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 13 

Abstract 14 

Bread incorporated with Monascus-fermented durian seeds (MFDS) and rice bran (RB) is a functional food 15 

which contains bioactive compounds. MFDS contains monacolin K which is able reduce cholesterol while 16 

RB contains non-dietary fiber, oryzanol, and tocotrienol which can prevent hyperglycemic. Although it is 17 

beneficial for human health, it has bitterness and unpleasant aroma that caused by phenolic compounds 18 

in MFDS and fatty acids in RB. Incorporation of bee pollen in this bread is one way to improve the sensory 19 

properties of bread since it contains volatile compounds with pleasant taste and aroma such as furan, 20 

furfural, and pyrazine. The aim of this study was to observe the effect of different bee pollen 21 



 
 

concentrations on the sensory properties of bread incorporated with MFDS and RB. This study used 22 

Randomized Block Design with six levels of treatment starting from 0%; 0.075%; 0.150%; 0.225%; 0.300%; 23 

and 0.375%. Data were analyzed by Analysis of Variance with 𝛼 = 5%. The result of this research showed 24 

that different concentration of bee pollen significantly affected the sensory properties of bread 25 

incorporated with MFDS and RB. The preference score for color ranged from 4.33 to 5.45; aroma ranged 26 

from 3.35 to 5.35; taste ranged from 3.33 to 5.33; and overall acceptance ranged from 3.35 to 4.33. As 27 

bee pollen concentration increased, preference score for aroma, taste, and overall acceptance increased 28 

and preference score for color decreased. The best treatment was obtained by using 0,375% bee pollen. 29 

Keywords: Bread, Monascus-fermented durian seeds, rice bran, bee pollen 30 

 31 

1. Introduction 32 

Bread has been a staple food for people around the centuries, from children to adult. One thing 33 

to be concerned about is the main ingredients for bread, which is wheat flour. In wheat flour production 34 

process, up to 69% of fiber content in wheat were removed leaving starch as the main component (Spanier 35 

et al., 2001). During digestion process, starch are easily degraded into sugar molecules and therefore 36 

causes an increase in blood sugar level. How quickly any food causes blood sugar level increase can be 37 

translated into a number called glycemic index (Diyah et al., 2016). The glycemic index value of bread is 38 

75. Any food with a glycemic index of 70 or higher are categorized as high GI food, hence bread is a food 39 

which easily causes rise in blood sugar level. To stabilize blood sugar level, human body needs to produce 40 

insulin (Scazzina et al., 2013; Konkourta et al., 2017). People with diabetes have trouble in regulating level 41 

of blood sugar because their 𝛽-pancreatic cell loss which is responsible in insulin production loss its 42 

function (Gupta et al., 2015).  43 



 
 

To produce bread which is suitable for diabetic person, incorporation of bioactive compound with 44 

anti-diabetic properties is very important. One way to solve this problem is by adding functional 45 

ingredients like rice bran and Monascus-fermented durian seeds (Trisnawati et al., 2019). Rice bran 46 

contains 𝛾-orizanol, 𝛾-tocotrienol and non-dietary fiber which help to regulate blood sugar level and 47 

insulin secretion (Premakumari et al., 2013; Sivamaruthi et al., 2018). Nugerahani et al. (2017) also 48 

reported that phenolic compound and monascin pigments in Monascus-fermented durian seeds can help 49 

to reduce blood sugar level. Monascus-fermented durian seeds also contains monacolin-K which helps to 50 

reduce cholesterol production by acting as an inhibitor of hydroxymethylglutaryl-CoA (HMG-CoA) 51 

reductase (Faroukh and Baumgärtel, 2019).  52 

Incorporation of Monascus-fermented durian seeds and rice bran however reduce the preference 53 

score for aroma and taste of bread incorporated with Monascus-fermented durian seeds and rice bran as 54 

reported by Trisnawati et al. (2019). Rice bran contains monounsaturated fatty acid and polyunsaturated 55 

fatty acid which are easily oxidized into short chain fatty acids which have rancid properties (Cho and 56 

Samuel, 2009). In the fermentation process of Monascus-fermented durian seeds, secondary metabolite 57 

such as tannin and alkaloid also produced and therefore resulted in bitterness and astringency (Reginio et 58 

al., 2016; Hasim et al., 2019). 59 

One way to cover the unpleasant taste and aroma from rice bran and Monascus-fermented durian 60 

seeds are by incorporating bee pollen. There are several volatile compounds in bee pollen such as esters, 61 

hydrocarbon, aldehyde, terpenoid, and ketons (Neto et al., 2017). Incorporation of bee pollen also brings 62 

to more furan production, such as furfural and pyrazine in the final product. These compounds produce 63 

caramel, floral and fruity flavor (Conte et al., 2020). Unsaturated fatty acid, phytosterol and phospholipid 64 

in bee pollen can increase hypoglycemic activity (Komosinska-Vassev et al., 2015). The objective of this 65 

study was to observe the effect of bee pollen incorporation on the sensory properties of bread 66 

incorporated with Monascus-fermented durian seeds and rice bran.  67 



 
 

2. Materials and methods 68 

2.1  Materials 69 

Materials that used for making bread incorporated with Monascus-fermented durian seeds and 70 

rice bran were “Cakra Kembar” high-protein wheat flour, “dr.Liem” rice bran flour, “Fermipan” instant dry 71 

yeast, “Dancow” instant full cream milk powder, “Gulaku” granulated sugar, “Bakerine” bread improver, 72 

“Cap Kapal” table salt, “Aqua” mineral water, “Blueband” margarine which were purchased from local 73 

distributor, “Mirah Delima” multiflora bee pollen which was purchased from Mirah Delima Bee Farm and 74 

also Monascus-fermented durian seeds powder which was produced in Laboratory of Food Industrial 75 

Microbiology, Widya Mandala Catholic University Surabaya. Materials that used for making Monascus-76 

fermented durian seeds were Petruk durian seeds, pure culture of Monascus purpureus M9, Ca(OH)2, 77 

aquadest and potato dextrose agar (Merck 1.10130.0500). 78 

2.2   Preparation of bread incorporated with Monascus-fermented durian seeds and rice bran 79 

Process of making bread incorporated with Monascus-fermented durian seeds and rice bran 80 

consisted of mixing (mixer: “Philips) high-protein wheat flour, rice bran flour, granulated sugar, instant 81 

dry yeast, bread improver, instant full cream milk powder and bee pollen for 1 minute. After that, water 82 

was added and mixing process continued until 20 minutes. Margarine and table salt then added and 83 

mixing process continued until minutes. The dough was rested at 26oC for 30 minutes then shaped into a 84 

loaf and proofed at 26oC for 90 minutes. After that, it was baked using oven (Maksindo RFL-12C) at 180oC 85 

for 30 minutes then cooled at 26oC for 60 minutes (Koeswanto, 2019). Table 1 shows the composition for 86 

making bread incorporated with Monascus-fermented durian seeds and rice bran and indicate the 87 

incorporation of bee pollen at levels control (B0), 0.075% (B1), 0.150% (B2), 0.225% (B3), 0.300% (B4) and 88 

0.375% (B5) 89 

2.3   Monascus-fermented durian seeds preparation 90 



 
 

Durian seeds were sorted and then washed with water. After that, the durian seeds were boiled 91 

with 5% Ca(OH)2 solution at 85-90oC for 10 minutes with durian seeds : 5% Ca(OH)2 solution ratio was 1:1 92 

(w/v). The durian seeds were removed from the Ca(OH)2 solution and then were washed with water. The 93 

durian seeds were then cut into 1 cm x 1 cm x 1 cm and were dried at 45oC for 40 minutes. Durian seeds 94 

were scaled into 50 grams. After that, durian seeds were sterilized at 121oC, 15 lbs/inch2 for 10 minutes 95 

and were cooled down at 26oC for 30 minutes. The sterilized durian seeds then inoculated with Monascus 96 

purpureus M9 starter and were put into fermentation at 30±1oC for 14 days. The result of the 97 

fermentation were dried at 45oC for 24 hour. The dried Monascus-fermented durian seed was grinded 98 

and sifted to get Monascus-fermented durian seeds powder (Puspitadewi et al., 2016). 99 

2.4   Sensory evaluation 100 

Sensory evaluation was carried out at quality control and sensory evaluation laboratory at 101 

Department of Food Technology, Faculty of Agricultural Technology, Widya Mandala Surabaya Catholic 102 

University. Private booths for each panelist were prepared. Mineral water was provided between samples 103 

to clean panelist’s tastebud. 50 untrained panelists which consisted of undergraduate students of food 104 

technology department were asked to evaluate each parameter using a 7-point hedonic scale (Stone and 105 

Sidel, 2004). Scores were assigned in a range 1-7 (1 = extremely dislike; 2 = dislike; 3 = slightly dislike; 4 = 106 

neither like nor dislike; 5 = slightly like; 6 = like; 7 = extremely like). Each panelist received four slices of 107 

bread incorporated with Monascus-fermented durian seed and rice bran which sized into 5 cm x 5 cm x 1 108 

cm. There tested parameters consisted of preference score for color, aroma, taste and overall acceptance.  109 

2.5   Moisture content 110 

Moisture content analysis was done to support the data from the sensory evaluation Moisture 111 

content analysis was carried out using thermogravimetric method according to (AOAC 925.10). Moisture 112 

content was calculated using the formula of: 113 



 
 

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (%) =  
𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)

𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔) − 𝑤𝑒𝑖𝑔ℎ𝑡 𝑙𝑜𝑠𝑠 (𝑔)
× 100% 114 

2.6   Color test 115 

Color analysis was done to support the data from the sensory evaluation. Color analysis was 116 

carried out by measuring the lightness (L*), redness (a*), yellowness (b*), chroma (*C) and hue (oH) of the 117 

crumb of bread incorporated with Monascus-fermented durian seeds and rice bran with color reader 118 

(Minolta CR-10 Chroma Meter).  119 

2.7   Statistical analysis 120 

Statistical analysis of data for effects of different bee pollen concentration on bread incorporated 121 

with Monascus-fermented durian seed and rice bran was performed by one-way analysis of variance 122 

(ANOVA) and SPSS 17.0 for Windows. Mean difference was analyzed with Duncan’s Multiple Range Test 123 

(DMRT) at p ≤ 0,05. The optimum bee pollen concentration was determined using spider-web test on 124 

Microsoft Excel 2013. The analyzed parameters comprised of preference score for color, aroma, taste and 125 

overall acceptance. 126 

3. Results and discussion 127 

Sensory evaluation were carried using hedonic test method by involving 50 untrained panelist. 128 

The result of the test is showed in Table 2.  129 

As shown in Table 2, difference in bee pollen concentration significantly affect the preference 130 

score for color, aroma, taste and overall acceptance (P > 0.05). The preference score for color decreased 131 

while there was an increased on aroma, taste and overall acceptance. Those difference were affected by 132 

chemical composition of bee pollen. 133 

Bee pollen contains 𝛽-carotene which produce yellow pigment. Bee pollen also contains protein 134 

(22.7%); fructose and glucose (25.7%) and sucrose (3.7%) (Komosinska—Vassev et al., 2015). The sugar in 135 



 
 

bee pollen carried free carbonyl groups and the protein carried free amine groups which then underwent 136 

Maillard reaction when exposed to high temperature during baking process and resulted in brown 137 

pigment called melanoidin. Higher bee pollen concentration resulted in more yellow and darker crumb. 138 

This statement is supported by data collected from color analysis with color reader which is showed in 139 

Table 3. 140 

According to Table 3., there was an increase of lightness, yellowness and redness index. This data 141 

showed that higher bee pollen concentration resulted in bread with more yellowish and darker crumb. 142 

The color of the resulting bread therefore was different from what the panelists had perceived in terms 143 

of bread color, therefore lowered the preference score for bread incorporated with Monascus-fermented 144 

durian seeds and rice bran as the bee pollen concentration increased.  145 

As seen in Table 2, increased in bee pollen concentration also increased the panelist preference 146 

in terms of aroma. Bee pollen consisted of several volatile compounds which comprised of hydrocarbon, 147 

esters, terpenoid and alcohol which produced floral and fruity aroma (Neto et al., 2017). Increased in bee 148 

pollen concentration also resulted in more Maillard reaction product resulted such as pyrazine that 149 

produced nutty and roasted aroma; furan that produced sweet and caramel aroma; acetylpyridine that 150 

produced cracker-malty aroma; and pyrol that produced nutty aroma (van Boekel, 2006). Those volatile 151 

compounds together were able to tone the rancid aroma, which derived from the rice bran.  152 

Preference score for taste also increased as bee pollen concentration increased. Higher bee pollen 153 

concentration meant there were more sugar and protein in the bread dough which led into more Maillard 154 

reaction products such as furfural (caramel), 2-acetylfuran (cinnamon), furfural (caramel) and 2-155 

pentylfuran (fruits) (Conte et al., 2020). These compounds helped in covering the astringent taste which 156 

came from Monascus-fermented durian seeds and cardboard taste which came from the rice bran; thus 157 

higher concentration of bee pollen were preferred by the panelist. Preference score for aroma was also 158 



 
 

influenced by moisture content. Data of moisture content of bread incorporated with Monascus-159 

fermented durian seeds and rice bran with each bee pollen concentration is shown in Table 3. 160 

In Table 4., it is showed that higher bee pollen concentration caused an increase in moisture 161 

content of the bread incorporated with Monascus-fermented durian seeds and rice bran, therefore bread 162 

with higher moisture content had higher score of aroma and taste preference. Some of volatile 163 

compounds were water-soluble and as water evaporate during heat process, there will be loss of these 164 

compounds (Raquel and Guin, 2018). Bee pollen contains protein (22.7%); fructose and glucose (25.7%) 165 

and sucrose (3.7%) (Komosinska—Vassev et al., 2015), which were able to bind with water molecules; 166 

therefore reduced the water evaporation and loss of water-soluble volatile compounds in the bread 167 

dough during baking process.   168 

Bread incorporated with Monascus-fermented durian seeds and rice bran achieved higher overall 169 

acceptance score as the bee pollen concentration increased as seen in Table 2. This result showed that 170 

panelist preferred bread incorporated with Monascus-fermented durian seeds and rice bran with higher 171 

bee pollen concentration since the taste and aroma was better, even though the color was less favorable.  172 

The spider web test showed that the best treatments was obtained incorporation of 0.375% bee 173 

pollen into bread incorporated with Monascus-fermented durian seeds and rice bran. According to Figure 174 

1., it can be seen that the preference score of color, aroma, taste and overall acceptance of 0.375% bee 175 

pollen formed the largest quadrilateral. Therefore, 0.375% bee pollen is the best concentration among 176 

the other treatments.  177 

This research, however, is subject to limitation. Textural properties was not included in the 178 

sensorial evaluation since this research was more focused on improving the taste and aroma of the bread 179 

incorporated with Monascus-fermented durian seeds and rice bran. This research showed that bread with 180 

0.375% had the highest preference score of aroma and taste. Hence, it can be suggested that research 181 



 
 

regarding textural improvement of bread incorporated with Monascus-fermented durian seeds and rice 182 

bran with 0.375% bee pollen to be conducted in the future. It’s suggested to add hydrocolloid to improve 183 

this bread in terms of textural properties by adding hydrocolloid. According to Bourekoua et al. (2018) 184 

addition of starch or hydrocolloid can improve the textural quality of gluten-free bread. 185 

4. Conclusion  186 

Different concentration of bee pollen had significantly affected the preference score for color, 187 

aroma, taste and overall acceptance of bread incorporated with Monascus-fermented durian seeds and 188 

rice bran. As bee pollen concentration increased, moisture content, redness, yellowness, chroma and hue 189 

increased; lightness decreased; preference score for color decreased while the preference score for 190 

aroma, taste, and overall acceptance increased. The best treatment is 0.375% bee pollen.  191 

This research provided new insight into the field of bakery products which are supplemented with 192 

ingredients derived from food waste such as rice bran and durian seeds. Through this research, it can be 193 

found out that addition of bee pollen helps to improve the taste and aroma of bread with food waste 194 

derived ingredients. Researcher may also consider addition of bee pollen to improve the taste and aroma 195 

of other bakery products which contains food waste derived ingredients. 196 
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Table 1. Formulation of bread incorporated with Monascus-fermented durian seeds and rice bran 275 

Ingredients/g B B1 B2 B3 B4 B5 

High-protein 
wheat flour 

179.85 179.85 179.85 179.85 179.85 179.85 

Mineral 
water 

124 124 124 124 124 124 

Rice bran 
flour 

20 20 20 20 20 20 

Granulated 
sugar 

10 10 10 10 10 10 

Margarine 8 8 8 8 8 8 

Full cream 
milk powder 

4 4 4 4 4 4 

Instant dry 
yeast 

3 3 3 3 3 3 

Table salt 2 2 2 2 2 2 

Bread 
improver 

0.6 0.6 0.6 0.6 0.6 0.6 

Bee pollen 0 0.075 0.150 0.225 0.300 0.375 

 276 
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Table 2. Effect of bee pollen concentration on preference score for bread incorporated with Monascus-278 

fermented durian seeds and rice bran 279 

Sensory 
evaluation 

B B1 B2 B3 B4 B5 

Color 5.45±1.20d 5.40±0.93d 5.05±1.20cd 4.85±0.98bc 4.55±1.15ab 4.33±1.54a 

Aroma 3.35±0.92a 4.43±1.36b 4.83±1.01b 4.53±1.22b 4.73±1.26b 5.35±0.95c 

Taste 3.33±0.92a 3.38±0.90a 4.10±1.01b 4.48±1.26b 4.93±1.23c 5.33±0.76d 

Overall 
acceptance 

3.35±0.77a 4.33±1.05b 4.80±1.18c 4.93±1.21cd 5.05±1.20cd 5.33±0.97d 

Values are presented as mean±SD (n = 50 for each group). Values with the same superscript within 280 

column are not significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B: 281 

0% bee pollen, B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, 282 

and B5: 0.375% bee pollen  283 



 
 

Table 3. Effect of bee pollen concentration on color bread incorporated with Monascus-fermented durian 284 

seeds and rice bran 285 

Color 
evaluation 

B B1 B2 B3 B4 B5 

Lightness 
(L*) 

69.2±0.25d 67.6±0.39c 66.8±0.99b 66.5±0.20b 65.7±0.55a 65.3±0.17a 

Redness  
(a*) 

3.2±0.13a 3.2±0.10a 3.3±0.18a 3.4±0.13b 3.6±0.10c 3.8±0.03d 

Yellowness 
(b*) 

15.9±0.13a 17.4±0.28b 18.2±0.22c 18.6±0.45c 19.5±0.45d 20.1±0.32e 

Chroma 
(C) 

16.2±0.15a 17.7±0.28b 18.5±0.22c 18.9±0.45c 19.8±0.46d 20.5±0.33e 

Hue 
(oH) 

78.7±0.43a 79.6±0.48b 79.8±0.53b 79.7±0.38b 79.5±0.15b 79.2±0.16b 

Values are presented as mean±SD (n = 4 for each group). Values with the same superscript within column 286 

are not significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B: 0% bee 287 

pollen, B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and 288 

B5: 0.375% bee pollen 289 

  290 



 
 

Table 4. Effect of bee pollen concentration on the moisture content of bread incorporated with Monascus-291 

fermented durian seeds and rice bran 292 

Bee Pollen (%w/w) Moisture Content (%) 

0 40.29±0.11a 

0.075 44.20±0.07b 

0.150 47.34±0.15c 

0.225 51.35±0.16d 

0.300 54.23±0.15e 

0.375 59.25±0.16f 

Values are presented as mean±SD (n = 4 for each group). Values with the same superscript within column 293 

are not significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05) 294 

  295 



 
 

 296 

Figure 1. Spider web test result 297 
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Improving the sensory properties of bread incorporated with Monascus-fermented durian seeds and 1 

rice bran 2 

 3 

Abstract 4 

Bread incorporated with Monascus-fermented durian seeds (MFDS) and rice bran (RB) is a functional food 5 

which contains bioactive compounds. MFDS contains monacolin K which is able reduce cholesterol while 6 

RB contains non-dietary fiber, oryzanol, and tocotrienol which can prevent hyperglycemic. Although it is 7 

beneficial for human health, it has bitterness and unpleasant aroma that caused by phenolic compounds 8 

in MFDS and fatty acids in RB. Incorporation of bee pollen in this bread is one way to improve the sensory 9 

properties of bread since it contains volatile compounds with pleasant taste and aroma such as furan, 10 

furfural, and pyrazine. The aim of this study was to observe the effect of different bee pollen 11 

concentrations on the sensory properties of bread incorporated with MFDS and RB. This study used 12 

Randomized Block Design with six levels of treatment starting from 0%; 0.075%; 0.150%; 0.225%; 0.300%; 13 

and 0.375%. Data were analyzed by Analysis of Variance with 𝛼 = 5%. The result of this research showed 14 

that different concentration of bee pollen significantly affected the sensory properties of bread 15 

incorporated with MFDS and RB. The preference score for color ranged from 4.33 to 5.45; aroma ranged 16 

from 3.35 to 5.35; taste ranged from 3.33 to 5.33; and overall acceptance ranged from 3.35 to 4.33. As 17 

bee pollen concentration increased, preference score for aroma, taste, and overall acceptance increased 18 

and preference score for color decreased. The best treatment was obtained by using 0,375% bee pollen. 19 

Keywords: Bread, Monascus-fermented durian seeds, rice bran, bee pollen 20 
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Bread has been a staple food for people around the centuries, from children to adult. One thing 23 

to be concerned about is the main ingredients for bread, which is wheat flour. In wheat flour production 24 

process, up to 69% of fiber content in wheat were removed leaving starch as the main component (Spanier 25 

et al., 2001). During digestion process, starch are easily degraded into sugar molecules and therefore 26 

causes an increase in blood sugar level. How quickly any food causes blood sugar level increase can be 27 

translated into a number called glycemic index (Diyah et al., 2016). The glycemic index value of bread is 28 

75. Any food with a glycemic index of 70 or higher are categorized as high GI food, hence bread is a food 29 

which easily causes rise in blood sugar level. To stabilize blood sugar level, human body needs to produce 30 

insulin (Scazzina et al., 2013; Konkourta et al., 2017). People with diabetes have trouble in regulating level 31 

of blood sugar because their 𝛽-pancreatic cell loss which is responsible in insulin production loss its 32 

function (Gupta et al., 2015).  33 

To produce bread which is suitable for diabetic person, incorporation of bioactive compound with 34 

anti-diabetic properties is very important. One way to solve this problem is by adding functional 35 

ingredients like rice bran and Monascus-fermented durian seeds (Trisnawati et al., 2019). Rice bran 36 

contains 𝛾-orizanol, 𝛾-tocotrienol and non-dietary fiber which help to regulate blood sugar level and 37 

insulin secretion (Premakumari et al., 2013; Sivamaruthi et al., 2018). Nugerahani et al. (2017) also 38 

reported that phenolic compound and monascin pigments in Monascus-fermented durian seeds can help 39 

to reduce blood sugar level. Monascus-fermented durian seeds also contains monacolin-K which helps to 40 

reduce cholesterol production by acting as an inhibitor of hydroxymethylglutaryl-CoA (HMG-CoA) 41 

reductase (Faroukh and Baumgärtel, 2019).  42 

Incorporation of Monascus-fermented durian seeds and rice bran however reduce the preference 43 

score for aroma and taste of bread incorporated with Monascus-fermented durian seeds and rice bran as 44 

reported by Trisnawati et al. (2019). Rice bran contains monounsaturated fatty acid and polyunsaturated 45 

fatty acid which are easily oxidized into short chain fatty acids which have rancid properties (Cho and 46 



 
 

Samuel, 2009). In the fermentation process of Monascus-fermented durian seeds, secondary metabolite 47 

such as tannin and alkaloid also produced and therefore resulted in bitterness and astringency (Reginio et 48 

al., 2016; Hasim et al., 2019). 49 

One way to cover the unpleasant taste and aroma from rice bran and Monascus-fermented durian 50 

seeds are by incorporating bee pollen. There are several volatile compounds in bee pollen such as esters, 51 

hydrocarbon, aldehyde, terpenoid, and ketons (Neto et al., 2017). Incorporation of bee pollen also brings 52 

to more furan production, such as furfural and pyrazine in the final product. These compounds produce 53 

caramel, floral and fruity flavor (Conte et al., 2020). Unsaturated fatty acid, phytosterol and phospholipid 54 

in bee pollen can increase hypoglycemic activity (Komosinska-Vassev et al., 2015). The objective of this 55 

study was to observe the effect of bee pollen incorporation on the sensory properties of bread 56 

incorporated with Monascus-fermented durian seeds and rice bran.  57 

2. Materials and methods 58 

2.1  Materials 59 

Materials that used for making bread incorporated with Monascus-fermented durian seeds and 60 

rice bran were “Cakra Kembar” high-protein wheat flour, “dr.Liem” rice bran flour, “Fermipan” instant dry 61 

yeast, “Dancow” instant full cream milk powder, “Gulaku” granulated sugar, “Bakerine” bread improver, 62 

“Cap Kapal” table salt, “Aqua” mineral water, “Blueband” margarine which were purchased from local 63 

distributor, “Mirah Delima” multiflora bee pollen which was purchased from Mirah Delima Bee Farm and 64 

also Monascus-fermented durian seeds powder which was produced in Laboratory of Food Industrial 65 

Microbiology, Widya Mandala Catholic University Surabaya. Materials that used for making Monascus-66 

fermented durian seeds were Petruk durian seeds, pure culture of Monascus purpureus M9, Ca(OH)2, 67 

aquadest and potato dextrose agar (Merck 1.10130.0500). 68 

2.2   Preparation of bread incorporated with Monascus-fermented durian seeds and rice bran 69 
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Process of making bread incorporated with Monascus-fermented durian seeds and rice bran 70 

consisted of mixing (mixer: “Philips) high-protein wheat flour, rice bran flour, granulated sugar, instant 71 

dry yeast, bread improver, instant full cream milk powder and bee pollen for 1 minute. After that, water 72 

was added and mixing process continued until 20 minutes. Margarine and table salt then added and 73 

mixing process continued until minutes. The dough was rested at 26oC for 30 minutes then shaped into a 74 

loaf and proofed at 26oC for 90 minutes. After that, it was baked using oven (Maksindo RFL-12C) at 180oC 75 

for 30 minutes then cooled at 26oC for 60 minutes (Koeswanto, 2019). Table 1 shows the composition for 76 

making bread incorporated with Monascus-fermented durian seeds and rice bran and indicate the 77 

incorporation of bee pollen at levels control (B0), 0.075% (B1), 0.150% (B2), 0.225% (B3), 0.300% (B4) and 78 

0.375% (B5) 79 

2.3   Monascus-fermented durian seeds preparation 80 

Durian seeds were sorted and then washed with water. After that, the durian seeds were boiled 81 

with 5% Ca(OH)2 solution at 85-90oC for 10 minutes with durian seeds : 5% Ca(OH)2 solution ratio was 1:1 82 

(w/v). The durian seeds were removed from the Ca(OH)2 solution and then were washed with water. The 83 

durian seeds were then cut into 1 cm x 1 cm x 1 cm and were dried at 45oC for 40 minutes. Durian seeds 84 

were scaled into 50 grams. After that, durian seeds were sterilized at 121oC, 15 lbs/inch2 for 10 minutes 85 

and were cooled down at 26oC for 30 minutes. The sterilized durian seeds then inoculated with Monascus 86 

purpureus M9 starter and were put into fermentation at 30±1oC for 14 days. The result of the 87 

fermentation were dried at 45oC for 24 hour. The dried Monascus-fermented durian seed was grinded 88 

and sifted to get Monascus-fermented durian seeds powder (Puspitadewi et al., 2016). 89 

2.4   Sensory evaluation 90 

Sensory evaluation was carried out at quality control and sensory evaluation laboratory at 91 

Department of Food Technology, Faculty of Agricultural Technology, Widya Mandala Surabaya Catholic 92 
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University. Private booths for each panelist were prepared. Mineral water was provided between samples 93 

to clean panelist’s tastebud. 50 untrained panelists which consisted of undergraduate students of food 94 

technology department were asked to evaluate each parameter using a 7-point hedonic scale (Stone and 95 

Sidel, 2004). Scores were assigned in a range 1-7 (1 = extremely dislike; 2 = dislike; 3 = slightly dislike; 4 = 96 

neither like nor dislike; 5 = slightly like; 6 = like; 7 = extremely like). Each panelist received four slices of 97 

bread incorporated with Monascus-fermented durian seed and rice bran which sized into 5 cm x 5 cm x 1 98 

cm. There tested parameters consisted of preference score for color, aroma, taste and overall acceptance.  99 

2.5   Moisture content 100 

Moisture content analysis was done to support the data from the sensory evaluation Moisture 101 

content analysis was carried out using thermogravimetric method according to (AOAC 925.10). Moisture 102 

content was calculated using the formula of: 103 

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (%) =  
𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)

𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔) − 𝑤𝑒𝑖𝑔ℎ𝑡 𝑙𝑜𝑠𝑠 (𝑔)
× 100% 104 

2.6   Color test 105 

Color analysis was done to support the data from the sensory evaluation. Color analysis was 106 

carried out by measuring the lightness (L*), redness (a*), yellowness (b*), chroma (*C) and hue (oH) of the 107 

crumb of bread incorporated with Monascus-fermented durian seeds and rice bran with color reader 108 

(Minolta CR-10 Chroma Meter).  109 

2.7   Statistical analysis 110 

Statistical analysis of data for effects of different bee pollen concentration on bread incorporated 111 

with Monascus-fermented durian seed and rice bran was performed by one-way analysis of variance 112 

(ANOVA) and SPSS 17.0 for Windows. Mean difference was analyzed with Duncan’s Multiple Range Test 113 

(DMRT) at p ≤ 0,05. The optimum bee pollen concentration was determined using spider-web test on 114 
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Microsoft Excel 2013. The analyzed parameters comprised of preference score for color, aroma, taste and 115 

overall acceptance. 116 

3. Results and discussion 117 

Sensory evaluation were carried using hedonic test method by involving 50 untrained panelist. 118 

The result of the test is showed in Table 2.  119 

As shown in Table 2, difference in bee pollen concentration significantly affect the preference 120 

score for color, aroma, taste and overall acceptance (P > 0.05). The preference score for color decreased 121 

while there was an increased on aroma, taste and overall acceptance. Those difference were affected by 122 

chemical composition of bee pollen. 123 

Bee pollen contains 𝛽-carotene which produce yellow pigment. Bee pollen also contains protein 124 

(22.7%); fructose and glucose (25.7%) and sucrose (3.7%) (Komosinska—Vassev et al., 2015). The sugar in 125 

bee pollen carried free carbonyl groups and the protein carried free amine groups which then underwent 126 

Maillard reaction when exposed to high temperature during baking process and resulted in brown 127 

pigment called melanoidin. Higher bee pollen concentration resulted in more yellow and darker crumb. 128 

This statement is supported by data collected from color analysis with color reader which is showed in 129 

Table 3. 130 

According to Table 3., there was an increase of lightness, yellowness and redness index. This data 131 

showed that higher bee pollen concentration resulted in bread with more yellowish and darker crumb. 132 

The color of the resulting bread therefore was different from what the panelists had perceived in terms 133 

of bread color, therefore lowered the preference score for bread incorporated with Monascus-fermented 134 

durian seeds and rice bran as the bee pollen concentration increased.  135 

As seen in Table 2, increased in bee pollen concentration also increased the panelist preference 136 

in terms of aroma. Bee pollen consisted of several volatile compounds which comprised of hydrocarbon, 137 
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esters, terpenoid and alcohol which produced floral and fruity aroma (Neto et al., 2017). Increased in bee 138 

pollen concentration also resulted in more Maillard reaction product resulted such as pyrazine that 139 

produced nutty and roasted aroma; furan that produced sweet and caramel aroma; acetylpyridine that 140 

produced cracker-malty aroma; and pyrol that produced nutty aroma (van Boekel, 2006). Those volatile 141 

compounds together were able to tone the rancid aroma, which derived from the rice bran.  142 

Preference score for taste also increased as bee pollen concentration increased. Higher bee pollen 143 

concentration meant there were more sugar and protein in the bread dough which led into more Maillard 144 

reaction products such as furfural (caramel), 2-acetylfuran (cinnamon), furfural (caramel) and 2-145 

pentylfuran (fruits) (Conte et al., 2020). These compounds helped in covering the astringent taste which 146 

came from Monascus-fermented durian seeds and cardboard taste which came from the rice bran; thus 147 

higher concentration of bee pollen were preferred by the panelist. Preference score for aroma was also 148 

influenced by moisture content. Data of moisture content of bread incorporated with Monascus-149 

fermented durian seeds and rice bran with each bee pollen concentration is shown in Table 3. 150 

In Table 4., it is showed that higher bee pollen concentration caused an increase in moisture 151 

content of the bread incorporated with Monascus-fermented durian seeds and rice bran, therefore bread 152 

with higher moisture content had higher score of aroma and taste preference. Some of volatile 153 

compounds were water-soluble and as water evaporate during heat process, there will be loss of these 154 

compounds (Raquel and Guin, 2018). Bee pollen contains protein (22.7%); fructose and glucose (25.7%) 155 

and sucrose (3.7%) (Komosinska—Vassev et al., 2015), which were able to bind with water molecules; 156 

therefore reduced the water evaporation and loss of water-soluble volatile compounds in the bread 157 

dough during baking process.   158 

Bread incorporated with Monascus-fermented durian seeds and rice bran achieved higher overall 159 

acceptance score as the bee pollen concentration increased as seen in Table 2. This result showed that 160 
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panelist preferred bread incorporated with Monascus-fermented durian seeds and rice bran with higher 161 

bee pollen concentration since the taste and aroma was better, even though the color was less favorable.  162 

The spider web test showed that the best treatments was obtained incorporation of 0.375% bee 163 

pollen into bread incorporated with Monascus-fermented durian seeds and rice bran. According to Figure 164 

1., it can be seen that the preference score of color, aroma, taste and overall acceptance of 0.375% bee 165 

pollen formed the largest quadrilateral. Therefore, 0.375% bee pollen is the best concentration among 166 

the other treatments.  167 

This research, however, is subject to limitation. Textural properties was not included in the 168 

sensorial evaluation since this research was more focused on improving the taste and aroma of the bread 169 

incorporated with Monascus-fermented durian seeds and rice bran. This research showed that bread with 170 

0.375% had the highest preference score of aroma and taste. Hence, it can be suggested that research 171 

regarding textural improvement of bread incorporated with Monascus-fermented durian seeds and rice 172 

bran with 0.375% bee pollen to be conducted in the future. It’s suggested to add hydrocolloid to improve 173 

this bread in terms of textural properties by adding hydrocolloid. According to Bourekoua et al. (2018) 174 

addition of starch or hydrocolloid can improve the textural quality of gluten-free bread. 175 

4. Conclusion  176 

Different concentration of bee pollen had significantly affected the preference score for color, 177 

aroma, taste and overall acceptance of bread incorporated with Monascus-fermented durian seeds and 178 

rice bran. As bee pollen concentration increased, moisture content, redness, yellowness, chroma and hue 179 

increased; lightness decreased; preference score for color decreased while the preference score for 180 

aroma, taste, and overall acceptance increased. The best treatment is 0.375% bee pollen.  181 

This research provided new insight into the field of bakery products which are supplemented with 182 

ingredients derived from food waste such as rice bran and durian seeds. Through this research, it can be 183 
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found out that addition of bee pollen helps to improve the taste and aroma of bread with food waste 184 

derived ingredients. Researcher may also consider addition of bee pollen to improve the taste and aroma 185 

of other bakery products which contains food waste derived ingredients. 186 
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Table 1. Formulation of bread incorporated with Monascus-fermented durian seeds and rice bran 266 

Ingredients/g B B1 B2 B3 B4 B5 

High-protein 
wheat flour 

179.85 179.85 179.85 179.85 179.85 179.85 

Mineral water 124 124 124 124 124 124 
Rice bran flour 20 20 20 20 20 20 
Granulated sugar 10 10 10 10 10 10 

Margarine 8 8 8 8 8 8 

Full cream milk 
powder 

4 4 4 4 4 4 

Instant dry yeast 3 3 3 3 3 3 

Table salt 2 2 2 2 2 2 

Bread improver 0.6 0.6 0.6 0.6 0.6 0.6 

Bee pollen 0 0.075 0.150 0.225 0.300 0.375 
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Table 2. Effect of bee pollen concentration on preference score for bread incorporated with Monascus-269 

fermented durian seeds and rice bran 270 

Sensory 
evaluation 

B B1 B2 B3 B4 B5 

Color 5.45±1.20d 5.40±0.93d 5.05±1.20cd 4.85±0.98bc 4.55±1.15ab 4.33±1.54a 

Aroma 3.35±0.92a 4.43±1.36b 4.83±1.01b 4.53±1.22b 4.73±1.26b 5.35±0.95c 

Taste 3.33±0.92a 3.38±0.90a 4.10±1.01b 4.48±1.26b 4.93±1.23c 5.33±0.76d 

Overall 
acceptance 

3.35±0.77a 4.33±1.05b 4.80±1.18c 4.93±1.21cd 5.05±1.20cd 5.33±0.97d 

Values are presented as mean±SD (n = 50 for each group). Values with the same superscript within 271 

column are not significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B: 272 

0% bee pollen, B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, 273 

and B5: 0.375% bee pollen  274 



 
 

Table 3. Effect of bee pollen concentration on color bread incorporated with Monascus-fermented durian 275 

seeds and rice bran 276 

Color 
evaluation 

B B1 B2 B3 B4 B5 

Lightness 
(L*) 

69.2±0.25d 67.6±0.39c 66.8±0.99b 66.5±0.20b 65.7±0.55a 65.3±0.17a 

Redness  
(a*) 

3.2±0.13a 3.2±0.10a 3.3±0.18a 3.4±0.13b 3.6±0.10c 3.8±0.03d 

Yellowness 
(b*) 

15.9±0.13a 17.4±0.28b 18.2±0.22c 18.6±0.45c 19.5±0.45d 20.1±0.32e 

Chroma 
(C) 

16.2±0.15a 17.7±0.28b 18.5±0.22c 18.9±0.45c 19.8±0.46d 20.5±0.33e 

Hue 
(oH) 

78.7±0.43a 79.6±0.48b 79.8±0.53b 79.7±0.38b 79.5±0.15b 79.2±0.16b 

Values are presented as mean±SD (n = 4 for each group). Values with the same superscript within column 277 

are not significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B: 0% bee 278 

pollen, B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and 279 

B5: 0.375% bee pollen 280 

  281 



 
 

Table 4. Effect of bee pollen concentration on the moisture content of bread incorporated with Monascus-282 

fermented durian seeds and rice bran 283 

Bee Pollen (%w/w) Moisture Content (%) 

0 40.29±0.11a 

0.075 44.20±0.07b 

0.150 47.34±0.15c 

0.225 51.35±0.16d 

0.300 54.23±0.15e 

0.375 59.25±0.16f 

Values are presented as mean±SD (n = 4 for each group). Values with the same superscript within column 284 

are not significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05) 285 
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Figure 1. Spider web test result 288 
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Abstract 15 

Bread incorporated with Monascus-fermented durian seeds (MFDS) and rice bran (RB) is a functional food 16 

which contains bioactive compounds. Although it is beneficial for human health, it has bitterness and 17 

unpleasant aroma that caused by phenolic compounds in MFDS and fatty acids in RB. Incorporation of 18 

bee pollen in this bread is one way to improve the sensory properties of bread. The aim of this study was 19 

to observe the effect of different bee pollen concentrations on the physicochemical and sensory 20 

properties of bread incorporated with MFDS and RB. This study used Randomized Block Design with six 21 

levels of treatment starting from 0, 0.075, 0.150, 0.225, 0.300 and 0.375%.  Data were analyzed by Analysis 22 Commented [A1]: 0, 0.075....%) 



 
 

of Variance with 𝛼 = 5%. The results indicated that difference in bee pollen concentration significantly 23 

affected on physicochemical and sensory properties of bread incorporated with MFDS and RB (p>0.05). 24 

Higher bee pollen concentration significantly increased the preference score for taste, aroma and overall 25 

acceptance (p>0.05). The best treatment was obtained by using 0.375% bee pollen. 26 

Keywords: Bread, Monascus-fermented durian seeds, rice bran, bee pollen 27 

1. Introduction 28 

Development of functional bakery products had been widely studied among food scientists as an 29 

approach for consumer’s demand of baked products with extra health benefits.  Trisnawati et al. (2019) 30 

had studied the effect of adding functional ingredients such as rice bran (RB) and Monascus-fermented 31 

durian seeds (MFDS) into bread. Rice bran contains 𝛾-orizanol, 𝛾-tocotrienol and non-dietary fiber which 32 

can regulate blood sugar level (Premakumari et al., 2013; Sivamaruthi et al., 2018). MFDS contains 33 

monascin pigments can help to reduce blood sugar level and monacolin-K which helps to reduce 34 

cholesterol production. (Nugerahani et al., 2017; Faroukh and Baumgärtel, 2019).  35 

Incorporation of MFDS flour and RB flour however reduce the preference score for aroma and 36 

taste of bread incorporated with MFDS and RB as reported by Trisnawati et al. (2019). RB contains 37 

monounsaturated fatty acid and polyunsaturated fatty acid which are easily oxidized into short chain fatty 38 

acids which have rancid properties (Cho and Samuel, 2009). MFDS contains secondary metabolite such as 39 

tannin and alkaloid also produced and therefore resulted in bitterness and astringency (Reginio et al., 40 

2016; Hasim et al., 2019). 41 

One way to cover the unpleasant taste and aroma from RB and MFDS are by incorporating bee 42 

pollen. There are several volatile compounds in bee pollen such as esters, hydrocarbon, aldehyde, 43 

terpenoid, and ketons (Neto et al., 2017). Incorporation of bee pollen also may increase furan production, 44 

such as furfural and pyrazine in the final product. These compounds produce caramel, floral and fruity 45 
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flavor (Conte et al., 2020). Unsaturated fatty acid, phytosterol and phospholipid in bee pollen can increase 46 

hypoglycemic activity (Komosinska-Vassev et al., 2015). The objective of this study was to observe the 47 

effect of bee pollen incorporation on the characteristic of bread incorporated with MFDS and RB. 48 

2. Materials and methods 49 

2.1  Materials 50 

Materials that used for making bread incorporated with MFDS and RB were bread flour, rice bran 51 

flour, instant dry yeast, instant full cream milk powder, granulated sugar, bread improver, table salt, 52 

mineral water, margarine which were purchased from local distributor, “Mirah Delima” multiflora bee 53 

pollen which was purchased from Mirah Delima Bee Farm and also MFDS flour which was produced 54 

in Laboratory of Food Industrial Microbiology, Widya Mandala Catholic University Surabaya. Materials 55 

that used for producing MFDS flour were Petruk durian seeds, pure culture of Monascus purpureus 56 

M9, Ca(OH)2, distilled water and potato dextrose agar (Merck 1.10130.0500). 57 

 58 

2.2   Preparation of bread incorporated with Monascus-fermented durian seeds and rice bran 59 

Sample preparation began by mixing all of the dry ingredients except table salt for 1 minute and 60 

followed by adding water. Mixing process then continued for 10 minutes. Margarine and table salt 61 

then added and mixing process continued for 5 minutes. The dough was fermented at 26oC for 30 62 

minutes. After the dough was shaped into a loaf the dough was proofed at 26oC for 90 minutes. The 63 

bread was baked with oven at 180oC for 30 minutes then cooled at 26oC for 60 minutes. Table 1 shows 64 

the composition of bread incorporated with MFDS and RB with different level of bee pollen 65 

concentration. 66 

2.3   Monascus-fermented durian seeds preparation 67 

Preparation of MFDS flour began with sortation. Durian seeds then washed with water. After that, 68 

the durian seeds were boiled with 5% Ca(OH)2 solution at 85-90oC for 10 minutes [durian seeds: 5% 69 
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Ca(OH)2 solution = 1:1 (w/v)]. The durian seeds were removed from the Ca(OH)2 solution and then 70 

washed with water. The durian seeds were then cut into 1 cm x 1 cm x 1 cm cubes and went through 71 

first drying process at 45oC for 40 minutes. The durian seeds were then weighed into 50 g. After that, 72 

durian seeds were sterilized at 121oC, 15 lbs/inch2 for 10 minutes and cooled down at 26oC for 30 73 

minutes. The sterilized durian seeds then inoculated with Monascus purpureus M9 starter (5% v/w) 74 

and were put under aerobic fermentation at 30±1oC for 14 days to produce MFDS. The MFDS were 75 

dried at 45oC for 24 hours, grinded and then sifted with 40 mesh sifters to get MFDS flour (Puspitadewi 76 

et al., 2016). 77 

2.3   Moisture content analysis 78 

Moisture was carried out using thermogravimetric method according to AOAC 925.10 (1990). The 79 

moisture content of bread incorporated with MFDS and RB was determined using following equation: 80 

Moisture content (%)= 
sample weight (g)

sample weight (g)-weight loss (g)
×100% 81 

2.4   Specific volume 82 

Specific volume determination was carried out using seed displacement method according to 83 

Nwosu et al. (2014). An empty container was filled with foxtail millet seeds until overflowed and seeds 84 

which were above the container rim were then removed using straight ruler. All the foxtail millet 85 

seeds in the container were then poured into a measuring cylinder to measure the volume of the 86 

container (V1). This steps were then repeated except that a loaf of bread sample was already inside 87 

the container before it was filled with seeds to obtain V2. 88 

Specific volume (cm3

g⁄ ) =
V1 (ml)-V2 (ml)

W (g)
 89 

2.5   Texture analysis 90 

Prior to analysis, bread samples were cut into 12 mm thickness. Texture analysis was carried out 91 

using texture analyzer (TA-XT Plus, Stable Micro System) and performed by two sequential 92 
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compression events (probe: P36/R, pre-test speed: 5 mm s-1, test speed: 1.5 mm s-1, post-test speed 93 

10 mm s-1, distance: 12 mm, time: 3 s, trigger type: auto, trigger force: 5 g).   94 

Hardness was defined as force that needed to achieve deformation during first compression. 95 

Cohesiveness was defined as ratio of the positive first area of the second peak to the first peak. 96 

Springiness was defined as ability of the bread to recover in height during the time elapsed between 97 

end of first compression and start of the second compression cycle (Dvořáková et al., 2012). 98 

2.6   Color analysis 99 

Color analysis was carried out by measuring the lightness (L*), redness (a*), yellowness (b*), 100 

chroma (*C) and hue (oH) of the crumb of bread incorporated MFDS and RB with color reader (Minolta 101 

CR-10 Chroma Meter).  102 

2.8   Sensory evaluation 103 

Sensory evaluation was carried out with 50 untrained panelists. Each panelist was asked to 104 

evaluate each parameter using a 7-point hedonic scale (Stone and Sidel, 2004). Scores were assigned 105 

in a range 1-7 (1 = extremely dislike; 2 = dislike; 3 = slightly dislike; 4 = neither like nor dislike; 5 = 106 

slightly like; 6 = like; 7 = extremely like). Each panelist received four slices of bread incorporated with 107 

Monascus-fermented durian seed and rice bran which sized into 5 cm x 5 cm x 1 cm. The tested 108 

parameters consisted of preference score for color, aroma, taste, and overall acceptance.  109 

2.9   Statistical analysis 110 

Data were generated in triplicate and subjected to Analysis of Variance (ANOVA) with α = 5% and 111 

followed by Duncan’s Multiple Range Test (DMRT) with α = 5% using SPSS software. Data collected 112 

from sensory evaluation were also subjected to spider-web test using Microsoft Excel 2013.  113 

3. Results and discussion 114 

3.1   Moisture Content 115 
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 According to Table 2., incorporation of bee pollen to bread with MFDS and RB resulted in moisture 116 

content ranging from 40.29% to 59.25% while Badan Standarisasi Nasional (1995) suggested that 117 

maximum moisture content of bread is 40% to support shelf-life against microbial deterioration. Rice 118 

bran contains 7-11% fiber (Henderson et al., 2012).  Ability of fiber to bind with water then resulted 119 

in increased moisture content of bread (Sangle et al., 2017). Bee pollen contains glucose, fructose and 120 

sucrose which were able to form hydroxyl bond with water molecules (Komosinska-Vassev et al., 121 

2013). that bee pollen is high in lysine, arginine, cysteine, tryptophan, and tyrosine which were 122 

hydrophilic amino acid. (Taha et al., 2017). Conte et al. (2020) also reported that moisture content of 123 

gluten free bread increased as bee pollen concentration increased.  124 

3.2   Physical properties  125 

Increase of specific volume in bread samples with 0-0.15% bee pollen was due to additional sugar 126 

from bee pollen which are useful CO2 production by yeast. The CO2 pushed. the gluten matrix to 127 

become thinner and resulted in reduced hardness. More CO2 gas also increased viscoelasticity of 128 

gluten matrix hence springiness increased. Bread samples with 0.225-0.375% bee pollen showed a 129 

decrease in specific volume due to competition in binding water between the hydrophilic molecules 130 

(protein and sugar) in bee pollen and gluten forming protein. Hence the gluten matrix became weaker 131 

and could not retain CO2 as much as bread with 0-0.15%. Lower retention of CO2 also resulted in bread 132 

with thicker gluten matrix and lower viscoelasticity hence increase bread hardness and decrease 133 

bread’s springiness.  134 

The results in Table 5. showed that as bee pollen concentration increased, L* value decreased and 135 

a*, b*, C and H value of bread samples increased. Lower L* might be attributed to incorporation of 136 

rice bran flour since it is brown in color and Maillard reaction which occurred during baking process. 137 

Starowicz and Zieliński (2019) reported that Free amine groups in protein and carbonyl groups in 138 

sugars went through Maillard reaction to produce melanoidin which reduce L*value of food Brown’s 139 



 
 

base colors are grounded with red and yellow which resulted in increased of a* and b* value. Value 140 

of b* was also influenced by the yellow pigment β-carotene in bee pollen. 141 

3.3   Sensory evaluation 142 

The preference score for color of the bread samples was statistically decreased while preference 143 

score of taste, aroma and overall acceptability were statistically increased as BP concentration 144 

increased.  Spider web test showed that 0.375% BP was the best concentration for bread incorporated 145 

wih MFDS and RB even though the color was the least favorable. 146 

Bee pollen consisted of several volatile compounds which comprised of hydrocarbon, esters, 147 

terpenoid and alcohol which produced floral and fruity aroma (Neto et al., 2017). Increased in bee 148 

pollen concentration also resulted in more Maillard reaction product resulted such as pyrazine that 149 

produced nutty and roasted aroma; furan that produced sweet and caramel aroma; acetylpyridine 150 

that produced cracker-malty aroma; and pyrol that produced nutty aroma (van Boekel, 2006). Those 151 

volatile compounds together were able to tone down the rancid aroma, which derived from the rice 152 

bran.  153 

4. Conclusion 154 

The most suitable bee pollen concentration for bread incorporated with MFDS and RB is 0.375% 155 

according to the sensory evaluation. The overall acceptance score of this bread represented that 156 

panelist slightly like the bread. This study showed that bee pollen has the potential to improve taste 157 

and aroma of bread incorporated with MFDS and RB. Further study to improve specific volume and 158 

textural properties of this bread is suggested.  159 
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Table 1. Formulation of bread incorporated with Monascus-fermented durian seeds and rice bran 237 

Ingredients/g B0 B1 B2 B3 B4 B5 

Bread flour 179.85 179.85 179.85 179.85 179.85 179.85 
Mineral water 124 124 124 124 124 124 
Rice bran flour 20 20 20 20 20 20 
Granulated sugar 10 10 10 10 10 10 

Margarine 8 8 8 8 8 8 

Full cream milk 
powder 

4 4 4 4 4 4 

Instant dry yeast 3 3 3 3 3 3 

Table salt 2 2 2 2 2 2 

Bread improver 0.6 0.6 0.6 0.6 0.6 0.6 

MFDS flour 0.15 0.15 0.15 0.15 0.15 0.15 

Bee pollen 0 0.075 0.150 0.225 0.300 0.375 

B0 : 0% bee pollen; B1 : 0.075% bee pollen; B2 : 0.150% bee pollen; B3 : 0.225% bee pollen; B4 : 0.300% bee 238 

pollen; B5 : 0.375% bee pollen 239 

  240 
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Table 2. Effect of bee pollen on the moisture content of bread incorporated with Monascus-fermented 241 

durian seeds and rice bran 242 

Bee pollen concentration Moisture Content (%) 

B0 40.29±0.11a 

B1 44.20±0.07b 

B2 47.34±0.15c 

B3 51.35±0.16d 

B4 54.23±0.15e 

B5 59.25±0.16f 

Values are presented as mean±SD (n = 4). Values with the same superscript within column are not 243 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 244 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 245 

bee pollen 246 

 247 

Table 3. Effect of bee pollen on the specific volume of bread incorporated with Monascus-fermented 248 

durian seeds and rice bran 249 

Bee pollen concentration Specific volume (cm3/g) 

B0 3.85±0.03c 

B1 3.97±0.01d 

B2 4.07±0.06e 

B3 3.81±0.02c 

B4 3.34±0.06b 

B5 3.23±0.05a 

Values are presented as mean±SD (n = 4). Values with the same superscript within column are not 250 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 251 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 252 

bee pollen 253 

 254 

 255 

 256 
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Table 4. Effect of bee pollen on textural properties for bread incorporated with Monascus-fermented 257 

durian seeds and rice bran 258 

Textural 
properties 

B0 B1 B2 B3 B4 B5 

Hardness (g) 
790.452 
±7.920c 

769.631 
±10.910b 

665.708 
±5.590a 

833.009 
±10.450d 

1059.045 
±17.130e 

1254.505 
±15.140f 

Cohesiveness 
0.643 
±0.010c 

0.662 
±0.010d 

0.677 
±0.010e 

0.646 
±0.010c 

0.620 
±0.010b 

0.596 
±0.010a 

Springiness 
0.790 
±0.011c 

0.819 
±0.003d 

0.833 
±0.005e 

0.802 
±0.001d 

0.768 
±0.002b 

0.758 
±0.003a 

Values are presented as mean±SD (n = 4). Values with the same superscript within column are not 259 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 260 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 261 

bee pollen 262 

 263 

 264 

Table 5. Effect of bee pollen on color of bread incorporated with Monascus-fermented durian seeds and 265 

rice bran 266 

Color 
evaluation 

B0 B1 B2 B3 B4 B5 

Lightness 
(L*) 

69.2±0.25d 67.6±0.39c 66.8±0.99b 66.5±0.20b 65.7±0.55a 65.3±0.17a 

Redness  
(a*) 

3.2±0.13a 3.2±0.10a 3.3±0.18a 3.4±0.13b 3.6±0.10c 3.8±0.03d 

Yellowness 
(b*) 

15.9±0.13a 17.4±0.28b 18.2±0.22c 18.6±0.45c 19.5±0.45d 20.1±0.32e 

Chroma 
(C) 

16.2±0.15a 17.7±0.28b 18.5±0.22c 18.9±0.45c 19.8±0.46d 20.5±0.33e 

Hue 
(oH) 

78.7±0.43a 79.6±0.48b 79.8±0.53b 79.7±0.38b 79.5±0.15b 79.2±0.16b 

Values are presented as mean±SD (n = 4). Values with the same superscript within column are not 267 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 268 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 269 

bee pollen 270 



 
 

Table 6. Effect of bee pollen on preference score for bread incorporated with Monascus-fermented durian 271 

seeds and rice bran 272 

Sensory 
evaluation 

B0 B1 B2 B3 B4 B5 

Color 5.45±1.20d 5.40±0.93d 5.05±1.20cd 4.85±0.98bc 4.55±1.15ab 4.33±1.54a 

Aroma 3.35±0.92a 4.43±1.36b 4.83±1.01b 4.53±1.22b 4.73±1.26b 5.35±0.95c 

Taste 3.33±0.92a 3.38±0.90a 4.10±1.01b 4.48±1.26b 4.93±1.23c 5.33±0.76d 

Overall 
acceptance 

3.35±0.77a 4.33±1.05b 4.80±1.18c 4.93±1.21cd 5.05±1.20cd 5.33±0.97d 

Values are presented as mean±SD (n = 50). Values with the same superscript within column are not 273 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 274 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 275 

bee pollen  276 
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Figure 1. Spider web test result 278 
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Abstract 15 

Bread incorporated with Monascus-fermented durian seeds (MFDS) and rice bran (RB) is a functional food 16 

which contains bioactive compounds. Although it is beneficial for human health, it has bitterness and 17 

unpleasant aroma that caused by phenolic compounds in MFDS and fatty acids in RB. Incorporation of 18 

bee pollen in this bread is one way to improve the sensory properties of bread. The aim of this study was 19 

to observe the effect of different bee pollen concentrations on the physicochemical and sensory 20 

properties of bread incorporated with MFDS and RB. This study used Randomized Block Design with six 21 

levels of treatment starting from 0, 0.075, 0.150, 0.225, 0.300 and 0.375%.  Data were analyzed by Analysis 22 



 
 

of Variance with 𝛼 = 5%. The results indicated that difference in bee pollen concentration significantly 23 

affected on physicochemical and sensory properties of bread incorporated with MFDS and RB (p>0.05). 24 

Higher bee pollen concentration significantly increased the preference score for taste, aroma and overall 25 

acceptance (p>0.05). The best treatment was obtained by using 0.375% bee pollen. 26 

Keywords: Bread, Monascus-fermented durian seeds, rice bran, bee pollen 27 

1. Introduction 28 

The development of functional bakery products had been widely studied among food scientists 29 

as an approach to consumer’s demand for baked products with extra health benefits.  Trisnawati et al. 30 

(2019) studied the effect of adding functional ingredients such as rice bran (RB) and Monascus-fermented 31 

durian seeds (MFDS) into bread. Rice bran contains 𝛾-orizanol, 𝛾-tocotrienol and non-dietary fibre which 32 

can regulate blood sugar levels (Premakumari et al., 2013; Sivamaruthi et al., 2018). MFDS contains 33 

monascin pigments that can help to reduce blood sugar level and monacolin-K which helps to reduce 34 

cholesterol production. (Nugerahani et al., 2017; Faroukh and Baumgärtel, 2019).  35 

Incorporation of MFDS flour and RB flour however reduce the preference score for aroma and 36 

taste of bread incorporated with MFDS and RB as reported by Trisnawati et al. (2019). RB contains 37 

monounsaturated fatty acid and polyunsaturated fatty acid which are easily oxidized into short chain fatty 38 

acids which have rancid properties (Cho and Samuel, 2009). MFDS contain secondary metabolites such as 39 

tannin and alkaloid also produced and therefore resulted in bitterness and astringency (Reginio et al., 40 

2016; Hasim et al., 2019). 41 

One way to cover the unpleasant taste and aroma from RB and MFDS is by incorporating bee 42 

pollen. There are several volatile compounds in bee pollen such as esters, hydrocarbon, aldehyde, 43 

terpenoid, and ketons (Neto et al., 2017). Incorporation of bee pollen also may increase furan production, 44 

such as furfural and pyrazine in the final product. These compounds produce caramel, floral and fruity 45 



 
 

flavors (Conte et al., 2020). Unsaturated fatty acid, phytosterol and phospholipid in bee pollen can 46 

increase hypoglycemic activity (Komosinska-Vassev et al., 2015). The objective of this study was to 47 

observe the effect of bee pollen incorporation on the characteristic of bread incorporated with MFDS and 48 

RB. 49 

2. Materials and methods 50 

2.1 Materials 51 

Materials that were used for making bread incorporated with MFDS and RB were bread flour, rice 52 

bran flour, instant dry yeast, instant full cream milk powder, granulated sugar, bread improver, table 53 

salt, mineral water, margarine which were purchased from local distributor, “Mirah Delima” 54 

multiflora bee pollen which was purchased from Mirah Delima Bee Farm and also MFDS flour which 55 

was produced in Laboratory of Food Industrial Microbiology, Widya Mandala Catholic University 56 

Surabaya. Materials that were used for producing MFDS flour were Petruk durian seeds, pure culture 57 

of Monascus purpureus M9, Ca(OH)2, distilled water and potato dextrose agar (Merck 1.10130.0500). 58 

 59 

2.2   Preparation of bread incorporated with Monascus-fermented durian seeds and rice bran 60 

Sample preparation began by mixing all of the dry ingredients except table salt for 1 minute and 61 

followed by adding water. The mixing process then continued for 10 minutes. Margarine and table 62 

salt was then added and the mixing process continued for 5 minutes. The dough was fermented at 63 

26oC for 30 minutes. After the dough was shaped into a loaf the dough was proofed at 26oC for 90 64 

minutes. The bread was baked with the oven at 180oC for 30 minutes then cooled at 26oC for 60 65 

minutes. Table 1 shows the composition of bread incorporated with MFDS and RB with different levels 66 

of bee pollen concentration. 67 

2.3   Monascus-fermented durian seeds preparation 68 



 
 

Preparation of MFDS flour began with sortation. Durian seeds then washed with water. After that, 69 

the durian seeds were boiled with 5% Ca(OH)2 solution at 85-90oC for 10 minutes [durian seeds: 5% 70 

Ca(OH)2 solution = 1:1 (w/v)]. The durian seeds were removed from the Ca(OH)2 solution and then 71 

washed with water. The durian seeds were then cut into 1 cm x 1 cm x 1 cm cubes and went through 72 

first drying process at 45oC for 40 minutes. The durian seeds were then weighed into 50 g. After that, 73 

durian seeds were sterilized at 121oC, 15 lbs/inch2 for 10 minutes and cooled down at 26oC for 30 74 

minutes. The sterilized durian seeds then inoculated with Monascus purpureus M9 starter (5% v/w) 75 

and were put under aerobic fermentation at 30±1oC for 14 days to produce MFDS. The MFDS were 76 

dried at 45oC for 24 hours, grinded and then sifted with 40 mesh sifters to get MFDS flour (Puspitadewi 77 

et al., 2016). 78 

2.3   Moisture content analysis 79 

Moisture was carried out using thermogravimetric method according to AOAC 925.10 (1990). The 80 

moisture content of bread incorporated with MFDS and RB was determined using following equation: 81 

Moisture content (%)= 
sample weight (g)

sample weight (g)-weight loss (g)
×100% 82 

2.4   Specific volume 83 

Specific volume determination was carried out using seed displacement method according to 84 

Nwosu et al. (2014). An empty container was filled with foxtail millet seeds until overflowed and seeds 85 

which were above the container rim were then removed using straight ruler. All the foxtail millet 86 

seeds in the container were then poured into a measuring cylinder to measure the volume of the 87 

container (V1). This steps were then repeated except that a loaf of bread sample was already inside 88 

the container before it was filled with seeds to obtain V2. 89 

Specific volume (cm3

g⁄ ) =
V1 (ml)-V2 (ml)

W (g)
 90 

2.5   Texture analysis 91 



 
 

Prior to analysis, bread samples were cut into 12 mm thickness. Texture analysis was carried out 92 

using texture analyzer (TA-XT Plus, Stable Micro System) and performed by two sequential 93 

compression events (probe: P36/R, pre-test speed: 5 mm s-1, test speed: 1.5 mm s-1, post-test speed 94 

10 mm s-1, distance: 12 mm, time: 3 s, trigger type: auto, trigger force: 5 g).   95 

Hardness was defined as force that needed to achieve deformation during first compression. 96 

Cohesiveness was defined as ratio of the positive first area of the second peak to the first peak. 97 

Springiness was defined as ability of the bread to recover in height during the time elapsed between 98 

end of first compression and start of the second compression cycle (Dvořáková et al., 2012). 99 

2.6   Color analysis 100 

Color analysis was carried out by measuring the lightness (L*), redness (a*), yellowness (b*), 101 

chroma (*C) and hue (oH) of the crumb of bread incorporated MFDS and RB with color reader (Minolta 102 

CR-10 Chroma Meter).  103 

2.8   Sensory evaluation 104 

Sensory evaluation was carried out with 50 untrained panelists. Each panelist was asked to 105 

evaluate each parameter using a 7-point hedonic scale (Stone and Sidel, 2004). Scores were assigned 106 

in a range 1-7 (1 = extremely dislike; 2 = dislike; 3 = slightly dislike; 4 = neither like nor dislike; 5 = 107 

slightly like; 6 = like; 7 = extremely like). Each panelist received four slices of bread incorporated with 108 

Monascus-fermented durian seed and rice bran which sized into 5 cm x 5 cm x 1 cm. The tested 109 

parameters consisted of preference score for color, aroma, taste, and overall acceptance.  110 

2.9   Statistical analysis 111 

Data were generated in triplicate and subjected to Analysis of Variance (ANOVA) with α = 5% and 112 

followed by Duncan’s Multiple Range Test (DMRT) with α = 5% using SPSS software. Data collected 113 

from sensory evaluation were also subjected to spider-web test using Microsoft Excel 2013.  114 

3. Results and discussion 115 



 
 

3.1   Moisture Content 116 

 According to Table 2., incorporation of bee pollen to bread with MFDS and RB resulted in moisture 117 

content ranging from 40.29% to 59.25% while Badan Standarisasi Nasional (1995) suggested that 118 

maximum moisture content of bread is 40% to support shelf-life against microbial deterioration. Rice 119 

bran contains 7-11% fiber (Henderson et al., 2012).  Ability of fiber to bind with water then resulted 120 

in increased moisture content of bread (Sangle et al., 2017). Bee pollen contains glucose, fructose and 121 

sucrose which were able to form hydroxyl bond with water molecules (Komosinska-Vassev et al., 122 

2013). that bee pollen is high in lysine, arginine, cysteine, tryptophan, and tyrosine which were 123 

hydrophilic amino acid. (Taha et al., 2017). Conte et al. (2020) also reported that moisture content of 124 

gluten free bread increased as bee pollen concentration increased.  125 

3.2   Physical properties  126 

Increase of specific volume in bread samples with 0-0.15% bee pollen was due to additional sugar 127 

from bee pollen which are useful CO2 production by yeast. The CO2 pushed the gluten matrix to 128 

become thinner and resulted in reduced hardness. More CO2 gas also increased viscoelasticity of 129 

gluten matrix hence springiness increased. Bread samples with 0.225-0.375% bee pollen showed a 130 

decrease in specific volume due to competition in binding water between the hydrophilic molecules 131 

(protein and sugar) in bee pollen and gluten forming protein. Hence the gluten matrix became weaker 132 

and could not retain CO2 as much as bread with 0-0.15%. Lower retention of CO2 also resulted in bread 133 

with thicker gluten matrix and lower viscoelasticity hence increase bread hardness and decrease 134 

bread’s springiness.  135 

The results in Table 5 showed that as bee pollen concentration increased, L* value decreased and 136 

a*, b*, C and H value of bread samples increased. Lower L* might be attributed to incorporation of 137 

rice bran flour since it is brown in color and Maillard reaction which occurred during baking process. 138 

Starowicz and Zieliński (2019) reported that Free amine groups in protein and carbonyl groups in 139 



 
 

sugars went through Maillard reaction to produce melanoidin which reduce L*value of food Brown’s 140 

base colors are grounded with red and yellow which resulted in increased of a* and b* value. Value 141 

of b* was also influenced by the yellow pigment β-carotene in bee pollen. 142 

3.3   Sensory evaluation 143 

The preference score for color of the bread samples was statistically decreased while preference 144 

score of taste, aroma and overall acceptability were statistically increased as BP concentration 145 

increased.  Spider web test showed that 0.375% BP was the best concentration for bread incorporated 146 

wih MFDS and RB even though the color was the least favorable. 147 

Bee pollen consisted of several volatile compounds which comprised of hydrocarbon, esters, 148 

terpenoid and alcohol which produced floral and fruity aroma (Neto et al., 2017). Increased in bee 149 

pollen concentration also resulted in more Maillard reaction product resulted such as pyrazine that 150 

produced nutty and roasted aroma; furan that produced sweet and caramel aroma; acetylpyridine 151 

that produced cracker-malty aroma; and pyrol that produced nutty aroma (van Boekel, 2006). Those 152 

volatile compounds together were able to tone down the rancid aroma, which derived from the rice 153 

bran.  154 

4. Conclusion 155 

The most suitable bee pollen concentration for bread incorporated with MFDS and RB is 0.375% 156 

according to the sensory evaluation. The overall acceptance score of this bread represented that 157 

panelist slightly like the bread. This study showed that bee pollen has the potential to improve taste 158 

and aroma of bread incorporated with MFDS and RB. Further study to improve specific volume and 159 

textural properties of this bread is suggested.  160 
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Table 1. Formulation of bread incorporated with Monascus-fermented durian seeds and rice bran 238 

Ingredients/g B0 B1 B2 B3 B4 B5 

Bread flour 179.85 179.85 179.85 179.85 179.85 179.85 
Mineral 
water 

124 124 124 124 124 124 

Rice bran 
flour 

20 20 20 20 20 20 

Granulated 
sugar 

10 10 10 10 10 10 

Margarine 8 8 8 8 8 8 

Full cream 
milk powder 

4 4 4 4 4 4 

Instant dry 
yeast 

3 3 3 3 3 3 

Table salt 2 2 2 2 2 2 

Bread 
improver 

0.6 0.6 0.6 0.6 0.6 0.6 

MFDS flour 0.15 0.15 0.15 0.15 0.15 0.15 

Bee pollen 0 0.075 0.150 0.225 0.300 0.375 

B0 : 0% bee pollen; B1 : 0.075% bee pollen; B2 : 0.150% bee pollen; B3 : 0.225% bee pollen; B4 : 0.300% bee 239 

pollen; B5 : 0.375% bee pollen 240 

  241 



 
 

Table 2. Effect of bee pollen on the moisture content of bread incorporated with Monascus-fermented 242 

durian seeds and rice bran 243 

Bee pollen concentration Moisture Content (%) 

B0 40.29±0.11a 

B1 44.20±0.07b 

B2 47.34±0.15c 

B3 51.35±0.16d 

B4 54.23±0.15e 

B5 59.25±0.16f 

Values are presented as mean±SD (n = 4). Values with the same superscript within column are not 244 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 245 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 246 

bee pollen 247 

 248 

Table 3. Effect of bee pollen on the specific volume of bread incorporated with Monascus-fermented 249 

durian seeds and rice bran 250 

Bee pollen concentration Specific volume (cm3/g) 

B0 3.85±0.03c 

B1 3.97±0.01d 

B2 4.07±0.06e 

B3 3.81±0.02c 

B4 3.34±0.06b 

B5 3.23±0.05a 

Values are presented as mean±SD (n = 4). Values with the same superscript within column are not 251 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 252 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 253 

bee pollen 254 

 255 

 256 

 257 
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Table 4. Effect of bee pollen on textural properties for bread incorporated with Monascus-fermented 258 

durian seeds and rice bran 259 

Textural 
properties 

B0 B1 B2 B3 B4 B5 

Hardness (g) 
790.452 
±7.920c 

769.631 
±10.910b 

665.708 
±5.590a 

833.009 
±10.450d 

1059.045 
±17.130e 

1254.505 
±15.140f 

Cohesiveness 
0.643 
±0.010c 

0.662 
±0.010d 

0.677 
±0.010e 

0.646 
±0.010c 

0.620 
±0.010b 

0.596 
±0.010a 

Springiness 
0.790 
±0.011c 

0.819 
±0.003d 

0.833 
±0.005e 

0.802 
±0.001d 

0.768 
±0.002b 

0.758 
±0.003a 

Values are presented as mean±SD (n = 4). Values with the same superscript within column are not 260 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 261 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 262 

bee pollen 263 

 264 

 265 

Table 5. Effect of bee pollen on color of bread incorporated with Monascus-fermented durian seeds and 266 

rice bran 267 

Color 
evaluation 

B0 B1 B2 B3 B4 B5 

Lightness 
(L*) 

69.2±0.25d 67.6±0.39c 66.8±0.99b 66.5±0.20b 65.7±0.55a 65.3±0.17a 

Redness  
(a*) 

3.2±0.13a 3.2±0.10a 3.3±0.18a 3.4±0.13b 3.6±0.10c 3.8±0.03d 

Yellowness 
(b*) 

15.9±0.13a 17.4±0.28b 18.2±0.22c 18.6±0.45c 19.5±0.45d 20.1±0.32e 

Chroma 
(C) 

16.2±0.15a 17.7±0.28b 18.5±0.22c 18.9±0.45c 19.8±0.46d 20.5±0.33e 

Hue 
(oH) 

78.7±0.43a 79.6±0.48b 79.8±0.53b 79.7±0.38b 79.5±0.15b 79.2±0.16b 

Values are presented as mean±SD (n = 4). Values with the same superscript within column are not 268 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 269 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 270 

bee pollen 271 



 
 

Table 6. Effect of bee pollen on preference score for bread incorporated with Monascus-fermented durian 272 

seeds and rice bran 273 

Sensory 
evaluation 

B0 B1 B2 B3 B4 B5 

Color 5.45±1.20d 5.40±0.93d 5.05±1.20cd 4.85±0.98bc 4.55±1.15ab 4.33±1.54a 

Aroma 3.35±0.92a 4.43±1.36b 4.83±1.01b 4.53±1.22b 4.73±1.26b 5.35±0.95c 

Taste 3.33±0.92a 3.38±0.90a 4.10±1.01b 4.48±1.26b 4.93±1.23c 5.33±0.76d 

Overall 
acceptance 

3.35±0.77a 4.33±1.05b 4.80±1.18c 4.93±1.21cd 5.05±1.20cd 5.33±0.97d 

Values are presented as mean±SD (n = 50). Values with the same superscript within column are not 274 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 275 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 276 

bee pollen  277 



 
 

 278 

Figure 1. Spider web test result 279 
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Abstract 15 

Bread incorporated with Monascus-fermented durian seeds (MFDS) and rice bran (RB) is a functional food 16 

which contains bioactive compounds. Although it is beneficial for human health, it has bitterness and 17 

unpleasant aroma that caused by phenolic compounds in MFDS and fatty acids in RB. Incorporation of 18 

bee pollen in this bread is one way to improve the sensory properties of bread. The aim of this study was 19 

to observe the effect of different bee pollen concentrations on the physicochemical and sensory 20 

properties of bread incorporated with MFDS and RB. This study used Randomized Block Design with six 21 

levels of treatment starting from 0, 0.075, 0.150, 0.225, 0.300 and 0.375%.  Data were analyzed by Analysis 22 



 
 

of Variance with 𝛼 = 5%. The results indicated that difference in bee pollen concentration significantly 23 

affected on physicochemical and sensory properties of bread incorporated with MFDS and RB (p>0.05). 24 

Higher bee pollen concentration significantly increased the preference score for taste, aroma and overall 25 

acceptance (p>0.05). The best treatment was obtained by using 0.375% bee pollen. 26 

Keywords: Bread, Monascus-fermented durian seeds, rice bran, bee pollen 27 

1. Introduction 28 

The development of functional bakery products had been widely studied among food scientists 29 

as an approach to consumer’s demand for baked products with extra health benefits.  Trisnawati et al. 30 

(2019) studied the effect of adding functional ingredients such as rice bran (RB) and Monascus-fermented 31 

durian seeds (MFDS) into bread. Rice bran contains 𝛾-orizanol, 𝛾-tocotrienol and fibre which can regulate 32 

blood sugar levels (Premakumari et al., 2013; Sivamaruthi et al., 2018). MFDS contains monascin pigments 33 

that can help to reduce blood sugar level and monacolin-K which helps to reduce cholesterol production. 34 

(Nugerahani et al., 2017; Faroukh and Baumgärtel, 2019).  35 

Incorporation of MFDS flour and RB flour however reduce the preference score for aroma and 36 

taste of bread incorporated with MFDS and RB as reported by Trisnawati et al. (2019). RB contains 37 

monounsaturated fatty acid and polyunsaturated fatty acid which are easily oxidized into short chain fatty 38 

acids which have rancid properties (Cho and Samuel, 2009). MFDS contain secondary metabolites such as 39 

tannin and alkaloid also produced and therefore resulted in bitterness and astringency (Reginio et al., 40 

2016; Hasim et al., 2019). 41 

One way to cover the unpleasant taste and aroma from RB and MFDS is by incorporating bee 42 

pollen. There are several volatile compounds in bee pollen such as esters, hydrocarbon, aldehyde, 43 

terpenoid, and keton (Neto et al., 2017). Incorporation of bee pollen also may increase furan production, 44 

such as furfural and pyrazine in the final product. These compounds produce caramel, floral and fruity 45 



 
 

flavors (Conte et al., 2020). Unsaturated fatty acid, phytosterol and phospholipid in bee pollen can 46 

increase hypoglycemic activity (Komosinska-Vassev et al., 2015). The objective of this study was to 47 

observe the effect of bee pollen incorporation on the characteristic of bread incorporated with MFDS and 48 

RB. 49 

2. Materials and methods 50 

2.1 Materials 51 

Materials that were used for making bread incorporated with MFDS and RB were bread flour, rice 52 

bran flour, instant dry yeast, instant full cream milk powder, granulated sugar, bread improver, table 53 

salt, mineral water, margarine which were purchased from local distributor, “Mirah Delima” 54 

multiflora bee pollen which was purchased from Mirah Delima Bee Farm and also MFDS flour which 55 

was produced in Laboratory of Food Industrial Microbiology, Widya Mandala Catholic University 56 

Surabaya. Materials that were used for producing MFDS flour were Petruk durian seeds, pure culture 57 

of Monascus purpureus M9, Ca(OH)2, distilled water and potato dextrose agar (Merck 1.10130.0500). 58 

2.2   Preparation of bread incorporated with Monascus-fermented durian seeds and rice bran 59 

Sample preparation began by mixing all of the dry ingredients except table salt for 1 minute and 60 

followed by adding water. The mixing process then continued for 10 minutes. Margarine and table 61 

salt was then added and the mixing process continued for 5 minutes. The dough was fermented at 62 

26oC for 30 minutes. After the dough was shaped into a loaf the dough was proofed at 26oC for 90 63 

minutes. The bread was baked with the oven at 180oC for 30 minutes then cooled at 26oC for 60 64 

minutes. Table 1 shows the composition of bread incorporated with MFDS and RB with different levels 65 

of bee pollen concentration. 66 

2.3   Monascus-fermented durian seeds preparation 67 

Preparation of MFDS flour began with sortation. Durian seeds then washed with water. After that, 68 

the durian seeds were boiled with 5% Ca(OH)2 solution at 85-90oC for 10 minutes [durian seeds: 5% 69 



 
 

Ca(OH)2 solution = 1:1 (w/v)]. The durian seeds were removed from the Ca(OH)2 solution and then 70 

washed with water. The durian seeds were then cut into 1 cm x 1 cm x 1 cm cubes and went through 71 

first drying process at 45oC for 40 minutes. The durian seeds were then weighed into 50 g. After that, 72 

durian seeds were sterilized at 121oC, 15 lbs/inch2 for 10 minutes and cooled down at 26oC for 30 73 

minutes. The sterilized durian seeds then inoculated with Monascus purpureus M9 starter (5% v/w) 74 

and were put under aerobic fermentation at 30±1oC for 14 days to produce MFDS. The MFDS were 75 

dried at 45oC for 24 hours, grinded and then sifted with 40 mesh sifters to get MFDS flour (Puspitadewi 76 

et al., 2016). 77 

2.3   Moisture content analysis 78 

Moisture content determination was carried out using thermogravimetric method according to 79 

AOAC 925.10 (1990). The moisture content of bread incorporated with MFDS and RB was determined 80 

using following equation: 81 

Moisture content (%) = 
sample weight (g)

sample weight (g)-weight loss (g)
×100% 82 

2.4   Specific volume 83 

Specific volume determination was carried out using seed displacement method according to 84 

Nwosu et al. (2014). An empty container was filled with foxtail millet seeds until overflowed and seeds 85 

which were above the container rim were then removed using straight ruler. All the foxtail millet 86 

seeds in the container were then poured into a measuring cylinder to measure the volume of the 87 

container (V1). These steps were then repeated except that a loaf of bread sample was already inside 88 

the container before it was filled with seeds to obtain V2. 89 

Specific volume (cm3

g⁄ ) =
V1 (ml)-V2 (ml)

W (g)
 90 

 91 

 92 



 
 

2.5   Texture analysis 93 

Prior to analysis, bread samples were cut into 12 mm thickness. Texture analysis was carried out 94 

using texture analyzer (TA-XT Plus, Stable Micro System) and performed by two sequential 95 

compression events (probe: P36/R, pre-test speed: 5 mm s-1, test speed: 1.5 mm s-1, post-test speed 96 

10 mm s-1, distance: 12 mm, time: 3 s, trigger type: auto, trigger force: 5 g).   97 

Hardness was defined as force that needed to achieve deformation during first compression. 98 

Cohesiveness was defined as ratio of the positive first area of the second peak to the first peak. 99 

Springiness was defined as ability of the bread to recover in height during the time elapsed between 100 

end of first compression and start of the second compression cycle (Dvořáková et al., 2012). 101 

2.6   Color analysis 102 

Color analysis was carried out by measuring the lightness (L*), redness (a*), yellowness (b*), 103 

chroma (*C) and hue (oH) of the crumb of bread incorporated MFDS and RB with color reader (Minolta 104 

CR-10 Chroma Meter).  105 

2.8   Sensory evaluation 106 

Sensory evaluation was carried out with 50 untrained panelists. Each panelist was asked to 107 

evaluate each parameter using a 7-point hedonic scale (Stone and Sidel, 2004). Scores were assigned 108 

in a range 1-7 (1 = extremely dislike; 2 = dislike; 3 = slightly dislike; 4 = neither like nor dislike; 5 = 109 

slightly like; 6 = like; 7 = extremely like). Each panelist received four slices of bread incorporated with 110 

Monascus-fermented durian seed and rice bran which sized into 5 cm x 5 cm x 1 cm. The tested 111 

parameters consisted of preference score for color, aroma, taste, and overall acceptance.  112 

2.9   Statistical analysis 113 

Data were generated in triplicate and subjected to Analysis of Variance (ANOVA) with α = 5% and 114 

followed by Duncan’s Multiple Range Test (DMRT) with α = 5% using SPSS software. Data collected 115 

from sensory evaluation were also subjected to spider-web test using Microsoft Excel 2013.  116 



 
 

3. Results and discussion 117 

3.1   Moisture Content 118 

 According to Table 2., incorporation of bee pollen to bread with MFDS and RB resulted in moisture 119 

content ranging from 40.29% to 59.25% while Badan Standarisasi Nasional (1995) suggested that 120 

maximum moisture content of bread is 40% to support shelf-life against microbial deterioration. Rice 121 

bran contains 7-11% fiber (Henderson et al., 2012).  Ability of fiber to bind with water then resulted 122 

in increased moisture content of bread (Sangle et al., 2017). Bee pollen contains glucose, fructose and 123 

sucrose which were able to form hydroxyl bond with water molecules (Komosinska-Vassev et al., 124 

2013). that bee pollen is high in lysine, arginine, cysteine, tryptophan, and tyrosine which were 125 

hydrophilic amino acid. (Taha et al., 2017). Conte et al. (2020) also reported that moisture content of 126 

gluten free bread increased as bee pollen concentration increased.  127 

3.2   Physical properties  128 

Increase of specific volume in bread samples with 0-0.15% bee pollen as seen in Table 3 was due 129 

to additional sugar from bee pollen which are useful CO2 production by yeast. The CO2 pushed the 130 

gluten matrix to become thinner and resulted in reduced hardness as seen in Table 4. More CO2 gas 131 

also increased viscoelasticity of gluten matrix hence springiness increased. Bread samples with 0.225-132 

0.375% bee pollen showed a decrease in specific volume due to competition in binding water between 133 

the hydrophilic molecules (protein and sugar) in bee pollen and gluten forming protein. Hence the 134 

gluten matrix became weaker and could not retain CO2 as much as bread with 0-0.15%. Lower 135 

retention of CO2 also resulted in bread with thicker gluten matrix and lower viscoelasticity hence 136 

increase bread hardness and decrease bread’s springiness.  137 

The results in Table 5 showed that as bee pollen concentration increased, L* value decreased and 138 

a*, b*, C and H value of bread samples increased. Lower L* might be attributed to incorporation of 139 

rice bran flour since it is brown in color and Maillard reaction which occurred during baking process. 140 



 
 

Starowicz and Zieliński (2019) reported that free amine groups in protein and carbonyl groups in 141 

sugars went through Maillard reaction to produce melanoidin which reduce L* value of food. Brown’s 142 

base colors are grounded with red and yellow which resulted in increased of a* and b* value. Value 143 

of b* was also influenced by the yellow pigment β-carotene in bee pollen. 144 

3.3   Sensory evaluation 145 

Table 6. showed that the preference score for color of the bread samples was statistically 146 

decreased while preference score of taste, aroma and overall acceptability were statistically increased 147 

as BP concentration increased.  Spider web in Figure 1. test showed that 0.375% BP was the best 148 

concentration for bread incorporated with MFDS and RB even though the color was the least 149 

favorable. 150 

Bee pollen consisted of several volatile compounds which comprised of hydrocarbon, esters, 151 

terpenoid and alcohol which produced floral and fruity aroma (Neto et al., 2017). Increased in bee 152 

pollen concentration also resulted in more Maillard reaction product resulted such as pyrazine that 153 

produced nutty and roasted aroma; furan that produced sweet and caramel aroma; acetylpyridine 154 

that produced cracker-malty aroma; and pyrol that produced nutty aroma (van Boekel, 2006). Those 155 

volatile compounds together were able to tone down the rancid aroma, which derived from the rice 156 

bran.  157 

4. Conclusion 158 

The most suitable bee pollen concentration for bread incorporated with MFDS and RB is 0.375% 159 

according to the sensory evaluation. The overall acceptance score of this bread represented that 160 

panelist slightly like the bread. This study showed that bee pollen has the potential to improve taste 161 

and aroma of bread incorporated with MFDS and RB. Further study to improve specific volume and 162 

textural properties of this bread is suggested.  163 
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Table 1. Formulation of bread incorporated with Monascus-fermented durian seeds and rice bran 242 

Ingredients/g B0 B1 B2 B3 B4 B5 

Bread flour 179.85 179.85 179.85 179.85 179.85 179.85 
Mineral 
water 

124 124 124 124 124 124 

Rice bran 
flour 

20 20 20 20 20 20 

Granulated 
sugar 

10 10 10 10 10 10 

Margarine 8 8 8 8 8 8 

Full cream 
milk powder 

4 4 4 4 4 4 

Instant dry 
yeast 

3 3 3 3 3 3 

Table salt 2 2 2 2 2 2 

Bread 
improver 

0.6 0.6 0.6 0.6 0.6 0.6 

MFDS flour 0.15 0.15 0.15 0.15 0.15 0.15 

Bee pollen 0 0.075 0.150 0.225 0.300 0.375 

B0 : 0% bee pollen; B1 : 0.075% bee pollen; B2 : 0.150% bee pollen; B3 : 0.225% bee pollen; B4 : 0.300% bee 243 

pollen; B5 : 0.375% bee pollen 244 

  245 



 
 

Table 2. Effect of bee pollen on the moisture content of bread incorporated with Monascus-fermented 246 

durian seeds and rice bran 247 

Bee pollen concentration Moisture Content (%) 

B0 40.29±0.11a 

B1 44.20±0.07b 

B2 47.34±0.15c 

B3 51.35±0.16d 

B4 54.23±0.15e 

B5 59.25±0.16f 

Values are presented as mean±SD (n = 4). Values with the same superscript within column are not 248 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 249 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 250 

bee pollen 251 

 252 

Table 3. Effect of bee pollen on the specific volume of bread incorporated with Monascus-fermented 253 

durian seeds and rice bran 254 

Bee pollen concentration Specific volume (cm3/g) 

B0 3.85±0.03c 

B1 3.97±0.01d 

B2 4.07±0.06e 

B3 3.81±0.02c 

B4 3.34±0.06b 

B5 3.23±0.05a 

Values are presented as mean±SD (n = 4). Values with the same superscript within column are not 255 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 256 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 257 

bee pollen 258 

 259 

 260 

 261 
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Table 4. Effect of bee pollen on textural properties for bread incorporated with Monascus-fermented 262 

durian seeds and rice bran 263 

Textural 
properties 

B0 B1 B2 B3 B4 B5 

Hardness (g) 
790.452 
±7.920c 

769.631 
±10.910b 

665.708 
±5.590a 

833.009 
±10.450d 

1059.045 
±17.130e 

1254.505 
±15.140f 

Cohesiveness 
0.643 
±0.010c 

0.662 
±0.010d 

0.677 
±0.010e 

0.646 
±0.010c 

0.620 
±0.010b 

0.596 
±0.010a 

Springiness 
0.790 
±0.011c 

0.819 
±0.003d 

0.833 
±0.005e 

0.802 
±0.001d 

0.768 
±0.002b 

0.758 
±0.003a 

Values are presented as mean±SD (n = 4). Values with the same superscript within column are not 264 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 265 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 266 

bee pollen 267 

 268 

 269 

Table 5. Effect of bee pollen on color of bread incorporated with Monascus-fermented durian seeds and 270 

rice bran 271 

Color 
evaluation 

B0 B1 B2 B3 B4 B5 

Lightness 
(L*) 

69.2±0.25d 67.6±0.39c 66.8±0.99b 66.5±0.20b 65.7±0.55a 65.3±0.17a 

Redness  
(a*) 

3.2±0.13a 3.2±0.10a 3.3±0.18a 3.4±0.13b 3.6±0.10c 3.8±0.03d 

Yellowness 
(b*) 

15.9±0.13a 17.4±0.28b 18.2±0.22c 18.6±0.45c 19.5±0.45d 20.1±0.32e 

Chroma 
(C) 

16.2±0.15a 17.7±0.28b 18.5±0.22c 18.9±0.45c 19.8±0.46d 20.5±0.33e 

Hue 
(oH) 

78.7±0.43a 79.6±0.48b 79.8±0.53b 79.7±0.38b 79.5±0.15b 79.2±0.16b 

Values are presented as mean±SD (n = 4). Values with the same superscript within column are not 272 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 273 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 274 

bee pollen 275 



 
 

Table 6. Effect of bee pollen on preference score for bread incorporated with Monascus-fermented durian 276 

seeds and rice bran 277 

Sensory 
evaluation 

B0 B1 B2 B3 B4 B5 

Color 5.45±1.20d 5.40±0.93d 5.05±1.20cd 4.85±0.98bc 4.55±1.15ab 4.33±1.54a 

Aroma 3.35±0.92a 4.43±1.36b 4.83±1.01b 4.53±1.22b 4.73±1.26b 5.35±0.95c 

Taste 3.33±0.92a 3.38±0.90a 4.10±1.01b 4.48±1.26b 4.93±1.23c 5.33±0.76d 

Overall 
acceptance 

3.35±0.77a 4.33±1.05b 4.80±1.18c 4.93±1.21cd 5.05±1.20cd 5.33±0.97d 

Values are presented as mean±SD (n = 50). Values with the same superscript within column are not 278 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 279 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 280 

bee pollen  281 



 
 

 282 

Figure 1. Spider web test result 283 
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Abstract 15 

Bread incorporated with Monascus-fermented durian seeds (MFDS) and rice bran (RB) is a functional food 16 

which contains bioactive compounds. Although it is beneficial for human health, it has bitterness and 17 

unpleasant aroma that caused by phenolic compounds in MFDS and fatty acids in RB. Incorporation of 18 

bee pollen in this bread is one way to improve the sensory properties of bread. The aim of this study was 19 

to observe the effect of different bee pollen concentrations on the physicochemical and sensory 20 

properties of bread incorporated with MFDS and RB. This study used Randomized Block Design with six 21 

levels of treatment starting from 0, 0.075, 0.150, 0.225, 0.300 and 0.375%.  Data were analyzed by Analysis 22 



 
 

of Variance with 𝛼 = 5%. The results indicated that difference in bee pollen concentration significantly 23 

affected on physicochemical and sensory properties of bread incorporated with MFDS and RB (p>0.05). 24 

Higher bee pollen concentration significantly increased the preference score for taste, aroma and overall 25 

acceptance (p>0.05). The best treatment was obtained by using 0.375% bee pollen. 26 

Keywords: Bread, Monascus-fermented durian seeds, rice bran, bee pollen 27 

1. Introduction 28 

The development of functional bakery products had been widely studied among food scientists 29 

as an approach to consumer’s demand for baked products with extra health benefits.  Trisnawati et al. 30 

(2019) studied the effect of adding functional ingredients such as rice bran (RB) and Monascus-fermented 31 

durian seeds (MFDS) into bread. Rice bran contains 𝛾-orizanol, 𝛾-tocotrienol and fibre which can regulate 32 

blood sugar levels (Premakumari et al., 2013; Sivamaruthi et al., 2018). MFDS contains monascin pigments 33 

that can help to reduce blood sugar level and monacolin-K which helps to reduce cholesterol production. 34 

(Nugerahani et al., 2017; Faroukh and Baumgärtel, 2019).  35 

Incorporation of MFDS flour and RB flour however reduce the preference score for aroma and 36 

taste of bread incorporated with MFDS and RB as reported by Trisnawati et al. (2019). RB contains 37 

monounsaturated fatty acid and polyunsaturated fatty acid which are easily oxidized into short chain fatty 38 

acids which have rancid properties (Cho and Samuel, 2009). MFDS contain secondary metabolites such as 39 

tannin and alkaloid also produced and therefore resulted in bitterness and astringency (Reginio et al., 40 

2016; Hasim et al., 2019). 41 

One way to cover the unpleasant taste and aroma from RB and MFDS is by incorporating bee 42 

pollen. There are several volatile compounds in bee pollen such as esters, hydrocarbon, aldehyde, 43 

terpenoid, and keton (Neto et al., 2017). Incorporation of bee pollen also may increase furan production, 44 

such as furfural and pyrazine in the final product. These compounds produce caramel, floral and fruity 45 
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flavors (Conte et al., 2020). Unsaturated fatty acid, phytosterol and phospholipid in bee pollen can 46 

increase hypoglycemic activity (Komosinska-Vassev et al., 2015). The objective of this study was to 47 

observe the effect of bee pollen incorporation on the characteristic of bread incorporated with MFDS and 48 

RB. 49 

2. Materials and methods 50 

2.1 Materials 51 

Materials that were used for making bread incorporated with MFDS and RB were bread flour, rice 52 

bran flour, instant dry yeast, instant full cream milk powder, granulated sugar, bread improver, table 53 

salt, mineral water, margarine which were purchased from local distributor, “Mirah Delima” 54 

multiflora bee pollen which was purchased from Mirah Delima Bee Farm and also MFDS flour which 55 

was produced in Laboratory of Food Industrial Microbiology, Widya Mandala Catholic University 56 

Surabaya. Materials that were used for producing MFDS flour were Petruk durian seeds, pure culture 57 

of Monascus purpureus M9, Ca(OH)2, distilled water and potato dextrose agar (Merck 1.10130.0500). 58 

2.2   Preparation of bread incorporated with Monascus-fermented durian seeds and rice bran 59 

Sample preparation began by mixing all of the dry ingredients except table salt for 1 minute and 60 

followed by adding water. The mixing process then continued for 10 minutes. Margarine and table 61 

salt was then added and the mixing process continued for 5 minutes. The dough was fermented at 62 

26oC for 30 minutes. After the dough was shaped into a loaf the dough was proofed at 26oC for 90 63 

minutes. The bread was baked with the oven at 180oC for 30 minutes then cooled at 26oC for 60 64 

minutes. Table 1 shows the composition of bread incorporated with MFDS and RB with different levels 65 

of bee pollen concentration. 66 

2.3   Monascus-fermented durian seeds preparation 67 

Preparation of MFDS flour began with sortation. Durian seeds then washed with water. After that, 68 

the durian seeds were boiled with 5% Ca(OH)2 solution at 85-90oC for 10 minutes [durian seeds: 5% 69 
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Ca(OH)2 solution = 1:1 (w/v)]. The durian seeds were removed from the Ca(OH)2 solution and then 70 

washed with water. The durian seeds were then cut into 1 cm x 1 cm x 1 cm cubes and went through 71 

first drying process at 45oC for 40 minutes. The durian seeds were then weighed into 50 g. After that, 72 

durian seeds were sterilized at 121oC, 15 lbs/inch2 for 10 minutes and cooled down at 26oC for 30 73 

minutes. The sterilized durian seeds then inoculated with Monascus purpureus M9 starter (5% v/w) 74 

and were put under aerobic fermentation at 30±1oC for 14 days to produce MFDS. The MFDS were 75 

dried at 45oC for 24 hours, grinded and then sifted with 40 mesh sifters to get MFDS flour (Puspitadewi 76 

et al., 2016). 77 

2.3   Moisture content analysis 78 

Moisture content determination was carried out using thermogravimetric method according to 79 

AOAC 925.10 (1990). The moisture content of bread incorporated with MFDS and RB was determined 80 

using following equation: 81 

Moisture content (%) = 
sample weight (g)

sample weight (g)-weight loss (g)
×100% 82 

2.4   Specific volume 83 

Specific volume determination was carried out using seed displacement method according to 84 

Nwosu et al. (2014). An empty container was filled with foxtail millet seeds until overflowed and seeds 85 

which were above the container rim were then removed using straight ruler. All the foxtail millet 86 

seeds in the container were then poured into a measuring cylinder to measure the volume of the 87 

container (V1). These steps were then repeated except that a loaf of bread sample was already inside 88 

the container before it was filled with seeds to obtain V2. 89 

Specific volume (cm3

g⁄ ) =
V1 (ml)-V2 (ml)

W (g)
 90 

 91 

 92 



 
 

2.5   Texture analysis 93 

Prior to analysis, bread samples were cut into 12 mm thickness. Texture analysis was carried out 94 

using texture analyzer (TA-XT Plus, Stable Micro System) and performed by two sequential 95 

compression events (probe: P36/R, pre-test speed: 5 mm s-1, test speed: 1.5 mm s-1, post-test speed 96 

10 mm s-1, distance: 12 mm, time: 3 s, trigger type: auto, trigger force: 5 g).   97 

Hardness was defined as force that needed to achieve deformation during first compression. 98 

Cohesiveness was defined as ratio of the positive first area of the second peak to the first peak. 99 

Springiness was defined as ability of the bread to recover in height during the time elapsed between 100 

end of first compression and start of the second compression cycle (Dvořáková et al., 2012). 101 

2.6   Color analysis 102 

Color analysis was carried out by measuring the lightness (L*), redness (a*), yellowness (b*), 103 

chroma (*C) and hue (oH) of the crumb of bread incorporated MFDS and RB with color reader (Minolta 104 

CR-10 Chroma Meter).  105 

2.8   Sensory evaluation 106 

Sensory evaluation was carried out with 50 untrained panelists. Each panelist was asked to 107 

evaluate each parameter using a 7-point hedonic scale (Stone and Sidel, 2004). Scores were assigned 108 

in a range 1-7 (1 = extremely dislike; 2 = dislike; 3 = slightly dislike; 4 = neither like nor dislike; 5 = 109 

slightly like; 6 = like; 7 = extremely like). Each panelist received four slices of bread incorporated with 110 

Monascus-fermented durian seed and rice bran which sized into 5 cm x 5 cm x 1 cm. The tested 111 

parameters consisted of preference score for color, aroma, taste, and overall acceptance.  112 

2.9   Statistical analysis 113 

Data were generated in triplicate and subjected to Analysis of Variance (ANOVA) with α = 5% and 114 

followed by Duncan’s Multiple Range Test (DMRT) with α = 5% using SPSS software. Data collected 115 

from sensory evaluation were also subjected to spider-web test using Microsoft Excel 2013.  116 



 
 

3. Results and discussion 117 

3.1   Moisture Content 118 

 According to Table 2., incorporation of bee pollen to bread with MFDS and RB resulted in moisture 119 

content ranging from 40.29% to 59.25% while Badan Standarisasi Nasional (1995) suggested that 120 

maximum moisture content of bread is 40% to support shelf-life against microbial deterioration. Rice 121 

bran contains 7-11% fiber (Henderson et al., 2012).  Ability of fiber to bind with water then resulted 122 

in increased moisture content of bread (Sangle et al., 2017). Bee pollen contains glucose, fructose and 123 

sucrose which were able to form hydroxyl bond with water molecules (Komosinska-Vassev et al., 124 

2013). that bee pollen is high in lysine, arginine, cysteine, tryptophan, and tyrosine which were 125 

hydrophilic amino acid. (Taha et al., 2017). Conte et al. (2020) also reported that moisture content of 126 

gluten free bread increased as bee pollen concentration increased.  127 

3.2   Physical properties  128 

Increase of specific volume in bread samples with 0-0.15% bee pollen as seen in Table 3 was due 129 

to additional sugar from bee pollen which are useful CO2 production by yeast. The CO2 pushed the 130 

gluten matrix to become thinner and resulted in reduced hardness as seen in Table 4. More CO2 gas 131 

also increased viscoelasticity of gluten matrix hence springiness increased. Bread samples with 0.225-132 

0.375% bee pollen showed a decrease in specific volume due to competition in binding water between 133 

the hydrophilic molecules (protein and sugar) in bee pollen and gluten forming protein. Hence the 134 

gluten matrix became weaker and could not retain CO2 as much as bread with 0-0.15%. Lower 135 

retention of CO2 also resulted in bread with thicker gluten matrix and lower viscoelasticity hence 136 

increase bread hardness and decrease bread’s springiness.  137 

The results in Table 5 showed that as bee pollen concentration increased, L* value decreased and 138 

a*, b*, C and H value of bread samples increased. Lower L* might be attributed to incorporation of 139 

rice bran flour since it is brown in color and Maillard reaction which occurred during baking process. 140 



 
 

Starowicz and Zieliński (2019) reported that free amine groups in protein and carbonyl groups in 141 

sugars went through Maillard reaction to produce melanoidin which reduce L* value of food. Brown’s 142 

base colors are grounded with red and yellow which resulted in increased of a* and b* value. Value 143 

of b* was also influenced by the yellow pigment β-carotene in bee pollen. 144 

3.3   Sensory evaluation 145 

Table 6. showed that the preference score for color of the bread samples was statistically 146 

decreased while preference score of taste, aroma and overall acceptability were statistically increased 147 

as BP concentration increased.  Spider web in Figure 1. test showed that 0.375% BP was the best 148 

concentration for bread incorporated with MFDS and RB even though the color was the least 149 

favorable. 150 

Bee pollen consisted of several volatile compounds which comprised of hydrocarbon, esters, 151 

terpenoid and alcohol which produced floral and fruity aroma (Neto et al., 2017). Increased in bee 152 

pollen concentration also resulted in more Maillard reaction product resulted such as pyrazine that 153 

produced nutty and roasted aroma; furan that produced sweet and caramel aroma; acetylpyridine 154 

that produced cracker-malty aroma; and pyrol that produced nutty aroma (van Boekel, 2006). Those 155 

volatile compounds together were able to tone down the rancid aroma, which derived from the rice 156 

bran.  157 

4. Conclusion 158 

The most suitable bee pollen concentration for bread incorporated with MFDS and RB is 0.375% 159 

according to the sensory evaluation. The overall acceptance score of this bread represented that 160 

panelist slightly like the bread. This study showed that bee pollen has the potential to improve taste 161 

and aroma of bread incorporated with MFDS and RB. Further study to improve specific volume and 162 

textural properties of this bread is suggested.  163 
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Table 1. Formulation of bread incorporated with Monascus-fermented durian seeds and rice bran 242 

Ingredients/g B0 B1 B2 B3 B4 B5 

Bread flour 179.85 179.85 179.85 179.85 179.85 179.85 
Mineral 
water 

124 124 124 124 124 124 

Rice bran 
flour 

20 20 20 20 20 20 

Granulated 
sugar 

10 10 10 10 10 10 

Margarine 8 8 8 8 8 8 

Full cream 
milk powder 

4 4 4 4 4 4 

Instant dry 
yeast 

3 3 3 3 3 3 

Table salt 2 2 2 2 2 2 

Bread 
improver 

0.6 0.6 0.6 0.6 0.6 0.6 

MFDS flour 0.15 0.15 0.15 0.15 0.15 0.15 

Bee pollen 0 0.075 0.150 0.225 0.300 0.375 

B0 : 0% bee pollen; B1 : 0.075% bee pollen; B2 : 0.150% bee pollen; B3 : 0.225% bee pollen; B4 : 0.300% bee 243 

pollen; B5 : 0.375% bee pollen 244 

  245 



 
 

Table 2. Effect of bee pollen on the moisture content of bread incorporated with Monascus-fermented 246 

durian seeds and rice bran 247 

Bee pollen concentration Moisture Content (%) 

B0 40.29±0.11a 

B1 44.20±0.07b 

B2 47.34±0.15c 

B3 51.35±0.16d 

B4 54.23±0.15e 

B5 59.25±0.16f 

Values are presented as mean±SD (n = 4). Values with the same superscript within column are not 248 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 249 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 250 

bee pollen 251 

 252 

Table 3. Effect of bee pollen on the specific volume of bread incorporated with Monascus-fermented 253 

durian seeds and rice bran 254 

Bee pollen concentration Specific volume (cm3/g) 

B0 3.85±0.03c 

B1 3.97±0.01d 

B2 4.07±0.06e 

B3 3.81±0.02c 

B4 3.34±0.06b 

B5 3.23±0.05a 

Values are presented as mean±SD (n = 4). Values with the same superscript within column are not 255 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 256 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 257 

bee pollen 258 

 259 

 260 

 261 



 
 

Table 4. Effect of bee pollen on textural properties for bread incorporated with Monascus-fermented 262 

durian seeds and rice bran 263 

Textural 
properties 

B0 B1 B2 B3 B4 B5 

Hardness (g) 
790.452 
±7.920c 

769.631 
±10.910b 

665.708 
±5.590a 

833.009 
±10.450d 

1059.045 
±17.130e 

1254.505 
±15.140f 

Cohesiveness 
0.643 
±0.010c 

0.662 
±0.010d 

0.677 
±0.010e 

0.646 
±0.010c 

0.620 
±0.010b 

0.596 
±0.010a 

Springiness 
0.790 
±0.011c 

0.819 
±0.003d 

0.833 
±0.005e 

0.802 
±0.001d 

0.768 
±0.002b 

0.758 
±0.003a 

Values are presented as mean±SD (n = 4). Values with the same superscript within column are not 264 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 265 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 266 

bee pollen 267 

 268 

 269 

Table 5. Effect of bee pollen on color of bread incorporated with Monascus-fermented durian seeds and 270 

rice bran 271 

Color 
evaluation 

B0 B1 B2 B3 B4 B5 

Lightness 
(L*) 

69.2±0.25d 67.6±0.39c 66.8±0.99b 66.5±0.20b 65.7±0.55a 65.3±0.17a 

Redness  
(a*) 

3.2±0.13a 3.2±0.10a 3.3±0.18a 3.4±0.13b 3.6±0.10c 3.8±0.03d 

Yellowness 
(b*) 

15.9±0.13a 17.4±0.28b 18.2±0.22c 18.6±0.45c 19.5±0.45d 20.1±0.32e 

Chroma 
(C) 

16.2±0.15a 17.7±0.28b 18.5±0.22c 18.9±0.45c 19.8±0.46d 20.5±0.33e 

Hue 
(oH) 

78.7±0.43a 79.6±0.48b 79.8±0.53b 79.7±0.38b 79.5±0.15b 79.2±0.16b 

Values are presented as mean±SD (n = 4). Values with the same superscript within column are not 272 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 273 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 274 

bee pollen 275 



 
 

Table 6. Effect of bee pollen on preference score for bread incorporated with Monascus-fermented durian 276 

seeds and rice bran 277 

Sensory 
evaluation 

B0 B1 B2 B3 B4 B5 

Color 5.45±1.20d 5.40±0.93d 5.05±1.20cd 4.85±0.98bc 4.55±1.15ab 4.33±1.54a 

Aroma 3.35±0.92a 4.43±1.36b 4.83±1.01b 4.53±1.22b 4.73±1.26b 5.35±0.95c 

Taste 3.33±0.92a 3.38±0.90a 4.10±1.01b 4.48±1.26b 4.93±1.23c 5.33±0.76d 

Overall 
acceptance 

3.35±0.77a 4.33±1.05b 4.80±1.18c 4.93±1.21cd 5.05±1.20cd 5.33±0.97d 

Values are presented as mean±SD (n = 50). Values with the same superscript within column are not 278 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 279 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 280 

bee pollen  281 



 
 

 282 

Figure 1. Spider web test result 283 
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Abstract 15 

Bread incorporated with Monascus-fermented durian seeds (MFDS) and rice bran (RB) is a functional food 16 

which contains bioactive compounds. Although it is beneficial for human health, it has bitterness and 17 

unpleasant aroma that caused by phenolic compounds in MFDS and fatty acids in RB. Incorporation of 18 

bee pollen in this bread is one way to improve the sensory properties of bread. The aim of this study was 19 

to observe the effect of different bee pollen concentrations on the physicochemical and sensory 20 

properties of bread incorporated with MFDS and RB. This study used Randomized Block Design with six 21 

levels of treatment starting from 0, 0.075, 0.150, 0.225, 0.300 and 0.375%.  Data were analyzed by Analysis 22 



 
 

of Variance with 𝛼 = 5%. The results indicated that difference in bee pollen concentration significantly 23 

affected on physicochemical and sensory properties of bread incorporated with MFDS and RB (p>0.05). 24 

Higher bee pollen concentration significantly increased the preference score for taste, aroma and overall 25 

acceptance (p>0.05). The best treatment was obtained by using 0.375% bee pollen. 26 

Keywords: Bread, Monascus-fermented durian seeds, rice bran, bee pollen 27 

1. Introduction 28 

The development of functional bakery products had been widely studied among food scientists 29 

as an approach to consumer’s demand for baked products with extra health benefits.  Trisnawati et al. 30 

(2019) studied the effect of adding functional ingredients such as rice bran (RB) and Monascus-fermented 31 

durian seeds (MFDS) into bread. Rice bran contains 𝛾-orizanol, 𝛾-tocotrienol and fibre which can regulate 32 

blood sugar levels (Premakumari et al., 2013; Sivamaruthi et al., 2018). MFDS contains monascin pigments 33 

that can help to reduce blood sugar level and monacolin-K which helps to reduce cholesterol production. 34 

(Nugerahani et al., 2017; Faroukh and Baumgärtel, 2019).  35 

Incorporation of MFDS flour and RB flour however reduce the preference score for aroma and 36 

taste of bread incorporated with MFDS and RB as reported by Trisnawati et al. (2019). RB contains 37 

monounsaturated fatty acid and polyunsaturated fatty acid which are easily oxidized into short chain fatty 38 

acids which have rancid properties (Cho and Samuel, 2009). MFDS contain secondary metabolites such as 39 

tannin and alkaloid also produced and therefore resulted in bitterness and astringency (Reginio et al., 40 

2016; Hasim et al., 2019). 41 

One way to cover the unpleasant taste and aroma from RB and MFDS is by incorporating bee 42 

pollen. There are several volatile compounds in bee pollen such as esters, hydrocarbon, aldehyde, 43 

terpenoid, and keton (Neto et al., 2017). Incorporation of bee pollen also may increase furan production, 44 

such as furfural and pyrazine in the final product. These compounds produce caramel, floral and fruity 45 
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flavors (Conte et al., 2020). Unsaturated fatty acid, phytosterol and phospholipid in bee pollen can 46 

increase hypoglycemic activity (Komosinska-Vassev et al., 2015). The objective of this study was to 47 

observe the effect of bee pollen incorporation on the characteristic of bread incorporated with MFDS and 48 

RB. 49 

2. Materials and methods 50 

2.1 Materials 51 

Materials that were used for making bread incorporated with MFDS and RB were bread flour, rice 52 

bran flour, instant dry yeast, instant full cream milk powder, granulated sugar, bread improver, table 53 

salt, mineral water, margarine which were purchased from local distributor, “Mirah Delima” 54 

multiflora bee pollen which was purchased from Mirah Delima Bee Farm and also MFDS flour which 55 

was produced in Laboratory of Food Industrial Microbiology, Widya Mandala Catholic University 56 

Surabaya. Materials that were used for producing MFDS flour were Petruk durian seeds, pure culture 57 

of Monascus purpureus M9, Ca(OH)2, distilled water and potato dextrose agar (Merck 1.10130.0500). 58 

2.2   Preparation of bread incorporated with Monascus-fermented durian seeds and rice bran 59 

Sample preparation began by mixing all of the dry ingredients except table salt for 1 minute and 60 

followed by adding water. The mixing process then continued for 10 minutes. Margarine and table salt 61 

was then added and the mixing process continued for 5 minnutes. The dough was fermented at 26oC for 62 

30 minutes. After the dough was shaped into a loaf the dough was proofed at 26oC for 90 minutes. The bread 63 

was baked with the oven at 180oC for 30 minutes then cooled at 26oC for 60 minutes. Table 1 shows the 64 

composition of bread incorporated with MFDS and RB with different levels of bee pollen 65 

concentration. 66 

2.3   Monascus-fermented durian seeds preparation 67 

Preparation of MFDS flour began with sortation. Durian seeds then washed with water. After that, 68 

the durian seeds were boiled with 5% Ca(OH)2 solution at 85-90oC for 10 minutes [durian seeds: 5% 69 

Formatted: Highlight

Commented [A2]: Revise all  
Minute : min 
Minutes : mins 
Hours : hrs 
Seconds : s 



 
 

Ca(OH)2 solution = 1:1 (w/v)]. The durian seeds were removed from the Ca(OH)2 solution and then 70 

washed with water. The durian seeds were then cut into 1 cm x 1 cm x 1 cm cubes and went through 71 

first drying process at 45oC for 40 minutes. The durian seeds were then weighed into 50 g. After that, 72 

durian seeds were sterilized at 121oC, 15 lbs/inch2 for 10 minutes and cooled down at 26oC for 30 minutes. 73 

The sterilized durian seeds then inoculated with Monascus purpureus M9 starter (5% v/w) and were 74 

put under aerobic fermentation at 30±1oC for 14 days to produce MFDS. The MFDS were dried at 75 

45oC for 24 hours, grinded and then sifted with 40 mesh sifters to get MFDS flour (Puspitadewi et al., 76 

2016). 77 

2.3   Moisture content analysis 78 

Moisture content determination was carried out using thermogravimetric method according to 79 

AOAC 925.10 (1990). The moisture content of bread incorporated with MFDS and RB was determined 80 

using following equation: 81 

Moisture content (%) = 
sample weight (g)

sample weight (g)-weight loss (g)
×100% 82 

2.4   Specific volume 83 

Specific volume determination was carried out using seed displacement method according to 84 

Nwosu et al. (2014). An empty container was filled with foxtail millet seeds until overflowed and seeds 85 

which were above the container rim were then removed using straight ruler. All the foxtail millet 86 

seeds in the container were then poured into a measuring cylinder to measure the volume of the 87 

container (V1). These steps were then repeated except that a loaf of bread sample was already inside 88 

the container before it was filled with seeds to obtain V2. 89 

Specific volume (cm3

g⁄ ) =
V1 (ml)-V2 (ml)

W (g)
 90 

 91 

 92 



 
 

2.5   Texture analysis 93 

Prior to analysis, bread samples were cut into 12 mm thickness. Texture analysis was carried out 94 

using texture analyzer (TA-XT Plus, Stable Micro System) and performed by two sequential 95 

compression events (probe: P36/R, pre-test speed: 5 mm s-1, test speed: 1.5 mm s-1, post-test speed 96 

10 mm s-1, distance: 12 mm, time: 3 s, trigger type: auto, trigger force: 5 g).   97 

Hardness was defined as force that needed to achieve deformation during first compression. 98 

Cohesiveness was defined as ratio of the positive first area of the second peak to the first peak. 99 

Springiness was defined as ability of the bread to recover in height during the time elapsed between 100 

end of first compression and start of the second compression cycle (Dvořáková et al., 2012). 101 

2.6   Color analysis 102 

Color analysis was carried out by measuring the lightness (L*), redness (a*), yellowness (b*), 103 

chroma (*C) and hue (oH) of the crumb of bread incorporated MFDS and RB with color reader (Minolta 104 

CR-10 Chroma Meter).  105 

2.8   Sensory evaluation 106 

Sensory evaluation was carried out with 50 untrained panelists. Each panelist was asked to 107 

evaluate each parameter using a 7-point hedonic scale (Stone and Sidel, 2004). Scores were assigned 108 

in a range 1-7 (1 = extremely dislike; 2 = dislike; 3 = slightly dislike; 4 = neither like nor dislike; 5 = 109 

slightly like; 6 = like; 7 = extremely like). Each panelist received four slices of bread incorporated with 110 

Monascus-fermented durian seed and rice bran which sized into 5 cm x 5 cm x 1 cm. The tested 111 

parameters consisted of preference score for color, aroma, taste, and overall acceptance.  112 

2.9   Statistical analysis 113 

Data were generated in triplicate and subjected to Analysis of Variance (ANOVA) with α = 5% and 114 

followed by Duncan’s Multiple Range Test (DMRT) with α = 5% using SPSS software. Data collected 115 

from sensory evaluation were also subjected to spider-web test using Microsoft Excel 2013.  116 



 
 

3. Results and discussion 117 

3.1   Moisture Content 118 

 According to Table 2., incorporation of bee pollen to bread with MFDS and RB resulted in moisture 119 

content ranging from 40.29% to 59.25% while Badan Standarisasi Nasional (1995) suggested that 120 

maximum moisture content of bread is 40% to support shelf-life against microbial deterioration. Rice 121 

bran contains 7-11% fiber (Henderson et al., 2012).  Ability of fiber to bind with water then resulted 122 

in increased moisture content of bread (Sangle et al., 2017). Bee pollen contains glucose, fructose and 123 

sucrose which were able to form hydroxyl bond with water molecules (Komosinska-Vassev et al., 124 

2013). that bee pollen is high in lysine, arginine, cysteine, tryptophan, and tyrosine which were 125 

hydrophilic amino acid. (Taha et al., 2017). Conte et al. (2020) also reported that moisture content of 126 

gluten free bread increased as bee pollen concentration increased.  127 

3.2   Physical properties  128 

Increase of specific volume in bread samples with 0-0.15% bee pollen as seen in Table 3 was due 129 

to additional sugar from bee pollen which are useful CO2 production by yeast. The CO2 pushed the 130 

gluten matrix to become thinner and resulted in reduced hardness as seen in Table 4. More CO2 gas 131 

also increased viscoelasticity of gluten matrix hence springiness increased. Bread samples with 0.225-132 

0.375% bee pollen showed a decrease in specific volume due to competition in binding water between 133 

the hydrophilic molecules (protein and sugar) in bee pollen and gluten forming protein. Hence the 134 

gluten matrix became weaker and could not retain CO2 as much as bread with 0-0.15%. Lower 135 

retention of CO2 also resulted in bread with thicker gluten matrix and lower viscoelasticity hence 136 

increase bread hardness and decrease bread’s springiness.  137 

The results in Table 5 showed that as bee pollen concentration increased, L* value decreased and 138 

a*, b*, C and H value of bread samples increased. Lower L* might be attributed to incorporation of 139 

rice bran flour since it is brown in color and Maillard reaction which occurred during baking process. 140 



 
 

Starowicz and Zieliński (2019) reported that free amine groups in protein and carbonyl groups in 141 

sugars went through Maillard reaction to produce melanoidin which reduce L* value of food. Brown’s 142 

base colors are grounded with red and yellow which resulted in increased of a* and b* value. Value 143 

of b* was also influenced by the yellow pigment β-carotene in bee pollen. 144 

3.3   Sensory evaluation 145 

Table 6. showed that the preference score for color of the bread samples was statistically 146 

decreased while preference score of taste, aroma and overall acceptability were statistically increased 147 

as BP concentration increased.  Spider web in Figure 1. test showed that 0.375% BP was the best 148 

concentration for bread incorporated with MFDS and RB even though the color was the least 149 

favorable. 150 

Bee pollen consisted of several volatile compounds which comprised of hydrocarbon, esters, 151 

terpenoid and alcohol which produced floral and fruity aroma (Neto et al., 2017). Increased in bee 152 

pollen concentration also resulted in more Maillard reaction product resulted such as pyrazine that 153 

produced nutty and roasted aroma; furan that produced sweet and caramel aroma; acetylpyridine 154 

that produced cracker-malty aroma; and pyrol that produced nutty aroma (van Boekel, 2006). Those 155 

volatile compounds together were able to tone down the rancid aroma, which derived from the rice 156 

bran.  157 

4. Conclusion 158 

The most suitable bee pollen concentration for bread incorporated with MFDS and RB is 0.375% 159 

according to the sensory evaluation. The overall acceptance score of this bread represented that 160 

panelist slightly like the bread. This study showed that bee pollen has the potential to improve taste 161 

and aroma of bread incorporated with MFDS and RB. Further study to improve specific volume and 162 

textural properties of this bread is suggested.  163 
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Table 1. Formulation of bread incorporated with Monascus-fermented durian seeds and rice bran 244 

Ingredients/g B0 B1 B2 B3 B4 B5 

Bread flour 179.85 179.85 179.85 179.85 179.85 179.85 
Mineral 
water 

124 124 124 124 124 124 

Rice bran 
flour 

20 20 20 20 20 20 

Granulated 
sugar 

10 10 10 10 10 10 

Margarine 8 8 8 8 8 8 

Full cream 
milk powder 

4 4 4 4 4 4 

Instant dry 
yeast 

3 3 3 3 3 3 

Table salt 2 2 2 2 2 2 

Bread 
improver 

0.6 0.6 0.6 0.6 0.6 0.6 

MFDS flour 0.15 0.15 0.15 0.15 0.15 0.15 

Bee pollen 0 0.075 0.150 0.225 0.300 0.375 

B0 : 0% bee pollen; B1 : 0.075% bee pollen; B2 : 0.150% bee pollen; B3 : 0.225% bee pollen; B4 : 0.300% bee 245 

pollen; B5 : 0.375% bee pollen 246 

  247 



 
 

Table 2. Effect of bee pollen on the moisture content of bread incorporated with Monascus-fermented 248 

durian seeds and rice bran 249 

Bee pollen concentration Moisture Content (%) 

B0 40.29±0.11a 

B1 44.20±0.07b 

B2 47.34±0.15c 

B3 51.35±0.16d 

B4 54.23±0.15e 

B5 59.25±0.16f 

Values are presented as mean±SD (n = 4). Values with the same superscript within column are not 250 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 251 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 252 

bee pollen 253 

 254 

Table 3. Effect of bee pollen on the specific volume of bread incorporated with Monascus-fermented 255 

durian seeds and rice bran 256 

Bee pollen concentration Specific volume (cm3/g) 

B0 3.85±0.03c 

B1 3.97±0.01d 

B2 4.07±0.06e 

B3 3.81±0.02c 

B4 3.34±0.06b 

B5 3.23±0.05a 

Values are presented as mean±SD (n = 4). Values with the same superscript within column are not 257 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 258 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 259 

bee pollen 260 

 261 

 262 

 263 



 
 

Table 4. Effect of bee pollen on textural properties for bread incorporated with Monascus-fermented 264 

durian seeds and rice bran 265 

Textural 
properties 

B0 B1 B2 B3 B4 B5 

Hardness (g) 
790.452 
±7.920c 

769.631 
±10.910b 

665.708 
±5.590a 

833.009 
±10.450d 

1059.045 
±17.130e 

1254.505 
±15.140f 

Cohesiveness 
0.643 
±0.010c 

0.662 
±0.010d 

0.677 
±0.010e 

0.646 
±0.010c 

0.620 
±0.010b 

0.596 
±0.010a 

Springiness 
0.790 
±0.011c 

0.819 
±0.003d 

0.833 
±0.005e 

0.802 
±0.001d 

0.768 
±0.002b 

0.758 
±0.003a 

Values are presented as mean±SD (n = 4). Values with the same superscript within column are not 266 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 267 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 268 

bee pollen 269 

 270 

 271 

Table 5. Effect of bee pollen on color of bread incorporated with Monascus-fermented durian seeds and 272 

rice bran 273 

Color 
evaluation 

B0 B1 B2 B3 B4 B5 

Lightness 
(L*) 

69.2±0.25d 67.6±0.39c 66.8±0.99b 66.5±0.20b 65.7±0.55a 65.3±0.17a 

Redness  
(a*) 

3.2±0.13a 3.2±0.10a 3.3±0.18a 3.4±0.13b 3.6±0.10c 3.8±0.03d 

Yellowness 
(b*) 

15.9±0.13a 17.4±0.28b 18.2±0.22c 18.6±0.45c 19.5±0.45d 20.1±0.32e 

Chroma 
(C) 

16.2±0.15a 17.7±0.28b 18.5±0.22c 18.9±0.45c 19.8±0.46d 20.5±0.33e 

Hue 
(oH) 

78.7±0.43a 79.6±0.48b 79.8±0.53b 79.7±0.38b 79.5±0.15b 79.2±0.16b 

Values are presented as mean±SD (n = 4). Values with the same superscript within column are not 274 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 275 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 276 

bee pollen 277 



 
 

Table 6. Effect of bee pollen on preference score for bread incorporated with Monascus-fermented durian 278 

seeds and rice bran 279 

Sensory 
evaluation 

B0 B1 B2 B3 B4 B5 

Color 5.45±1.20d 5.40±0.93d 5.05±1.20cd 4.85±0.98bc 4.55±1.15ab 4.33±1.54a 

Aroma 3.35±0.92a 4.43±1.36b 4.83±1.01b 4.53±1.22b 4.73±1.26b 5.35±0.95c 

Taste 3.33±0.92a 3.38±0.90a 4.10±1.01b 4.48±1.26b 4.93±1.23c 5.33±0.76d 

Overall 
acceptance 

3.35±0.77a 4.33±1.05b 4.80±1.18c 4.93±1.21cd 5.05±1.20cd 5.33±0.97d 

Values are presented as mean±SD (n = 50). Values with the same superscript within column are not 280 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 281 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 282 

bee pollen  283 



 
 

 284 

Figure 1. Spider web test result 285 
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Abstract 15 

Bread incorporated with Monascus-fermented durian seeds (MFDS) and rice bran (RB) is a functional food 16 

which contains bioactive compounds. Although it is beneficial for human health, it has bitterness and 17 

unpleasant aroma that caused by phenolic compounds in MFDS and fatty acids in RB. Incorporation of 18 

bee pollen in this bread is one way to improve the sensory properties of bread. The aim of this study was 19 

to observe the effect of different bee pollen concentrations on the physicochemical and sensory 20 

properties of bread incorporated with MFDS and RB. This study used Randomized Block Design with six 21 

levels of treatment starting from 0, 0.075, 0.150, 0.225, 0.300 and 0.375%.  Data were analyzed by Analysis 22 



 
 

of Variance with 𝛼 = 5%. The results indicated that difference in bee pollen concentration significantly 23 

affected on physicochemical and sensory properties of bread incorporated with MFDS and RB (p>0.05). 24 

Higher bee pollen concentration significantly increased the preference score for taste, aroma and overall 25 

acceptance (p>0.05). The best treatment was obtained by using 0.375% bee pollen. 26 

Keywords: Bread, Monascus-fermented durian seeds, Rice bran, Bee pollen 27 

1. Introduction 28 

The development of functional bakery products had been widely studied among food scientists 29 

as an approach to consumer’s demand for baked products with extra health benefits.  Trisnawati et al. 30 

(2019) studied the effect of adding functional ingredients such as rice bran (RB) and Monascus-fermented 31 

durian seeds (MFDS) into bread. Rice bran contains 𝛾-orizanol, 𝛾-tocotrienol and fibre which can regulate 32 

blood sugar levels (Premakumari et al., 2013; Sivamaruthi et al., 2018). MFDS contains monascin pigments 33 

that can help to reduce blood sugar level and monacolin-K which helps to reduce cholesterol production. 34 

(Nugerahani et al., 2017; Faroukh and Baumgärtel, 2019).  35 

Incorporation of MFDS flour and RB flour however reduce the preference score for aroma and 36 

taste of bread incorporated with MFDS and RB as reported by Trisnawati et al. (2019). RB contains 37 

monounsaturated fatty acid and polyunsaturated fatty acid which are easily oxidized into short chain fatty 38 

acids which have rancid properties (Cho and Samuel, 2009). MFDS contain secondary metabolites such as 39 

tannin and alkaloid also produced and therefore resulted in bitterness and astringency (Reginio et al., 40 

2016; Hasim et al., 2019). 41 

One way to cover the unpleasant taste and aroma from RB and MFDS is by incorporating bee 42 

pollen. There are several volatile compounds in bee pollen such as esters, hydrocarbon, aldehyde, 43 

terpenoid, and keton (Neto et al., 2017). Incorporation of bee pollen also may increase furan production, 44 

such as furfural and pyrazine in the final product. These compounds produce caramel, floral and fruity 45 



 
 

flavors (Conte et al., 2020). Unsaturated fatty acid, phytosterol and phospholipid in bee pollen can 46 

increase hypoglycemic activity (Komosinska-Vassev et al., 2015). The objective of this study was to 47 

observe the effect of bee pollen incorporation on the characteristic of bread incorporated with MFDS and 48 

RB. 49 

2. Materials and methods 50 

2.1 Materials 51 

Materials that were used for making bread incorporated with MFDS and RB were bread flour, rice 52 

bran flour, instant dry yeast, instant full cream milk powder, granulated sugar, bread improver, table 53 

salt, mineral water, margarine which were purchased from local distributor, “Mirah Delima” 54 

multiflora bee pollen which was purchased from Mirah Delima Bee Farm and also MFDS flour which 55 

was produced in Laboratory of Food Industrial Microbiology, Widya Mandala Catholic University 56 

Surabaya. Materials that were used for producing MFDS flour were Petruk durian seeds, pure culture 57 

of Monascus purpureus M9, Ca(OH)2, distilled water and potato dextrose agar (Merck 1.10130.0500). 58 

2.2   Preparation of bread incorporated with Monascus-fermented durian seeds and rice bran 59 

Sample preparation began by mixing all of the dry ingredients except table salt for 1 min and 60 

followed by adding water. The mixing process then continued for 10 mins. Margarine and table salt 61 

was then added and the mixing process continued for 5 mins. The dough was fermented at 26oC for 62 

30 mins. After the dough was shaped into a loaf the dough was proofed at 26oC for 90 mins. The bread 63 

was baked with the oven at 180oC for 30 mins then cooled at 26oC for 60 mins. Table 1 shows the 64 

composition of bread incorporated with MFDS and RB with different levels of bee pollen 65 

concentration. 66 

2.3   Monascus-fermented durian seeds preparation 67 

Preparation of MFDS flour began with sortation. Durian seeds then washed with water. After that, 68 

the durian seeds were boiled with 5% Ca(OH)2 solution at 85-90oC for 10 mins [durian seeds: 5% 69 



 
 

Ca(OH)2 solution = 1:1 (w/v)]. The durian seeds were removed from the Ca(OH)2 solution and then 70 

washed with water. The durian seeds were then cut into 1 cm x 1 cm x 1 cm cubes and went through 71 

first drying process at 45oC for 40 mins. The durian seeds were then weighed into 50 g. After that, 72 

durian seeds were sterilized at 121oC, 15 lbs/inch2 for 10 mins and cooled down at 26oC for 30 mins. 73 

The sterilized durian seeds then inoculated with Monascus purpureus M9 starter (5% v/w) and were 74 

put under aerobic fermentation at 30±1oC for 14 days to produce MFDS. The MFDS were dried at 75 

45oC for 24 h, grinded and then sifted with 40 mesh sifters to get MFDS flour (Puspitadewi et al., 76 

2016). 77 

2.3   Moisture content analysis 78 

Moisture content determination was carried out using thermogravimetric method according to 79 

AOAC 925.10 (1990). The moisture content of bread incorporated with MFDS and RB was determined 80 

using following equation: 81 

Moisture content (%) = 
sample weight (g)

sample weight (g)-weight loss (g)
×100% 82 

2.4   Specific volume 83 

Specific volume determination was carried out using seed displacement method according to 84 

Nwosu et al. (2014). An empty container was filled with foxtail millet seeds until overflowed and seeds 85 

which were above the container rim were then removed using straight ruler. All the foxtail millet 86 

seeds in the container were then poured into a measuring cylinder to measure the volume of the 87 

container (V1). These steps were then repeated except that a loaf of bread sample was already inside 88 

the container before it was filled with seeds to obtain V2. 89 

Specific volume (cm3

g⁄ ) =
V1 (ml)-V2 (ml)

W (g)
 90 

 91 

 92 



 
 

2.5   Texture analysis 93 

Prior to analysis, bread samples were cut into 12 mm thickness. Texture analysis was carried out 94 

using texture analyzer (TA-XT Plus, Stable Micro System) and performed by two sequential 95 

compression events (probe: P36/R, pre-test speed: 5 mm s-1, test speed: 1.5 mm s-1, post-test speed 96 

10 mm s-1, distance: 12 mm, time: 3 s, trigger type: auto, trigger force: 5 g).   97 

Hardness was defined as force that needed to achieve deformation during first compression. 98 

Cohesiveness was defined as ratio of the positive first area of the second peak to the first peak. 99 

Springiness was defined as ability of the bread to recover in height during the time elapsed between 100 

end of first compression and start of the second compression cycle (Dvořáková et al., 2012). 101 

2.6   Color analysis 102 

Color analysis was carried out by measuring the lightness (L*), redness (a*), yellowness (b*), 103 

chroma (*C) and hue (oH) of the crumb of bread incorporated MFDS and RB with color reader (Minolta 104 

CR-10 Chroma Meter).  105 

2.8   Sensory evaluation 106 

Sensory evaluation was carried out with 50 untrained panelists. Each panelist was asked to 107 

evaluate each parameter using a 7-point hedonic scale (Stone and Sidel, 2004). Scores were assigned 108 

in a range 1-7 (1 = extremely dislike; 2 = dislike; 3 = slightly dislike; 4 = neither like nor dislike; 5 = 109 

slightly like; 6 = like; 7 = extremely like). Each panelist received four slices of bread incorporated with 110 

Monascus-fermented durian seed and rice bran which sized into 5 cm x 5 cm x 1 cm. The tested 111 

parameters consisted of preference score for color, aroma, taste, and overall acceptance.  112 

2.9   Statistical analysis 113 

Data were generated in triplicate and subjected to Analysis of Variance (ANOVA) with α = 5% and 114 

followed by Duncan’s Multiple Range Test (DMRT) with α = 5% using SPSS software. Data collected 115 

from sensory evaluation were also subjected to spider-web test using Microsoft Excel 2013.  116 



 
 

3. Results and discussion 117 

3.1   Moisture Content 118 

 According to Table 2., incorporation of bee pollen to bread with MFDS and RB resulted in moisture 119 

content ranging from 40.29% to 59.25% while Badan Standarisasi Nasional (1995) suggested that 120 

maximum moisture content of bread is 40% to support shelf-life against microbial deterioration. Rice 121 

bran contains 7-11% fiber (Henderson et al., 2012).  Ability of fiber to bind with water then resulted 122 

in increased moisture content of bread (Sangle et al., 2017). Bee pollen contains glucose, fructose and 123 

sucrose which were able to form hydroxyl bond with water molecules (Komosinska-Vassev et al., 124 

2013). that bee pollen is high in lysine, arginine, cysteine, tryptophan, and tyrosine which were 125 

hydrophilic amino acid (Taha et al., 2017). Conte et al. (2020) also reported that moisture content of 126 

gluten free bread increased as bee pollen concentration increased.  127 

3.2   Physical properties  128 

Increase of specific volume in bread samples with 0-0.15% bee pollen as seen in Table 3 was due 129 

to additional sugar from bee pollen which are useful CO2 production by yeast. The CO2 pushed the 130 

gluten matrix to become thinner and resulted in reduced hardness as seen in Table 4. More CO2 gas 131 

also increased viscoelasticity of gluten matrix hence springiness increased. Bread samples with 0.225-132 

0.375% bee pollen showed a decrease in specific volume due to competition in binding water between 133 

the hydrophilic molecules (protein and sugar) in bee pollen and gluten forming protein. Hence the 134 

gluten matrix became weaker and could not retain CO2 as much as bread with 0-0.15%. Lower 135 

retention of CO2 also resulted in bread with thicker gluten matrix and lower viscoelasticity hence 136 

increase bread hardness and decrease bread’s springiness.  137 

The results in Table 5 showed that as bee pollen concentration increased, L* value decreased and 138 

a*, b*, C and H value of bread samples increased. Lower L* might be attributed to incorporation of 139 

rice bran flour since it is brown in color and Maillard reaction which occurred during baking process. 140 



 
 

Starowicz and Zieliński (2019) reported that free amine groups in protein and carbonyl groups in 141 

sugars went through Maillard reaction to produce melanoidin which reduce L* value of food. Brown’s 142 

base colors are grounded with red and yellow which resulted in increased of a* and b* value. Value 143 

of b* was also influenced by the yellow pigment β-carotene in bee pollen. 144 

3.3   Sensory evaluation 145 

Table 6. showed that the preference score for color of the bread samples was statistically 146 

decreased while preference score of taste, aroma and overall acceptability were statistically increased 147 

as BP concentration increased.  Spider web in Figure 1. test showed that 0.375% BP was the best 148 

concentration for bread incorporated with MFDS and RB even though the color was the least 149 

favorable. 150 

Bee pollen consisted of several volatile compounds which comprised of hydrocarbon, esters, 151 

terpenoid and alcohol which produced floral and fruity aroma (Neto et al., 2017). Increased in bee 152 

pollen concentration also resulted in more Maillard reaction product resulted such as pyrazine that 153 

produced nutty and roasted aroma; furan that produced sweet and caramel aroma; acetylpyridine 154 

that produced cracker-malty aroma; and pyrol that produced nutty aroma (van Boekel, 2006). Those 155 

volatile compounds together were able to tone down the rancid aroma, which derived from the rice 156 

bran.  157 

4. Conclusion 158 

The most suitable bee pollen concentration for bread incorporated with MFDS and RB is 0.375% 159 

according to the sensory evaluation. The overall acceptance score of this bread represented that 160 

panelist slightly like the bread. This study showed that bee pollen has the potential to improve taste 161 

and aroma of bread incorporated with MFDS and RB. Further study to improve specific volume and 162 

textural properties of this bread is suggested.  163 

 164 
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Table 1. Formulation of bread incorporated with Monascus-fermented durian seeds and rice bran 244 

Ingredients/g B0 B1 B2 B3 B4 B5 

Bread flour 179.85 179.85 179.85 179.85 179.85 179.85 
Mineral 
water 

124 124 124 124 124 124 

Rice bran 
flour 

20 20 20 20 20 20 

Granulated 
sugar 

10 10 10 10 10 10 

Margarine 8 8 8 8 8 8 

Full cream 
milk powder 

4 4 4 4 4 4 

Instant dry 
yeast 

3 3 3 3 3 3 

Table salt 2 2 2 2 2 2 

Bread 
improver 

0.6 0.6 0.6 0.6 0.6 0.6 

MFDS flour 0.15 0.15 0.15 0.15 0.15 0.15 

Bee pollen 0 0.075 0.150 0.225 0.300 0.375 

B0 : 0% bee pollen; B1 : 0.075% bee pollen; B2 : 0.150% bee pollen; B3 : 0.225% bee pollen; B4 : 0.300% bee 245 

pollen; B5 : 0.375% bee pollen 246 

  247 



 
 

Table 2. Effect of bee pollen on the moisture content of bread incorporated with Monascus-fermented 248 

durian seeds and rice bran 249 

Bee pollen concentration Moisture Content (%) 

B0 40.29±0.11a 

B1 44.20±0.07b 

B2 47.34±0.15c 

B3 51.35±0.16d 

B4 54.23±0.15e 

B5 59.25±0.16f 

Values are presented as mean±SD (n = 4). Values with the same superscript within column are not 250 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 251 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 252 

bee pollen 253 

 254 

Table 3. Effect of bee pollen on the specific volume of bread incorporated with Monascus-fermented 255 

durian seeds and rice bran 256 

Bee pollen concentration Specific volume (cm3/g) 

B0 3.85±0.03c 

B1 3.97±0.01d 

B2 4.07±0.06e 

B3 3.81±0.02c 

B4 3.34±0.06b 

B5 3.23±0.05a 

Values are presented as mean±SD (n = 4). Values with the same superscript within column are not 257 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 258 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 259 

bee pollen 260 

 261 

 262 

 263 



 
 

Table 4. Effect of bee pollen on textural properties for bread incorporated with Monascus-fermented 264 

durian seeds and rice bran 265 

Textural 
properties 

B0 B1 B2 B3 B4 B5 

Hardness (g) 
790.452 
±7.920c 

769.631 
±10.910b 

665.708 
±5.590a 

833.009 
±10.450d 

1059.045 
±17.130e 

1254.505 
±15.140f 

Cohesiveness 
0.643 
±0.010c 

0.662 
±0.010d 

0.677 
±0.010e 

0.646 
±0.010c 

0.620 
±0.010b 

0.596 
±0.010a 

Springiness 
0.790 
±0.011c 

0.819 
±0.003d 

0.833 
±0.005e 

0.802 
±0.001d 

0.768 
±0.002b 

0.758 
±0.003a 

Values are presented as mean±SD (n = 4). Values with the same superscript within column are not 266 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 267 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 268 

bee pollen 269 

 270 

 271 

Table 5. Effect of bee pollen on color of bread incorporated with Monascus-fermented durian seeds and 272 

rice bran 273 

Color 
evaluation 

B0 B1 B2 B3 B4 B5 

Lightness 
(L*) 

69.2±0.25d 67.6±0.39c 66.8±0.99b 66.5±0.20b 65.7±0.55a 65.3±0.17a 

Redness  
(a*) 

3.2±0.13a 3.2±0.10a 3.3±0.18a 3.4±0.13b 3.6±0.10c 3.8±0.03d 

Yellowness 
(b*) 

15.9±0.13a 17.4±0.28b 18.2±0.22c 18.6±0.45c 19.5±0.45d 20.1±0.32e 

Chroma 
(C) 

16.2±0.15a 17.7±0.28b 18.5±0.22c 18.9±0.45c 19.8±0.46d 20.5±0.33e 

Hue 
(oH) 

78.7±0.43a 79.6±0.48b 79.8±0.53b 79.7±0.38b 79.5±0.15b 79.2±0.16b 

Values are presented as mean±SD (n = 4). Values with the same superscript within column are not 274 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 275 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 276 

bee pollen 277 



 
 

Table 6. Effect of bee pollen on preference score for bread incorporated with Monascus-fermented durian 278 

seeds and rice bran 279 

Sensory 
evaluation 

B0 B1 B2 B3 B4 B5 

Color 5.45±1.20d 5.40±0.93d 5.05±1.20cd 4.85±0.98bc 4.55±1.15ab 4.33±1.54a 

Aroma 3.35±0.92a 4.43±1.36b 4.83±1.01b 4.53±1.22b 4.73±1.26b 5.35±0.95c 

Taste 3.33±0.92a 3.38±0.90a 4.10±1.01b 4.48±1.26b 4.93±1.23c 5.33±0.76d 

Overall 
acceptance 

3.35±0.77a 4.33±1.05b 4.80±1.18c 4.93±1.21cd 5.05±1.20cd 5.33±0.97d 

Values are presented as mean±SD (n = 50). Values with the same superscript within column are not 280 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 281 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 282 

bee pollen  283 



 
 

 284 

Figure 1. Spider web test result 285 
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Abstract 15 

Bread incorporated with Monascus-fermented durian seeds (MFDS) and rice bran (RB) is a functional food 16 

which contains bioactive compounds. Although it is beneficial for human health, it has bitterness and 17 

unpleasant aroma that caused by phenolic compounds in MFDS and fatty acids in RB. Incorporation of 18 

bee pollen in this bread is one way to improve the sensory properties of bread. The aim of this study was 19 

to observe the effect of different bee pollen concentrations on the physicochemical and sensory 20 

properties of bread incorporated with MFDS and RB. This study used Randomized Block Design with six 21 

levels of treatment starting from 0, 0.075, 0.150, 0.225, 0.300 and 0.375%.  Data were analyzed by Analysis 22 



 
 

of Variance with 𝛼 = 5%. The results indicated that difference in bee pollen concentration significantly 23 

affected on physicochemical and sensory properties of bread incorporated with MFDS and RB (p>0.05). 24 

Higher bee pollen concentration significantly increased the preference score for taste, aroma and overall 25 

acceptance (p>0.05). The best treatment was obtained by using 0.375% bee pollen. 26 

Keywords: Bread, Monascus-fermented durian seeds, Rice bran, Bee pollen 27 

1. Introduction 28 

The development of functional bakery products had been widely studied among food scientists 29 

as an approach to consumer’s demand for baked products with extra health benefits.  Trisnawati et al. 30 

(2019) studied the effect of adding functional ingredients such as rice bran (RB) and Monascus-fermented 31 

durian seeds (MFDS) into bread. Rice bran contains 𝛾-orizanol, 𝛾-tocotrienol and fibre which can regulate 32 

blood sugar levels (Premakumari et al., 2013; Sivamaruthi et al., 2018). MFDS contains monascin pigments 33 

that can help to reduce blood sugar level and monacolin-K which helps to reduce cholesterol production. 34 

(Nugerahani et al., 2017; Faroukh and Baumgärtel, 2019).  35 

Incorporation of MFDS flour and RB flour however reduce the preference score for aroma and 36 

taste of bread incorporated with MFDS and RB as reported by Trisnawati et al. (2019). RB contains 37 

monounsaturated fatty acid and polyunsaturated fatty acid which are easily oxidized into short chain fatty 38 

acids which have rancid properties (Cho and Samuel, 2009). MFDS contain secondary metabolites such as 39 

tannin and alkaloid also produced and therefore resulted in bitterness and astringency (Reginio et al., 40 

2016; Hasim et al., 2019). 41 

One way to cover the unpleasant taste and aroma from RB and MFDS is by incorporating bee 42 

pollen. There are several volatile compounds in bee pollen such as esters, hydrocarbon, aldehyde, 43 

terpenoid, and keton (Neto et al., 2017). Incorporation of bee pollen also may increase furan production, 44 

such as furfural and pyrazine in the final product. These compounds produce caramel, floral and fruity 45 



 
 

flavors (Conte et al., 2020). Unsaturated fatty acid, phytosterol and phospholipid in bee pollen can 46 

increase hypoglycemic activity (Komosinska-Vassev et al., 2015). The objective of this study was to 47 

observe the effect of bee pollen incorporation on the characteristic of bread incorporated with MFDS and 48 

RB. 49 

2. Materials and methods 50 

2.1 Materials 51 

Materials that were used for making bread incorporated with MFDS and RB were bread flour, rice 52 

bran flour, instant dry yeast, instant full cream milk powder, granulated sugar, bread improver, table 53 

salt, mineral water, margarine which were purchased from local distributor, “Mirah Delima” 54 

multiflora bee pollen which was purchased from Mirah Delima Bee Farm and also MFDS flour which 55 

was produced in Laboratory of Food Industrial Microbiology, Widya Mandala Catholic University 56 

Surabaya. Materials that were used for producing MFDS flour were Petruk durian seeds, pure culture 57 

of Monascus purpureus M9, Ca(OH)2, distilled water and potato dextrose agar (Merck 1.10130.0500). 58 

2.2   Preparation of bread incorporated with Monascus-fermented durian seeds and rice bran 59 

Sample preparation began by mixing all of the dry ingredients except table salt for 1 min and 60 

followed by adding water. The mixing process then continued for 10 mins. Margarine and table salt 61 

was then added and the mixing process continued for 5 mins. The dough was fermented at 26oC for 62 

30 mins. After the dough was shaped into a loaf the dough was proofed at 26oC for 90 mins. The bread 63 

was baked with the oven at 180oC for 30 mins then cooled at 26oC for 60 mins. Table 1 shows the 64 

composition of bread incorporated with MFDS and RB with different levels of bee pollen 65 

concentration. 66 

2.3   Monascus-fermented durian seeds preparation 67 

Preparation of MFDS flour began with sortation. Durian seeds then washed with water. After that, 68 

the durian seeds were boiled with 5% Ca(OH)2 solution at 85-90oC for 10 mins [durian seeds: 5% 69 



 
 

Ca(OH)2 solution = 1:1 (w/v)]. The durian seeds were removed from the Ca(OH)2 solution and then 70 

washed with water. The durian seeds were then cut into 1 cm x 1 cm x 1 cm cubes and went through 71 

first drying process at 45oC for 40 mins. The durian seeds were then weighed into 50 g. After that, 72 

durian seeds were sterilized at 121oC, 15 lbs/inch2 for 10 mins and cooled down at 26oC for 30 mins. 73 

The sterilized durian seeds then inoculated with Monascus purpureus M9 starter (5% v/w) and were 74 

put under aerobic fermentation at 30±1oC for 14 days to produce MFDS. The MFDS were dried at 75 

45oC for 24 h, grinded and then sifted with 40 mesh sifters to get MFDS flour (Puspitadewi et al., 76 

2016). 77 

2.3   Moisture content analysis 78 

Moisture content determination was carried out using thermogravimetric method according to 79 

AOAC 925.10 (1990). The moisture content of bread incorporated with MFDS and RB was determined 80 

using following equation: 81 

Moisture content (%) = 
sample weight (g)

sample weight (g)-weight loss (g)
×100% 82 

2.4   Specific volume 83 

Specific volume determination was carried out using seed displacement method according to 84 

Nwosu et al. (2014). An empty container was filled with foxtail millet seeds until overflowed and seeds 85 

which were above the container rim were then removed using straight ruler. All the foxtail millet 86 

seeds in the container were then poured into a measuring cylinder to measure the volume of the 87 

container (V1). These steps were then repeated except that a loaf of bread sample was already inside 88 

the container before it was filled with seeds to obtain V2. 89 

Specific volume (cm3

g⁄ ) =
V1 (ml)-V2 (ml)

W (g)
 90 

 91 

 92 



 
 

2.5   Texture analysis 93 

Prior to analysis, bread samples were cut into 12 mm thickness. Texture analysis was carried out 94 

using texture analyzer (TA-XT Plus, Stable Micro System) and performed by two sequential 95 

compression events (probe: P36/R, pre-test speed: 5 mm s-1, test speed: 1.5 mm s-1, post-test speed 96 

10 mm s-1, distance: 12 mm, time: 3 s, trigger type: auto, trigger force: 5 g).   97 

Hardness was defined as force that needed to achieve deformation during first compression. 98 

Cohesiveness was defined as ratio of the positive first area of the second peak to the first peak. 99 

Springiness was defined as ability of the bread to recover in height during the time elapsed between 100 

end of first compression and start of the second compression cycle (Dvořáková et al., 2012). 101 

2.6   Color analysis 102 

Color analysis was carried out by measuring the lightness (L*), redness (a*), yellowness (b*), 103 

chroma (*C) and hue (oH) of the crumb of bread incorporated MFDS and RB with color reader (Minolta 104 

CR-10 Chroma Meter).  105 

2.8   Sensory evaluation 106 

Sensory evaluation was carried out with 50 untrained panelists. Each panelist was asked to 107 

evaluate each parameter using a 7-point hedonic scale (Stone and Sidel, 2004). Scores were assigned 108 

in a range 1-7 (1 = extremely dislike; 2 = dislike; 3 = slightly dislike; 4 = neither like nor dislike; 5 = 109 

slightly like; 6 = like; 7 = extremely like). Each panelist received four slices of bread incorporated with 110 

Monascus-fermented durian seed and rice bran which sized into 5 cm x 5 cm x 1 cm. The tested 111 

parameters consisted of preference score for color, aroma, taste, and overall acceptance.  112 

2.9   Statistical analysis 113 

Data were generated in triplicate and subjected to Analysis of Variance (ANOVA) with α = 5% and 114 

followed by Duncan’s Multiple Range Test (DMRT) with α = 5% using SPSS software. Data collected 115 

from sensory evaluation were also subjected to spider-web test using Microsoft Excel 2013.  116 



 
 

3. Results and discussion 117 

3.1   Moisture Content 118 

 According to Table 2., incorporation of bee pollen to bread with MFDS and RB resulted in moisture 119 

content ranging from 40.29% to 59.25% while Badan Standarisasi Nasional (1995) suggested that 120 

maximum moisture content of bread is 40% to support shelf-life against microbial deterioration. Rice 121 

bran contains 7-11% fiber (Henderson et al., 2012).  Ability of fiber to bind with water then resulted 122 

in increased moisture content of bread (Sangle et al., 2017). Bee pollen contains glucose, fructose and 123 

sucrose which were able to form hydroxyl bond with water molecules (Komosinska-Vassev et al., 124 

2013). that bee pollen is high in lysine, arginine, cysteine, tryptophan, and tyrosine which were 125 

hydrophilic amino acid (Taha et al., 2017). Conte et al. (2020) also reported that moisture content of 126 

gluten free bread increased as bee pollen concentration increased.  127 

3.2   Physical properties  128 

Increase of specific volume in bread samples with 0-0.15% bee pollen as seen in Table 3 was due 129 

to additional sugar from bee pollen which are useful CO2 production by yeast. The CO2 pushed the 130 

gluten matrix to become thinner and resulted in reduced hardness as seen in Table 4. More CO2 gas 131 

also increased viscoelasticity of gluten matrix hence springiness increased. Bread samples with 0.225-132 

0.375% bee pollen showed a decrease in specific volume due to competition in binding water between 133 

the hydrophilic molecules (protein and sugar) in bee pollen and gluten forming protein. Hence the 134 

gluten matrix became weaker and could not retain CO2 as much as bread with 0-0.15%. Lower 135 

retention of CO2 also resulted in bread with thicker gluten matrix and lower viscoelasticity hence 136 

increase bread hardness and decrease bread’s springiness.  137 

The results in Table 5 showed that as bee pollen concentration increased, L* value decreased and 138 

a*, b*, C and H value of bread samples increased. Lower L* might be attributed to incorporation of 139 

rice bran flour since it is brown in color and Maillard reaction which occurred during baking process. 140 



 
 

Starowicz and Zieliński (2019) reported that free amine groups in protein and carbonyl groups in 141 

sugars went through Maillard reaction to produce melanoidin which reduce L* value of food. Brown’s 142 

base colors are grounded with red and yellow which resulted in increased of a* and b* value. Value 143 

of b* was also influenced by the yellow pigment β-carotene in bee pollen. 144 

3.3   Sensory evaluation 145 

Table 6. showed that the preference score for color of the bread samples was statistically 146 

decreased while preference score of taste, aroma and overall acceptability were statistically increased 147 

as BP concentration increased.  Spider web in Figure 1. test showed that 0.375% BP was the best 148 

concentration for bread incorporated with MFDS and RB even though the color was the least 149 

favorable. 150 

Bee pollen consisted of several volatile compounds which comprised of hydrocarbon, esters, 151 

terpenoid and alcohol which produced floral and fruity aroma (Neto et al., 2017). Increased in bee 152 

pollen concentration also resulted in more Maillard reaction product resulted such as pyrazine that 153 

produced nutty and roasted aroma; furan that produced sweet and caramel aroma; acetylpyridine 154 

that produced cracker-malty aroma; and pyrol that produced nutty aroma (van Boekel, 2006). Those 155 

volatile compounds together were able to tone down the rancid aroma, which derived from the rice 156 

bran.  157 

4. Conclusion 158 

The most suitable bee pollen concentration for bread incorporated with MFDS and RB is 0.375% 159 

according to the sensory evaluation. The overall acceptance score of this bread represented that 160 

panelist slightly like the bread. This study showed that bee pollen has the potential to improve taste 161 

and aroma of bread incorporated with MFDS and RB. Further study to improve specific volume and 162 

textural properties of this bread is suggested.  163 
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Table 1. Formulation of bread incorporated with Monascus-fermented durian seeds and rice bran 244 

Ingredients/g B0 B1 B2 B3 B4 B5 

Bread flour 179.85 179.85 179.85 179.85 179.85 179.85 
Mineral 
water 

124 124 124 124 124 124 

Rice bran 
flour 

20 20 20 20 20 20 

Granulated 
sugar 

10 10 10 10 10 10 

Margarine 8 8 8 8 8 8 

Full cream 
milk powder 

4 4 4 4 4 4 

Instant dry 
yeast 

3 3 3 3 3 3 

Table salt 2 2 2 2 2 2 

Bread 
improver 

0.6 0.6 0.6 0.6 0.6 0.6 

MFDS flour 0.15 0.15 0.15 0.15 0.15 0.15 

Bee pollen 0 0.075 0.150 0.225 0.300 0.375 

B0 : 0% bee pollen; B1 : 0.075% bee pollen; B2 : 0.150% bee pollen; B3 : 0.225% bee pollen; B4 : 0.300% bee 245 

pollen; B5 : 0.375% bee pollen 246 

  247 



 
 

Table 2. Effect of bee pollen on the moisture content of bread incorporated with Monascus-fermented 248 

durian seeds and rice bran 249 

Bee pollen concentration Moisture Content (%) 

B0 40.29±0.11a 

B1 44.20±0.07b 

B2 47.34±0.15c 

B3 51.35±0.16d 

B4 54.23±0.15e 

B5 59.25±0.16f 

Values are presented as mean±SD (n = 4). Values with the same superscript within column are not 250 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 251 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 252 

bee pollen 253 

 254 

Table 3. Effect of bee pollen on the specific volume of bread incorporated with Monascus-fermented 255 

durian seeds and rice bran 256 

Bee pollen concentration Specific volume (cm3/g) 

B0 3.85±0.03c 

B1 3.97±0.01d 

B2 4.07±0.06e 

B3 3.81±0.02c 

B4 3.34±0.06b 

B5 3.23±0.05a 

Values are presented as mean±SD (n = 4). Values with the same superscript within column are not 257 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 258 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 259 

bee pollen 260 

 261 

 262 

 263 



 
 

Table 4. Effect of bee pollen on textural properties for bread incorporated with Monascus-fermented 264 

durian seeds and rice bran 265 

Textural 
properties 

B0 B1 B2 B3 B4 B5 

Hardness (g) 
790.452 
±7.920c 

769.631 
±10.910b 

665.708 
±5.590a 

833.009 
±10.450d 

1059.045 
±17.130e 

1254.505 
±15.140f 

Cohesiveness 
0.643 
±0.010c 

0.662 
±0.010d 

0.677 
±0.010e 

0.646 
±0.010c 

0.620 
±0.010b 

0.596 
±0.010a 

Springiness 
0.790 
±0.011c 

0.819 
±0.003d 

0.833 
±0.005e 

0.802 
±0.001d 

0.768 
±0.002b 

0.758 
±0.003a 

Values are presented as mean±SD (n = 4). Values with the same superscript within column are not 266 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 267 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 268 

bee pollen 269 

 270 

 271 

Table 5. Effect of bee pollen on color of bread incorporated with Monascus-fermented durian seeds and 272 

rice bran 273 

Color 
evaluation 

B0 B1 B2 B3 B4 B5 

Lightness 
(L*) 

69.2±0.25d 67.6±0.39c 66.8±0.99b 66.5±0.20b 65.7±0.55a 65.3±0.17a 

Redness  
(a*) 

3.2±0.13a 3.2±0.10a 3.3±0.18a 3.4±0.13b 3.6±0.10c 3.8±0.03d 

Yellowness 
(b*) 

15.9±0.13a 17.4±0.28b 18.2±0.22c 18.6±0.45c 19.5±0.45d 20.1±0.32e 

Chroma 
(C) 

16.2±0.15a 17.7±0.28b 18.5±0.22c 18.9±0.45c 19.8±0.46d 20.5±0.33e 

Hue 
(oH) 

78.7±0.43a 79.6±0.48b 79.8±0.53b 79.7±0.38b 79.5±0.15b 79.2±0.16b 

Values are presented as mean±SD (n = 4). Values with the same superscript within column are not 274 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 275 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 276 

bee pollen 277 



 
 

Table 6. Effect of bee pollen on preference score for bread incorporated with Monascus-fermented durian 278 

seeds and rice bran 279 

Sensory 
evaluation 

B0 B1 B2 B3 B4 B5 

Color 5.45±1.20d 5.40±0.93d 5.05±1.20cd 4.85±0.98bc 4.55±1.15ab 4.33±1.54a 

Aroma 3.35±0.92a 4.43±1.36b 4.83±1.01b 4.53±1.22b 4.73±1.26b 5.35±0.95c 

Taste 3.33±0.92a 3.38±0.90a 4.10±1.01b 4.48±1.26b 4.93±1.23c 5.33±0.76d 

Overall 
acceptance 

3.35±0.77a 4.33±1.05b 4.80±1.18c 4.93±1.21cd 5.05±1.20cd 5.33±0.97d 

Values are presented as mean±SD (n = 50). Values with the same superscript within column are not 280 

significantly (p>0.05) different evaluated by ANOVA followed by DMRT test (𝛼 = 0.05), B0: 0% bee pollen, 281 

B1: 0.075% bee pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 0.300% bee pollen, and B5: 0.375% 282 

bee pollen  283 



 
 

 284 

Figure 1. Spider web test result 285 

 286 

 287 

0,00

1,00

2,00

3,00

4,00

5,00

6,00
Color

Aroma

Taste

Overall Acceptance

0% 0.075% 0.150% 0.225% 0.300% 0.375%



 

 

 

 

 

 

 

 

 

 

 

 

10. 

Bukti konfimasi artikel diterima dan acceptance letter  

(3 November 2022) 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

foodresearch.my@outlook.com                                   http://www.myfoodresearch.com 

 

 

3rd November 2022 

   

Dear Dr Trisnawati,  

ACCEPTANCE LETTER  

 

Food Research is pleased to inform you that the following manuscript has been accepted for 

publication in Food Research journal. 

 

Manuscript Title : Effect of bee pollen on the characteristic of bread incorporated 
with Monasus-fermented durian seeds and rice bran 
 

Authors : Goberto, M.A., Trisnawati, C.Y., Nugerahani, I., Srianta, I. and 
Marsono, Y. 
 

 

We thank you for your fine contribution to the Food Research journal and encourage you to 

submit other articles to the Journal.  

 

 

Yours sincerely,  

 

 

Professor Dr. Son Radu 

Chief Editor  

Food Research  

mailto:foodresearch.my@outlook.com


 

 

 

 

 

 

 

 

 

11. 

Bukti konfirmasi galley proof artikel  

(1 Juli 2023) 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

 *Corresponding author. 

Email: chatarina@ukwms.ac.id 

eISSN: 2550-2166 / © 2023 The Authors.  

Published by Rynnye Lyan Resources 

F
U

L
L

 P
A

P
E

R
 

Food Research (2023) : pp - pp  
Journal homepage: https://www.myfoodresearch.com 

Effect of bee pollen on the characteristic of bread incorporated with Monascus-

fermented durian seeds and rice bran 

Goberto, M.A., *Trisnawati, C.Y., Nugerahani, I., Srianta, I. and Marsono, Y. 

Department of Food Technology, Faculty of Agricultural Technology, Widya Mandala Surabaya Catholic 

University, Surabaya, East Java, Indonesia 

Article history: 

Received: 8 March 2022 

Received in revised form: 

18 May 2022  

Accepted: 3 November 2022 

Available Online:  

 
Keywords:  

Bread,  

Monascus-fermented durian 

seeds,  

Rice bran,  

Bee pollen  

 

DOI: 
 

Abstract 

Bread incorporated with Monascus-fermented durian seeds (MFDS) and rice bran (RB) is 

a functional food which contains bioactive compounds. Although it is beneficial for 

human health, it has bitterness and unpleasant aroma that caused by phenolic compounds 

in MFDS and fatty acids in RB. Incorporation of bee pollen in this bread is one way to 

improve the sensory properties of bread. The aim of this study was to observe the effect of 

different bee pollen concentrations on the physicochemical and sensory properties of 

bread incorporated with MFDS and RB. This study used Randomized Block Design with 

six levels of treatment starting from 0, 0.075, 0.150, 0.225, 0.300 and 0.375%.  Data were 

analyzed by Analysis of Variance with  α = 5%. The results indicated that difference in 

bee pollen concentration significantly affected on physicochemical and sensory properties 

of bread incorporated with MFDS and RB (p>0.05). Higher bee pollen concentration 

significantly increased the preference score for taste, aroma and overall acceptance 

(p>0.05). The best treatment was obtained by using 0.375% bee pollen. 

1. Introduction 

The development of functional bakery products had 

been widely studied among food scientists as an 

approach to consumer’s demand for baked products with 

extra health benefits.  Trisnawati et al. (2019) studied the 

effect of adding functional ingredients such as rice bran 

(RB) and Monascus-fermented durian seeds (MFDS) 

into bread. Rice bran contains γ-orizanol, γ-tocotrienol 

and fibre which can regulate blood sugar levels 

(Premakumari et al., 2013; Sivamaruthi et al., 2018). 

MFDS contains monascin pigments that can help to 

reduce blood sugar level and monacolin-K which helps 

to reduce cholesterol production (Nugerahani et al., 

2017; Faroukh and Baumgärtel, 2019).  

Incorporation of MFDS flour and RB flour however 

reduce the preference score for aroma and taste of bread 

incorporated with MFDS and RB as reported by 

Trisnawati et al. (2019). RB contains monounsaturated 

fatty acid and polyunsaturated fatty acid which are easily 

oxidized into short chain fatty acids which have rancid 

properties (Cho and Samuel, 2009). MFDS contain 

secondary metabolites such as tannin and alkaloid also 

produced and therefore resulted in bitterness and 

astringency (Reginio et al., 2016; Hasim et al., 2019). 

One way to cover the unpleasant taste and aroma 

from RB and MFDS is by incorporating bee pollen. 

There are several volatile compounds in bee pollen such 

as esters, hydrocarbon, aldehyde, terpenoid, and keton 

(Neto et al., 2017). Incorporation of bee pollen also may 

increase furan production, such as furfural and pyrazine 

in the final product. These compounds produce caramel, 

floral and fruity flavors (Conte et al., 2020). Unsaturated 

fatty acid, phytosterol and phospholipid in bee pollen can 

increase hypoglycemic activity (Komosinska-Vassev et 

al., 2015). The objective of this study was to observe the 

effect of bee pollen incorporation on the characteristic of 

bread incorporated with MFDS and RB. 

 

2. Materials and methods 

2.1 Materials 

Materials that were used for making bread 

incorporated with MFDS and RB were bread flour, rice 

bran flour, instant dry yeast, instant full cream milk 

powder, granulated sugar, bread improver, table salt, 

mineral water, margarine which were purchased from 

local distributor, “Mirah Delima” multiflora bee pollen 

which was purchased from Mirah Delima Bee Farm and 

also MFDS flour which was produced in Laboratory of 

Food Industrial Microbiology, Widya Mandala Catholic 

University Surabaya. Materials that were used for 

producing MFDS flour were Petruk durian seeds, pure 

https://orcid.org/0000-0003-0885-2219
https://orcid.org/0000-0003-0595-9504
https://orcid.org/0000-0002-9917-5649
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culture of Monascus purpureus M9, Ca(OH)2, distilled 

water and potato dextrose agar (Merck 1.10130.0500). 

2.2 Preparation of bread incorporated with Monascus-

fermented durian seeds and rice bran 

Sample preparation began by mixing all of the dry 

ingredients except table salt for 1 min and followed by 

adding water. The mixing process then continued for 10 

mins. Margarine and table salt was then added and the 

mixing process continued for 5 mins. The dough was 

fermented at 26oC for 30 mins. After the dough was 

shaped into a loaf the dough was proofed at 26oC for 90 

mins. The bread was baked with the oven at 180oC for 30 

mins then cooled at 26oC for 60 mins. Table 1 shows the 

composition of bread incorporated with MFDS and RB 

with different levels of bee pollen concentration. 

2.3  Monascus-fermented durian seeds preparation 

Preparation of MFDS flour began with sortation. 

Durian seeds then washed with water. After that, the 

durian seeds were boiled with 5% Ca(OH)2 solution at 

85-90oC for 10 mins [durian seeds: 5% Ca(OH)2 solution 

= 1:1 (w/v)]. The durian seeds were removed from the 

Ca(OH)2 solution and then washed with water. The 

durian seeds were then cut into 1 cm × 1 cm × 1 cm 

cubes and went through first drying process at 45oC for 

40 mins. The durian seeds were then weighed into 50 g. 

After that, durian seeds were sterilized at 121oC, 15 lbs/

inch2 for 10 mins and cooled down at 26oC for 30 mins. 

The sterilized durian seeds then inoculated with 

Monascus purpureus M9 starter (5% v/w) and were put 

under aerobic fermentation at 30±1oC for 14 days to 

produce MFDS. The MFDS were dried at 45oC for 24 

hrs, grinded and then sifted with 40 mesh sifters to get 

MFDS flour (Puspitadewi et al., 2016). 

2.4 Moisture content analysis 

Moisture content determination was carried out 

using thermogravimetric method according to AOAC 

925.10 (1990). The moisture content of bread 

incorporated with MFDS and RB was determined using 

following equation: 

2.5 Specific volume 

Specific volume determination was carried out using 

seed displacement method according to Nwosu et al. 

(2014). An empty container was filled with foxtail millet 

seeds until overflowed and seeds which were above the 

container rim were then removed using straight ruler. All 

the foxtail millet seeds in the container were then poured 

into a measuring cylinder to measure the volume of the 

container (V1). These steps were then repeated except 

that a loaf of bread sample was already inside the 

container before it was filled with seeds to obtain V2. 

2.6 Texture analysis 

Prior to analysis, bread samples were cut into 12 mm 

thickness. Texture analysis was carried out using texture 

analyzer (TA-XT Plus, Stable Micro System) and 

performed by two sequential compression events (probe: 

P36/R, pre-test speed: 5 mm s-1, test speed: 1.5 mm s-1, 

post-test speed 10 mm s-1, distance: 12 mm, time: 3 s, 

trigger type: auto, trigger force: 5 g).   

Hardness was defined as force that needed to achieve 

deformation during first compression. Cohesiveness was 

defined as ratio of the positive first area of the second 

peak to the first peak. Springiness was defined as ability 

of the bread to recover in height during the time elapsed 

between end of first compression and start of the second 

compression cycle (Dvořáková et al., 2012). 

2.7 Color analysis 

Color analysis was carried out by measuring the 

Ingredients/g B0 B1 B2 B3 B4 B5 

Bread flour 179.85 179.85 179.85 179.85 179.85 179.85 

Mineral water 124 124 124 124 124 124 

Rice bran flour 20 20 20 20 20 20 

Granulated sugar 10 10 10 10 10 10 

Margarine 8 8 8 8 8 8 

Full cream milk powder 4 4 4 4 4 4 

Instant dry yeast 3 3 3 3 3 3 

Table salt 2 2 2 2 2 2 

Bread improver 0.6 0.6 0.6 0.6 0.6 0.6 

MFDS flour 0.15 0.15 0.15 0.15 0.15 0.15 

Bee pollen 0 0.075 0.150 0.225 0.300 0.375 

Table 1. Formulation of bread incorporated with Monascus-fermented durian seeds and rice bran. 

B0 : 0% bee pollen, B1 : 0.075% bee pollen, B2 : 0.150% bee pollen, B3 : 0.225% bee pollen, B4 : 0.300% bee pollen, B5 : 0.375% 

bee pollen. 
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lightness (L*), redness (a*), yellowness (b*), chroma 

(*C) and hue (oH) of the crumb of bread incorporated 

MFDS and RB with color reader (Minolta CR-10 

Chroma Meter).  

2.8 Sensory evaluation 

Sensory evaluation was carried out with 50 untrained 

panelists. Each panelist was asked to evaluate each 

parameter using a 7-point hedonic scale (Stone and 

Sidel, 2004). Scores were assigned in a range 1-7 (1 = 

extremely dislike; 2 = dislike; 3 = slightly dislike; 4 = 

neither like nor dislike; 5 = slightly like; 6 = like; 7 = 

extremely like). Each panelist received four slices of 

bread incorporated with Monascus-fermented durian 

seed and rice bran which sized into 5 cm × 5 cm × 1 cm. 

The tested parameters consisted of preference score for 

color, aroma, taste, and overall acceptance.  

2.9 Statistical analysis 

Data were generated in triplicate and subjected to 

Analysis of Variance (ANOVA) with α = 5% and 

followed by Duncan’s Multiple Range Test (DMRT) 

with α = 5% using SPSS software. Data collected from 

sensory evaluation were also subjected to spider-web test 

using Microsoft Excel 2013.  

 

3. Results and discussion 

3.1 Moisture content 

According to Table 2, incorporation of bee pollen to 

bread with MFDS and RB resulted in moisture content 

ranging from 40.29% to 59.25% while Badan 

Standarisasi Nasional (1995) suggested that maximum 

moisture content of bread is 40% to support shelf-life 

against microbial deterioration. Rice bran contains 7-

11% fiber (Henderson et al., 2012).  Ability of fiber to 

bind with water then resulted in increased moisture 

content of bread (Sangle et al., 2017). Bee pollen 

contains glucose, fructose and sucrose which were able 

to form hydroxyl bond with water molecules 

(Komosinska-Vassev et al., 2013). that bee pollen is high 

in lysine, arginine, cysteine, tryptophan, and tyrosine 

which were hydrophilic amino acid (Taha et al., 2017). 

Conte et al. (2020) also reported that moisture content of 

gluten free bread increased as bee pollen concentration 

increased.  

3.2 Physical properties  

Increase of specific volume in bread samples with 0-

0.15% bee pollen as seen in Table 3 was due to 

additional sugar from bee pollen which are useful CO2 

production by yeast. The CO2 pushed the gluten matrix 

to become thinner and resulted in reduced hardness as 

seen in Table 4. More CO2 gas also increased 

viscoelasticity of gluten matrix hence springiness 

increased. Bread samples with 0.225-0.375% bee pollen 

showed a decrease in specific volume due to competition 

in binding water between the hydrophilic molecules 

(protein and sugar) in bee pollen and gluten forming 

protein. Hence the gluten matrix became weaker and 

could not retain CO2 as much as bread with 0-0.15%. 

Lower retention of CO2 also resulted in bread with 

thicker gluten matrix and lower viscoelasticity hence 

increase bread hardness and decrease bread’s 

springiness.  

The results in Table 5 showed that as bee pollen 

concentration increased, L* value decreased and a*, b*, 

C and H value of bread samples increased. Lower L* 

might be attributed to incorporation of rice bran flour 

since it is brown in color and Maillard reaction which 

occurred during baking process. Starowicz and Zieliński 

(2019) reported that free amine groups in protein and 

carbonyl groups in sugars went through Maillard 

reaction to produce melanoidin which reduce L* value of 

food. Brown’s base colors are grounded with red and 

yellow which resulted in increased of a* and b* value. 

Value of b* was also influenced by the yellow pigment β

Bee pollen concentration Moisture Content (%) 

B0 40.29±0.11a 

B1 44.20±0.07b 

B2 47.34±0.15c 

B3 51.35±0.16d 

B4 54.23±0.15e 

B5 59.25±0.16f 

Values are presented as mean±SD (n = 4). Values with 

different superscripts within column are statistically 

significantly different evaluated by ANOVA followed by 

DMRT test (α = 0.05). B0: 0% bee pollen, B1: 0.075% bee 

pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 

0.300% bee pollen, B5: 0.375% bee pollen. 

Table 2. Effect of bee pollen on the moisture content of bread 

incorporated with Monascus-fermented durian seeds and rice 

bran. 

Bee pollen concentration Specific volume (cm3/g) 

B0 3.85±0.03c 

B1 3.97±0.01d 

B2 4.07±0.06e 

B3 3.81±0.02c 

B4 3.34±0.06b 

B5 3.23±0.05a 

Values are presented as mean±SD (n = 4). Values with 

different superscripts within column are statistically 

significantly different evaluated by ANOVA followed by 

DMRT test (α = 0.05). B0: 0% bee pollen, B1: 0.075% bee 

pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 

0.300% bee pollen, B5: 0.375% bee pollen. 

Table 3. Effect of bee pollen on the specific volume of bread 

incorporated with Monascus-fermented durian seeds and rice 

bran. 
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-carotene in bee pollen. 

3.3 Sensory evaluation 

Table 6 shows that the preference score for color of 

the bread samples was statistically decreased while 

preference score of taste, aroma and overall acceptability 

were statistically increased as BP concentration 

increased.  Spider web in Figure 1. test showed that 

0.375% BP was the best concentration for bread 

incorporated with MFDS and RB even though the color 

was the least favorable. 

Bee pollen consisted of several volatile compounds 

which comprised of hydrocarbon, esters, terpenoid and 

alcohol which produced floral and fruity aroma (Neto et 

al., 2017). Increased in bee pollen concentration also 

resulted in more Maillard reaction product resulted such 

as pyrazine that produced nutty and roasted aroma; furan 

that produced sweet and caramel aroma; acetylpyridine 

that produced cracker-malty aroma; and pyrol that 

produced nutty aroma (van Boekel, 2006). Those volatile 

compounds together were able to tone down the rancid 

aroma, which derived from the rice bran.  

 

 

4. Conclusion 

The most suitable bee pollen concentration for bread 

incorporated with MFDS and RB is 0.375% according to 

the sensory evaluation. The overall acceptance score of 

this bread represented that panelist slightly like the 

bread. This study showed that bee pollen has the 

potential to improve taste and aroma of bread 

incorporated with MFDS and RB. Further study to 

improve specific volume and textural properties of this 

bread is suggested.  
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Abstract 

Bread incorporated with Monascus-fermented durian seeds (MFDS) and rice bran (RB) is 

a functional food which contains bioactive compounds. Although it is beneficial for 

human health, it has bitterness and unpleasant aroma that caused by phenolic compounds 

in MFDS and fatty acids in RB. Incorporation of bee pollen in this bread is one way to 

improve the sensory properties of bread. The aim of this study was to observe the effect of 

different bee pollen concentrations on the physicochemical and sensory properties of 

bread incorporated with MFDS and RB. This study used Randomized Block Design with 

six levels of treatment starting from 0, 0.075, 0.150, 0.225, 0.300 and 0.375%.  Data were 

analyzed by Analysis of Variance with  α = 5%. The results indicated that difference in 

bee pollen concentration significantly affected on physicochemical and sensory properties 

of bread incorporated with MFDS and RB (p>0.05). Higher bee pollen concentration 

significantly increased the preference score for taste, aroma and overall acceptance 

(p>0.05). The best treatment was obtained by using 0.375% bee pollen. 

1. Introduction 

The development of functional bakery products had 

been widely studied among food scientists as an 

approach to consumer’s demand for baked products with 

extra health benefits.  Trisnawati et al. (2019) studied the 

effect of adding functional ingredients such as rice bran 

(RB) and Monascus-fermented durian seeds (MFDS) 

into bread. Rice bran contains γ-orizanol, γ-tocotrienol 

and fibre which can regulate blood sugar levels 

(Premakumari et al., 2013; Sivamaruthi et al., 2018). 

MFDS contains monascin pigments that can help to 

reduce blood sugar level and monacolin-K which helps 

to reduce cholesterol production (Nugerahani et al., 

2017; Faroukh and Baumgärtel, 2019).  

Incorporation of MFDS flour and RB flour however 

reduce the preference score for aroma and taste of bread 

incorporated with MFDS and RB as reported by 

Trisnawati et al. (2019). RB contains monounsaturated 

fatty acid and polyunsaturated fatty acid which are easily 

oxidized into short chain fatty acids which have rancid 

properties (Cho and Samuel, 2009). MFDS contain 

secondary metabolites such as tannin and alkaloid also 

produced and therefore resulted in bitterness and 

astringency (Reginio et al., 2016; Hasim et al., 2019). 

One way to cover the unpleasant taste and aroma 

from RB and MFDS is by incorporating bee pollen. 

There are several volatile compounds in bee pollen such 

as esters, hydrocarbon, aldehyde, terpenoid, and keton 

(Neto et al., 2017). Incorporation of bee pollen also may 

increase furan production, such as furfural and pyrazine 

in the final product. These compounds produce caramel, 

floral and fruity flavors (Conte et al., 2020). Unsaturated 

fatty acid, phytosterol and phospholipid in bee pollen can 

increase hypoglycemic activity (Komosinska-Vassev et 

al., 2015). The objective of this study was to observe the 

effect of bee pollen incorporation on the characteristic of 

bread incorporated with MFDS and RB. 

 

2. Materials and methods 

2.1 Materials 

Materials that were used for making bread 

incorporated with MFDS and RB were bread flour, rice 

bran flour, instant dry yeast, instant full cream milk 

powder, granulated sugar, bread improver, table salt, 

mineral water, margarine which were purchased from 

local distributor, “Mirah Delima” multiflora bee pollen 

which was purchased from Mirah Delima Bee Farm and 

also MFDS flour which was produced in Laboratory of 

Food Industrial Microbiology, Widya Mandala Catholic 

University Surabaya. Materials that were used for 

producing MFDS flour were Petruk durian seeds, pure 

https://orcid.org/0000-0003-0885-2219
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culture of Monascus purpureus M9, Ca(OH)2, distilled 

water and potato dextrose agar (Merck 1.10130.0500). 

2.2 Preparation of bread incorporated with Monascus-

fermented durian seeds and rice bran 

Sample preparation began by mixing all of the dry 

ingredients except table salt for 1 min and followed by 

adding water. The mixing process then continued for 10 

mins. Margarine and table salt was then added and the 

mixing process continued for 5 mins. The dough was 

fermented at 26oC for 30 mins. After the dough was 

shaped into a loaf the dough was proofed at 26oC for 90 

mins. The bread was baked with the oven at 180oC for 30 

mins then cooled at 26oC for 60 mins. Table 1 shows the 

composition of bread incorporated with MFDS and RB 

with different levels of bee pollen concentration. 

2.3  Monascus-fermented durian seeds preparation 

Preparation of MFDS flour began with sortation. 

Durian seeds then washed with water. After that, the 

durian seeds were boiled with 5% Ca(OH)2 solution at 

85-90oC for 10 mins [durian seeds: 5% Ca(OH)2 solution 

= 1:1 (w/v)]. The durian seeds were removed from the 

Ca(OH)2 solution and then washed with water. The 

durian seeds were then cut into 1 cm × 1 cm × 1 cm 

cubes and went through first drying process at 45oC for 

40 mins. The durian seeds were then weighed into 50 g. 

After that, durian seeds were sterilized at 121oC, 15 lbs/

inch2 for 10 mins and cooled down at 26oC for 30 mins. 

The sterilized durian seeds then inoculated with 

Monascus purpureus M9 starter (5% v/w) and were put 

under aerobic fermentation at 30±1oC for 14 days to 

produce MFDS. The MFDS were dried at 45oC for 24 

hrs, grinded and then sifted with 40 mesh sifters to get 

MFDS flour (Puspitadewi et al., 2016). 

2.4 Moisture content analysis 

Moisture content determination was carried out 

using thermogravimetric method according to AOAC 

925.10 (1990). The moisture content of bread 

incorporated with MFDS and RB was determined using 

following equation: 

2.5 Specific volume 

Specific volume determination was carried out using 

seed displacement method according to Nwosu et al. 

(2014). An empty container was filled with foxtail millet 

seeds until overflowed and seeds which were above the 

container rim were then removed using straight ruler. All 

the foxtail millet seeds in the container were then poured 

into a measuring cylinder to measure the volume of the 

container (V1). These steps were then repeated except 

that a loaf of bread sample was already inside the 

container before it was filled with seeds to obtain V2. 

2.6 Texture analysis 

Prior to analysis, bread samples were cut into 12 mm 

thickness. Texture analysis was carried out using texture 

analyzer (TA-XT Plus, Stable Micro System) and 

performed by two sequential compression events (probe: 

P36/R, pre-test speed: 5 mm s-1, test speed: 1.5 mm s-1, 

post-test speed 10 mm s-1, distance: 12 mm, time: 3 s, 

trigger type: auto, trigger force: 5 g).   

Hardness was defined as force that needed to achieve 

deformation during first compression. Cohesiveness was 

defined as ratio of the positive first area of the second 

peak to the first peak. Springiness was defined as ability 

of the bread to recover in height during the time elapsed 

between end of first compression and start of the second 

compression cycle (Dvořáková et al., 2012). 

2.7 Color analysis 

Color analysis was carried out by measuring the 

Ingredients/g B0 B1 B2 B3 B4 B5 

Bread flour 179.85 179.85 179.85 179.85 179.85 179.85 

Mineral water 124 124 124 124 124 124 

Rice bran flour 20 20 20 20 20 20 

Granulated sugar 10 10 10 10 10 10 

Margarine 8 8 8 8 8 8 

Full cream milk powder 4 4 4 4 4 4 

Instant dry yeast 3 3 3 3 3 3 

Table salt 2 2 2 2 2 2 

Bread improver 0.6 0.6 0.6 0.6 0.6 0.6 

MFDS flour 0.15 0.15 0.15 0.15 0.15 0.15 

Bee pollen 0 0.075 0.150 0.225 0.300 0.375 

Table 1. Formulation of bread incorporated with Monascus-fermented durian seeds and rice bran. 

B0 : 0% bee pollen, B1 : 0.075% bee pollen, B2 : 0.150% bee pollen, B3 : 0.225% bee pollen, B4 : 0.300% bee pollen, B5 : 0.375% 

bee pollen. 

the correct equation is:
moisture content (%) = sample weight (g) - weight loss (g) / sample weight (g)
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lightness (L*), redness (a*), yellowness (b*), chroma 

(*C) and hue (oH) of the crumb of bread incorporated 

MFDS and RB with color reader (Minolta CR-10 

Chroma Meter).  

2.8 Sensory evaluation 

Sensory evaluation was carried out with 50 untrained 

panelists. Each panelist was asked to evaluate each 

parameter using a 7-point hedonic scale (Stone and 

Sidel, 2004). Scores were assigned in a range 1-7 (1 = 

extremely dislike; 2 = dislike; 3 = slightly dislike; 4 = 

neither like nor dislike; 5 = slightly like; 6 = like; 7 = 

extremely like). Each panelist received four slices of 

bread incorporated with Monascus-fermented durian 

seed and rice bran which sized into 5 cm × 5 cm × 1 cm. 

The tested parameters consisted of preference score for 

color, aroma, taste, and overall acceptance.  

2.9 Statistical analysis 

Data were generated in triplicate and subjected to 

Analysis of Variance (ANOVA) with α = 5% and 

followed by Duncan’s Multiple Range Test (DMRT) 

with α = 5% using SPSS software. Data collected from 

sensory evaluation were also subjected to spider-web test 

using Microsoft Excel 2013.  

 

3. Results and discussion 

3.1 Moisture content 

According to Table 2, incorporation of bee pollen to 

bread with MFDS and RB resulted in moisture content 

ranging from 40.29% to 59.25% while Badan 

Standarisasi Nasional (1995) suggested that maximum 

moisture content of bread is 40% to support shelf-life 

against microbial deterioration. Rice bran contains 7-

11% fiber (Henderson et al., 2012).  Ability of fiber to 

bind with water then resulted in increased moisture 

content of bread (Sangle et al., 2017). Bee pollen 

contains glucose, fructose and sucrose which were able 

to form hydroxyl bond with water molecules 

(Komosinska-Vassev et al., 2013). that bee pollen is high 

in lysine, arginine, cysteine, tryptophan, and tyrosine 

which were hydrophilic amino acid (Taha et al., 2017). 

Conte et al. (2020) also reported that moisture content of 

gluten free bread increased as bee pollen concentration 

increased.  

3.2 Physical properties  

Increase of specific volume in bread samples with 0-

0.15% bee pollen as seen in Table 3 was due to 

additional sugar from bee pollen which are useful CO2 

production by yeast. The CO2 pushed the gluten matrix 

to become thinner and resulted in reduced hardness as 

seen in Table 4. More CO2 gas also increased 

viscoelasticity of gluten matrix hence springiness 

increased. Bread samples with 0.225-0.375% bee pollen 

showed a decrease in specific volume due to competition 

in binding water between the hydrophilic molecules 

(protein and sugar) in bee pollen and gluten forming 

protein. Hence the gluten matrix became weaker and 

could not retain CO2 as much as bread with 0-0.15%. 

Lower retention of CO2 also resulted in bread with 

thicker gluten matrix and lower viscoelasticity hence 

increase bread hardness and decrease bread’s 

springiness.  

The results in Table 5 showed that as bee pollen 

concentration increased, L* value decreased and a*, b*, 

C and H value of bread samples increased. Lower L* 

might be attributed to incorporation of rice bran flour 

since it is brown in color and Maillard reaction which 

occurred during baking process. Starowicz and Zieliński 

(2019) reported that free amine groups in protein and 

carbonyl groups in sugars went through Maillard 

reaction to produce melanoidin which reduce L* value of 

food. Brown’s base colors are grounded with red and 

yellow which resulted in increased of a* and b* value. 

Value of b* was also influenced by the yellow pigment β

Bee pollen concentration Moisture Content (%) 

B0 40.29±0.11a 

B1 44.20±0.07b 

B2 47.34±0.15c 

B3 51.35±0.16d 

B4 54.23±0.15e 

B5 59.25±0.16f 

Values are presented as mean±SD (n = 4). Values with 

different superscripts within column are statistically 

significantly different evaluated by ANOVA followed by 

DMRT test (α = 0.05). B0: 0% bee pollen, B1: 0.075% bee 

pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 

0.300% bee pollen, B5: 0.375% bee pollen. 

Table 2. Effect of bee pollen on the moisture content of bread 

incorporated with Monascus-fermented durian seeds and rice 

bran. 

Bee pollen concentration Specific volume (cm3/g) 

B0 3.85±0.03c 

B1 3.97±0.01d 

B2 4.07±0.06e 

B3 3.81±0.02c 

B4 3.34±0.06b 

B5 3.23±0.05a 

Values are presented as mean±SD (n = 4). Values with 

different superscripts within column are statistically 

significantly different evaluated by ANOVA followed by 

DMRT test (α = 0.05). B0: 0% bee pollen, B1: 0.075% bee 

pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 

0.300% bee pollen, B5: 0.375% bee pollen. 

Table 3. Effect of bee pollen on the specific volume of bread 

incorporated with Monascus-fermented durian seeds and rice 

bran. 
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-carotene in bee pollen. 

3.3 Sensory evaluation 

Table 6 shows that the preference score for color of 

the bread samples was statistically decreased while 

preference score of taste, aroma and overall acceptability 

were statistically increased as BP concentration 

increased.  Spider web in Figure 1. test showed that 

0.375% BP was the best concentration for bread 

incorporated with MFDS and RB even though the color 

was the least favorable. 

Bee pollen consisted of several volatile compounds 

which comprised of hydrocarbon, esters, terpenoid and 

alcohol which produced floral and fruity aroma (Neto et 

al., 2017). Increased in bee pollen concentration also 

resulted in more Maillard reaction product resulted such 

as pyrazine that produced nutty and roasted aroma; furan 

that produced sweet and caramel aroma; acetylpyridine 

that produced cracker-malty aroma; and pyrol that 

produced nutty aroma (van Boekel, 2006). Those volatile 

compounds together were able to tone down the rancid 

aroma, which derived from the rice bran.  

 

 

4. Conclusion 

The most suitable bee pollen concentration for bread 

incorporated with MFDS and RB is 0.375% according to 

the sensory evaluation. The overall acceptance score of 

this bread represented that panelist slightly like the 

bread. This study showed that bee pollen has the 

potential to improve taste and aroma of bread 

incorporated with MFDS and RB. Further study to 

improve specific volume and textural properties of this 

bread is suggested.  
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Abstract 

Bread incorporated with Monascus-fermented durian seeds (MFDS) and rice bran (RB) is 

a functional food which contains bioactive compounds. Although it is beneficial for 

human health, it has bitterness and unpleasant aroma that caused by phenolic compounds 

in MFDS and fatty acids in RB. Incorporation of bee pollen in this bread is one way to 

improve the sensory properties of bread. The aim of this study was to observe the effect of 

different bee pollen concentrations on the physicochemical and sensory properties of 

bread incorporated with MFDS and RB. This study used Randomized Block Design with 

six levels of treatment starting from 0, 0.075, 0.150, 0.225, 0.300 and 0.375%.  Data were 

analyzed by Analysis of Variance with  α = 5%. The results indicated that difference in 

bee pollen concentration significantly affected on physicochemical and sensory properties 

of bread incorporated with MFDS and RB (p>0.05). Higher bee pollen concentration 

significantly increased the preference score for taste, aroma and overall acceptance 

(p>0.05). The best treatment was obtained by using 0.375% bee pollen. 

1. Introduction 

The development of functional bakery products had 

been widely studied among food scientists as an 

approach to meet consumer’s demand for baked products 

with extra health benefits.  Trisnawati et al. (2019) 

studied the effect of adding functional ingredients such 

as rice bran (RB) and Monascus-fermented durian seeds 

(MFDS) into bread. Rice bran contains γ-orizanol, γ-

tocotrienol and fibre which can regulate blood sugar 

levels (Premakumari et al., 2013; Sivamaruthi et al., 

2018). MFDS contains monascin pigments that can help 

to reduce blood sugar level and monacolin-K which 

helps to reduce cholesterol production (Nugerahani et 

al., 2017; Faroukh and Baumgärtel, 2019).  

Incorporation of MFDS flour and RB flour however 

reduce the preference score for aroma and taste of bread 

incorporated with MFDS and RB as reported by 

Trisnawati et al. (2019). RB contains monounsaturated 

fatty acid and polyunsaturated fatty acid which are easily 

oxidized into short chain fatty acids which have rancid 

properties (Cho and Samuel, 2009). MFDS contain 

secondary metabolites such as tannin and alkaloid and 

which produce bitter and astringent taste (Reginio et al., 

2016; Hasim et al., 2019). 

One way to cover the unpleasant taste and aroma 

caused by RB and MFDS is by incorporating bee pollen. 

There are several volatile compounds in bee pollen such 

as esters, hydrocarbon, aldehyde, terpenoid, and keton 

(Neto et al., 2017). Incorporation of bee pollen also may 

increase furan production, such as furfural and pyrazine 

in the final product. These compounds produce caramel, 

floral and fruity flavors (Conte et al., 2020). Unsaturated 

fatty acid, phytosterol and phospholipid in bee pollen can 

increase hypoglycemic activity (Komosinska-Vassev et 

al., 2015). The objective of this study was to observe the 

effect of bee pollen incorporation on the characteristic of 

bread incorporated with MFDS and RB. 

 

2. Materials and methods 

2.1 Materials 

Materials that were used for making bread 

incorporated with MFDS and RB were bread flour, rice 

bran flour, instant dry yeast, instant full cream milk 

powder, granulated sugar, bread improver, table salt, 

mineral water, margarine which were purchased from 

local distributor, “Mirah Delima” multiflora bee pollen 

which was purchased from Mirah Delima Bee Farm and 

also MFDS flour which was produced in Laboratory of 

Food Industrial Microbiology, Widya Mandala Catholic 

Surabaya Catholic University. Materials that were used 

for producing MFDS flour were Petruk durian seeds, 

https://orcid.org/0000-0003-0885-2219
https://orcid.org/0000-0003-0595-9504
https://orcid.org/0000-0002-9917-5649
https://orcid.org/0000-0001-9810-7735
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pure culture of Monascus purpureus M9, Ca(OH)2, 

distilled water and potato dextrose agar (Merck 

1.10130.0500). 

2.2 Preparation of bread incorporated with Monascus-

fermented durian seeds and rice bran 

Sample preparation began by mixing all of the dry 

ingredients except table salt for 1 min and followed by 

adding water. The mixing process then continued for 10 

mins. Margarine and table salt was then added and the 

mixing process continued for 5 mins. The dough was 

fermented at 26oC for 30 mins. After the dough was 

shaped into a loaf the dough was proofed at 26oC for 90 

mins. The bread was baked in the oven at 180oC for 30 

mins then cooled at 26oC for 60 mins. Table 1 shows the 

composition of bread incorporated with MFDS and RB 

with different levels of bee pollen concentration. 

2.3  Monascus-fermented durian seeds preparation 

Preparation of MFDS flour began with durian seeds 

sortation. Durian seeds then washed with water. After 

that, the durian seeds were boiled with 5% Ca(OH)2 

solution at 85-90oC for 10 mins [durian seeds: 5% Ca

(OH)2 solution = 1:1 (w/v)]. The durian seeds were 

removed from the Ca(OH)2 solution, then washed with 

water. The durian seeds were then cut into 1 cm × 1 cm 

× 1 cm cubes and went through first drying process at 

45oC for 40 mins. The durian seeds were then weighed 

into 50 g. After that, durian seeds were sterilized at 

121oC, 15 lbs/inch2 for 10 mins and cooled down at 26oC 

for 30 mins. The sterilized durian seeds then inoculated 

with Monascus purpureus M9 starter (5% v/w) and were 

put under aerobic fermentation at 30±1oC for 14 days to 

produce MFDS. The MFDS were dried at 45oC for 24 

hrs, grinded and then sifted with 40 mesh sifters to get 

MFDS flour (Puspitadewi et al., 2016). 

2.4 Moisture content analysis 

Moisture content determination was carried out 

using thermogravimetric method according to AOAC 

925.10 (1990). The moisture content of bread 

incorporated with MFDS and RB was determined using 

following equation: 

2.5 Specific volume 

Specific volume determination was carried out using 

seed displacement method according to Nwosu et al. 

(2014). An empty container was filled with foxtail millet 

seeds until overflowed and seeds which were above the 

container rim were then removed using straight ruler. All 

the foxtail millet seeds in the container were then poured 

into a measuring cylinder to measure the volume of the 

container (V1). These steps were then repeated except 

that a loaf of bread sample was already inside the 

container before it was filled with seeds to obtain V2. 

2.6 Texture analysis 

Prior to analysis, bread samples were cut into 12 mm 

thickness. Texture analysis was carried out using texture 

analyzer (TA-XT Plus, Stable Micro System) and 

performed by two sequential compression events (probe: 

P36/R, pre-test speed: 5 mm s-1, test speed: 1.5 mm s-1, 

post-test speed 10 mm s-1, distance: 12 mm, time: 3 s, 

trigger type: auto, trigger force: 5 g).   

Hardness was defined as force that needed to achieve 

deformation during first compression. Cohesiveness was 

defined as ratio of the positive first area of the second 

peak to the first peak. Springiness was defined as ability 

of the bread to recover in height during the time elapsed 

between end of first compression and start of the second 

compression cycle (Dvořáková et al., 2012). 

2.7 Color analysis 

Ingredients/g B0 B1 B2 B3 B4 B5 

Bread flour 179.85 179.85 179.85 179.85 179.85 179.85 

Mineral water 124 124 124 124 124 124 

Rice bran flour 20 20 20 20 20 20 

Granulated sugar 10 10 10 10 10 10 

Margarine 8 8 8 8 8 8 

Full cream milk powder 4 4 4 4 4 4 

Instant dry yeast 3 3 3 3 3 3 

Table salt 2 2 2 2 2 2 

Bread improver 0.6 0.6 0.6 0.6 0.6 0.6 

MFDS flour 0.15 0.15 0.15 0.15 0.15 0.15 

Bee pollen 0 0.075 0.150 0.225 0.300 0.375 

Table 1. Formulation of bread incorporated with Monascus-fermented durian seeds and rice bran. 

B0 : 0% bee pollen, B1 : 0.075% bee pollen, B2 : 0.150% bee pollen, B3 : 0.225% bee pollen, B4 : 0.300% bee pollen, B5 : 0.375% 

bee pollen. 
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Color analysis was carried out by measuring the 

lightness (L*), redness (a*), yellowness (b*), chroma 

(*C) and hue (oH) of the crumb of bread incorporated 

MFDS and RB with color reader (Minolta CR-10 

Chroma Meter).  

2.8 Sensory evaluation 

Sensory evaluation was carried out with 50 untrained 

panelists. Each panelist was asked to evaluate each 

parameter using a 7-point hedonic scale (Stone and 

Sidel, 2004). Scores were assigned in a range 1-7 (1 = 

extremely dislike; 2 = dislike; 3 = slightly dislike; 4 = 

neither like nor dislike; 5 = slightly like; 6 = like; 7 = 

extremely like). Each panelist received four slices of 

bread incorporated with Monascus-fermented durian 

seed and rice bran which were cut into 5 cm × 5 cm × 1 

cm. The tested parameters consisted of preference score 

for color, aroma, taste, and overall acceptance.  

2.9 Statistical analysis 

Data were generated in triplicate and subjected to 

Analysis of Variance (ANOVA) with α = 5% and 

followed by Duncan’s Multiple Range Test (DMRT) 

with α = 5% using SPSS software. Data collected from 

sensory evaluation were also subjected to spider-web test 

using Microsoft Excel 2013.  

 

3. Results and discussion 

3.1 Moisture content 

According to Table 2, incorporation of bee pollen to 

bread with MFDS and RB resulted in moisture content 

ranging from 40.29% to 59.25% while Badan 

Standarisasi Nasional (1995) suggested that maximum 

moisture content of bread is 40% to support shelf-life 

against microbial deterioration. Rice bran contains 7-

11% fiber (Henderson et al., 2012).  Ability of fiber to 

bind with water then resulted in increased moisture 

content of bread (Sangle et al., 2017). Bee pollen 

contains glucose, fructose and sucrose which were able 

to form hydroxyl bond with water molecules 

(Komosinska-Vassev et al., 2013). The bee pollen is 

high in lysine, arginine, cysteine, tryptophan, and 

tyrosine which were hydrophilic amino acid (Taha et al., 

2017). Conte et al. (2020) also reported that moisture 

content of gluten free bread increased as bee pollen 

concentration increased.  

3.2 Physical properties  

Increase of specific volume in bread samples with 0-

0.15% bee pollen as seen in Table 3 was due to 

additional sugar from bee pollen which are useful CO2 

production by yeast. The CO2 pushed the gluten matrix 

to become thinner and resulted in reduced hardness as 

seen in Table 4. More CO2 gas also increased 

viscoelasticity of gluten matrix hence springiness 

increased. Bread samples with 0.225-0.375% bee pollen 

showed a decrease in specific volume due to competition 

in binding water between the hydrophilic molecules 

(protein and sugar) in bee pollen and gluten forming 

protein. Hence the gluten matrix became weaker and 

could not retain CO2 as much as bread with 0-0.15%. 

Lower retention of CO2 also resulted in bread with 

thicker gluten matrix and lower viscoelasticity hence 

increase bread’s hardness and decrease bread’s 

springiness.  

The results in Table 5 showed that as bee pollen 

concentration increased, L* value decreased and a*, b*, 

C and H value of bread samples increased. Lower L* 

might be attributed to incorporation of rice bran flour 

since its color is brown and Maillard reaction which 

occurred during baking process. Starowicz and Zieliński 

(2019) reported that free amine groups in protein and 

carbonyl groups in sugars went through Maillard 

reaction to produce melanoidin which reduce L* value of 

food. Brown’s base colors are grounded with red and 

yellow which resulted in increased of a* and b* value. 

Bee pollen concentration Moisture Content (%) 

B0 40.29±0.11a 

B1 44.20±0.07b 

B2 47.34±0.15c 

B3 51.35±0.16d 

B4 54.23±0.15e 

B5 59.25±0.16f 

Values are presented as mean±SD (n = 4). Values with 

different superscripts within column are statistically 

significantly different evaluated by ANOVA followed by 

DMRT test (α = 0.05). B0: 0% bee pollen, B1: 0.075% bee 

pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 

0.300% bee pollen, B5: 0.375% bee pollen. 

Table 2. Effect of bee pollen on the moisture content of bread 

incorporated with Monascus-fermented durian seeds and rice 

bran. 

Bee pollen concentration Specific volume (cm3/g) 

B0 3.85±0.03c 

B1 3.97±0.01d 

B2 4.07±0.06e 

B3 3.81±0.02c 

B4 3.34±0.06b 

B5 3.23±0.05a 

Values are presented as mean±SD (n = 4). Values with 

different superscripts within column are statistically 

significantly different evaluated by ANOVA followed by 

DMRT test (α = 0.05). B0: 0% bee pollen, B1: 0.075% bee 

pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 

0.300% bee pollen, B5: 0.375% bee pollen. 

Table 3. Effect of bee pollen on the specific volume of bread 

incorporated with Monascus-fermented durian seeds and rice 

bran. 
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Value of b* was also influenced by the yellow pigment β

-carotene in bee pollen. 

3.3 Sensory evaluation 

Table 6 shows that the preference score for color of 

the bread samples was statistically decreased while 

preference score of taste, aroma and overall acceptability 

were statistically increased as BP concentration 

increased.  Spider web in Figure 1. test showed that 

0.375% BP was the best concentration for bread 

incorporated with MFDS and RB even though the color 

was the least favorable. 

Bee pollen consisted of several volatile compounds 

which comprised of hydrocarbon, esters, terpenoid and 

alcohol which produced floral and fruity aroma (Neto et 

al., 2017). Increased in bee pollen concentration also 

resulted in more Maillard reaction product resulted such 

as pyrazine that produced nutty and roasted aroma; furan 

that produced sweet and caramel aroma; acetylpyridine 

that produced cracker-malty aroma; and pyrol that 

produced nutty aroma (van Boekel, 2006). Those volatile 

compounds together were able to tone down the rancid 

aroma, which came from the rice bran.  

 

4. Conclusion 

The most suitable bee pollen concentration for bread 

incorporated with MFDS and RB is 0.375% according to 

the sensory evaluation. The overall acceptance score of 

this bread represented that panelist slightly like the 

bread. This study showed that bee pollen has the 

potential to improve taste and aroma of bread 

incorporated with MFDS and RB. Further study to 

improve specific volume and textural properties of this 

bread is suggested.  
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Abstract 

Bread incorporated with Monascus-fermented durian seeds (MFDS) and rice bran (RB) is 

a functional food which contains bioactive compounds. Although it is beneficial for 

human health, it has bitterness and unpleasant aroma that caused by phenolic compounds 

in MFDS and fatty acids in RB. Incorporation of bee pollen in this bread is one way to 

improve the sensory properties of bread. The aim of this study was to observe the effect of 

different bee pollen concentrations on the physicochemical and sensory properties of 

bread incorporated with MFDS and RB. This study used Randomized Block Design with 

six levels of treatment starting from 0, 0.075, 0.150, 0.225, 0.300 and 0.375%.  Data were 

analyzed by Analysis of Variance with  α = 5%. The results indicated that difference in 

bee pollen concentration significantly affected on physicochemical and sensory properties 

of bread incorporated with MFDS and RB (p>0.05). Higher bee pollen concentration 

significantly increased the preference score for taste, aroma and overall acceptance 

(p>0.05). The best treatment was obtained by using 0.375% bee pollen. 

1. Introduction 

The development of functional bakery products had 

been widely studied among food scientists as an 

approach to meet consumer’s demand for baked products 

with extra health benefits.  Trisnawati et al. (2019) 

studied the effect of adding functional ingredients such 

as rice bran (RB) and Monascus-fermented durian seeds 

(MFDS) into bread. Rice bran contains γ-orizanol, γ-

tocotrienol and fibre which can regulate blood sugar 

levels (Premakumari et al., 2013; Sivamaruthi et al., 

2018). MFDS contains monascin pigments that can help 

to reduce blood sugar level and monacolin-K which 

helps to reduce cholesterol production (Nugerahani et 

al., 2017; Faroukh and Baumgärtel, 2019).  

Incorporation of MFDS flour and RB flour however 

reduce the preference score for aroma and taste of bread 

incorporated with MFDS and RB as reported by 

Trisnawati et al. (2019). RB contains monounsaturated 

fatty acid and polyunsaturated fatty acid which are easily 

oxidized into short chain fatty acids which have rancid 

properties (Cho and Samuel, 2009). MFDS contain 

secondary metabolites such as tannin and alkaloid and 

which produce bitter and astringent taste (Reginio et al., 

2016; Hasim et al., 2019). 

One way to cover the unpleasant taste and aroma 

caused by RB and MFDS is by incorporating bee pollen. 

There are several volatile compounds in bee pollen such 

as esters, hydrocarbon, aldehyde, terpenoid, and keton 

(Neto et al., 2017). Incorporation of bee pollen also may 

increase furan production, such as furfural and pyrazine 

in the final product. These compounds produce caramel, 

floral and fruity flavors (Conte et al., 2020). Unsaturated 

fatty acid, phytosterol and phospholipid in bee pollen can 

increase hypoglycemic activity (Komosinska-Vassev et 

al., 2015). The objective of this study was to observe the 

effect of bee pollen incorporation on the characteristic of 

bread incorporated with MFDS and RB. 

 

2. Materials and methods 

2.1 Materials 

Materials that were used for making bread 

incorporated with MFDS and RB were bread flour, rice 

bran flour, instant dry yeast, instant full cream milk 

powder, granulated sugar, bread improver, table salt, 

mineral water, margarine which were purchased from 

local distributor, “Mirah Delima” multiflora bee pollen 

which was purchased from Mirah Delima Bee Farm and 

also MFDS flour which was produced in Laboratory of 

Food Industrial Microbiology, Widya Mandala Catholic 

Surabaya Catholic University. Materials that were used 

for producing MFDS flour were Petruk durian seeds, 
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pure culture of Monascus purpureus M9, Ca(OH)2, 

distilled water and potato dextrose agar (Merck 

1.10130.0500). 

2.2 Preparation of bread incorporated with Monascus-

fermented durian seeds and rice bran 

Sample preparation began by mixing all of the dry 

ingredients except table salt for 1 min and followed by 

adding water. The mixing process then continued for 10 

mins. Margarine and table salt was then added and the 

mixing process continued for 5 mins. The dough was 

fermented at 26oC for 30 mins. After the dough was 

shaped into a loaf the dough was proofed at 26oC for 90 

mins. The bread was baked in the oven at 180oC for 30 

mins then cooled at 26oC for 60 mins. Table 1 shows the 

composition of bread incorporated with MFDS and RB 

with different levels of bee pollen concentration. 

2.3  Monascus-fermented durian seeds preparation 

Preparation of MFDS flour began with durian seeds 

sortation. Durian seeds then washed with water. After 

that, the durian seeds were boiled with 5% Ca(OH)2 

solution at 85-90oC for 10 mins [durian seeds: 5% Ca

(OH)2 solution = 1:1 (w/v)]. The durian seeds were 

removed from the Ca(OH)2 solution, then washed with 

water. The durian seeds were then cut into 1 cm × 1 cm 

× 1 cm cubes and went through first drying process at 

45oC for 40 mins. The durian seeds were then weighed 

into 50 g. After that, durian seeds were sterilized at 

121oC, 15 lbs/inch2 for 10 mins and cooled down at 26oC 

for 30 mins. The sterilized durian seeds then inoculated 

with Monascus purpureus M9 starter (5% v/w) and were 

put under aerobic fermentation at 30±1oC for 14 days to 

produce MFDS. The MFDS were dried at 45oC for 24 

hrs, grinded and then sifted with 40 mesh sifters to get 

MFDS flour (Puspitadewi et al., 2016). 

2.4 Moisture content analysis 

Moisture content determination was carried out 

using thermogravimetric method according to AOAC 

925.10 (1990). The moisture content of bread 

incorporated with MFDS and RB was determined using 

following equation: 

2.5 Specific volume 

Specific volume determination was carried out using 

seed displacement method according to Nwosu et al. 

(2014). An empty container was filled with foxtail millet 

seeds until overflowed and seeds which were above the 

container rim were then removed using straight ruler. All 

the foxtail millet seeds in the container were then poured 

into a measuring cylinder to measure the volume of the 

container (V1). These steps were then repeated except 

that a loaf of bread sample was already inside the 

container before it was filled with seeds to obtain V2. 

2.6 Texture analysis 

Prior to analysis, bread samples were cut into 12 mm 

thickness. Texture analysis was carried out using texture 

analyzer (TA-XT Plus, Stable Micro System) and 

performed by two sequential compression events (probe: 

P36/R, pre-test speed: 5 mm s-1, test speed: 1.5 mm s-1, 

post-test speed 10 mm s-1, distance: 12 mm, time: 3 s, 

trigger type: auto, trigger force: 5 g).   

Hardness was defined as force that needed to achieve 

deformation during first compression. Cohesiveness was 

defined as ratio of the positive first area of the second 

peak to the first peak. Springiness was defined as ability 

of the bread to recover in height during the time elapsed 

between end of first compression and start of the second 

compression cycle (Dvořáková et al., 2012). 

2.7 Color analysis 

Ingredients/g B0 B1 B2 B3 B4 B5 

Bread flour 179.85 179.85 179.85 179.85 179.85 179.85 

Mineral water 124 124 124 124 124 124 

Rice bran flour 20 20 20 20 20 20 

Granulated sugar 10 10 10 10 10 10 

Margarine 8 8 8 8 8 8 

Full cream milk powder 4 4 4 4 4 4 

Instant dry yeast 3 3 3 3 3 3 

Table salt 2 2 2 2 2 2 

Bread improver 0.6 0.6 0.6 0.6 0.6 0.6 

MFDS flour 0.15 0.15 0.15 0.15 0.15 0.15 

Bee pollen 0 0.075 0.150 0.225 0.300 0.375 

Table 1. Formulation of bread incorporated with Monascus-fermented durian seeds and rice bran. 

B0 : 0% bee pollen, B1 : 0.075% bee pollen, B2 : 0.150% bee pollen, B3 : 0.225% bee pollen, B4 : 0.300% bee pollen, B5 : 0.375% 

bee pollen. 
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Color analysis was carried out by measuring the 

lightness (L*), redness (a*), yellowness (b*), chroma 

(*C) and hue (oH) of the crumb of bread incorporated 

MFDS and RB with color reader (Minolta CR-10 

Chroma Meter).  

2.8 Sensory evaluation 

Sensory evaluation was carried out with 50 untrained 

panelists. Each panelist was asked to evaluate each 

parameter using a 7-point hedonic scale (Stone and 

Sidel, 2004). Scores were assigned in a range 1-7 (1 = 

extremely dislike; 2 = dislike; 3 = slightly dislike; 4 = 

neither like nor dislike; 5 = slightly like; 6 = like; 7 = 

extremely like). Each panelist received four slices of 

bread incorporated with Monascus-fermented durian 

seed and rice bran which were cut into 5 cm × 5 cm × 1 

cm. The tested parameters consisted of preference score 

for color, aroma, taste, and overall acceptance.  

2.9 Statistical analysis 

Data were generated in triplicate and subjected to 

Analysis of Variance (ANOVA) with α = 5% and 

followed by Duncan’s Multiple Range Test (DMRT) 

with α = 5% using SPSS software. Data collected from 

sensory evaluation were also subjected to spider-web test 

using Microsoft Excel 2013.  

 

3. Results and discussion 

3.1 Moisture content 

According to Table 2, incorporation of bee pollen to 

bread with MFDS and RB resulted in moisture content 

ranging from 40.29% to 59.25% while Badan 

Standarisasi Nasional (1995) suggested that maximum 

moisture content of bread is 40% to support shelf-life 

against microbial deterioration. Rice bran contains 7-

11% fiber (Henderson et al., 2012).  Ability of fiber to 

bind with water then resulted in increased moisture 

content of bread (Sangle et al., 2017). Bee pollen 

contains glucose, fructose and sucrose which were able 

to form hydroxyl bond with water molecules 

(Komosinska-Vassev et al., 2013). The bee pollen is 

high in lysine, arginine, cysteine, tryptophan, and 

tyrosine which were hydrophilic amino acid (Taha et al., 

2017). Conte et al. (2020) also reported that moisture 

content of gluten free bread increased as bee pollen 

concentration increased.  

3.2 Physical properties  

Increase of specific volume in bread samples with 0-

0.15% bee pollen as seen in Table 3 was due to 

additional sugar from bee pollen which are useful CO2 

production by yeast. The CO2 pushed the gluten matrix 

to become thinner and resulted in reduced hardness as 

seen in Table 4. More CO2 gas also increased 

viscoelasticity of gluten matrix hence springiness 

increased. Bread samples with 0.225-0.375% bee pollen 

showed a decrease in specific volume due to competition 

in binding water between the hydrophilic molecules 

(protein and sugar) in bee pollen and gluten forming 

protein. Hence the gluten matrix became weaker and 

could not retain CO2 as much as bread with 0-0.15%. 

Lower retention of CO2 also resulted in bread with 

thicker gluten matrix and lower viscoelasticity hence 

increase bread’s hardness and decrease bread’s 

springiness.  

The results in Table 5 showed that as bee pollen 

concentration increased, L* value decreased and a*, b*, 

C and H value of bread samples increased. Lower L* 

might be attributed to incorporation of rice bran flour 

since its color is brown and Maillard reaction which 

occurred during baking process. Starowicz and Zieliński 

(2019) reported that free amine groups in protein and 

carbonyl groups in sugars went through Maillard 

reaction to produce melanoidin which reduce L* value of 

food. Brown’s base colors are grounded with red and 

yellow which resulted in increased of a* and b* value. 

Bee pollen concentration Moisture Content (%) 

B0 40.29±0.11a 

B1 44.20±0.07b 

B2 47.34±0.15c 

B3 51.35±0.16d 

B4 54.23±0.15e 

B5 59.25±0.16f 

Values are presented as mean±SD (n = 4). Values with 

different superscripts within column are statistically 

significantly different evaluated by ANOVA followed by 

DMRT test (α = 0.05). B0: 0% bee pollen, B1: 0.075% bee 

pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 

0.300% bee pollen, B5: 0.375% bee pollen. 

Table 2. Effect of bee pollen on the moisture content of bread 

incorporated with Monascus-fermented durian seeds and rice 

bran. 

Bee pollen concentration Specific volume (cm3/g) 

B0 3.85±0.03c 

B1 3.97±0.01d 

B2 4.07±0.06e 

B3 3.81±0.02c 

B4 3.34±0.06b 

B5 3.23±0.05a 

Values are presented as mean±SD (n = 4). Values with 

different superscripts within column are statistically 

significantly different evaluated by ANOVA followed by 

DMRT test (α = 0.05). B0: 0% bee pollen, B1: 0.075% bee 

pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 

0.300% bee pollen, B5: 0.375% bee pollen. 

Table 3. Effect of bee pollen on the specific volume of bread 

incorporated with Monascus-fermented durian seeds and rice 

bran. 
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Value of b* was also influenced by the yellow pigment β

-carotene in bee pollen. 

3.3 Sensory evaluation 

Table 6 shows that the preference score for color of 

the bread samples was statistically decreased while 

preference score of taste, aroma and overall acceptability 

were statistically increased as BP concentration 

increased.  Spider web in Figure 1. test showed that 

0.375% BP was the best concentration for bread 

incorporated with MFDS and RB even though the color 

was the least favorable. 

Bee pollen consisted of several volatile compounds 

which comprised of hydrocarbon, esters, terpenoid and 

alcohol which produced floral and fruity aroma (Neto et 

al., 2017). Increased in bee pollen concentration also 

resulted in more Maillard reaction product resulted such 

as pyrazine that produced nutty and roasted aroma; furan 

that produced sweet and caramel aroma; acetylpyridine 

that produced cracker-malty aroma; and pyrol that 

produced nutty aroma (van Boekel, 2006). Those volatile 

compounds together were able to tone down the rancid 

aroma, which came from the rice bran.  

 

4. Conclusion 

The most suitable bee pollen concentration for bread 

incorporated with MFDS and RB is 0.375% according to 

the sensory evaluation. The overall acceptance score of 

this bread represented that panelist slightly like the 

bread. This study showed that bee pollen has the 

potential to improve taste and aroma of bread 

incorporated with MFDS and RB. Further study to 

improve specific volume and textural properties of this 

bread is suggested.  
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Abstract 

Bread incorporated with Monascus-fermented durian seeds (MFDS) and rice bran (RB) is 

a functional food which contains bioactive compounds. Although it is beneficial for 

human health, it has bitterness and unpleasant aroma that caused by phenolic compounds 

in MFDS and fatty acids in RB. Incorporation of bee pollen in this bread is one way to 

improve the sensory properties of bread. The aim of this study was to observe the effect of 

different bee pollen concentrations on the physicochemical and sensory properties of 

bread incorporated with MFDS and RB. This study used Randomized Block Design with 

six levels of treatment starting from 0, 0.075, 0.150, 0.225, 0.300 and 0.375%.  Data were 

analyzed by Analysis of Variance with  α = 5%. The results indicated that difference in 

bee pollen concentration significantly affected on physicochemical and sensory properties 

of bread incorporated with MFDS and RB (p>0.05). Higher bee pollen concentration 

significantly increased the preference score for taste, aroma and overall acceptance 

(p>0.05). The best treatment was obtained by using 0.375% bee pollen. 

1. Introduction 

The development of functional bakery products had 

been widely studied among food scientists as an 

approach to meet consumer’s demand for baked products 

with extra health benefits.  Trisnawati et al. (2019) 

studied the effect of adding functional ingredients such 

as rice bran (RB) and Monascus-fermented durian seeds 

(MFDS) into bread. Rice bran contains γ-orizanol, γ-

tocotrienol and fibre which can regulate blood sugar 

levels (Premakumari et al., 2013; Sivamaruthi et al., 

2018). MFDS contains monascin pigments that can help 

to reduce blood sugar level and monacolin-K which 

helps to reduce cholesterol production (Nugerahani et 

al., 2017; Faroukh and Baumgärtel, 2019).  

Incorporation of MFDS flour and RB flour however 

reduce the preference score for aroma and taste of bread 

incorporated with MFDS and RB as reported by 

Trisnawati et al. (2019). RB contains monounsaturated 

fatty acid and polyunsaturated fatty acid which are easily 

oxidized into short chain fatty acids which have rancid 

properties (Cho and Samuel, 2009). MFDS contain 

secondary metabolites such as tannin and alkaloid which 

produce bitter and astringent taste (Reginio et al., 2016; 

Hasim et al., 2019). 

One way to cover the unpleasant taste and aroma 

caused by RB and MFDS is by incorporating bee pollen. 

There are several volatile compounds in bee pollen such 

as esters, hydrocarbon, aldehyde, terpenoid, and keton 

(Neto et al., 2017). Incorporation of bee pollen also may 

increase furan production, such as furfural and pyrazine 

in the final product. These compounds produce caramel, 

floral and fruity flavors (Conte et al., 2020). Unsaturated 

fatty acid, phytosterol and phospholipid in bee pollen can 

increase hypoglycemic activity (Komosinska-Vassev et 

al., 2015). The objective of this study was to observe the 

effect of bee pollen incorporation on the characteristic of 

bread incorporated with MFDS and RB. 

 

2. Materials and methods 

2.1 Materials 

Materials that were used for making bread 

incorporated with MFDS and RB were bread flour, rice 

bran flour, instant dry yeast, instant full cream milk 

powder, granulated sugar, bread improver, table salt, 

mineral water, margarine which were purchased from 

local distributor, “Mirah Delima” multiflora bee pollen 

which was purchased from Mirah Delima Bee Farm and 

also MFDS flour which was produced in Laboratory of 

Food Industrial Microbiology, Widya Mandala Surabaya 

Catholic University. Materials that were used for 

producing MFDS flour were Petruk durian seeds, pure 

https://orcid.org/0000-0003-0885-2219
https://orcid.org/0000-0003-0595-9504
https://orcid.org/0000-0002-9917-5649
https://orcid.org/0000-0001-9810-7735
https://orcid.org/0000-0002-4346-4679
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culture of Monascus purpureus M9, Ca(OH)2, distilled 

water and potato dextrose agar (Merck 1.10130.0500). 

2.2 Preparation of bread incorporated with Monascus-

fermented durian seeds and rice bran 

Sample preparation began by mixing all of the dry 

ingredients except table salt for 1 min and followed by 

adding water. The mixing process then continued for 10 

mins. Margarine and table salt was then added and the 

mixing process continued for 5 mins. The dough was 

fermented at 26oC for 30 mins. After the dough was 

shaped into a loaf the dough was proofed at 26oC for 90 

mins. The bread was baked in the oven at 180oC for 30 

mins then cooled at 26oC for 60 mins. Table 1 shows the 

composition of bread incorporated with MFDS and RB 

with different levels of bee pollen concentration. 

2.3  Monascus-fermented durian seeds preparation 

Preparation of MFDS flour began with durian seeds 

sortation. Durian seeds then washed with water. After 

that, the durian seeds were boiled with 5% Ca(OH)2 

solution at 85-90oC for 10 mins [durian seeds: 5% Ca

(OH)2 solution = 1:1 (w/v)]. The durian seeds were 

removed from the Ca(OH)2 solution, then washed with 

water. The durian seeds were then cut into 1 cm × 1 cm 

× 1 cm cubes and went through first drying process at 

45oC for 40 mins. The durian seeds were then weighed 

into 50 g. After that, durian seeds were sterilized at 

121oC, 15 lbs/inch2 for 10 mins and cooled down at 26oC 

for 30 mins. The sterilized durian seeds then inoculated 

with Monascus purpureus M9 starter (5% v/w) and were 

put under aerobic fermentation at 30±1oC for 14 days to 

produce MFDS. The MFDS were dried at 45oC for 24 

hrs, grinded and then sifted with 40 mesh sifters to get 

MFDS flour (Puspitadewi et al., 2016). 

2.4 Moisture content analysis 

Moisture content determination was carried out 

using thermogravimetric method according to AOAC 

925.10 (1990). The moisture content of bread 

incorporated with MFDS and RB was determined using 

following equation: 

2.5 Specific volume 

Specific volume determination was carried out using 

seed displacement method according to Nwosu et al. 

(2014). An empty container was filled with foxtail millet 

seeds until overflowed and seeds which were above the 

container rim were then removed using straight ruler. All 

the foxtail millet seeds in the container were then poured 

into a measuring cylinder to measure the volume of the 

container (V1). These steps were then repeated except 

that a loaf of bread sample was already inside the 

container before it was filled with seeds to obtain V2. 

2.6 Texture analysis 

Prior to analysis, bread samples were cut into 12 mm 

thickness. Texture analysis was carried out using texture 

analyzer (TA-XT Plus, Stable Micro System) and 

performed by two sequential compression events (probe: 

P36/R, pre-test speed: 5 mm s-1, test speed: 1.5 mm s-1, 

post-test speed 10 mm s-1, distance: 12 mm, time: 3 s, 

trigger type: auto, trigger force: 5 g).   

Hardness was defined as force that needed to achieve 

deformation during first compression. Cohesiveness was 

defined as ratio of the positive first area of the second 

peak to the first peak. Springiness was defined as ability 

of the bread to recover in height during the time elapsed 

between end of first compression and start of the second 

compression cycle (Dvořáková et al., 2012). 

2.7 Color analysis 

Ingredients/g B0 B1 B2 B3 B4 B5 

Bread flour 179.85 179.85 179.85 179.85 179.85 179.85 

Mineral water 124 124 124 124 124 124 

Rice bran flour 20 20 20 20 20 20 

Granulated sugar 10 10 10 10 10 10 

Margarine 8 8 8 8 8 8 

Full cream milk powder 4 4 4 4 4 4 

Instant dry yeast 3 3 3 3 3 3 

Table salt 2 2 2 2 2 2 

Bread improver 0.6 0.6 0.6 0.6 0.6 0.6 

MFDS flour 0.15 0.15 0.15 0.15 0.15 0.15 

Bee pollen 0 0.075 0.150 0.225 0.300 0.375 

Table 1. Formulation of bread incorporated with Monascus-fermented durian seeds and rice bran. 

B0 : 0% bee pollen, B1 : 0.075% bee pollen, B2 : 0.150% bee pollen, B3 : 0.225% bee pollen, B4 : 0.300% bee pollen, B5 : 0.375% 

bee pollen. 
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Color analysis was carried out by measuring the 

lightness (L*), redness (a*), yellowness (b*), chroma 

(*C) and hue (oH) of the crumb of bread incorporated 

MFDS and RB with color reader (Minolta CR-10 

Chroma Meter).  

2.8 Sensory evaluation 

Sensory evaluation was carried out with 50 untrained 

panelists. Each panelist was asked to evaluate each 

parameter using a 7-point hedonic scale (Stone and 

Sidel, 2004). Scores were assigned in a range 1-7 (1 = 

extremely dislike; 2 = dislike; 3 = slightly dislike; 4 = 

neither like nor dislike; 5 = slightly like; 6 = like; 7 = 

extremely like). Each panelist received four slices of 

bread incorporated with Monascus-fermented durian 

seed and rice bran which were cut into 5 cm × 5 cm × 1 

cm. The tested parameters consisted of preference score 

for color, aroma, taste, and overall acceptance.  

2.9 Statistical analysis 

Data were generated in triplicate and subjected to 

Analysis of Variance (ANOVA) with α = 5% and 

followed by Duncan’s Multiple Range Test (DMRT) 

with α = 5% using SPSS software. Data collected from 

sensory evaluation were also subjected to spider-web test 

using Microsoft Excel 2013.  

 

3. Results and discussion 

3.1 Moisture content 

According to Table 2, incorporation of bee pollen to 

bread with MFDS and RB resulted in moisture content 

ranging from 40.29% to 59.25% while Badan 

Standarisasi Nasional (1995) suggested that maximum 

moisture content of bread is 40% to support shelf-life 

against microbial deterioration. Rice bran contains 7-

11% fiber (Henderson et al., 2012).  Ability of fiber to 

bind with water then resulted in increased moisture 

content of bread (Sangle et al., 2017). Bee pollen 

contains glucose, fructose and sucrose which were able 

to form hydroxyl bond with water molecules 

(Komosinska-Vassev et al., 2013). The bee pollen is 

high in lysine, arginine, cysteine, tryptophan, and 

tyrosine which were hydrophilic amino acid (Taha et al., 

2017). Conte et al. (2020) also reported that moisture 

content of gluten free bread increased as bee pollen 

concentration increased.  

3.2 Physical properties  

Increase of specific volume in bread samples with 0-

0.15% bee pollen as seen in Table 3 was due to 

additional sugar from bee pollen which are useful CO2 

production by yeast. The CO2 pushed the gluten matrix 

to become thinner and resulted in reduced hardness as 

seen in Table 4. More CO2 gas also increased 

viscoelasticity of gluten matrix hence springiness 

increased. Bread samples with 0.225-0.375% bee pollen 

showed a decrease in specific volume due to competition 

in binding water between the hydrophilic molecules 

(protein and sugar) in bee pollen and gluten forming 

protein. Hence the gluten matrix became weaker and 

could not retain CO2 as much as bread with 0-0.15%. 

Lower retention of CO2 also resulted in bread with 

thicker gluten matrix and lower viscoelasticity hence 

increase bread’s hardness and decrease bread’s 

springiness.  

The results in Table 5 showed that as bee pollen 

concentration increased, L* value decreased and a*, b*, 

C and H value of bread samples increased. Lower L* 

might be attributed to incorporation of rice bran flour 

since its color is brown and Maillard reaction which 

occurred during baking process. Starowicz and Zieliński 

(2019) reported that free amine groups in protein and 

carbonyl groups in sugars went through Maillard 

reaction to produce melanoidin which reduce L* value of 

food. Brown’s base colors are grounded with red and 

yellow which resulted in increased of a* and b* value. 

Bee pollen concentration Moisture Content (%) 

B0 40.29±0.11a 

B1 44.20±0.07b 

B2 47.34±0.15c 

B3 51.35±0.16d 

B4 54.23±0.15e 

B5 59.25±0.16f 

Values are presented as mean±SD (n = 4). Values with 

different superscripts within column are statistically 

significantly different evaluated by ANOVA followed by 

DMRT test (α = 0.05). B0: 0% bee pollen, B1: 0.075% bee 

pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 

0.300% bee pollen, B5: 0.375% bee pollen. 

Table 2. Effect of bee pollen on the moisture content of bread 

incorporated with Monascus-fermented durian seeds and rice 

bran. 

Bee pollen concentration Specific volume (cm3/g) 

B0 3.85±0.03c 

B1 3.97±0.01d 

B2 4.07±0.06e 

B3 3.81±0.02c 

B4 3.34±0.06b 

B5 3.23±0.05a 

Values are presented as mean±SD (n = 4). Values with 

different superscripts within column are statistically 

significantly different evaluated by ANOVA followed by 

DMRT test (α = 0.05). B0: 0% bee pollen, B1: 0.075% bee 

pollen, B2: 0.150% bee pollen, B3: 0.225% bee pollen, B4: 

0.300% bee pollen, B5: 0.375% bee pollen. 

Table 3. Effect of bee pollen on the specific volume of bread 

incorporated with Monascus-fermented durian seeds and rice 

bran. 
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Value of b* was also influenced by the yellow pigment β

-carotene in bee pollen. 

3.3 Sensory evaluation 

Table 6 shows that the preference score for color of 

the bread samples was statistically decreased while 

preference score of taste, aroma and overall acceptability 

were statistically increased as BP concentration 

increased.  Spider web in Figure 1. test showed that 

0.375% BP was the best concentration for bread 

incorporated with MFDS and RB even though the color 

was the least favorable. 

Bee pollen consisted of several volatile compounds 

which comprised of hydrocarbon, esters, terpenoid and 

alcohol which produced floral and fruity aroma (Neto et 

al., 2017). Increased in bee pollen concentration also 

resulted in more Maillard reaction product resulted such 

as pyrazine that produced nutty and roasted aroma; furan 

that produced sweet and caramel aroma; acetylpyridine 

that produced cracker-malty aroma; and pyrol that 

produced nutty aroma (van Boekel, 2006). Those volatile 

compounds together were able to tone down the rancid 

aroma, which came from the rice bran.  

 

4. Conclusion 

The most suitable bee pollen concentration for bread 

incorporated with MFDS and RB is 0.375% according to 

the sensory evaluation. The overall acceptance score of 

this bread represented that panelist slightly like the 

bread. This study showed that bee pollen has the 

potential to improve taste and aroma of bread 

incorporated with MFDS and RB. Further study to 

improve specific volume and textural properties of this 

bread is suggested.  
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