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ABSTRACT 
 

The study was carried out to investigate the beneficial use of indigestible sugars: Mannitol and 
stevia dry leaves powder (individually and in combination) as low caloric food supplement in 
preparation of Pan Bread and Chocolate Nut Spread. Moreover, study investigated the biological effect 
of (Mannitol-M) and (stevia dry leaves powder-ST) each individually and in combination in 
experimental rats (male albino). The results showed that, stevia plants are a good source of 
carbohydrates (58.2%), crude fiber (10.30%), ash (9.4%), total flavonoids (826.7 mg/100g) and 
minerals (calcium 1220 mg /100 g and phosphorus 330 mg/100g). Partial replacement of sucrose by 
Mannitol at 75% provides wheat flour (70%) with better rheological properties according to 
extensograph test results. Water absorption (%) increased in all supplemented samples with mannitol 
and stevia leaves powder than that of the control. Mannitol (M) and stevia leaves powder (ST) had no 
effect on yeast fermentation. The physical evaluation of Pan bread illustrated that water uptake (ml) 
increased during preparation of dough supplemented with Stevia leaves powder compared to control. It 
was found that Pan bread sample supplemented with combination of Mannitol and stevia (M75%-
ST25%) had the highest value (as % relative to control) regards: height (cm), area (cm²), volume (cm³) 
and index to volume (110.9%, 113.5%, 138.3% and 105.4%, respectively). Among all the prepared 
bread samples, degree of bread softness increased upon replacement with M100% (192.6 mm/sec) as 
compared to the control sample (177 mm/sec) after storage period of 7 days at 25ºC. Product color as 
measured by Hunter colorimeter, indicated that Pan bread showed to have higher values for lightness 
(L) in supplemented samples with Mannitol, while redness (a) values decreased in all the supplemented 
bread samples except for bread sample supplemented with ST (100 %). Sensory evaluation results of 
Pan bread indicated that the supplemented sample with Mannitol (100%) had higher significant 
(p<0.05) scores (Mean± SD) for all the evaluated characteristics (appearance, taste, flavor, external 
color, interior color, cell uniformity and general acceptability) than that of the control. In addition, after 
4 weeks of storage at 25ºC , chocolate nut spread results showed the highest value for line spread test 
(cm.) upon partial replacement with Mannitol (M75-S25, M100%) which was found to be (2.00 and 
2.033, respectively) compared with the other supplemented samples. Chocolate nut spread sample with 
(M75-ST25) had close value for general acceptability compared to control. chocolate samples showed 
to have the highest content of ash and fiber upon addition of (M 100% and ST 100%; respectively).The 
biological experiment showed that final weight (g) and body weight gain (%) decreased in rats groups 
fed on Mannitol and stevia (individually and in combination) compared to group fed on basal diet. 
Blood glucose levels of groups fed on (ST100 and M25-ST75) were found to be lower than that of the 
control. There was an increase in bioavailability of serum phosphorus in groups fed on stevia leaves 
powder individually and in combination compared the other groups. While, there were increases in 
calcium and iron values of groups fed on (ST100 and M25-ST75) compared to rats fed on basal diet. 
Under the present investigation, Mannitol and stevia dry leaves powders not only improved quality of 
Pan bread and chocolate nut spread, but also controlled weight and blood glucose levels as well as 
increased minerals bioavailability (phosphorus, calcium and iron). Therefore, food industries should be 
encouraged to use indigestible sugars (Mannitol and stevia dry leaves powder) in food products 
preparation. 
  
Keywords: Mannitol, Stevia leaves powder, Pan bread, chocolate nut spread, quality 

evaluation, biological evaluation, indigestible sugars.  
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Introduction 
Sugar alcohols (polyols) are some kind of carbohydrates with slow and incomplete absorption 

that have been frequently used to produce reduced-calorie. A polyol is an organic compound containing 
multiple hydroxyl groups. Sugar alcohols have the general formula HOCH2 (CHOH) nCH2OH. 
Indigestible sugars (iS) have received particular interest in food and nutrition research due to their 
prebiotic properties and other health benefits in humans (Sabater-Molina et al., 2009 and Tremaroli and  
Bäckhed,  2012). As reported by Deis (1994) the European Commission (EC) proposed a caloric value 
of (2.4 kcal/ g) for the types of sugar alcohols. Sugar alcohol can be classified according to its chemical 
structures into three departments as follow: 1) monosaccharide alcohols (sorbitol, mannitol, and 
xylitol), 2) disaccharide alcohols (maltitol, lactitol, and isomalt) and 3) oligosaccharide alcohols 
(Maltidex (Bornet, 1994 and Godswill, 2017). 

Consumption of iS leads to an improve in nutrient digestibility, improving lipid metabolism, 
mainly by lowering cholesterol and triglycerides levels in the blood. Due to their indigestibility, iS 
passing through the upper gastrointestinal tract and become readily available for microbes in the hindgut 
where they are degraded through various metabolic pathways to short-chain fatty acids (SCFAs) and 
gases (Tremaroli and Bäckhed, 2012). Knowledge regarding digestive and health-enhancing properties 
of indigestible sugars (iS) such as sugar alcohols, oligosacharides, and polysaccharides have been 
studied in animals especially in rabbits (Minamida et al., 2005 and Sangwan et al., 2015).  

Stevia is a plant native to South America, and particularly Paraguay. Its leaves are between 15 
and 30 times sweeter than sugar. The sweetness comes from two compounds in the plant called 
steviosides and rebaudiosides, and they are up to 300 times as sweet as sugar. Green Leaf Stevia Powder 
including 4 essential amino acids, potassium (21mg), Calcium (18 mg), Sodium (15mg) , Iron (6mg), 
Manganese (3mg), Magnesium (3mg), Zinc (1mg), Copper (0.73mg) along with antioxidants, terpenes 
and flavonoids and micronutrients, has been shown to benefit blood sugar levels, cancer, cholesterol, 
high blood pressure and weight loss (Gasmalla et al., 2014). Due to bitter after taste stevia, investigators 
(Giri et al., 2014) reported that it cannot replace 100% sugar in kulfi (an Indian traditional frozen dairy 
product). Complete replacement of sugar with stevia may develop some undesirable physicochemical 
properties in kulfi. The WHO's Joint Experts Committee on Food Additives has approved, based on 
long-term studies, an acceptable daily intake of steviol glycoside of up to (4 mg/ kg) of body weight 
(WHO, 2008). The European Food Safety Authority established an acceptable daily intake of 
(4 mg/kg/day) of steviol, in the form of steviol glycosides (Kobylewski and Eckhert, 2015). 

Nowadays consumers show growing preference for low calorie products in order to avoid obesity 
and overweight, which have been linked to health threatening diseases, such as metabolic syndrome, 
cardiovascular diseases and diabetes. Obesity and overweight have increased globally. Therefore, in 
recent years, food industries have expressed a growing interest in sucrose substitutes as a response to 
the public interest in low-calorie products (Mariotti and Alamprese, 2012).  

The present study was carried out to modify formula composition of sucrose in selected food 
products in a way not only to reduce product caloric content but also to provide favorable products 
characteristics. Therefore the objectives of the study were to investigate the beneficial use of 
indigestible sugars Mannitol (iS) and stevia as dry leaves powder (individually and in combination ) as 
low caloric food supplement in different types of food products (Chocolate Nut Spread and Bread) and 
determine their biological effect in experimental rats (male albino). 

 
Materials and Method  
 
Materials 
 

Mannitol and Cellulose were obtained from Morgan chemical company, Cairo, Egypt. While 
dried stevia leaves (stevia Rebaudiana Bertoni) were obtained from the institute of sugar Crops, 
Agriculture Research Center, Giza, Egypt. Wheat flour(72%) , peanut , sugar , corn oil ,dry  yeast ,salt 
,vanilla ,gelatin, butter and  cacao were obtained from local market . Casin was obtained from Al 
Gomhouria Company, Cairo, Egypt. Minerals and vitamins mixtures were obtained from Veterinary 
Pharmacy. Chemicals: were obtained from chemical company, Cairo, Egypt. The animals used in this 
study were male albino rats (n=25) which obtained from the laboratory animal colony, Ministry Health 
and Population, Helwan, Cairo, Egypt. 
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Methods: 

Chemical analysis of stevia leaves: 
Moisture content, fat, ash, protein, carbohydrates, flavonoids, crude fiber and minerals 

(Calcium (ca), Iron (Fe) Phosphorus (P) were determined according to A.O.A.C. (2005). Also total 
carbohydrates estimated according to Dubois et al. (1956).  
      
Preparation of Chocolate Nut Spread 
       Chocolate Nut Spread was prepared (control and supplemented with Mannitol and stevia leaves 
as table (each individually and in combination), as a total and a partial replacement for sucrose in 
the stander formula (Table 1) according to the method reported by Thomson (2014) with some 
modification in ingredients: Peanut was added instead of hazelnuts and Corn oil instead of groundnut 
oil. Rheological properties of each of the supplemented Chocolate Nut: 
 
Line spread test 
      The line spread test was measured according to Mc- Williams (1993). Line spread test measured 
(cm) weakly during storage period for 4 weeks at (25 °C). 
 
Preparation of Pan Bread 

 Pan Bread samples were prepared with Mannitol and stevia leaves (each individually and in 
combination), as a total and as a partial replacement for sucrose in the stander formula (Table 2) 
according to the methods of Penfield and Campbell (1990) with modification in fermentation by delete 
dry yeast fermentation. 
 
Rheological evaluation of supplemented and un-supplemented wheat flour dough: 

The rheological characteristics of wheat flour dough (supplemented and un-supplemented) with 
different types of sugars Mannitol and stevia dry leaves powder (individually and in combination) 
were investigated by farinograph and extensograph tests which were carried out as described in the 
AACC method no. 54-21 (AACC,1995). These tests were done at food technology Department Lab., 
National Research Center in Dokki, Cairo, Egypt. 

Final products quality evaluations (physically and sensory): 
 
Products physically evaluation:  

Final products physical evaluation of each of un-supplemented and supplemented samples 
was determined according to the followings: 
- Color was determined according to method of Hunter (1975). 
- Percentage change in bread weight (gm), height (cm), area (cm²) using planimeter and volume 
(cm³) by rapeseeds displacement after baking (%), index to volume, and degree of softness (mm/sec.) 
using penetrometer apparatus were determined according to Penfiled and Campbell (1990). 
Percentage change in weight after baking was determined for Pan bread according to the following  
equation: 
 

% Change in weight = 
Weight before baking(g) - Weight after baking (g) 

Weight after baking (g) 
 
Pan bread’s degree of softness upon storage:  

Product degree of softness (mm/sec) before and after storage period (for 7 days at 25°C) was 
measured by using penetrometer apparatus, Model H-1240 with serial number of 99101240 specs: Ast 
M, Humboldt MFG,Co., U.S.A. according to Penfiled and Campbell (1990).  
 
Sensory evaluation:  

Sensory evaluation was carried out by 10 panelists ( staff members in Nutrition and Food 
Science Department, Faculty of Home Economics, Helwan University and National Research Center 
in Dokki, Cairo, Egypt), using score test of 5-points as presented in appendix “I” (1 = lowest quality 
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to 5 = highest quality) according to Klein, (1984) and Penfield and Campbell (1990). ). Sensory 
characteristics evaluations of Chocolate Nut Spread were included: Odor, taste, intensity of 
sweetness, flavor, color, Degree of softness and general acceptability.  Sensory characteristics 
evaluation of Pan bread included: Appearance, taste, flavor, color (interior/exterior), cell uniformity 
and general acceptability. 
 
Chemical composition of the prepated products: 
  
       The prepared product sample which achieved better characteristics in comparison to control 
sample was subjected to chemical analysis to determination proximal composition: [Moisture 
content and Ash were determined according to method of fennema et al., (1996). While, protein, fat 
and cured fiber, were determined according to method of A.O.A.C (2005), total carbohydrates were 
calculated by difference. 
 
Biological investigations study on rats: 
 

The biological experiment was carried out to investigate the effect of Mannitol and stevia 
leaves powder on rats and minerals bioavaliability. The study included on 25 (albino rats) adult male 
rats, weight (115± 10g). Diet composition was prepared according to Reeves et al. (1993) as stated in 
Table (3).The experimental was designed as follow:  
- Group (1) fed on basal diet (control negative group). 
- Group (2) fed on basal diet with Mannitol (100%). 
- Group (3 fed on basal diet with stevia leaves powder (100%)   . 
- Group (4) fed on basal diet with combination of (Mannitol and stevia leaves powder (75% 
Mannitol +25%stevia).  
- Group (5) fed on basal diet with combination of (Mannitol and stevia leaves powder (75% 
Stevia+25% Mannitol). 
 
Feed efficiency ratio and body weight gain determinations 

Feed intake (gm.) was determined every two days; rate’s weight (gm) was recorded weekly 
during study period for 4 weeks. Body weight gain was calculated by using the following equations: 

 

Body weight gain (BWG)=F 
Final Body weight - Initial Body weight 

X 100 as well as 
Final Body weight 

 

Feed efficiency ratio: (FER) = 
Weight  gain (g) 

according to chapman et al., (1959). 
Feed intake(g) 

 
Chemical analysis 

At the end of study period, the rats fasted overnight, then weighed before scarification under 
ether anaesthetized. Blood samples were collected from each group from the portal vein into dry 
clean centrifuge tube then centrifuged at 4000 rpm (855× g) for 15 min to separate serum then were 
determined blood glucose according to Trinder (1969) method and bioavailability of minerals 
including (Ca) according to  Gindler and King (1972), (P) according to  Tietz, (1983), and (Fe) 
according to Williams et al. (1977).  

 Statistical analysis:  
 

The results were expressed as (mean ±SE). Data were analyzed by one way analysis of 
variance (ANOVA). The differences between means were tested for significance using least 
significant difference test (LSD) at (P < 0.05) (SPSS, 1986). 
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Table 1: Ingredients of Chocolate Nut Spread for total and a partial replacement 

Ingredient Control 
M 

100% 
ST 

100% 
M 50% 
- S 50% 

M 75% 
- S 25% 

ST 50% 
- S 50% 

ST 75% 
- S 25% 

M 50% 
- ST 50% 

M 75% 
- ST 25% 

Peanuts (g) 100 100 100 100 100 100 100 100 100 
Sugar (g) 15 - - 7.5 3.75 7.5 3.75 7.5 - 
Corn oil (g) 2 2 2 2 2 2 2 2 2 
Cacao powder (g) 7 7 7 7 7 7 7 7 7 
Vanilla (g) 3 3 3 3 3 3 3 3 3 
Salt (g) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

Mannitol (g) - 15 - 7.5 11.25 - - 7.5 11.25 
Stevia (g) - - 15 - - 7.5 11.25 15 3.75 
Gelatin (g) 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 

Spread samples were investigated compared with the respective to attributes of the control products (without supplementation). Rheological investigated was done according to the 
followings: 

Table 2: Ingredients of Pan bread for total and partial replacement 

Ingredient Control 
M 

100% 
ST 

100% 
M 50% 
-S 50% 

M 75% 
-S 25% 

ST 50% 
- S 50% 

ST 75% 
- S 25% 

M 50% 
ST 50% 

M 75% 
- ST 25% 

White flour (72%) (g) 260 260 260 260 260 260 260 260 260 
Dry yeast (g) 5 5 5 5 5 5 5 5 5 

Sugar (g)  10 - - 5 2.5 5 2.5 - - 
Butter (g) 20 20 20 20 20 20 20 20 20 
Milk (g) 181 181 181 181 181 181 181 181 181 
Salt (g) 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 

Mannitol (g) - 10 - 5 7.5 - - 5 7.5 

Stevia (g) - - 10 - - 5 7.5 5 2.5 
M100% = Mannitol100%, ST100%= Stevia100%, M50% -S50%= Mannito l50%- Sucrose 50%, M 75%- S 25%= Mannito l75%- Sucrose 25%, ST 50% - S 50%= Stevia 50%- Sucrose 50%, ST 
75%-S25%= Stevia 75%-Sucrose 25%, M50%-ST 50%= Mannitol 50%-Stevia50%, M75%-ST25%= Mannitol 75%- Stevia 25%. 
 
Table 3: Diet composition (g/100g) for biological experimental on rats. 

Types of Diet Control negative BD+ M 100% BD+ST 100% BD+M 75% +ST 25% BD+ST 75% +Mannitol 25% 
Protein Casin 12.5 12.5 12.5 12.5 12.5 
Corn oil 10 10 10 10 10 
Cellulose 5 5 5 5 5 
Salt mixture 4 4 4 4 4 
Vitamin mixture 1 1 1 1 1 
Choline chloride 0.2 0.2 0.2 0.2 0.2 
Sucrose 22 - - - - 
Mannitol - 22 - 16.5 5.5 
Stevia leaves powder - - 22 5.5 16.5 
Corn starch 45.3 45.3 45.3 45.3 45.3 
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Results and Discussion 

Chemical composition of stevia dry leaves: 
       Chemical composition of stevia leaves powder (as % on dry basis) are presented in Table (4), the 
study revealed that it contained protein (8.6 %), ash (9.4%), crude fiber (10.30%), carbohydrates 
(58.2%) , total flavonoids (826.7 mg/100g) and minerals: calcium, phosphorus and iron (1220, 330 and 
0.0132 mg/100g, respectively) which all are considered essential factors for maintenance of good 
health. The above values of protein and ash of the present study came within the ranges reported by 
other investigators (Savita et al., 2004 and Abou-Arab et al., 2010). Those investigators reported values 
(as % on dry basis) in the range of  (6.2–20.42) protein and (8.5–13.1) ash, respectively, however the 
value of fiber content of the present study was found to be below the reported values (13.6–18.5) of the 
previous investigators. Moreover, the present study revealed that carbohydrate value showed to exceed 
(58.15%) as compared to the reported values of the previous investigators (35.2–52.8) as (% on dry 
basis). Also, total flavonoids (TF) content in the present study was found to be greater than the reported 
value by Abou-Arab et al., (2010) which was (21.73 mg/g) in stevia leaves. Proximate composition of 
the same plant differ from study to another according to method used for determination, and due to 
environmental factors associated with planting such as choice of species and varieties of the crop, the 
soil, fertilizers, irrigation system, climate, etc. 

The impact of mannitol and stevia leaves powder on rehological properties of wheat flour 
Data in Table (5) shows properties of wheat flour (72%) as indicated by extensograph tests upon 

supplemented with mannitol (M) and stevia leaves powder (ST) at different levels (each individually 
and in combination) in comparison to that of control sample. The results of the present study showed 
that partial replacement of sucrose by mannitol at 75% provide wheat flour with better rheological 
properties according to the results of extensograph test. Shariati et al. (2018) stated that upon addition 
of sorbitol as sucrose replacer on the preparation of dough, there was an increase in dough resistance to 
extension and dough extensibility which led to hardness of the dough and hence increases the energy 
required to destroy the dough.  Results in Table (5) shows that water absorption (%) increased in all 
supplemented samples than that of the control. While degree softening (B.U) had lower value compared 
to that of the control. Sun et al. (2014) reported that water absorption decreased by the addition of 
xylitol so with the increase in sugar level in wheat flour dough, less water is available for gluten 
hydration. The present results came close to agree with the findings of Ghandehari et al. (2017) who 
reported that stevioside - maltodextrin caused an increase in water absorption in comparison to the 
control. 
 
Quality evaluation of Pan bread characterization 

Results of physical evaluation of Pan bread which presented in Table (6) illustrated that water 
up- take (ml) increased during preparation of dough supplemented with (ST100%, ST50%, ST75, 
M50%-ST50% and M75%-ST25%). Whereas, water uptakes for all samples supplemented with 
mannitol individually were similar to that of the control. These results came in agreement with the 
findings of Ghandehari et al., (2017) who studied the impact of supplemented rice bread with stevioside-
maltodextrin. The investigators stated that there was an increased in water uptake of dough prepared 
with stevioside-maltodextrin compared to that of the control.  Data in Table  ( 6) illustrated that among 
all the prepared samples under investigations , dough fermentation time (1st and 2nd) of dough samples 
supplemented with combination of each of (M50% ST50%) and (M75% ST25%) were found to be 
higher (94 min and 96 min ,respectively) and (  80 min and 95 min, respectively) than that of the control 
(75 min and 61 min, respectively). The delay in fermentation time (min) was due to the time required 
for beta amylase enzyme which presents naturally in wheat flour to convert starch to maltose that can 
be used by yeast to convert it to carbon dioxide and therefore enhance  fermentation process (Algedaily 
and Hemada (2010).  Moreover, results of the present study showed that Pan bread sample 
supplemented with combination of mannitol and stevia (M75%-ST25%) had the highest values (as % 
relative to control) for height, area, volume and index to volume (110.9%, 113.5%, 138.3% ,105.4%, 
respectively ) as compared with the other Pan bread samples.  
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Table 4: Proximate chemical composition of stevia dry leaves (g/100g on dry weight basis) 
Proximate chemical composition of stevia dry leaves Concentration (g/100g) 
Moisture 9.00 
Protein 8.60 
Fat 4.55 
Ash 9.4 
Crude fiber 10.30 
Carbohydrates* 58.15 
Minerals (mg/100g) 
Ca 1220 
P 330 
Fe 0.01321 
Total flavonoids   826.7 

            * Carbohydrate were calculated by difference 

 
Table 5: Characteristics of wheat flour dough supplemented with different levels of Mannitol and Stevia leaves powder (each individually and in combination) as indicated by 

Extensograph test and Farinograph test.          
 

Samples* 
Extensograph test Farinograph test 

Resistance to 
Extension(Max.)  
(R) “Elasticity” 

(B.U.) 

Dough  Extensibility (E) 
(mm) 

Proportional Number 
(Max.)  R/E ** 

Dough Energy 
(cm2) 

Water absorption 
(%) 

Degree Softening 
(B.U) 

control 564 9.3 60.6 73 58.2 140 
M 100% 568 9.4 60.4 74 59.2 90 
ST 100% 560 8.4 66.7 70 60.1 70 
M50% -S50% 565 9.1 62.1 73 59.4 95 
M 75%-S25% 966 9.2 105.0 73 59.5 95 
ST 50% -S50% 550 8.5 64.7 71 59.8 75 
ST75%-S25% 544 8.5 64.0 71 59.9 75 
M50%-ST50% 566 8.7 65.1 72 59.6 75 
M75%-ST25% 567 8.9 63.7 71 59.7 70 

* M 100% = Mannitol 100%, ST100%= Stevia100%, M50% -S50%= Mannitol50% - S=Sucrose50%, M 75%-S25%= Mannitol 75%- Sucrose 25%, ST50% - S50%= Stevia 50%-Sucrose50%, 
ST75%-S25%= Stevia75%-Sucrose25%, M50%-ST50%= Mannitol50%-Stevia50%, M75%-ST25%= Mannitol75%- Stevia25%. R/E**= Resistance to Extension / Extensibility. 
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Pan bread degree of softness: 
Degrees of softness as indicated by penetrometer (mm/sec) of Pan bread prepared with mannitol 

and stevia (individually and in combination) at initial time (after baking) and upon storage period for 7 
days at room temperature (25ºC) are presented in figure (1). After 7 days of storage there was a 
significant decrease (P<0.05) in bread softness upon supplementation with (M50%-ST50%) and 
(ST100%): 13.67 and 13.66 mm/sec, respectively, compared with the other supplemented samples and 
control. Whereas, there was an increase in bread samples softness with (M100%) and control (192.6 
and 177, mm/sec, respectively) upon storage compared with the other Pan bread samples. Samples 
supplemented with mannitol individually (100%) or as a partially replacement of sucrose (50% 0r 75%) 
maintained better degree of softness as compared to the effect of stevia dry leaves powder, which  
produced harder product either after baking or upon storage conditions of the present study. According 
to Ghandehari et al., (2017) an increase in degree of hardness was detected with the increase in amount 
of stevioside-maltodextrin added in rice bread (Naanberenji) (an Iranian confectionary). Also, Bhise 
and Kaur (2014) who used mixture of polyols in bread product stated that polyols moisture retention 
increased which lengthen shelf life of the product from 4 days to 10 days. Moisture retention property 
of polyols keeps bread fresher for longer period of time. Higher moisture retention in bread is 
economical and also required to lengthen shelf life. Bread moisture content-after baking indicates the 
quality and can be directly correlated to shelf life of produce. 

 
Fig. 1: Degree of softness (mm/sec) as mean values of Pan bread prepared with different levels of 

Mannitol and Stevia dry leaves powder under storage conditions (25ºC up to 7 days).  

Color evaluation of the prepared Pan bread samples ( supplemented with different levels  
  of Mannitol and stevia dry leaves powder): 
         Hunter colorimeter results of Pan bread supplemented with different levels of Mannitol and stevia 
dry leaves powder are presented in Table (7). It was found that the external crust color of Pan bread 
supplemented with mannitol individually increased in lightness (L) value, whereas lightness (L) of Pan 
bread samples supplemented with different levels of stevia decreased compared to the control (60.5). 
On the other hand, redness (a) values decreased in all the supplemented bread samples samples 
compared to the un-supplemented sample (control). The tabulated results indicated that Pan bread 
supplemented with mannitol individually and in combination with stevia had higher redness value than 
that of the other samples. However, values for yellowness (b) were slightly lower in sample with (100 
M) than that of the control. Several studies confirmed that bakery products supplemented with polyols 
had lighter color than bakery products with sucrose (Zoulias et al., 2000, et al., 2010, Mushtaq et al., 
2010 and Shariati et al., 2018).  Abou-Arab et al., (2010) stated that stevioside and rebaudioside A are 
reasonably thermally stable and do not be affected browning (maillard) or caramelization when heated. 
Fatima et al., (2018), who studied color of bakery products prepared with extract of stevia leaves 
powder, reported decreases in desirable brownish. 

Sensory evaluation of Pan bread: 
      Result of sensory evaluation (score) for Pan bread samples prepared with different levels of 
mannitol and stevia leaves powder individually are presented in figures (2). Pan bread supplemented 
with mannitol (100%) had higher significant (p<0.05) scores (Mean± SD) for all the evaluated 
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Table 6: Mean values of physical characteristics of Pan Bread samples prepared with different levels of Mannitol and Stevia dry 

Physical properties Unit Control 
M  

100% 
ST  

100% 
M50 % 
- S 50% 

M 75% - 
S25% 

ST50% - 
S50% 

ST75% 
S25% 

M 50%  
ST50% 

M 75% -  
ST 25% 

Water uptake g 181 181 189 181 181 184 186 185.5 183.5 
1st fermentation time Min 75 74 70 78 66 66 70 94 80 
2nd fermentation time Min 61 91 113 81 90 76 64 96 95 
Baking time Min 47 66 92 49 46 55 80 97 80 
Weight before baking g 370 370 370 370 370 370 370 370 370 
Weight after baking g 327.67 322.57 309.4 327.18 325.44 320.87 307.35 296.88 315.82 
% Change in weight % 11.4 12.8 16.4 11.6 12.0 13.3 16.9 19.8 14.6 
% relative to control % 100 112.3 143.8 101.7 105.2 116.6 148.2 173.6 128.1 

Height cm 
8.1cd ±  
0.997 

8.26bc ± 
6.200 

8.3bc ± 
0.905 

7.6d ± 
0.100 

8.28bc ± 
0.485 

8.27bc ± 
0.439 

8.26bc ± 
0.257 

8.7ab ±  
0.287 

8.99a ± 
 0.443 

% relative to control % 100 101.9 102.4 93.8 102.2 102.1 101.9 107.4 110.9 

Area cm2 
73.33d ±  

0.288 
71.07e  ± 

0.351 
69.67g ± 

0.306 
70.33f ±  

0.416 
71.3e ± 
0.172 

76.73c ± 
0.550 

79.17b ± 
0.207 

73.43d ±  
0.149 

83.27a ±  
0.412 

% Relative to control % 100 96.9 95.0 95.9 97.2 104.6 107.8 100.1 113.5 

Volume cm3 
995.33e 
±71.59 

821.33f ± 
50.886 

1016.e± 
86.43 

1095.0d ± 
20.704 

1268.33b ± 
12.658 

1267.33b ± 
27.267 

1185.3c ± 
14.50 

1323.67ab± 
28.306 

1376.67a ±  
1.360 

% Relative to control % 100 82.5 102.1 110.0 127.4 127.3 119.1 132.9 138.3 

Index to volume cm 
8.74 ± 
0.111 

8.84 ± 
0.139 

8.7 ± 
0.910 

8.35 ± 
0.122 

8.84 ± 
0.321 

8.79 ± 
0.456 

8.52± 
1.311 

8.96 ± 
1.416 

9.22 ± 
 0.347 

% Relative to control % 100 101.1 99.5 95.5 101.1 100.5 97.4 102.5 105.4 
    M100% = Mannitol 100%, ST 100%= Stevia 100%, M5 0% -S 50%= Mannitol 50%- Sucrose 50%, M 75%-S25%= Mannitol 75%- Sucrose 25%, ST 50% - S 50%= Stevia 50%-Sucrose 50%, 
ST 75%- S25%= Stevia 75%-Sucrose 25%, M 50%-ST 50%= Mannitol 50%- Stevia 50%, M 75%-ST 25%= Mannitol 75%- Stevia 25%. Means with the same superscripts at the same column 
are not significant at (p<0.05). 

Table 7: Hunter color values of Pan bread prepared supplemented with different levels of Mannitol and stevia dry leaves powder 
Bread Sample L* a* b* 
 
 
 
Crust 

Control crust 60.5 16.56 39 
M 100% 60.65 16.14 38.5 
ST100% a 50.81 8.05 30.84 
M 50% S 50% 67.17 13.36 38.26 
M 75% S 25% 63.27 15.48 37.81 
ST 50% S 50% 57.9 10.37 32.66 
ST 75% S 25% 53.71 10.26 32.93 
M 50% ST 50% 53.69 11.67 31.57 
M 75% ST 25% 57.37 13.35 34.21 

M100% = Mannitol100%, ST100%= Stevia100%, M50% -S50%= Mannitol50%-Sucrose50%, M 75%-S25%= Mannitol75%- Sucrose25%, ST50% - S50%= Stevia 50%-Sucrose50%, ST75%-
S25%= Stevia75%-Sucrose25%, M50%-ST50%= Mannitol50%-Stevia50%, M75%-ST25%= Mannitol75%- Stevia25%. Means with the same superscripts at the same column are not significant 
at (p<0.05). L*=lightness, a*= redness , b*=yellowness. 
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characteristics: appearance, taste, flavor, external color, interior color, cell uniformity and general 
acceptability than that of the control. These results agreed with the findings by Asghar et al., (2005) 
who studied the effect the (2%) of mannitol and sorbitol on the sensory evaluation of frozen dough 
pizza detected an increase in mean scores for the crust color, crumb, aroma, flavor, texture, crunch, 
after taste and overall acceptability compared to control. Similar findings were observed by Fatima et 
al. (2018), who reported mean of the sensory evaluations of twelve food products prepared by using 
sucrose as control and stevia extract as an experimental sweetener. The investigators stated that highly 
significant value for control against bakery products supplemented with stevia extract . 
  

 
 Fig. 2: Organoleptic evaluation (score) of Pan Bread prepared with different levels of Mannitol and 

Stevia dry leaves powder  

Nutritive value of Pan bread: 
        Chemical composition of Pan bread supplemented with different levels of mannitol and stevia dry 
leaves powder is presented in Table (8). Result indicated that moisture increased gradually in 
supplemented bread with (50, 75 and 100%) mannitol individually (22.23, 22.91 and 23.19, 
respectively) as compared with that of the control (22.75). These findings agreement with the reported 
results by other investigators (Mushtaq et al., 2010, Bhise and Kaur, 2014  and Shariati et al., 2018) 
who found that polyols can be used as replacement of sucrose in the production of bakery products due 
to its high capacity to absorb and hold water (hygroscopicity) compared with  sucrose. On the other 
hand, there was a reduction in moisture content in supplemented bread samples with (50, 75 and 100 
%) stevia dry leaves powder individually contained (22.42, 22.31 and 21.21 %, respectively) moisture 
in comparison with the control sample. 
 
Table 8: Nutritive value (as % of wet basis) of Pan Bread prepared with different levels of Mannitol 

and Stevia dry leaves powder (individually and in combination)      
Samples* Moisture Ash Fiber 
Control 22.75 1.92 0.31 
M 100% 23.19 3.94 0.29 

ST 100% 21.21 3.28 0.43 
M50% -S50% 22.23 3.13 0.39 
M 75%-S25% 22.91 1.4 0.35 
ST 50% - S50% 22.42 1.34 0.35 
ST75%-S25% 22.31 1.52 0.36 
M50%-ST50% 22.35 2.96 0.35 
M75%-ST25% 22.95 2.94 0.31 
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Also, the present study found that the highest content of moisture detected in the supplemented bread 
samples with stevia and mannitol (M75%+ 25ST %), showed to contain (22.95 %) moisture compared 
with the control sample. In the same table, fiber content of bread sample supplemented with mannitol 
was increased. This finding was agreement with Winkelhausen et al. (2007) and Shariati et al. (2018) 
who reported that crude fiber content of cookies increase with higher concentration of sorbitol due to 
low digestion of sorbitol compared to sucrose. In the same table ash content of Pan bread supplemented 
with mannitol and stevia was the highest ash value was obtained the addition mannitol (100%) 
individually in comparison with all supplemented samples.  Whereas, the highest fiber value was 
obtained the addition stevia dry leaves powder (100%) individually comprised with all supplemented 
samples and control. These findings came in agreement with those reported by Kaur and Kochhar 
(2017).      

Chocolate Nut Spread product 

Line spread test of Chocolate Nut Spread 
 Line spread test results for Chocolate Nut Spread supplemented with different levels of Mannitol 

and stevia dry leaves powder at storage period for up to 28 days at room temperature (25ºC) are 
presented in figure (3). Line spread test is useful in such product because it refers to degree of viscosity 
(the value decreased as the viscosity increases and become more consistency). It was found that line 
spread test value at first week was decreased significant (p<0.05) for (ST100, M50, ST75, M50+ST50, 
M75+ ST25 and M75) compared to control (2.058± 0.0052 cm), while there was no significant 
difference found with (M100% ) compared to control. However, results after 4 weeks showed that there 
was a decreased in line spread value (cm) significantly at (p<0.05) between supplemented samples 
compared to the control (2.200 ± 0.1560 cm), whereas, it was found that line spread value of (M100%) 
sample was (2.033 ± 0.0140 cm) which was found to be approximately close to the control value. On 
other hand, it was noted that chocolate nut spread sample with (M100%) after 28days of storage had 
the lowest value compared to samples supplemented with stevia, which indicated low viscosity. This 
observation might be due to high content of fiber in stevia leaves as presented in figure (3). Data in 
Table (9) showed decreases in quantities of separate liquid (ml) on chocolate sample supplemented with 
Mannitol (M100%, M50%-S50% and M75-S25) (0.1ml, 0.05ml, 0.04ml, respectively) compared to 
control (0.25ml). This observation was due to the fact that sugar alcohols had hygroscopicity 
characteristic as stated by Bornet (1994). While chocolate sample supplemented with stevia powder 
increasing in quantity of separate liquid compared to control (0.25ml).   

 
Fig. 3: Line spread test (cm) of Chocolate Nut Spread prepared samples with different levels of Mannitol and 
Stevia dry under storage conditions (25ºC up to 28 days).  

M100% = Mannitol100%, ST100%= Stevia100%, M50% -S50%= Mannitol50% - S=Sucrose50%, M 75%-
S25%= Mannitol75%- Sucrose25%, ST50% - S50%= Stevia 50%-Sucrose50%, ST75%-S25%= Stevia75%-
Sucrose25%, M50%-ST50%= Mannitol50%-Stevia50%, M75%-ST25%= Mannitol75%- Stevia25%. 
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Table 9: Quantity of separate liquid (ml) from chocolate nut spread samples after storage period for 28 
days  

Samples Control 
M 

100% 
St 

100% 
M 50%-S 

50% 
M 75%-
S 25% 

ST 
50% S 
50% 

ST 
75% S 
25% 

M 50% 
ST 50% 

M 
75%ST 

25% 
Liquid 0.25 ml 0.1 ml 0.2 ml 0.05ml 0.04 ml .0 8 ml 0.4 ml .0 5 ml .0 3 ml 

 

Sensory evaluation of Chocolate Nut Spread 
Sensory evaluation results (score) for the prepared chocolate spread samples with different levels 

of mannitol and stevia (individually and as combinations) are shown in figure (4). It was found that 
there was no significant different at (p≤0.05) in odor of chocolate prepared with mannitol individually 
compared to control (4.6± 0.516), whereas there was significant decreased in odor of samples prepared 
with stevia individually and in combination with mannitol. Also, It was found that there was no 
significant difference in taste at (p≤0.05) for M50% and control (4.3±0.674 and 4.2±0.421 respectively). 
While, there was a significant decrease in taste as compared to other chocolate sample : (M75%, 
M100%, M75-ST25%, ST50%, M50-ST50%, ST75% and ST100% respectively). Degree of sweetener 
decreased significant at (p≤0.05) among all the prepared samples except for sample with (M50% and 
M75%) as compared to the control. 

On other hand, flavor of chocolate samples were decreased significant at (p≤0.05) scores (Mean 
± SD) compared to control (4.4 ± 0.843). The tabulated results indicated that color had not been 
significant different with M100% and M75% compared to control (4.6 ± 0.0516). While there was 
significant difference in color of sample with M50% and supplemented stevia individually and as 
combination compared to control. It was found that, degree of chocolate smoothness   which prepared 
with different levels of mannitol increased as compared to that of stevia samples. Furthermore, it was 
detected bitterest after tasting for chocolate samples supplemented with stevia leaves. DE Melo et al. 
(2007) stated that increasing in concentration of stevia on milk chocolates samples led to increases bitter 
residual taste.  The present study detected that general acceptability of chocolate samples were not differ 
significantly at (p≤0.05) for samples with (M100%, M75%, M50% and M75-St25%) compared to 
control, While, there were significant decrease in samples with ( ST50, M50-ST50, ST75, ST50 and 
ST100%): (2.6 ± 0.843, 2.6 ± 0.966, 2.6 ± 1.197 and 2.2 ± 0.788, respectively).  The above results came 
in agreements with the findings of Lagast et al. (2018) who studied the impact of stevia and tagatose as 
low-calorie sweeteners compared to sugar in dark chocolate. The chocolate with tagatose was given 
positive emotional conceptualizations while chocolate with stevia had negative impact emotional 
conceptualizations. 

 
Fig. 4: Organoleptic evaluation (score) of Chocolate Nut Spread prepared with different levels of 

Mannitol and Stevia dry leaves powder.  

Nutritive value of Chocolate Nut Spread: 
Chemical composition of chocolate nut spread supplemented with different levels of mannitol 

and stevia dry leaves powder are presented in Table (10). Result indicated that no differences were 
found in moisture, protein, carbohydrate and fats contents among supplemented and control chocolate 
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nut spread samples with mannitol and stevia individually and in combination. On the other hand, there 
was an increase in ash content of all chocolate samples prepared with (M100, M50, ST100, ST75,M50-
ST50, M75-ST25, ST50 and M75%) in comparison with the control .With regard to fiber, It was found 
that ST100% sample showed higher fiber content as compared to control. 

 While it was found that supplemented samples with mannitol had lower value than the 
supplemented samples with stevia.  According to Lettieri-Barbato et al.,(2012) dark chocolates contains 
all the essential components of food such as proteins(8.1mg/100), fat(37.7mg/100g), sugars (37.4mg 
/100g) and fiber (10.5 mg /100mg). 
 
Biological evaluation and minerals bioavailability 

 Results of the biological experiment are stated in Table (11). It was found showed that final 
weight (g) and body weight gain (%)  decreased in rats groups fed on mannitol and stevia individually 
and in combination compared to group fed on basal diet (128.4± 9.30g). These results agreement with 
Curry and Roberts (2008) who found a decrease in weight of male and female rats which fed on high 
doses of rebaudioside A (50,000 ppm) through thirteen weeks, which may be attributed to initial distaste 
and lower caloric density.  The above results coud be explained by the fact that mannitol incompletely 
digested and poorly absorbed, so it is only partially absorbed (~25 %) from the small intestine and not 
metabolized as reported by Xiao et al. (2013. Also, blood glucose levels of rats fed on ST100 and M25-
ST75 were found to be lower than that of the control, It might be duo to the fact that stevioside and 
steviol treatment have a direct effect on β cells in the presence of glucose and would prompt the release 
of insulin in mice and rat as stated by Jeppesen et al., (2000) and Jeppesen et al., (2003). Also other 
investigators (Starratt et al., 2002; Chen et al., 2006) stated that rebaudioside A and stevioside stimulate 
secretion of insulin from pancreatic β cells and also interfere with glucose metabolism in adipocytes, 
leading to insulin resistance in adipocytes but not pancreatic cells. Mechanistically, it was suggested 
that stevioside protects the function of pancreatic β cells when exposed to high levels of glucose through 
regulating acetyl-coenzyme A carboxylase (Chen et al., 2007). Results showed that bioavailability of 
serum phosphorus was not significant difference at (p<0.05) between rats fed (M100 and M75-ST25) 
compared to control, while there were significant different at (p<0.05) in rats fed on (ST100 and M75-
ST25) which fount to increase (5.98± 0.8 and 6.14± 0.16, respectively) compared to control. On the 
other hand, results demonstrated that there was a significant increase at (p<0.05) in bioavailability of 
calcium and iron in serum between supplemented groups compared to control. While there was an 
increase in calcium and iron values for rats fed on (ST100 and M25-ST75) compared to rats fed on 
basal diet, stevia showed to contain high concentration of calcium and phosphorus. 

The indigestible carbohydrates directly affect the epithelial tissue and promote Ca absorption in 
both the small and large intestine in vitro according to Mineo et al., (2001). This results agreement with 
Hamalainen, (1988) who stated that sugar alcohols elevated the intestinal absorption of calcium and 
iron in the rats and agreement with Xiao et al. (2013) who stated that mannitol was shown to have a 
stimulatory effect on mineral absorption. Mannitol decreased mineral excretion in feces, and the 
apparent absorptions of Ca and Mg in rats were increased by the 6% and 8% mannitol diets. The 
promoting effect of these resistant sugars on mineral absorption varied depending on the part of the 
intestine, the type of mineral, the degree of usage by intestinal microbes, and the dose of sugar 
administered. 
 
Conclusion  
         It could be concluded that the effect of mannitol improved quality of Pan bread with regards to 
product acceptability and shelf life. Stevia leaves powder plant enrichment in flavonoids and minerals 
such as calcium and phosphors which important for maintain a good health. Addition of mannitol and 
Stevia leaves powder in combination for making chocolate nut spread as replacer for sucrose caused an 
improvement in product sweetness and quality retention of chocolate spread upon storage. The 
biological study showed that Mannitol and stevia leaves powder in combination not only controlled 
weight and blood glucose but also improved the bioavailability of calcium, iron and phosphors. 
Therefore, food industries should be encouraged to use indigestible sugars (Mannitol and stevia dry 
leaves powder) in food products preparation. 
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Table 10: Nutritive value of Chocolate Nut Spread prepared with different levels of Mannitol and Stevia dry leaves (individually and combination) 
(g/100gm) 

Samples* Moisture Protein Fat Ash Fiber Carbohydrate** 
Control 5.85 6.15 31.18 2.18 1.84 56.22 
M 100% 5.91 6.13 32.11 5.37 1.01 54.91 
ST 100% 5.54 6.20 33.21 3.15 2.41 52.93 
M 50%- S50% 5.87 6.14 32.41 4.06 1.11 53.80 
M 75%- S25% 5.81 6.14 32.42 2.35 1.20 53.95 
ST 50%- S50% 5.86 6.13 31.91 2.36 1.51 51.98 
ST75%- S25% 5.75 6.14 31.91 3.09 1.60 51.94 
M 50%-ST50% 5.88 6.14 31.95 2.98 1.45 53.81 
M 75%-ST25% 5.90 6.14 31.90 2.67 1.38 52.90 

** Carbohydrate was calculated by difference. 
M100% = Mannitol 100%, ST100%= Stevia 100%, M50% -S50%= Mannitol 50% - S=Sucrose 50%, M 75%-S25%= Mannitol 75%- Sucrose 25%, ST 50% - S50%= Stevia 50%-Sucrose 50%, 
ST 75%-S 25%= Stevia 75%-Sucrose 25%, M 50%-ST50%= Mannitol 50%- Stevia 50%, M75%-ST 25%= Mannitol 75%- Stevia25%. 

Table 11: The Biological investigation results of experimental rats fed on mixture of Mannitol and Stevia dry leaves powder as compared to control group (on 
basal diet)     

Biological parameter 
Group (1) 

control 
Group (2) 
M 100% 

Group (3) 
ST 100% 

Group (4)M 75% -
ST25% 

Group (5)M 25% -
ST75% 

Initial weight (g) 120.8± 10.28ab 125.4± 10.02ab 114.8± 10.38ab 106.8±  6.61ab 123.8± 6.31ab 
Final weight (g) 128.4± 9.30a 104.0± 6.416bc 116.8±4.024ab 90.2±3.198c 102.8±  8.40bc 
Body Weight Gain (%) 16.99±7.28a -23.12±2.85b 1.30±3.38a -19.56± 8.82b -16.71± 5.11b 
Feed intake (FI) (g/day/rat) 6.96 6.36 5.96 6.76 6.75 
Feed Efficiency Ratio (FER) 2.44 ± 1.05d -0.763 ± 6.02d -2.16 ± 2.25d -0.678± 3.39d -2.478 ± 0.77d 

Biochemical Serum analysis 
Glucose (mg/dl) 98.37 ± 4.74b 100.12 ± 0.97b 74.77 ± 5.66a 109.19 ± 1.03b 78.63 ± 3.68a 

Phosphorus (mg/dl) 5.57 ± 0.05a 5.44 ±0.15a 5.98 ± 0.08b 5.64 ± 0.07a 6.14 ± 0.16b 
Calcium (mg/dl) 8.72 ± 0.26a 10.63 ± 0.26c 9.18 ± 0.41ab 10.77 ± 0.23c 9.83 ± 0.37bc 
Iron (mg/dl) 0.121 ± 0.001a 0.176 ± 0.003c 0.125 ± 0.007a 0.205 ± 0.002d 0.158 ± 0.006b 

Means with different superscripts in the same column are significantly different at P < 0.05. (Mean ± Standard error). M100% = Mannitol100%, ST100%= Stevia100%, M75%-ST25%= 
Mannitol75%-Stevia25%, M25%-ST75%= Mannitol25%- Stevia75%.  
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