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' I VHE AIM of this study was to investigate effect of beetroot size, storage durations, and
harvest age (150, 180, 210 days) on physicochemical and technological characteristics

of sugar beet root. The results showed that chemical composition of fresh sugar beetroot
was 77.20, 20.60, 17.88 0.15 and 0.71 for moisture, TSS, sucrose, reducing sugar and ash
respectively; while purity of juice and beet quality recorded 86.80 and 81.80 respectively.
Beetroot of medium size exhibited the highest sucrose content (19%), juice purity (87.73%)
and beet quality (77.90%). Additionally, beetroot of the medium size showed the lowest sugar
loss in molasses (2.01%) reducing sugar content (0.11%) and sugar loss in pulp (0.21%). On
the other hand, the sucrose content and quality of beetroot decreased from 75.31, 81.11 at 0
day to 64.77, 72.80 after 8 days of storage respectively. However, the sugar loss in molasses
increased from 2.58 at 0 day to 3.89 at 8 days of storage. Harvest beet roots at age of 210 days
recorded the highest value of quality and sucrose content 81.26 and 19.03 as well as lowest
value of reducing sugar (0.10). Middle season timing in mid-April recorded the highest values
of sucrose content (15.74, 18.07 and 20.00%) with age of harvesting (150, 180 and 210 days)
respectively;. while sucrose content and quality of beet roots recorded the highest value overall
harvest age and timing of the juice season (19.21, 81.27 and 17.94, 78.40) in addition to the
lowest values (0.15 and 0.26%) of reducing sugar in beetroots, respectively.

Introduction

Sugar beet (Beta vulgaris L.) is considered the
second source of sugar and represents 38% of the
total sugar production in the world, while sugar
cane is considered the first source of sugar and
represents 62% of the total sugar production. In
Egypt, sugar beetroot is a crucial crop for the
manufacturing of sugar. Approximately 67.7% of
the domestic sugar production is produced there
(SCC, 2021). In order to reduce the gap between
the production and consumption of sugar, the types
of sugar beetroot are regarded as the foundation or

one of the key production wings. Late autumn or
early winter is when sugar beets are harvested.A
sugar manufacturing can begin processing sugar
beets after six to eight months of growth. In
beetroot roots, extending the postharvest period
resulted in lower sugar and purity levels as well
as a higher percentage of weight loss (Al-Zubi,
2016). Delay in sugar beet delivery to factory
also lowers sucrose content and proportion
of high-quality beets. On the other hand, the
amount of sucrose lost in wastes increases as
the duration between harvest and processing
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increases, from zero time (at harvest) to eight
days (Abd Alraoof et al., 2020). Although changes
in the composition of the cell wall and pathogen
invasion also contribute to this loss, respiration is
the predominant cause. Numerous studies have
been conducted to look into how delivery delays
affect the characteristics of sugar beets (Tsialtas
& Maslaris, 2013; Al-Jbawi et al., 2015; El-Syiad,
2016, Hoffmann & Schnepel, 2016; Madritsch et
al., 2020). Abd El-Rahman & El-Geddawy, 2019)
showed that sugar beet manufacturing at 210 days
gives the lowest percentage of nitrogen substance,
thus sugar percentage increased in comparison with
early periods.This study was carried out to evaluate
chemical and quality parameters of different size of
sugar beet roots storage at different days and harvest
age with different time of working or processing
juice season.

Materials and Methods

Beetroot samples

During 2021 and 2022 harvest and working
seasons, the experimental procedures were
conducted at the laboratories of the Delta Sugar
Company in Kafr El-Sheikh Governorate.Sugar
beetroot samples (Beta vulgaris L.) of different
cultivars were collected from Delta Sugar
Company’s research facilities. Beetroot samples
of different cultivars were harvested manually
after different periods of sowing in the period
from February (start of working season) to June
(end of working season) and stored directly in
open air.The samples were divided into six groups
of each cultivar, each group is about five tons of
beet roots with different cultivars and stored for 8
days in open air directly after harvest.

- The first group was beetroots with small size
(500 gm)

- The second group was beetroots with medium
size (1000 gm).

- The third group was beetroots with large size
(2000 gm).

- The fourth group was beetroots with different
cultivars at 150 days of growth (beet roots
age) during different period of working season
(starting, middle and end working of season).

- The fifth group was beetroots of different
cultivars at 180 days of growth (beet roots
age) during different period of working season
(starting, middle and end working of season).

- The sixth group was beetroots of different
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cultivars at 210 days of growth (beet roots
age) during different period of working season
(starting, middle and end working of season).

The samples were dried to a constant weight
at 105 °C using the air oven-drying method, in
accordance with AOAC (2015), to estimate the
moisture content.

The amount of sucrose and reducing sugars was
measured using an automatic saccharimeter on a
lead acetate basis in accordance with Delta Sugar
Company practise and the approach provided
by AOAC (2015). According to AOAC (2015),
reducing sugar content of samples of beetroot roots
was assessed using Ofner’s volumetric techniques.
Using a fully automatic digital refractometer,
model ATR-S (04320), with temperature correction
between 15 and 40 °C, the total soluble solids
(T.S.S.) of fresh and stored samples were measured.
This was done in accordance with a Delta Sugar
Company practice. The AOAC (2015) method was
used to measure the ash content in a muffle furnace
operating at 550°C.

Juice purity measurement

Juice purity was obtained according to Spronova
(1979) using the following equation: Purity =
(sucrose % X 100)/total soluble solids (TSS).

Determination of alpha amino nitrogen, Sodium
and Potassium

Using the venma, Automation BV Analyser
1IG-16-12-99, 9716JP/ Groningen / Holland,
alpha amino nitrogen, sodium, and potassium
were calculated. According to AOAC (2012),
the results were computed as milli equivalents
per 100 grams of beetroot (meq/100 g beetroot),
with a temperature range of 18 to 30 °C and a
maximum relative humidity of 70%.

The following formulac were wused to
determinethe beetroot quality and sugar recovery
% in accordance with Silin & Silina (1977) and
Sapronova et al. (1979).

Beet quality = (sugar recovery/ pol) x 100.
Where:

Sugar recovery % = (pol-0.29) — 0.343 (k + Na) —
a amino N (0.0939).

Pol = Sucrose%, K = Potassium, Na = Sodium,
a-N = Alpha-amino nitrogen.

Percentage of sucrose loss in molasses (SLM
%) Using the equation shown below, it was
determined as described by Devillers (1988).
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SLM% = [0.14(Na + K) + 0.25 (a-amino N) +
0.5].

Measurement of sugar loss in pulp
The loss of sugar in pulp was determined
based on the formula suggested by Schneider
(1968), as follows:
(WS,C X {(WDS,PP) - (WS,PP) X (WDS,C)}

(wds pp) = {(wspp) X 100}
Pdif.j

Sugar lossnpulp =WS,C -

where: W, . is the sugar content of cossette %.
w

DS> PP

W, . is the sugar in pressed pulp (g% g).

S PP

is the dry substance of pressed pulp (%).

W_. .. 1s the dry substance of cossette (%).

Ds.C

P, ,1s the diffusion of juice purity

pH measurement

According to Delta Sugar Company protocol,
pH is measured using a digital bench pH-
meter, model pH-526/sentix - 20/AS- DIN/SIN/
STH/650.

Experimental design

The experimental design was a completely
randomized design (CRD) with three replications.
Data were analysed by SAS software package.
Duncan’s values at 5% level were calculated to
test the significance of differences between means
according to Snedecor & Cochran (1980).

Results and Discussions

Sugar beet composition is important to both
sugar beet farmer and sugar factory. Sugar (sucrose)
and non-sugar (non-sucrose) content determine
the quality of the sugar beet, where high sugar and
low non-sugar content is desirable. Therefore, it is
important to evaluate the chemical and technological
characteristic of beet juice in order to evaluate the
quality of beet roots for sugar production. Table
1 listed the chemical composition of fresh sugar
beetroots of various weights during the beet-
processing stage. The moisture content of sugar beet
recorded 77.20% during 2021working seasons. The
results are in agreement with findings of Gomaa
(2009) and Abd-Elghaney (2012) who found that
moisture content of sugar beetroot ranges between
75.69% and 78.68%. It can also be noticed that the
total soluble solids content of beet juice was 20.60%.
The findings concur with those of Asadi (2007) and
Gomaa (2009).The T.S.S. of sugar beetroot juice,
according to their assessment, varied between
19.78% and 25%. Juice from sugar beets contained
17.88% sucrose. Abou ElMagd et al. (2004); Asadi

(2007) and Gomaa (2009) discovered comparable
findings. They claimed that the best range for sugar
factories for the sucrose concentration of beetroot
juice was between 17.5% and 19.57%. Relatively
higher reducing sugar values were found in the sugar
beet juice (0.15). These data shown in Table 1 are
comparable with those reported by others, including
Abou-Shady (1994), Abd EL-Mohsen (1996), and
Gomaa (2009) who found that the reducing sugar
ranged between 0.25 to 1.55% (dry weight basis).
Also, Table 1 shows that the ash content was 0.71%
of sugar beet juice during working season. The
results agree with those reported by Alfaig et al.
(2011). The data illustrated in Table 1 showed that
the purity of sugar beetroots juice was 86.80%,
which is consistent with those found by Abd El-
Rahman & El-Geddawy (2019). The main goal of
a sugar factory is to separate non-sugar from sugar
materials to improve the beet juice purity to the
extent that sugar with 100% purity is produced.
Also, increasing the purity of beet juice would make
sugar beet processing much faster and easier.

The quality of the beets is directly correlated
with the case of the beet roots, as shown in Table
1. Because of this, the quality of beets decreases
when alkaline (K and Na concentration) and
nitrogen content are present. Sugar beetroot quality
was 81.80% for fresh produce. The results are
comparable to those from Zaki et al. (2014) who
discovered that the quality of beetroot ranged from
77.63 to 80.15%. In accordance with findings by
Gomaa (2009), who stated that the pH of sugar
beetroot juice was 6.51, results in Table 1 showed
that the sugar beetroot juice had a pH value of
6.20. Chemical and technological characteristics
of sugar beet roots as affected by size of beetroots
(small, medium, and large) are illustrated in Table
(2). The moisture content was 78.03, 77.23, and
75.63% for the large, medium, and small size
beetroot; respectively. The results are in agreement
with findings of Gomaa (2009) and Abd-Elghaney
(2012) who found that moisture content of sugar
beetroot ranged between 75.69% and 78.68%.
From the data in Table 2, it can also be noticed that
the TSS content for juice of medium size beetroot
was 22.48%, followed by 19.48% for juice of the
small size roots, and 18.96% for juice of the large
sized roots. The findings of Asadi (2007), who
stated that the TSS of sugar beetroot juice ranged
between 19.78% and 25%, are in agreement with
these observations. Juice of the medium sized
roots showed the highest sucrose content (19%),
while the lowest sucrose content was found for
juice of the large sized roots (14.53%).
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Also, from Table 2 it can be seen that the lowest
reducing sugar content was found for juice of the
medium sized roots (0.11%), and increased in
juice of the large sized ones (0.36%). This can be
attributed to that some of sucrose was hydrolyzed
to inverted sugar. The information in Table 2 is
comparable to that provided by other sources,
including Abou-Shady (1994), Abd EL-Mohsen
(1996), and Gomaa (2009), who discovered that
the reducing sugar concentration ranged from
0.25% to 1.55% (dry weight basis), indicating
significant differences between medium size of
sugar beet roots and other sizes.

The purity of raw juice recorded86.52, 87.73,
and84.93 for the small, medium, and large size
of sugar beet roots; respectively. The purity of
juice from the medium sized roots is high due
to in the low non-sugar content. These findings
are consistent with Asadi’s (2007) findings,
according to which the purity of diffusion juice
(raw juice) ranged from 85 to 88% and that it
typically contains 15% dry material. While the
dry substance in clear juice is roughly 0.5% lower
than that in diffusion juice and is about 3 units
greater in purity.

The results in Table 2 showed that there
are significant differences in pH values for
juice obtained from beetroots of different sizes
(small, medium and large size). Edye &Clarke
(1998) reported that sucrose decomposition
can be obtained by measuring pH drop. The
higher pH drop is due to formation of organic
acids (e.g. from monosaccharide degradation).
Quality of sugar beet roots and sugar loss in
molasses varied depending on size of beetroots.
There is no significant difference between small
and large size, while medium size presented the
highest value of quality and lowest value of
sugar loss in molasses. Data in Table 2 showed
that when sugar beet’s concentration of amino
nitrogen, sodium, and potassium grew, the
quality of the crop dropped, and as a result, the
amount of lost sugar increased, and vice versa.
The quantity of alpha amine nitrogen, sodium,
and potassium present in sugar beet, as well as
the sugar losses percent on beet in molasses,
are all related in a reversible manner. These
findings are in line with those of AL-Tantawy
(2012), who showed that the quality of sugar
beet declined as alpha amine nitrogen, sodium,
and potassium content rose in sugar beet, and
as a result, the amount of sugar lost in molasses
increased.
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Cutting beets into long, narrow strips known
as cossettes is the method of slicing beets. The
improvement of the diffusion process and sucrose
removal from beets is the primary goal of the beet
slicing operation. This was accomplished mostly
as a result of the beetroots’ increased surface area,
which maximises the contact area between the
beet cells and the water during the diffusion and
enhances the flow of the sugar from the cells to the
diffusion juice. Table 2 displays the impact of the
beetroot slices on the extraction procedure. Purity
of juice (sucrose % dry substance) is decreased
as a result of the increased non-sugar produced
by torn cells, which diffuse more contaminants
(non-sugar) into the surrounding juice. According
to El-Syiad et al. (2016), tearing increases the
amount of foams produced because the juice
releases saponin, which is undesirable.

The mass of cossettes shorter than 10 mm long
divided by the total mass of cossettes (100 g) is
the mush content, as shown in Table 2. The mush
content 1.37%, slice length 7.98cm and thickness
4.02mm with medium size beet roots. While large
size is more mush content 6.40%, less slice length
5.23cm and thickness 6.70 mm. According to Silin
&Silina (1977) and Asadi (2007), who claimed that
good cossettes have a Silin number of 6 to 10 m, are
shorter than 10 cm, and are thinner than 5 mm, the
results in Table 2 are consistent with their findings.
Silin number (SN) is the length (in meters) of 100
g of cossettes. Additionally, the following qualities
are preferred for premium cossettes: consistent
thickness of 3 to 6 mm, a V-shape, and a length of
30 to 60 mm. The mush content must be less than 2
to 5% to ensure good operations.

From Table 2 the quality of beet slicing
(cossettes) is one of the most important factors
on the efficiency of extraction process. Generally,
for the same result, thick cossettes need more
diffusion (extraction) time, or a higher amount of
diffusion water than thinner cossettes. Therefore,
medium size recorded the lowest value of sugar
loss in pulp% of beet (0.21%) followed by small
size (0.30%) and large size (0.35%). Regulation of
feeding beetroots to the factories is as important
as many other aspects in beet sugar production,
since once harvested have to be processed directly.
The supply of beet can be regulated by adjusting
the sowing and harvesting dates specially if the
growing season is wide first beets were peeled at
receiving area (beet-storage areas) located at the
factory site or at the land itself after harvest the
roots of sugar beet (El-Syiad et al., 2015).
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TABLE 1. Physicochemical properties of fresh sugar beet roots during working season.

. Moisture Brix Sucrose Reducing Beet juice Beet roots
Constituents content% (T.S.8)% content% sugar% Ash purity% quality% pH
i‘;’lf::ge 77204271 20.60£2.56  17.88+2.08  0.15£0.04  0.71+0.18  86.80+1.89  81.80+2.5  6.20+134

Each value was an average of six determinations

TABLE 2. Effect of roots size on the physicochemical characteristics of sugar beetroots.
Constituents Small size Medium size Large size
Moisture % 75.63+0.99b 77.23+0.25a 78.03+0.16a
Brix (T.S.S) % 19.48+0.54b 22.48+0.32a 18.96+0.12b
Sucrose % 17.15+ 0.38b 19.00+0.05a 14.5340.30c
Reducing sugar% 0.26+0.01b 0.11+0.01c 0.36+0.04a
juice purity% 86.52+0.42b 87.73+0.21a 84.93+0.06¢
pH value 5.89+0.29b 6.38+0.10a 5.44+0.04c
Beet quality% 75.53+0.63b 77.90+0.36a 74.30+0.95b
Slice length (cm) 6.92+0.10b 7.98+0.19a 5.23+0.74¢
Slice thickness (mm) 4.97+0.15b 4.02+0.17c 6.70+0.10a
Mush % beet 4.00+0.50b 1.37+0.15¢ 6.40+0.36a
Sugar losses in pulp % of beet 0.30+0.017b 0.21+0.01¢ 0.35+0.02a
Sugar loss in molasses% of beet 2.82+0.27a 2.01+0.15b 3.15+0.23a

Different letters within the same rows indicate significant differences (P<0.05)

Effect of storage on physicochemical and
technological properties of different sized
beetroots (small, medium, and large) is illustrated
in Table 3. Generally, there are significant
differences in properties of among beetroots of
different sizes.Sucrose content of beetroots was
decreased due to prolongation of storage periods
until 8 days. Beetroot of medium size recorded
the highest sucrose content at different storage
periods. During storage, beetroot’s respiration
process caused an increase in water loss. The
medium size recorded the lowest water loss
(moisture content 74.68%) o during storage
periods. Also, the action of invertase, by which
sucrose transformed into invert sugars “which can
inhibit crystallization of sucrose” increased the
sucrose loss in wastes. According to sucrose loss
equation when O- amino nitrogen, sodium and
potassium increased, the sucrose loss increased.
These results are comparable with those found by

Asadi (2007) who reported that sugar loss during
storage is any sugar-content reduction that occurs
from the time the beets are weighted at the delivery
to the storage and the time they are reweighted
during processing (usually after beet slicing).
Post-harvested beets are still alive and continue
to consume sugar. The losses result from beet
respiration and microorganisms that decompose
part of sucrose to produce invert sugar. From Table
3 it can be also noticed that the relative losses in
weight of all beet roots cultivars were increased
as storage prolonged under all storage conditions.
The losses in weight was 13.24%, 16.36 and
22.36% for medium, small, and large size of sugar
beetroot after 8 days of storage; respectively. The
small sized sugar beetroots recorded the lowest
value of weight losses during storage. These
results are in agreement with findings of Al-Jbawi
etal. (2015).
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TABLE 3. Effect of storage periods on sucrose content, moisture content, weight losses, and quality of different

sized sugar beetroots.

Storage periods

Parameters
% Root
size 0 day 2 days 4 days 6 days 8 days mean
small 75.05+0.23b 71.69+0.66de 69.44:+0.50f 66.06+0.15g 63.85+0.56h 69.22+4.13b
Sucrose
content medium 77.57+0.40a 75.24+0.56b 73.43+£0.21c¢ 71.05+0.22¢ 69.82+0.24f 73.42+291a
% (dry
weight) large 73.30+0.81c 72.00+0.19d 69.64+0.41f 63.60+0.78h 60.63+0.831 67.83+5.11c
mean 75.31+1.91a 72.98+1.76b 70.841.98+c 66.90+£3.31d 64.77+4.07¢
small 72.47+0.32d 70.15+0.12¢ 68.94+0.05f 65.02+0.45g 59.58+59i 67.23+4.69¢
Moisture medium 77.57+0.40a 76.42+0.10b 75.27+0.47¢ 74.65+0.13¢ 69.48+1.34ef 74.68+2.93a
content%
large 78.10+0.36a 74.38+0.16¢ 70.17+0.35¢ 65.57+0.47g 61.58+1.10h 69.96+6.15b
mean 76.04+2.71a 73.65+2.77b 71.46+2.92¢ 68.41+4.69d 63.55+4.62¢
small 0.00+0.00k 12.05+0.48i 20.48+0.54f 22.86+0.25¢ 26.42+0.54¢ 16.36£9.79b
Weight medium 0.00+0.00k 7.94+0.82j 14.56+0.51h 19.72+£0.45fg  24.00+1.05de 13.24+8.84¢
losses%
large 0.00+0.00k 18.37+0.15¢g 25.18+0.04cd 31.12£1.03b 37.13+2.54a 22.36+13.29a
mean 0.00+0.00e 12.79+4.57d 20.07+4.62¢ 24.57£5.13b 29.18+6.21a
small 82.13+0.25ab 80.10+0.10cd 77.82+0.67efg  78.03£0.59efg  75.02+0.56h 78.62+2.69b
Beet medium 82.58+0.48a 80.54+0.46bc 79.23+£0.66cde  78.33+0.5lefg  76.73+1.00g 79.48+2.13a
quality%
large 78.63+0.64def  77.08+0.81fg 73.78+0.37h 69.65+1.52i 66.66+0.62] 73.16+4.69¢
mean 81.11+1.92a 79.24+1.69b 76.94+2 81c¢ 75.34+4.35d 72.80+4.71e
small 2.75+0.26f 3.02+0.28ef 3.21+0.27de 3.70+0.10¢ 4.03+£0.17b 3.34+0.52b
Sugar
loss in medium 1.96+0.16h 2.01+0.08h 2.424+0.10g 2.76+0.20f 3.06+0.08def 2.44+0.45¢
molasses %
of beet large 3.02+0.07ef 3.35+0.18d 3.72+0.06¢ 4.05+0.18b 4.58+0.15a 3.74+0.57a
mean 2.58+0.50e 2.79+0.63d 3.12+0.59¢ 3.50+0.60b 3.89+0.67a

Different letters in (different size and storage period)” columns and rows for each parameter represent statistically
significant differences in beetroot chemical and quality parameters.

The mass loss during storage is caused by
beet respiration and microorganisms. Chemically,
beets lose weight during storage mainly from
dehydration (water loss) caused by respiration.
This type of reaction is called a dehydration
reaction. The amount of mass loss depends on the
temperature and humidity. Normally the mass loss
is more intense during the early days of storage
(El-syiad et al., 2015).From Table 3 there are
significant differences in beetroot of medium
size after storage periods. The results revealed
that sugar beet quality generally decreased during
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storage under normal conditions. The quality of
all beetroots decreased gradually from 80.81% in
fresh beetroots to 72.80% after the end of storage
(8 days); while beetroot of medium size recorded
the highest value 79.48% of beet quality overall
other root sizes. These results are consistent with
those from Hozayen (2002) and Gomaa (2009),
who discovered that the quality of all beetroot
samples gradually declined from 82.95% to
66.65% at the conclusion of storage periods (12
days).
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The quantity of alpha amino nitrogen, sodium,
and potassium in sugar beet, as well as their
concentration, can all be seen to have a reversible
relationship with sugar beet quality, molasses
sugar losses, and quality. These findings are in
line with those made by AL-Tantawy (2012),
who showed that as alpha nitrogen, sodium, and
potassium content in sugar beet grew, the quality
of the sugar beet deteriorated, and as a result, the
amount of sugar lost in molasses increased. There
are significant differences overall beetroot size,
medium size recorded the lowest value of sugar
loss in molasses (2.44) followed by small size
(3.34) and large size (3.74) respectively;

Physicochemical and technological characteristics
of sugar beetroots at different harvesting time are
given in Table 4. There are significant differences
between beetroots of different harvest ages (150, 180
and 210 days). The moisture content of sugar beet at
different harvest ages (150, 180, and 210) days rare
78.33,77.20 and 76.84%, respectively. Similar results
were found by Ferweez et al. (2006). Harvesting beet
roots at age of 210 days recorded the highest value
of sucrose content % of juice (19.03%), followed by
beetroots of 180 days (16.54%), while the lowest value
was found for the beetroots of 150 days age (13.50%).
In contrast, the reducing sugar content recorded 0.58,
0.25 and 0.10 for beetroots of 150,180 and 210 days
age at harvest; respectively. The maybe attributed to
the decrease in temperature at the time of harvest.
These results are in agreement with the findings of
El-Sheikh et al. (2009); Michalska-Klimczak et al.
(2019) and Abido et al. (2015). The invert sugar in
the crown, slice, and roots, according to Strochalska
etal. (2014) was 0.72, 0.71, and 0.23%, respectively.
Also, from Table 3 it can be noticed that the total
soluble solids recorded 19.20, 20.83 and 22.32% at
age of 150, 180 and 210 harvest days; respectively.
Similar results were reported by ElSharnouby et al.
(1999);Abido et al. (2015) and Michalska-Klimczak
etal. (2019).

Data illustrated in Table 4 show that highest
value of juice purity (87.42%) was at 210 days
of harvest. Purity of sugar beetroots juice at three
periods of harvesting time (150, 180 and 210
days) are 84.30, 86.02 and 87.42%; respectively.
These findings are in line with those made by
Asadi (2007), who claimed that a typical washed
beetroot (beetroot without tare) typically had a
purity of beetroot juice ranging from 85 to 88%.
Quality starts with good management of the crop;
thus the quality at harvest is excellent. It is also
quite obvious from Table 4 that the quality of

the beets depends on the situation with the beet
roots. As a result, when there is an increase in
alkaline (K and Na content) and nitrogen content,
the quality of the beetroot falls. Fresh sugar beets
of various ages (150, 180, and 210 days) were
harvested with 67.81, 76.19, and 81.26% quality,
respectively. The quality of beetroot ranged from
79.20 to 84.61% according to Sorour et al.’s
(2020) findings, which are consistent with these
findings.

The interaction between the start, middle,
and end of the juice season, as well as the age of
harvesting (150, 180, and 210 days), had a definite
impact on the sucrose content, reducing sugar
content, and quality indices of beetroots, as shown
in Table 5. The middle season timing in mid-April
recorded the highest values of sucrose content
(15.74, 18.07 and 20.00%) with age of harvesting
(150, 180 and 210 days);respectively. However, the
sucrose content and quality of beetroots recorded
the highest values overall harvest age and timing
of the juice season (19.21, 81.27 and 17.94, 78.40)
as well as the lowest values (0.15 and 0.26%) of
reducing sugar in beetroots, respectively. These
findings may be explained by the fact that the
middle of the juice season, in mid-April, allows
for proper sugar beet growth, promotes sugar
accumulation, and lowers the rate at which
beetroots respire. In contrast, the late juice season,
in mid-June, at temperatures of about 30.0 °C, may
result in slower sugar accumulation and higher
beetroot respiration. As a result, beetroot quality
and sugar content increased for the mid-April start
of the middle juice season. This is consistent with
the findings from Hozayn, et al. (2013) and Trebbi
& McGrath (2004).

There was a positive correlation between
sucrose % and quality of beetwith sucrose loss in
molasses % of beet. On the other hand, the lowest
values (2.32) of sucrose loss in molasses % of beet
at 210 days of harvest age, as well as the highest
values (2.98%) of sucrose loss in molasses % of
beetroots were scored at 150 days. While middle
of season recorded the lowest value of sugar
loss in molasses % beetroots (2.48) followed by
starting of season (2.63) and end of season (2.88)
overall juice season periods. From Table 5 can
also be noticed that the interaction between juice
season and harvest age, the best value of sugar loss
in molasses % of beetroot was 2.12% for harvest
age of 210 days and middle of season. This agrees
with the results of Elsayed et al. (2021).
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TABLE 4. Physicochemical and technological characteristics of sugar beetroots of different harvesting ages.

Parameters
Harvest
age Moisture Brix Sucrose Reducing juice purity ~ Beet roots
content% (T.S.S)% content% sugar% % quality% pH value

150 days  78.33+0.15a  19.20+0.40c  13.50+0.15¢ 0.58+0.03a  84.30+0.46c  67.81+1.86c  5.48+0.08b

180 days 77.20+0.70b  20.83+0.56b  16.54+0.35b 0.25+0.01b  86.02+0.18b  76.19+0.49b  6.18+0.07a
210 days  76.84+0.38b  22.32+0.25a  19.03+0.16a 0.10+£0.00c  87.42+0.19a  81.26+0.32a  6.33+0.07a

Different letters in “different harvest age” columns for each parameter represent statistically significant differences in
beetroot chemical and quality parameters.

TABLE 5. Effect of juice season periods and age at harvest on chemical and technological characters of sugar beetroots.

Starting of Middle of End of
parameters Harvest age mean
season season season
150 13.87+0.35¢ 15.74+0.47d 12.400.81+e 14.00+1.54¢
180 17.50+0.30bc 18.07+0.16b 16.98+0.22¢ 17.52+0.51b
Sucrose content%
210 19.40+0.46a 20.00+0.10a 18.22+0.32b 19.21+0.84a
mean 16.92+2.46b 17.94+1.86a 15.87+2.69¢
150 0.58+0.03b 0.41+0.04c 0.79+0.02a 0.59+0.17a
180 0.25+0.01d 0.23+0.03d 0.43+0.07¢c 0.30+0.10b
Reducing sugar%
210 0.10+0.01e 0.13+0.02¢ 0.22+0.03d 0.15+0.06¢
mean 0.31+0.21b 0.26+0.13¢c 0.48+0.25a
150 69.60+1.50g 73.27+0.75f 65.70+£0.75h 69.52+3.40¢
Quality of beet% 180 77.27+0.55d 78.50+0.50dc 75.49+0.73¢ 77.09+1.41b
210 80.95+0.75b 83.44+0.66a 79.43+0.40¢ 81.27+1.83a
mean 75.944+5.09b 78.40+4.44a 73.544+6.15¢
150 2.94+0.05b 2.81+0.07b 3.20+0.05a 2.98+0.18a
S loss | 180 2.63+0.12¢ 2.51+0.08¢c 2.91+£0.17b 2.68+0.21b
ugarfoss in 210 2.32+0.10d 2.1240.08¢ 2.52+0.09¢ 2.3240.19¢
molasses% of beet
mean 2.63+0.28b 2.48+0.31c 2.88+0.31a

Different letters in “different time of season and harvest age” columns and rows for each parameter represent statistically
significant differences in beetroot chemical and quality parameters.

Conclusion fructose, sugar beetroot should be processed right
away after harvesting. Furthermore, storage of
beetroots should not exceed 8§ days after harvest to
keep higher sucrose content, purity, and beetroot
quality.

To increase the quantity of sugar that can be
extracted from beetroot, sugar factory need
beetroot with high sucrose concentrations and
low percentages of sugar loss in molasses. The
obtained results may help farmers, to choose size of References
beet roots, medium size was the best compared to
small and large sized beetroots. Also, appropriate
harvest time, i.e., in middle of season (April)
with 210 days of harvest age when beet and their
corresponding liquor qualities have superiority.In
order to decrease sugar losses during production
and to stop sucrose inversion into glucose and

Abd Alraoof, H. S., El-Syiad, S. 1., Abdel-Hamid, A. A.
and El-Sherif; S. A. (2020) Changes of technological
characteristics of sugar beet roots during storage
as effected by some chemical treatments. Asian
Journal of Research and Review in Agriculture,
2(1), 70-78. https://globalpresshub.com/index.
php/AJRRA/article/download/885/826/

Egypt. J. Food Sci.51,No.2 (2023)



EFFECT OF SIZE, STORAGE, AGE AT HARVEST, AND JUICE SEASON ... 231

AbdEIl-Mohsen,N.E. (1996)Chemical and technological
studies on sugar beet. Egyptian Journal of Food
Science, 24(1), 1-14. https://pesquisa.bvsalud.org/
portal/resource/pt/emr-120010.

Abd El-Rahman, M.A., Limam, S. A. and El-Geddawy,
M. A. (2019) Effect of storage conditions on the
sugar recovery, sucrose loss in wastes and juice
purity during sugar beet manufacture. Journal of
Food Sciences, Suez Canal University, 6 (1), 65—
73. https://journals.ekb.eg/article 67839.html.

Abd-Elghaney, I.M.H. (2012) Study of the factors
affecting non-sugar removal of the beet. M.Sc.
Thesis, Sugar Technology Research Institute,
Assiut University, Egypt.

Abido, W. A. E., Ibrahim,M. E. M. and El-Zeny,M.
(2015) Growth, productivity and quality of sugar
beet as affected by antioxidants foliar application
and potassium fertilizer top dressing. Asian
Journal of Crop Science, 7(2), 113-127.https://doi.
org/10.3923/ajcs.2015.113.127

Abou EL-Magd, B.M; Youssif, S. and Nariman, O.A.
(2004) Effect of some chemical treatments on
the chemical quality and storability of sugar beet
roots after harvest. Egyptian Journal of Applied
Science,19(11), 263 — 277.

Abou-Shady, Kh.A.A.  (1994) Chemical and
technological studies on sugar beet and its wastes,
M.Sc. Thesis, Fac. of Agric., Al-Azhar Univ.http://
thesis.mandumah.com/Record/261302

Alfaig, I. A., Hassen, K. S. and Mohamed, A. E. (2011)
Evaluation of sugar beet parameters during storage.
Journal of Science and Technology, 12(02), 1-6.
https://ddl.mbrf.ae/book/5164057

Al-Jbawi, E.M., Sabsabi, W., Gharibo, G.A. and Omar,
A.E.A., (2015)Effect of sowing date and plant
density on bolting of four sugar beet (Beta vulgaris
L.) varieties. International Journal of Environment,
4 (2), 256-270.https:// www. researchgate.net/
publication/ 279154952.

Al-Tantawy, K. S. A. (2012) Studies on alcoholic
fermentation for beet molasses. M.Sc. Thesis, Sugar
Tech. Research Inst., Assiut Univ., Assiut, Egypt.

Al-Zubi, H., Al-Jbawi, E., Al Geddawi, S., Tahla,M.K.,
Ismaiel, R., Al-Huniesh, T., Aliesha, G., Radwan,
R. and Azzam, H. (2016) Impact of some chemical
treatments and length of storage on the storability of
sugar beet. International Journal of Environment, 5
(1), 96- 106. https://doi. org/10.3126/ije.v5i1.14567.

AOAC (1990) Association of Official Analytical
Chemists.  Official Methods of  Analysis.
Washington 25 D.C., USA.

AOAC (2005)Association of Official Analytical
Chemists. Official Methods of Analysis, 16" ed.
Inter. Washington, D.C, USA.

AOAC (2012) Association of Official Analytical
Chemists Official Methods of the Analysis.
International 19" edition, Published by AOAC
International, Maryland, USA.

Asadi, M. (2007)Beet-Sugar Handbook, John
Wiley and Sons, Inc., Hoboken, New

Jersey. https://onlinelibrary.wiley.com/doi/
pdf/10.1002/9780471790990.fmatter.

Asadi, M. (2007) Beet-Sugar Handbook. John
Wiley and Sons, Inc.,, Hoboken, New

Jersey. https://onlinelibrary.wiley.com/doi/
pdf/10.1002/9780471790990.fmatter.

Devillers, P. (1988) Prevsion du sucre melasse.
Scurries francases. 129. 190-200. (C.F. The Sugar
Beet Book).

Edye, L. A. and Clarke, M. A. (1998) Sucrose loss
and color formation in evaporators. Indian Sugar
Journal, 5, 97-107.https://doi.org/10.1007/978-1-
4899-1925-0 12

Elsayed A. M., M A. Sorour; A. E. Mechannil,
S. R. Abazied and Gaber N. F. (2021) Effect
of Some Post-Harvest Treatments on Quality
Attributes of Sugar Beet during Storage under
Toshka Region Conditions. Egyptian Journal of
FoodScience,49, 305-318.https://doi.org/10.21608/
¢jf5.2021.92818.1110

El-Sharnouby, G. A., Hashem,H. A.,El-Gharabawy,A.
A. and Abou-Shady,K. A. (1999) Chemical and
technological studies on sugar beet roots. 4/ Azhar
Journal of Agriculture Research, 29, 173-185.

El-Sheikh, S. R., Khaled, K. A. and Enan, S. A. (2009)
Evaluation of some sugar beet varieties under three
harvesting age. Journal of Agriculture Science-
Mansoura University, 34, 1559- 1567 https://doi.
org/10.21608/jacb.2009.90288

El-Syiad, S.I., Mohamed, E.G., ELNaggar, E.A and
Abd Alraoof, H.S. (2016) Influencing of sugar beet
preparation stages on the efficiency of extraction
processing. Food Bio-technologies, 1-6.https://
icbaa.bu.edu.eg/3rd/research/43.pdf

Ferweez, H., Abbas,H. M. and Abou EI-Magd,B.
M. (2006) Determination of the losses in yield,

Egypt. J. Food Sci.51,No.2 (2023)


https://journals.ekb.eg/article_67839.html
https://doi.org/10.1007/978-1-4899-1925-0_12
https://doi.org/10.1007/978-1-4899-1925-0_12
http://dx.doi.org/10.21608/jacb.2009.90288

232 REDAA. GOMAA et al.

quality of sugar beet roots resulted from exceeding
nitrogen fertilization and processing delay. Minia
Journal of Agriculture Research & Development,
26(1):27- 44.

Gomaa, S. (2009)Effect of calcium hydroxide and
acetic acid on the rate of deterioration and dextran
formation during sugar beet storage. M.Sc. Thesis,
Sugar Technology Research Institute, Assiut
University, Egypt.

Hoffmann, C. and Schnepel, K. (2016) Susceptibility to
root tip breakage increases storage losses of sugar
beet genotypes. Sugar Industry, 141(10), 625-632.
https://doi.org/10.36961/s117882.

Hozayen, A.M.A. (2002) Technological and chemical
studies on sugar beet roots. M.Sc. Thesis, Fac. of
Agric. Ain Shams Univ.

Hozayn, M., Abd El-Monem A.A. and Bakery A.
A. (2013) Screening of some exotic sugar beet
cultivars grown under newly reclaimed sandy soil
for yield and sugar quality traits. Journal of Applied
Sciences Research, 9(3), 2213-2222 https://www.
academia.edu/5206860.

Madritsch, S., Bomers, S., Posekany, A., Emerstorfer,
F., Otte,S., Eigner, H. and Sehr, E. (2020)
Integrative transcriptomics reveals genotypic
impact on sugar beet storability. Plant Molecular
Biology, 104, 359-378. https://doi.org/10.1007/
s11103-020-01041-8.

Michalska-Klimczak, B., Wyszynski,Z., Paluta,V.,
Rasovsky,M. and Le$niewska,J. (2019) The effect
of seed priming on field emergence and root yield
of sugar beet. Plant, Soil and Environment, 65(1),
41-45 https://doi.org/10.17221/720/2018-pse.

Sapronova, A., Joshman, A. and loseava, V. (1979)
General technology of sugar and sugar substances.
Pischevayapromyshennost pub.Moscow, p.464.

SCC (2021) Sugar Crops Council Ann. Report Ministry
of Agriculture, Egypt. (In Arabic). https:/gate.
ahram.org.eg/

Snedecor, G.W. and Cochran, W.G. (1980) Statistical
Methods. 7" Edition, Iowa State University Press,
Ames.https://doi.org/10.4236/jsea.2012.512B038.

Silin, P.M. and Silina, N.P. (1977) Chemical control in
sugar technology. Food Technology, pub. USSR,
pp. 120-126.

Egypt. J. Food Sci.51,No.2 (2023)

Sorour M. A., Mehanni A. E., Mahmoud E. A. and
Gaber Noha F. (2020) Sugar beet quality and
juice purity of some sugar beet varieties (Beta
vulgaris L.) grown in Toshka region as effected by
harvesting ages and storage conditions. Archives of
Agricultural Sciences Journal, 3(3), 64-81.https://
doi.org/10.21608/AASJ.2020.43246.1037.

Strochalska, B., L. Zimny and P. Regiec (2014)
Effect of different systems conservation tillage on
technological value of sugar beet roots. Zeszyty
Problemowe Postepow Nauk Rolniczych, 576:151—
160.https://bibliotekanauki.pl/articles/794878.pdf

Trebbi, D. and McGrath, J. M. (2004) Fluorometric
sucrose evaluation for sugar beet. Journal of
Agricultural and Food Chemistry, 52(23), 6862-
6867. https://doi.org/10.1021/j£048900c.

Tsialtas, J. T. and Maslaris, N. (2013) Nitrogen effects
on yield, quality and K/Na selectivity of sugar beets
grown on clays under semiarid, irrigated conditions.
International Journal of Plant Production, 7 (3),
355-371.10.1.1.1010.4716&rep =rep1&type=pdf.

Zaki, N. M., HassaneinM. S., Ahmed,A. G., El-
Housini,E. A. and Tawfik, M. M. (2014) Foliar
application of potassium to mitigate the adverse
impact of salinity on some sugar beet varieties. 2:
effect on yield and quality. Middle East Journal
of Agriculture Research,3, 448-460. https://www.
curresweb.com/mejar/mejar/2014/448-460.pdf


https://doi.org/10.36961/si17882

