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ABSTRACT

This work aimed to estimate the physical and chemical properties of local apple cultivar
(Anna variety) and three varieties of imported apple fruits include (Granny Smith, Red
Delicious and Honeycrisp apples) to compare the quality parameters of local apple with
imported apple fruits. The samples were collected from local markets in Dhamar city,
Yemen. The results showed that the physical properties of apple fruits were, the whole
fruit weight (122.04, 113.5, 117.68 and 102.94) g, the pulp weight (109.16, 98.59,
102.77 and 89.7) g, the peel weight (11.76, 11.62, 10.92 and 8.84)g and the seeds
weight was (0.0, 0.31, 0.14 and 0.41) g, the fruit extract volume was (47.83, 52.50,
57.83 and 41.70) ml in local, Granny Smith, Red Delicious and Honeycrisp apple
varieties respectively. The chemical properties of apples juice were as following ,the
moisture (83.43, 82.93, 84.40 and 86.27) %, total solids (16.57, 17.07, 15.77 and 13.73)
%, total soluble solids, TSS (13.82, 10.85, 12.15 and 11.68) °Brix, reducing sugars
(8.32, 6.59, 8.69 and 8.84) %, pH (3.61, 3.69, 4.10 and 4.2), titratable acidity (TA)
(0.53, 0.51, 0.22 and 0.22) %, while vitamin (C) content was (16.01, 15.72, 17.46 and
17.61 mg/100 ml) in local, Granny Smith, Red Delicious and Honeycrisp apple
varieties respectively. The Maturity indexes were the TSS/TA ratio (26.92, 24.88, 55.39
and 54.58), starch-iodine index (7.67, 10, 10 and 10) and Thiault index (TI) (198.28,
164.32, 149.67 and 143.92) in local, Granny Smith, Red Delicious and Honeycrisp
apple varieties respectively. The results of this research revealed that the local apple
fruits have good quality indicators, in terms of its physical properties and high TSS
content, but the high acidity and starch content may be the reasons of its low sweetness
and negatively effects on their quality characteristics.

INTRODCTION

Apple is the pomaceous fruit of the apple tree which
belong to the rose family. The genetic variability
found in the apple has allowed adapted types to be
selected for different environments and regions
(Abdualrahman, 2015). Apple fruits quality is an
important factor in minimally processed or fresh-cut
slices. The physicochemical properties of fruits are
important for nutritional, economic, food quality
after processing and storage stability considerations.

Fresh apples juices a source of various
bioactive compounds include antioxidants as
ascorbic acid, which give them a value addition in
food commercialization. It's highly appreciated and
consumed because of its flavor and nutritional

properties (Kanchan et al., 2020). Apple fruits
represent an important source of some antioxidant
nutrients in western countries because the apples are
the most consumed fruits in these countries. The
antioxidants and ascorbic acid contents in apple
fruits have been widely studied (Haytowitz et al.,
2009) and (Bodner-Montville et al., 2006). Bongers
et al., (1994) studied the physicochemical properties
of apple fruits and found significant differences in
some quality parameters between apples from
different origins. They also reported that the apples
produced in United States, especially delicious had
some superior quality parameters compared to the
apple fruits from other origins.
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The ecological conditions, cultural practices
and genetic features are the most factors that
affected on the phenology, morphology and
biochemical contents of apple fruits (Geger et al.,
2020). The pre-harvest treatments of apple trees
effects on their fruit’s physicochemical properties.
El-Sabagh et al., (2012) reported that the sprayed
with Hydrogen Cyanamide (Dormex) increased
significantly the average of fruit weight, fruit size,
length, diameter, Total Soluble Solids (TSS) and
TSS/acid ratio in compare to the control; however,
they caused a significantly decreased in both fruit
firmness and acidity).

Storage of apple fruits cultivars resulted in
significant increase in weight loss, while starch
score, juice content, acidity, TSS, total sugar, pH,
ascorbic acid and TSS: TA ratio decreased with
prolong storage period (Banoo et al., 2018). Aly et
al., (2019) reported that the total sugar and TSS
content was significantly increased with increasing
storage periods of Anna apples, while ascorbic acid
and acidity was significantly decreased during cold
storage.

The firmness and starch iodine in apple
fruits are decreased over the storage time since
harvest, but the TSS content is increased. Climate
changes effects on the texture and taste of apples due
to it early flowering and high temperatures during
the growing phase (Daniela and Vanessa,
2020).During the maturity progress of apple fruits,
the physicochemical properties are change. For
determination the maturity degree some tests are
used. The starch pattern index (SPI) test is one of the
tests that widely used to assess apple fruits maturity.
It measures the changes in starch concentration in
the fruits during maturation and ripening.

SPI  values increased and  starch
concentration decreased with maturity progress of
fruits. The binding capacity of iodine to starch
depends on starch composition and by the amylose
concentration. Amylose concentration in total starch
decreases during maturity progress and reached to
low levels at the later stages of fruits. The Starch
index (SI) is less reliable in representing total starch
during later stages of Fuji apple maturation
(Doerflinger et al.,, 2015 and Fan et al., 1995).
Thammawong and Arakawa, (2009) found that, the
starch degradation in apples are varied depends on
apples cultivars, and they suggested that, iodine
staining is recommended more for determining the
maturation of late-maturing cultivars rather than the
early-maturing.

In Yemen, the apples fruits are cultivation in
some areas like Saadah, Emran and Dhamar
governorates. The local apple varieties are belonging
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to the (Anna and Ein shemer) apple varieties. The
imported apples had more consumers' acceptability
than local apples in Yemen. Therefore, we
conducted this research to study and compare the
physiochemical properties of local and imported
apples and define the reasons for the more
acceptability of imported apples than local apples
fruit.

MATERIALS AND METHODS

Sampling:

Apple fruits were collected randomly from local
markets of Dhamar city during the period between
August and November, 2022. The local apple variety
was Anna variety while; an imported apple was
Granny Smith, Honeycrisp and Red Delicious (Fig.
1). The fruits were placed in plastic bags and
brought to the laboratory of Biotechnology and Food
Technology Department, Faculty of Agriculture and
Veterinary Medicine; Thamar University for
analysis the physical and chemical properties of
apple fruits and their extracted juice.

Physical properties of fruits

The total weight of fruit was measured using an
analytical balance. The peel was removed from the
fruits by knife carefully. Then, the fruits were
cutting and the seeds were removed manually. After
then, the fruits flesh, seeds and peel weight were
measured. For juice extraction, the fruits pulp was
crushed by electrical blender, the mixed, filtered
through sieving, weight and volume measured.

Chemical analysis of apples juice

Apples’ juice was obtained from fruits pulp. Fruits
pulp was blended and sieved to remove the seeds.
The extracted juice was used for chemical analysis
including the following parameters: Moisture and
total solids content, acidity, total soluble solids
(TSS), reducing sugars, vitamin (C) and the pH
value.

Determination of moisture and total solids
content

Moisture content was estimated by drying method
using microwave oven as described by (Suhaime et
al., 2018). 10 g of apple juice were weighted in Petri
dish and dried until the weight stable. The yield was
cooled, weighted. The moisture content and total
solids were calculated, five replicates were analysis
and the average was calculated.

Determination of total soluble solids (TSS)

The total soluble solids (TSS) of apples pulp were
determined using a hand refractometer, Atago
Company, Japan.



Yemeni Journal of Agiculture and Veterinary Sciences (2023) 4 (1):28-39

Alwaseai et al

Estimation of reducing sugars

Reducing sugars contents were estimated by Lane-
Eynon method (AOAC, 1990). Juice sample (20 ml)
was transfer to 500 ml volumetric flask. 100 ml
water were added, and then the juice
mixture/solution was neutralized with NaOH
solution to phenolphthalein end point. 10 ml of
neutral lead acetate solution was added to the flask
contents. The flask contents was shaken and let
stand for 10 min. Potassium oxalate solution in small
amounts was added to the mixture in the flask until
there is no further precipitation. The volume was
completed with distilled water and mixed well. After
that the sample mixture was filtered through
Whatman No. 1 filter paper. 50 ml of filtrate was
transferred to the burette. 5 ml each of Fehling A
and B solutions was transferred to 250 ml conical
flask. Fehling solution was titrated with sample
solution from the burette with continuous heating to
boiling and 3 drops of methylene blue indicator was
added and continuation the titration until the
indicator is decolorized and the brick red color was
appeared. The consumed sample solution volume in
titration was recorded. Duplicated titration was
carried and the average of sample solution was
calculated. The direct reducing sugar was calculated
by the equation. The Fehling factor was primary
found by wusing a known glucose solution
concentration.

Reducing sugar (%) =
(Fehling factor) x Vol.made up x 100
Wt.of sample x 1000

Granny Smith apple Red Delicious apple

S Esi O ' \
g

Local apple Honeycrisp apple

Fig. 1. Apple fruit varieties include in this study
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Figure 2: Starch-iodine index of apples fruits.

Estimation of pH:

The pH was estimated using a pH meter from
HANNA Company. During the measuring process,
the electrode was immersed directly in the juice
extract and reading was recorded.

Determination of titratable acidity (TA)

The titration method with sodium hydroxide NaOH
(0.1) N and phenolphthalein indicator was used for
acidity measuring. The amount of alkali consumed
in titration was recorded and the titratable acidity
was calculated and expressed as malic acid
(Kanchan et al., 2020).

Determination of vitamin (C) content

Vitamin (C) was estimated by iodine titration
method according to technique described by
Ciancaglinia et al. (2001). In brief, 20 ml of the
apples fruit juice was transferred to 250 ml
Erlenmeyer flask. 25 ml of distilled water were
added. From the diluted sample, 10 ml were
transferred to 250 ml beaker and 1 ml of cooled,
filtered, starch added. Slow titration by potassium
iodide with stirring was carried out to reach the end
point and dark blue color appeared. The volume of
potassium iodide used in titration was determined
and the vitamin C content was calculated as follows:

Vitamin C (mol/L) =

ml of potassium iodidexiodide molarity

sample volume (ml)
The amount of vitamin C in (mg/100 ml) was
calculated using the following equation:
Vitamin C (mg/100 ml) = Vitamin C (mol/l) x
(M.W) of Ascorbic acid x 100.
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Maturity indexes of apples

Estimation of starch index

Starch index was determined by the iodine test as
following, iodine solution was prepared by
dissolving (40 g Kl and 10 g I) in one liter of
distilled water. Fruits were cut with the greatest
diameter and dipped into solution for 3 min, after
then removed from the iodine solution, access
solution was drained and staining percentage
estimated. The starch-iodine rating was conducted
using the generic starch-iodine index chart for
comparison. This method uses a 1 to 10 scale, where
(0) represents the max starch content and (10) the
complete degradation of the starch content (Szalay et
al., 2013).

Calculation of Thiault Index (T1)

The Thiault index (TI1) was calculated from the
measurements of TSS as a total sugar (TS) and
titratable acidity (TA) expressed as malic acid (g/l),
using the equation below (Icka and Damo, 2014).
TI=TS + (TA x10), TS (Total sugar) =
(TSSx10.6) — 20.6

Statistical analysis

Descriptive statistics analysis was performed to find
the mean values and standard division (SD) of
parameters. Duncan test was used as a multiple
comparison test to express the differences between
the average values at (P < 0.05). The statistical
analysis was performed with the SPSS program
version 16.

RESULTS AND DISCUSSION

Physical properties of apple fruits:

Fruit and its parts weight:

The minimum size of apple fruits shall be (60) mm,
as a diameter, or (90) g, if measured by weight. Fruit
of smaller sizes may be accepted if the °Brix value
of the produce is (= 10.5) “Brix and the size is not
smaller than (50) mm or (70) g (FFV-50, 2020).

In this study, the results revealed that,
significant differences (P<0.05) were observed
among the physical properties of local and imported
apple fruits varieties (Table 1). These results showed
that the local apple had the higher fruits weight,
flesh and peel weight compared to imported apple
fruits, while the Honey crisp apple fruits had the
lower values. The local apple fruit weight, flesh and
peel weight were (122.04 + 23), (109.16 £24.94) and
(11.76 £2.84) g respectively; whereas, Honeycrisp
apple fruit weight, flesh and peel weight were
(102.94 + 1.156), (89.7 +4.61) and (8.84 £1.30) ¢
respectively. The weight of local apple fruits varied
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widely from one fruit to the other. One for the
reasons of this variation is that local apples fruits
didn't sort or grade before its marketing. These
results are in agreement with findings reported by
Kassem et al., (2016) on Anna apple fruit weight
which was (123) g. Furthermore, Macitet al., (2021)
researched to similar results. The results of this
study were lower than findings of(El-Sabagh et al.,
2012, Zakia et al., 2019; Kanchan et al.,
2020).However, it’s higher than findings reported by
Anwar et al., (2020).In others studies, Jan and
Davide, (2018) reported that the Red Delicious apple
had higher fruits weight (213.64) g than Fuji and
Granny Smith apples (204 and 202.08) g
respectively.

The results demonstrated that, seeds were
not existed in local apples fruit, while; presence in
Honeycrisp apples, Granny Smith and Red Delicious
apples with weight as 0.41+0.07,0.31 and (0.14) ¢
respectively (Table 1). The results obtained here
indicated that the local apples fruits had two good
physical properties compared to the imported apples,
which were its high fruit weight and the absence of
seeds. The differences between the present results
and the findings of previous studies may be
attributed to the growing conditions and geography
of the study areas. Pre-harvest treatments such as
foliar spraying of brassinoloide at (3 — 4) ppm
improved some physicochemical properties of Anna
apple such as the diameter, weight and color of the
fruits (Attia and Adss, 2021).

The juice volume and juice vyield ratio
results for all apples varieties investigated showed
no significant differences (P<0.0) were observed.
Red Delicious apple had the high juice volume and
juice yield ratio, while Honeycrisp apples and the
local apples had the low juice volume and low juice
yield ratio respectively. The juice content of apples
is an important parameter for industrial production
of juices from fruits. The low juice yield ratio in
local apple fruits may be related to the variation in
maturity degree, moisture contents and firmness of
local apple fruits. Higher volume juices contents in
apple fruits (58%) was reported earlier by Kanchanet
al., (2020), while lower juice content (29.03%) by
Agbaje et al., (2020). In other studies, Jan and
Davide, (2018) found high juices contents in Fuji
apple (74.38) % compared to Red Delicious and
Granny Smith apples which was (57.51) and (67.28)
% respectively.

Fruits diameter and length
The results of fruits dimensions are shown in Table
2. The length/diameter ratio was significantly
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different (P<0.05)among apple fruits varieties. The
local apple fruit had more length/diameter ratio
(1.362); while, Granny Smith apple had less
length/diameter ratio (0.952).Similar results are
reported on Egyptian Anna apple (Anwar et al.,
2020) and Anna apple fruits (El-Sabagh et al.,
2012). In addition, Zakia et al. (2019) studied the
fruit diameter and length apples and researched to
similar results. Previously, Jan and Davide, (2018)
reported that the fruit diameter was the more in
Granny Smith apple (76.20) mm compared to Fuji
and Red Delicious apples which were (74.38 and
76.14) mm respectively. Furthermore, Sotiropoulos
and Syrgianidis, (2009) found that, fruit
length/width ratio in Granny Smith apple was (0.81).
These variations may be related to many factors
including pre-harvest treatments, apples varieties
and environmental conditions.

Physicochemical properties of apple fruit juice
Moisture and total solids

The moisture and total solids contents didn’t differ
significantly (P<0.05) between local and imported
apples varieties. The higher mean of moisture
content was recorded as (86.27+2.11) in Honeycrisp
apple, while; the lower was (82.93 +£3.93) in Granny
Smith apple variety. The low moisture content
(83.43 +2.13)of local apple fruit is an indicator for a
good shelf life. These data are in agreement with
results of Lee et al., (2017) for the moisture in Fuji
apple (85%) and lower than moisture content values
reported in apples (90.02%) by Agbaje et al., (2020).
The moisture contents in apple fruits ranged between
(80) and (85) % depends on cultivar type and the
season of production (Guiné et al., 2009). In this
study, the total solid content in Golden delicious
apple juice was (15.21%) and these results are in line
with the finding of Rouchaud et al.(1986).

Titratable acidity and pH value

The apples cultivars are grouped by classes
according to their acid contents as: low-acidity class
(< 0.4%), intermediate-acidity apples (0.4 and
1.0%), and high-acidity apples (>1.0%) malic acid
(Guiné et al., 2009).Local and Granny Smith apples
juice had the higher titratable acidity value which
were(0.53 £0.11 and (0.51 £0.24); while, Red
Delicious and Honeycrisp apples juice titratable
acidity were (0.22 0.04) and (0.22 =0.03)
respectively (Table 3).The high value of acidity in
local apples may be due to that local apples didn’t
reach to optimum maturity degree at harvest and its
marketed fresh after harvesting without any
treatments or storage periods.
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The Anna apple fruits are characterized by
its high acidity content. This acidity content was
decreased gradually and significantly from harvest to
storage and post-storage shelf life periods (Nagy,
2018; Singh et al., 2017). Klein and Lurie (1990)
found that the acidity of Anna apple fruits at harvest
was (0.66) % and it decreased after two months of
storage at 0 °C to (0.55%). Moreover, they reported
that the titratable acidity was reduced in Granny
Smith and Anna apple fruits that treated with heat
treatment for 4 days before storage. In other hand,
the results of acidity in local apple fruits are similar
to those previously reported on Egyptian Anna
apples (Anwar et al., 2020), and Granny Smith
apples (Bongers et al., 1994). Furthermore, higher
acidity in Anna apple fruits was previously reported
by(Kassem et al., 2016, Attia and Adss, 2021 and
El-Sabagh et al., 2012).In addition, Lee et al., (2017)
and Zakia et al., (2019) found the titratable acidity in
Fuji apple and Red Delicious apple were (0.39) and
(0.42) % respectively.

In current study, the results revealed that,
the local apple and Granny Smith apple juice had the
low pH values which were (3.61 +0.12) and (3.69
+0.29) respectively; while; the pH of Red Delicious
and Honeycrisp apples were (4.10 £0.05) and (4.2
+0.35) respectively (Table 3).These results are in
line with findings of Abdualrahman (2015) and with
Sotiropoulos and Syrgianidis, (2009) who reported
the pH value in local apple fruit juice was
(3.90%),but it's lower than the pH in imported apple
fruit juice (4.18%). Macit et al., (2021) reported that,
local apple varieties from Anatolia (3.72 - 4.
18%).However, the pH value was3.24and 3.60 in
Golden delicious apple juice and in apple fruits
respectively as mentioned by Rouchaud et al. (1986)
and Kanchan et al., (2020) .

Total soluble solids ("Brix)

Total sugar concentration and TSS measurements
represent good tools to define the maturity degree of
apple fruits (Wosiacki et al., 2007).The results
obtained in current study showed that the local
apples juice had the highest total soluble solid
content (83.43 £2.13) °Brix, while the Granny Smith
apples juice had the low TSS content (10.85 £1.60)
‘Brix (Table 3).These results are closed to those
found in Egyptian Anna apple variety (12.67 and
12.83%) and (12.53 and 12.30%) by Anwar et al.(
2020) and Attia & Adss (2021).

These results are fallen in the range of
Bongers et al., (1994) for apple fruits from different
origins that sold in European markets which were
(11.25 — 15.60) %. They reported that the TSS
values were (12.40- 14.15), (11.25- 14.08), (11.41-
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12.61) % in Delicious, Golden Delicious and Granny
Smith apples respectively. Almeida and Gomes,
(2017) reported that the TSS value in Granny Smith
and Fuji apples was (10.8) and (13.9) %
respectively. These results are similar to the results
of TSS in local apple fruits from Sudan (13.80) %
(Abdualrahman, 2015). In other studies, Kanchan et
al., (2020) found the TSS in apple fruits was (11.50)
°Brix. Low TSS contents in Anna apple fruits was
reported by Kassem et al., (2016) as10.8 % and by
El-Sabagh et al., (2012) as 9.96 and 10.75 % at 2008
and 2009 seasons respectively. Meanwhile, Macit et
al., (2021) found the TSS in local apple from
Anatolia was ranged between (7.07 - 8.93) %.

The mean of TSS tended to increase with the
progression of either cold storage or post-storage
shelf life periods (Nagy, 2018). Fruits with higher
TSS content typically have more intense sweaty and
juicy (Alwaseai and Al-Gaber, 2023). However,
higher TSS value was found by BateljalLodeta et al.,
(2019) in traditionally grown domesticated apple
varieties from Croatia, which was ranged between
(14.97 — 20.27) Brix and by Zakia et al., (2019) for
Red Delicious apple juice TSS was (14.29) %.
Bongers et al., (1994) reported that the TSS were
(11.41 — 12.61) % in Granny Smith apples, while
Jan and Davide, (2018) found that, the highest TSS
content was in Fuji apple compared with Red
Delicious and Granny Smith apples, by (13.61,
13.39 and 13.0) °Brix respectively.

Vitamin C (Ascorbic acid):

The vitamin C content in Anna apple fruits was
significantly decreased with advanced storage and
post-storage shelf life periods to reach the least
content after three months of cold storage (Nagy,
2018). The results in Table 3 showed that the
ascorbic acid didn’t differ significantly (P<0.05)
among all apples varieties included in this study.

The local apples, Granny Smith, Red
delicious and Honeycrisp juice ascorbic acid content
were (16.01 +3.57), (15.72 +2.59), (17.46 +1.82)
and (17.61+3.37) mg/100 ml respectively.
Previously, studies reported that, low values of
vitamin C in apples varieties ranged between 1.28-
22.10 mg/100 ml; Zakia et al., 2019; Attia and Adss,
2021;Macit et al., 2021).

Reducing sugars content

Sugars content in apple fruits increased gradually
during fruit development. The sugars are
guantitatively or qualitatively converted to other
sugars. Conversion of polysaccharides into sugars
during growth and development lead to increase the
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sugar content in fruits. This conversion has a great
impact on the fruit quality (Dar et al., 2021).

The results of this study showed that no
significant differences (P<0.05) were found in
reducing sugar content among local, Honeycrisp and
Red Delicious apple varieties, while the reducing
sugar content of Granny Smith apple juice was
significantly differing than other apple varieties
measured in this study. The mean value of reducing
sugar content was (8.32+0.96), (6.59+ 0.32),
(8.69£0.53) and (8.84+0.93) in local, Granny Smith,
Red Delicious and Honeycrisp apples respectively
(Table 3). These results are similar to findings
reported by Kanchanet al. (2020),and Batelja Lodeta
et al., (2019)who studied the reducing sugar content
in traditionally grown domesticated apple varieties
from Croatia. The contrary between the present
results and previous studies findings may be
attributed to the differences in the treatments that
apply for apples fruits. Rouchaud et al., (1986) cited
that treatments of apple fruits with fungicide raised
the total sugars content by 22% in Golden Delicious

apple.

Maturity indexes

Consumer perception of sweetness or sourness is
determined not only by the concentration and type of
sugars and acids, but also by the relative proportion
of each. Two indices have been used in apple to
describe the relationship between sugars and acids
and express taste equilibrium: the simple ratio
between SSC and TA and the Thiault index
(Almeida and Gomes, 2017).The chemical
composition of apple fruits and their acid and sugar
contents depends on their maturity stage (Guiné et
al., 2009).The results of the maturity indexes of
local and imported apples fruit investigated in this
study are showed in (Table 4).

TSS/TA ratio

The TSS/TA ratio in apple fruits is used as indicator
to determine the fruits sweetness. The fruits that
have a high TSS/TA ratio are considered sweet,
whereas the fruits with low ratio are perceived as
sour.

The results in Table 4 showed that TSS/TA
mean ratios was (26.92 +4.20) and (24.88 £9.90) in
local and Granny Smith apples respectively,
whereas; 55.39 +9.69 and 54.58 +9.87in the
Honeycrisp and Red Delicious apples respectively.
The low TSS/TA mean ratio in local apple fruits
may be related to their high level of acidity, It's
mean that the local apples contain high
concentration of organic acids.
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The organic acids contents in apple fruits are

an important parameter in maintaining the quality of
fruits. Some treatments for apple fruits effect on
their TSS/TA ratio. The TSS/TA ratio was
significantly decreased in calcium treated “Jona
gold" fruits compared to the control fruits (Rabiei et
al. 2011). The other reason of low TSS/TA ratio for
local apple fruits may be due to the early harvesting
before they reached to the optimum maturity. During
ripening process some starch content in apples are
converting to sugar which caused the increase in the
TSS value, while the organic acids are consumed in
plant respiration so the acidity are decreased
(Cepeda et al., 2021).
These results were in agreement with the findings of
Almeida and Gomes, (2017) who reported that the
high mean ratios of TSS/TA in Starking and Fuji
cultivar of apples which were (66%) and (70%),
while the low values were found in Granny Smith
and Reinette apples (18%) and (21%) respectively.
These results also in parallel with findings of
Bongers et al., (1994) who studied the solids/acidity
ratio in Granny Smith and Fuji apples from
European markets. In elsewhere studies, Icka and
Damo, (2014) reported that the sugar/acidity ratio
for Red Delicious at harvesting time was ranged
between 33.007 and 52.473 according to harvest
time and suggested that t the optimum sugar/acidity
ratio for Red Delicious harvesting is 40 -50.

Starch- iodine index

The characteristic patterns of starch degradation
differ between apple cultivars (Fan et al., 1995). The
starch iodine index value is low at harvest of apple
fruits. This value indicates high starch content which
decreases over the course of ripening due to its
hydrolysis in fructose and glucose leading to high
values of the starch iodine index (Daniela and
Vanessa, 2020).

Results in Table 4 displayed that the starch-
iodine index for local apples had a significant
difference (P<0.05) compared to the imported apples
varieties which was (7.67 £2.88) and (10.0 +0.0)
respectively. This means that the local apples had
high starch content and the starch hydrolysis degree
didn’t reach to the maximum, whereas in the
imported apples the starch was completely
hydrolyzed. The high starch content in local apples
may be due to low sweetness (Figure, 2).These
results are in line with findings of Singh et al.,
(2017) who reported that the starch content was the
high at harvest of Anna in comparison to Galaxy and
GD apples and this content of starch are declined
during storage period. In study in Egypt, the
reported starch index of Anna apples was (6.78) and
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(6.42), during the 2016 and 2017 seasons
respectively (Serry et al., 2019). The low value of
starch index in local apple may be related to the
early harvesting for local apple fruits and freshly
marketed without storage periods, whereas imported
apple varieties were taking suitable time from
harvested, storage and marketing time. This storage
period encourages degradation of starch in apples
and conversion to sugars. The significant difference
in starch index values between local and imported
apples may relate to the variations in growing
conditions such as the temperature during growth
period and the variations of apples cultivar. Starch
conversions to sugar are depends on temperature
degree with a negative correlation between the rate
of starch hydrolysis and temperature (heat units)
over a period of several weeks before first
acceptable harvest. Low temperature encourages the
starch conversion to sugar. The test was not useful
for late maturing cultivars because there was little
starch loss at harvest, that is, during the normal
harvesting season (Smith et al., 1979). Starch
degradation pattern varied between apples cultivars,
so separate charts for each group of apples is
recommended for use in practice (Szalay et al.,
2013).

Some changes in apple fruit properties are
occurred during the maturation progress, which the
TSS content and starch pattern index increased. The
change in TSS was small compared to that of the
starch pattern index, so the starch pattern index
could be a reliable parameter for determine harvest
time and for evaluates maturity at harvest (Reid et
al., 1982). The apple fruits sweetness quality
influenced by the degree of starch degradation, sugar
translocation and accumulated of sugar content
(Thammawong and Arakawa, 2009).

Thiault index (T1)

Thiault index is one of the fruit quality indicators.
It's used to determine the optimum ripeness of apple
fruits at harvest and fruit storability. Thiault index
(TI) can be used as a tool for determine the
acceptability of apple juice because it produce
results qualitatively similar to the sensory scores
(Rouchaud et al., 1986).

The results in Table 4, showed a significant
difference (P<0.05) in Thiault index (TI) between
local and imported apple fruits. The Thiault index
(T) wvalues were 183.86+ 24.65, 150.91+
41.43,132.86+ 19.89 and 127.24+ 15.32in local
apple, Granny Smith, Red Delicious and Honeycrisp
apples respectively. Almeida and Gomes, (2017)
reported Thiault index (TI) in Granny Smith and
Fuji apple fruits as 168 and 159 respectively, while
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Sotiropoulos and Syrgianidis, (2009) found Thiault
index (TI) in Granny Smith apples as 182.

The high TI value for local apples indicates
that local apples had high storability but didn’t
indicate they have more sweetness than imported
apple fruits. These results revealed that the Thiault

the fruits sweetness because the local apples had the
highest TI value but their sweet taste was lower
compared to Red Delicious and Honeycrisp apple
fruits. The TSS/TA ratio and starch index are better
than TI as an indicator for the fruit’s quality in term
its sweet taste.

index (TI) couldn’t be used as a right indicator for

Table 1. Whole fruits and its parts weights and the juice volume of local and imported apple

Apple variety

Parameter Local Granny Smith  Red Delicious Honeycrisp
Fruit weight (g) 122.04 £ 23 a 11350+ 11ab 117.68+6.34ab 102.94+1.156b
Flesh weight (g) 109.16 +24.94a 98.59+952ab 102.77#6.96ab 89.7 +4.61b
Peel weight (g) 11.76 £2.84 a 1162 +2.36ab  10.92 +1.20 ab 8.84£1.30b
Seeds weight (g) 0.0b 0.31+0.25a 0.14+0.10 b 0.41+£0.07 a
Juice volume (ml). 47.83+15.24ab 52.50+12.97ab 57.8319.75a 41.70 £10.23 b
Juice yield% (V/W). 38.66 +6.60 a 45.89 £8.38 a 49.03 +7.16 a 40.44 £9.59 a
Different letters within a row mean significant difference (P < 0.05).
Table 2. Length and diameter of local and imported apple fruits
Apple variety
Parameter i _ i
Local Granny Smith  Red Delicious Honeycrisp
Fruit diameter (mm) 51.3+4.7b 56.7+24a 548+1.7ab 542+23ab
Fruit length (mm) 69.7+6.4a 540x7.7c 62.7+44ab 56.3+51ch
Length/diameter ratio 1.362+0.12 a 0.952 +0.10c  1.143+0.07b  1.042+0.09 bc
* Different letters within a row mean significant difference (P < 0.05).
Table 3. Physicochemical properties of apples juice
Parameter Apple variety
Local Granny Smith  Red Delicious Honeycrisp
Moisture 83.43+2.13a 82.93+393a 8440+1.69a 86.27+2.11a
Total solid 1657 +2.13a 17.07+£3.93a 1577+194a 13.73%21la
Total soluble solid ("Brix) 13.82+1.34a 10.85+1.60b 1215+157ab 11.68+1.39b
Acidity as (malic acid) 0.53+0.11a 0.51+0.24a 0.22 £0.04 b 0.22 £0.03 b
pH 3.61+0.12b 3.69%0.29b 4.10 +0.05 a 42+035a
Vitamin C (mg/100 ml) 16.01 £3.57a 15.72+259a 1746+1.82a 17.61+3.37a
Reducing sugar (g/100 g) 8.32+0.96a 6.59+0.32b 8.691+0.53 a 8.84+0.93 a
Different letters within a row mean significant difference (P < 0.05).
Table 4. Maturity indexes for apple fruits
Apple variety
Parameter Local Granny Smith  Red Delicious Honeycrisp
TSSITA 26.92+420b  24.88+9.90b 55.39 £9.69 a 54.58 +9.87 a
Starch index 7.67 £2.88 b 10.0+0.0 a 10.0+0.0 a 10.0+0.0 a
TI 183.86+ 24.65 150.91+ 41.43 132.86+ 19.89 127.24+15.32b
a b b

Different letters within a row mean significant difference (P < 0.05).
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CONCLUSIONS:

Local apple fruits characterize by its high fruit
weight and size. It's containing high TSS, total
solids, titratable acidity compared to imported
apples. The low TSS/TA ratio and starch iodine
index in local apple indicated that local fruit
harvested early. The low TSS/TA ratio and low
starch index in local apple may be the reasons of its
low sweet taste. The sweet taste in imported apples

COMPETING INTERESTS
Authors have declared that no competing interests
exist.

REFERENCES:

Abdualrahman, MAY. 2015. Comparative study between
local and imported Apple fruits and their uses in
juices  production.  Journal  of  Science
International. DOI: 10.17311/sciintl.2015.69.72.

Agbaje, RB, Ibrahim TA and Raimi OT. 2020. Physico-
Chemical Properties and Sensory Qualities of
Juices Extracted from Five Selected Fruits and
Their Peels. International Journal of Engineering
Applied Sciences and Technology, 4 (11):239-
244,

Almeida, DPF and Gomes MH. 2017. Physicochemical
quality, macronutrients, and dietary fiber in apples
from the Protected Geographical Indication ‘Maga
de Alcobaga’, Portugal. Eur. J. Hortic. Sci. 82(5):
239-
243.https://doi.org/10.17660/eJHS.2017/82.5.3

Alwaseai, AM and Al-Gabr HM. 2023. Physicochemical
properties of wild grown prickly pear fruits
(Opuntia ficus-indica) in Yemen. J. Multi-discip.
Sci. 5(1): 1-10.

Aly, MA, Ezz, Thanaa M, Abd El-Gawad MG and
Buazizah MHS. 2019. Enhancement Quality and
Storability of "Anna" Apple Fruits by some Pre-
Harvest Foliar Applications. Middle East Journal
of Agriculture Research, 8 (1): 66-81.

Anwar, M, Abdel-Ghany NA, Maklad MF and Nahla A
Awad. 2020. Studies on Compatibility, Fruit Set
and Fruit Quality by Different Pollinators in Anna
Apple Cultivar. Arab Univ. J. Agric. Sci., Ain
Shams Univ, Cairo, Egypt 82(2): 537-545.

AOAC. 1990. Invert sugar in sugars and syrups, Lane-
Eynon general volumetric method, Method
(923.09), Association of Official Analysis
Chemists 15™ edition. Better World Books, NV,
USA.

Attia, SM and Adss, IAA. 2021. Effect of pre-harvest
applied brassinosteroid on "Anna" apple fruit

is related to its high TSS/TA ratio and high starch
index value. Juice yield was lower in local apples
compared to imported apple varieties studied in this
study. Mild sugar content of local apple fruits makes
them suitable for use as a healthy diet for the persons
that need low energy fruits as Granny smith apple.
Further studies on physicochemical properties of
local apples are needed.

retention, coloration and quality.  Bioscience
Research, 18(2): 1416-1425.

Banoo, Aqgleema, Dolkar Tsering and Ali, Mansoor.
2018. Role of physical and chemical performance
during storage of apple cultivar. Journal of
Pharmacognosy and Phytochemistry, 7(2): 1332-
1338.

BateljaLodeta, Kristina, Vujevié, Bruno, Zaneti¢ Mirella,

Gugi¢, et al. 2019. Evaluation of morphological

and chemical characteristics and

micropropagation ~ of  traditionally = grown
domesticated apple varieties in Croatia. Journal of

Central European Agriculture, 20(1): 274-291.

DOI: /10.5513/JCEA01/20.1.2305.

Bibi, Fazal Muhammad Bangulzai, Nazeer
Ahmed, Abdul Razig, Syed Muhammad Ishaqg,
Shah Faisal, Lal Bakhsh and Abdul Qadir.2018.
Study of physico-chemical composition of red
delicious and amri apple varieties under fresh and
stored condition. Pure and Applied Biology. 8 (1):
58-67. http://dx.doi.org/10.19045/bspab..700164.
Bodner-Montville, J, Ahuja JK, Ingwersen, LA,

Haggerty ES, Enns, CW and Perloff, BP. 2006.
USDA Food and Nutrient Database for Dietary
Studies: Released on the Web. J. Food
Composition Anal. 19: S100-S107.

Bongers, AJ, Risse LA and Buss VG.1994. Physical and
chemical characteristics of apples in European
markets. Horti. Technology, 4(3):290- 294.

Cepeda, AM. Veélez-Sanchez JE and Balaguera-Lépez,
HE.2021. Analysis of Growth and
Physicochemical Changes in Apple Cv Anna in a
High-Altitude Tropical Climate. Rev. Colomb.
Cienc. Hortic. 15 (2).

Ciancaglinia, P, Santos HL, Daghastanli KRP and
Thedie Jr, G. 2001. Laboratory exercises. Using a
classical method of vitamin C quantification as a
tool for discussion of its role in the body.
Biochemistry and Molecular Biology Education,
29(3): 110-114.

Daniela de Vasconcelos Teixeira Aguiar da Costa and
Vanessa Alexandra andrade Pina. 2020.
Postharvest Quality Parameters Evolution in
‘Golden Delicious’, ‘Gala’ and ‘Starking’ Apple.

Zakia

36



Ymeni Journal of Agiculture and Veterinary Sciences (2023) 4(1):28-39

Alwaseai et al.

In International Congress on Engineering —
Engineering for Evolution, KnE Engineering, 51—
62. DOI 10.18502/5i6.7021.

Dar, SQ, Dar KR, Sharma, MK Mir SA, Khan FA, Dar
MA and Chattoo MA.2021.  Seasonal
accumulation of total sugars, reducing Sugars and
non-reducing sugars in the fruits of apple (Malus
domestics Borkh.) cv. Fuji Zehn Aztec during fruit
development. The Pharma Innovation Journal;
10(6): 552-555.

Doerflinger, FC, Miller WB, Nock JF Watkins CB.
2015. Relationships between starch pattern indices
and starch concentrations in four apple cultivars.
Postharvest Biology and Technology 110: 86-95.

El-Sabagh, AS, Othman SA and AlAbdaly AN. 2012.
Performance of Anna Apple Cultivar Grown On
Two Different Rootstocksin  Response to
Hydrogen Cyanamide Winter Spraying. World
Journal of Agricultural Sciences 8 (1): 1-12.

Fan, X, Mattheis JP, Patterson ME and Fellman JK
1995. Changes in  Amylose and Total
StarchContent in ‘Fuji’ Apples during Maturation.
HORTSCIENCE 30(1):104-105.

FFV.2020. UNECE Standard, concerning the marketing
andcommercial ~ quality  control  ofapples.
Agricultural Standards Unit. Economic
Cooperation and Trade Division. United Nations
Economic Commission for Europe. Palais des
Nations. CH-1211 Geneva 10, Switzerland. 2020
edition.

Geger, MK, Ozkan G, Sagbas HI, llhan G, Gundogdu M,
Ercisli S. 2020. Some important horticultural
properties of summer apple genotypes from Coruh
Valley in Turkey. Int. J. Fruit Sci., 20: S1406—
S1416.

Guiné, RPF, Sousa R, Alves A, Figueired C,Fonseca S,
Soares S, Correia AC, Jorddo AM,Lopes ADand
Ferreira D. 2009. Composition of Regional
Portuguese Apple Cultivars in Different Harvest
Years. International Journal of Fruit Science,
9:360-371, DOI: 10.1080/15538360903378559.

Haytowitz, DB, Lemar L Eand Pehrsson PR. 20009.
USDA'’s Nutrient Databank System—A Tool for
Handling Data from Diverse Sources. J. Food
Composition and Analysis, 22(5): 433-441.

Icka, P and Damo, R. 2014. Assessment of harvest time
for Red Delicious cv.though harvest indexes in
Albania. Bulgarian Journal of Agricultural
Science, 20 (3): 628-632.

Jan, Mezey and Davide, Serralegri. 2018. Selected
Quantitative Parameters Comparison of Apples
from Bio- and Conventional Production. Athens
Journal of  Sciences, 5(4): 343-354.
https://doi.org/10.30958/ajs.5-4-3

Kanchan, SS, Agarkar BS and Sawate AR. 2020.Studies
on physico-chemical evaluation of fresh apple and

orange juice. The Pharma Innovation Journal,
9(3): 133-135.

Kassem, HA, Marzouk HA El-Kobbia AM. 2016.
Response of Anna apples yield, quality and
storage potential to boron and/or zinc foliar
sprays. Journal of Scientific and Engineering
Research, 3(5):144-152.

Klein, JD and Lurie S. 1990. Prestorage heat treatment
as a means ofimproving poststorage quality of
apples. J. AMER. Soc. HORT. Ser. 115(2):265-
269.

Lee, J. Jeong, M and Ku K. 2017. Chemical, physical,
and sensory properties of 1-MCP-treated Fuji
apple (Malus domestica Borkh.) fruits after long-
term cold storage. Appl Biol Chem., 60(4):363—
374. DOI 10.1007/s13765-017-0288-6.

Macit, ‘I, Aydin E, Tas A and Gundogdu M. 2021. Fruit
Quality Properties of the Local Apple Varieties of
Anatolia. Sustainability, 13, 6127. https://doi.org/
10.3390/su13116127

Nagy, NMN. 2018. Prolonging Storage and Shelf Life of
“Anna” Apple Fruits by Using Chitosan and Some
Natural Antioxidants. Zagazig J. Agric. Res., 45
(6A):1963- 1988.

Rabiei, V, Shirzadeh E, Sharafi Y and Mortazavi
N.2011. Effects of postharvest applications of
calcium nitrate and acetate on quality and shelf-
life improvement of “Jonagold” apple fruit.
Journal of Medicinal Plants Research. 5(19):
4912-4917, Available online at
http://www.academicjournals.org/JMPR.

Reid, MS, Padfield CAS, Watkins CB and Harman, JE.
1982. Starch iodine pattern as a maturity index for
Granny Smith apples, New Zealand Journal of
Agricultural Research, 25(2): 229-237, DOIL:
10.1080/00288233.1982.10420918

Rouchaud, JMoons, C and Meyer JA. 1986. Effects of
Fungicide Treatments on the Gustative Quality
and the Biochemical Composition of Apples.
Hort. Science 21(4): 1056—1058.

Serry, NKH, Ali MSM and Mohammed NE. 2019.
Response of “Anna” Apple Trees toDifferent
Orchard Floor Management Systems. Journal of
Horticultural Science & Ornamental Plants 11 (2):
126-133.

Singh, V, Weksler A and Friedman, H.2017. Different
Preclimacteric Events in Apple Cultivars with
Modified Ripening Physiology. Front. Plant Sci.
8:1502. doi: 10.3389/fpls.2017.01502.

Smith, RB, Loucheed EC, Franklin EW and Mcmillan I.
1979. The Starch lodine Test for Determining
Stage of Maturation in Apples. Can. J. Plant Sci.
59: 725-735.

Sotiropoulos, T and Syrgianidis G.2009. "Myrto" Apple.
HortScience 44(5):1452-1453.

37


https://doi.org/

Ymeni Journal of Agiculture and Veterinary Sciences (2023) 4(1):28-39 Alwaseali et al.

Suhaime, N, Sairi M, Abbas Z, Nafis NBM, Othman Z,
Adnan ASM, Shamsulkamal, AR, Paiman S and Thammawong, M and Arakawa O. 2009. Starch

Mohammed TN. 2018. Microwave Technique for degradation  characteristics in  relation to
Moisture Content and pH Determination during physiological and biochemical properties during
Pre-harvest of Mango cv. Chok Anan. Sains growth and maturation of apple fruit. Journal of
Malaysian, 47(7): 1571-1578. Applied Horticulture, 11(1): 23-30.
http://dx.doi.org/10.17576/jsm.2018-4707-27 Wosiacki, G, Nogueira A, Denardi F and Vieira R G.

Szalay, L, Ordidge M, Ficzek Hadley G, Toth, PM and 2007. Sugar composition of depectinized apple
BatteyNH. 2013. Grouping of 24 apple cultivars juices. Semina: CiénciasAgréarias, Londrina, 28
on the basis of starch degradation rate and their (4): 645-652.

fruit pattern, Hort. Sci. (Prague). 40 (3): 93-101.

38


http://dx.doi.org/10.17576/jsm.2018-4707-27

Ymeni Journal of Agiculture and Veterinary Sciences (2023) 4(1):28-39 Alwaseali et al.

3 Vgl Zladlg (Aoeall =Ll dgS) 4.&5\4.&353;,.\.9." odbasd! dylie dulyd
oo
Tyes e dole ZGhglidl ool (28 ™ ol gll ol aea oyl
ool = 53 dmalr — (S bl Call g eyl A — AUe! Lr ¢3S duge] Bilanl qud 351

ol = Jlod daslr — §pladl Al 5 Aol A — Sl dpnds — (Sh3)] o2
amin.alwaseai@tu.edu.ye :dwlyl) *

oasdell

Cliol oty B3 gall 2l Hlod o Bliso] B (ANna Ciuo) xall ) Al Sly Asbiall (olssdl 1ads ) Al céus
oo Sluadl ez @3 B giunell ol ae Jmall Zladll 859> ol d5)lae) (Honeycrisp 9 Red Delicious 9 Granny Smith)
9122.04) JoBI 803l 139 Jawgin 18 Flanll lodd bl polgsdl OF dushyll L5 yebl . ool Hled digde (3 dudorall Blgud)l
9 11.76) 844l &) dawgie 9 ply> (89.7 9 102.77 9 98.59 9 109.16) <l 09 Lawgie 9 ply=> (102.94 9 117.68 9113.5

) 8l palsviue px> OF Liw ¢ply> (10.4150.14 9 0.31 9 0.0 ) 493! )9 Lawgin OF (> d,eh> (8.84 910.92 511.62

Lol .d!s¥l Je Honeycrisp 9 Red Delicious 9 Granny Smith 9 dd>all lazll BlueY Jo (41.70 5 57.83 9 52.50 547.83
) &S0 ddsall Slgell Al 9 %(86.279 84.40 5 82.93 5 83.43) Lsbyll Lgiall daudl 88 Flatll juas) d8keSIl (aslasdl

Oyl dewdy Sy (11.68 9 12.15 5 10.85 9 13.82) TSS &8Il &duall slgall &d 9 (%13.73 5 15.77 3 17.07 916.57
dumuaill dd ezl digiall dailly (4.2 94.10 9 3.69 9 3.61) pH uzaydd) 319 %( 8.84 98.69 96.59 9 8.32 ) Ayl
Sluol (3 (0100/iks) 17.61 9 17.46 9 15.72 9 16.01) (C) cnebisd duwd iy Loy <% (0.22 9 0.22 5 0.51 5 0.53)(TA)
o (@9 )il gl Ol bige @) gLl oyl L‘S.Q!}:«J\ e Honeycrisp 9 Red Delicious 9 Granny Smithy duell Lol
(105109105 7.67) Ladll 50 9 (54.58 9 55.39 5 24.889 26.92) (TSS/TA) dub ezl JI (owSy) &Il dduall slgall cp daend]
Red Delicious 9 Granny Smith g dd=ell lasdl Lol & (143.92 9149.67 5 2164.39 198.28 ) Thiault index (TI) ~3e 9

d8Lnall gailas Cux (e By Bagar Ol bGes giedd el Zladll Hled ol dl el i B e i -Jledl Ae Honeycrisp 9
O35 9 @l (olassl Gl (e 0555 48 Ladll 9 duo gl (yo Al deaaddl OF V] ¢(TSS) &8I ddsall slgall (yo aiipall algioes g
Tl 839z paslas e luda

§M| CLQ.ZJ‘ 4_)A.>-§“ CLQ.IJ\ AT CLﬁ cgw.«.” CLQJ.H ‘@Mb 2\:‘5[3}9.” uab;':.” cﬂa}}“ Cl":"” KPWI N ]

To cite this article: Alwaseai, Amin Mohammed, EIShawish, Fathi Ahmed and Omer, Adel Ali.
2023. Comparative Study for the Physicochemical Characteristics of Local and Imported Apple
Fruits in Yemen. Yemeni Journal of Agriculture and Veterinary Sciences, 2 (2):28-39.

© Thamar University. All right reserved

39


mailto:amin.alwaseai@tu.edu.ye

