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ABSTRACT. The effect of substitution of wheat flour with 0%, 5%, 10%, 15% and 20% 

roselle calyces powder (RCP) on the physicochemical and sensory characteristics of muffin 

was studied. Roselle calyces powder was produced by using spray drying. The physical 

(weight, loaf volume, specific volume and oven spring) and proximate analysis showed 

significant difference (p<0.05) between control and muffin substituted with RCP. Increasing 

the level of substitution from 5% to 20% of RCP significantly (p<0.05) increased the ash and 

crude fiber content in muffin samples. Sensory evaluation results indicated that muffin with 

10% substitution of RCP was rated the most acceptable. 
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INTRODUCTION 

 

Roselle (Hibiscus sabdariffia L.) belongs to the family Malvaceae and is known as asam paya 

or asam susur in Malaysia, krajeap in Thailand, bissap in Senegal and chin baung in Myanmar 

(Wong et al., 2002), while in Sudan and Egypt it is known as karkadé (Mohamed et al., 2012). 

It can be found in most tropical countries such as Malaysia, Indonesia, Thailand and the 

Philippines (Ismail et al., 2008). Roselle calyx has a combination of a sweet and tart flavour 

similar to cranberry (Suliman et al., 2011), with high of dietary fiber, vitamins, minerals and 

bioactive compounds such as organic acids, phytosterols, and polyphenols (Aurelio et al., 

2008).  

 

The calyces are rich in anthocyanins, which are responsible for the red colour, while 

the acidic taste is due to the presence of some organic acids (Cisse et al., 2009). Regular 

consumption of roselle may reduce nutritional deficiency problems such as night blindness, 

scurvy and rickets (Babalola et al., 2001; Ashaye and Adeleke, 2009). The other health benefits 

include diuretic and choloratic properties, intestinal antiseptic and mild laxative actions. It also 

used in treating heart and nerve disorders, high blood pressure and calcified arteries (Asolkar 

et al., 1992). Due to the medicinal benefits and the attractive red colour of roselle calyces, it 

is widely used in beverages, jellies, confectionaries (Suliman et al., 2011), emulsifiers for 

carbonated drinks and natural food colourants (Duangmal et al., 2004). Despite being a good 

nutritional source, roselle calyces powder has not yet been utilised as a food ingredient in 

bakery products, especially in muffin.  
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Several authors have used roselle calyces powder to enrich the iron content in bread 

(Hayashi and Seguchi, 1998); as a mineral and fibre supplement in chocolate cake (Almana, 

2001); fruit-flavoured roselle drink (Fasoyiro et al., 2005), and spray dried powder of roselle 

calyces for use as food colourants (Main et al., 1978). Hence, supplementation of roselle 

calyces powder would improve the nutritional quality of muffin. The aim of this study was to 

investigate the effects of substituting wheat flour with a different percentage of RCP on 

chemical composition, physical and sensory attributes. 
 

 

MATERIALS AND METHODS 

 

Preparation of roselle calyces powder (RCP) 

Roselle flowers were obtained from Rosella Agro Enterprise, School of Sustainable 

Agriculture, UMS, Sabah. Roselle calyx were cleaned, peeled and soaked in 0.2% (g/ml) 

sodium metabisulphite. It was then blended (Panasonic, MX-898) with a ratio of one part 

roselle calyx to two parts water, and later boiled at 100 °C for 10 minutes and then filtered. 

The drying process was done in a spray dryer (GEA Niro MOBILE MINOR™ ‘2000’) at 150 

°C inlet temperature, 90 °C  outlet temperature, 11 rpm pump speed and automiser pressure at 

3 bar. RCP accumulated in the bucket powder spray dryers were collected and stored in an 

airtight container for further processing. 
                                       
Preparation of muffin 

Muffin was prepared according to Hui et al.(2006) with slight modification. The muffin 

formulation was prepared with different percentages of RCP, as shown in Table 1. 
                                       
Table 1: Muffin formulation substituted with different percentages of roselle calyces powder 

(RCP) 
Formulation  Control 5% RCP 10% RCP 15% RCP 20% RCP 

Self raising flour (g) 200 190 180 170 160 

Roselle calyces powder (g) - 10 20 30 40 

Sugar (g) 120 

Butter (g) 70 

Egg (g) 100 

Milk (g) 130 

Salt (g) 3 

Vanilla (g) 2 

 

The muffin method was used for mixing muffin ingredients. Dry ingredients (self-rising flour, 

RCP, sugar and salt) were measured and mixed together by hand for 30 seconds while butter 

was melted in an oven for 1 minute. The egg was whipped in a mixer (Kenwood Major Classic, 

UK) for 1 min at speed 4. Milk, vanilla essence and melted butter was then added and mixed 

in for 30 s at speed 7. The batter was then added to the dry mixture and mixed together for 10 

s. The batter was then transferred into paper cups until 2/3 full and baked using a Salva 

Modular oven for 25 minutes at 180 °C.  
 
 
 

 
                                                                                                               11 
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Chemical analysis 

Proximate analysis of moisture, crude protein, ash, crude fat and crude fibre contents of muffin 

were determined according to the AOAC (2000) method. Available carbohydrate was 

calculated as 100% (% moisture + % ash + % fat + % protein + % crude fibre). All chemical 

analyses was carried out in duplicate. Caloric values for all samples were determined by 

calculation. The percentage for protein, crude fat and carbohydrate were multiplied with their 

respective factors. Caloric value (kcal/100g) = (% protein x 4) + (% crude fat x 9) + (% 

carbohydrate x 4) (Chong and Nor Aziah, 2008).  
 

Physical analysis 

The volume and specific volume of the muffin were carried out according to AACC (2000). 

The oven spring was determined according to See et al. (2007). The muffin was weighed 1 

hour after removal from the oven. The volume (ml) was determined using the rapeseed 

displacement method and specific volume (cm3/g) was obtained from dividing the volume by 

loaf weight. Texture profile analysis (TPA) was performed using a TA-EX, Stable Micro 

System Ltd. under the following conditions: 35 mm diameter cylinder aluminium probe 

(P/36R), 5 kg load cell, 2.0 mm/s pre-test speed, 10.0 mm/s post-test speed, 1.0 mm/s test 

speed, auto trigger type. In muffin texture determination, the crust was removed and samples 

of 20 mm x 50 mm x 50 mm were used. Firmness and springiness were calculated from the 

TPA result. 
 
Sensory evaluation 

Forty untrained panelists from the School of Food Science and Nutrition UMS were asked to 

score the samples in terms of colour, texture, sweetness, sourness and overall acceptability. A 

7 point hedonic scale was used in evaluating the sensory attributes of muffins where 1 = 

strongly dislike and 7 = like very much (Meilgaard et al., 2000). Sensory panelists received a 

tray with each sample coded by a random 3-digit number, a cup of water, and a questionnaire. 

Panelists were given one sample at a time. The order of presenting the samples was randomised 

so that each sample appeared in a given position an equal number of times. 
 
Statistical analysis 

Data were analysed with SPSS version 12.0 (Illinois, USA) using one-way analysis of 

variance (ANOVA). Significant differences were tested using Tukey’s test. 
 
 

RESULTS AND DISCUSSION 

 

Proximate composition of roselle calyces powder (RCP) 

Proximate composition results for fresh roselle calyces and roselle calyces powder (RCP) are 

shown in Table 2. Figure 1 shows the roselle calyces powder (RCP).  
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Table 2: Proximate composition of fresh roselle calyces and roselle calyces powder 
Composition (%) Fresh roselle calyces Roselle calyces powder 

Moisture  90.66 ± 0.24a 11.27 ± 0.30b  

Protein  2.62 ± 0.22a 4.21 ± 0.01b 

Fat  0.15 ± 0.32a 0.89 ± 0.08b 

Crude fibre 1.95 ± 0.22a 5.57 ± 0.76b 

Ash 1.28 ± 0.42a 5.54 ± 0.67b 

Carbohydrate1  3.34 ± 0.93a 72.52 ± 1.80b 

1obtained by difference 

*mean values in the same row not followed by the same letter are significantly different (p<0.05). Mean ± 

standard deviation (n=2) 

 

 
Figure 1: Roselle calyces powder (RCP) 

 

Results indicated that fresh roselle was significantly (p<0.05) higher in moisture and lower in 

protein, fat, crude fibre, ash and carbohydrate content than RCP. Moisture content of fresh 

roselle was similar to the results of Samsudin et al.(2000) who reported that fresh calyx 

contained at least 90% moisture.  

 
Chemical composition of muffin 

Table 3 shows the proximate composition for different levels of RCP substituted in muffin. 

The increased substitution of RCP showed a significant (p<0.05) higher moisture content in 

the muffin with 5, 10, 15 and 20% RCP. 

 

However, the protein composition in the RCP supplemented muffin showed 

significantly (p<0.05) lower values than the control muffin. This is because the commercial 

wheat flour has higher protein content (10–14%) (Pankaj et al., 2013; Manuel Gomez et al., 

2008) than the RCP (4.21%). Hence, substitution of RCP in the muffin formulation resulted 

in reduction of protein content due to the reduction of wheat flour in the formulation. This 

result is comparable to that reported by Chong and Nor Aziah (2008). Fat content in the control 

muffin was significantly higher (p<0.05) as compared to RCP supplemented muffin, but no 

significant difference (p>0.05) was observed between all muffins with RCP. This might be 

attributed to the low fat content in RCP (0.89%) as compared to the wheat flour.  
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Table 3: Proximate composition of muffin at different substitution levels of RCP 
Composition (%) Control 5% RCP 10% RCP 15% RCP 20% RCP 

Moisture  32.56 ± 0.12a 33.72 ± 0.08b 34.12 ± 0.04b 34.57 ± 

0.10ab 

35.08 ± 0.22c 

Protein  7.83 ± 0.02a 6.86 ± 0.27b 6.23 ± 0.03ab 6.20 ± 0.01ab 6.11 ± 0.08ab 

Fat  12.79 ± 0.44a 10.82 ± 0.01b 10.94 ± 0.06b 11.15 ± 0.12b 11.57 ± 0.15b 

Crude fibre 0.65 ± 0.01a 0.72 ± 0.02a 0.89 ± 0.07a 1.14 ± 0.03b 1.46 ± 0.21b 

Ash 1.77 ± 1.77a 2.01 ± 0.02b 2.23 ± 0.03ab 2.32 ± 0.01ab 2.43 ± 0.03c 

Carbohydrate 44.40 ± 0.61a 45.85 ± 0.33b 45.57 ± 0.06a 44.62 ± 0.20a 43.39 ± 0.21ab 

Calorie (kcal/100g) 324.03a 308.22b 305.66c 303.63cd 302.13cd 

*mean values in the same row not followed by the same letter are significantly different (p<0.05). Mean ± 

standard deviation (n=2) 

 

Table 3 shows that the ash and crude fibre composition in the supplemented muffin 

were found to be significantly higher (p<0.05) as compared to control muffin. According to 

Almana (2001), roselle calyx powder or karkade provide an excellent source of calcium, iron 

and crude fibre indicating the high composition of ash. A similar observation was also reported 

by Hayashi and Seguchi (1998) where the substitution of 5% karkade in bread increased iron 

content 7-fold.  

The result for carbohydrate content indicated that substitution of RCP in muffin has no 

significant (p>0.05) effect between samples. This result is in contrast with the study reported 

by (Olaoye and Onilude, 2008) whereby the carbohydrate content decreased with increasing 

substitution of breadfruit flour in bread. The calorie value in samples ranged from 302 

kcal/100g to 324kcal/100g. 

 
Muffin characteristics  

Muffins were prepared by replacing wheat flour at 5%, 10%, 15% and 20% levels of RCP; the 

physical characteristics of muffins are presented in Table 4.  

 

Table 4: Physical characteristics of muffin at different substitution levels of RCP 

Parameter Control 5% RCP 10% RCP 15% RCP 20% RCP 

Weight (g) 61.97 ± 0.93a 64.27 ± 1.38a 66.65 ± 0.49a 67.84 ± 1.58b 72.42 ± 1.54ab 

Volume (ml) 173.50 ± 1.41a 173.75 ± 0.35a 170.25 ± 1.06a 155.75 ± 1.06b 152.25 ± 1.77b 

Specific 

Volume (ml/g) 

2.74 ± 0.10a 2.64 ± 0.15a 2.53 ± 0.18a 2.30 ± 0.04a 2.10 ± 0.02b 

Oven Spring1  2.40 ± 0.28a 1.65 ± 0.07b 1.55 ± 0.07b 1.35 ± 0.07b 1.20 ± 0.14b 

Firmness (g) 937.60 ± 27.64a 960.37 ± 52.51a 1113.79 ± 27.56b 1446.23 ± 46.87ab 1532.68 ± 26.07b 

Springiness (%) 59.54 ± 0.02a 58.33 ± 0.12b 57.47 ± 0.51b 51.31 ± 0.24ab 49.66 ± 0.09c 

*mean values in the same row not followed by the same letter are significantly different (p<0.05). Mean ± 

standard deviation (n=2) 
1 calculated by difference between loaf height before and after baking 

 

As the substitution level increased from 0% to 20%, the weight of the muffins increased from 

61.97 g to 72.42 g and the volume of the muffins decreased from 173.50 ml to 152.25 ml. This 

might be due to high fiber content in RCP, which increased the water absorption capacity (See 

et al., 2007) of the RCP and lower gluten content in RCP compared to wheat flour (Chong and 

Nor Aziah, 2008). Specific volume of the control muffin was significantly higher (p<0.05) as 

compared to all RCP supplemented muffins. According to Ibrahim et al. (1971), karkade 

powder contains a high level of organic acids; thus, it may react with wheat  
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proteins and hydrolyse the starch to dextrins causing higher viscosity and alkaline water 

retention capacity (Almana, 2001). This might cause a decreased in volume and specific 

volume of muffins. 

 
Sensory evaluation 

The sensory evaluation scores for colour, sweetness, sourness, texture and overall 

acceptability were obtained from untrained panelists are presented in Table 5. Supplement of 

RCP at 5%, 15% and 20% shows no significant (p>0.05) differences among samples indicated 

that panelists were unable to detect the red colour differences in muffins. In sweetness and 

sourness, all muffin formulations were scored over 5, except 20% RCP muffins, which had 

the lowest score—3.35 and 3.53, respectively. This might be due to the high content of organic 

acid in RCP which contributed to the sour taste in the muffin.  

 

Table 5: Mean organoleptic scores of muffins prepared by varying proportion of RCP 
Attributes  5% RCP 10% RCP 15% RCP 20% RCP 

Colour 4.23 ± 1.39a 5.20 ± 0.91b 5.00 ± 1.45a 4.78 ± 1.53a 

Sweetness  5.38 ± 0.90a 5.30 ± 0.88a 4.63 ± 0.98b 3.35 ± 0.98c 

Sourness  5.53 ± 0.60a 5.15 ± 0.77a 4.60 ± 0.84ab 3.53 ± 1.40c 

Texture 5.13 ± 1.24a 5.18 ± 0.78a 4.85 ± 0.14a 4.40 ± 1.15ab 

Overall acceptability 5.30 ± 1.22a 5.40 ± 0.67a 4.28 ± 1.30b 3.58 ± 1.30c 

*mean values in the same row not followed by the same letter are significantly different (p<0.05). Mean ± 

standard deviation (n=2) 

 

As shown in Table 5, substituting high levels of RCP in muffin up to 20% reduced the 

score for texture. This result may be attributed to the firmness of the muffin, which resulted 

from the low specific volume and springiness in 20% RCP muffins as described earlier (Table 

4). According to Knuckles et al. (1997), in sensory evaluation, products with score value of 

more than 5 for overall acceptability can be considered as a good quality product. Though the 

overall quality scores were reduced, the muffins prepared from 10% RCP were found to be 

the most acceptable by the panelists.  

 

CONCLUSION 

 

The result of the present study revealed that roselle calyces powder produced using the spray 

drying method can be partially substituted for the wheat flour at 10% levels. The 10% RCP 

muffin is the most acceptable with a good source of fibre and minerals, low fat and calorie 

value. 
 

REFERENCES 

  

AACC. 2000. Approved methods of the American Association of cereal chemists. 10th 

Edition. St. Paul, Minnesota. USA. 

Almana, H. A. 2001. Karkade (Hibiscus Sabdariffa L.) as a mineral and fiber supplement in 

chocolate cake. Ain Shams University, Cairo, Arab Univ. Journal of Agriculture 

Science. 283: 295. 

 
 

 
 
15 
 



 
Physicochemical And Organoleptic Evaluation Of Muffin Partially Substituted With Roselle Calyces (Hibiscus Sabdariffa. L) Powder 

 

 

AOAC. 2000. Official Methods of Analysis of the Association of Official Analytical Chemists 

17th Ed. Published by the Association of Official Analytical Chemists. USA. 

Ashaye, O. A. & Adeleke, T.O. 2009. Quality attributes of stored Roselle Jam. International 

Food Research Journal. 16: 363-371. 

Asolkar, L. V., Kakkar, K. K., & Chakre, O. J. 1992. Second Supplements to Chopra, Glossary 

of Indian Medicinal Plants with Active Principles Part 1 (A-K). Council of Scientific 

and Industrial Research, New Delhi, India, ISBN: 8172360487: 44. 

Aurelio, D., Edgardo, R.G., & Navarro-Galindo, S. 2008. Thermal kinetic degradation of 

anthocyanins in a roselle (Hibiscus sabdariffa L. cv. ‘Criollo’) infusion. International 

Journal of Food Science & Technology. 43 (2): 322–325 

Babalola, S.O. Babalola, A.O., & Aworh, C.O. 2001. Compositional attribute of the calyces 

of Roselle (Hibiscus sabdariffa var sabdariffa L). The Journal of Food Technology in 

Africa. 6: 133-134. 

Chong, L. C. & Nor Aziah, A.A. 2008. Influence of Partial Substitution of Wheat Flour with 

Banana (Musa paradisiaca var. Awak) Flour on the Physico-Chemical and Sensory 

Characteristics of Doughnuts. International Food Research Journal. 15: 119-124. 

Cisse, M., Dornier, M., Sakho, M., Ndiaye, A., Reynes, M., & Sock, O. 2009. Le bissap 

(Hibiscus sabdariffa L.). Composition et principales utilisations. Fruits. 64: 179–193. 

Duangmal, K., Saicheua, B., & Sueeprasan, S. 2004. Roselle anthocyanins as a natural food 

colorant and improvement of its color stability. Proceedings of the AIC Color and 

Paints, Interim Meeting of the International Color Association. IEEE Xplore: 155-158. 

Fasoyiro, S., Babalola, S., & Owosibo, T. 2005. Chemical composition and sensory quality of 

fruit-flavoured roselle (Hibiscus sabdariffa) drinks. World Journal of Agricultural 

Sciences. 1: 161-164. 

Hayashi, M., & Seguchi, M. 1998. Iron-enriched bread with karkade (Hibiscus sabdariffa) and 

wheat flour. Cereal chemistry. 75: 686-689. 

Hui, Y.H., Harold, C. Wai-Kit, N., & Ingrid, D.L. 2006. Bakery products: Science and 

Techology. Canada. Wiley Blackwell.  

Ibrahim, M.E.H, Karamall A.K. & Khattab, A.H. 1971. Biochemical studies of karkade. Sudan 

Journal of Food Science and Technology. 3: 37-40 

Ismail, A., Ikram, E.H.K. & Nazri, H.S.M. 2008. Roselle (Hibiscus sabdariffa L.) Seeds–

Nutritional Composition, Protein Quality and Health Benefits. Food. 2: 1-16. 

Knuckles, B.E., Hudson, C.A., Chiu, M.M. and Sayre, R.N. 1997. Effects of §-glucan barley 

fractions in high-fiber bread and pasta. Cereal Food World. 42 (2): 94-99. 

Main, J., Clydesdale, F., & Francis, F. 1978. Spray drying anthocyanin concentrates for use as 

food colorants. Journal of Food Science. 43: 1693-1694. 

Mohamed, B. B., Sulaiman, A.A., & Dahab, A.A. 2012. Roselle (Hibiscus sabdariffa L.) in 

Sudan, Cultivation and Their Uses: Bull. Environ. Journal of Pharmacol. Life Science. 

1: 48-54. 

Manuel Gomez, Bonastre Oliete, Cristina M. Rosell, Valentın Pando & Encarnacion 

Fernandez. 2008. Studies on cake quality made of wheatechickpea flour blends. LWT-

Food Science and Technology. 41: 1701-1709. 
 

 
 
16 
 
 



 

Siti Faridah Mohd. Amin, Hasmadi Mamat, Lee Jau Shya, & Nurul Syuhada Roslan 

 

 

Meigaard, M., Civille, G. V., & Carr, B. T. 2000. Sensory evaluation techniques. 3rd Edition. 

CRC Press. New York. 

Olaoye, O., & Onilude, A. 2008. Microbiological, proximate analysis and sensory evaluation 

of baked product from blends of wheat-breadfruit flours. African Journal of Food, 

Agriculture, Nutrition and Development. 8: 192-203. 

Pankaj S., Velua, V., Indrani, D., & Singh, R.P. 2013. Effect of dried guduchi (Tinospora 

cordifolia) leaf powder on rheological, organoleptic and nutritional characteristics of 

cookies. Food Research International. 50 (2): 704–709. 

Samsudin, A. Mat Isa, A. & Mohd. Taufik, A. 2000. Pengeringan dengan menggunakan mesin 

pengering (drying of roselle using dryer). Journal of tropical Agriculture and Food 

Sceince. 28 (2): 167-172. 

See, E., Abdullah, W., Nadiah, W., & Nor Aziah, A. A. 2007. Physico-chemical and sensory 

evaluation of breads supplemented with pumpkin flour. ASEAN Food Journal. 14: 

123-130. 

Suliman, A. M., Ali, A.O, Idriss, S.E.A., & Abdualrahman, M.A. 2011. A Comparative Study 

on Red and White Karkade (Hibiscus sabdariffa L.) Calyces, Extracts and Their 

Products. Pakistan Journal of Nutrition. 10: 680-683. 

Wong, P.-K., Yusof, S., Ghazali, H., & Man, Y.C. 2002. Physico-chemical characteristics of 

roselle (L.). Journal of Nutrition & Food Science. 32: 68-73. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

17 


