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ABSTRACT

Loquat (Eriobotrya japonica Lindl) fruit is famous for its taste and rich source of phenolics, flavonoids, sugars,
carotenoids and different acid contents. It is non-climacteric fruit grown under sub-tropical and tropical conditions.
There are two distinct cultivars including white and yellow-flesh with variable fruit biochemical composition and
growth pattern. Different preharvest factors like soil, climate, rootstock, fruit bagging, pruning, water application,
nutritional management and mulching have distinct effect on fruit quality. There is series of physical, biochemical
and physiological changes in fruit ripening. Sugar accumulation, phenolic and carotenoid biosynthesis, organic acid
metabolism and different volatile compounds are main indicators of fruit harvest maturity. Ethylene biosynthesis and
respiration patterns also contribute the developmental process. To increase fruit size and improved quality, many
chemicals especially plant growth regulators have been applied. This review paper mainly covers the pre-harvest
factors affecting fruit quality and metabolic dynamics of fruit ripening.
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INTRODUCTION then spread all over the world. It is commercially cultivated in

Brazil, China, Cyprus, Greece, India, Israel, Japan, Pakistan,
Loquat (Eriobotrya japonica Lindl) is a non-climacteric and  Spain, Turkey and USA (Table 1) [1].
subtropical fruit that belongs to Rosaceae family. It was originated
from the hills of Southeast China about 2000 years ago and later
on introduced in Japan during Han Dynasty about 100 BC and

Table 1: Major cultivars of loquat grown in different countries.

Country Cultivar Rootstock
China 'Bahong', 'Baiyu’, 'Changhong', 'Chuannao', Loquat seedlings, Quince
'Dahongpao’, 'Guangrong', 'Hongmao',
"Tiefangzhong', Tinfeng', 'Liufenzhong',
'Louyangqing', 'Qingzhong', 'Tanaka', 'Thales',
'Zauhuang'
Japan 'Advance', 'Akko 1', 'Champagne', 'Early Red', Loquat seedlings, Quince

'Kusunoki', '"Mizuho', '"Mogi', 'Obusa’, 'Togoshi',
"Tsukumo', 'Yehuda',
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India 'Ahdar', 'Ahmar', 'Asfar', 'Fire Ball', 'Golden Loquat seedlings
Yellow', 'Tmproved Pale Yellow', 'Large Agra',
'"Large Round', 'Matchless', 'Safeda', Tanaka',

'"Thames Pride'
Pakistan 'Safeda’, 'Surkh', 'Tanaka', 'Golden Yellow' Loquat seedlings
Spain '"Magdal', 'Golden Nugget', 'Algeria’, 'Tanaka' Loquat seedlings, Quince
Turkey 'Akko 13', 'Golden Nugget', 'Tanaka', 'Hatif Loquat seedlings
Cukurgobek'
Egypt 'Morphou',  'Karantoki', 'Golden  Ziad', Loquat seedlings, Quince

'Maamora Golden Yellow', 'Premier', 'Early
suckary, 'Large round', 'Advance, 'Late
Victoria'

Russia 'Champagne', 'Comune', 'Grossa de Sicilia', Quince
'Premier’, 'Tanaka', 'Thales'

USA 'Advance’, 'Early Red', 'Eulalia’, 'Champagne', Loquat seedlings
'Golden Red', 'Mammoth', 'Oliver', Pineapple’,
'Premier', 'Tanaka', 'Thales', 'Victor', 'Wolfe',

Brazil 'Precoce de Itaquera’, 'Mizuho' Loquat seedlings
Cyprus "Morphou', 'Karantoki' Loquat seedlings
Australia "Bessell Brown', 'Glenorie Superb', 'Mammoth', Quince

'Swell's Enormity', 'Victory',

Israel 'Akko 1', 'Akko 13', 'Saint Michel', "Tsrifin 8' Loquat seedlings
Greece 'Rozenon', 'Troulotis', 'Koilarato' Loquat seedlings
Italy 'Nespolone di Trabia', 'Nespolone Bianco', Loquat seedlings, Quince

"Vainiglia', 'Sanfilippara', 'Virticchiara'

Morocco "Tanaka', 'Saint Michel', 'Algerie' Quince

Portugal "Tanaka', 'Algerie', 'Golden Nugget' Loquat seedlings, Quince

China is the largest producer among all of them with total usually contain about 25%-35% of the total fruit weight [4].
460,000 tons annual production followed by Spain (45,000 Loquat is famous for its sweet and slightly acidic taste, rich in

tons), Turkey (12,000 tons), Pakistan (10,479 tons) and Japan carotenoids, lipoproteins, Total Phenolic Contents (TPC),
(10,245 tons) [2]. The fruit is oval or round in shape with golden minerals and vitamins (Table 2) [5].

color. Although, there are many seedless cultivars being

produced but typically fruit is pome like having many seeds [3].

On an average, there are three to five seeds in a single fruit that

Table 2: Nutritive value of loquat fruit per 100 g fresh weight.

Constituent Content
Ash (g) 0.4-0.5
Calories (Kcal) 47-168
Carbohydrates 9.643.3
Total carotenoids (jg) 196-3020

] Hortic, Vol.9 Iss.1 No:1000004 2



Shoaib Shah HM, et al.

OPEN 8 ACCESS Freely available online

Carotene (ug) 559
Calcium (mg) 16-70
Dietary fibers (g) 0.8-1.7
Fat (g) 0.2-0.7
Iron (mg) 0.24-14
Magnesium (mg) 13
Protein (g) 0.43-1.4
Phosphorous (mg) 20-126
Potassium (mg) 266-1216
Sodium (mg) 1

Total phenolics (mg) 33.6
Total flavonoids 24.3
Vitamin A (IU) 1528-2340
Vitamin C (mg) 1.0-3.0
Water (g) 86.5-88.2

In addition, it also contains many bioactive compounds
including triperpenic acid and flavonoids [6]. It is considered
very effective against the oxidative low density lipoproteins as it
shows high rate of radical scavenging activity in the human body
[7-8]. Flavonoids are only present in the peel tissues of loquat
fruit. Each loquat cultivar has different profile of TPC and
‘Mizauto’ shows the highest phenolic contents. Phenolic profile
of six loquat cultivar viz ‘NE-3’, ‘Aria’, ‘Mizumo’, ‘Mizauto’,
‘Nectar de Cristal’ and ‘Mizuho’ was studied by Ferreres and
found that 5 feruloylquinic and, 3 and 5 caffeoylquinic acids are
the primary components in all cultivars (Figure 1) [9].

Sorbitol, Glucose, Fructose
and Sucrose

p-coumaric acid. ferulic acid, o-coum aric acid.
epicatechin, 4caffeoylquinic acid,
protocatechuic acid, S-p-feruloylquinic acid.

‘hydroxybenzoic acid, neochlorogenic acidand 5-
caffeoylquinic acid ketoglutarate and isocitrate
: Organic

@
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Thiamin, Niacin, | € 7 —>
Pyndoxine  and &
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Lutein, f-carotens and f-cryptozanthin, Leucine, Cystein, Glycine,
9-cis-violax anthin, phytofluene, ferulic Serine. Hydroxyproline,
acid, caffeicacidand 3.6-m onoepory- Proline, Asparfic acid and
cryptox anthin Glutamic acid

Malic acid, Citric acid, Tartaric acid,
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Zinc.
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Figure 1: The chemical composition of loquat fruit.

Loquat fruit is orange to yellow in color at fully mature stage
due to the presence of carotenoids. Lutein, B-carotene and -
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cryptoxanthin are the major carotenoids in the loquat fruit flesh
at the time of maturity [10]. It is also a good source of
provitamin due to retinol activity equivalent that ranges from 80
to 162 pg per 100 g fresh weight. Flavor of fruit is directly
correlated with the sugar to acid ratio [11]. Reported that the
major sugars in the loquat fruit are sorbitol, glucose, sucrose and
fructose. Ascorbic Acid (AsA), citric acid, fumeric acid, malic
acid, pyruvic acid and tartaric acid are also present in the loquat
fruit pulp. Malic acid is the major organic acid and contributes
about 20%-60% of total organic acids in loquat fruit. As the
level of reducing sugars decreases with the advancement in the
storage period, sugar to acid ratio increases leading to the
deterioration of fruit flavor.

LITERATURE REVIEW

The purpose of this paper is to review the preharvest factors
affecting fruit growth and physiological changes during ripening
and maturation of fruit.

Preharvest factors affecting fruit growth and quality

Soil and climate: Soil is one of the most important factors for
the optimum growth of horticultural commodities. Loquat can
be grown in a variety of soils including alkaline and acidic soils
with good drainage; however, sandy loam is the best soil for its
optimum growth. The soils having poor drainage produce low
quality fruit with good flavor and color but with large seed size
and small proportion of flesh [12]. Loquat is subtropical fruit
crop that grows best in those areas where average temperature is
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10°C-30°C. It can be grown up between latitude from 20° to
45° south and north [13]. However, it is highly sensitive to the
frost and chilling temperature especially at flower bud initiation;
so, it is well adapted to Mediterranean region with the mild
temperature conditions [2]. It grows well in the partial shade or
under direct sunlight as heat is necessary for the maturation of
fruit; however, extreme heat during summer may cause leaf
scorching and sunburn. For the optimum growth of fruit, well
distributed rainfall ranging from 100 to 250 cm is required
throughout the growing season [12].

Pruning and training: Pruning and training directly influence
the fruit quality by increasing the light penetration and aeration
to the trees that consequently leads to the higher production
with improved quality. Production of plant dry matter content is
directly correlated with the light penetration; however, the
removal of diseased shoots by pruning is also beneficial for crop
improvement [14]. Without proper pruning and training, loquat
tree exhibits upright and excessive growth. Such conditions
lower the labour efficiency during orchard management and
plants are susceptible to the strong winds. Traditionally, there
are two systems adopted by the Chinese growers including open
center system and modified central leader system to allow
maximum light penetration to the trees by pulling the branches
down. There was significant increase in fruit set and quality was
improved when loquat trees were pruned by open center system
[15]. Training of the loquat trees in the vase shape is also very
important. The best season for the pruning is late autumn or
winter at the time of flower bud initiation. Sprouts and diseased
branches should be trimmed on regular basis [16]. Reported that
there was maximum vyield and fruit quality when ‘Luoyangqing’
loquat was pruned during summer season one week after fruit
harvest and trained in central ladder system. Therefore, pruning
is key factor for the proper fruit growth in loquat. There was also
the improved biochemical profile for those fruits that were
ripened on the pruned trees.

Flower and fruit thinning: Loquat trees bloom profusely during
autumn season on the terminal shoots. Primary panicles that
sprout during spring season have better inflorescence; produce
earlier and more vigorous fruits. Summer panicles sprout on
lateral branches are weak and low yielding with fewer fruits [2].
For the proper fruit development and yield, thinning of fruits or
flowers is necessary step. In loquat, thinning of flowers is done
up to the extent that there should be ten fruits in each
inflorescence. In Japan, fruit thinning is done to reduce the
number of fruits in each bunch up to 4 fruits and this helps to
increase the productivity and quality of the fruits [17]. Auxins
are considered most suitable chemical for flower and fruit
thinning in loquat [18]. Investigated the effect of NAA foliar
application on ‘Golden Nugget' and ‘Algerie’ loquat and
observed that there was 20-65% decrease in fruit intensity and
fruit diameter was increased up to 10% by 20 mg L-1 NAA
treatments, than control. The color development in loquat was
also improved by this application with considerable increase in
TSS. Consequently, fruits mature earlier by NAA application
[19]. Also reported that loquat fruit yield and quality was
improved with NAA application. Therefore, due to long
blooming period in loquat, the best time for fruit thinning in
loquat is considered immediately after the cold period.
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Bagging: This is the most effective and essential technique to
protect the fruits during development with improved
commercial properties, appearance and decrease in the disease
incidence. It improves the microenvironment of fruits during
developmental stages that lower organic acids and fruit drop
[20]. This practice is carried out immediately after fruit thinning
by using appropriate bagging material. Most of the times,
polythene translucent bags are preferred but it may leads to the
incidence of physiological disorders [15]. Old newspaper, paper
bags and nets may also be used for bagging [21]. Found that
there was considerable increase in soluble solids, glucose and
sucrose contents with substantial decline in titratable acidity,
sorbitol and fructose in bagged ‘Qingzhong’ loquat fruit with
lower activities of Sucrose Phosphate Synthase (SPS) and
Sucrose Synthase (SS) enzymes in non-bagged fruits; while,
Neutral Invertase (NI) and Acid Invertase (Al) enzymes activities
were considerably higher in non-bagged fruits. Sorbitol is an
important component in the loquat fruit during fruit
development and bagging considerably lowered the sorbitol
metabolism by delaying the activities of SOX and SDH enzymes
which clearly indicate that bagging increased the rate of
photosynthesis in the fruits by increasing SPS and SS enzymes
activities [22]. Proposed that there was positive correlation
between bagging material transmittance and sugar content as
sugar contents were higher in fruits bagged with high light
transmitting material [23]. Also observed that bagged ‘Baiyu’
and ‘Ninghaibai’ loquat fruit exhibited excellent appearance
with higher AsA and carotenoid contents. The quality of bagged
fruit is directly linked with the type and quality of bagging
material, such as shengda bags were the most effective bags that
improved fruit quality in ‘Jiefangzhong’, ‘Baiyu’ and ‘Qingzhong’
loquat fruits [24-26].

Irrigation and mulching: Loquat is hardy plant which can
tolerate water stress. There is no specific need of irrigation for
loquat trees; however, irrigation at the time of fruit maturation
is very important for the proper fruit development. In hot
summer, sunburn is the main constraint that lowers the fruit
quality and may be reduced by irrigation at regular intervals of
two to four weeks [27]. Level of irrigation is directly correlated
with the photosynthetic pigments in leaves; chlorophyll b
content is more susceptible to damage in comparison to
chlorophyll a [28]. In Asia, sod culture is very famous for loquat
cultivation with two to three annual mowing and the grass
trimmings are usually used as mulch for the crop improvement.
Organic substrates and green manures are important source of
nutrition for loquat in China. There was 2°C increase in soil
when film mulch was applied in 10-13 years old loquat orchards
in Zheijang. This thin film may be transparent, black or brown
plastic sheet and may be applied from November to May [29].
Reported that there was significant improvement in soil bulk
density, nutrient status and soil moisture with higher yield
provided with the adequate soil NPK and mulching of
polyethylene film.

Nutritional management: Application of fertilizer is critical
index for the optimal growth of plants. Soil nutrient status and
plant age are directly associated with the application rate and
type of fertilizer used in loquat. The detailed study on the
requirement of NPK in loquat was done by Sato and Fujisaki,
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who proposed that fertilizer application is very important in
young juvenile loquat trees at the interval of two months. They
further proposed that NPK application depends upon the soil
fertility. On an average, orchard having mature bearing plants
should be supplemented with 180, 130 and 140 kg per ha NPK,
respectively. The application of the nutrients varies from area to
area and the standard application of NPK in Japan is 170, 115
and 125 kg per ha, respectively, for ‘Mogi’ fruit trees. The whole
fertilizer is to be applied in the form of split doses for optimum
vegetative and reproductive growth. In addition to NPK,
application of minor nutrients is also advantageous for the
development of fruit. Application of calcium improves the fruit
quality by lowering the incidence of pit disorder that is
characterized by the blackening of fruit. Moreover, secondary
nutrients like molybdenum, boron, zinc and manganese are also
very crucial in fruit development and should be applied in 2-3
doses in a year. These minor nutrients should be applied in the
form of foliar spray and best time is before the blooming season.
In case of excess plant growth or yellowing of leave edges,
fertilizer should not be applied during summer season.
Deficiency of minor nutrients especially iron may be identified
by the green veins and yellow leaves. This deficiency of minor
nutrients is directly correlated with the alkaline nature of soil

Table 3: Most common white and yellow-orange-fleshed loquat cultivars.
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[30]. The availability of micronutrients to the plants is associated
with the high pH and excess of phosphates in the soil; however,
it may be improved by the application of sulfur under the tree
canopy or by reducing the phosphorous application. Moreover,
high pH may also be treated with iron chelates drenching.
Organic manures may also be applied in loquat orchards
preferably at late fall or before flower bud differentiation [2].

Cultivars and rootstock: There are two types of loquat cultivars
including Chinese and Japanese loquats that
differentiated on the basis of fruit color, presence of seeds in
fruit and harvesting season. The Chinese group is relatively late
maturing with good postharvest quality. The fruit is sub-acidic
with less juicy content, numerous small size seeds and good
flavor. The fruits have light orange skin and dark orange flesh
with pear to round in shape. The Japanese group is relatively

can be

early maturing, long to oval shape and has less number of large
seeds in the fruit [3]. All loquat cultivars may be divided in to
two main groups on the basis of the flesh color; yellow-orange-

and white-fleshed (Table 3).

White flesh Yellow-orange flesh
'Advance’' 'Ahmar’

'Ahdar’ 'Akko 13'
'Asfar' 'Big Jim'
Benlehr 'Early Red'
'Champagne' 'Eulalia’

'Fire Ball' 'Golden Red'
'Herd's Mammoth' 'Golden Nugget'
'Large Round' 'Golden Zaid'
'Pale Yellow' 'Large Agra'
'Pineapple’ 'Matchless'
'Premier’ 'Mogi'

'Safeda’ ‘Mrs. Cooksey'
'Saint Michel' 'Obusa’

"Victor' "Tanaka'

Vista White "Wolfe'

Evaluated 54 different loquat cultivars and assessed their traits
in China on the basis of apple SSR markers. They categorized
these cultivars on the basis of their genetic homo or
heterozygous characters and identified their flesh colors. The

] Hortic, Vol.9 Iss.1 No:1000004

selection of rootstock is very important for the proper growth
and development of fruit crops. Loquat is grown by seeds when
it is to be used as rootstock. Loquat seedlings, pyracantha,
quince, pear and apple are used as rootstock in different
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countries; however, loquat seedlings are preferred for this
purpose on all other available rootstocks (Table 1). The fruiting
time is 9-10 years for sexually propagated loquat; while, it took
4-5 years in vegetatively propagated trees for maiden bearing
[31-32]. The plants propagated on pyracantha and quince
rootstocks show dwarfing of plants which lower the labour
consumption for training, fruit thinning and harvesting; but,
those grafted on loquat seedlings leads to the taller trees. There
is higher tolerance in quince against the wet and heavy soil but
many suckers may be produced as the outgrowth [2].

Preharvest chemical application: Preharvest application of
minerals and other chemical are very crucial for proper fruit
development and may lead to the extended postharvest life with
best quality [33]. Preharvest foliar application of micronutrients
has been proved very important regarding storability and quality
of fruits by decreasing the disease incidence and abiotic stresses
[34]. Loquat fruit growth also increases when there is foliar
application of micro nutrients that subsequently promote fruit
maturation and improve fruit size. Postharvest quality of loquat
depends upon the nutritional status during fruit maturation
and there was higher TSS content with less weight loss during
storage when ‘Improved Golden Yellow’ loquat fruit were
sprayed with zinc sulphate and calcium nitrate immediately after
fruit set. There was better organoleptic attributes in foliar
sprayed fruit over those obtained from control trees [35]. Fruit
firmness is the key indicator for loquat fruit quality and soft
fruit will be more susceptible to mechanical injury and bruising
during harvest and handling. The firmness of loquat fruit
directly depends upon the lignin deposition and Ca content in
peel tissues. Exogenous application of Ca improved the fruit
firmness in ‘Algerie’ loquat when calcium chelate was applied
after fruit set [36]. Plant Growth Regulators (PGR) are very
important in plant metabolism and fruit development. They are
crucial for proper growth and development with better
biochemical NAA
application at bloom and young fruit stages significantly
improved TSS, vitamin C and fruit weight with less TA content
in ‘Jiefangzhong’ loquat fruit as compared to untreated control
[37-38]. Proposed that there was better fruit quality and yield
when GAj3, IAA and Benzyl Amino Purine (BAP) were applied
at bloom stage in ‘Soucary’ loquat fruit tree. There was less TSS,
TA and AsA content in control fruits in comparison to PGR
application fruits. Best results were presented by GA3 among

and physiological aspects. Preharvest

treatments while minimum deviation was observed in BAP
treated loquat fruits.

PHYSIOLOGY OF FRUIT RIPENING

There are mainly two distinct phases in loquat fruit ripening;
first is seed growth and second is maturation phase and it is
characterized by softening of fruit pulp, color development and
decrease in organic acid contents with considerable increase in
fruit weight.

Respiration and ethylene production

Ethylene production in loquat in relation to the fruit ripening
and maturation is very controversial as there are different
assessments made by the different researchers. Some researchers
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found remarkable increase in respiration rate and ethylene
production with the onset of color break stage in loquat fruit
[39-40]. On the basis of these observations, loquat was classified
as climacteric fruit [41]. Climacteric classification is not only
based on sharp rise in the ethylene production but also the
associated with increase in the respiration rate during the
physiological maturity of the fruits. The controversy in the
classification of the loquat as climacteric fruit is based on the
observations that although there is a sharp increase in the
ethylene production but no significant rise in the respiration
rate at any stage of the fruit development as observed by Zheng
[42]. These observations and reports made it very difficult to
classify loquat as climacteric fruit because (1) no specific
response was observed in the ripening of loquat fruit in relation
to ethephon application (2) irregular pattern of CO;-C;Hy4
relationship in loquat fruit although it has been reported in
many climacteric fruits (3) there is no evidence of pectin-
disrupting, cellulose and hemicellulose degrading enzymes
activities which are in close association with ethylene production
(4) there is zero translocation of sugars during growth due to
hydrolysis [43-47]. Studied the relationship of genes expression
and ethylene different ripening and
developmental stages, and successfully cloned three genes
including EjACO;, EjJACO; and EjACS; from ‘Luoyanging’
that are responsible for ethylene biosynthesis in loquat. The
expression of EjJACO; was observed in petals and leaves;
whereas, EJACO; and EjACS; were expressed in fruits. At color
break stage, ethylene production was at peak and EjACO,
expression pattern was consistent with ethylene biosynthesis. All

biosynthesis  at

these genes exhibited low transcription level when stored at
20°C. Moreover, respiration rate and ethylene biosynthesis was
increased during fruit growth and it was proposed that there was
significant role of EJACQO; in this increase [48]. Investigated the
respiration pattern of loquat throughout the fruit development
in relation to CO; release in ‘Centenaria’, ‘Mizauto’, ‘Nectar de
Crystal’, ‘Mizumo’ and ‘Mizuho’ ‘Centenaria’
expressed lowest CO; release; while; maximum respiration rate
was observed in ‘Mizumo’ and Mizauto’ 2 days after harvest.
There was continuous increase in respiration rate throughout
the fruit development while it continuously declined since 3
days after harvest in storage [49]. Observed increasing
respiration rate till light green stage of fruit development and
declined thereafter with regular decline in ethylene biosynthesis.
There was no climacteric characteristic in ‘Algerie’ fruit

cultivars.

including increase in ethylene biosynthesis and respiration rate
at any stage during fruit maturation. Moreover, there was no
increase in both these processes during postharvest storage and
similar pattern was observed both in unripe and ripe fruit [11].
Also proposed similar results in ‘Mogi’ loquat fruit which clearly
indicate that loquat is non-climacteric in nature.

Carotenoid biosynthesis

Color is most important indicator of maturity and ripening in
loquat fruit, and its color is mainly due to carotenoids in pulp
and peel tissues with yellow to red depending upon cultivar. The
concentration of carotenoids increases with the increase in
growth period due to the reduction in organic acids and increase
in the sugar levels [50]. There is considerably higher carotenoid
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content in yellow-red fleshed loquat fruits in contrast to white
fleshed cultivars. Similarly, significantly lower carotenoid
content (91.52-202.28 pg/g DW) in white fleshed loquat
cultivars as compared to yellow fleshed (214.50-475.22 pg/g
DW) loquat cultivars were observed [26]. There was higher B-
carotene in vyellow fleshed fruits and there was also a
characteristic deviation in caroteneoid content in pulp and peel
tissues with lutein and B-carotene as major components making
more than 60% of total carotenoids in yellow fleshed while B-
carotene account more than half of total carotenoids in white
fleshed loquat although 18 different types were identified in
flesh and 32 in peel tissues [51]. There are less carotenoid with
higher chlorophyll content in immature fruits which is being
synthesized with the progress in fruit development and
chlorophyll content decreases simultaneously, subsequent to
fruit color change till fully ripened stage. Although there is
higher carotenoids both in white and yellow fleshed fruit at
immature green stage but there is higher synthesis and
in yellow fleshed throughout the fruit
development and reaches at highest level at mature stage in
yellow over white fleshed loquat [52]. Major carotenoids
accumulation site in plant cell is plastid that may be
differentiated from chromoplast to chloroplast in ripening
process [53]. Observed higher chromoplast with larger size in
pulp and peel of yellow fleshed ‘Luoyangqing’ compared to
white fleshed ‘Baisha’ loquat fruits but there was no
chromoplast in pulp of ‘Baisha’ fruit. Transcription of
ORANGE (OR) gene is major regulator for chromoplast
differentiation and it was also evaluated that there was

accumulation

comparatively lower OR gene expression in ‘Baisha’ than
‘Luoyangging’ which may be the cause of less carotenoid
biosynthesis in white pulp loquat cultivars.

Transcription analysis of gene expression for carotenoids
biosynthesis in loquat fruit development was assessed by many
scientists to optimize and to understand the exact mechanism of
its regulation and their deviation in white and yellow fleshed
loquat. Gene expression for carotenoids biosynthesis in white
fleshed loquat revealed that the lower carotenoids level in white
fleshed cultivars is mainly due to suppression of B-carotene-3-
hydroxylase gene (HYB). As the maturation period prolonged,
there was down regulation of HYB gene expression that is
mainly positively correlated with B-carotene biosynthesis, hence
there is lower B-carotene in white fleshed fruits [54]. In
contrary, there is up regulation of HYB gene expression in
yellow-orange-red fleshed loquat fruits. Moreover, the lower
carotenoid content in ‘Baisha’, a white fleshed cultivar, is low
due to low expression of P-Carotene Hydroxylase (BCH),
chromoplast-specific lycopene p-Cyclase (CYCB) and Phytoene
Synthase 1 (PSY;) genes; while, higher expression of BCH,
CYCB, PSY; and C(-carotene desaturase (ZDS) genes are
correlated with higher carotenoid in yellow fleshed ‘Obusa’
fruits during fruit development [51]. Hence, the upregulation of
carotenoid content during fruit development is directly
associated with EjBCH, EjCYCB and EjPSY genes expression
from which PSY is the most important gene for carotenoid
biosynthesis [55-56]. Evaluated the gene expression pattern of
four PSY genes in ‘Luoyangqing’ and ‘Baisha’ loquat and found
that EjPSY;, EjPSY;A and EjPSY;B, were responsible for
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in peel, fruit flesh and leaves,

respectively; however, there was no specific role of and EjPSY;

carotenoid  biosynthesis

in carotenoid biosynthesis. Another very important finding was
the identification of mutant form of EjPSY;A identified
as EjPSY;Ad in white fleshed fruits that was main reason for
less carotenoid biosynthesis. The role of PSY in carotenoid
synthesis was confirmed by Virus Induced Gene Silencing
(VIGS) technique through the suppression of EjPSY gene and it
indicated that
biosynthesis in gene silenced fruits while there was normal

was clearly there was green carotenoid
yellow carotenoid synthesis in control fruits, hence the role of

PSY gene was confirmed in loquat.

Sugars metabolism

Sugars are the integral part of fruit flavor and quality. Sucrose is
the predominant among all other sugars in ripe loquat fruit
which accumulates at faster rate at the beginning of maturation.
On the other hand, sorbitol accumulation decreases with the
increase in fruit development and it is prominent sugar in
unripe fruits. However, it is very minute in fully ripened fruits
and its percentage is considerably lower as compared to the total
sugar contents. There is also increase in fructose and glucose
with maturation [57]. About 90% sugar accumulation occurs
first 14 days of fruit maturation. Sucrose, fructose and glucose
are main sugars in ripe fruits while there is small proportion of
sorbitol. Galactose is another important sugar present in loquat
fruit but in very small quantity [41]. The quantity and type of
sugar directly depends upon the climatic conditions and cultivar
[11]. Observed the sugar profile of ‘Mogi’ and proposed that
major sugars were glucose, fructose and sucrose. Similarly, major
sugar in ‘Mogi’ is fructose that ranges from 3.7-4.0 mg per 100 g
FW; while, sucrose is most prominent in ‘Tanaka’ [39]. The
sugar profile evaluation of 12 loquat cultivars exhibited that type
of sugar depends upon the flesh color of fruit [5]. In white-
fleshed cultivars, the amount of sucrose was significantly higher
than that of orange-fleshed ones. Sucrose declines rapidly
during storage; however, there is negligible decline in fructose
and glucose in similar conditions [11]. This decrease in sucrose
in associated with the activities of sucrose metabolizing enzymes

[58].

Kanayama divided sugar metabolism into hexose, sorbitol and
sucrose metabolism on the basis of sugar production in ripening
loquat fruits [59]. Sucrose is mainly metabolized by Acid
Invertase (Al), Sucrose Synthase (SS) and Sucrose Phosphate
Synthase (SPS) enzymes while Sorbitol Oxidase (SOX), Sorbitol
Dehydrogenase (SDH) and sorbitol-6-Phosphate
Dehydrogenase (S6PDH) are chief enzymes for sorbitol
metabolism in ripening fruits [60]. The role of these enzymes in
ripening fruit is very significant as these convert reducing sugars
into non-reducing sugars that are the constituent of ripe loquat
fruits. Higher Al, SPS, SDH and SS enzymes activities were
observed in ‘Mogi’ fruits with higher sugar accumulation at
ripening stage although there were low activities of these
enzymes at early developmental stages [61]. There is direct
correlation between sugar metabolism and the activities of these
enzymes throughout fruit development that leads to higher
non-reducing sugars at mature stage. During fruit development,
there was increased S6PDH transcription level with higher
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activity and protein synthesis that was subsequently reduced in
relation to NAD+-SDH which clearly exhibit that there may be
sorbitol accumulation in fruits [62].

A comparative analysis of ‘Bahong’, ‘Qingzhong’ and ‘Jidanbai’
loquats revealed that SPP and SS are chief enzymes in sugar
metabolism; hence there is continuous alteration in SPS and SS
enzymes as fruit development proceeds. There was higher
sucrose accumulation in fruits with higher level of both these
enzymes which indicated a positive association between sucrose
and enzymes [63]. It was further investigated that there was
significantly lower SDH, SS and Al enzymes during early stages
of fruit development in ‘Dahongpao’ and ‘Ninghaibai’ that were
consistently increased as ripening was advanced but
comparatively white fleshed ‘Ninghaibai’ loquat maintained
higher SS and Al enzymes than yellow fleshed ‘Dahongpao’ at
ripening stage [64]. Transcriptional pattern of sugar regulating
genes in loquat has not been extensively studied and there is no
such report that clearly exhibit sugar accumulation with respect
to gene expression. There is increasing concern to identify and
clone the genes whose expression is responsible for sugar
metabolism in loquat fruit. Successful cloning of fructokinase,
sorbitol transporter protein, Al, SPS, SDH and SS encoding

genes has been done.

Phenolic contents

Phenolics are very crucial secondary metabolites that are
responsible for abiotic stress tolerance, seed dormancy, fruit
color formation, antioxidative capacity and disease defense
mechanism in plants. There is a significant change in the
phenolic contents during maturation and ripening of loquat
fruit [65]. Loquat fruit has high profile of phenolic contents and
currently lignin, flavones, flavanone, flavonol, hydroxycinnamic
and hydroxybenzoic acids have been identified although there is

OPEN 8 ACCESS Freely available online

a huge variation of phenolics in different loquat fruit tissues
with highest in seeds and minimum in flesh tissues [7]. The
composition of different phenolic contents
‘Tanaka’, ‘Yukawa’, ‘Toi’, ‘Tsukumo’,
Shiromogi’, ‘and Nagasakiwase ’and‘Mogi’ loquat exhibited
huge variation at different fruit development stages [66]. They
identified p-coumaric acid, ferulic acid, o-coumaric acid,

during fruit
development in

epicatechin, 4-caffeoylquinic acid, protocatechuic acid, 5-p-
feruloylquinic acid, hydroxybenzoic acid, neochlorogenic acid
and 5-caffeoylquinic acid as major phenolics during fruit
development. There was higher phenolic profile in young fruits
which consistently declined throughout the maturation period
with highest value of neochlorogenic acid at early stages while
peak value in ripe fruit was shown by 5-caffeoylquinic acid,
thereby exhibited that higher 5-caffeoylquinic acid is the
maturity index of loquat fruit ripening. There was close
association between phenolic

contents and activities of

hydroxycinnamoyl Coa: Quinate Hydroxycinnamoyl Transferase
(CQT), 4-coumarate:Coa Ligase (4CL) and Phenyl Ammonia
Lyase (PAL) that were high immediately after fruit set but there
was decrease in their activities 3 weeks before harvest that
dramatically rose at the time of harvest, clearly indicated the
correlation between 5-caffeoylquinic acid and these enzymes.
Moreover, it was also proposed that L-phenylalanine is the
precursor for biosynthesis of cholorogenic acid. They also
presented the major phenolic contents and their value at the
time of maturity (Table 4). There is sharp increase in PPO
enzyme activity at the time of maturation in ‘Mogi’ loquat that
was reduced sharply at the ripening stage so phenolic contents
decreased at the time of maturation and increased at ripening
stage [11].

Table 4: Phenolic compounds (milligrams per 100 g of fresh weight) in different varieties of loquat fruit at ripe stage.

Variety Total phenolics 5-caffeoylquinic 3-caffeoylquinic 4-caffeoylquinic 54eruloylquinic hydroxybenzoic
acid acid acid acid acid
“Yokohawa'’ 173.8 £ 12.3 90.70 + 6.5 20.70 + 3.1 2.15£0.21 14.52+2.5 782 £0.8
‘Toi’ 158.3 £25.2 76.05 £8.2 1921+2.8 3.00 £0.24 8.51+1.8 8.15+0.7
‘Tsukumo’ 110.0 £ 9.8 52.13£58 16.60 + 3.5 4.33 £0.34 2.81+2.1 3.64+0.5
‘Tanaka’ 103.4 + 11.2 55.82+3.5 9.55+3.5 0.81 £0.13 542+ 1.7 2.65+ 0.4
‘Shiromogi’ 93.9 £8.6 33.11+3.2 1587 +3.1 1.14 +0.12 9.25+15 4.08 £0.5
‘Mogi’ 91.1+79 4254 3.5 1430+ 2.4 2.00 £ 0.15 701+ 1.3 4.01£0.4
‘Nagasakiwase 81.8 £8.3 3292+4.2 10.76 £ 2.2 0.52 £0.08 44707 2.24+03

Similarly, value of total phenolic contents varied from 253 to
140 pug ¢=1 FW in seven Turkish loquat cultivars, ‘Akko IIT’,
‘Hafif Cukurgobek’, ‘Sayda’, ‘/KKTC’, ‘KKTC 4’, ‘Guzelyurt 6’
and ‘Champagne de Grasse’ [67]. The comparison of phenolic
contents of six Chinese loquat
‘Ninghaibai’, ‘Taxiahong’, ‘Taxiahuang’,
‘Taxiabai’ and ‘Taipingbai’ was observed by HPLC and it was

cultivars  including

‘Daguotaipingbai’,
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proposed that o-coumaric acid, ellagic acid, ferulic acid, caffeic
acid, 4-O-

caffeoylquinic acid, neochlorogenic acid and chlorogenic acid

acid, 4-hydroxybenzoic acid, protocatechuic
were the main phenolic components in mature fruits; however,
maximum phenolic content was exhibited in ‘Taxiahong’ loquat
at maturation while minimum was shown in ‘Taipingbai’
[68-69]. Similarly, identified 11 different phenolic compounds
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including  kaempferol-3-O-glucoside,  kaempferol-3-O-
rhamnoside, kaempferol-3-O-galactoside, quercetin-3-O-
rhamnoside, quercetin-3-O-glucoside, quercetin-3-O-

galactoside, 5-feruloylquinic acid, 3-caffeoylquinic acid, 4-

caffeoylquinic  acid, 5-caffeoylquinic acid and 3-p-
coumaroylquinincacid in ‘Baozhu’, ‘Dahongpac’,
‘Dayeyangdun’, ‘Jiajiao’, ‘Luoyangqing’, ‘Ninghaibai’ and

‘Ruantiaobaisha’ in pulp and peel tissues of loquat cultivars with
5-caffeoylquinic acid as major constituent that accounts about
75% of total phenolic content in all cultivars.

Organic acid metabolism and fruit firmness

Production of acids is also an important indicator for the
optimum fruit quality. In commercial loquat production, high
acidity lowers the fruit quality. There are many organic acids in
unripe loquat fruit including fumaric, succinic, citric and malic
acid that contributes about 90% of total acids [44]. There is a
continuous decline in organic acid contents in loquat fruit due
to its utilization for respiratory metabolite energy and source of
sugar production that are major constituent of sweetness in
fruits. There are contradictions in the scientific investigations of
different researchers [58]. Proposed quinate and malate as major
organic acids in developing loquat pulp. Moreover, they also
found very less amounts of f-coumarate, cis-aconitase, ferulate,
tartrate, oxaloacetate, fumarate, a-ketoglutarate and isocitrate.
In another study [70]. Detected six different acids (fumarate,
puruvate, oxalate, tartarate, lactate and malate) in ‘Zaozhong’
and ‘Jiefangzhong’. There is gradual decline in the fruit firmness
with the increase in the development phase. There is high pectin
and lignin deposition on the cell of fruits at immature stage.
PAL enzyme is the key factor for the synthesis of lignin.
However, as the development precedes this pectin and lignin
contents are being metabolized due to reduction in PAL enzyme
activity and causes the change in fruit firmness and color
development [71].

Flavor and aroma volatiles

Organolaptic quality is directly associated with the TA and TSS
of the fruits at maturity stage. The flavor of loquat fruit is main
characteristic to determine the fruit quality and it is due to
certain volatile compounds. TSS of loquat fruit is one of the
most important indicators that directly influence the fruit
flavor. It has been observed by Hamauzu [39]. That optimum
TSS for best quality loquat is 12° Brix. Sucrose, glucose and
fructose are major soluble sugars in ‘Mogi’ loquat fruit; while,
sorbitol is the major alcoholic acid. TA is another indicator that
affects the flavor and organolaptic characteristics of loquat fruit.
Moreover, there is close association of flavor with sugar to acid
ratio in ripe fruit [58). Proposed quinate and malate as major
organic acids in developing loquat pulp. Moreover, they also
found very less amounts of f-coumarate, cis-aconitase, ferulate,
tartrate, oxaloacetate, fumarate, o-ketoglutarate and isocitrate.
Other major constituents of flavor in loquat are 3-hydroxy-2-
butanone and phenyl ethyl alcohol; while, methyl cinnamate,
ethyl acetate and B-ionone [72]. Aroma volatiles are considered
to be related with quality of loquat fruit [71]. Reported that
there are 78 aroma compounds which contribute the flavor of
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significant  compound s

B-ionone,

fresh  loquat. The most
phenylacetaldehyde; while,
hexanal are also present.

hexanoic acid and

HARVEST MATURITY

Fruit maturity stage can be determined by different physiological
changes in loquat fruit. Titratable Acidity (TA), Total Soluble
Solids (TSS), flesh firmness and TSS/TA ratio are the main
indicators that can be used to assess the harvest maturity of
loquat [73]. Organoleptic quality is directly associated with the
TA and TSS of the fruits at maturity stage. Harvest maturity of
loquat can be identified on the basis of aroma volatiles.
Reported that there are 78 aroma compounds which contribute
the flavor of fresh loquat. The most significant compound was
phenylacetaldehyde; while,
hexanal were also present. Sugars are the integral part of fruit
flavor and quality. Sucrose is the predominant among all other
sugars in ripe loquat and accumulates at faster rate at the
beginning of maturation. On the other hand, sorbitol
degradation increases with the increase in fruit development

B-ionone, hexanoic acid and

and it is prominent sugar in unripe fruits. However, it is very
minute in fully ripened fruits and its percentage is considerably
lower as compared to the total sugar contents. There is also
increase in fructose and glucose contents with maturation
[57-58]. Demonstrated that level of carbohydrates is also potent
parameter for fruit maturity. At maturation, there was higher
glucose and fructose accumulation in loquat; however, sorbitol
and sucrose were very low in yellow-fleshed loquat fruits.
According to Kader the optimum TSS for the maturity of loquat
is 10°Brix and often referred as the maturity indicator [73].
Reported that TSS/TA ratio should also be taken into account
for the maturity assessment of loquat; however, fruit skin color
can also be used for maturity of loquat. Harvest stage is directly
correlated with the quality of loquat during postharvest storage
and transportation. High degree of ripening at harvest stage
ensures the maximum and optimum fruit quality for the
consumers [74].

CONCLUSION

Loquat fruit falls in the category of minor fruits and it has only
been studied on the basis of biochemical changes during fruit
development. The extensive studies on preharvest physiology of
loquat like other main fruits including citrus, mango, apple,
grapes and date palm has not been conducted. Only a very few
studies have been done to investigate molecular changes during
fruit ripening. Moreover, there is little knowledge about
harvesting techniques and field operations. There is no
comprehensive study on genetic basis and proteomics of fruit
ripening in relation to biochemical changes in loquat.
Additionally, there is still a gap to explore the preharvest
practices and their influence on postharvest storage capacity of
loquat fruit.



Shoaib Shah HM, et al.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Martinez-Calvo ], Badenes ML, Llacer G, Bleiholder H, Hack H,
Meier U (1999) Phenological growth stages of loquat tree (Eriobotrya
japonica (Thunb) Lindl). Ann Appl Biol. 1999;134(3):353-357.

Lin S, Sharpe RS, Janick J. Loquat; botany and horticulture. Hortic
Rev. 1999;23:233-276.

Badenes ML, Janick J, Lin S, Zhang Z, Liang G, Wu W. Breeding
loquat. Plant Breed Rev. 2013;37:259-296.

Freihat NM, Al-Ghzawi AA, Zaitoun S, Alqudah A. Fruit set and
quality of loquats (Eriobotrya japonica) as affected by pollinations
under sub-humid Mediterranean. Sci Hortic. 2008;117(1):58-62.
Xu HX, Chen JW. Commercial quality, major bioactive compound
content and antioxidant capacity of 12 cultivars of loquat (Eriobotrya
japonica Lindl) fruits. ] Sci Food Agric. 2011;91(6):1057-1063.
Godoy HT, Amaya DB. Carotenoid composition and vitamin A
value of Brazilian loquat (Eriobotrya japonica Lindl). Arch Latin Nutr.
1995;45(5):336-339.

Morton JF. Fruits of warm climates. Creative Resource Systems Inc.
Winterville, USA, 1987.

Koba K, Matsuoka A, Osada K, Huang YS. Effect of loquat
(Eriobotrya japonica Lindl) extracts on LDL oxidation. Food Chem.
2007;104(1):308-316.

Ferreres F, Gomes D, Valentao P, Goncalves R, Pio R, Chagas EA,
et al. Improved loquat (Eriobotrya japonica Lindl) cultivars: variation
of phenolics and antioxidative potential. Food Chem.
2009;114(3):1019-1027.

Breithaupt D, Bamedi A, Wirt U. Carotenol fatty acid esters: easy
substrates for digestive enzymes!. Comp Biochem Physiol Biol.
2002;132(4):721-728.

Ding CK, Chachin K, Ueda Y, Mochioka R. Changes in
polyphenol concentrations and polyphenol oxidase activity of loquat
(Eriobotrya japonica Lindl) fruits in relation to browning. J Jap Soc
Hortic Sci. 1998b;67(3):360-366.

Chalak L, Noun A, Youssef H, Hamadeh B. Diversity of loquats
(Eriobotrya  japonica Lindl) cultivated in Lebanon as assessed by
morphological traits. Sci Hortic. 2014;167:135-144.

Polat A, Caliskan O. The effect of winter cold on flowering of
various loquat cultivars. Acta Hortic. 2011;887:321-325.

Grossman YL, DeJong TM. Training and pruning system effects on
vegetative growth potential, light interception, and cropping efficiency
in peach trees. ] Amer Soc Hortic Sci. 1998;123(6):1058-1064.
Fujisaki M. Loquat. In: Organizing Committee, 24 International
Horticulture ~ Congress  Publication =~ Committee  editors.
Horticulture in Japan Chuo Printing Corporation, Japan:
1994;56-59.

Liu Q, Lu JL, Yin ZX, Shi SX. Study on renovation pruning in
loquat. ] Zhejiang Agric Univ. 1994;20:33-37.

Sato Y, Loquat. In” Japan International Cooperation Agency
editors. Cultivation and evaluation of fruit tree PGR JICA, Tokyo,
Japan. 1996;121-129.

Agusti M, Juan M, Almela V, Gariglio N. Loquat fruit size is
increased through the thinning effect of naphthaleneacetic acid. Plant
Grow Reg. 2000;31(3):167-171.

Cuevas |, Moreno M, Esteban M, Martinez A, Hueso JJ. Chemical
fruit thinning in loquat with NAAm: dosage, timing, and wetting
agent effects. Plant Growth Reg. 2004; 43:14-151.

Yang WH, Zhu XC, Bu JH, Hu GB, Wang HC, Huang XH. Effects
of bagging on fruit development and quality in cross-winter off-
season longan. Sci Hortic. 2009;120(2):194-200.

Ni Z, Zhang Z, Gao Z, Gu L, Huang L. Effects of bagging on sugar

metabolism and the activity of sugar metabolism related enzymes

] Hortic, Vol.9 Iss.1 No:1000004

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

OPEN 8 ACCESS Freely available online

during fruit development of ‘Qingzhong’ loquat. Afr ] Biotechnol.
2011; 10(20):4212-4216.

Feng JJ, Chen JW, Xu HX, Zhang YC, Xie M, Hu YC. Effects of
different light transmittance paper bags on fruit quality and
antioxidant capacity in Ninghaibai loquat cultivar. ] Fruit Sci.
2009;26:66-70.

Xu HX, Chen JW, Xie M. Effect of different light transmittance
paper bags on fruit quality and antioxidant capacity in loquat. ] Sci
Food Agric. 2010; 90(11):1783-1788.

Liu GQ, Chen QX. Effects of different bags on fruit quality of
‘Jiefangzhong’ loquat. Subtrop Plant Sci. 2002; 31:26-28.

Wang LF, Cai P, Zhang CX, Yuan WM. Effects of different bags
on fruit quality of ‘Baiyu' loquat. J fruit Sci. 2007b; 18:33-37.

Liu Y], Xu JH, Zhang ZH, Jiang YM, Dong YU. Effects of different
paper bags on fruit quality of loquat. ] Fruit Sci. 2004;26(3):334-
337.

Sawyer P, Houghton P, Manuel L. Loquats: a literature search. Calif
Rare Fruit Growers Year guide. 1985; 17:23-33.

Huajian L, Xinhui L. Effects of water stress on photosynthesis in
loquat trees. ] Fruit Sci. 1999;16(2):126-130.

Xia QZ. Film mulch for increasing hardiness of loquat. ] Zhejiang
Agric Univ. 1986;3:136-138.

Liang G, Huang G, Deng L, Zhong J, Kong X. Effects of boron,
sucrose, calcium and DA-6 on growth of pollen tube of loquat. J
Zhejiang Agric Univ. 2013; 2:31-36.

He X, Li XW, Liang GL, Jin K, Guo QG, Yuan WM, et al. Genetic
diversity and identity of Chinese loquat cultivars/accessions (Eriobotrya
japonica) using apple SSR markers. Plant Mol Biol Rep.
2011;29:197-208.

Lin S, Huang X, Cueva ], Janick J. Loquat: an ancient fruit crop
with a promising future. Chron Hortic 2007; 47:12-15.

Kirmani SN, Wani GN, Wani MS, Ghani MY, Abid M, Muzamil
S, et al. Effect of preharvest application of calcium chloride (CaCl,),
gibberlic acid (GA3) and napthelenic acetic acid (NAA) on storage of
plum (Prunus salicina L) cv ‘Santa Rosa’ under ambient storage
conditions. Afr ] Agric Res. 2013; 8(9):812-818.

Elmer PAG, Spiers TM, Wood PN. Effects of pre-harvest foliar
calcium sprays on fruit calcium levels and brown rot of peaches. Crop
Prot. 2007;26(1):11-18.

Singh PC, Patel YC, Chaturvedi OP. Influence of foliar application
of zinc sulphate and calcium nitrate on the physico-chemical
parameters of loquat (Eriobotrya japonica lindl) fruits cv improved

golden yellow during storage. Asian ] Hortic. 2007;2(2):104-106.

Vela JC, Martinez RB. Effect of preharvest calcium treatments on
loquat fruit (Eriobotrya japonica cv Algerie) firmness. In: Llacer G,
Badenes ML editors. First international symposium on loquat.
Zaragoza, CIHEAM, Spain: 2003;(58):129-133.

Wu ], Lin S. Effects of naphthaleneacetic acid on fruit in
Jiefangzhong loquat. In: Llacer G, Badenes ML editors. First
international symposium on loquat Zaragoza, CIHEAM, Spain:
2003;109-112.

Bakry KAE. Response of loquat "Eriobotria japonica L" trees to
GA3; IAA and BAP. The Fifth Arabian Horticulture Conference,
Ismailia, Egypt: 2001.

Hamauzu Y, Chachin K, Ding CK, Kurooka H. Differences in
surface color, flesh firmness, physiological activity,

and some

components of loquat fruits picked at various stages of maturity. ] Jap
Soc Hortic Sci. 1997;65:859-869.

Gariglio N, Reig C, Martinez-Fuentes A, Mesejo C, Agusti M.
Purple spot in loquat (Eriobotrya japonica Lindl) is associated to
changes in flesh-rind water relations during fruit development.

Sci  Hortic. 2008;119(1):55-58.

10


https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1744-7348.1999.tb05276.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1744-7348.1999.tb05276.x
https://books.google.co.in/books?hl=en&lr=&id=Mr_px-Y_CiMC&oi=fnd&pg=PA233&ots=OI0mR3q5pP&sig=9xbtwOafRywuEoX2diZdujv7ojw&redir_esc=y
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781118497869.ch5
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781118497869.ch5
https://www.sciencedirect.com/science/article/abs/pii/S0304423808000903
https://www.sciencedirect.com/science/article/abs/pii/S0304423808000903
https://europepmc.org/article/med/21328354
https://europepmc.org/article/med/21328354
https://europepmc.org/article/med/21328354
https://europepmc.org/article/med/9161451
https://europepmc.org/article/med/9161451
https://www.worldcat.org/title/fruits-of-warm-climates/oclc/16947184
https://www.sciencedirect.com/science/article/abs/pii/S0308814606009216
https://www.sciencedirect.com/science/article/abs/pii/S0308814606009216
https://www.sciencedirect.com/science/article/abs/pii/S0308814608012843
https://europepmc.org/article/med/12128058
https://europepmc.org/article/med/12128058
https://agris.fao.org/agris-search/search.do?recordID=JP1998006309
https://agris.fao.org/agris-search/search.do?recordID=JP1998006309
https://agris.fao.org/agris-search/search.do?recordID=JP1998006309
https://www.sciencedirect.com/science/article/abs/pii/S0304423814000120
https://www.sciencedirect.com/science/article/abs/pii/S0304423814000120
https://www.actahort.org/books/887/887_55.htm
https://www.actahort.org/books/887/887_55.htm
https://journals.ashs.org/jashs/view/journals/jashs/123/6/article-p1058.xml
https://journals.ashs.org/jashs/view/journals/jashs/123/6/article-p1058.xml
https://journals.ashs.org/jashs/view/journals/jashs/123/6/article-p1058.xml
https://agris.fao.org/agris-search/search.do?recordID=CN9434924
https://agris.fao.org/agris-search/search.do?recordID=CN9434924
https://link.springer.com/article/10.1023/A:1006376219543
https://link.springer.com/article/10.1023/A:1006376219543
https://link.springer.com/article/10.1023/B:GROW.0000040115.65716.d2
https://link.springer.com/article/10.1023/B:GROW.0000040115.65716.d2
https://link.springer.com/article/10.1023/B:GROW.0000040115.65716.d2
https://www.sciencedirect.com/science/article/abs/pii/S0304423808004329
https://www.sciencedirect.com/science/article/abs/pii/S0304423808004329
https://www.sciencedirect.com/science/article/abs/pii/S0304423808004329
https://www.ajol.info/index.php/ajb/article/view/93610
https://www.ajol.info/index.php/ajb/article/view/93610
https://www.ajol.info/index.php/ajb/article/view/93610
https://europepmc.org/article/med/20602521
https://europepmc.org/article/med/20602521
https://eurekamag.com/research/004/133/004133159.php
https://eurekamag.com/research/004/133/004133159.php
https://agris.fao.org/agris-search/search.do?recordID=US8739949
https://agris.fao.org/agris-search/search.do?recordID=CN2000300601
https://agris.fao.org/agris-search/search.do?recordID=CN2000300601
https://link.springer.com/article/10.1007/s11105-010-0218-9
https://link.springer.com/article/10.1007/s11105-010-0218-9
https://link.springer.com/article/10.1007/s11105-010-0218-9
https://www.actahort.org/chronica/pdf/ch4702.pdf?q=mona
https://www.actahort.org/chronica/pdf/ch4702.pdf?q=mona
https://academicjournals.org/journal/AJAR/article-abstract/4968E5B35250
https://academicjournals.org/journal/AJAR/article-abstract/4968E5B35250
https://academicjournals.org/journal/AJAR/article-abstract/4968E5B35250
https://academicjournals.org/journal/AJAR/article-abstract/4968E5B35250
https://www.sciencedirect.com/science/article/abs/pii/S0261219406000676
https://www.sciencedirect.com/science/article/abs/pii/S0261219406000676
https://www.cabdirect.org/cabdirect/abstract/20083146127
https://www.cabdirect.org/cabdirect/abstract/20083146127
https://www.cabdirect.org/cabdirect/abstract/20083146127
https://www.cabdirect.org/cabdirect/abstract/20083146127
https://agris.fao.org/agris-search/search.do?recordID=QC2003600151
https://agris.fao.org/agris-search/search.do?recordID=QC2003600151
https://om.ciheam.org/om/pdf/a58/03600146.pdf
https://om.ciheam.org/om/pdf/a58/03600146.pdf
https://cir.nii.ac.jp/crid/1571980075003430016
https://cir.nii.ac.jp/crid/1571980075003430016
https://cir.nii.ac.jp/crid/1571980075003430016
https://www.sciencedirect.com/science/article/abs/pii/S0304423808002677
https://www.sciencedirect.com/science/article/abs/pii/S0304423808000903
https://www.sciencedirect.com/science/article/abs/pii/S0308814608012843
https://www.sciencedirect.com/science/article/abs/pii/S0308814608012843
https://agris.fao.org/agris-search/search.do?recordID=JP1998006309
https://www.sciencedirect.com/science/article/abs/pii/S0304423814000120
https://www.sciencedirect.com/science/article/abs/pii/S0304423814000120
https://www.sciencedirect.com/science/article/abs/pii/S0304423808002677

Shoaib Shah HM, et al.

41.

42.

43.

4.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Amoros A, Zapata P, Pretel MT, Botella MA, Serrano M.
Physicochemical and physiological changes during fruit development
and ripening of five loquat (Eriobotrya japonica Lindl) cultivars.
Food Sci Technol Int. 2003;9(1): 43-51.

Zheng YH, Xi YF, Ying TX. Studies on postharvest respiration and
ethylene production of loquat fruits. Acta Hortic Sin. 1993;20:111-
115.

Undurraga P, Olaeta JA. Effect of ethephon (2-
chloroethylphosphonic acid) applied to the trees on ripening of
Golden Nugget loquat (Eriobotrya japonica Lindl). Opt Mediteren.
2004;58:123-128.

Reig C, Martinez-Fuentes A, Juan M, Gariglio N, Marti G,
Mesejo C. Tecnicas para anticipar la recoleccion del fruto del
nispero japones (Eriobotrya japonica Lindl). XI Congress National
SECH:2007.

Zhang ZW, Zhu S], Zhong JJ, Zhang L], Cai JH, Rao XW. Effects of
benzothiadiazole on storability and quality of loquat in low

temperature. Acta Hortic. 2011;887:357-362.

Hirai M. Sugar accumulation and development of loquat fruit. ] Jap
Soc Hortic Sci 1980;49(3):347-353.

Jiang T, Wang P, Yin X, Zhang B, Xu C, Li X. Ethylene biosynthesis
and expression of related genes in loquat fruit at different
developmental and ripening stages. Sci Hortic. 2011;130(2):452-
458.

Hasegawa PN, Faria AF, Mercadante AZ, Chagas EA, Pio R, Lajolo
FM. Chemical composition of five loquat cultivars planted in Brazil.
Food Sci Technol. 2010;30:552-559.

Gonzélez L, Lafuente MT, Zacarias L. Maturation of loquat fruit
(Eriobotrya japonic Lindl.) under Spanish growing conditions and
its postharvest performance. Opt Méditer. 2003;(58):171-179.
Serrano M, Zapata P, Pretel MT, Almansa MS, Botella MA,
Amoros A. Changes in organic acid and sugars levels during ripening
of five loquat (Eriobotrya japonica Lindl) cultivars. In: Llacer G,
Badenes ML editors. First international symposium on loquat.
Zaragoza, CIHEAM:2003;(58)157-160.

Hadjipieri M, Georgiadou EC, Marin A, Diaz-Mula HM, Goulas
V, Fotopoulos V, et al. Metabolic and transcriptional elucidation of
the carotenoid biosynthesis pathway in peel and flesh tissue of loquat
BMC Plant  Biol.

fruit  during development.

2017;17:102-109.
Zhang L, Zhang ZK, Zheng TT, Wei WL, Zhu YM, Gao YS, et al.

Characterization of carotenoid accumulation and carotenogenic gene

on-tree

expression during fruit development in yellow and white loquat fruit.
Hortic Plant J. 2016a;2(1):9-15.

Fu XM, Kong WB, Peng G, Zhou Y], Azam M, Xu CJ, et al. Plastid
structure and carotenogenic gene expression in red-and white-fleshed
loquat (Eriobotrya japonica) fruits. ] Exp Bot. 2011;63(1):341-354.
Sun SX, Xie HJ, Chen D, Li ], Tu MY, Jiang GL. Molecular cloning
and expression of carotenogenic genes in yellowish and mutant
whitish loquat (Eriobotrya japonica). Agric Sci Technol. 2013;14(7):
941-945.

Fantini E, Falcone, G, Frusciante S, Giliberto L, Giuliano G.
Dissection of tomato lycopene biosynthesis through virus-induced
gene silencing. Plant Physiol. 2013;163(2):986-998.

Fu XM, Feng C, Wang CY, Yin XR, Lu PJ, Grierson D, et al.
Involvement of multiple phytoene synthase genes in tissue-and
cultivar-specific accumulation of carotenoids in loquat. ] Exp Bot.
2014;65(16):4679-4689.

Uchino K, Tatsuda Y, Sakoda K. Relation of harvest date and skin
color to fruit quality of loquat ‘Mogi’ during maturation. ] Jap Soc

Hortic Sci. 1994;63(3):479-484.

] Hortic, Vol.9 Iss.1 No:1000004

58.

59.

60.

61.

62.

63.

64.

65.
66.

67.

68.

69.

70.

71.

72.

73.

74.

OPEN 8 ACCESS Freely available online

Chen FX, Liu XH, Chen LS. Developmental changes in pulp
organic of acid-metabolising
enzymes during the fruit development of two loquat (Eriobotrya

acid concentration and activities

japonica Lindl) cultivars differing in fruit acidity. Food Chem.
2009b;114(2):657-664.

Kanayama Y. Sugar metabolism and fruit development in the tomato.
Hortic ] 2017;86(4):417-425.

lida M, Bantog NA, Yamada K, Shiratake K, YamakiS. Sorbitol-
and other sugar-induced expressions of the NAD+-dependent
sorbitol dehydrogenase gene in Japanese pear fruit. ] Amer Soc
Hortic Sci. 2004;129(6):870-875.

Abnasan-Bantog N, Shiratake K, Yamaki S. Changes in sugar
content and sorbitol- and sucrose-related enzyme activities during
development of loquat (Eriobotrya japonica Lindl Cv Mogi) fruit. ]
Jap Soc Hortic Sci. 1999;68(5):942-948.

Abnasan-Bantog N, Yamada K, Niwa N, Shiratake K, Yamaki S.
Gene expression of NAD+-dependent sorbitol dehydrogenase and
NADP+-dependent  sorbitol-6-phosphate ~ dehydrogenase
development of loquat (Eriobotrya japonica Lindl) fruit. Enge Gak Zas.
2000;69(3):231-236.

Ni ZJ, Shen DT, Gu LP, Zhang Z, Huang LF, Gao ZZ. Sugar
accumulation and related enzyme activities during the loquat fruit
development. Acta Bot Boreali-Occident Sin. 2009;29(3): 478-
493.

Chen JW, Xu HX, Xie M, Wu Y], Zhang HQ, Feng JJ. Difference

in sugar accumulation and metabolism between red flesh and white

during

flesh cultivar in loquat (Eriobotrya japonica Lindl). Acta Hortic Sin.
2010;37(6):997-1002.

Vogt T. Phenylpropanoid biosynthesis. Mol Plant. 2010;3(1):2-20.
Ding CK, Chachin K, Ueda Y, Imahori Y, Wang CY.

Metabolism  of  phenolic  compounds  during loquat  fruit
development. ] Agric Food Chem. 2001;49(6):2883-2888.

Ercisli S, Gozlekci S, Sengul M, Hegedus A, Tepe S. Some
physicochemical characteristics, bioactive content and antioxidant
capacity of loquat (Eriobotrya japonica (Thumb) Lindl) fruits from
Turkey. Sci Hortic. 2012;148(4):185-189.

Xu HX, Li XY, Chen JW. Comparison of phenolic compound
contents and antioxidant capacities of loquat (Eriobotrya japonica Lindl)
fruits. Food Sci Biotechnol. 2014a; 23:2013-2020.

Zhang WN, Zhao XY, Sun CD, Li X, Chen KS. Phenolic
composition loquat  (Eriobotrya Lindl)
cultivars grown in China and their antioxidant properties. Mol.

2015;5(20):542-555.

He ZG, Li WX, Lin XZ, Pan W, Su DS, Zhuang LS. Organic acids
metabolism of loquat fruit during maturity and storage. ] Fruit Sci.
2005; 22:23-26.

Takahashi H, Sumitani H, Inada Y, Mori D, Nakano Y. Potent
aroma volatiles in fresh loquat and its canned product. J Jap Soc
Food Sci Technol. 2000;47(4):302-310.

Shaw PE, Wilson CW. Volatile constituents of loquat (Eriobotrya
japonica Lindl) fruit. ] Fruit Sci. 1982;4 7(5): 1743-1744.

Pinillos V, Canete ML, Sanchez R, Cuevas ]. Fruit development and
maturation phenological stages of ‘Algerie’ loquat. Acta Hortic.
2007;750:331-336.

Kader AA. Loquat: recommendations for maintaining postharvest

quality. Davis: University of California:2009.

from different japonica

11


https://journals.sagepub.com/doi/abs/10.1177/1082013203009001007
https://journals.sagepub.com/doi/abs/10.1177/1082013203009001007
https://agris.fao.org/agris-search/search.do?recordID=CN19950053903
https://agris.fao.org/agris-search/search.do?recordID=CN19950053903
https://agris.fao.org/agris-search/search.do?recordID=QC2003600150
https://agris.fao.org/agris-search/search.do?recordID=QC2003600150
https://agris.fao.org/agris-search/search.do?recordID=QC2003600150
https://www.cabdirect.org/cabdirect/abstract/20113079606
https://www.cabdirect.org/cabdirect/abstract/20113079606
https://www.cabdirect.org/cabdirect/abstract/20113079606
https://www.jstage.jst.go.jp/article/jjshs1925/49/3/49_3_347/_article
https://www.sciencedirect.com/science/article/abs/pii/S0304423811003773
https://www.sciencedirect.com/science/article/abs/pii/S0304423811003773
https://www.sciencedirect.com/science/article/abs/pii/S0304423811003773
https://bv.fapesp.br/en/publicacao/33891/chemical-composition-of-five-loquat-cultivars-planted-in-bra/
https://agris.fao.org/agris-search/search.do?recordID=QC2003600160
https://agris.fao.org/agris-search/search.do?recordID=QC2003600160
https://agris.fao.org/agris-search/search.do?recordID=QC2003600157
https://agris.fao.org/agris-search/search.do?recordID=QC2003600157
https://link.springer.com/article/10.1186/s12870-017-1041-3
https://link.springer.com/article/10.1186/s12870-017-1041-3
https://link.springer.com/article/10.1186/s12870-017-1041-3
https://www.sciencedirect.com/science/article/pii/S2468014116000078
https://www.sciencedirect.com/science/article/pii/S2468014116000078
https://europepmc.org/article/pmc/pmc3245473
https://europepmc.org/article/pmc/pmc3245473
https://europepmc.org/article/pmc/pmc3245473
https://www.proquest.com/openview/fd5723be4107d29def116989aff06bb9/1?pq-origsite=gscholar&cbl=1596357
https://www.proquest.com/openview/fd5723be4107d29def116989aff06bb9/1?pq-origsite=gscholar&cbl=1596357
https://www.proquest.com/openview/fd5723be4107d29def116989aff06bb9/1?pq-origsite=gscholar&cbl=1596357
https://europepmc.org/article/med/24014574
https://europepmc.org/article/med/24014574
https://europepmc.org/article/pmc/pmc4115255
https://europepmc.org/article/pmc/pmc4115255
https://agris.fao.org/agris-search/search.do?recordID=JP9505104
https://agris.fao.org/agris-search/search.do?recordID=JP9505104
https://www.sciencedirect.com/science/article/abs/pii/S0308814608011990
https://www.sciencedirect.com/science/article/abs/pii/S0308814608011990
https://www.sciencedirect.com/science/article/abs/pii/S0308814608011990
https://www.sciencedirect.com/science/article/abs/pii/S0308814608011990
https://cir.nii.ac.jp/crid/1390001205758139520
https://journals.ashs.org/jashs/view/journals/jashs/129/6/article-p870.xml
https://journals.ashs.org/jashs/view/journals/jashs/129/6/article-p870.xml
https://journals.ashs.org/jashs/view/journals/jashs/129/6/article-p870.xml
https://www.jstage.jst.go.jp/article/jjshs1925/68/5/68_5_942/_article
https://www.jstage.jst.go.jp/article/jjshs1925/68/5/68_5_942/_article
https://www.jstage.jst.go.jp/article/jjshs1925/68/5/68_5_942/_article
https://www.jstage.jst.go.jp/article/jjshs1925/69/3/69_3_231/_article
https://www.jstage.jst.go.jp/article/jjshs1925/69/3/69_3_231/_article
https://www.jstage.jst.go.jp/article/jjshs1925/69/3/69_3_231/_article
https://www.cabdirect.org/cabdirect/abstract/20093112237
https://www.cabdirect.org/cabdirect/abstract/20093112237
https://www.cabdirect.org/cabdirect/abstract/20093112237
https://www.cabdirect.org/cabdirect/abstract/20103221080
https://www.cabdirect.org/cabdirect/abstract/20103221080
https://www.cabdirect.org/cabdirect/abstract/20103221080
https://www.sciencedirect.com/science/article/pii/S1674205214603944
https://europepmc.org/article/med/11409982
https://europepmc.org/article/med/11409982
https://www.sciencedirect.com/science/article/abs/pii/S0304423812004785
https://www.sciencedirect.com/science/article/abs/pii/S0304423812004785
https://www.sciencedirect.com/science/article/abs/pii/S0304423812004785
https://link.springer.com/article/10.1007/s10068-014-0274-2
https://link.springer.com/article/10.1007/s10068-014-0274-2
https://europepmc.org/article/med/25569513
https://europepmc.org/article/med/25569513
https://www.cabdirect.org/cabdirect/abstract/20000313210
https://www.cabdirect.org/cabdirect/abstract/20000313210
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1982.tb05028.x
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1982.tb05028.x
https://agris.fao.org/agris-search/search.do?recordID=US201300835038
https://agris.fao.org/agris-search/search.do?recordID=US201300835038
https://postharvest.ucdavis.edu/Commodity_Resources/Fact_Sheets/Datastores/Fruit_English/?uid=34&ds=798
https://postharvest.ucdavis.edu/Commodity_Resources/Fact_Sheets/Datastores/Fruit_English/?uid=34&ds=798
https://journals.sagepub.com/doi/abs/10.1177/1082013203009001007
https://europepmc.org/article/med/25569513

	Contents
	Pre-harvest Technology and Dynamics of Loquat Fruit Ripening
	ABSTRACT
	INTRODUCTION
	LITERATURE REVIEW
	Preharvest factors affecting fruit growth and quality

	PHYSIOLOGY OF FRUIT RIPENING
	Respiration and ethylene production
	Carotenoid biosynthesis
	Sugars metabolism
	Phenolic contents
	Organic acid metabolism and fruit firmness
	Flavor and aroma volatiles

	HARVEST MATURITY
	CONCLUSION
	REFERENCES




