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ABSTRACT

The effect of partial replacement of wheat flour (72% extraction) by different levels (3%, 6%, 9%, and
12%) of sugar beet pulp (SBP) on rheological properties of the dough and quality characteristics of the flat bread
produced were investigated. The results showed that SBP contained 7.61% moisture, 6.04% ash, 10.50 Crude
protein, 17.55% Crude fiber, 0.53% fat, and 57.77% total carbohydrates. The rheological properties (Farinograph
and Extensograph) of the dough were tested. The addition of SBP to wheat flour increased water absorption, mixing
time, development time, dough weakening, and decreased dough stability. The addition of SBP also caused an
increase in dough resistance to extensibility, proportional number, and a decrease in dough extensibility. On the
other hand, the results indicated that values A.W.R.C. decreased as storage periods were increased, but the addition
of SBP led to increase in the bread's freshness and reduce the decreasing rate during storage periods. Also, the blend
of SBP with wheat flour in the bread decreased the acceptance of its sensory properties by the human members. it
can be concluded that it is possible to produce acceptable flat bread fortified with up to 6% of SBP. Finally, the
addition of SBP to wheat flour improved rheological properties of dough and improved flat bread quality.
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INTRODUCTION

Sugar crops are crops grown for obtaining sugar.
There are two main sugar crops: sugar cane (Saccharum
officinale L.) and sugar beet (Beta vulgaris L.) which are the
main sources of sucrose for human consumption (FAO,
2009). Sugar beet ranks second after sugar cane as a source of
sugar. In Egypt, the importance of sugar beet comes not
because of its high sugar production, but because of the
limited water needs, as it is used as fodder and organic matter
in the soil (Abdelaal, 2015). Sugar beet is grown in the
temperate regions of the Northern Hemisphere in the North
and Middle of Egypt (FAO, 2009). Also, Sugar beet is grown
in arid and semi-arid regions (Wahab and Salih, 2012). Sugar
beet wastes are by-products, which are parts of sugar beets
that do not go through the process of extracting sugar and that
are not usable or used as livestock feed (Hutnan et al., 2000).
Sugar beet pulp (SBP) is the residue after extracting the sugar
and it contains hemicellulose, cellulose, proteins, pectin,
sucrose, lignin, and fat (Broughton et al., 1995). SBP is a
valuable and important source of dietary fiber. Also, it is used
to produce a concentrated dietary fiber for the food industry
(Basman and Koksel, 1999 and Persson, 1986). Dietary fibers
have protective physiological effects on humans due to their
ability to bind cholesterol and bile and inhibit their resorption.
Dietary fibers prevent constipation, protect against cancer,
heart disease, and prolong the feeling of satiety. (Higham and
Read, 1992; Gallaher and Hassel, 1995 and Kritchevsky,
2001). The dietary fiber of sugar beet is characterized by its
low of phytic acid and its high ability to bind and water
retention, which is of importance for the bread industry (Graf,
1986 and Stauffer, 1993). Dietary fibers can be widely used
in bakery products, pastries, snacks, and meat products. The
application of dietary fibers from SBP changes the main
characteristics of the quality of bakery products, and bakery
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products have their freshness for a long time (Christensen,
1989 and Stauffer, 1993).

The aim of this work is to study the effect of partial
replacement of wheat flour (72% extraction) by different
levels (3%, 6%, 9%, and 12%) of SBP on the rheological
properties and quality of flat bread.

MATERIALS AND METHODS

Preparation of Samples

Sugar beet pulp (Beta vulgaris L.) were collected from
Nile Sugar Company, Abu EI-Mattamir, El Beheira
Governorate, Egypt. SBP was dried for 48 hrs. at 50 oC,
ground by a laboratory mill was used to give flour. They were
stored at room temperature (25 + 5 oC) until use.

Chemical Composition:

The chemical composition of SBP was determined
according to (Zhao et al., 2005) by Near-Infra Red (NIR)
Spectroscopy apparatus.

Rheological Properties of Wheat Flour Supplemented
with Sugar Beet Pulp
Farinograph Test: -

Farinograph test was carried out to determine water
absorption (%), mixing time (min.), development time (min.),
stability (min.), and dough weakening (B.U) according to the
methods described in the AACC (2002).

Extensograph Test: -

Extensograph test was carried out to determine
resistance to extension (BU), extensibility (mm), proportional
number, and energy (cm2) according to the method described
in AACC (2002).

Dough Preparation and Bread Making: -

Different formulas of flat bread were prepared to
study the effect of SBP addition on the characteristics of
produced bread Table (1).
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Table 1. Flat bread formulas containing SBP.

Addition level WF72% SBP % Yeast Salt
Control 100 0 1 1
3% 97 3 1 1
6% 94 6 1 1
9% 91 9 1 1
12% 88 12 1 1

W F 72: Wheat Flour (72% extraction), SBP: Sugar Beet Pulp

Flat bread was prepared at the Epics group for food
industries Co., October city, Giza, Egypt on an experimental
scale according to Abd El — Rahim et al., (1999).
The formula used was as follows:

Flour 1000 gm
Active dry yeast 10.0gm

Salt 10.0gm
Water (variable) 650 — 700 ml

The dough was made by using the straight dough
method by mixing all the ingredients in a mixer for 8
minutes. The temperature of the dough after mixing was 27
°C. The dough was left to rest at 35 °C for 15 minutes before
divided into pieces (100 gm for each). The dough pieces
were shaped by flatting to 20 cm diameter circular. The
shape dough was left 45 minutes for final proof. Baking was
done at 450 — 500 °C for 1.0 min.

Determination of Staling Rate: -

The staling rate of bread at different storage period 0,
24, 36 and 72 hours at room temperature, was tested by the
determination of Alkaline Water Retention Capacity
(AW.R.C), according to the method of Kitterman and
Rubenthaler (1971).

Sensory Evaluation: -

The prepared flat bread was sensory evaluated for its
taste, odor, crust color, crumb color, stickiness and layer
separation. The evaluation was carried out, according to the
method of Faridi and Rubenthaler (1984). Sensory
characteristics were carried out by ten panelists from the staff
of the Food Technology Research Institute, Agric. Res. Center.
Statistical Analyses: -

All data of sensory evaluation were carried out and
statistically analyzed using one—way analyses of variance,
ANOVA according to (Steel and Torri, 1980).

RESULTS AND DISCUSSION

Chemical Composition of SBP: -

The results presented in Table (2) noticed that
approximate chemical composition of SBP contained, 7.61%
moisture, 6.04% ash,10.50 Crude protein,17.55% Crude
fiber, 0.53% fat, and 57.77% total carbohydrates. These
results showed that SBP is rich in total carbohydrates and an

important source of crude fiber, which can be widely used to
produce a concentrated dietary fibers for the food industry and
flat bread industry. These results agree with Pinkowska et al.,
(2019). Also, Essa and Mostafa (2018) reported that the
chemical composition of SBP powder contained ash,
moisture, fat, protein, fiber and carbohydrates which were
4.80, 6.30, 0.66, 9.86, 21.98 and 62.70%, respectively.

Table 2. Chemical composition of SBP.

Chemical Composition SBP
Moisture (%) 7.61
Ash (%) 6.04
Crude Protein (%) 10.50
Crude Fiber (%) 17.55
Fat (%) 0.53
*Total Carbohydrate (%) 57.77

*Total carbohydrates were calculated by difference

Rheological Properties of Wheat Flour Supplemented
with SBP
Farinograph Properties: -

The effect of partial replacement wheat flour by
different levels of sugar beet pulp at 3, 6, 9, and 12% on
farinograph properties is presented in Table (3). The results
indicated an increase in water absorption compared with
control by increasing the levels of SBP. Water absorption
started with 58% and reached to 72% after the addition of
12% of SBP. This means that the rate of water absorption
increased with increasing SBP levels. The increased water
absorption, according to the addition of the SBP may be due
to its appetite for water absorption. The same Table showed
that the addition of SBP to the dough increased the mixing
time and development time, which started with 0.5 and 1
min at control to 4 and 5 min, respectively at 12% SBP.
These increases may be because the fibers take a longer time
to absorb the water, in other words, the fibers need more
time to absorb water. Increasing SBP levels in dough led to
a decrease in the dough stability time, because the fibers
work to cut the gluten network, and the increase of SBP
increases water absorption and thus leads to weak stability
of the dough. According to the dough weakening resulted
given in Table (3), the addition of SBP at different levels
resulted in an increase in the dough weakening. The highest
increase was observed at 12% level for SBP which reached
130 B.U., while it was 80 B.U. for the control. The
increment in the dough weakening may be due to the small
amount of gluten in the blends. These results agreed with
Shoeb (2007) and Rosell et al. (2010).

Table 3. Farinograph parameters of wheat flour dough supplemented by different levels of SBP.

SBP %  Water absorption (%)  Mixing Time (min) Development time (min)  Stability (min)  Dough weakening (B.U)
Control 58.0 0.5 10 7.0 80
3% 60.5 1.0 2.0 6.0 90
6 % 65.0 25 35 5.0 105
9% 68.0 3.0 45 4.0 115
12% 72.0 4.0 5.0 3.0 130

Extensograph Properties: -

Data in Table (4) showed the effect of partial
replacement wheat flour by different levels of SBP at levels
of 3,6, 9, and 12% on the extensograph properties. The results
indicated that the addition of SBP increased the dough
resistance to extensibility compared with control. Values of
resistance to extension were, 840 and 980 B.U. when adding
SBP at levels of 3 and 12%, respectively compared to 720
B.U. for control. On the other hand, the addition of SBP
decreased dough extensibility from 210 mm at control to 110,

90, and 80 mm for 6, 9, and 12% SBP, respectively. These
results mean that the sugar beet pulp has an oxidizing effect
on the dough bonds and gives an effect on the formation of
the gluten network. Concerning proportional number, the
results indicated an increase in proportional number with
increasing the levels of SBP which can be related to the
increase of resistance to extension and the decrease in
extensibility. On the contrary, the dough energy decreased
with increasing the levels of SBP (Table 4). These results are
in line with (Soronja-Simovi¢ et al., 2016).
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Table 4. Extensograph parameters of wheat flour dough
supplemented by different levels of SBP.

SBP Resistanceto  Extensibility Proportional Energy
% extension(R)BU) (E)(mm) number REE  (cm?)
Control 720 210 3.43 177.05
3% 840 140 6.0 125

6 % 910 110 8.27 105
9% 940 90 104 90
12% 980 80 12.3 75

Staling Rate Evaluation:

Alkaline water retention capacity (A.W.R.C.) isagood
test for evaluating the staling rate during storage. Higher values
of AW.R.C mean more freshness of produced bread. Data in
Table (5) showed that the effect of the addition of SBP on the
freshness of flat bread, which was stored at room temperature
for 24, 36, and 72 h. The results indicated that AW.R.C.
decreased as storage periods were increased. After 24 hrs. the

freshness of bread decreased (as decreasing rate%) by 9.7, 6.5,
5.6 and 3.4 % for 3, 6, 9 and 12% SBP, respectively, compared
to 14.6% for control. The same trend was observed with 36
and 72 hours of storage. The flat bread sample containing 12%
SBP had the highest values of AW.R.C. which were
decreased during 24, 36, and 72 hrs of storage to 287, 277, and
265%, respectively. That flat bread also had the lowest values
of decreasing rate during storage periods being 3.4, 6.7 and
10.8 at 24, 36 and 72 hours of storage, respectively, followed
by that flat bread containing 9, 6, 3% SBP and finally control
sample. The results showed that with increased storage time,
the freshness decreases, but the addition of sugar beet pulp
(SBP) to the bread increases the bread's freshness and this may
be due to the absorption of water by the SBP, which maintains
the rate of freshness. These results are consistent with (EI-Adly
and El-Gendy, 2009)

Table 5. Alkaline water retention capacity of produced flat bread during storage (%b).

Treatments/ Times Zerotime 24hr. Decreasingrate% 36 hr.  Decreasing rate% 72 hr.  Decreasing rate%
Control 280 239 14.6 221 211 213 239
3 %SBP 277 250 9.7 237 144 228 17.7
6 % SBP 276 258 6.5 245 11.2 238 13.8
99% SBP 286 270 5.6 262 8.4 249 129
12 % SBP 297 287 34 277 6.7 265 10.8

Sensory Evaluation: -

Table (6) showed the effect of the added SBP on all
sensory properties in flat bread. The results revealed that there
are non-significant differences in all bread sensory properties
between the control and (3%, 6% of SBP), but there are
significant differences between the control and (9%, 12% of
SBP). The highest total score observed in the control sample,
while the lowest was at 12% SBP. The results indicated that
the increasing levels of SBP led to a decrease in scores of
sensory properties (taste, odor, crust, color, crumb color,

Table 6. Sensory evaluation of flat bread containing SBP.

stickiness) and an increase in layer separation compared to the
control (Figure 1). Values of total scores of sensory were 93.5,
88.5, 79.5, and 69 % for bread produce with 3, 6, 9, and 12%
SBP, respectively compared to 94% for the control. These may
be due to the action of SBP fiber on the dough network which
acts as a break downing the bonds in gluten. From these results
in Table (6), it can be concluded that it is possible to produce
acceptable flat bread fortified with up to 6% of sugar beet pulp.
These findings were consistent with Sudha, et al., (2007).

Taste Odor Crust color  Crumb color  Stickiness Layer separation  Total Scores

Scores 20 20 15 15 15 15 100
Control 19 195 145 14 14 13 94

3% SBP 19 19 135 14 135 145 935
6% SBP 17 18 135 135 125 14 88.5
9% SBP 14 16 12 12 12 135 79.5
12% SBP 12 13 9 10 115 135 69

L.S.D 5% 2.09 1.67 1.38 . 0.24 5.63

Fig. 1. Flat bread prepared from wheat flour (control) and with 3, 6, 9 and 12% sugar beet pulp
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CONCLUSION

It can be concluded that SBP is a good source of
carbohydrates and fibers. The addition of SBP to wheat flour
led to the increase of water absorption, mixing time,
development time, dough weakening, and the decreases of
dough stability. In addition to, increasing in dough resistance
to extensibility, proportional number, and decreasing in
dough extensibility. The incorporation of wheat flour with
SBP increases the bread's freshness and reduces the
decreasing rate during storage periods. Finally, the use of low-
cost dietary fiber sources should be encouraged.

REFERENCES

AA.C.C (2002). Approved Methods of the American
Association of Cereal Chemists. St, Paul, Mn, U.S.A.

Abdelaal, K. A. (2015). Pivotal role of bio and mineral
fertilizer combinations on morphological, anatomical
and yield characters of sugar beet plant (Beta vulgaris
L.). Middle East J. Agric. Res, 4(4), 717-734.

Abd El — Rahim, E.A, Asad E.A. and Afaf A.A. (1999).
Healthy and high quality balady bread production. The
second International Conference and Exhibition for
modern Technology higher productivity pf Food and
Environmental Safety 1 to 3 June, 1999 Al-Mahrosa
Hotel- Alexandria 402 — 413.

Basman, A., and Koksel, H. (1999). Dietary fibers content of
Turkish flat bread "yufka" supplemented with barley
flour and wheat bran. In Proceedings of Euro Food
Chem., Vol. X, Budapest, Hungary, pp. 227-282.

Broughton, N., Dalton, C., Jones, G., Williams, E. (1995).
Adding value to sugar beet pulp. International Sugar
Journal, 97, 57-60.

Christensen, E.H. (1989) Characteristics of sugar beet fiber
allow many food uses. Cereal Foods World, 34 (7):
541-542, 544,

El-Adly, N.A. and EI-Gendy, A. A. (2009). Utilization of
sugar-beet fibers in pan bread production. J. Agric. Sci.
Mansoura Univ., 34 (7): 7749 - 7758.

Essa, R. Y. and Mostafa, S. M. 1. (2018). Utilization of Sugar
Beet Pulp in Meatballs Preparation. J. Food and Dairy
Sci., Mansoura Univ., Vol. 9 (3): 117- 119.

FAO (2009). Sugar beet white sugar. FAO Investment Centre
Division, Rome, Italy, [Online], Available:
http:/Awww.fao.org/fileadmin/user_upload/tci/do
cs/AH1(eng)Sugar%20beet%20white%20sugar. pdf

Faridi, H. and Rubenthaler, G.L. (1984). Experimental baking
techniques for evaluating pacific North West wheat in
North African breads. Cereal. Chem., 60: 74 — 79.

Gallaher, D. D., and Hassel, C. A. (1995). The role of viscosity in
the cholesterol lowering effect of dietary fiber. In Dietary
Fiber in Health and Disease (D. Kritchevsky, and C.
Bonfield, Eds.), pp. 106-114. Eagan Press, St. Paul, MN

Graf, E. (1986). Chemistry and applications of phytic acid: an
overview. In E. Graf (Ed.). Phytic acid: Chemistry and
application (pp. 1-21). Minneapolis: Pilatus Press.

Higham S.E. and Read, N.W. (1992). The effects of ingestion of
guar gum on ileostomy effluent. Br J Nutr 67:115-122

Hutnan, M., Drtil, M. and Mrafkova, L. (2000). Anaerobic
biodegradation of sugar beet pulp. Biodegradation,
11(4), 203-211.

Kitterman, J.S and Rubenthaler, G.L. (1971). “Assessing the
quality of early generation wheat selection with the
micro ARWRC, cereal Sci. to Day 16, 8, 313-318.

Kritchevsky, D. (2001). Dietary fibre in health and disease.
In Advanced Dietary Fibre Technology, eds BV
McLeary & L Prosky, pp 149-161. Oxford, UK:
Blackwell Science.

Persson, K. (1986). Dietary fibers from sugar-beet-Fiberex.
Ernahrungs Untschau. 33, 98-99.

Pinkowska, H., Krzywonos, M., Wolak, P., and Zlocinska, A.
(2019). Pectin and Neutral Monosaccharides
Production during the Simultaneous Hydrothermal
Extraction of Waste Biomass from Refining of
Sugar—Optimization with the Use of Doehlert
Design. Molecules, 24(3), 472.

Rosell, C. M., Santos, E. and Collar, C. (2010). Physical
characterization of fiber-enriched bread dough by dual
mixing and temperature constraint using the
MixolabReg. European Food Research and
Technology. 2010.231: 4, 535-544.

Shoeb, O. A. (2007). Biochemical and technological studies
on some cereal used in baking. Ph. D. Thesis.
Department of Agriculture. Biochemistry, Faculty of
Agric., Minufiya Univ.

Soronja-Simovi¢, D. M., Smole-Mozina, S., Raspor, P.,
Maravié, N. R., Zahorec, J. J., Luskar, L. and Seres, Z.
. (2016). Carbo flour and sugar beet fiber as functional
additives in bread. APTEFF, 47, 83-93.

Stauffer, C. E. (1993). Dietary fibers: analysis, physiology and
calorie reduction. In B.S. Kamel & C.E. Stauffer
(Eds.), Advances in baking technology (pp. 371-397).
London: Blackie Academic & Professional.

Steel, R.G. and Torrie, J.H. (1980). Analysis of covariance.
Principles and procedures of statistics: A Biometrical
Approach, pp.401-437.

Sudha, M. L, Askakan, B, and Leelavathi, K. (2007). Apple
pomace as a source of dietary fiber and poly phenols
and it effects on the rheological characteristics and
cake making. J. of food chem., 104:686-692.

Wahab, A.A. and Salih, A.A. (2012). Water requirements of
sugar beet Beta vulgaris under heavy cracking clay
soils. J Agric Sci Technol B. 2: 865-74.

Zhao, C., Liu, L., Wang, J., Huang, W., Song, X., and Li, C.
(2005). Predicting grain protein content of winter wheat
using remote sensing data based on nitrogen status and
water stress. International Journal of Applied Earth
Observation and Geoinformation, 7(1), 1-9.

rhacuall A0 Baga (el Sudl ady Gl aladi

Yo dana Ciugy an S 9 dasa dle Wéﬂc‘waﬂ\éjm\# ¢ el ) daal
o ALl A 3Y) daals Ao 3N AuS Aue )30 4 gl sliasSl) and’
Lraa =B 3l -Aae) )30 Ggaal 38 e — Ay sSad) Jualaal) & gay g

T gl aladl) o Sl jalcl e (70 Y 678 T (V) Gansiy Adlii <l gianay (7YY i) el (383 5 el Jlail) i3 )l Cand) 138 ¢ ja) &3
70,0% Q@A il 71 Y,00 Gl (g Vv, 00 a7, 0 € dshy 7V, e ssiad Sl e of il & jedil il dasall 3l 53 sa a5 Cpmall idala)
Y% 72 p=ad\aid CASS‘ é;ﬂh@)\&a@w;ﬂ\ Q\LH;J\}}MY\}AJ\);}%JN\ d)\@é&u\y%&}ﬁ)ﬂ Ualiadl) sl f;‘ A Q\ﬁb}.\)ﬂ\ 7ov,\vyY LN
cpmall Comm g cCpmall skt g 35 el (a5 el il i 3y ) (0 el 30 ) Sl s Al o il ) e (g0 Lo Jomnial il o el
O k) & il s pal Al e Al (aldssl e anl) o8 5 pmal) A3 5 p0 By ) iy sl g (0 gie Juaniall i) s jelal cliad cpmald) il (g 5 i
oA <l 8 o ) S (ge Canadi 5 i) Al Gl (ge a3 50 Sl s Rl (0 6y A il 5850y ) e bl (i) slally L) e 5 8l i) o8
A e 7V AL (5 sise die s prhase 5 2 Y gie Jeaniall il Juadl il s dpnl) diailiad 58 (e paid Sl i (e Adlie Cly sy 3l Bl o LS
sl 5l 835 (e y i 1l Gt (e ) el (0 ) Sl s Al Al Sl a

116


http://www.fao.org/fileadmin/user_upload/tci/do

