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Abstract 

The aim of present study was to improve one of the traditional baked foods (rusk) in Egypt through its 

enrichment with some natural plant materials such as  fenugreek seeds, cinnamon bark and broccoli floretswhich 

were worked out to produce germinated fenugreek powder(GFP), cinnamon bark powder(CBP) and broccoli 

florets powder(BFP). These materials were explored  for their  technological feasibility to  produce  high  

nutritional rusk product  made from wheat flour(WF) and  different levels  of wheat bran (WB) enriched with  

different levels of GFP (3,5and7%), CBP(5,10 and15%) and BFP(10,20 and30%). Content in crude fibers, ether 

extract, ash  and  the tested essential minerals were significantly p<0.050  higher in WB than in WF, while 

available carbohydrates were higher in WF. The first major macro-element in GFP, CBP and BFP was K, Ca 

and K, respectively, while the first major micro-element was Fe, Mn and Fe, respectively. WF had significant 

(p<0.050) lower concentration in most of the essential elements tested than the those present in the three tested 

plant materials, with the exception of  Mg in CBP, Cu in both CBP and BFP and Mn in GFP. Results of 

organoleptic tests in three baking trials demonstrated that the best selected level of WB in WF doughs was 20% 

WB.Sensory evaluation of baking trial No.III revealed that, GFP, CBP and BFP could be added successfully to 

the WF+20%WB doughs to produce significant acceptable rusk at levels of 5, 10 and 20%, respectively, which 

were the best compromise between the economy and acceptable organoleptic properties.The four selectedrusk 

treatments of 20%WB alone, 5%GFP,10%CBP and20% BFP treatments contained significant higher values in 

crude protein, ether extract, ash and crude fibers than those in control WF, while total carbohydrates and energy 

were higher in WF treatment.After adding 20% WB to WF, crude proteins, ether extract, crude fibers and ash 

contents became significantly increased in all rusk treatments made from  the WF doughs. The highest contents 

in crude proteins, ether extract, crude fibers and ash were found in rusk treatment of 20% WB + 20% BFP. The 

content of some essential minerals in four baked rusk treatments   made from WF + 20% WB,  20% WB + 5% 

GFB, 20% WB + 10% CBP and 20% WB + 20% BFP  exhibited high  values with all the tested essential 

elements. The first major macro essential element in all these treatments was K. Butthe first major micro- 

element was Fe.Baked rusk treatment made with 20% WB + 20% BFP exhibited the highest concentrations in 

the essential macro-elements K, Mg and Na and the micro-elements Fe and Zn. The highest concentrations of 

the macro element Ca and micro element Mn were found in  treatment 20% WB + 10% CBP ,while the highest 

concentrations of essential micro element Cu was in rusk treatment made with added 20% WB + 5% 

GFP.Results demonstrated that the three tested plant supplements   seemed to be very suitable to enrich any 

functional dietetic food item. 

 

Keywords: Diabetes, Baked products, Enrichment, Rusk, Fenugreek, Cinnamon, Broccoli, wheat flour and 

wheat bran. 

 

Introduction 

 

One essential task for researchers and scientists all 

over the World, involved in the area concerning the 

search for the prevention and dietarytreatment of the 

diabetes mellitus. At present,there is an urgent need 

for interventions that prevent or delay the 

development of diabetes and ameliorate its 

complications. This disease is creating an increasingly 

burden and constitute a global health problem 

(Reddyet al., 1991).Many modern pharmaceuticals 

used unconventional medical plantsand also used 

natural plantmaterialsbecause of theirknown value to 

their unique chemical and physical properties to 

control blood glucose level. 

 Functional foods include the categories of food 

products that are consumed for a specific health 

benefit or as part of a dietary plan to lower risk for 

chronic disease (Schneeman, 2002).A functional food 

must remain food and it must demonstrate its effects 

in amounts that can normally be expected to be 

consumed in the diet. It is not a pill or a capsule, but 

part of the normal food pattern (Diplock et al., 1999). 

Backed rusk is traditional bakery product for 

Egyptians and was reported to be daily consumed as 

part of a balanced Mediterranean diet and potential 

carrier of bioactive compounds and dietary fiber 

(Stamataki, 2014).Therefore, backed rusk could 

serve as functional food where a rusk is defined as a 

hard, dry biscuit or twice-baked bread. It is 

https://en.wikipedia.org/wiki/Biscuit#Biscuits_in_British_usage
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commonly used as a baby teething food. In the 

United Kingdom, the name also refers to a wheat-

based food additive. In Egypt called 

poksumate.Sometimes it is topped with roasted 

sesame seeds, black caraway seeds, or anise, etc and 

eaten as a dunking biscuit, especially with herbal tea 

(Wikipedia, the free encyclopedia, 2013). 

Many plant materials and their derivatives with 

purported hypoglycemic properties have been used in 

folk medicine and traditional healing systems around 

the world (Yaniv et al. 1987 andErastol, 2005). 

Fenugreek is a common herb commonly used as a 

condiment.Applications of fenugreek leaves and 

seeds to prepare extracts or powders were 

documented for medicinal use in Ancient 

Egypt(Betty, 2008) China(Yoshikawa et al., 

1997)andIndia (Mitra and Bhattacharya, 2006).) In 

modern Egypt, fenugreek is still used as a 

supplement in wheat and maize flour for bread-

making(Morcos et al., 1981). Preliminary animal 

and human trials suggest possible hypoglycemic and 

anti-hyperlipidemic properties of oral fenugreek seed 

powder (Basch et al., 2003). Fenugreek has long 

been used in traditional treatments of diabetes (Al-

Habori and Raman, 1998). 

Cinnamon, is the bark of the Cinnamomum cassia, 

and is used also asground powder from.The native of 

true cinnamon was then found to be in Sri Lanka 

(Ceylon), which control the world trade of cinnamon, 

(Pallavi and Rathai, 2015).Cinnamon have long 

been used in the traditional in Ayurvedic and 

Chinese medicine for thousands of years as an 

antidiabetic (Leela, 2008 and Xie et al., 2011).In 

vitro and in vivo studies on cinnamon extracts or its 

components (mainly cinnamaldehyde) revealed that 

these substances exhibit, antidiabetes, cholesterol- 

and lipid-lowering ones (Kim et al., 2006 and Hosni 

et al., 2012). 

Broccoli consumption has been reported to 

have very advantages to human health.The relation 

of broccoli florets consumption with the protection 

against diabetes mellitius for human was 

greatlyreported in literarture (Shahet al., 

2016).Supplementation with10 g daily ofbroccoli 

sprout powder (BSP) totype 2 diabetic patients for 4 

weeks had favorable effects on most typical diabetic 

dyslipidemia and lipid related parameters, as risk 

factors for cardiovascular disease in these patients 

(Bahadoranet al., 2012). 

The general aim of present study was to 

improve one of the traditional baked foods (rusk) in 

Egypt through itsenrichment with some natural 

supplements of plant origin such asfenugreek seeds, 

cinnamon bark and broccoli floretswhich were 

worked out to produce germinated fenugreek 

powder, cinnamon powder and broccoli powder. 

These materials were exploredfor theirchemical 

characteristics as well astheirtechnological feasibility 

toproducehighnutritional rusk productmade from 

wheat flour(WF) anddifferent levelsof wheat bran 

(WB) which were subsequentlyenriched 

withdifferentlevels of these plant materials. The 

different backed rusk treatments, produced in 

different baking trials, were tested chemically and 

organoleptically and for their content in essential 

minerals.  

 

Materials And Methods 

1. Materials: 

a)Wheat flour (WF) of 72% extraction(ext.) and wheat 

bran(WB) wereobtained from El-Mokhtar 

Mill(Cairo governorate, Egypt). 

b)Fenugreek seeds (FS) and Cinnamon bark (CB) were 

obtained from Hraze market store located in Cairo 

governorate of yield of the year 2014 season.  

c)Broccoli florets (BF)were obtained from the 

experimental farm of the Agriculture Research Center 

of yield of the Year 2014 season.  

d)Ingredients used in baking formula for rusk: Corn oil, 

salt, dry yeast and poly dextrosewere obtained from 

local markets in Cairo governorate, Egypt. 

2.Preparation of various plant enrichment 

materials for experimental baked rusk: 

a) Germinated Fenugreek seeds:Fenugreek seeds 

were sorted and cleaned of extraneous matter, 

washed by water then soaked in water at the ratio of 

1:5 (w/v) at room temperature for 24 hours. Soaking 

water was intermittently changed every 6 hours, the 

soaked seeds were removedtied in a muslin cloth for 

germination in the dark at room temperature for 16 

hours till the length of the sprouts was about 0.1 cm. 

The germinated seeds were dried in oven at 50-60°C 

over night, then were ground into fine powder to 

obtain the germinated fenugreek seeds powder (GFP) 

using laboratory blender and then were kept in 

polyethylene bags in the refrigerator at 8oCuntil their 

analysis and/or use. 

b)Broccoli florets (BF):Broccoli florets were 

bleached in a hot water at 80-100°C for 2-3 min then 

flash cooled in cold water, then cut to slides and 

dried in oven at 50-60°C over night. Bleached florets 

were ground into fine powder using laboratory 

blender to produce broccoli florets powder (BFP) and 

then were kept in polyethylene bags in the 

refrigerator at 8°C until analysis and/or use. 

C)Cinnamon bark (CB):Cinnamon bark pieces 

were ground into fine powder to produce cinnamon 

bark powder (CBP) using laboratory blender and 

then were kept in polyethylene bags in the 

refrigerator at 8°C until analysis and/or use as 

enrichment additives to doughs of the baked 

experimental rusk. 

 

3. Technological preparation of doughs 

andbakedexperimental rusk and method of 

procedure:  

 Dough formula for experimental backed 

rusk comprised of: wheat flour 100 g; bran 20 g; corn 

oil 20 g; poly dextrose 5 g; salt 1 g and dry yeast, 1 

g. The method for preparation of experimental 

https://en.wikipedia.org/wiki/Teething
https://en.wikipedia.org/wiki/Food_additive
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backed rusk was followed according to that described 

by (Wade, 1988).In addition to such basic formula 

which served as control baked rusk treatment (or WF 

control treatment), other treatments containing 

different levels of WB wereprepared and baked to 

explore the most suitable additional level of WB to 

be added to the basic WF formula in two separate 

baking trials.The first preliminary baking experiment 

was performed by adding three levels of WB (5,20 

and 40%) to WF doughs. The second preliminary 

baking experiment was performed by adding three 

levels of WB (10,20 and 40%) to WF baking 

dough.The third bakingexperiment was performed to 

evaluate the effect of addingthe selected plant 

materials (GFP, BFP and CBP) on 

theenrichmentofthe bestacceptable WBtreatment 

which wasselected from the second baking trial. The 

three selected enrichmentwere employed in baking 

rusk trials No.III made using three different levels 

from teach of three tested materials as follows: GFP 

(3%, 5% and 7%), CBP 5%,10% and 

15%)andBFP(10%, 20% and 30%).The composition 

of 16 experimental baked rusk from the three groups 

(WF control, WBG and ERG) tested are shown in 

(Table 1). All the experimental baked rusk which 

comprised of 16 treatmentswere thenevaluated 

organoleptically as soon as possible after each of the 

baking experiments by trained panelists then the best 

acceptable rusk treatments were analyzed 

chemically.

 

 

Table 1. Dough baking formulas for the different experimental rusk prepared in the laboratory. 

Group Formula WF 

72% 

ext. 

(g) 

WB 

 

 

(g) 

Corn  

oil 

 

(g) 

Salt 

 

 

(g) 

Dry 

yeast 

 

(g) 

Poly 

dextrose 

 

(g) 

Other additives 

added  to the dough 

1.Basic Formula 

No.1.(basic) 

100 0 20 1 1 5 ------ 

 

 

 

 

2.WBD 

Group. 

Formula No.2 100 5 20 1 1 5 ------ 

Formula No. 3 100 20 20 1 1 5 ------ 

Formula No.4 100 40 20 1 1 5 ------ 

Formula No.5 100 10 20 1 1 5 ----- 

Formula No.6. 100 20 20 1 1 5 ----- 

Formula No.7. 100 30 20 1 1 5 ----- 

 

 

 

3.ERD 

  

Group. 

Formulas No.  

8, 9  and 10 

100 20 20 1 1 5 Three different and 

separate levels of 

GFP (3, 5 and 7%). 

Formulas 

No.11,12 and 

13. 

100 20 20 1 1 5 Three different and 

separate levels of 

CBP (5, 10 and 

15%). 

Formulas 

No.14, 15 and  

16. 

100 20 20 1 1 5 Three different and 

separate levels of 

BFP (10, 20 and 

30%). 

 

 

4. Methods of analysis: 

1) Proximate chemical analysis : Moisture, crude 

protein, ash, crude fiber sandether extract were 

performed as described in AOAC 

(2005).Available carbohydrates were calculated 

by difference. 

2) Determination of total calories: Total calories 

were calculated using the compositional data by 

the equation mentioned byFAO and WHO 

(1974) and also by the following equation:  

E = 4 (Carbohydrate % + protein %) + 9 

ether extract % data 

Where: E = Energy as calories per 100 g of the 

sample. 

3) Organoleptic evaluation for 

backedrusktreatments:Sensory evaluation tests 

were performed according to Galvez and 

Resurrecion (1990) with some modifications 

wheretwenty trained panelists were asked to examine 

and score the different selected parameters of 

organoleptic properties for all experimental baked 

rusk groups. Scores for these parameters were as 

follows: color (20) divided on outer color and inter 

color, Taste (20), odor (20), texture (20) divided on 

hardness and crispiness, volume (10), general 

appearance (10) and Overall Acceptability100%. 

4) Determination of essential minerals: Analyses 

were performed on ashed ground samples from either 

the tested additives or experimental baked rusk 

treatments. All determinations of these minerals were 

performed in triplicate and results were statistically 

analyzed.  
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a)Method of digestion for mineral analysis: 
Digestion of mineral analysis by spectrophotometric 

and flame photometric methods was performed 

according to AOAC (2005) with some 

modifications.About 5g of sample was ashed in a 

muffle furnace at 550°C to constant weight then, 5 

ml of nitric perchloric acid (6 N HCl) was added to 

crucibles, poured into 100 ml volumetric flask and 

completed to the mark with distilled water, filtered 

and stored in deep freezer (-20°C) until analysis 

(Jackson, 1958). 

 b)Atomic absorption spectrophotometic 

determination: The minerals calcium (Ca), 

magnesium (Mg), iron (Fe), zinc (Zn), (Cu) and 

manganese (Mn) were determined by atomic 

absorption spectrophotometer (Perkin Elmer Analyst 

300 spectrophotometer) available at Food 

Technology Research Institute, Agriculture Research 

Center, Giza, Egypt as described by AOAC (2005). 

c) Flame photometric determination: Sodium (Na) 

and potassium (K) were determined by flame 

photometry method using a flame photometer 

(Digimed, DM62)according to the method of Silvaet 

al. (2009). Calibration standards containing 10, 20, 

40, 60 and 100 ppm K, Ca, and Na were then 

prepared and results were quoted as mg K, Ca, and 

Na per 100 mg or g or100 g dry matter (mg%). 

5) Statistical analysis: All data collected from 

results of the sensory evaluation of baked products 

were subjected to statistical using analysis of 

variance (non equal ends) followed by multiple 

comparisons using least significant difference (LSD) 

analysis, according to (Steel et al. (1997). However, 

LSD was calculated at 0.05 level as significance 

using SPSS (ver. 22).  

 

Results and Discussion 

 

Proximate chemical composition of starting 

materials for making rusk: 

As presented in (Table 2),WF of72% ext.and WB 

were found to contain 12.41 and 12.15%crude 

protein, 1.31 and 3.31 erher extract, 0.76 and 

4.32%ash, 0.51 and 42.01% crude fibers, 85.01 and 

38.21%totalcarbohydrates and 12.13 and 

9.95%moisture, respectively.Content in crude fibers, 

ether extract and ash were significantly 

higher(p<0.05) in WB than in WF, while the 

available carbohydrates were significantly higher in 

WF. Crude protein was of comparable content 

inboth. The high significant crude fibers content in 

WB could be of a considerable advantage from the 

nutritional point of view. These results are in 

agreement with those reportedfor 72%WF (Hassan 

and Ali,2014). 

GFP and BFP contained significantly (p<0.05) higher 

values in crude protein, ether extract, ash and crude 

fibers than those present in WF.GFP was shown to 

berich in crude proteins, available carbohydrates and 

crude fibers and ether extract (43.43, 38.40, 9.35and 

3.98% respectively), while CBP was shown that it is 

rich also in available carbohydrates and crude fibers 

(67.46 and 22.81%, respectively). In addition, BFP 

was found rich in total carbohydrates, crude proteins, 

crude fibers and ash (51.01, 22.97, 13.29 and 

10.02%, respectively).The obtainedresults as are in 

agreement with those reportedforGFP(Hooda and 

Jood (2002) and CBP (Dhillon and Amarjeet 

(2013);and BFP(Mansour et al. (2015) and Abdel-

Magiedet al. (2016). The increase inprotein 

contentattained after germination could be attributed 

to thesynthesis of enzymatic protein (e.g. proteases) 

in GS (Nzeribe and Nwasike, 1995). 

Therefore the chemical composition of the 

three plant supplements seemed to be very suitable to 

enrich any food item and thus, it was intended to be 

used as enrichment material for the preparation of 

experimental baked rusk treatments 

 

Table 2. Chemical composition of starting raw materials used to prepare the experimental rusk (mean±SE) 

(g/100 g on dry basis). 

Raw materials Moisture 
Crude 

proteins* 

Ether 

extract 

Crude 

fibers 
Ash 

Available 

carbohyd-

rates 

Wheat flour of 72% 

extraction (WF) 

12.13 

±0.01a 

12.41 

±0.05c 

1.31 

±0.01e 

0.51 

±0.03e 

0.76 

±0.02e 

85.01 

±0.08a 

Wheat bran (WB) 

9.95 

±0.03c 

12.15 

±0.01d 

3.31 

±0.04b 

42.01 

±0.03a 

4.32 

±0.02c 

38.21 

±0.06d 

Germinated fenugreek 

powder (GFP) 

5.55 

±0.01d 

43.43 

±0.02a 

3.98 

±0.02a 

9.35 

±0.02d 

4.84 

±0.03b 

38.40 

±0.08d 

Cinnamon bark powder 

(CBP) 

12.22 

±0.03a 

4.12 

±0.01e 

2.21 

±0.02d 

22.81 

±0.05b 

3.40 

±0.02d 

67.46 

±0.04b 

Broccoli florets powder 

(BFP) 

10.98 

±0.08b 

22.97 

±0.03b 

2.71 

±0.03c 

13.29 

±0.02c 

10.02 

±0.03a 

51.01 

±0.1c 

*Calculated using a factor of 5.7N   

a, b & c:Superscripts to be compared statistically within the same column. Values with different letter superscripts are 

significantly different (P<0.05). 
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Content in some essential minerals present in the 

starting materials intended to prepare 

experimental rusk treatments: 
WBexhibited higher significant (p<0.050) values in 

all the tested essential elements than the 

corresponding minerals present in WF (Table 3).The 

first major essential element in both72% ext. WF and 

WB was K (117.30 and 1388 mg/100 g on dry 

weight basis), while the first major micro-element 

was Fe (1.23 and10 mg/100 g on dry weight basis). 

The first major macro-element in GFP, CBP 

andBFPwas K, Ca and K, respectively, while the first 

major micro-element was Fe, Mn and Fe, 

respectively. 

From resultsfor mineral concentrations (Table 3), it 

was noted that WF had significant (p<0.050) lower 

concentration in most of the essential elements tested 

than the those present in the three testedplant 

materials, with the exception of the elements Mg in 

CBP,Cu in both CBP and BFP and Mn in GFP. 

Among the four materials, BFP was characterized by 

the highest concentrations inK, Na and Fe, while 

CBP was characterized by the highest content in Ca 

and Mn. The GFP was characterized by the highest 

content in Cu and Zn, while WB was characterized 

by the highest concentrations in Mg. 

Comparable literature data on essential mineral 

concentrations and the identity of the first major 

macro or micro elementwere foundfor WF andWB 

(Bilgicli et al., 2006 andEl-Sharnouby et al., 

2012)for GFP (Abou Shleel; 2014);CBP (Dhillon 

and Amarjeet; 2013 and for BFP (Mansour et al.; 

2015and Abdel-Magiedet al.; 2016). Therefore, 

enrichment of WF with the four supplementary 

materials would produce high nutritional functional 

rusk rich in essential minerals.

 

 

Table 3. Content of some essential minerals of starting raw materials used to prepare the different experimental 

rusk treatments (mg/100 g weight on dry basis). 

Minerals 

Concentration in essential minerals (mg/100 g) 

Starting 

wheat flour 

(72%ext) 

Added supplements 

Wheat Bran 
Germinated 

Fenugreek 

Cinnamon 

powder 

Broccoli 

powder 

Macro- 

elements 

K 117.30 1388.00 318.00 701.00 3312.00 

Ca 20.00 543 70.70 1097.8 210.70 

Mg 113.40 334 179.00 85.20 217.30 

Na 4.10 6.35 7.71 65.70 167.05 

Micro- 

elements 

Fe 1.23 10.00 11.5 5.67 12.55 

Cu 0.82 0.91 1.87 0.33 0.25 

Mn 0.71 7.39 0.59 10.40 2.10 

Zn 1.08 5.10 5.50 1.79 3.96 

 

 

Baking trials for selection the appropriate level of 

wheat bran for enrichment of experimental baked 

rusk: 

 In the first preliminarybaking trailNo I, four 

baked experimental rusk treatments made in the 

laboratory from 72% ext. WF dough with different 

levels WB (0, 5,20 and 40%).Anothersecond baking 

trail,wasplannedformore three baked rusk 

treatmentsmadefrom 72% ext. WF dough with 

another different levels of WB (10, 20 and 30%). 

Sensory evaluation in baking trials No. I and II 

for selection of the appropriate level of WB 

inbaked rusk: 

Baked experimental rusk treatments from the two 

trialssubjected to panel testes for their sensory 

attributes (Table 4 and 5)to select the best level of 

wheat branto be accepted for supplementing WF 

basic dough. In baking trial No. I(Table5), 

althoughoverall acceptability scoresillustrated 

thatrusk treatment baked without WB had the highest 

significant scores (P<0.05) thanall the other rusk 

treatments, however , a significant differences 

(P<0.05) in these scoreswere found between the 

treatment with 20% WB and that with 5% WB, while 

that the 40% wheat bran was given the lowestscores. 

The 20% WB rusk treatment attained significant 

comparable attributes to the 0% WB in scores for 

taste and odor, and also higher significant scores for 

texture, taste, odor and over all acceptability than the 

other two WB treatments. Therefore, treatments with 

either 5 or 40% WB werefound notsuitable to 

produce any further preparation for the desired 

dietetic rusk, whilethe 20% WB rusktreatmentwas 

considered asa compromise between acceptability 

scores and economics of process as well nutritional 

value of the intendeddietetic food. From these 

results, it was decided to plan another baking trial 

with other WB levels (10, 20 and 30%) beside the 

20% WB treatment.  

In baking trial No. II(Table 4),among the three 

baked rusk treatmentsmadefrom 72% ext. WF dough 

withWBat 10, 20 and 30% levels,the experimental 

baked rusk treatmentwithadded 20% WBwas 

foundmore accepted to panelists as it exhibitedhigher 

significant(P<0.05)scores in mostof the tested 

attributes, compared to thosetreatmentsbaked with 10 
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and 30% WB. Therefore, the WF with20% 

WBtreatmentwill befurther considered as the control 

treatment for the next trial (baking trial No III).  

 

Table  4. Organoleptic evaluation parameters for the two rusk baking trials (I and II) for choice of the best 

supplementation level of WB to the 72% extraction WF doughs in the baked rusk treatments. 

Level 

of 

WB 

in 

WF 

doug

h 

Scores for sensory evaluation* 

Color scores 

(20) 

Texture scores (20) Taste 

(20) 

Odor 

(20) 

Mout

h feel 

(10) 

Appearanc

e 

(10) 

 

Overall 

acceptabilit

y 

(100) 

Outer 

layer 

color 

(10) 

Inner 

layer 

color 

(10) 

Hardnes

s 

(10) 

 

Crispines

s 

(10) 

 

Baking trial No. I 

0% 
9.50 

a±0.11 

9.00 
a±0.18 

9.65 
a±0.11 

9.55± 
a0.11 

17.45± 
a0.17 

16.50

± 
b0.21 

9.60± 
a0.11 

9.60± 
a0.11 

94.85± 
a0.17 

5% 
7.76 

b±0.14 

7.43 
b±0.11 

7.48 
b±0.13 

7.90 
bc±0.12 

14.52 
c±0.24 

15.29 
b±0.23 

7.67 
a±0.11 

7.29 
b±0.10 

77.38 
b±1.01 

20% 

8.19 
a±0.13

b 

8.10 
a±0.12

b 

8.00 
ab±0.20 

8.43 
ab±0.13 

16.43 
a±0.26

b 

16.90 
a±0.23 

7.71 
a±0.10 

8.38 
ab±0.11 

86.19 
a±0.76 

40% 
4.81 

c±0.15 

4.95 
c±0.08 

7.24 
b±0.15 

7.00 
c±0.17 

15.71 
b±0.25 

17.48 
a±0.22 

7.48 
a±0.13 

6.19 
c±0.11 

66.43 
c±0.86 

Baking trial No .II 

10% 7.38 
b±0.13 

7.24 
b±0.17 

7.29 
b±0.10 

7.52 
b±0.15 

13.48 
b±0.33 

13.38 
b±0.32 

7.57 
a±0.15 

7.19 
b±0.09 

76.43 
b±1.10 

20% 8.29 
a±0.12 

8.19 
a±0.11 

8.10 
a±0.12 

8.52 
a±0.13 

15.67 
a±0.31 

15.43 
a±0.31 

7.81 
a±0.13 

8.57 
a±0.11 

86.90 
a±0.64 

30% 6.29 
c±0.14 

5.86 
c±0.16 

8.57 
a±0.28 

6.71 
c±0.17 

14.95 
a±0.35 

14.81 
a±0.30 

7.48 
a±0.15 

6.19 
c±0.11 

65.48 
c±0.84 

*Mean values of panelists scores± SE. 
a, b & c: Superscripts to be compared statistically within the same column for same material. Values with different letter 

superscripts are significantly different (P<0.05) 

 

Baking trial No. III for selection the appropriate 

level from each of the tested plant materialsto 

enrichWFwith 20%WB dough for makingbaked 

rusk: 

In thelight of the sensory evaluation results 

obtained,the experimental baked rusk treatmentwith 

20% level WB, which attained the highest significant 

organoleptic scores, was used as the basis(or as a 

control treatment) for further baking trial ( No.III) to 

choose the besttypeand level ofthe three plant 

supplements (GFP, CBP and BFP) to be used in 

preparing thedesireddietetic functional product 

(Table 5). 

 

Sensory evaluation of baking trial No.III for 

selecting the appropriate level of the tested plant 

materials toenrich baked rusk made from WF 

with 20%WB dough: 

As presented inTable (5)the highest scores forthe 

majority of tested attributesand the overall 

acceptabilityscores significantly (P<0.05) were given 

to the baked rusk treatment whichcontained the level 

of 5% GFP, as it was more accepted to 

panelistscompared to the other experimental baked 

ruskof 3 and 7% GFP. However, there were no 

significant differences (P<0.05) between the two 

other experimental baked rusk treatments enriched 

with 3 and 5% GFP levels. On the other hand, baked 

rusk with 7% GFP attained the lowest scores for 

overall acceptability(Table 5). 

The CBPtreatmentenriched rusk with level 10% 

exhibitedsignificantly (P<0.05) the highest overall 

acceptability scores, whilethat with 15% CBPshowed 

the lowest scores. However,there were significant 

differences (P<0.05) among the threeof experimental 

baked rusk treatmentscontained the levels of 5, 10 

and 15% CBP. 

The experimental baked rusk 

treatmentenrichedwith10% levelofCBPwas more 

accepted to panelists where itshowed 

highersignificantly(P<0.05) initsscores inall of 

thetested attributesand overall scores compared to the 

other twotreatmentsof 5 and 15% CBP. However, no 

significant differences (P<0.05) in mouth feel scores 

existedbetweenthe threebaked rusk treatments 

enriched with5, 10 and 15% CBP (Table 5). 

The experimental baked rusk group with level of 

20% BFP was more accepted to 

panelistswhereitshowed higher scores inallof tested 

attributesand overallsignificant(P<0.05) scores 

compared to the other experimental baked rusk 

groups with levels of 10 and 30% BFP. However, no 
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significant differences (P<0.05) in mouth feel scores 

existedbetweenthe threebaked rusk treatments 

enriched with 10, 20 and 30% BFP. 

It should bementioned that most scores for sensory 

evaluationtests were observed to decrease with 

increasing the enrichmentlevels of GFP,CBP and 

BFP to the WF+20% WB rusk treatments. However, 

GFP,CBPand BFPcould be added successfullyto 

WF+20%WB doughs to produce acceptable rusk to 

atthelevel of addition of 5, 10 and 20%, respectively, 

which were the best compromise between the 

economy and acceptable 

organolepticproperties(Table 6). The selected level 

of CBPin our resultscoincide with that found by 

Dhillon and Amarjeet (2013) for bread enriched 

with cinnamon bark. 

 

Table 6. Organoleptic evaluation parameters for the baking trial No. III for the selection of the best enrichment 

to WF+ 20%WB dough with different levels of the three plant materials (GFP, CBP and BFP) 

(mean±SE).  

Materia

ls 

Enric

h-

ment 

levels  

% 

 

Scores for organoleptic parameters* 

Color (20) Texture (20) 
Tast

e 

 (20) 

 

Odor 

 (20) 

 

Mout

h feel 

 (10) 

Appea

r-ance 

(10) 

Overall 

acceptabili

ty 

(100) 

Inner 

color 

(10) 

Oute

r 

color 

(10) 

Hardne

ss  

(10) 

Crispine

ss 

(10) 

GFP 

3 
8.33 

a±0.13 

7.95 

±0.1
a1 

7.19 
a±0.09 

8.71 
a± 0.12 

13.67 

±0.4
a0 

13.76 

±0.2
c6 

7.71 

±0.10
a 

8.38 
a±0.11 

88.33 
a±0.53 

5 
8.43 

a±0.13 

8.19 

±0.1
a1 

7.19 
a±0.09 

8.57 
a±0.11 

13.43 

±0.3
a8 

15.19 

±0.2
b6 

7.76 

±0.10
a 

8.43 
a±0.11 

89.57 
a±0.56 

7 
6.57 

b±0.11 

6.57 

±0.1
b3 

7.33 
a±0.17 

6.71 
b±0.17 

7.67 

±0.3
b3 

16.48 

±0.2
a5 

7.33 

±0.11
b 

6.67 
b±0.13 

54.52 
b±1.29 

CBP 

5 
7.76 

b±0.14 

7.43 

±0.1
b1 

7.48 
b±0.13 

7.90 
b±0.12 

14.52 

±0.2
c4 

15.29 

±0.2
b3 

7.67 

±0.11
a 

7.29 
b±0.10 

77.38 
b±1.01 

10 
8.19 

a±0.13 

8.10 

±0.1
a2 

8.00 
a±0.20 

8.43 
a±0.13 

16.43 

±0.2
a6 

16.90 

±0.2
a3 

7.71 

±0.10
a 

8.38 
a±0.11 

86.19 
a±0.76 

15 
4.81 

c±0.15 

4.95 

±0.0
c8 

7.24 
b±0.15 

7.00 
c±0.17 

15.71 

±0.2
b5 

17.48 

±0.2
a2 

7.48 

±0.13
a 

6.19 
c±0.11 

66.43 
c±0.86 

BFP 

10 
7.38 

b±0.13 

7.24 

±0.1
b7 

7.29 
b±0.10 

7.52 
b±0.15 

13.48 

±0.3
b3 

13.38 

±0.3
b2 

7.57 

±0.15
a 

7.19 
b±0.09 

76.43 
b±1.10 

20 
8.29±0.1

a2 

8.19 

±0.1
a1 

8.10 
a±0.12 

8.52 
a±0.13 

15.67 

±0.3
a1 

15.43 

±0.3
a1 

7.81 

±0.13
a 

8.57 
a±0.11 

86.90 
a±0.64 

30 
6.29 

c±0.14 

5.86 

±0.1
c6 

8.57 
a±0.28 

6.71 
c±0.17 

14.95 

±0.3
a5 

14.81 

±0.3
a0 

7.48 

±0.15
a 

6.19 
c±0.11 

65.48 
c±0.84 

a, b & c: Superscripts to be compared statistically within the same column for same material. Values with different letter 

superscripts are significantly different (P<0.05) 

 

Proximate chemical composition and energy 

content of baked rusk treatments produced from 

the three baking trials made from WF only and 

WF +20%WB doughs enriched with the selected 

level from the tested plant materials: 

Baked rusk treatments producedfromenriched WF 

(72% extraction) doughsinthe baking trials No. I, II 

and III whichincludedfive treatments: rusk made WF 

only (without WB) or control,rusk made with 20% 

WB, that made with20% WB + 5 GFB, rusk made 

with 20% WB + 10% CBPand rusk made with 20% 

WB + 20% BFP were analyzed chemically (Table 

7). 

Moisture in all experimental rusk treatments ranged 

between 10.25 and 11.21%,Control WF rusk 

treatment and that made with added 20% WB were 

found to contain 7.15and 14.84%crude protein, 16.8 

and 20.61% ether extract, 1.35 and 8.91% crude 

fibers,1.15and 1.62 %ash, 73.55 and 54.03% 

available carbohydrates and 10.25 and 

10.7%moisture, respectively. Content in crude 

protein, ether extract crude fibers and ash were 

significantly higher in rusk made with 20% WB than 
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in the control WF, while available carbohydrates and 

energy content was higher in WF control. However, 

all the supplemented baked rusk treatments were not 

significantly different than each other in their ether 

extract content. The high ether extract content in the 

experimental rusk than in their starting raw materials 

(Table2) is attributed to the high content of lipids in 

the rusk doughs during their preparation(Table1). 

The four selected enriched rusk treatments (20% 

WB, 5% GFP, 10% CBP and 20% BFP treatments) 

contained significantly higher values in crude 

protein, ether extract, ash and crude fibers than 

those in control WF,while totalcarbohydrates and 

energy were higher in WF treatment. However, 

after adding 20% WBto WF,crude proteins,ether 

extract, crude fibers and ash contents became 

significantly higherin all rusktreatments 

madefromthe WF doughs.The same 

observationthatthese chemical constituentscontent 

became higher than that in theWF treatment was 

notedalsointhe three enriched rusktreatments made 

with added 20% WB + 5 GFB treatment, in that of 

20% WB +10% CBP and in that of 20% WB + 

20% BFP.  

WF rusk (made without WB treatment) showed 

significantly (P<0.05) the highest content of energy 

content (474 Kcal/100 g) compared to all of the other 

four experimental treatments. The rusk treatment 

made with added 20% WB + 20% BFP attained the 

significantly lowest content of energy content of 

(445.00 Kcal/100 kg) could be due to its low values 

in available carbohydrates 

The found result for the increase in chemical 

components by adding WB is in agreement with 

thatby Sidhu et al. (1999) about the effect of adding 

wheat bran and germ fractions on the chemical 

composition of high-fiber toast bread. The 

foundresult about the increase in chemical 

components by adding GFP in rusk treatments is in 

the same line with thatby Hooda and Jooda (2005) 

in wheat biscuits supplemented with untreated and 

treated fenugreek flour.The foundresult about the 

increase in chemical components by adding CBP in 

rusk treatmentscoincidewith that found by Dhillon 

and Amarjeet (2013)for quality evaluation of bread 

incorporated with different levels cinnamon powder. 

Among the selected enriched rusk treatments, the 

highest contents in crude proteins, ether extract, crude 

fibers and ash were found in rusk of 20% WB + 20% 

BFP treatment, probably because of its high level 

ofBFP20%.Although both treatments were not 

significantly different to each other in their protein 

content, rusk treatment made with added 20% WB + 

5% GFP treatment was the second to the 20% WB + 

20% BFP treatment in crude proteins content 

(16.49%). 

 

Table 7. The proximate chemical composition and energy content of the selected experimental baked rusk 

treatments made of WF only, WF +20% WB; and WF+ 20% WB enriched with the selected levels 

from GFB, CBP and BFP (mean±SE) (g/100 g on dry weight basis) 

Experimental rusk 

groups or treatments  

Moisture 

(%) 

Crude 

proteins* 

(%) 

Ether 

extract 

(%) 

Crude 

fibers 

(%) 

Ash 

(%) 

Available 

carbohyd-

rates (%) 

Energy 

(kcal/ 

100 g) 

Control rusk made 

without WB 

10.25 

±0.04d 

7.15 

±0.21d 

16.80 

±0.82b 

1.35 

±0.15c 

1.15 

±0.03d 

73.55 

±1.21a 

474.00 

±1.35a 

Control rusk made with 

added 20%WB 

10.70 

±0.07c 

14.84 

±0.39c 

20.61 

±0.23a 

8.91 

±0.25b 

1.62 

±0.00c 

54.02 

±0.17b 

460.93 

±1.52b 

Rusk made with added 

20% WB + 5 GFB 

10.30 

±0.02d 

16.49 

±0.18b 

20.80 

±0.20a 

9.35 

±0.02b 

1.84 

±0.02b 

51.52 

±0.38c 

459.26 

±0.99b 

Rusk made with added 

20% WB + 10% CBP 

11.21 

±0.03a 

15.11 

±0.15c 

20.62 

±0.15a 

11.15 

±0.10a 

1.92 

±0.02b 

51.30 

±0.07c 

450.82 

±0.61c 

Rusk made with added 

20% WB + 20% BFP 

11.00 

±0.09b 

19.38 

±0.14a 

21.12 

±0.42a 

11.55 

±0.38a 

3.60 

±0.07a 

44.35 

±0.72d 

445.00 

±0.35d 

* Calculated using a factor of 5.7 N for wheat flour product and 6.25 for added enrichment materials. 

a, b & c: Superscripts to be compared statistically within the same column. Values with different letter superscripts are 

significantly different. (P<0.05). 

 

Content in some essential minerals composition of 

baked rusk treatments produced from the four 

baking trials made from WF with 20%WBdoughs 

and its enriched with the selectedlevelsfrom GFB, 

CBP and BFP: 

Thecontent of some essential minerals in four baked 

rusk treatmentsmade fromWF+20% WB,20% 

WB+5% GFB,20% WB+10% CBP and 20% 

WB+20% BFPexhibited high values in all the tested 

essential elements (Table 7).The first major macro 

essential element in all these treatments was K 

(401,416.94, 470.65, 1063.1 and10 mg/100g on dry 

weight basis),respectively. The first major micro- 

element was Fe(3.85,4.22,4.4and 6.32 mg/100g on 

dry weight basis), respectively.  
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Baked rusk treatment made with 20% WB + 20% 

BFP exhibited the highest concentrations of 

essentialmacro elements K, Mg and Na (1063.1, 

231.48 67.38 mg/100 g on dry weight basis, 

respectively)and the micro-elements Fe and Zn 

(6.32and 3.14 mg/100g on dry weight basis, 

respectively). The highest concentrations of the 

macro element Ca and micro element Mn were found 

intreatment20% WB + 10% CBP (245.86 and 3.27 

mg/100g on dry weight basis, respectively).In 

addition, the highest concentrations of essential 

micro element Cu (1.19 mg/100g)was in baked rusk 

treatment made with added 20% WB + 5% GFP. 

 

Table 7. Content of some essential minerals of experimental baked rusk treatments produced from 

72%extraction WF with 20% WB enriched with the selected levels from GFB, CBP and BFP. * 

Minerals 

Experimental 

baked rusk 

made of WF+ 

20%WB (mg/100 

g) 

Experimental 

WF+ 20 WB rusk 

enriched with 5% 

GFP (mg/100 g) 

Experimental WF+ 

20 WB rusk 

enriched 

with10%CBP 

(mg/100 g) 

 

Experimental WF+ 

20 WB rusk 

enriched 

with20%BFP 

(mg/100 g) 

Macro- 

elements 

K 401.00 416.94 470.65 1063.1 

Ca 136.60 139.16 245.86 178.35 

Mg 188.20 197.13 196.64 231.48 

Na 34.00 34.38 40.33 67.38 

Micro- 

elements 

Fe 3.85 4.223 4.40 6.32 

Cu 1.10 1.191 1.13 1.15 

Mn 2.25 2.276 3.27 2.65 

Zn 2.35 2.26 2.51 3.14 

* Values are the mean of triplicate samples and reported on dry basis(mg/100 g). 

 

The choiceforthe bestrusktreatmentswhich 

possess the desiredcharacteristicsfora goodacceptable 

dietetic functional productswill depend on the 

furtherresultsfortheir sensory attributes as well 

asthose for their proximate chemical composition 

andtheircontent in essential minerals and their 

nutritional evaluation parameters. 
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 استخدام بعض المواد النباتية لتدعيم أحد المخبوزات كمنتج وظيفى صالح لمرضى السكر
 

 مصطفى الغرابلى** -حمدى المنسى**  -مهدى حسون* 
 أميرة عبدالسالم*** -محمود حسن**    

 جامعة بنها. –مستشفى جامعة بنها  –* قسم التغذية الطبية 
 جامعة بنها. –كلية الزراعة  –الصناعات الغذائية ** قسم 
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اتية كان الهدف من الدراسة الحالية هو تحسين واحدة من األطعمة المخبوزة التقليدية )البقسماط( في مصر من خالل تدعيمه ببعض المواد النب
فة ومسحوق الطبيعية مثل بذور الحلبة، لحاء القرفة والقرص الزهرى للقرنبيط التي تم معاملتها إلنتاج مسحوق الحلبة المستنبتة  ومسحوق لحاء القر 

قمح )نسبة القرص الزهرى للقرنبيط. تم اختبار هذه المواد لمعرفة الجدوى التكنولوجية إلنتاج منتج غذائي عالي الجودة مصنوع من دقيق ال
( والمدعم باضافة نسب  مختلفة من نخالة القمح المخصب بمستويات وبعد اختيارالنسبةالمناسبة لنخالة القمح  تم تدعيم البقسماط %27استخالص 

( ٪5،و  5،،5(  ومسحوق لحاء القرفة   )%2، 5، 3بثالثة مستويات لكل مادة مضافة حيث كانت مسحوق الحلبة المستنبتة بنسب اضافة )
(. وكان المحتوى في األلياف الخام ومستخلص األثير والرماد والمعادن األساسية التي تم ٪35و  5،75،ومسحوق القرص الزهرى للقرنبيط )

اختبارها بشكل ملحوظ أعلى في نخالة القمح مما كانت عليه فى دقيق القمح ، في حين كان مجموع الكربوهيدرات أعلى في دقيق القمح. وكان 
  لعناصر المعدنية الكبرى تركيزا في مسحوق الحلبة المستنبتة ومسحوق القرص الزهرى للقرنبيط هو البوتاسيوم  وفى مسحوق لحاء القرفة كانأعلى ا

ى ما فالكالسيوم  في حين كان أعلى العناصر المعدنية الصغرى تركيزا في مسحوق الحلبة المستنبتة ومسحوق القرص الزهرى للقرنبيط هوالحديد بين
في   مسحوق لحاء القرفة كان  المنجنيز . ولوحظ  فى دقيق القمح  وجود انخفاض معنوى فى معظم  تركيزات العناصر المعدنية مقارنة بتركيزاتها

سحوق منجنيز  في مسحوق الحلبة المستنبتة والنحاس في كل من ومسحوق لحاء القرفة ومء الالمواد النباتية الثالث التي تم اختبارها، باستثنا
ك الموجودة في القرص الزهرى للقرنبيط. وكانت النسبة الزيادة  المئوية في تركيزات المعادن المختلفةا الموجودة في المواد النباتية الثالث تفوق  تل

توي بشكل كبيرعلى دقيق القمح . وبتحليل  كل من  مسحوق الحلبة المستنبتة  ومسحوق لحاء القرفة ومسحوق القرص الزهرى للقرنبيط  وجد أنهاتح
ثراء أي قيم أعلى في البروتين الخام، واالمستخلص  األثيرى والرماد واأللياف الخام من تلك الموجودة في دقيق القمح  ويبدو أنها مناسبة جدا إل

ضافة   نخالة القمح منتج  غذائي وظيفي. وأظهرت نتائج االختبارات الحسية في ثالث تجارب تحكيم حسى  للبقسماط  أن أفضل مستوى مختارال
أظهر التقييم الحسي التالى أن  مسحوق الحلبة المستنبتة  ومسحوق لحاء القرفة ومسحوق القرص الزهرى للقرنبيط   ٪75في عجين الدقيق  كان 

 ٪5،و  ٪5افة نخالة إلنتاج بقسماط  مقبول كبيرحسيا  عند مستويات اض %75يمكن أن تضاف بنجاح إلى عجينة دقيق القمح والمدعم باضافة
على التوالي، والتي كانت تمثل  أفضل حل وسط بين التكلفة االقتصادية والخصائص الحسية المقبولة. وبتحليل المعامالت  األربعة  ٪75و 

 ٪5،و  مسحوق الحلبة المستنبتة ٪5نخالة والمدعمةب   ٪75نخالة فقط، وتلك الثالثة  المحتوية على  ٪75المختارة )البقسماط المحتوى على 
ومسحوق القرص الزهرى للقرنبيط  على التوالى ( تبين أارتفاع المحتوى  في كل من  البروتين الخام والمستخلص  ٪75ومسحوق لحاء القرفة و 

تدعيم(، في  األثيرى والرماد واأللياف الخام بصورة معنوية  من تلك التي توجد فى البقسماط الكنترول )المنتج باستخدام دقيق القمح وبدون أى نسب
حين أن الكربوهيدرات الكلية والطاقة كانت أعلى في البقسماط الكنترول.  لوحظ وجود زيادة معنوية فى نسب كل من  البروتينات الخام، 

توية نخالة إلى عجينة الدقيق فى جميع المعامالت .وقد أظهرت العينة المح ٪75المستخلص األثيرى، األلياف الخام والرماد أنه بعد إضافة 
من مسحوق القرص الزهرى للقرنبيط  على أعلى المحتويات من كل من  البروتينات الخام، المستخلص  %75نخالة والمدعمةب   ٪75على

نية األثيرى، األلياف الخام .وقد أظهرت المعامالت األربعة للبقسماط ارتفاع ملحوظ  فى   تركيزات   المعادن حيث  كان أعلى العناصر المعد
نخالة  ٪75تركيزا هو البوتاسيوم . حين كان أعلى العناصر المعدنية الصغرى تركيزا هو الحديد . وقد أظهرت المعاملة المحتوية على الكبرى

من مسحوق القرص الزهرى للقرنبيط  على أعلى تركيزات للعناصر المعدنية الكبرى) البوتاسيوم والماغنسيوم والصوديوم(  %75والمدعمةب  
ركيزات للعناصر المعدنيةالصغرى)  الحديد والزنك(. وكان أعلى تركيزات من عنصرى  الكالسيوم  والمنجنيز  فى المعاملة المحتوية وكذلك أعلى ت

 ٪75من مسحوق لحاء القرفة ، في حين أن أعلى تركيزات من عنصر النحاس كان في المعاملة المحتوية على ٪5،نخالة والمدعمةب   ٪75على
 مسحوق الحلبة المستنبتة %5 ب نخالة والمدعمة

 


