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Abstract The fruit of Huangguan pear is deeply loved by consumers because of its rich nutrition and rich flavor. The quality evaluation system of Huangguan pear
is composed of many quality types. In this study, the types and functions of nutritional quality indexes of Huangguan pear were summarized , such as vitamin C, sol-
uble solids, soluble sugar and titratable acid, and the factors affecting the nutritional quality of Huangguan pear including genetic factors, environmental factors and
agricultural management measures were overviewed, aiming to provide reference for establishing a comprehensive quality evaluation system of Huangguan pear and

then promoting the high-quality development of Huangguan pear industry.
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Huangguan pear is a kind of Rosaceae plant in Rosales. Its
fruit is oval or nearly spherical in shape, with a small core, white
flesh, delicate texture, few stone cells, and less residue. The
fruit not only has a round and regular shape, but also tastes crisp
and juicy, and sweet and sour. Huangguan pear has the advanta-
ges of early fruiting, early yielding, and strong disease resist-
ance''’. The fruit is rich in vitamin C, lycopene and other nutri-
ents, which can improve human immunity, improve blood lipid
and inhibit cardiovascular diseases. It is a natural prescription for
anti-oxidation. The fruit of Huangguan pear is deeply loved by
consumers because of its unique flavor and rich nutrients, and its
consumption has increased year by year'” | but the flavor quality
of Huangguan pear has gradually declined”’. Improving the fla-
vor quality and nutritional value of Huangguan pear has become
the main task of Huangguan pear breeding, and it is also an ur-
gent need for the development of Huangguan pear industry in
China"™’. Carrying out quality evaluation of Huangguan pear fruit
is the basis of promoting the improvement of Huangguan pear
quality, which not only meets the needs of people’s longing for a
better life, but also is an important measure for the high-quality

development of Huangguan pear industry, rural revitalization and
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improvement of people’s life and health.

Main nutrients and flavor substances of Huang-

guan pear fruit
Vitamin C

Vitamin C is a water-soluble vitamin, which widely exists in
fruits and vegetables such as Huangguan pears and watermelons,
and has a strong antioxidant effect, and its content is in direct pro-
portion to the antioxidant activity””'. Vitamin C can inhibit the
production of oxygen free radicals, thus regulating the production
of inflammatory factors, inhibiting the infiltration of inflammatory
mediators, improving microcirculation to inhibit inflammatory re-
action, and taking vitamin C moderately can improve the micro-
inflammatory state in patients . Meanwhile, it can promote the
absorption of iron, treat anemia and regulate the metabolism of
fat, lipid and cholesterol.

According to the genetic law and map of vitamin C content in
Huangguan pears, Huangguan pears with high vitamin C content
can meet the demand of human beings for the quality of Huang-
guan pears, and also has an important influence on the quality of
Huangguan pear fruit. Studies have shown that the difference of
vitamin C content in the same type of Huangguan pear is mainly
caused by additive genes, and the effect is significant.

Soluble solids

Soluble solids mainly refer to soluble sugars and other soluble
substances. Soluble sugars include monosaccharides, disaccha-
rides and polysaccharides. The soluble solids in Huangguan pears
mainly include soluble sugar, titratable acid, vitamin C and other
soluble nutrients, which are an important factor affecting the flavor
and taste of Huangguan pear fruit. Soluble solids can also maintain
the structure and water balance of Huangguan pears, and delay the

decay and deterioration of Huangguan pear fruit, thus making it
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more resistant to storage and having better commodity properties.

In recent years, there have been many studies on soluble sol-
ids in Huangguan pears. The research shows that the gene of
Huangguan pear can be changed by hybridization or biotechnolo-
gy, so as to improve its soluble solid content. Meanwhile, it is
found that soluble solids belong to nuclear inheritance controlled
by polygenes and have high heritability'”.

Soluble sugars

Soluble sugars are a class of sugar substances that can be dis-
solved in water, including monosaccharides, disaccharides and
some oligosaccharides. Huangguan pear fruit mainly contains solu-
ble sugars such as glucose, fructose and sucrose. Soluble sugars
significantly affect the taste and flavor of Huangguan pear fruit.
Soluble sugars are important nutrients and flavor substances in
Huangguan pear fruit, which has high solubility and good fluidity
and participates in many biochemical reactions in organisms.
Proper intake of soluble sugars is necessary for human health.
They can provide energy and help maintain normal functioning of
the body. In addition, soluble sugars also interact with other nu-
trients, and their content changes with external environment and
other factors, thus determining the comprehensive quality of
Huangguan pear fruit.

The results showed that the soluble sugar content of Huang-
guan pear is controlled by polygenes. Under the same light inten-
sity, the soluble sugar content of Huangguan pear fruit with less
water content is also lower. Under the same water content, the
soluble sugar content of Huangguan pear fruit decreases with the
decrease of light intensity® . Therefore, in the development stage
of Huangguan pear, the soluble sugar content of fruit can be im-
proved to adapt to the low temperature stress environment.
Titrable acids

Titrable acids are one of the important components of plant
quality and an important factor affecting fruit flavor quality. Titra-
ble acids also have the functions of promoting digestion and in-
creasing the absorption of iron. For fresh food species, generally
speaking, high sugar and medium acid mean strong flavor and ex-
cellent quality. For processed varieties, high sugar and high acid
are required. Therefore, the quantitative study of titratable acids
is of great significance to the high quality breeding of fruits and
vegetables.

The titratable acids of Huangguan pear fruit mainly include
citric acid, malic acid and so on, and citric acid accounts for
40% -90% of the total acid content. The content and types of ti-
tratable acids have an important influence on the flavor and quality
of Huangguan pear fruit. Specifically, Huangguan pears with ap-
propriate soluble sugar and titratable acid content have better fla-
vor, and generally speaking, Huangguan pears with sweet and
sour taste and rich flavor can be favored by consumers. The influ-
ence of titratable acid content on the flavor of Huangguan pear ac-
counts for about 49% of the total influencing factors, while soluble
sugars play a secondary role, accounting for 25% of the total in-

fluencing factors™’ .

Influencing Factors of Nutrition and Flavor
Quality of Huangguan Pear Fruit

Hereditary factors

Genetic factors have a significant impact on the nutrition and
flavor quality of Huangguan pear. Different varieties of Huangguan
pear have different kinds and contents of nutrients, such as soluble
sugars, titratable acids and vitamin C. Some varieties of Huang-
guan pear have been selected and improved by biotechnology,
which can enhance their flavor characteristics and nutritional val-
ue. For example, some studies have edited the sgRNA on the pro-
moter sequence of the lycopene regulatory gene SISGR1 in Huang-
guan pear, so that the promoter element sequence is mutated,
which leads to functional changes, which further lead to the im-

17 making the

provement of lycopene content in Huangguan pears
variety bright in color and having significant health benefits, such
as anti-cancer and anti-oxidation. Through genome analysis, a se-
ries of related gene loci affecting the volatile flavor substances of
Huangguan pear have been found. After silencing the expression
of LYC-B gene, the types of volatile substances in Huangguan
pears increased significantly, which improved the flavor of Huang-
guan pear fruit. In addition, different varieties of Huangguan pear
have different genomes in plant metabolic pathways, which will af-
fect the synthesis of some flavor substances, such as volatile com-
pounds, thus changing the aroma and taste of Huangguan pears.
Environmental factors

Environmental conditions play an important role in the growth
of Huangguan pear. Climatic factors such as temperature, humidi-
ty and light directly affect the photosynthesis and growth rate of
Huangguan pear, thus affecting the accumulation of its nutritional
components, leading to differences in nutritional quality and fla-
vor. For example, suitable light conditions can promote the syn-
thesis of carotenoids and vitamin C in Huangguan pears, and red
light can significantly increase the content of volatile substances in
Huangguan pear fruit'"’. However, too-high temperature may
lead to the decrease of sugar and acidity in the fruit, which in turn
will affect the flavor. In addition, soil properties such as pH value
and nutrient contents will also affect the nutritional quality of
Huangguan pear fruit. For example, soil with high organic matter
content can improve the nutritional contents of Huangguan pear
fruit, while poor soil reduces the nutritional value of the fruit.
Agricultural management measures

Agricultural management measures also have an important
impact on the nutrition and flavor quality of Huangguan pear fruit.
Fertilization methods, irrigation management and harvest time will
all affect the growth and final quality of Huangguan pear. Reason-
able fertilization strategy can promote the healthy growth of Huang-
guan pear and improve the nutritional components in the fruit. For
example, the reasonable proportion of main nutrients such as ni-
trogen, phosphorus and potassium is helpful to improving the sugar
and vitamin contents of Huangguan pear fruit. The use of organic
fertilizer can not only improve soil structure, but also increase the

microbial activity in the soil, thus improving the nutritional quality
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of Huangguan pear fruit. The application of bio-organic fertilizer
and humic acid fertilizer can increase the content of vitamin C and
soluble sugar in Huangguan pear fruit and improve the quality of
Huangguan pear fruit"* .

Irrigation management needs to be adjusted according to dif-
ferent growth stages to maintain appropriate water supply, so as to
promote fruit expansion and nutrient accumulation. Unreasonable
irrigation may lead to fruit cracking or excessive moisture, thus af-
fecting the flavor. Studies have shown that the application of 60%
of normal irrigation amount can improve the commercialization of
Huangguan pear fruit. Meanwhile, the soluble sugar content is
significantly increased, and the ratio of sugar to acid is more ap-
propriate, and the types of volatile substances are significantly in-
creased. Consequently, the flavor and nutritional quality of
Huangguan pear fruit are optimized "’

The harvest time of crops varies with their species and growth
cycle, and it is possible in all seasons. The harvest time of
Huangguan pear is usually concentrated in summer, especially
from June to August, and its harvest time and quality are deeply
influenced by many factors. The harvest time of Huangguan pear is
usually between 45 and 90 d after planting, and the specific time
varies with varieties and growth environment.

Research shows that harvest time significantly affects the
quality of Huangguan pear fruit, and the contents of soluble solids
and vitamin C are greatly affected by different harvest time.
Among them, soluble solid content increases first and then decrea-

ses with the delay of harvest time'"").

Prospects

The production of Huangguan pear in China is close to the
market demand, and consumers prefer to buy Huangguan pears
with good nutritional quality and strong flavor. Quality traits deter-
mine the quality of crop products. Therefore, conducting multidi-
mensional nutritional quality evaluation of Huangguan pear fruit
and identifying advantageous varieties are the basis for promoting
the breeding of high-quality Huangguan pear. Meanwhile, the
contents of various nutrients in Huangguan pear fruit can be signif-
icantly affected by scientifically regulating the environmental fac-
tors such as temperature, light, and other external conditions in
the growth process of Huangguan pear, so as to cultivate high-
quality Huangguan pear and provide guidance for actual agricultur-
al production. With the continuous progress of molecular breed-
ing, gene technology and biotechnology, related genes and loci
involved in quality regulation and nutrient accumulation in

Huangguan pear fruit have been continuously revealed, thus
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clarifying the internal regulation mechanism of Huangguan pear
quality, which is of great significance to the breeding and produc-

tion practice of high-quality Huangguan pear.

References

[1] DING XM. General situation of Huangguan pear industry in greenhouse in
the United States[ J]. Agricultural Engineering, 2019, 9(10) ; 73 -75.
(in Chinese).

[2] MA ZH. Discussion on the changing trend of Huangguan pear varieties in
China from the perspective of production market demand[ J]. China Veg-
etables, 2017(3) : 1 =5. (in Chinese).

[3] WANG BY, ZONG YX, DONG X. Analysis on the development status
and problems of Huangguan pear industry in Hebei Province[ J]. China
Vegetables, 2020(7) : 7 —=12. (in Chinese).

[4] WANG MM. On the current market situation of fruit Huangguan pear in
China[ J]. Agricultural Engineering, 2020, 40(31) ; 34 —=37. (in Chi-
nese) .

[5] ZHANG ZY, ZHANG JW, JI XW, et al. Key techniques for high-quality
cultivation of mouthfeel-type Huangguan pear [ J]. China Vegetables,
2018(7) : 95 -97. (in Chinese).

[6] WANG TL, YE HX, ZHENG JR, et al. Research progress of main flavor
substances in pear fruit in Huangguan[ J]. Acta Agriculturae Zhejiangen-
sis, 2020, 32(8): 1513 —=1522. (in Chinese).

[7] CHENG GT, LIU XQ, LI XF, et al. Research progress on the composi-

tion of flavor substances in Huangguan pear fruit and its influencing fac-

tors[ J]. China Vegetables, 2022(7) : 23 —=33. (in Chinese).

HUI RH, DIAO QP, HOU DY, et al. Analysis of vitamin C in Huang-

guan pear by HPLC and determination of antioxidant activity[ J]. Journal

of Anshan Normal University, 2017, 19(2): 29 —=31. (in Chinese).
BAI L, XIE ZL, WANG ZW, et al. Therapeutic effect of vitamin C on
inflammation[ J ]. Journal of Clinical and Pathological Research, 2021,
41(12): 2973 -2979. (in Chinese).
[10] YANG YZ, GONG ZH, LIANG Y. Study on combining ability and ge-
netic effect of main nutritional quality traits of Yingtao Huangguan pear
[J]. Journal of Northwest A & F University; Natural Science Edition,
2007(5): 179 —=183. (in Chinese).

[11] GONG ZH. Combining ability analysis of main quality traits of Capsicum

(8

[

[9

[

annuum L. [J]. Journal of Hebei Normal University of Science & Tech-
nology, 1989(4): 26 —32. (in Chinese).

[12] CHEN Y, LU LH, LYU ZM, et al. Study on effects of lycopene in en-
hancing immunity and antioxidant function [ J]. Preventive Medicine
Tribune, 2018, 24(5) : 393 -396. (in Chinese).

[13] QIN W, WEI L, QIAN Y. Effect of lycopene on tumor necrosis factor-o
mRNA expression[ J]. Journal of the Fourth Military Medical Universi-
ty, 2009, 30(24) : 2966 —2969. (in Chinese).

[14] YAN YK, LI JF. Inheritance analysis of lycopene content in tomato[ J].
Journal of Northeast Agricultural University, 2010, 41 (1). 34 - 37.
(in Chinese).

Proofreader: Xinxiu ZHU



