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EFFECT OF SOME CHEMICAL TREATMENTS ON THE

CHANGE OF TECHNOLOGICAL CHARACTERISTICS
OF SUGAR BEET ROOTS DURING STORAGE

[23] '

Gibriel' A.Y.; M.HLF. Madkour'; F. Abd El-Razik Aly’
and A.M. Hozayen®

ABSTRACT

This work was carried out to reduce the deterioration and to extend the shelf life
of sugar beet roots after harvest and before processing. Roots were divided to six
groups (100 roots for each group), subjected to different treatment (i.c Ca(OH),,
S0,, NaOH, C;HsO and Na»S,0s,at different concentrations and stored for 15 days
in open air. The technological characteristics of sugar beet roots were studied. The
least percentage of weight loss and highest juice purity, quality and sucrose recovery
were obtained by treating the roots with 500ppm Na,S,0s (solution).The highest
value of hardness was obtained from roots treated by a solution of 5% Ca(OH),
while the least value for sucrose loss in wastes was obtained by the use of 2500ppm
SO, . Thus, it is necessary to manufacture sugar beet directly after harvest to reduce
sugar loss and obtain best physical and technological characteristics. On the other
hand, when, roots are in surplus, it should be treated by sodium metabisulfite solu-
tion (500ppm)to reduce the loss of sugar and minimize deterioration and fit the
technological properties required along manufacture process.

Key word: Sugar beet, Roots, Storage condition, Chemical treatment, physical,
Technological characteristics.

INTRODUCTION The importance of sugar beet to agri-

culture is not only confined to sugar pro-

Sugar beet is becoming a growing
source of sugar production. It represents
about 22 %of Egypt total sugar produc-
tion in1999/2000, compared to 20% per-
cent in 1998/1999. Sugar production from
beet in Egypt increased from 374400 to
4356000 ton in 1999 and 2000, respec-
tively (Thomas, 2000).

duction, but also to produce secondary
production (Badawy, 1992).

In most beet growing areas, harvest
periods are short and in consequence
sugar beet storage is necessary. The
problems of storage are quality deteriora-
tion of roots and decrease of sucrose due
to respiration and activation of some en-
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zymes, resulting in a decrcase of physical
and technological characteristics of sugar
beet roots. ‘ '

McCready and Goodwin (1966) rc-
ported that beets in factory lose sugar as
a rcsult of at least three different ways.
The first is spoilage by microorganisms
which use up sugar in respiration and
produce enzymes which convert sucrose
to invert sugar. The second substantial
source of sugar loss occurs through direct
respiration of stored sugar beet roots. The
sugar loss by direct respiration was esti-
mated as up to 0.5 pound of sugar per ton
beets per day. The third source of sugar
loss is the biochemical transformation of
sucrose into invert sugar, and other car-
bohydrates that occurred directly in the
roots. Inverted sugars inhibit crystalliza-
tion and cause difficulties in beet sugar
processing. Among the three processes
causing sugar loss in beets, biochemical
transformation that have received the
least attention.

Goodban and McCready (1965)
mentioned that potential advantage of
beet liming are mostly a consequence of
the reactions of calcium hydroxide with
the pectic substances that hold the cells
together and make up as much as 30% of
the water insoluble portion of the beet.
Camirand et al (1981) found that the
addition of lime to sugar beet tissue at
lower temperature causes demethylation
of the pectin in the cell walls of the beet
tissue, allowing Ca** to crosslink the
pectin as a stable insoluble matrix. This
permits alkaline diffusion with less dis-
intergration of the pulp, high deacetyla-
tion rates and pectin degradation above
37°C can limit process to lower tem-
perature.

Pratt and Schaeffer (1999) used the
propionic acid to preserve sugar beets.

Gibriel;, Madkour; Abd El-Razik Aly and Hozaycn

They trcated the wholc beets and chopped
beets by submerging them in solution of
propionic acid for 2 minutes then allowed
them to remain in open air up to 12 days.
The % sugar in the beet, sliced or whole,
was higher after 6 days compared to that
when the bect was first harvest. The in-
crease in % sugar in all samples during
the first six days was the results of dehy-
dration as decreasing water content in the
bect was evident. A marked decreasc in
% sugar began after 6 days in each of the
untreated beet samples reaching a low of
8.55%. The %sugar in the trcated samples

was higher than the starting point
throughout the entire test, reaching
20.16%.

Mousa (1990) studied the total sugar
loss, percentage of weight loss and
change of purity of two sugar beet varie-
ties during storage under different storage
conditions (i.e in open air with vegetative
shoots, in open air without vegetative
shoots, cooling at 10°C and relative
humidity of 85% and freezing at —10°C).
He found that the loss of sugar by
freezing was lesser than other storage
conditions, the juice purity of the two
varieties decreased under different stor-
age conditions.

Abou Shady (1994) reported that
storage of sugar beet roots under different
conditions (i.e in open air, in open air
with covering and in normal store room)
led to a higher increase in the change in
daily weight, roots stored with cover re-
corded the lowest weight loss. Sugar re-
covery and juice purity increased in all
storage conditions.

Nezam El-Din (1996) sliced sugar
beet roots and dried them after treating
with sodium hydroxide, ascorbic acid and
sulfur dioxide. He found that the treat-
ment by sulfur dioxide fumes had the
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pronounced effect on the slices of beet
roots. The color and chemical changes
were very low compared with the fresh
beet roots.

This work was carried out to extend
shelf life of sugar beet roots by applying
chemical treatments to increase juice pu-
rity, sugar recovery and quality when
roots are in surplus.

MATERIAL AND METHODS
Materials
Source of sugar beet roots

Sugar beet roots (Beta vulgaris L.)
cultivar Pleno were obtained from the
fields of Delta Sugar Company, Kafr El-
Sheikh Governorate , Egypt.

Preparation of samples

Sugar beet roots were divided into six
groups (100 roots of each group), stored
for 15 days in open air after treated by the
following treatments:

- The first group without treatment
(control)

- The second group was treated by
dipping in calcium hydroxide solution
for 10 minutes at concentration of
1%, 5% and 10%.

- The third group was treated with sulfur
dioxide at 500, 1000 and 2500ppm
(sulfur dioxide was obtained by
burning sulfur in sealed cabinet).

- The fourth group was treated by
dipping in sodium hydroxide solution
of 0.1, 0.5, and 1IN for 10 minutes.

- The fifth group was treated by dipping
in propionic acid solution of 1, 2 and
4% for 10 rainutes.

- The sixth group was treated by dipping
in sodium metabisulfite at 500, 1000
and 2500 ppm as SO, for 10 min-
utes.

During storage periods temperature
ranged from 18°C to 31°C and relative
humidity ranged from 55% to 85.5%.
Analysis was carried out at0, 3,6, 9, 12
and 15 days after harvest.

Methods
Chemical analyses

Moisture, ash, total nitrogen, reducing
sugars, total sugars and total soluble sol-
ids were determined according to the pro-
cedure in A,Q.A.C. (1990).

Sucrose percentage was determined as
described by Le Docte (1977) using sac-
charometer. Alpha amino nitrogen, so-
dium and potassium were determined
according to Brown and Lilliand (1964)
using Auto-Analyzer (type Zig Verema
Automation) by Delta Sugar Company.
The results calculated as milliequiva-
lents/100gm beet.

Technological characteristics

Sugar recovery (SR), sucrose loss in
wastes, juice purity, and quality were
determined according to the procedure of
Delta Sugar Company described by
Sapronova et al (1979). The following
equations were used:

Sugar recovery = (pol - 0.29) -0.343
(K+Na) - o N (0.0939)

Sucrose losses in wastes = (K+Na) 0.343
+ (@ N.0.0939)+0.29
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Sucrose % .100
T.88.%
SR.100
Pol

Juice purity =

Quality =

Where: pol = sucrose %
K = potassium
Na = sodium
a N =g -amino- nitrogen
SR = sugar recovery
T.S.S = total soluble solids

Hardness (Kg/mm®): determined using
taster precision ( model Dillon Advanced,
Force  Gauge, AFG- 500), as recom-
mended by Bourne and Comstock
(1986).

RESULTS AND DISCUSSION

Chemical compesition of fresh sugar
beet roots

Data in Table (1) shows chemical
composition of fresh sugar beet roots.

Table 1. Chemical composition of fresh

sugar beet roots
Compound Percentage
Moisture 79.00
Sucrose 16.50
Reducing sugar 0.73
Ash 0.52
Total nitrogen 0.25
Fiber 1.33
Fat 0.22
Other 0.68

The resuits of moisture, reducing
sugars and ash are in agreement with
those of Ibrahim (1970), Mousa (1990)
and Nezam El-Din (1996). While results
of sucrose are similar with results re-
corded by Abou Shady (1994).

Effect of chemical treatments on tech-
nological characteristics of sugar beet
roots during storage

Hardness (Kg/mm?)

Data in Table (2) show the effect of
chemical treatments and storage periods
of sugar beet roots on the hardness. So-
dium hydroxide (1.0N) was the superior
solution to keep root hardness at the
highest level (16.65Kg/mm?). Consid-
ering calcium hydroxide solution, data in
Table (2) show that also calcium hy-
droxide solution with concentration of
10% was the effective one (13.95
Kg/mm?). However the concentration of
5% solution could be recommended be-
cause it is more safety and economical in
the application, and because the small
difference of texture hardness by the use
of 10% concentration (0.48Kg/mm?). It
was observed undesirable black color
after treating the roots with sodium hy-
droxide solution especially with the con-
centration of 1.0N and 0.5N.

When calcium hydroxide was added
directly to the fresh beet tissue at 40°C or
lower, deesterification of the pectin
predominates over degradation; calcium
crosslinks carboxyl group to form a firm
insoluble calcium pectate (Goodban and
McCready, 1965). Data in table (2) show
that after three days of storage period
hardness values of all treated roots were
increased, then they gradually decreased.
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Table 2. Effect of chemical treatments on the changes of hardness (Kg/mm?)

during storage
Treatment  Con. Hardness(Kg/mm) after storage period of:
Oday 3days 6days 9days 12days 15days
Control 2074 1636 12.82 9.51 9.02 8.44
1% 20.74 221 1645 1247 1241 11.83
Ca(OH), 5% 20.74 2756 215 1567 1448 13.47
10% 2074 248 151 1491 1447 13,95
500ppm 20.74 2065 149 121 11.2 10.06
SO, 1000ppm 20.74 2845 1700 1237 129 12.53
2500ppm 20.74 26.16 157 1361 12.27 12.15
0.IN 2074 2072 1317 1317 12.22 11.34
NaCH 0.5N 2074 322 208 138 13.35 12.15
1.0N 2074 308 259 1800 17.32 16.65
1% 2074 191 142 12.17 11.67 10.92
GHO, 2% 2074 324 2145 1372 1235 1135
4% 2074 303 1995 1909 12.55 12.07
500ppm 20.74 1845 141 1351 11.56 11.28
Na,$,0s 1000ppm 20.74 2846 1645 1236 1195 11.26
2500ppm 20.74 2529 1445 1301 1235 11.62

Percentage of weight loss (%)

The effect of different chemical treat-
ments on the change in percentage of
weight loss has been studied. Table (3)
illustrates the change in percentage of
weight loss after treatment with different
chemical treatments and during storage
periods. At the end of storage periods
(15days), The use of 500 ppm Na,0,Ss as
a dipping solution protect the roots
against weight loss so that it recorded the

least percentage of weight loss (32.47%).
Solution of 0.1N, 0.5N NaOH, 2500 ppm
SO; or 1000 ppm SO, have intermediate
effect on weight loss. The roots which
were treated with 1% Ca(OH), had the
highest percentage of weight loss. The
same table shows that the weight loss
percentage of all samples at the end of
storage period was slight and ranged from
3247% to 40.2%. The loss of weight
during storage may be due to respiration
process and metabolic changes occurred
in beet roots tissues.
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Table 3. Effect of chemical treatments on the percentage of weight loss during

storage
Treatment Con. Percentage of weight loss (%) after storagc period of:
Oday 3days &days 9days 12days 15days
Control Zero 1184 1876 26.5 334 397
1% Zero 125 19.18 2661 33.72 40.2
Ca(OH)2 5% Zero 1199 1918 26.19 3253 3865
10% Zero 1161 1932 2688 3282 38.71
500 ppm Zero 992 1675 2512 3214 38.43
SO, - 1000ppm Zero 838 176 25.59 30.86 36.04
2500ppm  Zero 537 13.15 2132 2842 3512
0.1N Zero 753 1446 2204 2841 34.57
NaOH 0.5N Zero 57 1115 1864 27.52 34.83
1.0N Zero 6.99 128 2167 29.35 36.24
1% Zero 1053 1553 24,18 31.08 3745
C;H:O, 2% Zero 1095 1662 2344 3084 38.86
' 4% Zero 1076 1799 2445 3295  39.06
500ppm Zero 751 1291 186 2548 32.47
Na,S$;0s 1000ppm Zero 1382 2027 2789 3398 39.12
2500ppm  Zero 133 1942 2633 3218 376
Juice purity (%) third day of storage but after that it began

From Table (4) it could be noticed
that juice purity was affected by all
treatments applied on sugar beet roots
with different degree. The highest purity
juice was reached when roots were
dipped in 500ppm Na,S;0s solution.
Roots treated with 1.0N NaOH resulted
Jjuice with the least purity. Although this
treatment recorded the highest value for
hardness, it gave the lowest value of juice
purity. The same table show that the roots
which treated with 500 ppm Na,S,0;
solution was decreased in purity at the

to increase and recorded the highest value
of juice purity at the end of storage pe-
riod. On the other side the roots treated
with 4% propionic acid was gradually
increased in purity value up to the
maximum after 12 days of storage. Gen-
erally juice purity (%) had increased in
samples by the use of most treatmnents
than control samples. This is due to high
loss of moisture in open air and increase
of total soluble solids and consequently
sucrose percentage. This results was
supported by results obtained by Abou-
Shady (1994).
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Table 4. Effect of chemical treatments on the changes of juice purity during storage

Treatment Con. Juice purity( %) after storage period of:
Oday 3days 6days 9days 12days 15days
Control 8418 816 8288 7463 68.29 65.62
1% 84.18 7822 87.03 90.35 84.21 79.15
Ca(OH), 5% 84.18 8295 82.17 86.38 86.04 82.65
10% 84.18 8799 8682 80.60 84.11 82.54
500ppm 84.18 8488 8239 83.15 83.06 85.49
SO, 1000ppm 84.18 89.64 8150 84.53 86.66 78.11
2500ppm 84.18 8459 8282 76.53 79.00 84.61
0.IN 84.18 8186 8561 81.83 83.21 84 .40
NaOH 0.5N 84.18 8409 8590 88.04 86.53 88.65
1.0N 84:.18 8345 8047 79.31 78.78 76.70
1% 84.18 8721 8408 87.91 83.84 81.66
C;HeO; 2% 8418 8341 8101 83.06 86.40 83.73
4% 84.18 8743 8938 89.68 89.79 88.07
500pm 84.18 7979 8152 839 85.09 88.90
Na,S;0s 1000ppm 84.18 8160 8440 86.22 86.73 87.15
2500ppm 84.18 82.5 8487 8252 80.87 85.56

Quality (%) potassium in control sample (data not

Table (5) shows that high values of
quality were achieved by the treatment of
beet roots with Na,S;0s at 500 ppm,
NaOH at 0.1N, SO, at 2500ppm, CsHsO,
at 2% and Ca(OH); at 1%. The recorded
values were 83.65, 82.6, 81.82, 81.61 and
78.42%, respectively. These values show
that the quality of all treated samples
were increased than that the zero time.
Whereas, the quality of the control de-
creased from 78.47 to 68.04% at the end
of storage period. This is due to the high
values of ¢ -amino nitrogen, sodium and

showed). Carter, (1986) reported that
high sucrose concentration and root qual-
ity were generally associated with low
to moderate N and low Na concentration,
high K:Na ratio and low water concen-
tration in the roots. These three at
high levels have an adverse effect on
percentage of sucrose and apparent purity
(Merle ef al 1964).

Sugar recovery (%)

The effect of different chemical
treatments on the percentage of sucrose
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Table 5. Effect of chemical treatments on the changes in quality during storage

ity(Yoyaficr iod of.
Treatment  Con. Oday Qﬁatyys(@ag;f:mg?ﬁ?: : oledays 15days
Control 7847 7778 7688 7378 7001  68.04
1% 7847 7913 80.85 8106 79.86  78.42
Ca(OH), 5% 7847 7947 7987 8076 79.74  78.03
10% 7847 7948 7889 7696 7887  78.00
500ppm  78.47 7978 7976 7945 79.27  80.18
SO, 1000ppm 7847 7881 8000 8080 8202  79.05
2500ppm 78.47 7898 79.00 7951 80.17  81.82
0.IN 7847 7909 8029  80.85 8183  82.60
NaOH  0.5N 7847 7919 8037 8133 8197 8250
1.0N 7847 7822 7729 7730 7731 7597
1% 7847 8037 8076 8179 8164 8151
GHO, 2% 7847 7844 8047 8181 8224 8161
4% 7847 7844 7863 79.18 8032  79.89
S00ppm  78.47 7924 8103 817 8249 8365
N2,S,0s  1000ppm 7847 7929 7992  80.11 80.34  80.44
2500ppm 7847 7752 7797 7832 7838  79.99

recovery from roots sugar at different
storage periods was illustrated in table
(6). Sugar recovery of control sample was
decreased from 61.66% at the start of
storage to 28.12% at the end of storage.
The sugar recovery of all samples treated
with different chemicais was also de-
creased, but less than the control sample.
The decrease of sugar recovery is due to
increase of amino nitrogen, potassium
and sodium content during storage (data
not show). The presence of N, K and Na
disturbed the crystallization process and
therefore more sugar retained in molas-
ses. This finding is in agreement with .
thosc of Rorabaugh and Norman

(1956). The highest sugar recovery of
55.03% was recorded by the use of 500
ppm sodium metabisulfite. Where as, the
lowest value of 39.73% was recorded by
the use of 1% Ca(OH),.

Sucrose loss in wastes (%)

Percentage of sucrose loss in wastes
of sugar beet roots as influenced by
chemical treatments and storage period
was presented in Table (7). The loss of
sucrose in wastes increased during stor-
age of control samples as well as of sam-
ples treated with different chemicals. This
loss was higher in the control than the
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Table 6. Effect of chemical treatments on the changes in sucrose recovery during

storage (dry weight ).
Sucrose recovery (%o)after storage period of:
Treatment  Con.
Oday 3days 6days 9days 12days  15days
Control 61.66 54.83 53.70 4201 32.63 28.12
1% 61.66 57.08° 5390 51.70 44.39 39.73
Ca(OH), 5% 61.66 5643 5278 52.54 46.73 43.53
10% 61.66 5871 5577 50.86 49.34 46.38
500ppm 6166 5643 5456 53.01 50.49 49.37
SO, 1000ppm 61.66 58.37 56.99 56.53 56.89 47.02
2500ppm 6166 56.69 48.96 4820 48.17 48.91
0.IN 61.66 5502 5366 350.03 50.48 50.06
Na OH 0.5 6166 5782 54.04 50.68 50.93 50.04
1.0N 6166 5440 48.77 45.11 43.16 41.81
1% 61.66 5730 5521 53.43 51.16 49.51
C:H:0, 2% 61.66 5684 5736 55.59 53.97 50.02
4% 61.66 5593 4942 4824 47.82 46.02
500ppm 6166 5693 5675 56.44 55.87 55.03
Na,S,0; 1000ppm 61.66 5585 52.66 49.97 48.42 47.03
2500ppm 6166 5199 48.80 4564 44 .24 45.47
Table 7. Effect of chemical treatments on the changes in sucrose loss in wastes
during storage
Sucrose loss in wastes(%o)after storage period of:
Treatment  Con. Oday 3days 6days Odays  12days 15days
Control 355 385 431 459 4.86 5.03
1% 355 367 379 390 3.98 4.05
Ca(OH), 5% 355 374 380 390 4.09 4.44
10% 355 368 38 427 4.48 4.63
500ppm 355 368 383 4.05 421 431
SO, 1000ppm 3.55 3.70 3.78 393 4.08 4.30
2500ppm  3.55 363 369 3.84 3.95 3.99
0.1N 3.55 367 375 383 3.89 4.00
Na OH 0.5N 3.55 363 370 377 3.87 4.03
1.0N 3.55 367 388 396 4.12 4.46
1% 3.55 367 375 384 3.96 4.07
C;HsO, 2% 3.55 368 375 370 3.95 4.14
4% 3.55 375 386 394 4.05 4.34
Na,S;0; 500ppm 355 365 374 386 3.94 4.03
1000ppm 3.55 367 377 385 3.92 4.04
2500ppm 3.55 370 3.83 3.89 3.97 4.15
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other samples. The best treatment, which
gave the lowest sucrose loss value, was
2500 ppm of SO, gas. While the least one
was10% Ca(OH),. These findings are in
agreement with data reported by Abou
Shady (1994). The increase of sucrose
percentage in wastes of all chemical
treatments may due to the increase of ¢ -
amino nitrogen, sodium and potassium
and water loss of beet roots during stor-
age. Enzymatic activity, by which sucrose
transformed into invert sugar which can
inhibit  crystallization of  sucrose
increased sucrose loss in wastes.

Generally, it is recommended to proc-
ess sugar beet roots immediately after
harvest to reduce sugar losses and pre-
serve physical and technological charac-
teristics and to reduce invertase activity
which analyze the sucrose to glucose and
fructose. If manufacturing is difficult
immediately after harvest, the roots
should be treated by dipping in sodium
metabisulfite (500ppm) for 10 minutes.
This can reduce the loss of sugar and pre-
served the physical and technological
characteristics.
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