEIS il I it i 22 bR 72 ST e i
Duration of fresh-cut processing/min Group Mean value Standard deviation Standard error Significance
10 1A White flesh 34.998 3 10.945 39 1.998 35 14.679 »<<0.001
21 A Red flesh 43377 3.33001 0.607 97
30 1A White flesh 47.8187 16.131 46 2.945 19 10.973 p<<0.001
21 A Red flesh 12.069 3 7.630 30 1.393 10
60 1A White flesh 55.0593 15.149 85 2.765 97 12.432 p<<0.001
ZLJ Red flesh 16.493 3 7.692 47 1.404 45

®3 10 PHEFBLIIEREBEREHZ

Table 3 Ranking of the affiliation functions of the browning process of the 10 resources

A TR &5 L 53 h
TR TR AL Aa Ab RESLEL Proporti;n of A E' i
Variety Browning index, BI b . % Ranking of
name rowning area,S/% affiliation

10 min 30 min 60 min 10 min 30 min 60 min 10 min 30 min 60 min 10 min 30 min 60 min 10 min 30 min 60 min functions

YH 2.46 213 105 177 195 136 085 046 0.60 3.20 305 385 297 675 9.12 1
RS 2.97 751 809 251 459 338 005 1.00 227 390 891 9.08 473 1421 1750 2
HIK 6.85 424 418 325 462 345 085 159 056 551 557 848 355 9.04 1658 3
ZSDX 3.88 623 792 216 379 460 085 147 223 454 749 950 096 7.22 1098 4
MLPP 2.20 6.58 534 272 295 276 091 355 3.09 3.65 8.18 6.89 948 23.12 2827 5
ZB 2.93 4.17 682 198 279 398 1.63 252 230 395 574 832 31.23 3997 46.75 6
GF 5.18 6.67 7.87 320 396 443 166 220 213 6.34 8.09 932 2812 32.09 39.09 7
SYB 6.16 11.01 9.04 435 6.66 673 1.13 070 045 7.77 13.12 1145 46.65 5533 58.55 8
BXZ 3.72 350 946 236 336 521 278 262 385 524 5.57 11.53 29.10 44.70 58.18 9
GFB 473 1523 13.72 354 764 7.68 3.00 182 204 663 17.14 1586 3990 66.99 72.72 10

TR 1.

Note: See Table 1 for variety names.
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