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ABSTRACT

Physical and chemical characteristics of beet as the main raw material and
the by-products of white sugar manufacture were determined. Samples used in this
investigation were obtained from Abou-Qurkas sugar factory, El-Minia, Egypt, during

2001 working season.
The obtained data showed that there were significant differences concerning

physical and c hemical p arameters between the studied samples during processing
periods. T he p hysical properties of studied fresh beet cossettes gave the following
values: 19.38-20.18%, 76.83-79.58 %, 10.04-11.30 % and 67 .42- 73.01 % for total
soluble solids (T.8.8.), purily, rendement and quality index, respectively. The
chemical analysis of fresh beet revealed that contained 59.16-63.23% sucrose, 0.12-
0.47% reducing sugars, 3.93-5.79% nitrogen, 18.03-20.78 % marc (fibers) and 3.66-
4.76 % ash content. The a-amino-nitrogen, potassium and sodium contents were 3.79
- 4.23, 7.78 - 8.52 and 3.36 - 4.17 milliequivalent/100g fresh beet, in order. The
chemical composition determination showed that pressed pulp contained about 5.60-
7.81 %, sucrose 5.14-6.98% nitrogen, 1.03-1.37 % ash and 75.90-80.09 % marc. The
sucrose % of analyzed filter cake ranged from 5.60-7.10 %, total nitrogen % was 0.81-
1.11 % and ash content represented 84.22 - 90.19 %. For the studied physical
properties of molasses there were no significant variations in 7.5.S. % (83.03-83.80
%), specific gravity, refractive index and purity (60.75-61.89%), While, the differences
in color, pH, and N.S.S. % were significant during the working season.

The chemical composition of the molasses was as follows: 26.71-27.08 %,
67.80-69.88 %, 1.09-1.24 %, 0.28-0.40 %, 0.38-0.48 % and 11.85-13.30 %, for
moisture, sucrose, reducing sugars, nitrogen, ether extract and ash contents,

respectively.
Comparison of the obtained data with the literature values of European sugar

beet factories, indicated a lower sugar beet quality and higher sucrose losses in the
by-products studied in this investigation.

INTRODUCTION

Sugar beet (Beta vulgaris var. altissima délf) is one of just two sugar
crops (the other being sugar cane) which constitute the only important
sources of sucrose. It is grown under rather moderate climates in the
northern hemisphere in particular, i.e. Europe, Canada, USA and Russia. It
could be also cultivated successfully as a winter crop in the moderate zone or
in the terminal semi-tropical zone, e.g. Asian (Iran, Irag, Syria and Lebanon)
and North Africa such as Morocco, Algeria, Tunisia, and Egypt (Ghanem &
Gomaa, 1985 and Cooke & Scotft, 1993). The beet sugar production
represents 28.23 % of the total world sugar production, i.e. 132.82 million
tons, while cane sugar amounts to 71.77 % of each annual production in
season 2000 (Anonymous, 2000).
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In Egypt, the beet sugar production increased from about 17 thousand tons in
1982 to about 356 thcusands tons in 2000, from it about 43.5 thousands tons
produced from Abou-Qurkas Sugar F actory, E|-Minia governorate (12 % of
the total beet sugar production). It is the only factory in Egypt, where sugar
cane and sugar beet are together processed. However, the two crops are
harvested at different times and processed as a single crop at different times
of the year.

In addition, the beet sugar production in 2000 is represented 25.5 % of the
total local sugar production, which reached about 1.4 milion tons in year
2001 (Afifi, 2001). The sugar consumption in Egypt reached 2.2 million tons
according to statistical of 2003, this means a gap of about 0.8 million tons of
sugar (Gudoshnifcov, 2003).

The trails to increase the sugar production through the improvement
of sugar cane cultivation and processing conditions are limited, however, the
successful production of beet under Egyptian conditions sparked bright hopes
and ambitions for expanding beet cultivation in the newly reclaimed areas
and erect 5 more beet factories (beside 4 working factories) in the near future
(Abou-El-Magd, 1998; Anier, 1998 and Metwally, 1998).

The technological purpose of sugar industry is to recover the
maximal sugar yield with the lowest possible costs. This could be achieved by
using a high quality sugar beet and optimizing all the processing steps. The
beet quality was affected by beet -cultivars, agricultural treatment,
environmental conditions and other factors (McGinnis, 1971). The further
utilizng of sugar industry by-products should be also considered (Mohamed,
2003).

Losses of materials are a character of any industrial process such as
sugar industry, it can be divided through sugar processing steps into two
divisions : known or determinable loss, i.e. pulp loss, (=0.24 % of beet), filter
cake loss (=0.08 % of beet) and final molasses loss (=2.12 % of beet), the
second division is unknown or indeterminable loss, which include mechanical,
chemical, apparent and bio-chemical loss. The evaluation of sugar factories
efficiency is carried out by caiculation of materials balances e.g. sucrose
balance.

The non-sucrose substances especially reducing sugars, a-amino
nitrogen and minerals (K & Na) had great effect on processing and piay
a great role in the determination of the final obtained quantity and quality of
crystallized sugar in particular sugar beet, where white sugar was directly
produced (Anonymous, 1984). The quality control of the sugar factory should
determine the optimal processing conditions to obtain the maximal sugar
recovery with best quality characteristics and in the same time to reduce the
sugar losses to their minimal economical limits (Olbrich, 1963 and El-Syiad, 1996).

A considerable research efforts has been expended to reduce the large lost
of sucrose content that can be occur in the field and after harvesting till
processing and throughout the processing steps. Therefore, this investigation
was carried out to determine physical and chemical characteristics of the raw
material (beet cossettes) and the main by-products of white sugar
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manufacturing at Abu-Qurkas factory i.e. pressed pulp, filter cake and final
molasses. Important quality parameters such as harmful
non-sucrose substances, sucrose recovery and sucrose losses were also
determined. The obtained data were compared with literature values for
similar factories in the developed countries.

MATERIALS AND METHODS

MATERIALS
Samples of b eet c ossettes, pressed p ulp, filter cake and m olasses

were obtained from Abou-Qurkas Sugar Factory, El-Minia governorate at
three different periods (R;, R; and Rj;) covering the 2001 working season.
Where: R, is the beginning, R; the middle and R; the end of the season.
Sampling was carried out 3 times through 3 days for each period.

METHODS
PHYSICAL PROPERTIES

Total soluble solids (T.S.S.) and refractive index (R.l.) were
determined by Abbe refractometer at 20°C according to A.O.A.C. (1995).
The pH values were determined using a "Beckman" pH-meter according to
Collins et al. (1977). Specific gravity (Sp. Gr.) was determined at 20°C
according to A.O.A.C. (1995). Purity represented the percentage of sucrose
in the total soluble solids content (%) of the studied samples. Non-sucrose
substances (N.S.S. % ) were calculated as the difference b etween the total
soluble solids % and the sucrose % of the sample according to Anonymous
(1984). Color index was evaluated by measuring the extinction of the
samples using spectrophotometer, then the result were expressed in
ICNMSA-unit according to Reinefield and Schneider (1983) . Rendement,
recoverable sucrose % of beet, sucrose losses % of beet and beet quality
index o f b eet (recoverable s ucrose % P ol % ) were calculated a ccording to
Ferweez (2002) using the following formulas.
Rendement = Pol % - [0.29 + 0.343 (K + Na) + a-N (0.094)].
Where: K, Na and a-N determined as milliequvalent/100g fresh beet.
Sucrose loss % = Pol % - Rendement.

Rendement

Quality index =—x 100.
Pol %
Chemical composition:

The moisture content was determined using drying oven at 105°C till
constant weight as described in A.O.A.C. (1995). Total solid content was
calculated by subtraction the moisture content % from 100. Sucrose content
as Pol % was determined using saccharimeter according to Rauscher et al.
(1986). Reducing sugars (R.S.) and total sugars (T.S.) were determined by
Lane-Eynon volumetric method as described by Schneider (1979). Total
nitrogen content (T.N.) was estimated by microkjeidahl as described in
A.O.A.C. (1995). Ash content was determined by burning the samples in
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Muffle Furnace at 550°C till constant weight according to A.O.A.C. (1995).
} Ether extract was determined using a Soxhlet apparatus and petroleum ether
as a solvent according to AO.AC. (1995). Marc or fibers content was
| estimated according to the method described in AO.AC. (1995). Alpha
| amino nitrogen («-amino — N), sodium {Na) and potassium (K) contents were
determined according to the procedure used by sugar factory with an auto
| analyzeras described in Cook and Scott (1993). The resuits expressed as
- milliequivalent per 100 grams fresh beet.
| The obtained data in this study were presented as an average of three runs
l and subjected to statistical analysis using Duncan's muitiple range test
according to Snedecor and Cochran (1980).

RESULTS AND DISCUSSIONS

Physical properties of fresh beet cossettes:

The technological important physical properties of beet cossettes
during the processing season of white sugar manufacture are shown in Table 1.
The data show that T.8.8. % was significantly decreased during processing
season from 20.18 to 19.38%, sucrose % was also decreased from 16.06 to
14.89%, purity had similer trend and renged from 79.58 to 76.83%, while
N.S.S.% wes first decreased from 4.33 to 3.50 % then increased to 4.17%.

l

!

t

[

1

}} Table (1): Physical properties of beet cossettes during sugar
1 processing season compared with literature values.
|
s
l
l
l
|
1

|

Sampling periods Literature
Property Ri ] R: Rs Average | average
! ] values

| T.5.5.% 2018 | 19.62° 19.38° [ 19.73 20.00
| ISucrose (Pol %) 16.06° | 15.48° 14.89° | 1546 16.50
| Purity 7958° | 78.90% | 76.83° | 78.44 82.50
N.SS % 4.42° 4.14° 4.49° 425 3.50
Rendement 11.02° 11.30° 10.04° 10.79 13.26
Sucrose losses 5.04° 4.18° 4.86° 4.69 3.24
' Quality index 68.62° | 73.01> | 67.47° | 69.68 80.38

*On wet weight basis.
| ™ Average values C.F. Anonyrmous, 1986; Balon 1978 and Mauch, 1987).
Means in the same row having the same letter(s) are not significantly different.

Rendement and quality index were increased from the beginning to

the middle and then gradually decreased to the end of the season. Sucrose
losses % of beet was first decreased from 5.04 to 4.18 % then increased to
| 4.86 % at the end of the season. The comparison between the average
!obtamed data with similar values from European factories revealed that the
‘studled beet sugar had lower quality parameters values. Where, purity was
about 4 %, rendement about 2.5 % and quality index was more than 10 %
|lower in local beet. The data show also that the literature values were higher
concerning T.S.S. %, butiower for N.S.S. % and sucrose | osses, than the
'obtained vaiues. Baloh, 1978 and Anonymous, 1984, reported that the good
[quahty beet should have purity of about 82.5 - 87 %.
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The variation of the studied parameters between Egyptian and
European sugar beet could be caused through differences in cultivars,
climatic conditions, agriculture practices and also post-harvest-treatments
(Goto et al., 1992 and Yehia, 2002).

Chemical composition of fresh beet cossettes:

Data in Table 2 illustrated that the chemical composition of beet
cossettes was also varied throughout processing periods. Sucrose content
was decreased gradually from 63.23 to 59.16 % by the end of the season.
Reducing sugars, total nitrogen and ether extract contents were first
decreased then increased during processing season. Marc content was
increased from 18.03 to 20.78 % while ash content was decreased from 4.76
to 3.66 % by the end of the season.

Table (2): Chemical composition % of beet cossettes during sugar
processing season compared with literature values.

Sampling periods | Literature

Constituents R [R R |Average average

1 2 3 |values
Moisture 7460° | 7521° | 7483% | 7488 76.50
Sucrose 63.23% | 62.44° | 59.16° | 61.62 70.21
Reducing sugars 047° | 012° | 0367 | 0.32 0.30
Total sugars 70.94° | 69.42° | 66.54° | 69.10 71.49
Total nitrogen 579 4.72° 3.93° 4.81 1.70
Ether extract 1.65° 1.13¢ 1.31° 1.36 0.43
Marc (fibers) 18.03° | 19.20° | 20.78® | 16.34 21.28
Ash 4.76° 4.15° 3.66° 4.19 0.38
c-amino-N_ 423 3.79° 4.01° 4.01 0.70
K" 8.52° 7.78° 8.22° 8.17 7.56
Na~ 4472 3.36° 3.98° 3.84 0.74

* On dry weight basis.
** Miltiequivalent/100 grams fresh beet.
*** Average values C.F. Anonymous, 1986; Baloh 1978 and Mauch, 1987),
Means in the same row having the same letter(s) are not significantly different.

The processing harmful substances i.e. «-amino-N, potassium and
sodium were lowest at the middle of the season. Researchers defined not
more than 100-150 mg «-amino-N/100g sugar {sucrose) for the high quality
beet and > 200 mg/100g sucrose for the lowest quality beet. They added that
an increase of 100 mg u-amino-N/100g sucrose caused a decrease of about
0.75 % in the sucrose content of beet (Mohamed, 2003).

The iiterature values reported in Table 2 indicated higher sucrose but
lower nitrogen, ash, aw-amino-N and sodium contents than the Egyptian beet.
Thedata in Tables 1 and 2 revealed that the studied b eet cultivars, which
processed in Abou-Qurkas sugar factory, had lower processing guality then
those processed in beet sugar factories in Europe.
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Chemical composition of pressed pulp:

The data in Table 3 represent important constituents of extracted and
pressed beet pulp. The total solids ranged from 22.19 to 27.26 % and
consisted of 5.60-7.81 % sucrose, 0.11-0.27 % reducing sugars, 5.14-6.98%
nitrogen, 0.54-0.66% ether extract, 1.03-1.37 % ash and 75.90-80.09 % mark
(fibers). It was clear from the resuits that pressed pulp had a high fibers
content, considerable sugars and nitrogen contents. While, it had lower ether
extract and ash contents. The literature values were lower than those of the
local pressed pulp except for marc content. The data show also that the
sucrose losses in local pressed pulp were higher, that means lower sugar
recovery efficiency but higher value and better application possibilities for the
pressed pulp.

Table (3): Chemical composition % of pressed pulp during sugar
processing season in comparison to its literature values.

Sampling periods Literature
Constituents R R R Average average
1 2 3 values

Moisture 77.812 | 7274° | 73.08° | 74.54 77.00
Sucrose 6.85° 7.81° 5.60° 6.72 396
Reducing sugars 0.27° 0.18° | 0.11° 0.20

Total sugars 7.35° 8.44° 5.79° 7.19 6.65
Total nitrogen 5.14° 6.16° | 6.98° 617 2.17
Ether extract 0.54° 0.66° 0.59™ | 0.59 0.22
Ash 1.08° 1.03° 1.37° 1.18 0.13
Marc (fibers) 77.74® | 75.90° | 80.09° | 77.89 83.57

* On dry weight basis.
** Average values C.F. Anonymous, 1986; Baloh 1978 and Mauch, 1987).
Means in the same row having the same letter(s) are not significantly different.

These differences might be due to variation in the used fresh beet
cossettes and the treatments undergo after and through processing. These
results agree with those obtained by Anonymous, 1984. The data reveal also
that pressed pulp contained considerable amounts of nutrients i.e. sugars,
nitrogenous compounds and high fibers content. It could be therefore use in
many other applications such as animal feed, in paper and cellulose industry

. etc. This appeared clear from the stand point of the pressed pulp
represents great amount of about 26 % of the processed sugar beet
{(Mohamed, 2003).

Chemical compaosition of filter cake:

The chemical composition of filter cake (filter mud) resulted from beet
extract filtration processes are shown in Table 4. The data obtained reveal
that the analyzed filter cake had high sucrose content (7.10 %) which
gradually decreased and reached its minimal content by the end of the
season (5.60 %). This might be due to the increasing of the working efficiency
of the factory throughout the season, that means reduction of sucrose losses
in all by-products (McGinnis, 1971).
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Table (4): Chemical composition % of filter cake resulted during beet sugar -
processing compared with its literature values.

! Sampling periods " Literature
Constituents I Average average
Ry R Rs values

Moisture 49.22° | 4417° | 4532° | 46.24 48.00
Sucrose 7.10° 6.34° 5.60° 6.32 1.73
Reducing sugars 0.35° 0.142 0.24° 0.24 0.08
Total sugars 7.70° 6.52° 6.00° 6.71 1.94
Total nitrogen 1.04° 1.11° 0.91° 1.02 0.96
Ether extract 0.31° 0.27° 0.20° 0.26 --

Ash 90.19° 84.22° 86.30° 86.80 82.69

* On dry weight basis.
** Average values C.F. Anonymous, 1986; Baloh 1978 and Mauch, 1987).
Means in the same row having the same letter(s) are not significantly different.

Total solids % was ranged between 50.88-55.83 % while, ash
content represented about 86.80 % of the total solids. The results in Table 4
revealed also that the filter cake studied had about 1.02 % total nitrogen
content. The comparison of the average values of the data obtained with
literature values illustrated that the main difference was in sucrose c ontent
(6.32-1.73%). The filter cake (represents about 6-8 % of beet) has many uses
e.g. cement similar materials, chalk processing (after discoloration), isolation
materials, carrier for pesticides, as fertilizers especially for acidic soils.
Recycling of filter cake in the sugar industry is so far in the experimental stage
(Anonymous, 1984). In Egypt, there are some field experiments to use it as
fertilizer in the new reclaimed soils which need a good source for macro- and
micro-elements and organic matters (Mohamed, 2003).

Fhysical properties of molasses:

Molasses are the most important by-products of the sugar industry.
This is due to its high T.S.S. content (> 80 %) which mainly consists of
sugars and other components e.g. minerals, nitrogenous compounds, lipids
...etc. The molasses yield represents about 3.5-5.5 % of beet (Mauch, 1987).

Physical properties of molasses produced during beet sugar
processing are shown in Table 5.

Table (5): Physical properties of molasses produced during beet sugar
processing compared with literature values.

Sampling periods Literature
Property Average average
Ry R j Rs values”
S$S. % 83.80° 83.03° 83.40° 83.41 82.00
Sucrose(Pol %)’ 51.86° 50.44° 50.67° 50.99 48.00 |
ISpecific gravity 1421917 1.4326° 1.4412° | 14343 1.4237
Refractive index 1.5010° 1.4995° 1.5000° ! 1.5002 1.4550
‘Color 51813.00° | 48038.00° | 49653.00° | 46835.00 | 15100.00
pH 7.62° 7.18° 7.30° 1 7.37 7.7
Purty 61.89° 60.75° I 61.76° 61.46 58.54
IN.S.S. % | 31.94° 32.59° 3273° | 3242 32.00

* On wet weight basis.
** Average values C.F. Anonymous, 1986; Baloh 1978 and Mauch, 1987).
Means in the same row having the same letter(s) are not significantly different.
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it was noticeable from the Table that the T.S.S. %, specific gravity and
refractive index showed no significant variations neither within the different
processing periods nor between studied samples and literature values. There
were s ignificant d ifferences concerning pH and p urity within the processing
periods, also between values of studied samples and literature values.

The results showed no significant differences among the values of
N.S.S. % during processing season, while there were slight variation between
the studied molasses samples and. the literature values. The data showed
lower pH (0.33), higher sucrose (about 3 %) and higher purity {about 3 %) for
studied samples than the literature values.

Chemical composition of molasses:

Changes in chemical composition of beet molasses during
processing season and beet molasses composition produced in Europe are
presented in Table 6. The data revealed no significant differences during
processing season for all components except for ash, which decreased from
12.57 to 11.85 % in the middle then increased again to 13.30 % by the end of
the season. Data showed that the sucrose and reducing sugars content were
higher in the studied molasses (68.65 and 1.17 %) than the literature values
(60.00 and 0.88 %). That means higher sucrose losses in the molasses and
lower sucrose recovery. This is might be due to higher impurities (invert
sugars, nitrogenous compounds and minerals) of the studies sugar beet.
These results are agreement with the findings of Baloh, 1978 and Mauch,
1987.

Beet molasses had already a lot of applications especially in
biotechnology field, where many chemicals and biochemicals products i.e.
citric acid, acetone ethyl alcohol and yeast also other new compounds could
be produced.

Table (6): Chemical composition % of molasses produced during beet
sugar processing compared with literature values.

Sampling periods Literature

Constituents R R R Average average

! 2 3 values”
Moisture 26.79° 26.71° 27.08° 26.86 20.00
Sucrose 69.88° 67.90° 68.16° 68.65 60.00
Reducing sugars 1.24° 1.09° 1.18° 1.17 0.88
otal sugars 76.76° 74.65° 74.02° 75.15 65.00
otal nitrogen 0.40° 0.35° 0.28° 0.34 0.63

Ether extract 0.49° 0.46° 0.38° 0.44

sh 12.57° 11.85° 13.30° 12.57 11.88

* On dry weight basis.

** Average values C.F. Anonymous, 1986; Baloh 1978 and Mauch, 1987).

Means in the same row having the same letter(s) are not significantly different.
It is noteworthy here to mention that there are a great differences between
molasses resulted during beet and cane processing. The main difference in
the sugars composition, where cane molasses contain lower sucrose (35-45
%) but higher reducing sugars (20-30 %) compared to that of beet
processing. There are other variations in color, mineral content and nitrogenous
compounds (Baloh, 1978).
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Finally, this work revealed that cultivation and processing of sugar beet under
Minia region {Abou Qurkas Factory) could be successfully run throughout the
extension of the working season. However, technical data of beet and
processing by-products were often worse than those obtained from other
international sugar beet factories. Therefore, improvement of sugar beet
quality and optimization of processing conditions should be the aim of sugar
industry in Egypt. Development new applications for the by-products of sugar
beet industry was also important.
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