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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirement for the degree of Doctor of Philosophy  

MODELLING AND OPTIMIZATION OF PRODUCTION OF COFFEE-LIKE 

POWDER AND BREW FROM PALM DATE SEEDS BY ROASTING AND 

GRINDING 

By 

IBRAHIM MOHAMED FIKRY MOHAMED AHMED 

August 2019 

Chairman: Prof. Ir. Yus Aniza Yusof, PhD 

Faculty: Engineering. 

A significant quantity of date seeds is being generated annually from palm date industry. 

This by-product is usually discarded or used as an animal fodder. However, palm dates 

seeds can be a potential source of nutritious elements and antioxidants which could be 

used for human consumption in a powder form and decaffeinated coffee-like brew.  

Hence, the study investigated the thin layer drying characteristics of date seeds at three 

roasting temperatures (160,180, and 200 ºC) and modelled the changes in color, 

hardness, total specific grinding energy and the oil extraction yield of date seeds during 

roasting process. Besides, the study aimed to investigate the influence of roasting 

temperature and time on the physical and sensory properties of the full fat roasted date 

seeds powder (RDSP) and defatted roasted date seeds powder (DRDSP).  

Additionally, the effect of roasting temperature and time on antioxidants, total phenolic 

contents, quality and sensory attributes of the full fat and defatted brews was 

investigated. Further, development of predictive models to estimate the properties of 

both RDSP and DRDSP and the proposed brews, as well as the optimization of the 

roasting conditions for preparation of the RDSP and DRDSP and brews were conducted. 

The effects of the storage conditions on the physical and flowability properties of the 

RDSP and DRDSP as well as the quality and sensory attributes of their brews were 

studied and the shelf life of the powders and brews by integrating of quality and sensory 

data was assessed.  

The study outcomes revealed that the thin layer drying characteristics of date seeds were 

satisfactorily described by the modified Henderson & Pabis model. While, the color 

parameters (L*-value and b*-value) and the hardness of the roasted date seeds can be 

fittingly described by the first-order equation, while a*-value and ΔE were adequately 
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defined by the zero-order model. A decrease in total specific grinding energy and an 

increase in oil yield were recorded as the roasting temperature and time were increased. 

The physicochemical, flow, quality and sensory attributes of the products were found to 

be significantly influenced by the roasting temperatures and time. The models proposed 

could satisfactorily describe the changes in the physicochemical, flow, quality and 

sensory attributes of RDSP, DRDSP and the brews. The optimum conditions of the 

roasting process obtained using the superimposed contour plot were 199.7 ºC and 10.2 

min to produce RDSP and 200 ºC and 11.2 min to prepare DRDSP. Also, the optimal 

roasting temperature and time were 197.98°C and 12.8 min, respectively for preparing 

the full fat brew. While, the optimum points for preparing the defatted brew were 

199.19°C and 22.7 min. Regarding the storage and shelf life study, the results showed 

that the storage conditions have a significant effect on the properties of RDSP, DRDSP 

and brews. Descriptive models have been developed for describing the different 

properties and the shelf life of the powders and brews.  

 

 

Interestingly, the powders and brews are microbiologically stable during the storage 

process. The study outputs are beneficial for dryers and roaster designs, for quality 

control of the final product, and for determination of the suitable storage conditions. So, 

there is an ample scope for the emergence of new bio industries in the date growing 

countries towards maximum utilization of the palm date seeds in addition to efficient and 

effective palm date fruit waste management. 
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Abstrak tesis yang disampaikan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Doktor Falsafah 

PEMODELAN DAN PENGOPTIMUMAN PENGHASILAN KOPI-SEPERTI 

SERBUK DARI BIJI KURMA DENGAN MEMANGGANG DAN KISARAN 

Oleh 

IBRAHIM MOHAMED FIKRY MOHAMED AHMED 

Ogos 2019 

Pengerusi: Prof. Ir. Yus Aniza Yusof, PhD 

Fakulti: Kejuruteraan 

Banyak biji bijian yang dijana setiap tahun dari industri kurma. Produk sampingan ini 

biasanya dibuang atau digunakan sebagai makanan haiwan. Walau bagaimanapun, biji 

kurma ini boleh menjadi sumber yang berpotensi untuk unsur-unsur berkhasiat dan 

antioksidan yang boleh digunakan untuk penggunaan manusia dalam bentuk serbuk dan 

minuman beralkohol kopi tanpa kafein. 

Oleh itu, kajian ini menyiasat ciri-ciri pengeringan lapisan nipis biji kurma pada tiga 

suhu pemanggang (160,180 dan 200 ºC) dan memodelkan perubahan warna, kekerasan, 

jumlah tenaga pengisaran khusus dan hasil pengeluaran minyak dari benih kurma semasa 

proses pemanggangan. 

Selain itu, kajian ini bertujuan untuk mengkaji pengaruh suhu dan masa pemangganan 

pada sifat fizikal dan sensori serbuk biji kurma penuh lemak (RDSP) dan serbuk biji 

kurma yang dibuang lemak yang dibakar (DRDSP). Di samping itu, kesan suhu dan masa 

pemangganan terhadap antioksidan, jumlah kandungan fenolik, kualiti dan ciri-ciri 

kualiti dan sensori minuman seakan kopi yang dihasilkan menggunakan serbuk biji 

kurma penuh lemak dan serbuk biji kurma yang dibuang lemak turut dikaji.   

Tambahan pula, pembangunan model ramalan untuk menganggarkan sifat-sifat RDSP 

dan DRDSP serta cadangan yang dicadangkan, serta pengoptimuman keadaan 

pemanggang untuk penyediaan RDSP dan DRDSP dan minuman telah dijalankan. Kesan 

keadaan penyimpanan pada sifat fizikal dan sifat kebolehaliran RDSP dan DRDSP serta 

sifat kualiti dan deria dari minuman telah dikaji dan jangka hayat serbuk dan minuman 

dengan mengintegrasikan data kualiti dan deria ditaksir.  

Hasil kajian mendedahkan bahawa ciri-ciri pengeringan lapisan nipis biji kurma telah 

memuaskan dengan diterangkan oleh model Henderson & Pabis yang telah diubahsuai. 

Selain itu, parameter warna (L * - nilai dan b * - nilai) dan kekerasan biji kurma panggang 
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boleh digambarkan dengan tepat oleh persamaan pesanan pertama, manakala * - nilai 

dan ΔE didefinisikan secukupnya oleh perintah sifar model. Pengurangan jumlah tenaga 

pengisaran khusus dan peningkatan hasil minyak direkodkan kerana suhu dan masa 

pemanggangan meningkat. Ciri-ciri fizikokimia, kebolehaliran, kualiti dan deria dari 

produk didapati sangat dipengaruhi oleh suhu dan masa panggang.  

Model-model yang dicadangkan dapat menggambarkan perubahan sifat-sifat 

fizikokimia, kebolehaliran, kualiti dan deria RDSP, DRDSP dan minuman. Kondisi 

optimum proses panggang yang diperoleh menggunakan plot kontur superimposed 

adalah 199.7 ºC dan 10.2 min untuk menghasilkan RDSP dan 200 ºC dan 11.2 min untuk 

menyediakan DRDSP. Juga, suhu  pemanggang yang optimum dan masa  adalah 197.98 

° C dan 12.8 min, masing-masing untuk menyediakan minuman penuh lemak. Walau 

bagaimanapun, keadaan optimum untuk menyediakan minuman tanpa lemak adalah 

199.19 ° C dan 22.7 min. Mengenai penyimpanan dan kajian hayat , keputusan 

menunjukkan bahawa keadaan penyimpanan mempunyai kesan yang signifikan terhadap 

sifat RDSP, DRDSP dan minuman. Model deskriptif telah dibangunkan untuk 

menerangkan ciri-ciri yang berbeza dan jangka hayat serbuk dan minuman. Menariknya, 

serbuk dan minuman stabil secara mikrobiologi semasa proses penyimpanan. Keluaran 

kajian adalah berguna untuk pengering dan reka bentuk pemanggang, untuk kawalan 

mutu produk akhir, dan untuk menentukan keadaan penyimpanan yang sesuai. Oleh itu, 

terdapat ruang lingkup yang mencukupi untuk kemunculan industri bio baru di negara-

negara yang semakin berkembang ke arah penggunaan maksimum biji kurma selain 

pengurusan sisa buah kurma yang cekap dan berkesan. 
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CHAPTER 1 

 

 

GENERAL INTRODUCTION AND RESEARCH OBJECTIVES 

 

 

1.1   Palm date production and industries 

 

The palm date (Phoenix dactylifera L.) tree is one of the most cultivated trees which is 

commonly found in the Afro-Asiatic dry-band, stretches from North Africa to the Middle 

East. As shown in Figure 1.1, the total harvested area increased by around one million 

hectares over the period 1980-2016 as well as the world production of palm date fruits 

increased accordingly to be approximately 8.5 Million tons (FAO, 2016). Date fruit, 

which can be seen in Figure (1.2a), is a berry consisting of a fibrous, parchment-like 

endocarp, a fleshy mesocarp and pericarp (skin) which represent around 85 to 90% of 

the fruit. It has a single seed (Figure (1.2b)), which constitutes between 10 to 15% of the 

total date fruit weight (Hasnaoui et al., 2012; Hussein et al., 1998). Dates are usually 

consumed at the Rutab (semi-ripe) and Tamr (fully-ripe) stages, with or without 

processing. There are many value-added date processing plants such as production of 

date juice concentrates (spread, syrup and liquid sugar), date honey, date jam, date 

vinegar, and date pastes for different usage purposes (bakery, confectionary and etc.) 

(Al-Farsi and Lee, 2008; Hossain et al., 2014). Unfortunately, wastes such as seeds or 

pits are generated from these processes and usually discarded (Besbes et al., 2004a). 

Figure (1.3) indicates the wastes resulted from palm date industry starting from 

harvesting to the consuming (Siddiq and Greiby, 2013). As it can be concluded from 

Figure (1.3), date seeds represent the major waste of human consumption or processing.  

 

 

Based on the world production quantity of date fruit, around 846,000 tons of date seeds 

could be produced annually (i.e. considering 10% of the total fruit weight). This might 

constitute an environmental problem and require additional handling cost. Earlier, it was 

confirmed that grinded date seeds were used at cattle feed since the early 1900s (Sirisena 

et al., 2015). Then lately, the chemical properties of date seeds have been investigated 

by many researchers including Al-Farsi et al. (2007); Al-Farsi and Lee (2008); Almana 

and Mahmoud (1994); Bouhlali et al. (2017); Fikry (2016); Ghnimi et al. (2015); Ghnimi 

et al. (2017); Habib and Ibrahim (2009b); Hamada et al. (2002c); Hussein et al. (1998); 

Rahman et al. (2007b).These reports aimed to exploit the potential use of date seeds for 

human consumption, pharmaceutical, nutraceutical and cosmetic applications. So, the 

lack of utilization of this by-product as food human consumption constitutes a huge 

economic loss because palm date seeds have high mineral content, dietary fibers, 

phenolic compounds, antioxidants, and importantly, but devoid of caffeine and are useful 

as a coffee alternative brew.  Hence, it is suggested that this by-product could be a very 

useful raw material to the food processing industry for developing new products such as 

powders and brews that contains significant amount of nutrient, especially when the 

current marketing trend is focusing on natural supplements. 
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Figure 1.1 :  World production and harvested area of palm date trees in the period 

1980-2016 (FAO, 2016) 

 

 
 

(a) (b) 

 

 

Figure 1.2 :    Photos of palm date tree with whole date fruit (a) and the structure 

of the palm date fruit (b) (Ghnimi et al., 2017) 
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Figure 1.3 : The obtained by-products of palm date industry from harvesting to 

consuming 

 

 

1.2   Problem statement  

 

Several prospective uses of palm date seeds have been revealed and reported in the 

literatures. For instance, palm date seeds were utilized for including in food products 

such as ground beef (Amany et al., 2012), bakery products (Almana and Mahmoud, 

1994; Bouaziz et al., 2010; Platat et al., 2015), chocolate (Bouaziz et al., 2017) and drinks 

(Abdillah and Andriani, 2012; Ghnimi et al., 2015; Mirghani, 2012; Venkatachalam and 

Sengottian, 2016). Recent studies trends are to extract oil from palm date seeds for 

incorporation in different applications such as the production of mayonnaise (Basuny 

and Al-Marzooq, 2011) and it could be used for cosmetic and pharmaceutical purposes 

(Afiq et al., 2013; Al-Shahib and Marshall, 2003; Besbes et al., 2004a; Besbes et al., 

2004b; Devshony et al., 1992). However, it must be noticed that such applications still 

at the research and development stages and their commercial manufacture has not yet 

been hard done. 

 

 

In view of the fact that people everywhere continue to consume large quantities of coffee 

daily due to its pleasant flavor, unique aroma, and its caffeine content (20 – 40 %) 

(Venkatachalam and Sengottian, 2016; Weisse, 2015). Delgado-Andrade and Morales 

(2005) stated that coffee could minimise the oxidation of human low-density lipoprotein, 

thereby decreasing the risk of atherosclerosis. Notably, these effects can be attributed to 

the presence of phenolic compounds and antioxidants (Parliment et al., 2000). However, 

negative health impacts could occur due to the coffee’s high caffeine content which is 

considered a psychoactive drug.  
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Several studies have shown that consuming caffeine can cause raised blood pressure, 

panic attacks, hypertension, gout flare-up, insomnia, indigestion, infertility, inhibition of 

collagen creation in skin as well as depression and anxiety symptoms (Diego et al., 2008; 

Faupel et al., 2004; Kristjansson et al., 2013; Venkatachalam and Sengottian, 2016). 

Alternatively, a brew made from roasted palm date seeds can be safely consumed and 

served to people who are sensitive to caffeine and prefer to enjoy the characteristic flavor 

and aroma of caffeine-free coffee without the adverse effects (Al-Farsi et al., 2007; 

Baliga et al., 2011; El Sheikh et al., 2014; Hamada et al., 2002c; Rock et al., 2009). This 

brew can be obtained in the powdered form after roasting and grinding of date seeds, 

which gives extra flavor and aroma. Making style of these brews (coffee-like beverages) 

is like that of the traditional Turkish coffee, which is described as follows. A certain 

amount of roasted date seeds powder is mixed with water in a special coffee vessel, 

stirred occasionally, and let it boil slowly until a foam is occurred on the top, which takes 

about a few minutes (Sekeroglu et al., 2012). Interestingly, roasted palm date seeds have 

similar aromatic compounds (alcohols, aldehydes) which exist in Arabica coffee brews 

(Saafi‐Ben Salah et al., 2012; Somporn et al., 2011).  

 

 

Unsurprisingly, people in the Arabian region such as the Kingdom of Saudi Arabia 

(KSA) and the United Arab Emirates (UAE) are already using full fat roasted and 

powdered date seeds as coffee alternatives and coffee-like brews for a long time (Baliga 

et al., 2011; Ghnimi et al., 2015; Rahman et al., 2007b), believing that date seed coffee 

have memory-enhancing properties (Sekeroglu et al., 2012). Furthermore, this powder is 

currently available in local and international markets and it is a source of choice for 

people who prefer the decaffeinated coffee (Baliga et al., 2011; Ghnimi et al., 2015).  

 

 

Although, coffee-like beverage has been prepared from full fat roasted palm date seeds 

and characterized by (Abdillah and Andriani, 2012; Ghnimi et al., 2015), it was reported 

that the roasting at high temperature for long time could effect on the properties of 

beverages prepared from oilseeds leading to undesirable quality and sensory attributes 

(Maga, 1973). 

 

 

1.3   Research Gap 

 

To the best of the author`s knowledge, information regarding characterization of whole 

date seeds during roasting process, the effect of the roasting conditions on the 

physicochemical and sensory attributes of the powders and the brews produced from 

roasted full fat and defatted date seed as well as storage stability of the powder and brew 

prepared from the roasted full fat and defatted seeds and its shelf life correlated to the 

consumer acceptability have not been studied yet. Hence, the following seven 

shortcomings would be complemented to characterize the product through the present 

work: 
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1 The moisture, color, hardness kinetics, total energy requirements for grinding 

process as affected by roasting conditions (temperature and time) have not been 

evaluated yet. 

 

2 Previous authors did not study the effect of roasting conditions on the total phenolic 

content and antioxidants of the brew as affected by the roasting conditions. 

 

3 The previous works have not provided information on the optimum roasting 

conditions that can be used for coffee-like brew preparations.    

 

4   The previous works did not investigate the kinetic changes during storage 

conditions of the roasted palm date seeds powder. 

 

5 Storage stability and prediction of the shelf life of the roasted palm date seeds 

powder and brew at different storage periods and different storage methods were not 

examined to date.  

 

6 Integration between the quality data and the sensory attributes of the brew from palm 

date seeds has not been done yet.  

 

7 Comparison between the characteristics of full fat powder and defatted powders was 

not included in literature review.   

 

Therefore, there is a need for complementation the lack existed in the literature review 

regarding date seeds brew through production and characterizing of this prospective 

product and optimize its production conditions according to the consumer preference. 

 

 

1.4   Scope of The Study 

 

Wastage reduction and developing a new product rich in nutritional elements from palm 

date seeds are the scope of this study. This study is providing information on the roasting 

process of the date seeds, grinding energy consumption, oil yield, the physical, 

flowability properties of the seeds powder, the quality properties of the brew made from 

date seeds and the shelf life of the powder and brews. These data can help the 

manufacturers of date seeds powder and brew to design the roasting and storage 

processes.   

 

 

1.5   Objectives of The Study 

 

The main objectives of this work are to produce and characterize coffee-like powder and 

brew from seeds of palm date fruit (Phoenix dactylifera L.), specifically; 

 

 

1- To characterize the whole palm date seeds and to model the kinetic changes in 

their physical properties, grinding energy consumption and oil yield during the 

conventional roasting process. 
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2- To study the effect of the roasting conditions (Temperature and time) on the 

physical, flowability and sensory attributes of the coffee-like powder from full 

fat and defatted palm date seeds. 

 

3- To study the effect of the roasting conditions (Temperature and time) on some 

quality properties, antioxidants, total phenolic contents and the sensory 

attributes of coffee-like brew from full fat and defatted palm date seeds.  

 

4- To assess the quality attributes and predict the shelf life of the date seeds powder 

and brew under different storage conditions (Temperature, relative humidity).   

 

 

1.6  Structure of Thesis  

 

This thesis was divided into seven chapters.  

 

• Chapter one focuses on five components namely; the general introduction, problem 

statement, research gap, objectives and structure of the thesis.  

 

• Chapter two provides a detailed literature review on the physical and nutritional 

properties of date seeds, the application of date seeds in food industry, the 

importance of roasting process, kinetics of roasting, the changes in the properties of 

date seeds during roasting and the storage stability of food powders and brew.  

 

• Chapter three presents the general methodologies and statistical data analysis 

procedures used in this study. 

 

• Chapter four represents the first technical chapter that discusses the characteristics 

of whole palm date seeds and kinetics modelling of the physical properties’ changes 

during the conventional roasting.  

 

• Chapter five presents information on the effect of roasting conditions on the 

physical, flowability and sensory attributes of coffee-like powders from palm date 

seeds.  

 

• Chapter six centres on the effect of roasting conditions on antioxidants, total 

phenolic contents, some quality and sensory attributes of coffee-like brew from palm 

date seeds.  

 

• Chapter seven discusses the quality assessment and shelf life prediction of coffee-

like powder and brew from palm date seeds under different storage conditions.  

 

• General conclusion and recommendations for future works have been presented in 

chapter eight.  



© C
OPYRIG

HT U
PM

160 

 

REFERENCES 

Abdelaziz, D.H., Ali, S.A. 2014. The protective effect of Phoenix dactylifera L. seeds 

against CCl4-induced hepatotoxicity in rats. J. Ethnopharmacol. 155, 736-743. 

 

Abdillah, L.A., Andriani, M. 2012. Friendly alternative healthy drinks through the use 

of date seeds as coffee powder. Proceeding of ICEBM-Untar Jakarta. 

Universitas Tarumanagara, Jakarta. 80-87. 

 

Abdul Afiq, M.J., Abdul Rahman, R., Che Man, Y.B., AL-Kahtani, H.A., Mansor, T.S.T. 

2013. Date seed and date seed oil. Int. Food Res. J. 20, 2035-2043. 

 

Achour, M. 2006. A new method to assess the quality degradation of food products 

during storage. J. Food Eng. 75, 560-564. 

 

Afiq, M.A., Rahman, R.A., Man, Y.C., Al-Kahtani, H., Mansor, T. 2013. Date seed and 

date seed oil. Int. Food Res. J. 20, 2035. 

 

Agarval, Y., Singh, R. 1977. Thin-layer drying studies on short-grain rough rice. ASAE 

Paper. 

 

Aguilera, J., del Valle, J., Karel, M. 1995. Caking phenomena in amorphous food 

powders. Trends in Food Science & Technology. 6, 149-155. 

 

Akbari, M., Razavizadeh, R., Mohebbi, G., Barmak, A. 2012. Oil characteristics and 

fatty acid profile of seeds from three varieties of date palm (Phoenix dactylifera) 

cultivars in Bushehr-Iran. Afr. J. Biotechnol. 11, 12088-12093. 

 

Akgun, N.A., Doymaz, I. 2005. Modelling of olive cake thin-layer drying process. J. 

Food Eng. 68, 455-461. 

 

Akinoso, R., Aboaba, S., Olajide, W. 2011. Optimization of roasting temperature and 

time during oil extraction from orange (Citrus sinensis) seeds: A response 

surface methodology approach. Afr. J. Food, Agric., Nutr. Dev. 11, 5300-5317. 

 

Akinoso, R., Raji, A.O. 2011. Optimization of oil extraction from locust bean using 

response surface methodology. Eur. J. Lipid Sci. Technol. 113, 245-252. 

 

Akiyama, M., Murakami, K., Hirano, Y., Ikeda, M., Iwatsuki, K., Wada, A., Tokuno, K., 

Onishi, M., Iwabuchi, H. 2008. Characterization of headspace aroma 

compounds of freshly brewed arabica coffees and studies on a characteristic 

aroma compound of Ethiopian coffee. J. Food Sci. 73, C335-346. 

 

Akoy, E.O.M. 2014. Effect of Drying Temperature on Some Quality Attributes of Mango 

Slices. Int. J.  Innovation Sci. Res. 4, 91-99. 

 

Akpinar, E.K., Bicer, Y., Midilli, A. 2003. Modeling and experimental study on drying 

of apple slices in a convective cyclone dryer. J. Food Process Eng. 26, 515-541. 

 



© C
OPYRIG

HT U
PM

161 

 

Al-Awaadh, A.M., Hassan, B.H., Ahmed, K. 2015. Hot air drying characteristics of 

Sukkari date (Phoenix dactylifera L.) and effects of drying condition on fruit 

color and texture. International journal of food engineering. 11, 421-434. 

 

Al-Farsi, K., Al-Habsi, N.A., Al-Khusaibi, M. 2018. The potential antioxidant properties 

of date products: A concise update. The Canadian Journal of Clinical Nutrition 

6, 84-104. 

 

Al-Farsi, M., Alasalvar, C., Al-Abid, M., Al-Shoaily, K., Al-Amry, M., Al-Rawahy, F. 

2007. Compositional and functional characteristics of dates, syrups, and their 

by-products. Food Chem. 104, 943–947. 

 

Al-Farsi, M., Alasalvar, C., Morris, A., Baron, M., Shahidi, F. 2005. Comparison of 

antioxidant activity, anthocyanins, carotenoids, and phenolics of three native 

fresh and sun-dried date (Phoenix dactylifera L.) varieties grown in Oman. J. 

Agric. Food Chem. 53, 7592-7599. 

 

Al-Farsi, M.A., Lee, C.Y. 2008. Optimization of phenolics and dietary fibre extraction 

from date seeds. Food Chem. 108, 977-985. 

 

Al-Qarawi, A., Abdel-Rahman, H., Mousa, H., Ali, B., El-Mougy, S. 2008. 

Nephroprotective action of Phoenix dactylifera. in gentamicin-induced 

nephrotoxicity. Pharm. Biol. 46, 227-230. 

 

Al-Qarawi, A.A., Mousa, H.M., Ali, B.H., Abdel-Rahman, H., El-Mougy, S.A. 2004. 

Protective effect of extracts from dates (Phoenix dactylifera L.) on carbon 

tetrachloride-induced hepatotoxicity in rats. Int. J. Appl. Res. Vet. Med. 2, 176-

180. 

 

Al-Shahib, W., Marshall, R.J. 2003. Fatty acid content of the seeds from 14 varieties of 

date palm Phoenix dactylifera L. Int. J. Food Sci. Technol. 38, 709-712. 

 

Alessandrini, L., Romani, S., Pinnavaia, G., Dalla Rosa, M. 2008. Near infrared 

spectroscopy: An analytical tool to predict coffee roasting degree. Anal. Chim. 

Acta. 625, 95-102. 

 

Almana, H., Mahmoud, R. 1994. Palm date seeds as an alternative source of dietary fiber 

in Saudi bread. Ecol. Food Nutr. 32, 261-270. 

 

Amany, M., Shaker, M.A., Abeer, A. 2012. Antioxidant activities of date pits in a model 

meat system. Int. Food Res. J. 19, 223-227. 

 

Amrutha, N., Hebbar, H.U., Prapulla, S.G., Raghavarao, K.S.M.S. 2014. Effect of 

Additives on Quality of Spray-Dried Fructooligosaccharide Powder. Drying 

Technol. 32, 1112-1118. 

 

Anderson, J.W., Baird, P., Davis, R.H., Ferreri, S., Knudtson, M., Koraym, A., Waters, 

V., Williams, C.L. 2009. Health benefits of dietary fiber. Nutr. Rev. 67, 188-

205. 

 



© C
OPYRIG

HT U
PM

162 

 

Anese, M., Nicoli, M.C. 2003. Antioxidant properties of ready-to-drink coffee brews. J. 

Agric. Food Chem. 51, 942-946. 

 

Anisa, A., Solomon, W., Solomon, A. 2017. Optimization of roasting time and 

temperature for brewed hararghe coffee (Coffea Arabica L.) using central 

composite design. Int. Food Res. J. 24, 2285-2294. 

 

AOAC. 2005. Official methods of analysis (18th ed.). Arlington, VA: Association of 

Official Analytical Chemists. 

 

Aregbesola, O., Ogunsina, B., Sofolahan, A., Chime, N. 2015. Mathematical modeling 

of thin layer drying characteristics of dika (Irvingia gabonensis) nuts and 

kernels. Nigerian Food Journal. 33, 83-89. 

 

Authority, N.F. 2009. Microbiological quality guide for ready-to-eat foods: A guide to 

interpreting microbiological results. NSW/FA/CP028/0906. 1-9. 

 

Baghdadi, Y., Hii, C. 2017. Mass transfer kinetics and effective diffusivities during 

Cocoa roasting Journal of Engineering Science and Technology. 12, 127-137. 

 

Bagheri, H., Kashaninejad, M. 2018. Kinetic modeling of mass transfer during roasting 

of Soybeans using combined infrared-hot air heating. Journal of Food 

Biosciences and Technology. 8, 1-12. 

 

Bahmanpour, S., Talaei, T., Vojdani, Z., Panjehshahin, M., Poostpasand, A., Zareei, S., 

Ghaeminia, M. 2015. Effect of Phoenix dactylifera pollen on sperm parameters 

and reproductive system of adult male rats. Iranian Journal of medical sciences. 

31. 

 

Baliga, M.S., Baliga, B.R.V., Kandathil, S.M., Bhat, H.P., Vayalil, P.K. 2011. A review 

of the chemistry and pharmacology of the date fruits (Phoenix dactylifera L.). 

Food Res. Int. 44, 1812-1822. 

 

Barbosa-C´, G.V., Ortega-Rivas, E., Juliano, P., Yan, H. 2005. Food Powders (Physical 

properities and process and Functionality). Kluwer Academic/Plenum, New 

York. 

 

Barreveld, W.H. 1993. Date palm products. In: FAO Agricultural Services Bulletin No. 

101, Food and Agriculture Organization of the United Nations Rome. 

 

Barron, F. 2000. Acid, Acidified and Low-acid Foods. Clemson University, South 

Carolina. 

 

Basuny, A.M.M., Al-Marzooq, M.A. 2011. Production of mayonnaise from date pit oil. 

Food Nutr. Sci. 2, 938-943. 

 

Bekedam, E.K., Schols, H.A., Cämmerer, B., Kroh, L.W., van Boekel, M.A., Smit, G. 

2008. Electron spin resonance (ESR) studies on the formation of roasting-

induced antioxidative structures in coffee brews at different degrees of roast. J. 

Agric. Food Chem. 56, 4597-4604. 



© C
OPYRIG

HT U
PM

163 

 

 

Bender, A.E. 2016. Dictionary of nutrition and food technology. Elsevier. 

 

Benjakul, S., Lertittikul, W., Bauer, F. 2005. Antioxidant activity of Maillard reaction 

products from a porcine plasma protein–sugar model system. Food Chem. 93, 

189-196. 

 

Besbes, S., Blecker, C., Deroanne, C., Drira, N.-E., Attia, H. 2004a. Date seeds: chemical 

composition and characteristic profiles of the lipid fraction. Food Chem. 84, 

577-584. 

 

Besbes, S., Blecker, C., Deroanne, C., Lognay, G., Drira, N., Attia, H. 2004b. Quality 

characteristics and oxidative stability of date seed oil during storage. Food 

science and technology international. 10, 333-338. 

 

Bhargava, V. 1974. Thin-layer drying studies on wheat. Canadian Agricultural 

Engineering. 16. 

 

Bhumiratana, N., Adhikari, K., Chambers, E. 2011. Evolution of sensory aroma 

attributes from coffee beans to brewed coffee. LWT-Food Sci. Technol. 44, 

2185-2192. 

 

Bicho, N.C., Leitão, A.E., Ramalho, J.C., de Alvarenga, N.B., Lidon, F.C. 2013. Impact 

of roasting time on the sensory profile of Arabica and Robusta coffee. Ecol. 

Food Nutr. 52, 163-177. 

 

BIS. 1981. Handbook of food analysis. Dairy products. Bur. of Indian Standards SP. 18, 

129. 

 

Blois, M.S. 1958. Antioxidant determinations by the use of a stable free radical. Nature. 

181, 1199. 

 

Bolek, S., Ozdemir, M. 2017a. Optimization of roasting conditions of microwave roasted 

Pistacia terebinthus beans. LWT-Food Sci. Technol. 86, 327-336. 

 

Bolek, S., Ozdemir, M. 2017b. Optimization of roasting conditions of Pistacia 

terebinthus in a fluidized bed roaster. LWT-Food Sci. Technol. 80, 67-75. 

 

Bolin, H. 1980. Relation of moisture to water acitivity in prunes and raisins. J. Food Sci. 

45, 1190-1192. 

 

Borges, M., Mendonça, J., França, A., de Oliveira, L., Correa, P. 2004. Effect of roasting 

on physical parameters of coffee of different qualityEfeito da torraçao em 

parametros físicos de cafés de diferentes qualidades. Revista Brasileira de 

Armazenamento (Brasil)(no. 8 especial) p. 6-13. 

 

Bouaziz, M.A., Abbes, F., Mokni, A., Blecker, C., Attia, H., Besbes, S. 2017. The 

addition effect of Tunisian date seed fibers on the quality of chocolate spreads. 

J. Texture Stud. 48, 143-150. 

 



© C
OPYRIG

HT U
PM

164 

 

Bouaziz, M.A., AMARA, W.B., Attia, H., Blecker, C., Besbes, S. 2010. Effect of the 

addition of defatted date seeds on wheat dough performance and bread quality. 

J. Texture Stud. 41, 511-531. 

 

Bouhlali, E.d.T., Alem, C., Ennassir, J., Benlyas, M., Mbark, A.N., Zegzouti, Y.F. 2017. 

Phytochemical compositions and antioxidant capacity of three date (Phoenix 

dactylifera L.) seeds varieties grown in the South East Morocco. J. Saudi Soc. 

Agric. Sci. 16, 350-357. 

 

Bourne, M. 1982. Principles of objective texture measurement. Food texture and 

viscosity. 

 

Byrd, S. 2001. Using antioxidants to increase shelf life of food products. Cereal Foods 

World. 46, 48-53. 

 

Cämmerer, B., Kroh, L.W. 2006. Antioxidant activity of coffee brews. Eur. Food Res. 

Technol. 223, 469-474. 

 

Carr Jr, R.L. 1965. Evaluating flow properties of solids. Chem. Eng.(Jan.). 18, 163-168. 

 

Carr, J.R.L. 1965. Classifying flow properties of solids. Chemical Engineering. 72, 69–

72. 

 

Chaira, N., Ferchichi, A., Mrabet, A., Sghairoun, M. 2007. Chemical composition of the 

flesh and the pit of date palm fruit and radical scavenging activity of their 

extracts. Pak. J. Biol. Sci. 10, 2202-2207. 

 

Chambers, E., Wolf, M.B. 2005. Sensory testing methods. Lancaster, PA: ASTM 

International. 

 

Chang, L.S., Karim, R., Abdulkarim, S.M., Yusof, Y.A., Ghazali, H.M. 2018. Storage 

stability, color kinetics and morphology of spray-dried soursop (Annona 

muricata L.) powder: effect of anticaking agents. Int. J. Food Prop. 21, 1937-

1954. 

 

Chauhan, A.K., Patil, V. 2013. Effect of packaging material on storage ability of mango 

milk powder and the quality of reconstituted mango milk drink. Powder 

Technol. 239, 86-93. 

 

Chayjan, R.A., Parian, J.A., Esna-Ashari, M. 2011. Modeling of moisture diffusivity, 

activation energy and specific energy consumption of high moisture corn in a 

fixed and fluidized bed convective dryer. Spanish journal of agricultural 

research. 9, 28-40. 

 

Chegini, G., Ghobadian, B. 2005. Effect of spray-drying conditions on physical 

properties of orange juice powder. Drying Technol. 23, 657-668. 

 

Choudhury, D., Sahu, J.K., Sharma, G. 2011. Moisture sorption isotherms, heat of 

sorption and properties of sorbed water of raw bamboo (Dendrocalamus 

longispathus) shoots. Industrial Crops and Products. 33, 211-216. 



© C
OPYRIG

HT U
PM

165 

 

 

Chung, H.-S., Kim, D.-H., Youn, K.-S., Lee, J.-B., Moon, K.-D. 2013. Optimization of 

roasting conditions according to antioxidant activity and sensory quality of 

coffee brews. Food Sci. Biotechnol. 22, 23-29. 

 

Cihan, A., Kahveci, K., Hacıhafızoğlu, O. 2007. Modelling of intermittent drying of thin 

layer rough rice. J. Food Eng. 79, 293-298. 

 

Copleyscientific. 2008. A test of quality. manufacturing chemist  

 

Corrêa, P.C., de Oliveira, G.H., Vasconcelos, W.L., Vargas-Elías, G.A., Santos, F.L., 

Nunes, E.H. 2016. Preservation of roasted and ground coffee during storage. 

Part 2: Bulk density and intergranular porosity. Revista Brasileira de 

Engenharia Agrícola e Ambiental. 20, 666-671. 

 

Corrêa, P.C., Resende, O., Ribeiro, D.M. 2006. Drying characteristics and kientics of 

Coffee berry. Revista Brasileira de Produtos Agroindustriais, Campina Grande. 

8, 1-10. 

 

Costa, J.d.P.d., Rocha, É.M.d.F.F., Costa, J.M.C.d. 2014. Study of the physicochemical 

characteristics of soursop powder obtained by spray-drying. Food Science and 

Technology. 34, 663-666. 

 

Crank, J. 1975. The Mathematics of Diffusion: 2d Ed. Clarendon Press. 

 

Crank, J. 1979. The mathematics of diffusion. Oxford university press. 

 

Crisp, J., Woods, J. 1994. The drying properties of rapeseed. Journal of Agricultural 

Engineering Research. 57, 89-97. 

 

Dalla Rosa, M., Barbanti, D., Nicoli, M. 1986. Production of high yield coffee, 2nd note: 

Brew’s quality. Ind Aliment. 25, 537-540. 

 

Davidek, T., Robert, F., Devaud, S., Vera, F.A., Blank, I. 2006. Sugar fragmentation in 

the Maillard reaction cascade: formation of short-chain carboxylic acids by a 

new oxidative α-dicarbonyl cleavage pathway. J. Agric. Food Chem. 54, 6677-

6684. 

 

Delgado-Andrade, C., Morales, F.J. 2005. Unraveling the contribution of melanoidins to 

the antioxidant activity of coffee brews. J. Agric. Food Chem. 53, 1403-1407. 

 

Deshpande, S., Aguilar, A. 1975. Effects of roasting temperatures and gamma irradiation 

on the content of chlorogenic acid, caffeic acid and soluble carbohydrates of 

coffee. The International journal of applied radiation and isotopes. 26, 656-661. 

 

Devi, K.D., Paul, S.K., Sahu, J.K. 2016. Study of sorption behavior, shelf life and colour 

kinetics of vacuum puffed honey powder at accelerated storage conditions. J. 

Food Sci. Technol. 53, 2334-2341. 

 



© C
OPYRIG

HT U
PM

166 

 

Devshony, S., Eteshola, E., Shani, A. 1992. Characteristics and some potential 

applications of date palm (Phoenix dactylifera L.) seeds and seed oil. J. Am. Oil 

Chem. Soc. 69, 595-597. 

 

Diego, M., Field, T., Hernandez-Reif, M., Vera, Y., Gil, K., Gonzalez-Garcia, A. 2008. 

Caffeine use affects pregnancy outcome. J. Child  Adolescent Substance Abuse. 

17, 41-49. 

 

Downton, G.E., Flores-Luna, J.L., King, C.J. 1982. Mechanism of stickiness in 

hygroscopic, amorphous powders. Industrial & Engineering Chemistry 

Fundamentals. 21, 447-451. 

 

Doymaz, I. 2004. Effect of pre-treatments using potassium metabisulphide and alkaline 

ethyl oleate on the drying kinetics of apricots. Biosystems Engineering. 89, 281-

287. 

 

Doymaz, İ. 2005. Drying behaviour of green beans. J. Food Eng. 69, 161-165. 

 

Driscoll, R., Madamba, P. 1994. Modelling the browning kinetics of garlic. Food Austr: 

offic. J.  CAFTA. AIFST. 

 

Durmaz, G., Alpaslan, M. 2007. Antioxidant properties of roasted apricot (Prunus 

armeniaca L.) kernel. Food Chem. 100, 1177-1181. 

 

Dziki, D. 2008. The crushing of wheat kernels and its consequence on the grinding 

process. Powder Technol. 185, 181-186. 

 

Dziki, D. 2011. Effect of preliminary grinding of the wheat grain on the pulverizing 

process. J. Food Eng. 104, 585-591. 

 

Egan, H., Kirk, R.S., Sawyer, R. 1981. Pearson’s chemical analysis of foods Edinburgh, 

London, Melbourne and New York: Churchill Livingstone. 

 

El Sheikh, D.M., El-Kholany, E.A., Kamel, S.M. 2014. Nutritional value, cytotoxicity, 

anti-carcinogenic and beverage evaluation of roasted date pits. World J. Dairy 

Food Sci. 9, 308-316. 

 

Elortondo, F.P., Ojeda, M., Albisu, M., Salmerón, J., Etayo, I., Molina, M. 2007. Food 

quality certification: An approach for the development of accredited sensory 

evaluation methods. Food Qual. Prefer. 18, 425-439. 

 

FAO. 2016. Data Base. Food and Agriculture Organization of the United Nations. 

 

Fasasi, O., Eleyinmi, A., Oyarekua, M. 2007. Effect of some traditional processing 

operations on the functional properties of African breadfruit seed (Treculia 

africana) flour. LWT-Food Sci. Technol. 40, 513-519. 

 

Faupel, C.E., Horowitz, A.M., Weaver, G., Corzine, J. 2004. The sociology of American 

drug use. McGraw-Hill Higher Education. 

 



© C
OPYRIG

HT U
PM

167 

 

Fikry, M. 2016. Production and characterization of powders rich in fiber from Palm Date 

flesh and seed. In: Agricultural Engineering  King Saud University, Riyadh, 

KSA. 

 

Fikry, M., Al-Awaadh, A.M. 2016. Characteristics of dynamics sorption isotherms of 

Date flesh powder rich in fiber. Int. J. Food Eng. 12, 469–480. 

 

Floros, J., Chinnan, M. 1988. Computer graphics- assisted optimization for product and 

process development. Food Technol. 42, 72-78. 

 

Fortes, M., Okos, M.R. 1981. Non-equilibrium thermodynamics approach to heat and 

mass transfer in corn kernels. Transactions of the ASAE. 24, 761-0769. 

 

Franca, A.S., Mendonça, J.C., Oliveira, S.D. 2005. Composition of green and roasted 

coffees of different cup qualities. LWT-Food Sci. Technol. 38, 709-715. 

 

Friedman, M. 1996. Food browning and its prevention: an overview. J. Agric. Food 

Chem. 44, 631-653. 

 

Ganesan, V., Rosentrater, K.A., Muthukumarappan, K. 2008. Flowability and handling 

characteristics of bulk solids and powders – a review with implications for 

DDGS. Biosystems Engineering. 101, 425-435. 

 

Gastón, A.a.L., Abalone, R.M., Giner, S.A. 2002. Wheat drying kinetics. Diffusivities 

for sphere and ellipsoid by finite elements. J. Food Eng. 52, 313-322. 

 

Gazor, H.R., Mohsenimanesh, A. 2010. Modelling the drying kinetics of canola in 

fluidised bed dryer. Czech Journal of Food Sciences. 28, 531-537. 

 

Geldart, D., Harnby, N., Wong, A.C.Y. 1984. Fluidization of cohesive powders. Powder 

Technol. 37. 

 

Geldart, D., Wong, A. 1985. Fluidization of powders showing degrees of cohesiveness—

II. Experiments on rates of de-aeration. Chem. Eng. Sci. 40, 653-661. 

 

Gely, M.C., Giner, S.A. 2007. Diffusion coefficient relationships during drying of soya 

bean cultivars. Biosystems Engineering. 96, 213-222. 

 

Gely, M.C., Santalla, E.M. 2007. Moisture diffusivity in quinoa (Chenopodium quinoa 

Willd.) seeds: Effect of air temperature and initial moisture content of seeds. J. 

Food Eng. 78, 1029-1033. 

 

Ghnimi, S., Almansoori, R., Jobe, B., Hassan, M., Afaf, K. 2015. Quality evaluation of 

Coffee-like beverage from date seeds (Phoenix dactylifera, L.). J. Food Process. 

Technol. 6, 1-6. 

 

Ghnimi, S., Umer, S., Karim, A., Kamal-Eldin, A. 2017. Date fruit (Phoenix dactylifera 

L.): An underutilized food seeking industrial valorization. NFS Journal. 6, 1-

10. 

 



© C
OPYRIG

HT U
PM

168 

 

Giacin, J., Hernandez, R. 1997. Factors affecting permeation, sorption, and migration 

processes in package–product systems. In: Food storage stability,  pp. 274-334, 

CRC Press. 

 

Golshan Tafti, A., Solaimani Dahdivan, N., Yasini Ardakani, S. 2017. Physicochemical 

properties and applications of date seed and its oil. Int. Food Res. J. 24. 

 

Gong, Z., Zhang, M., Mujumdar, A.S., Sun, J. 2007. Spray drying and agglomeration of 

instant bayberry powder. Drying Technol. 26, 116-121. 

 

Goula, A.M., Adamopoulos, K.G., Kazakis, N.A. 2004. Influence of spray drying 

conditions on tomato powder properties. Drying Technol. 22, 1129-1151. 

 

Goula, A.M., Karapantsios, T.D., Achilias, D.S., Adamopoulos, K.G. 2008. Water 

sorption isotherms and glass transition temperature of spray dried tomato pulp. 

J. Food Eng. 85, 73-83. 

 

Habib, H.M., Ibrahim, W.H. 2009a. Nutritional quality evaluation of eighteen date pit 

varieties. Int. J. Food Sci. Nutr. 60, 99-111. 

 

Habib, H.M., Ibrahim, W.H. 2009b. Nutritional quality evaluation of eighteen date pits 

varieties. Int. J. Food Sci. Nutr. 60, 99-111. 

 

Habib, H.M., Ibrahim, W.H. 2011. Effect of date seeds on oxidative damage and 

antioxidant status in vivo. J. Sci. Food Agric. 91, 1674-1679. 

 

Hamada, J.S., Hashim, I.B., Sharif, F.A. 2002a. Preliminary analysis and potential uses 

of date pits in foods. Food chemistry. 76, 135-137. 

 

Hamada, J.S., Hashim, I.B., Sharif, F.A. 2002b. Preliminary analysis and potential uses 

of date pits in foods. Food Chemistry. 76, 135-137. 

 

Hamada, J.S., Hashim, I.B., Sharif, F.A. 2002c. Preliminary analysis and potential uses 

of date pits in foods. . Food Chem. 76, 135-137. 

 

Hasan, M., Mohieldein, A. 2016. In vivo evaluation of anti diabetic, hypolipidemic, 

antioxidative activities of Saudi date seed extract on streptozotocin induced 

diabetic rats. Journal of clinical and diagnostic research: JCDR. 10, FF06. 

 

Hasnaoui, A., Elhoumaizi, M.A., Borchani, C., Att, H. 2012. Physicochemical 

Characterization and Associated Antioxidant Capacity of Fiber Concentrates 

from Moroccan Date Flesh. Int. J Latest Trends Agr. Food Science. 2, 94-101. 

 

Hausner, H.H. 1967. Friction conditions in a mass of metal powder. Polytechnic Inst. of 

Brooklyn. Univ. of California, Los Angeles. 

 

Henderson, S.M. 1974. Progress in developing the thin layer drying equation. 

Transactions of the ASAE. 17, 1167-1168. 

 



© C
OPYRIG

HT U
PM

169 

 

Henderson, S.M., Pabis, S. 1961. Grain drying theory I: Temperature effect on drying 

coefficient. Journal of Agricultural Research Engineering. 6, 169-174. 

 

Henríquez, C., Córdova, A., Lutz, M., Saavedra, J. 2013. Storage stability test of apple 

peel powder using two packaging materials: High-density polyethylene and 

metalized films of high barrier. Industrial Crops and Products. 45, 121-127. 

 

Hernández, J., Heyd, B., Irles, C., Valdovinos, B., Trystram, G. 2007. Analysis of the 

heat and mass transfer during coffee batch roasting. J. Food Eng. 78, 1141-

1148. 

 

Hii, C.L., Menon, A.S., Chiang, C.L., Sharif, S. 2017. Kinetics of hot air roasting of 

cocoa nibs and product quality. J. Food Process Eng. 40. 

 

Hossain, M.Z., Waly, M.I., Singh, V., Sequeira, V., Rahman, M.S. 2014. Chemical 

composition of date-pits and its potential for developing value-added product-a 

review. Pol. J. Food Nutr. Sci. 64, 215-226. 

 

Huang, M., Zhang, M. 2013. 20 - Tea and coffee powders. In: Handbook of Food 

Powders, (B. Bhandari, N. Bansal, M. Zhang, P. Schuck, eds.) pp. 513-531, 

Woodhead Publishing. 

 

Hun-Sik, C., Chung, S.K., Youn, K.S. 2011. Effects of roasting temperature and time on 

bulk density, soluble solids, browning index and phenolic compounds of corn 

kernels. J. Food Process. Preserv. 35, 832-839. 

 

Hussein, A., Alhadrami, G., Khalil, Y. 1998. The use of dates and date pits in broiler 

starter and finisher diets. Bioresource Technology. 66, 219-223. 

 

Hutchinson, D., Otten, L. 1983. Thin‐layer air drying of soybeans and white beans. Int. 

J. Food Sci. Technol. 18, 507-522. 

 

Hwang, J.-Y., Shue, Y.-S., Chang, H.-M. 2001. Antioxidative activity of roasted and 

defatted peanut kernels. Food Res. Int. 34, 639-647. 

 

Iglesias, H., Chirife, J. 1982. Handbook of food isotherms. 

 

Indira, T., Bhattacharya, S. 2006. Grinding characteristics of some legumes. J. Food Eng. 

76, 113-118. 

 

Irigoyen, R.M.T., Giner, S.A. 2017. Modeling thin layer drying-roasting kinetics of 

soaked quinoa. Coupled mass and energy transfer. Biosystems Engineering. 

157, 99-108. 

 

Ishrud, O., Zahid, M., Ahmad, V.U., Pan, Y. 2001. Isolation and structure analysis of a 

glucomannan from the seeds of Libyan dates. J. Agric. Food Chem. 49, 3772-

3774. 

 

Jaya, S., Das, H. 2005. Accelerated storage, shelf life and color of mango powder. J. 

Food Process. Preserv. 29, 45-62. 



© C
OPYRIG

HT U
PM

170 

 

Jena, S., Das, H. 2012. Shelf life prediction of aluminum foil laminated polyethylene 

packed vacuum dried coconut milk powder. J. Food Eng. 108, 135-142. 

 

Juhaimi, F.A., Ghafoor, K., Özcan, M.M. 2012a. Physical and chemical properties, 

antioxidant activity, total phenol and mineral profile of seeds of seven different 

date fruit (Phoenix dactylifera L.) varieties. Int. J. Food Sci. Nutr. 63, 84-89. 

 

Juhaimi, F.A.L., Ghafoor, K., Özcan, M.M. 2012b. Physical and chemical properties, 

antioxidant activity, total phenol and mineral profile of seeds of seven different 

date fruit (Phoenix dactylifera L.) varieties. Int. J. Food Sci. Nutr. 63, 84-89. 

 

Kahyaoglu, T. 2008. Optimization of the pistachio nut roasting process using response 

surface methodology and gene expression programming. LWT-Food Sci. 

Technol. 41, 26-33. 

 

Kahyaoglu, T., Kaya, S. 2006a. Determination of optimum processing conditions for hot‐

air roasting of hulled sesame seeds using response surface methodology. J. Sci. 

Food Agric. 86, 1452-1459. 

 

Kahyaoglu, T., Kaya, S. 2006b. Modeling of moisture, color and texture changes in 

sesame seeds during the conventional roasting. J. Food Eng. 75, 167-177. 

 

Kamdem, A.K., Hardy, J. 1995. Influence of various conditions on meat grinding 

characteristics. J. Food Eng. 25, 179-196. 

 

Kar, A., Gupta, D. 2003. Air drying of osmosed button mushrooms. J. Food Sci. Technol. 

40, 23-27. 

 

Karathanos, V., Villalobos, G., Saravacos, G.D. 1990. Comparison of two methods of 

estimation of the effective moisture diffusivity from drying data. J. Food Sci. 

55, 218–223. 

 

Karathanos, V.T., Belessiotis, V.G. 1999. Application of a thin-layer equation to drying 

data of fresh and semi-dried fruits. Journal of Agricultural Engineering 

Research. 74, 355-361. 

 

Knowlton, T.M., Klinzing, G., Yang, W., Carson, J. 1994. The importance of storage, 

transfer, and collection. Chemical Engineering Progress;(United States). 90. 

 

Koç, B., Yilmazer, M.S., Balkır, P., Ertekin, F.K. 2010. Moisture sorption isotherms and 

storage stability of spray-dried yogurt powder. Drying Technol. 28, 816-822. 

 

Kouchakzadeh, A. 2011. Moisture diffusivity of five major varieties of Iranian 

pistachios. American Journal of Food Technology. 6, 253-259. 

 

Krings, U., El-Saharty, Y.S., El-Zeany, B.A., Pabel, B., Berger, R.G. 2000. Antioxidant 

activity of extracts from roasted wheat germ. Food Chem. 71, 91-95. 

 



© C
OPYRIG

HT U
PM

171 

 

Kristjansson, A.L., Sigfusdottir, I.D., Frost, S.S., James, J.E. 2013. Adolescent caffeine 

consumption and self-reported violence and conduct disorder. J. Youth 

Adolesc. 42, 1053-1062. 

 

Kumar, P., Mishra, H. 2004. Storage stability of mango soy fortified yoghurt powder in 

two different packaging materials: HDPP and ALP. J. Food Eng. 65, 569-576. 

 

Lab, Q. 2012. Moisture, particle characterization, color and sampling. 

 

Labuza, T., Altunakar, B. 2007. Water activity in foods: fundamentals and applications. 

Iwoa: Blackwell Publishing. 

 

Labuza, T., Riboh, D. 1982. Theory and application of Arrhenius kinetics to the 

prediction of nutrient losses in foods [Degradation, keeping, quality, 

temperature, quality controls, analysis, models]. Food Technol. 

 

Labuza, T.P. 1982. Shelf-life dating of foods. Food & Nutrition Press, Inc. 

 

Labuza, T.P. 1984. Application of chemical kinetics to deterioration of foods. ACS 

Publications. 

 

Lahsasni, S., Kouhila, M., Mahrouz, M., Idlimam, A., Jamali, A. 2004. Thin layer 

convective solar drying and mathematical modeling of prickly pear peel 

(Opuntia ficus indica). Energy. 29, 211-224. 

 

Lavelli, V., Vantaggi, C. 2009. Rate of antioxidant degradation and color variations in 

dehydrated apples as related to water activity. J. Agric. Food Chem. 57, 4733-

4738. 

 

Lawless, H.T., Heymann, H. 2013. Sensory evaluation of food: principles and practices. 

Springer Science & Business Media. 

 

Ledl, F., Schleicher, E. 1990. New aspects of the Maillard reaction in foods and in the 

human body. Angewandte Chemie International Edition in English. 29, 565-

594. 

 

Lee, Y.J., Lee, M.G., Yoon, W.B. 2013. Effect of seed moisture content on the grinding 

kinetics, yield and quality of soybean oil. J. Food Eng. 119, 758-764. 

 

Liu, F., Cao, X., Wang, H., Liao, X. 2010. Changes of tomato powder qualities during 

storage. Powder Technol. 204, 159-166. 

 

Lomauro, C., Bakshi, A., Labuza, T. 1985. Evaluation of food moisture sorption 

isotherm equations. Part I: Fruit, vegetable and meat products. Lebensmittel-

Wissenschaft und Technologie. 18, 111-117. 

 

Lv, C., Jia, X., Li, M., Yang, J., Zhao, G. 2011. Optimization of extraction process of 

crude protein from grape seeds by RSM. Food Sci. Technol. Res. 17, 437-445. 

 



© C
OPYRIG

HT U
PM

172 

 

Madamba, P.S., Driscoll, R.H., Buckle, K.A. 1996. The thin-layer drying characteristics 

of garlic slices. J. Food Eng. 29, 75-97. 

 

Maga, J.A. 1973. Review of flavor investigations associated with the soy products raw 

soybeans, defatted flakes and flours, and isolates. J. Agric. Food Chem. 21, 864-

868. 

 

Mallek‐Ayadi, S., Bahloul, N., Kechaou, N. 2018. Phytochemical profile, nutraceutical 

potential and functional properties of Cucumis melo L. seeds. J. Sci. Food 

Agric. 

 

Manzocco, L., Calligaris, S., Mastrocola, D., Nicoli, M.C., Lerici, C.R. 2000a. Review 

of non-enzymatic browning and antioxidant capacity in processed foods. Trends 

in Food Science & Technology. 11, 340-346. 

 

Manzocco, L., Calligaris, S., Mastrocola, D., Nicoli, M.C., Lerici, C.R. 2000b. Review 

of non-enzymatic browning and antioxidant capacity in processed foods. Trends 

in food science & technology. 11, 340-346. 

 

Manzocco, L., Lagazio, C. 2009. Coffee brew shelf life modelling by integration of 

acceptability and quality data. Food Qual. Prefer. 20, 24-29. 

 

Marzocchi, S., Pasini, F., Verardo, V., Ciemniewska-Żytkiewicz, H., Caboni, M.F., 

Romani, S. 2017a. Effects of different roasting conditions on physical-chemical 

properties of Polish hazelnuts (Corylus avellana L. var. Kataloński). LWT. 77, 

440-448. 

 

Marzocchi, S., Pasini, F., Verardo, V., Ciemniewska-Żytkiewicz, H., Caboni, M.F., 

Romani, S. 2017b. Effects of different roasting conditions on physical-chemical 

properties of Polish hazelnuts (Corylus avellana L. var. Kataloński). LWT-Food 

Sci. Technol. 77, 440-448. 

 

Maskan, M. 2001. Kinetics of colour change of kiwifruits during hot air and microwave 

drying. J. Food Eng. 48, 169-175. 

 

Massini, R., Nicoli, M., Cassarà, A., Lerici, C. 1990. Study on physical and physico-

chemical changes of coffee beans during roasting. note 1. Italian journal of food 

science. 

 

MATLAB. 2010. MathWorks, Inc. Software program,version R2010a. 

 

McCabe, W.L., Smith, J.C., Harriott, P. 1993. Unit operations of chemical engineering. 

McGraw-Hill New York. 

 

Meilgaard, M.C., Carr, B.T., Civille, G.V. 2006. Sensory evaluation techniques. CRC 

press. 

 

Mendes, L.C., de Menezes, H.C., Aparecida, M., Da Silva, A. 2001. Optimization of the 

roasting of robusta coffee (C. canephora conillon) using acceptability tests and 

RSM. Food Qual. Prefer. 12, 153-162. 



© C
OPYRIG

HT U
PM

173 

 

Menges, H.O., Ertekin, C. 2006. Mathematical modeling of thin layer drying of Golden 

apples. J. Food Eng. 77, 119-125. 

 

Midilli, A., Kucuk, H. 2003. Mathematical modeling of thin layer drying of pistachio by 

using solar energy. Energy conversion and Management. 44, 1111-1122. 

 

Midilli, A., Kucuk, H., Yapar, Z. 2002. A new model for single-layer drying. Drying 

Technol. 20, 1503-1513. 

 

Mirghani, M.E.S. 2012. Processing of date palm kernel (DPK) for production of 

nutritious drink. Advances in Natural Applied Sciences. 6, 575-582. 

 

Moghadas, H.C., Rezaei, K. 2017. Laboratory-scale optimization of roasting conditions 

followed by aqueous extraction of oil from wild almond. J. Am. Oil Chem. Soc. 

94, 867-876. 

 

Mohamed, A.-F., Alasalvar, C., Al-Abid, M., Al-Shoaily, K., Al-Amry, M., Al-Rawahy, 

F. 2007. Compositional and functional characteristics of dates, syrups, and their 

by-products. Food Chem. 104, 943-947. 

 

Mohamed, D.A., Al-Okbi, S.Y. 2004. In vivo evaluation of antioxidant and anti-

inflammatory activity of different extracts of date fruits in adjuvant arthritis. Pol 

J Food Nutr Sci. 13, 397-402. 

 

Mohan Rao, L.J., Ramalakshmi, K. 2011. 1 - Introduction to coffee. In: Recent Trends 

in Soft Beverages, (L.J. Mohan Rao, K. Ramalakshmi, eds.) pp. 3-25, 

Woodhead Publishing India. 

 

Moore, D.S., Notz, W., Fligner, M.A. 2013. The basic practice of statistics. WH 

Freeman. 

 

Moss, J., Otten, L. 1989. A relationship between colour development and moisture 

content during roasting of peanuts. Can. Inst. Food Sci. Technol. J. 22, 34-39. 

 

Muñoz, A.M., Civille, V.G., Carr, B.T. 1992a. Sensory evaluation in quality control. 

Reinhold, USA: van Mostrand. 

 

Muñoz, A.M., Civille, V.G., Carr, B.T. 1992b. Sensory evaluation in quality control. 

Reinhold, USA: van Mostrand. 

 

Muralikrishna, M., Nanjundaswamy, A., Siddappa, G. 1969. Guava powder-preparation, 

packaging and storage studies. Journal of Food Science and Technology 

(Mysore). 6, 93-98. 

 

Muzaffar, K., Kumar, P. 2017. Quality assessment and shelf life prediction of spray dried 

tamarind pulp powder in accelerated environment using two different 

packaging materials. Journal of Food Measurement and Characterization. 11, 

265-271. 

 



© C
OPYRIG

HT U
PM

174 

 

Nag, S., Dash, K. 2016. Mathematical modeling of thin layer drying kinetics and 

moisture diffusivity study of elephant apple. Int. Food Res. J. 23. 

 

Nebesny, E., Budryn, G. 2006. Evaluation of sensory attributes of coffee brews from 

robusta coffee roasted under different conditions. Eur. Food Res. Technol. 224, 

159-165. 

 

Ngamnikom, P., Songsermpong, S. 2011. The effects of freeze, dry, and wet grinding 

processes on rice flour properties and their energy consumption. J. Food Eng. 

104, 632-638. 

 

Nicoli, M., Anese, M., Manzocco, L., Lerici, C. 1997a. Antioxidant properties of coffee 

brews in relation to the roasting degree. LWT-Food Sci. Technol. 30, 292-297. 

 

Nicoli, M., Anese, M., Parpinel, M. 1999. Influence of processing on the antioxidant 

properties of fruit and vegetables. Trends in Food Science & Technology. 10, 

94-100. 

 

Nicoli, M., Calligaris, S., Manzocco, L. 2009. Shelf-life testing of coffee and related 

products: uncertainties, pitfalls, and perspectives. Food Engineering Reviews. 

1, 159-168. 

 

Nicoli, M.C., Anese, M., Manzocco, L., Lerici, C.R. 1997b. Antioxidant Properties of 

Coffee Brews in Relation to the Roasting Degree. LWT - Food Science and 

Technology. 30, 292-297. 

 

Niro Research Laboratory, G. 2003. Analytical methods dry milk products. In: Niro 

Analytical Methods, Soeborg. 

 

Nizamlioglu, N.M., Nas, S. 2016. Kinetic of Color Changes in Almond (Akbadem 

Variety) During Roasting and Storage. Int. J. Food Prop. 19, 2363-2376. 

 

Özdemir, M., Devres, O. 2000a. Analysis of color development during roasting of 

hazelnuts using response surface methodology. J. Food Eng. 45, 17-24. 

 

Özdemir, M., Devres, O. 2000b. Kinetics of color changes of hazelnuts during roasting. 

J. Food Eng. 44, 31-38. 

 

Ozdemir, M., Devres, Y.O. 1999. The thin layer drying characteristics of hazelnuts 

during roasting. Journal of Food Engineering. 42 225-233. 

 

Özdemir, M., Devres, Y.O. 1999. The thin layer drying characteristics of hazelnuts 

during roasting. J. Food Eng. 42, 225-233. 

 

Page, G.E. 1949. Factors Influencing the Maximum Rates of Air Drying Shelled Corn in 

Thin layers. 

 

Palou, E., Lopez-Malo, A., Barbosa-Canovas, G.V., Welti-Chanes, J., Swanson, B.G. 

1999. Polyphenoloxidase activity and color change of blanched and high 

hydrostatic pressure treated banana puree. J. Food Sci. 64, 42-45. 



© C
OPYRIG

HT U
PM

175 

 

Parliment, T.H., Ho, C.-T., Schieberle, P. 2000. Caffeinated beverages: health benefits, 

physiological effects, and chemistry. ACS Publications. 

 

Parry, J. 1985. Mathematical modelling and computer simulation of heat and mass 

transfer in agricultural grain drying: A review. Journal of Agricultural 

Engineering Research. 32, 1-29. 

 

Peleg, M. 1977. Flowability of food powders and methods for its evaluation—a review. 

J. Food Process Eng. 1, 303-328. 

 

Peng, J., Tang, J., Barrett, D.M., Sablani, S.S., Powers, J.R. 2014. Kinetics of carrot 

texture degradation under pasteurization conditions. J. Food Eng. 122, 84-91. 

 

Pittia, P., Dalla Rosa, M., Lerici, C. 2001. Textural changes of coffee beans as affected 

by roasting conditions. LWT-Food Sci. Technol. 34, 168-175. 

 

Pittia, P., Dalla Rosa, M., Pinnavaia, G., Massini, R. 1996. Evoluzione di alcune 

caratteristiche fisiche del caffè durante la torrefazione. Industrie alimentari. 35, 

945-950. 

 

Pittia, P., Nicoli, M.C., Sacchetti, G. 2007. Effect of moisture and water activity on 

textural properties of raw and roasted coffee beans. J. Texture Stud. 38, 116-

134. 

 

Platat, C., Habib, H., Al Maqbali, F., Jaber, N., Ibrahim, W. 2014a. Identification of date 

seeds varieties patterns to optimize nutritional benefits of date seeds. J Nutr 

Food Sci S. 8, 2. 

 

Platat, C., Habib, H., Al Maqbali, F., Jaber, N., Ibrahim, W. 2014b. Identification of date 

seeds varieties patterns to optimize nutritionalbenefits of date seeds. Journal of 

Nutritional Food Sciences S. 8, 008. 

 

Platat, C., Habib, H.M., Hashim, I.B., Kamal, H., AlMaqbali, F., Souka, U., Ibrahim, 

W.H. 2015. Production of functional pita bread using date seed powder. J. Food 

Sci. Technol. 52, 6375–6384. 

 

Prasad, K., Nath, N. 2002. Comparison of sugarcane juice based beverage optimisation 

using response surface methodology with Fuzzy method. Sugar Tech. 4, 109-

115. 

 

Pua, C., Hamid, N.S.A., Tan, C., Mirhosseini, H., Rahman, R.A., Rusul, G. 2008. Storage 

stability of jackfruit (Artocarpus heterophyllus) powder packaged in aluminium 

laminated polyethylene and metallized co-extruded biaxially oriented 

polypropylene during storage. J. Food Eng. 89, 419-428. 

 

Pugash, M. 1995. The roast color classification system: Technology designed to advance 

the art & science of coffee roasting. Tea Coffee Trade J. 167, 66-74. 

 



© C
OPYRIG

HT U
PM

176 

 

Quek, S.Y., Chok, N.K., Swedlund, P. 2007. The physicochemical properties of spray-

dried watermelon powders. Chem. Eng. and Proc.: Process Intensification. 46, 

386-392. 

 

Rafiei, S., Keyhani, A., Sharifi, M., Jafari, A., Mobli, H., Tabatabaeefar, A. 2009. Thin 

layer drying properties of soybean (Viliamz Cultivar). J. Agr. Sci. Tech. 11, 

289-300. 

 

Rahman, M., Kasapis, S., Al-Kharusi, N., Al-Marhubi, I., Khan, A. 2007a. Composition 

characterisation and thermal transition of date pits powders. J. Food Eng. 80, 1-

10. 

 

Rahman, M.S., Kasapis, S., Al-Kharusi, N.S.Z., Al-Marhubi, I.M., Khan, A.J. 2007b. 

Composition characterisation and thermal transition of date pits powders. J. 

Food Eng. 80, 1-10. 

 

Ramachandran, P., Poojitha, M., Srividya, N. 2014. Influence of maltodextrin and 

nutritive anti-caking agents on quality characteristics and storage stability of 

papaya powder. Research Journal of Pharmaceutical, Biological and Chemical 

Sciences. 5, 1108-1123. 

 

Rapusas, R., Driscoll, R. 1995. Kinetics of non-enzymatic browning in onion slices 

during isothermal heating. J. Food Eng. 24, 417-429. 

 

Rizki, H., Kzaiber, F., Elharfi, M., Ennahli, S., Hanine, H. 2015. Effects of roasting 

temperature and time on the physicochemical properties of sesame (Sesamum 

indicum. L) seeds. International Journal of Innovation and Applied Studies. 11, 

148. 

 

Robertson, G.L. 2009. Food packaging and shelf life: a practical guide. CRC Press. 

 

Rock, W., Rosenblat, M., Borochov-Neori, H., Volkova, N., Judeinstein, S., Elias, M., 

Aviram, M. 2009. Effects of date (Phoenix dactylifera L., Medjool or Hallawi 

Variety) consumption by healthy subjects on serum glucose and lipid levels and 

on serum oxidative status: a pilot study. J. Agric. Food Chem. 57, 8010-8017. 

 

Rosa, D.P., Cantú-Lozano, D., Luna-Solano, G., Polachini, T.C., Telis-Romero, J. 2015. 

Mathematical modeling of orange seed drying kinetics. Ciência e 

Agrotecnologia. 39, 291-300. 

 

Rosa, M.D., Barbanti, D., Lerici, C.R. 1990. Changes in coffee brews in relation to 

storage temperature. J. Sci. Food Agric. 50, 227-235. 

 

Rozalli, N.M., Chin, N., Yusof, Y. 2015. Grinding characteristics of Asian originated 

peanuts (Arachishypogaea L.) and specific energy consumption during ultra-

high speed grinding for natural peanut butter production. J. Food Eng. 152, 1-

7. 

 



© C
OPYRIG

HT U
PM

177 

 

Rustom, I.Y., Lopez‐Leiva, M., Nair, B.M. 1996. UHT‐sterilized peanut beverages: 

Kinetics of physicochemical changes during storage and shelf‐life prediction 

modeling. J. Food Sci. 61, 198-203. 

 

Saafi‐Ben Salah, E.B., Flamini, G., El Arem, A., Issaoui, M., Dabbou, S., BenYahia, L., 

Ferchichi, A., Hammami, M., Achour, L. 2012. Compositional characteristics 

and aromatic profile of date palm seeds from seven varieties grown in Tunisia. 

Int. J. Food Sci. Technol. 47, 1903-1908. 

 

Sadler, G.D., Murphy, P.A. 2010. pH and Titratable Acidity. In: Food Analysis,  pp. 219-

238, Springer US, Boston, MA. 

 

Saguy, I., Karel, M. 1980. Modeling of quality deterioration during food processing and 

storage. Food Technol. 37, 78. 

 

Şahin, H., Topuz, A., Pischetsrieder, M., Özdemir, F. 2009. Effect of roasting process on 

phenolic, antioxidant and browning properties of carob powder. Eur. Food Res. 

Technol. 230, 155. 

 

Saklar, S., Katnas, S., Ungan, S. 2001. Determination of optimum hazelnut roasting 

conditions. Int. J. Food Sci. Technol. 36, 271-281. 

 

Samaniego-Esguerra, C., Boag, I., Robertson, G. 1991. Kinetics of quality deterioration 

in dried onions and green beans as a function of temperature and water activity. 

Lebensmittel-Wissenschaft+ Technologie= Food science+ technology. 

 

Santhalakshmy, S., Bosco, S.J.D., Francis, S., Sabeena, M. 2015. Effect of inlet 

temperature on physicochemical properties of spray-dried jamun fruit juice 

powder. Powder Technol. 274, 37-43. 

 

Sanz, C., Maeztu, L., Zapelena, M.J., Bello, J., Cid, C. 2002. Profiles of volatile 

compounds and sensory analysis of three blends of coffee: influence of different 

proportions of Arabica and Robusta and influence of roasting coffee with sugar. 

J. Sci. Food Agric. 82, 840-847. 

 

Saw, H.Y., Davies, C.E., Paterson, A.H.J., Jones, J.R. 2013. The Influence of Particle 

Size Distribution and tapping on the bulk density of milled lactose. In: In: 

Chemeca 2013 (41st : 2013 : Brisbane, Qld.),  pp. 299-303, Australia. 

 

Sawaya, W., Khalil, J., Safi, W. 1984. Chemical composition and nutritional quality of 

date seeds. J. Food Sci. 49, 617-619. 

 

Scalbert, A., Williamson, G. 2000. Dietary intake and bioavailability of polyphenols. 

The Journal of Nutrition. 130, 2073-2085. 

 

Sekeroglu, N., Senol, F.S., Orhan, I.E., Gulpinar, A.R., Kartal, M., Sener, B. 2012. In 

vitro prospective effects of various traditional herbal coffees consumed in 

Anatolia linked to neurodegeneration. Food Res. Int. 45, 197-203. 

 



© C
OPYRIG

HT U
PM

178 

 

Şensoy, Í., Rosen, R.T., Ho, C.-T., Karwe, M.V. 2006. Effect of processing on 

buckwheat phenolics and antioxidant activity. Food Chem. 99, 388-393. 

 

Shakerardekani, A., Karim, R., Ghazali, H.M., Chin, N. 2011a. Effect of roasting 

conditions on hardness, moisture content and colour of pistachio kernels. 

 

Shakerardekani, A., Karim, R., Ghazali, H.M., Chin, N. 2011b. Effect of roasting 

conditions on hardness, moisture content and colour of pistachio kernels. Int. 

Food Res. J. 18, 704-710. 

 

Sharaf-Eldeen, Y.I., Blaisdell, J., Hamdy, M. 1980. A model for ear corn drying. 

Transactions of the ASAE. 5, 1261-1265. 

 

Shi, X., Sandeep, K., Davis, J.P., Sanders, T.H., Dean, L.L. 2017. Kinetics of color 

development of peanuts during dry roasting using a batch roaster. J. Food 

Process Eng. 40. 

 

Shishir, M.R.I., Taip, F.S., Saifullah, M., Aziz, N.A., Talib, R.A. 2017. Effect of 

packaging materials and storage temperature on the retention of 

physicochemical properties of vacuum packed pink guava powder. Food 

packaging and shelf life. 12, 83-90. 

 

Shrestha, A.K., Howes, T., Adhikari, B.P., Bhandari, B.R. 2007. Water sorption and 

glass transition properties of spray dried lactose hydrolysed skim milk powder. 

LWT-Food Sci. Technol. 40, 1593-1600. 

 

Siddiq, M., Greiby, I. 2013. Overview of date fruit production, postharvest handling, 

processing, and nutrition. Dates: Postharvest Science, Processing Technology 

and Health Benefits. 1-28. 

 

Singh, R. 1994. Scientific principles of shelf life evaluation. In: Shelf life evaluation of 

foods,  pp. 3-26, Springer. 

 

Singleton, V.L., Rossi, J.A. 1965. Colorimetry of total phenolics with phosphomolybdic-

phosphotungstic acid reagents. American journal of Enology and Viticulture. 

16, 144-158. 

 

Sirisena, S., Ng, K., Ajlouni, S. 2015. The Emerging Australian Date Palm Industry: 

Date Fruit Nutritional and Bioactive Compounds and Valuable Processing By‐

Products. Comprehensive Reviews in Food Science and Food Safety. 14, 813-

823. 

 

Sobia Niazi, Seemab Rasheed, Khan, I.M. 2017. Chemical, Mineral and Phytochemical 

Screening Assay of Date Palm Seeds for the Development of Date Palm Seed 

Coffee. International Journal of Bioengineering & Biotechnology. 2, 6-12. 

 

Somporn, C., Kamtuo, A., Theerakulpisut, P., Siriamornpun, S. 2011. Effects of roasting 

degree on radical scavenging activity, phenolics and volatile compounds of 

Arabica coffee beans (Coffea arabica L. cv. Catimor). Int. J. Food Sci. Technol. 

46, 2287-2296. 



© C
OPYRIG

HT U
PM

179 

 

Standardization, I.O.f. 2012. ISO: 8586. Sensory analysis–general guidelines for the 

selection, training and monitoring of selected assessors and expert sensory 

assessors. International Organization for Standardization Geneva, Switzerland. 

 

Summa, C.A., de la Calle, B., Brohee, M., Stadler, R.H., Anklam, E. 2007. Impact of the 

roasting degree of coffee on the in vitro radical scavenging capacity and content 

of acrylamide. LWT-Food Sci. Technol. 40, 1849-1854. 

 

Suresh, S., Guizani, N., Al-Ruzeiki, M., Al-Hadhrami, A., Al-Dohani, H., Al-Kindi, I., 

Rahman, M.S. 2013. Thermal characteristics, chemical composition and 

polyphenol contents of date-pits powder. J. Food Eng. 119, 668-679. 

 

Talla, A., Jannot, Y., Nkeng, G.E., Puiggali, J.-R. 2005. Experimental determination and 

modeling of sorption isotherms of tropical fruits: Banana, mango, and 

pineapple. Drying Technol. 23, 1477-1498. 

 

Teunou, E., Vasseur, J., Krawczyk, M. 1995. Measurement and interpretation of bulk 

solids angle of repose for industrial process design. Powder Handling and 

Processing. 7, 219-228. 

 

Tonon, R.V., Brabet, C., Hubinger, M.D. 2008. Influence of process conditions on the 

physicochemical properties of açai (Euterpe oleraceae Mart.) powder produced 

by spray drying. J. Food Eng. 88, 411-418. 

 

Tonon, R.V., Brabet, C., Pallet, D., Brat, P., Hubinger, M.D. 2009. Physicochemical and 

morphological characterisation of açai (Euterpe oleraceae Mart.) powder 

produced with different carrier agents. Int. J. Food Sci. Technol. 44, 1950-1958. 

 

Trugo, L.C., Macrae, R. 1986. An investigation of coffee roasting using high 

performance gel filtration chromatography. Food Chem. 19, 1-9. 

 

Tuyen, C.K., Nguyen, M.H., Roach, P.D. 2010. Effects of spray drying conditions on the 

physicochemical and antioxidant properties of the Gac (Momordica 

cochinchinensis) fruit aril powder. J. Food Eng. 98, 385-392. 

 

USP. 2012. Bulk density and Tapped density of powders. (P. Convention, ed.). 

 

Uysal, N., Sumnu, G., Sahin, S. 2009. Optimization of microwave–infrared roasting of 

hazelnut. J. Food Eng. 90, 255-261. 

 

Van Boekel, M. 1996. Statistical aspects of kinetic modeling for food science problems. 

J. Food Sci. 61, 477-486. 

 

Van den Berg, C. 1981. Water activity andits estimation in foodsystems: Theoretical 

aspects. Academic Press, New York. 

 

Vega-Gálvez, A., Lemus-Mondaca, R., Fito, P., Andrés, A. 2007. Note: moisture 

sorption isotherms and isosteric heat of red bell pepper (var. Lamuyo). Revista 

de Agaroquimica y Tecnologia de Alimentos. 13, 309-316. 

 



© C
OPYRIG

HT U
PM

180 

 

Venkatachalam, C.D., Sengottian, M. 2016. Study on roasted date seed non caffeinated 

Coffee powder as a promising alternative. Humanities. 6, 1387-1394. 

 

Vignoli, J.A., Bassoli, D.G., Benassi, M.T. 2011. Antioxidant activity, polyphenols, 

caffeine and melanoidins in soluble coffee: The influence of processing 

conditions and raw material. Food Chem. 124, 863-868. 

 

Vignoli, J.A., Viegas, M.C., Bassoli, D.G., de Toledo Benassi, M. 2014. Roasting 

process affects differently the bioactive compounds and the antioxidant activity 

of arabica and robusta coffees. Food Res. Int. 61, 279-285. 

 

Wang, C., Singh, R.P. 1978. Use of variable equilibrium moisture content in modeling 

rice drying. Paper-American Society of Agricultural Engineers. 

 

Wang, X., Lim, L.-T. 2014. A Kinetics and Modeling Study of Coffee Roasting Under 

Isothermal Conditions. Food Bioprocess Technol. 7, 621-632. 

 

Wang, Y., Chuang, Y., Ku, Y. 2007. Quantitation of bioactive compounds in citrus fruits 

cultivated in Taiwan. Food Chem. 102, 1163-1171. 

 

Weisse, A.B. 2015. Coffee: grounds for concern? Proc. (Bayl. Univ. Med. Cent.). 28, 

122. 

 

White, G., Bridges, T., Loewer, O., Ross, I. 1981. Thin-layer drying model for soybeans. 

Transactions of the ASAE. 24, 1643-1646. 

 

Wong, C., Lim, W. 2016. Storage stability of spray-dried papaya (Carica papaya L.) 

powder packaged in aluminium laminated polyethylene (ALP) and 

polyethylene terephthalate (PET). Int. Food Res. J. 23. 

 

Yagcioglu, A. 1999. Drying characteristic of laurel leaves under different conditions. In: 

Proceedings of the 7th International congress on agricultural mechanization and 

energy, 1999,  pp. 565-569, Faculty of Agriculture, Cukurova University. 

 

Yang, J., Bingol, G., Pan, Z., Brandl, M.T., McHugh, T.H., Wang, H. 2010. Infrared 

heating for dry-roasting and pasteurization of almonds. J. Food Eng. 101, 273-

280. 

 

Youn, K.-S., Chung, H.-S. 2012. Optimization of the roasting temperature and time for 

preparation of coffee-like maize beverage using the response surface 

methodology. LWT-Food Sci. Technol. 46, 305-310. 

 

Yousif, A.K., Alghzawi, H. 2000. Processing and characterization of carob powder. Food 

Chem. 69, 283-287. 

 

Yu, H., Zheng, Y., Li, Y. 2013. Water Adsorption Isotherms and Storage Stability of 

Freeze-Dried Bovine Colostrum Powder. Int. J. Food Prop. 16, 1764-1775. 

 

Zaid, A., De Wet, P. 1999. Chapter I botanical and systematic description of date palm. 

FAO plant production and protection papers. 1-28. 



© C
OPYRIG

HT U
PM

182 

 

BIODATA OF STUDENT 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Mohamed Fikry is an assistant lecturer in Department of Agricultural and Biosystems 

Engineering, Benha University, Egypt. He obtained his master’s degree from the 

Department of Agricultural Engineering, King Saud University, Saudi Arabia. His 

research interest areas are in food engineering, food processing, food powder technology, 

functional foods and food shelf life.  

Web     :   http://www.bu.edu.eg/staff/eltahlawy6 

E-mail  :   moh.eltahlawy@fagr.bu.edu.eg  

ORCID :   https://orcid.org/0000-0002-8522-4489 

 

   

http://www.bu.edu.eg/staff/eltahlawy6
mailto:moh.eltahlawy@fagr.bu.edu.eg
https://orcid.org/0000-0002-8522-4489


© C
OPYRIG

HT U
PM

183 

 

LIST OF PUBLICATIONS  

 

Fikry, M., Yusof, Y.A., Al-Awaadh, A.M., Rahman, R.A., Ghazali, H.M. 2019. 

Antioxidative and quality properties of full-fat date seeds brew as influenced 

by the roasting conditions. Antioxidants. 8, 226 . 

               https://doi.org/10.3390/antiox8070226. (Q1, IF=4.52). 

 

Fikry, M., Yusof, Y.A., Al-Awaadh, A.M., Rahman, R.A., Chin, N.L., Mousa, E., 

Chang, L.S. 2019. Effect of the roasting conditions on the physicochemical, 

quality and sensory attributes of Coffee-Like Powder and Brew from Defatted 

Palm Date Seeds. Foods. 8(2), 61.  

               https://doi.org/10.3390/foods8020061. (Q2, IF=3.011). 

 

Fikry, M., Yusof, Y.A., Al-Awaadh, A.M., Rahman, R.A., Chin, N.L., Mousa, E., 

Chang., L.S. 2019. Kinetics modelling of the colour, hardness, grinding 

energy consumption and oil yield changes during the conventional roasting 

of palm date seeds. Food Science and Technology Research. 25 351-362 . 

https://doi.org/10.3136/fstr.25.351. (Q4, IF=0.488). 

 

  

 

https://doi.org/10.3390/antiox8070226
https://doi.org/10.3136/fstr.25.351


© C
OPYRIG

HT U
PM




