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Study on sugar and organic acid accumulation during fruit development

in ‘Yuluxiang’ pear
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Abstract: [Objective]lSugar and organic acid contents in the fruit are not only the dominant factor af-

fecting fruit quality, but also the basic raw material for synthesis of carotenoids, vitamins, pigments and
aromatic substances, which determines the quality of fruit flavor. Sugar and organic acid accumulated
differently in different kinds of fruits. The aim of this research is to understand the changes about the
sugar and organic acid contents during fruit development of ‘ Yuluxiang” pear. [Methods]The contents
of sugar and organic acid were determined by the High Performance Liquid Chromatography(HPLC).
Earlier researches showed that the major components of soluble sugars were sucrose, glucose, fructose
and sorbitol. The fructose content showed the highest value, and the glucose content was the second, the
proportion of these two sugars to total soluble sugars was 72.17%, and sucrose content was the lowest,
and glucose and fructose showed a very significant positive correlation with total soluble sugars. The
major components of organic acids were malic acid, citric acid, quinic acid, shikimic acid, and oxalic ac-
id. The contents of malic acid and citric acid were significantly higher than others, and the proportion of
the two organic acids to total organic acids was 89.79%, and this showed a very significant positive cor-
relation with total organic acids. In terms to different species, the contents of total soluble sugars and to-
tal organic acids in Pyrus bretschnrideri Rehd. and P. pyrifolia (Burm. f.) Nakai were relatively lower,

the contents in P. ussuriensis Msxim. were relatively higher, the content of total soluble sugars in P. sin-
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kiangensis Yu was relatively higher, and total organic acids was intermediate, the content of total solu-
ble sugars in P. communis Linn. was relatively higher, and total organic acid was the highest. The ratio
of total sugars to total acids varied considerably and ranged from 6.95 to 33.87, and the ratio of total
sugars to total acids was higher in P. bretschnrideri Rehd. and P. pyrifolia (Burm. f.) Nakai, P. ussurien-
sis Msxim. and P. sinkiangensis Yu were intermediate, and P. communis Linn. was relatively lower. [Re-
sults] The results showed that, during ‘Yuluxiang’ pear fruit development, the total sugar content
showed the “slow-fast-slow-fast” ascending trend. It can be roughly divided into four stages: the first
stage was from early May to late Jun, which was from fruit setting to 60 days after anthesis, when the
soluble sugar content in fruit increased slowly; the second stage was from late June to late July ( from
60 days after anthesis to 90 days after anthesis), when the total sugar content increased rapidly, which
was the first peak of sugar accumulation; the third stage was from late July to early August (from 90
days after anthesis to 105 days after anthesis), when the total sugar content changed insignificantly; and
the fourth stage was from early August to fruit maturity, which was the second peak of sugar accumula-
tion, when the total sugar content began to increase rapidly, and reached the highest value at harvest.
The total acid content was the “up-down” trend during ‘Yuluxiang’ pear fruit development. It can be
roughly divided into three stages: the first stage was from early May to late June (from fruit setting to
60 days after anthesis), when the organic acid content increased slowly; the second stage was from late
June to early August (from 60 days after anthesis to 105 days after anthesis), when the organic acid con-
tent accumulated rapidly and reached its peak; and the third stage was from early August to fruit maturi-
ty (after 105 days after anthesis), when the organic acid content began to decline rapidly. In the young-
fruit period, the main type of sugar and acid was sorbitol and malic acid, respectively. In the mature peri-
od, fructose was the main fruit sugar, and malic acid was the main acid. In the mature period, the fruc-
tose took up 43.07% of the total sugar and the malic acid took up 71.9% of the total acid. The sucrose
content remained low from fruit setting to 60 days after anthesis. From 60 days after anthesis to pre-ma-
turity, sucrose content began to rise rapidly, and its content increased by 3.81 times. Sorbitol content in-
creased gradually and reached its maximum from fruit setting to 75 days after anthesis, and then began
to decrease.[Conclusion] ‘ Yuluxiang’ pear is a fruit with high fructosecontent, and it should be classi-
fied as the malic acid type according to three conventional fruit classification: malic acid type, citric ac-
id type and tartaric acid type.
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Table 1 The correlation analysis of the soluble sugar and organic acid components
MR AN CRBE LAEE oobk R R ZRR FER R R
Sucrose Glucose Fructose Soubitol Total sugar Malice acid Citric acid Quinis acid Shikimic acid Oxalic acid Total acid
T Sucrose 1
T % Glucose 0.989" 1
M Fructose 0.984" 0.983" 1
LI A4EE Soubitol 0289 0263 0288 1
St Total sugar 0.944" 09357 0.948" 0.573 1
WK Malice acid ~ 0.623  0.579  0.627  0.863" 0.813" 1
FFIERR Citric acid 0.699" 0.620 0.686  0.710" 0.813" 0.945" 1
Z2 JER Quinis acid 0.969" 0.982" 0.986" 0.340 0.955" 0.644 0.662 1
FFER Shikimic acid  0.636  0.729"  0.661 -0.256  0.491 -0.036 -0.063 0.695" 1
IR Oxalic acid 0.944" 0.958" 0.948"  0.053 0.832" 0.382 0.463 0.945" 0.809" 1
SR Total acid 0.692"  0.639 0.691° 0.806™ 0.850" 0.992" 0.976"  0.695 0.003 0.459 1

R R R R (p < 0.0D), * R BFMX KR (P < 0.05).

Note: **shows correlation is extremely significant(p << 0.01), *shows correlation is significant(p << 0.05).
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Table 2 Eigenvector, eigenvalue, account
and total account of 2 PCA

HoEWy BT

PCA1 PCA2
HERE Sucrose 0.391 -0.068
I Hi Glucose 0.390 -0.119
HH# Fructose 0.392 -0.075
11 4% Soubitol 0.165 0.548
3 HER Malice acid 0.285 0.453
FF# R Citric acid 0.297 0.405
75 JE#2 Quinis acid 0.390 -0.070
FEBRR Shikimic acid 0.242 -0.486
Eifig Oxalic acid 0.363 -0.253
LA Eigenvalue 6.328 2.264
77 Z BTk % Variance contribution 70.31 25.15
2t 51#k# Accumulative contribution rate 70.31 95.46
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