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

the requirement for the degree of Doctor of Philosophy 

 

FORMATION AND REDUCTION OF 5-HYDROXYMETHYLFURFURAL 

DURING DEEP-FAT FRYING OF BANANAS 

 

By 

PARVIZ  KAVOUSI 

November  2014 

 

 

Chairman:  Associate Professor Abdul Azis Ariffin, PhD 

Faculty: Food Science and Technology 

 

5-hydroxymethylfurfural (HMF) is a heat-induced furanic compound that is formed 

through Maillard reaction or direct dehydration of hexoses under acidic conditions in 

carbohydrate-containing food products. Human exposure to HMF mainly takes place 

through diet. 5-sulfoxymethylfurfural (SMF), as a metabolite of HMF, can react with 

DNA and other macromolecules, and acts as a toxic and mutagenic compound. This 

gives rise to concern for reducing the HMF content in thermally processed foods 

especially fried food products. Up to now the formation and reduction of HMF during 

deep-fat frying is not clear. This study is conducted to investigate the formation and 

reduction of HMF during deep-fat frying of banana. The effects of amino acids (15 

amino acids) and sugars (fructose, glucose and sucrose) as precursors on the formation 

and reduction of HMF are evaluated in model systems. The HMF is extracted and 

separated using an optimized extraction procedure and a validated HPLC method. The 

results reveal that glutamine, glutamic and aspartic acids enhance the formation of HMF. 

Conversly, lysine, arginine and histidine reduce the HMF content to non-detectable 

level. The HMF content in control samples containing glucose, fructose or sucrose alone 

was 167.99, 232.79 and 18.54 m/kg, respectively. While, in binary mixtures of these 

sugars with glutamine, aspartic acid and glutamic acid, the formation of HMF was 

significantly (P<0.05) increased and reached to 1084.60, 2020.30 and 3816.90 mg/kg, 

1115.40, 751.00 and 1232.60 and 1653.30, 1556.60 and 3132.60 mg/kg, respectively 

(P< 0.05). The formation of HMF is significantly (P<0.05) reduced by 73.23% and 

90.71% in Abu variety and 76.33% and 82.84% in Tanduk variety, respectively after 

pre-soaking of bananas in water containing lysine or arginine (0.06 M) for 2 h compared 

to control samples. The current study reveals that the food compositions have had a 

more significant effect than frying oil in the formation of HMF (P<0.05). The effect of 

frying time on HMF formation is significantly (P< 0.05) higher than frying temperature. 

Microwave frying causes the higher HMF formation than conventional deep-fat frying 

and boiling process. The HMF content in bananas after 6 min cooking was 2168.02, 
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31.92 and 0.17 mg/kg, respectively. In addition, the effects of the banana variety (7 

varieties), ripening stage (ripe and unripe), surface area-to-volume ratio and blanching 

process on the reduction of HMF are studied. The results show that HMF forms at 

significantly lower amount in unripe fruits (P<0.05). HMF content in fried Tanduk is 

lower than Mas, Abu, Berangan, Raja, Ambon and Awak varieties. Moreover, HMF 

formation is significantly (P<0.05) increased from 26.81 to 124.83 mg/kg by increasing 

the surface area-to-volume ration from 0.02 mm
-1

 to 0.80 mm
-1

(P<0.05) The results 

reveal that the HMF formation is significantly reduced after blanching of bananas at 70 

ºC for 45 min by 80.00% and 85.35% in Abu and Tanduk varieties, respectively 

(P<0.05).  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk Ijazah Doktor Falsafah 

 

PEMBENTUKAN DAN PENGURANGAN 5-HIDROKSIMETHILFURFURAL 

SEMASA PENGGORENGAN PISANG MINYAK PENUHS 

 

Oleh 

 

PARVIZ KAVOUSI 

 

November 2014 

 

Pengerusi : Professor Madya Abdul Azis Ariffin, PhD 

Fakulti: Sains dan Teknologi Makanan 

 

5- hidroksimetilfurfural ( HMF ) adalah sebatian furanik teraruh haba yang terbentuk 

melalui tindak balas Maillard atau dehidrasi langsung heksosa di bawah keadaan berasid 

dalam produk makanan yang mengandungi karbohidrat. Pendedahan manusia kepada 

HMF berlaku terutamanya melalui pemakanan. 5- sulfoksimetilfurfural (SMF ) 

merupakan metabolit daripada HMF, boleh bertindak balas dengan DNA dan 

makromolekul lain, dan bertindak sebagai sebatian toksik dan mutagen . Ini 

menimbulkan kebimbangan untuk mengurangkan kandungan HMF dalam makanan 

diproses haba terutamanya produk makanan bergoreng.Sehingga kini pembentukan dan 

pengurangan HMF sewaktu penggorengan minyak penuh adalah tidak jelas.Kajian ini 

dijalankan untuk mengkaji pembentukan dan pengurangan HMF sewaktu penggorengan 

pisang minyak penuh.Kesan asid amino (15 asid amino) dan gula (fruktosa, glukosa dan 

sukrosa) sebagai prekursor bagi pembentukan dan pengurangan HMF dinilai dalam 

sistem model.  HMF diekstrak dan diasingkan menggunakan proses pengekstrakan 

optima dan kaedah HPLC yang diperakui. Dapatan kajian menunjukkan bahawa 

glutamina, asid aspartik dan asid glutamik meningkatkan pembentukan HMF. Lysina, 

arginina dan histidina sebaliknya mengurangkan kandungan HMF ke paras yang tidak 

dapat diukur. Kandungan HMF  dalam sampel kawalan mengandungi glukosa, fruktosa 

dan sukrosa masing-masing adalah 167.99, 232.79 dan 18.54 m/kg. Manakala, dalam 

campuran dedua gula berkenaan dengan glutamina, asid aspartik dan asid glutamik, 

pembentukan HMF meningkat dengan (P<0.05) nyata sekali dan masing-masing 

mencapai 1084.60, 2020.30 dan 3816.90 mg/kg, 1115.40, 751.00 dan 1232.60 mg/kg 

serta 1653.30, 1556.60 dan 3132.60 mg/kg. Pembentukan HMF menurun (P<0.05) 

dengan nyata sekali ke 73.23% and 90.71% dalam variasi Abu dan 76.33% dan 82.84% 

dalam variasi Tanduk, masing-masing selepas pra rendaman pisang di dalam air 

mengandungi lysina atau arginina (0.06M) selama 2 jam dibandingkan dengan sampel 

kawalan. Kajian semasa menunjukkan bahawa komposisi makanan mempunyai kesan 

yang nyata berbanding minyak penggorengan dalam pembentukan HMF (P<0.05).Kesan 

masa penggorengan terhadap pembentukan HMF adalah nyata sekali (P<0.05) lebih 

tinggi berbanding suhu penggorengan. Penggorengan gelombang mikro menyebabkan 

pembentukan HMF lebih tinggi berbanding penggorengan minyak penuh konvensional 

dan proses pendidihan. Kandungan HMF dalam pisang selepas memasak selama 6 min 



© C
OPYRIG

HT U
PM

iv 
 

adalah masing-masing 2168.02, 31.92 dan 0.17 mg/kg. Di samping itu, kesan variasi 

pisang (7 variasi), tahap keranuman (ranum atau mengkal), nisbah luas permukaan ke 

isipadu dan proses celuran ke atas pengurangan HMF turut dikaji. Keputusan 

menunjukkan bahawa HMF terbentuk pada amaun yang nyata sekali (P<0.05) lebih 

rendah dalam buah mengkal.Kandungan HMF dalam pisang Tanduk goreng adalah lebih 

rendah dari variasi Mas, Abu, Berangan, Raja, Ambon dan Awak. Lagi pula, 

pembentukan HMF menigkat secara nyata sekali (P<0.05) dari 26.81 ke 124.83 mg/kg 

dengan meningkatkan nisbah luas permukaan ke isipadu dari 0.02 mm
-1

 ke 0.80 mm-1 

(P<0.05). Hasil dapatan menunjukan bahawa pembentukan HMF adalah berkurangan 

dengan nyata (P<0.05) selepas penceluran pisang pada 70
o
C selama 45 min masing-

masing 80.00% dan 85.35% dalam variasi Abu dan Tanduk. 
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CHAPTER 1 

 

INTRODUCTION 

 

Deep-fat frying, as a popular method for food preparation, is widely used in homes, 

restaurants and food industries. It is well-known for producing the desirable flavour, 

colour and texture in fried food products. In deep-fat frying, food is immersed in frying 

oil at high temperature (150 to 190ºC) for a specified time, and the oil acts as a heat 

transfer medium (Choe & Min, 2007). Although, using high temperature leads to the 

formation of desirable surface colour and textural characteristics of fried foods, heat-

induced toxicants such as HMF are also produced in carbohydrate-containing foods 

during deep-fat frying (Capuano & Fogliano, 2011). Deep-fat fried snack foods such as 

French fries, fried seafood, egg rolls, doughnuts, fried chicken and chips (potato, corn 

and tortilla) are very popular worldwide.  

 

5-Hydroxymethylfurfural (HMF) as a heat-induced furanic compound is formed by 

dehydration of hexoses through Maillard reaction, caramelization and direct dehydration 

of hexoses under acidic conditions (Capuano & Fogliano, 2011). Although, hexoses are 

the forerunner of HMF, sugars such as sucrose that release hexoses after hydrolysis can 

convert into HMF. The hydrolysis of sucrose during processing of food products leads to 

formation of fructofuranosyl cation and glucose. This reactive cation can directly 

convert into HMF in dry conditions (Perez Locas & Yaylayan, 2008) or convert into 

fructose in the presence of water or contribute in formation of HMF through the reaction 

with a free amino group duringMaillard reaction. Fructose and glucose are the main 

precursors of HMF. They can react with amino acids in the early stage of Maillard 

reaction and form corresponding N-substituted amine (Hodge, 1953). After the 

formation of Amadori rearrangement products, the degradation pathway is pH-

dependent. HMF forms from dehydration of sugar through 1, 2-enolization pathway at 

pH values lower than 7 (Anese & Suman, 2013). Moreover, HMF can be formed by 

dehydration of sugars through 1, 2-enolization pathway under acidic condition.  

 

The formation of HMF is affected by food composition and processingconditions. 

Generally, besides the sugars as the main precursor of HMF, amino acid composition, 

temperature, pH and heating time are influential factors (Anese & Suman, 2013). Thus, 

the concentration of HMF in food products varies as a function of the dominant factors. 

To reduce the formation of HMF during processing of foods such as deep-fat frying, two 

preventive and removal strategies can be applied(Anese & Suman, 2013). The changes 

in processing conditions such as temperature and heating time, and reduction of HMF 

precursors prior to processing by pre-treatment of the foods are regarded as preventive 

strategy.However, the removal strategy deals with reduction of HMF after formation.  

 

HMF has been used as an indicator to determine the extent of heat load applied to foods 

during their processing or as a quality marker for many products such as honey (Khalil, 

Sulaiman, & Gan, 2010). The presence of HMF has been reported in fruit juices (Lee, 

Sakai, Manaf, Rodhi, & Saad, 2014), dried fruits (Murkovic & Pichler, 2006), coffee 
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(Bignardi, Cavazza, & Corradini, 2014), bakery products (Petisca, Henriques, Pérez-

Palacios, Pinho, & Ferreira, 2014), fried foods (Göncüoğlu & Gökmen, 2013) and infant 

formulae (Chávez-Servín, de la Torre Carbot, García-Gasca, Castellote, & López-

Sabater, 2015). Human exposure to HMF mainly takes place through the diet, and based 

on the data reported in literature, its dietary intake is often higher than other food 

toxicants such as acrylamide (Capuano & Fogliano, 2011). 

 

The risk associated with HMF can be induced by HMF itself or its metabolites. Despite 

controversial reports that are derived from in vitro studies on the mutagenicity and 

genotoxicity of HMF (Severin, Dumont, Jondeau-Cabaton, Graillot, & Chagnon, 2012), 

the influence of HMF on human health is not clear(Capuano & Fogliano, 2011). The 

major concern for HMF is related to its bioconversion in vitro into 5-

sulfoxymethyfurfural (SMF) through sulfonation of its allylic hydroxyl functional group, 

catalyzed by sulfotransferases (SLUTs) (Abraham et al., 2011). The latter compound can 

react with DNA and other macromolecules, thereby resulting in toxic and mutagenic 

effects (Surh & Tannenbaum, 1994). The European Food Safety Authority (EFSA) has 

confirmed the mutagenicity of SMF (EFSA, 2005). A recent study showed that SMF 

could be detected in the blood of FVB/N mice after HMF intravenous administration 

(Monien, Frank, Seidel, & Glatt, 2009). Owing to the higher activity of human SLUTs 

compared to those expressed by rodents (Bauer-Marinovic, Taugner, Florian, & Glatt, 

2012), the risk associated with HMF in human may be higher than in rodents. Thus, due 

to a potentially high HMF intake from the food, even a limited conversion can 

negatively affect the human health.   

 

As mentioned earlier, the formation of HMF mainly depends on sugar composition. The 

foods containing hexose (such as banana) are more susceptible to have HMF after deep 

fat frying. Deep-fat fried banana is also a very popular snack food in many countries 

especially in Malaysia. Banana is a general term embracing a number of species or 

hybrids in the genus Musa of the family Musaceae (Happi Emaga, Andrianaivo, 

Wathelet, Tchango, & Paquot, 2007). Generally, there are two broad groups of banana 

namely dessert bananas, and cooking banana or plantain. The dessert bananas are 

sweeter than plantain and can be eaten raw, while, plantain is more starchy than sweet 

and is used for cooking purposes. There is a limited literature data on the formation and 

reduction of HMF in fried products. To reduce HMF content in fried products, the 

mechanism that regulates the formation of HMF, and the effects of factors on HMF 

formation during deep-fat frying should be elucidated.  

 

The first objective of this study was: 

 To validate HPLC method to extract and quantify HMF from frying oils and 

fried foods. 

 

In this study, three hypotheses were tested in relation to investigate the formation and 

reduction of HMF during deep-fat frying of banana. These hypotheses and objectives 

were as follows.  
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Hypothesis 1: The formation of HMF from sugars at frying temperature can be affected 

by type of amino acids.  

Objective:  

 To determine the effect of different sugars and amino acids on formation and 

reduction of HMF in different model systems  

 

Hypothesis 2: Formation of HMF during deep-fat frying is dependent on food 

composition, type of frying media and frying conditions.  

Objective:  

 To investigate the effect of different oils, food matrices and frying condition on 

the formation and reduction of HMF during deep-fat frying 

 

Hypothesis 3: Banana variety, ripening stage and pre-treatment of banana can affect the 

formation of HMF during deep-fat frying.  

Objective:  

 To investigate the effects of variety, ripening stage and pre-treatments of banana 

on the formation and reduction of HMF during deep-fat frying 

 

Studies were designed, conducted and results were analyzed to test these hypotheses. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

152 
 

REFERENCES 

 

Abdulkarim, S. M., Long, K., Lai, O. M., Muhammad, S. K. S., & Ghazali, H. M. 

(2007). Frying quality and stability of high-oleic Moringa oleifera seed oil in 

comparison with other vegetable oils. Food Chemistry, 105(4), 1382-1389. 

 

Abdullah, M. I., Idrus, A. Z., & Mardi, S. (1978). The fish processing industry in 

Peninsular Malaysia. Paper presented at the Indo-Pacific Fishery Commission 

Symposium on Fish Utilization Technology and Marketing in the IPFC Region, 

Rep. 

 

Abraham, K., Gürtler, R., Berg, K., Heinemeyer, G., Lampen, A., & Appel, K. E. 

(2011). Toxicology and risk assessment of 5-Hydroxymethylfurfural in food. 

Molecular Nutrition &Food Research, 55(5), 667-678.  

 

Agila, A., & Barringer, S. (2012). Effect of Roasting Conditions on Color and Volatile 

Profile Including HMF Level in Sweet Almonds (Prunus dulcis). Journal of 

Food Science, 77(4), C461-C468.  

 

Ahromrit, A., & Nema, P. K. (2010). Heat and mass transfer in deep-frying of pumpkin, 

sweet potato and taro. Journal of Food Science and Technology, 47(6), 632-637.  

 

Ajandouz, E. H., & Puigserver, A. (1999). Nonenzymatic browning reaction of essential 

amino acids: effect of pH on caramelization and Maillard reaction kinetics. 

Journal of Agricultural and Food Chemistry, 47(5), 1786-1793.  

 

Ajandouz, E. H., Tchiakpe, L. S., Ore, F. D., Benajiba, A., & Puigserver, A. (2001). 

Effects of pH on Caramelization and Maillard Reaction Kinetics in Fructose-

Lysine Model Systems. Journal of Food Science, 66(7), 926-931.  

 

Akien, G. R., Qi, L., & Horváth, I. (2012). Molecular mapping of the acid catalysed 

dehydration of fructose. Chemical Communications, 48(47), 5850-5852. 

 

Alimentarius, C. (1999). Codex standard for named vegetable oils. Codex Stan, 210, 

1999.  

 

Alimentarius, C. (2001). Codex standard for olive oils and olive pomace oils. Roma: 

Food and Agriculture Organization.  

 

Álvarez, J., Pastoriza, S., Alonso-Olalla, R., Delgado-Andrade, C., & Rufián-Henares, J. 

A. (2014). Nutritional and physicochemical characteristic of commercial Spanish 

citrus juices. Food Chemistry, 164(0), 396-405.  

 

Ameur, L. A., Mathieu, O., Lalanne, V. r., Trystram, G., & Birlouez-Aragon, I. (2007). 

Comparison of the effects of sucrose and hexose on furfural formation and 

browning in cookies baked at different temperatures. Food Chemistry, 101(4), 

1407-1416.  



© C
OPYRIG

HT U
PM

153 
 

Ameur, L. A., Trystram, G., & Birlouez-Aragon, I. (2006). Accumulation of 5-

hydroxymethyl-2-furfural in cookies during the backing process: Validation of 

an extraction method. Food Chemistry, 98(4), 790-796.  

 

Ammawath, W., Yaakob, C. M., Yusof, S., & Rahman, R. A. (2001). Effects of variety 

and stage of fruit ripeness on the physicochemical and sensory characteristics of 

deep-fat-fried banana chips. Journal of the Science of Food and Agriculture, 

81(12), 1166-1171.  

 

Anese, M., Bortolomeazzi, R., Manzocco, L., Manzano, M., Giusto, C., & Nicoli, M. C. 

(2009). Effect of chemical and biological soaking on acrylamide formation and 

sensory properties in deep-fried potatoes. Food Research International, 42(1), 

142-147.  

 

Anese, M., & Suman, M. (2013). Mitigation strategies of furan and 5-

hydroxymethylfurfural in food. Food Research International, 51(1), 257-264.  

 

Antal Jr, M. J., Mok, W. S. L., & Richards, G. N. (1990). Mechanism of formation of 5-

(hydroxymethyl)-2-furaldehyde from D-fructose and sucrose. Carbohydrate 

Research, 199(1), 91-109.  

 

Anyasi, T. A., Jideani, A. I., & Mchau, G. R. (2013). Functional Properties and 

Postharvest Utilization of Commercial and Noncommercial Banana Cultivars. 

Comprehensive Reviews in Food Science and Food Safety, 12(5), 509-522.  

 

AOAC. (2000). Official methods of analysis of AOAC International (17 ed.). 

Gaithersburg, Md.: AOAC International. 

 

AOCS. (1993). Official methods and recommended practices of the American Oil 

Chemists' Society (4 ed.): AOCS Champaign, IL,, US. 

 

AOCS. (2009). Official methods and recommended practices of the American Oil 

Chemists' Society (6 ed.): AOCS Champaign, IL,, US. 

 

Araujo, P. (2009). Key aspects of analytical method validation and linearity evaluation. 

Journal of Chromatography B, 877(23), 2224-2234.  

 

Ariffin, A. A., Mat Soom, R., Boo, H.-C., Loi, C.-C., Chai, Y.-H., & Abdulkarim, S. M. 

(2009). Detection and determination of furfural in crude palm oil. Journal of 

Food Agriculture and Environment, 7(2), 136-138.  

Arribas-Lorenzo, G., & Morales, F. J. (2010). Estimation of dietary intake of 5-

hydroxymethylfurfural and related substances from coffee to Spanish population. 

Food and Chemical Toxicology, 48(2), 644-649.  

 

Aurore, G., Parfait, B., & Fahrasmane, L. (2009). Bananas, raw materials for making 

processed food products. Trends in Food Science & Technology, 20(2), 78-91.  

 



© C
OPYRIG

HT U
PM

154 
 

Bae, H., Jayaprakasha, G. K., Jifon, J., & Patil, B. S. (2012). Extraction efficiency and 

validation of an HPLC method for flavonoid analysis in peppers. Food 

Chemistry, 130(3), 751-758.  

 

Barclay, T., Ginic-Markovic, M., Cooper, P., & Petrovsky, N. (2012). The Chemistry 

and Sources of Fructose and Their Effect on its Utility and Health Implications. 

Journal of Excipients and Food Chemicals, 3(2), 67-82.  

 

Barclay, T., Ginic-Markovic, M., Johnston, M. R., Cooper, P., & Petrovsky, N. (2012). 

Observation of the keto tautomer of D-fructose in D2O using 
1
H NMR 

spectroscopy. Carbohydrate Research, 347(1), 136-141.  

 

Barutcu, I., Sahin, S., & Sumnu, G. (2009). Acrylamide formation in different batter 

formulations during microwave frying. LWT-Food Science and Technology, 

42(1), 17-22.  

 

Bauer-Marinovic, M., Taugner, F., Florian, S., & Glatt, H. (2012). Toxicity studies with 

5-hydroxymethylfurfural and its metabolite 5-sulphooxymethylfurfural in wild-

type mice and transgenic mice expressing human sulphotransferases 1A1 and 

1A2. Archives of Toxicology, 86(5), 701-711.  

 

Belayneh, M., Workneh, T. S., & Belew, D. (2013). Physicochemical and sensory 

evaluation of some cooking banana (Musa spp.) for boiling and frying process. 

Journal of Food Science and Technology, 1-12.  

 

Belitz, H. D., Grosch, W., & Schieberle, P. (2009). Food Chemistry. Berlin Heidelberg: 

Springer-Verlag   

 

Bethke, P. C., & Bussan, A. J. (2013). Acrylamide in processed potato products. 

American Journal of Potato Research, 90(5), 403-424.  

 

Bignardi, C., Cavazza, A., & Corradini, C. (2014). Selected product ion monitoring for 

quantification of 5-hydroxymethylfurfural in food products by capillary zone 

electrophoresis-tandem ion trap mass spectrometry. Food Control, 46(0), 41-48.  

 

Binder, J. B., Cefali, A. V., Blank, J. J., & Raines, R. T. (2010). Mechanistic insights on 

the conversion of sugars into 5-hydroxymethylfurfural. Energy & Environmental 

Science, 3(6), 765-771.  

 

Bonfatti, V., Grigoletto, L., Cecchinato, A., Gallo, L., & Carnier, P. (2008). Validation 

of a new reversed-phase high-performance liquid chromatography method for 

separation and quantification of bovine milk protein genetic variants. Journal of 

Chromatography A, 1195(1), 101-106.  

 

Brands, C. M. J., & van Boekel, M. A. J. S. (2001). Reactions of monosaccharides 

during heating of sugar-casein systems: building of a reaction network model. 

Journal of Agricultural and Food Chemistry, 49(10), 4667-4675.  



© C
OPYRIG

HT U
PM

155 
 

Brands, C. M. J., & van Boekel, M. A. J. S. (2002). Kinetic modeling of reactions in 

heated monosaccharide-casein systems. Journal of Agricultural and Food 

Chemistry, 50(23), 6725-6739.  

 

Burch, R. S., Trzesicka, A., Clarke, M., Elmore, J. S., Briddon, A., Matthews, W., & 

Webber, N. (2008). The effects of low-temperature potato storage and washing 

and soaking pre-treatments on the acrylamide content of French fries. Journal of 

the Science of Food and Agriculture, 88(6), 989-995.  

 

Cao, Q., Guo, X., Yao, S., Guan, J., Wang, X., Mu, X., & Zhang, D. (2011). Conversion 

of hexose into 5-hydroxymethylfurfural in imidazolium ionic liquids with and 

without a catalyst. Carbohydrate Research, 346(7), 956-959. 

 

Capuano, E., & Fogliano, V. (2011). Acrylamide and 5-hydroxymethylfurfural (HMF): 

A review on metabolism, toxicity, occurrence in food and mitigation strategies. 

LWT-Food Science and Technology, 44(4), 793-810.  

 

Casal, S., Malheiro, R., Sendas, A., Oliveira, B. P. P., & Pereira, J. A. (2010). Olive oil 

stability under deep-frying conditions. Food and Chemical Toxicology, 48(10), 

2972-2979.  

 

Charissou, A. l., Ait-Ameur, L., & Birlouez-Aragon, I. s. (2007). Kinetics of formation 

of three indicators of the Maillard reaction in model cookies: influence of baking 

temperature and type of sugar. Journal of Agricultural and Food Chemistry, 

55(11), 4532-4539.  

 

Chávez-Servín, J. L., de la Torre Carbot, K., García-Gasca, T., Castellote, A. I., & 

López-Sabater, M. C. (2015). Content and evolution of potential furfural 

compounds in commercial milk-based infant formula powder after opening the 

packet. Food Chemistry, 166(0), 486-491.  

 

Chen, S.-D., Chen, H.-H., Chao, Y.-C., & Lin, R.-S. (2009). Effect of batter formula on 

qualities of deep-fat and microwave fried fish nuggets. Journal of Food 

Engineering, 95(2), 359-364.  

 

Chen, S.-L., Yang, D.-J., Chen, H.-Y., & Liu, S.-C. (2009). Effect of hot acidic fructose 

solution on caramelisation intermediates including colour, 

hydroxymethylfurfural and antioxidative activity changes. Food Chemistry, 

114(2), 582-588.  

 

Chen, X. M., & Kitts, D. D. (2011). Identification and quantification of α-dicarbonyl 

compounds produced in different sugar-amino acid Maillard reaction model 

systems. Food Research International, 44(9), 2775-2782.  

 

Chériot, S., Billaud, C., Maillard, M. N., & Nicolas, J. (2007). Inhibition of 

polyphenoloxidase activity by mixtures of heated cysteine derivatives with 

carbonyl compounds. Molecular Nutrition &Food Research, 51(4), 395-403. 



© C
OPYRIG

HT U
PM

156 
 

Choe, E., & Min, D. B. (2007). Chemistry of deep-fat frying oils. Journal of Food 

Science, 72(5), R77-R86.  

 

Choudhary, V., Mushrif, S. H., Ho, C., Anderko, A., Nikolakis, V., Marinkovic, N. S., . . 

. Vlachos, D. G. (2013). Insights into the interplay of Lewis and Brønsted acid 

catalysts in glucose and fructose conversion to 5-(hydroxymethyl) furfural and 

levulinic acid in aqueous media. Journal of the American Chemical Society, 

135(10), 3997-4006.  

 

Ciesarová, Z., Kukurová, K., Bednáriková, A., & Morales Navas, F. J. (2009). Effect of 

heat treatment and dough formulation on the formation of Maillard reaction 

products in fine bakery products-benefits and weak points. Journal of Food and 

Nutrition Research, 48, 20-30.  

 

Cinlar, B., Wang, T., & Shanks, B. H. (2013). Kinetics of monosaccharide conversion in 

the presence of homogeneous Bronsted acids. Applied Catalysis A: General, 450, 

237-242. 

 

Claeys, W. L., De Vleeschouwer, K., & Hendrickx, M. E. (2005). Quantifying the 

formation of carcinogens during food processing: acrylamide. Trends in Food 

Science & Technology, 16(5), 181-193.  

 

Corma, A., Iborra, S., & Velty, A. (2007). Chemical routes for the transformation of 

biomass into chemicals. Chemical Reviews, 107(6), 2411-2502.  

 

Dadzie, B. K., & Orchard, J. E. (1997). Routine post-harvest screening of 

banana/plantain hybrids: criteria and methods (Vol. 2): Bioversity International. 

 

Daniali, G., Jinap, S., Hanifah, N. L., & Hajeb, P. (2013). The effect of maturity stages 

of banana on the formation of acrylamide in banana fritters. Food Control, 32(2), 

386-391.  

 

Datta, A., & Rakesh, V. (2013). Principles of microwave combination heating. 

Comprehensive Reviews in Food Science and Food Safety, 12(1), 24-39. 

Davies, R., Hedebrant, U., Athanassiadis, I., Rydberg, P., & Törnqvist, M. (2009). 

Improved method to measure aldehyde adducts to N-terminal valine in 

hemoglobin using 5-hydroxymethylfurfural and 2, 5-furandialdehyde as model 

compounds. Food and Chemical Toxicology, 47(8), 1950-1957.  

 

De Beer, D., & Joubert, E. (2010). Development of HPLC method for Cyclopia 

subternata phenolic compound analysis and application to other Cyclopiaspp. 

Journal of Food Composition and Analysis, 23(3), 289-297.  

 

Delgado-Andrade, C., Seiquer, I., Haro, A., Castellano, R., & Navarro, M. P. (2010). 

Development of the Maillard reaction in foods cooked by different techniques. 

Intake of Maillard-derived compounds. Food Chemistry, 122(1), 145-153. 

 



© C
OPYRIG

HT U
PM

157 
 

Delgado-Andrade, C., Seiquer, I., Navarro, M. P., & Morales, F. J. (2007). Maillard 

reaction indicators in diets usually consumed by adolescent population. 

Molecular Nutrition &Food Research, 51(3), 341-351. 

 

Dhooghe, L., Mesia, K., Kohtala, E., Tona, L., Pieters, L., Vlietinck, A. J., & Apers, S. 

(2008). Development and validation of an HPLC-method for the determination 

of alkaloids in the stem bark extract of Nauclea pobeguinii. Talanta, 76(2), 462-

468.  

 

Downes, K., & Terry, L. A. (2010). A new acetonitrile-free mobile phase method for 

LC-ELSD quantification of fructooligosaccharides in onion (Allium cepa L.). 

Talanta, 82(1), 118-124.  

 

Durmaz, G., & Gökmen, V. (2010). Determination of 5-hydroxymethyl-2-furfural and 2-

furfural in oils as indicators of heat pre-treatment. Food Chemistry, 123(3), 912-

916.  

 

Durmaz, G., & Gökmen, V. (2011). Changes in oxidative stability, antioxidant capacity 

and phytochemical composition of Pistacia terebinthus oil with roasting. Food 

Chemistry, 128(2), 410-414.  

 

EFSA. (2005). Opinion of the Scientific Panel on Food Additives, Flavourings, 

Processing Aids and Materials in contact with Food (AFC) on a request from the 

Commission related to Flavouring Group Evaluation 13: Furfuryl and furan 

derivatives with and without additional side-chain substituents and heteroatoms 

from chemical group 14. The EFSA 215, 1-73.  

 

Ehabe, E., Eyabi, G.-D. E., & Numfor, F. (2006). Effect of sugar and NaCl soaking 

treatments on the quality of sweet banana figs. Journal of Food Engineering, 

76(4), 573-578.  

 

Etienne, A., Génard, M., Bancel, D., Benoit, S., & Bugaud, C. (2013). A model 

approach revealed the relationship between banana pulp acidity and composition 

during growth and post harvest ripening. Scientia Horticulturae, 162, 125-134. 

Falcone, P. M., Tagliazucchi, D., Verzelloni, E., & Giudici, P. (2010). Sugar conversion 

induced by the application of heat to grape must. Journal of Agricultural and 

Food Chemistry, 58(15), 8680-8691.  

 

Fallico, B., Arena, E., & Zappala, M. (2003). Roasting of hazelnuts. Role of oil in colour 

development and hydroxymethylfurfural formation. Food Chemistry, 81(4), 569-

573.  

 

Fallico, B., Zappala, M., Arena, E., & Verzera, A. (2004). Effects of conditioning on 

HMF content in unifloral honeys. Food Chemistry, 85(2), 305-313.  

 

FAO (Food and Agriculture Organization of the United Nations). (2012). FAOSTAT 

statistics data base, Agriculture, Rome, Italy. 



© C
OPYRIG

HT U
PM

158 
 

FAO (Food and Agriculture Organization of the United Nations). (2014). Banana 

Market Review and Banana Statistics 2012-2013e, Agriculture, Rome, Italy. 

 

Gao, W., Li, Y., Xiang, Z., Chen, K., Yang, R., & Argyropoulos, D. S. (2013). Efficient 

One-Pot Synthesis of 5-Chloromethylfurfural (CMF) from Carbohydrates in 

Mild Biphasic Systems. Molecules, 18(7), 7675-7685.  

 

Gertz, C., Klostermann, S., & Kochhar, S. P. (2003). Deep frying: the role of water from 

food being fried and acrylamide formation. Oléagineux, Corps Gras, Lipides, 

10(4), 297-303.  

 

Gharachorloo, M., Ghavami, M., Mahdiani, M., & Azizinezhad, R. (2010). The effects 

of microwave frying on physicochemical properties of frying and sunflower oils. 

Journal of the American Oil Chemists' Society, 87(4), 355-360.  

 

Gidamis, A. B., Chove, B. E., Shayo, N. B., Nnko, S. A., & Bangu, N. T. (2004). 

Quality evaluation of honey harvested from selected areas in Tanzania with 

special emphasis on hydroxymethyl furfural (HMF) levels. Plant Foods for 

Human Nutrition, 59(3), 129-132.  

 

Girisuta, B., Dussan, K., Haverty, D., Leahy, J., & Hayes, M. (2013). A kinetic study of 

acid catalysed hydrolysis of sugar cane bagasse to levulinic acid. Chemical 

Engineering Journal, 217, 61-70.  

 

Girisuta, B., Janssen, L., & Heeres, H. J. (2006a). Green chemicals: A kinetic study on 

the conversion of glucose to levulinic acid. Chemical Engineering Research and 

Design, 84(5), 339-349.  

 

Girisuta, B., Janssen, L., & Heeres, H. J. (2006b). A kinetic study on the decomposition 

of 5-hydroxymethylfurfural into levulinic acid. Green Chemistry, 8(8), 701-709. 

 

Glatt, H., Schneider, H., Murkovic, M., Monien, B. H., & Meinl, W. (2012). 

Hydroxymethyl-substituted furans: mutagenicity in Salmonella typhimurium 

strains engineered for expression of various human and rodent 

sulphotransferases. Mutagenesis, 27(1), 41-48.  

 

Göğüş, F., Bozkurt, H., & Eren, S. (1998). Kinetics of Maillard reactions between the 

major sugars and amino acids of boiled grape juice. LWT-Food Science and 

Technology, 31(2), 196-200. 

Gökmen, V., Açar, Ö. Ç., Köksel, H., & Acar, J. (2007). Effects of dough formula and 

baking conditions on acrylamide and hydroxymethylfurfural formation in 

cookies. Food Chemistry, 104(3), 1136-1142. 

 

Gökmen, V., Açar, Ö. Ç., Serpen, A., & Morales, F. J. (2008). Effect of leavening agents 

and sugars on the formation of hydroxymethylfurfural in cookies during baking. 

European Food Research and Technology, 226(5), 1031-1037. 

 



© C
OPYRIG

HT U
PM

159 
 

Gökmen, V., & Palazoğlu, T. K. (2009). Measurement of evaporated acrylamide during 

frying of potatoes: Effect of frying conditions and surface area-to-volume ratio. 

Journal of Food Engineering, 93(2), 172-176. 

 

Gökmen, V., Palazoğlu, T. K., & Şenyuva, H. Z. (2006).  elation between the 

acrylamide formation and time-temperature history of surface and core regions 

of French fries. Journal of Food Engineering, 77(4), 972-976.  

 

Göncüoğlu, N., & Gökmen, V. (2012). Accumulation of 5-hydroxymethylfurfural in oil 

during frying of model dough. Journal of the American Oil Chemists' Society, 

90(3), 413-417.  

 

Gordon, M. H. (2001). Measuring antioxidant activity. Antioxidant in food: Practical 

applications Woodhead Publishing Ltd, Cambridge, 71-84.  

 

Grasset, F. L., Katryniok, B., Paul, S., Nardello-Rataj, V., Pera-Titus, M., Clacens, J.-

M., . . . Dumeignil, F. (2013). Selective oxidation of 5-hydroxymethylfurfural to 

2, 5-diformylfuran over intercalated vanadium phosphate oxides. RSC Advances, 

3(25), 9942-9948.  

 

Grob, K., Biedermann, M., Biedermann-Brem, S., Noti, A., Imhof, D., Amrein, T., et 

al.(2003). French fries with less than 100 μg/kg acrylamide. A collaboration 

between cooks and analysts. European Food Research and Technology, 217(3), 

185-194. 

 

Guan, Y.-G., Wang, S.-L., Yu, S.-J., Yu, S.-M., & Zhao, Z.-G. (2012). Changes in the 

initial stages of a glucose-proline Maillard reaction model system influences 

dairy product quality during thermal processing. Journal of Dairy Science, 95(2), 

590-601.  

 

Haghighat Khajavi, S., Kimura, Y., Oomori, T., Matsuno, R., & Adachi, S. (2005). 

Kinetics on sucrose decomposition in subcritical water. LWT-Food Science and 

Technology, 38(3), 297-302. 

 

Hansen, T. S., Sádaba, I., García-Suárez, E. J., & Riisager, A. (2013). Cu catalyzed 

oxidation of 5-hydroxymethylfurfural to 2, 5-diformylfuran and 2, 5-

furandicarboxylic acid under benign reaction conditions. Applied Catalysis A: 

General, 456, 44-50.  

 

Happi Emaga, T., Andrianaivo, R. H., Wathelet, B., Tchango, J. T., & Paquot, M. 

(2007). Effects of the stage of maturation and varieties on the chemical 

composition of banana and plantain peels. Food Chemistry, 103(2), 590-600.  

 

Hardt‐Stremayr, M., Mattioli, S., Greilberger, J., Stiegler, P., Matzi, V., Schmid, M. G., 

& Wintersteiger, R. (2013). Determination of metabolites of 

5‐hydroxymethylfurfural in human urine after oral application. Journal of 

Separation Science, 36(4), 670-676. 



© C
OPYRIG

HT U
PM

160 
 

Hodge, J. E. (1953). Dehydrated foods, chemistry of browning reactions in model 

systems. Journal of Agricultural and Food Chemistry, 1(15), 928-943.  

 

Houhoula, D. P., Oreopoulou, V., & Tzia, C. (2002). A kinetic study of oil deterioration 

during frying and a comparison with heating. Journal of the American Oil 

Chemists' Society, 79(2), 133-137.  

 

Hunt, D. C., Jackson, P. A., Mortlock, R. E., & Kirk, R. S. (1977). Quantitative 

determination of sugars in foodstuffs by high-performance liquid 

chromatography. Analyst, 102(1221), 917-920.  

 

Husøy, T., Haugen, M., Murkovic, M., Jöbstl, D., Stølen, L., Bjellaas, T., et al. (2008). 

Dietary exposure to 5-hydroxymethylfurfural from Norwegian food and 

correlations with urine metabolites of short-term exposure. Food and Chemical 

Toxicology, 46(12), 3697-3702.  

 

IOOC. (2001). Preparation of the fatty acid methyl esters from olive oil and olive-

pomace oil, OI/T.20/ Doc.no. 24. Spain: International Olive Oil Council 

http://www.internationaloliveoil.org/estaticos/view/222-standards/. 

 

Jadhav, H., Taarning, E., Pedersen, C. M., & Bols, M. (2012). Conversion of d-glucose 

into 5-hydroxymethylfurfural (HMF) using zeolite in [Bmim] Cl or 

tetrabutylammonium chloride (TBAC)/CrCl2. Tetrahedron Letters, 53(8), 983-

985. 

 

Jaeger, H., Janositz, A., & Knorr, D. (2010). The Maillard reaction and its control during 

food processing. The potential of emerging technologies. Pathologie Biologie, 

58(3), 207-213.  

 

Janzowski, C., Glaab, V., Samimi, E., Schlatter, J., & Eisenbrand, G. (2000). 5-

Hydroxymethylfurfural: assessment of mutagenicity, DNA-damaging potential 

and reactivity towards cellular glutathione. Food and Chemical Toxicology, 

38(9), 801-809.  

 

Jia, S., Kang, Y. P., Park, J. H., Lee, J., & Kwon, S. W. (2011). Simultaneous 

determination of 23 amino acids and 7 biogenic amines in fermented food 

samples by liquid chromatography/quadrupole time-of-flight mass spectrometry. 

Journal of Chromatography A, 1218(51), 9174-9182.  

 

Jiang, S. S., Ou, S. Y., Liang, E., Yu, M., Huang, C. H., & Zhang, G. W. (2013). Effect 

of chlorogenic acid on hydroxymethylfurfural in different Maillard reaction 

systems. International Food Research Journal, 20(3).  

 

Jöbstl, D., Husøy, T., Alexander, J., Bjellaas, T., Leitner, E., & Murkovic, M. (2010). 

Analysis of 5-hydroxymethyl-2-furoic acid (HMFA) the main metabolite of 

alimentary 5-hydroxymethyl-2-furfural (HMF) with HPLC and GC in urine. 

Food chemistry, 123(3), 814-818.  



© C
OPYRIG

HT U
PM

161 
 

Juárez, M., Failla, S., Ficco, A., Peña, F., Avilés, C., & Polvillo, O. (2010). Buffalo meat 

composition as affected by different cooking methods. Food and Bioproducts 

Processing, 88(2), 145-148.  

 

Karabulut, I., Topcu, A., Akmil-Basar, C., Onal, Y., & Lampi, A.-M. (2008). Obtaining 

butter oil triacylglycerols free from β-carotene and α-tocopherol via activated 

carbon adsorption and alumina-column chromatography treatments. Journal of 

the American Oil Chemists' Society, 85(3), 213-219.  

 

Khalil, M., Sulaiman, S., & Gan, S. (2010). High 5-hydroxymethylfurfural 

concentrations are found in Malaysian honey samples stored for more than one 

year. Food and Chemical Toxicology, 48(8), 2388-2392. 

 

Khan, J. K., Kuo, Y.-H., Kebede, N., & Lambein, F. (1994). Determination of non-

protein amino acids and toxins in Lathyrus by high-performance liquid 

chromatography with precolumn phenyl isothiocyanate derivatization. Journal of 

Chromatography A, 687(1), 113-119.  

 

Kheng, T. Y., Ding, P., Rahman, A., & Aini, N. (2012). Determination of optimum 

harvest maturity and physico-chemical quality of Rastali banana (Musa AAB 

Rastali) during fruit ripening. Journal of the Science of Food and Agriculture, 

92(1), 171-176.  

 

Kim, C. T., Hwang, E. S., & Lee, H. J. (2005). Reducing acrylamide in fried snack 

products by adding amino acids. Journal of Food Science, 70(5), C354-C358.  

 

Kim, J.-S., & Lee, Y.-S. (2009). Enolization and racemization reactions of glucose and 

fructose on heating with amino-acid enantiomers and the formation of 

melanoidins as a result of the Maillard reaction. Amino Acids, 36(3), 465-474. 

 

Kirit, A. B., Erdogdu, F., & Ozdemir, Y. (2013). Accumulation of 5‐Hydroxymethyl-

2‐Furfural during toasting of white bread slices. Journal of Food Process 

Engineering, 36(2), 241-246.  

 

Kita, A., Bråthen, E., Knutsen, S. H., & Wicklund, T. (2004). Effective ways of 

decreasing acrylamide content in potato crisps during processing. Journal of 

Agricultural and Food Chemistry, 52(23), 7011-7016. 

 

Knol, J. J., van Loon, W. A., Linssen, J. P., Ruck, A.-L., van Boekel, M. A., & Voragen, 

A. G. (2005). Toward a kinetic model for acrylamide formation in a glucose-

asparagine reaction system. Journal of Agricultural and Food Chemistry, 53(15), 

6133-6139. 

 

Kocadağlı, T., Göncüoğlu, N., Hamzalıoğlu, A., & Gökmen, V. (2012). In depth study 

of acrylamide formation in coffee during roasting: role of sucrose decomposition 

and lipid oxidation. Food & Function, 3(9), 970-975. 

 



© C
OPYRIG

HT U
PM

162 
 

Koopman, F., Wierckx, N., de Winde, J. H., & Ruijssenaars, H. J. (2010). Identification 

and characterization of the furfural and 5-(hydroxymethyl) furfural degradation 

pathways of Cupriavidus basilensis HMF14. Proceedings of the National 

Academy of Sciences, 107(11), 4919-4924.  

 

Kowalski, S., Lukasiewicz, M., Duda-Chodak, A., & Zięć, G. (2013). 5-Hydroxymethyl-

2-Furfural (HMF)-Heat-Induced Formation, Occurrence in Food and 

Biotransformation-a Review. Polish Journal of Food and Nutrition Sciences, 

63(4), 207-225.  

 

Kowalski, S., Lukasiewicz, M., Juszczak, L., & Kutyla-Kupidura, E. M. (2013). 

Dynamics of 5-Hydroxymethylfurfural formation in shortbreads during thermal 

processing. Czech Journal of Food Science, 1(31), 33-42.  

 

Kroh, L. W. (1994). Caramelisation in food and beverages. Food Chemistry, 51(4), 373-

379.  

 

Kulkarni, S. G., Kudachikar, V. B., & Prakash, M. N. K. (2011). Studies on physico-

chemical changes during artificial ripening of banana (Musa sp) variety 

"Robusta". Journal of Food Science and Technology, 48(6), 730-734.  

 

Kumar, D., Gupta, N., Ghosh,  ., Gaonkar,  . H., & Pal, B. C. (2013). α-Glucosidase 

and α-amylase inhibitory constituent of Carex baccans: Bio-assay guided 

isolation and quantification by validated RP-HPLC–DAD. Journal of Functional 

Foods, 5(1), 211-218 

 

Kuster, B. F. M. (1990). 5-Hydroxymethylfurfural (HMF). A Review Focussing on its 

Manufacture. Starch-Stärke, 42(8), 314-321.  

 

Kwak, E. J., & Lim, S. I. (2004). The effect of sugar, amino acid, metal ion, and NaCl 

on model Maillard reaction under pH control. Amino Acids, 27(1), 85-90. 

 

Lakka, N. S., & Goswami, N. (2011). A novel isocratic RP-HPLC method development 

and validation for estimation of 5HMF in Levofloxacin Hemihydrate intravenous 

infusion. International Journal of Research in Pharmaceutical Sciences, 2(1), 

45-51.  

 

Lamberts, L., Rombouts, I., & Delcour, J. A. (2008). Study of nonenzymic browning in 

α-amino acid and γ-aminobutyric acid/sugar model systems. Food Chemistry, 

111(3), 738-744.  

 

Lara, F. J., del Olmo-Iruela, M., & García-Campaña, A. M. (2013). On-line anion 

exchange solid-phase extraction coupled to liquid chromatography with 

fluorescence detection to determine quinolones in water and human urine. 

Journal of Chromatography A, 1310, 91-97.  

 



© C
OPYRIG

HT U
PM

163 
 

Lee, H. S., & Nagy, S. (1988). Quality changes and nonenzymic browning intermediates 

in grapefruit juice during storage. Journal of Food Science, 53(1), 168-172.  

 

Lee, J. H., & Pangloli, P. (2013). Volatile Compounds and Storage Stability of Potato 

Chips Fried in Mid-Oleic Sunflower Oil. International Journal of Food 

Properties, 16(3), 563-573.  

 

Lee, J. W., Thomas, L. C., Jerrell, J., Feng, H., Cadwallader, K. R., & Schmidt, S. J. 

(2010). Investigation of thermal decomposition as the kinetic process that causes 

the loss of crystalline structure in sucrose using a chemical analysis approach 

(part II). Journal of Agricultural and Food Chemistry, 59(2), 702-712. 

 

Lee, T. P., Sakai, R., Manaf, N. A., Rodhi, A. M., & Saad, B. (2014). High performance 

liquid chromatography method for the determination of patulin and 5-

hydroxymethylfurfural in fruit juices marketed in Malaysia. Food Control, 38, 

142-149.  

 

Lewis, R. J. S. (2007  ). Hawley's Condensed Chemical Dictionary (15 ed.). New York, 

NY: John Wiley & Sons, Inc. 

 

Lewkowski, J. (2001). Synthesis, chemistry and applications of 5-hydroxymethylfurfural 

and its derivatives. Arkivoc, 1, 17-54.  

 

Li, Y., Liu, H., Song, C., Gu, X., Li, H., Zhu, W., et al. (2013). The dehydration of 

fructose to 5-hydroxymethylfurfural efficiently catalyzed by acidic ion-exchange 

resin in ionic liquid. Bioresource Technology, 133, 347-353.  

 

Liao, G. Z., Wang, G. Y., Xu, X. L., & Zhou, G. H. (2010). Effect of cooking methods 

on the formation of heterocyclic aromatic amines in chicken and duck breast. 

Meat Science, 85(1), 149-154.  

 

Licciardello, F., & Muratore, G. (2011). Effect of temperature and some added 

compounds on the stability of blood orange marmalade. Journal of Food Science, 

76(7), C1094-C1100.  

 

Lioumbas, J. S., Kostoglou, M., & Karapantsios, T. D. (2011). Transient mass and heat 

transfer during potato deep fat frying-The effect of the oil type, frying load and 

initial frying temperature. Paper presented at the Proceedings of the 11th Int. 

Congress on Eng. And Food. 

 

Lisińska, G., Tajner-Czopek, A., & Kalum, L. (2007). The effects of enzymes on fat 

content and texture of French fries. Food Chemistry, 102(4), 1055-1060.  

 

Loaëc, G., Jacolot, P., Helou, C., Niquet-Léridon, C., & Tessier, F. J. (2014). 

Acrylamide, 5-hydroxymethylfurfural and Nε-carboxymethyl-lysine in coffee 

substitutes and instant coffees. Food Additives & Contaminants: Part A, 31(4), 

593-604.  



© C
OPYRIG

HT U
PM

164 
 

Loi, C. C., Boo, H. C., Mohammed, A. S., & Ariffin, A. A. (2011). A high performance 

liquid chromatography method for determination of furfural in crude palm oil. 

Food Chemistry, 128, 223-226.  

 

Manera, J., Brotons, J., Conesa, A., & Porras, I. (2012). Relationship between air 

temperature and degreening of lemon (Citrus lemon L. Burm. f.) peel color 

during maturation. Australian Journal of Crop Science, 6(6).  

 

Manjunatha, S. S., Ravi, N., Negi, P. S., Raju, P. S., & Bawa, A. S. (2012). Kinetics of 

moisture loss and oil uptake during deep fat frying of Gethi (Dioscorea 

kamoonensis Kunth) strips. Journal of Food Science and Technology, 1-11.  

 

Manley-Harris, M., & Richards, G. N. (1993). A novel fructoglucan from the thermal 

polymerization of sucrose. Carbohydrate Research, 240, 183-196.  

 

Martins, S. I. F. S., Jongen, W. M. F., & Van Boekel, M. A. J. S. (2000). A review of 

Maillard reaction in food and implications to kinetic modelling. Trends in Food 

Science & Technology, 11(9), 364-373.  

 

Martins, S. I. F. S., & Van Boekel, M. A. J. S. (2005). A kinetic model for the 

glucose/glycine Maillard reaction pathways. Food Chemistry, 90(1), 257-269.  

 

Matthäus, B. (2006). Utilization of high-oleic rapeseed oil for deep-fat frying of French 

fries compared to other commonly used edible oils. European Journal of Lipid 

Science and Technology, 108(3), 200-211.  

McGuire, R. G. (1992). Reporting of objective color measurements. HortScience, 

27(12), 1254-1255.  

 

Mesias-Garcia, M., Guerra-Hernandez, E., & Garcia-Villanova, B. (2010). 

Determination of furan precursors and some thermal damage markers in baby 

foods: ascorbic acid, dehydroascorbic acid, hydroxymethylfurfural and furfural. 

Journal of Agricultural and Food Chemistry, 58(10), 6027-6032.  

 

Mesías, M., & Morales, F. (2013). Reliable estimation of dietary exposure to furan from 

coffee: An automatic vending machine as a case study. Food Research 

International, 61, 257-263.  

 

Mestdagh, F., De Wilde, T., Fraselle, S., Govaert, Y., Ooghe, W., Degroodt, J.-M., et al. 

(2008). Optimization of the blanching process to reduce acrylamide in fried 

potatoes. LWT-Food Science and Technology, 41(9), 1648-1654.  

 

Mestdagh, F., Maertens, J., Cucu, T., Delporte, K., Van Peteghem, C., & De Meulenaer, 

B. (2008). Impact of additives to lower the formation of acrylamide in a potato 

model system through pH reduction and other mechanisms. Food Chemistry, 

107(1), 26-31.  

 



© C
OPYRIG

HT U
PM

165 
 

Mestdagh, F. J., De Meulenaer, B., Van Poucke, C., Detavernier, C. l., Cromphout, C., 

& Van Peteghem, C. (2005). Influence of oil type on the amounts of acrylamide 

generated in a model system and in French fries. Journal of agricultural and 

food Chemistry, 53(15), 6170-6174.  

 

Mestdagh, F., De Meulenaer, B., & Van Peteghem, C. (2007). Influence of oil 

degradation on the amounts of acrylamide generated in a model system and in 

French fries. Food Chemistry, 100(3), 1153-1159.  

Miao, Y., Zhang, H., Zhang, L., Wu, S., Sun, Y., Shan, Y., & Yuan, Y. (2013). 

Acrylamide and 5-hydroxymethylfurfural formation in reconstituted potato chips 

during frying. Journal of Food Science and Technology, 1-7.  

 

Min, D. B., & Boff, J. M. (2002). Lipid oxidation of edible oil. In C. C. Akoh & D. B. 

Min (Eds.), Food Lipids Chemistry, Nutrition, and Biotechnology (2 ed., pp. 

334). New York: Marcel Dekker Inc. 

 

Mir-Bel, J., Oria, R., & Salvador, M. (2013). Reduction in hydroxymethylfurfural 

content in ‘churros’, a Spanish fried dough, by vacuum frying. International 

Journal of Food Science & Technology, 48(10), 2042-2049. 

 

Monien, B. H., Engst, W., Barknowitz, G., Seidel, A., & Glatt, H. (2012). Mutagenicity 

of 5-hydroxymethylfurfural in V79 cells expressing human SULT1A1: 

identification and mass spectrometric quantification of DNA adducts formed. 

Chemical Research in Toxicology, 25(7), 1484-1492.  

 

Monien, B. H., Frank, H., Seidel, A., & Glatt, H. (2009). Conversion of the common 

food constituent 5-hydroxymethylfurfural into a mutagenic and carcinogenic 

sulfuric acid ester in the mouse in vivo. Chemical Research in Toxicology, 22(6), 

1123-1128.  

 

Montevecchi, G., Masino, F., Chinnici, F., & Antonelli, A. (2010). Occurrence and 

evolution of amino acids during grape must cooking. Food Chemistry, 121(1), 

69-77.  

 

Morales, F. J., & Arribas-Lorenzo, G. (2008). The formation of potentially harmful 

compounds in churros, a Spanish fried-dough pastry, as influenced by deep 

frying conditions. Food Chemistry, 109(2), 421-425.  

 

Murkovic, M., & Pichler, N. (2006). Analysis of 5‐hydroxymethylfurfual in coffee, 

dried fruits and urine. Molecular Nutrition &Food Research, 50(9), 842-846.  

 

National Toxicology, P. (2010). NTP toxicology and carcinogenesis studies of 5-

(Hydroxymethyl)-2-furfural (CAS No. 67-47-0) in F344/N rats and B6C3F1 

mice (gavage studies). National Toxicology Program Technical Report 

Series(554), 7.  

 



© C
OPYRIG

HT U
PM

166 
 

Nikolov, P. Y., & Yaylayan, V. A. (2011a). Reversible and covalent binding of 5-

(hydroxymethyl)-2-furaldehyde (HMF) with lysine and selected amino acids. 

Journal of Agricultural and Food Chemistry, 59(11), 6099-6107.  

 

Nikolov, P. Y., & Yaylayan, V. A. (2011b). Thermal decomposition of 5-

(hydroxymethyl)-2-furaldehyde (HMF) and its further transformations in the 

presence of glycine. Journal of Agricultural and Food Chemistry, 59(18), 10104-

10113.  

 

Nursten, H. E. (2005). The Maillard reaction: chemistry, biochemistry, and 

implications: Royal Society of Chemistry. 

 

O'Neil, M. J. (2006). The Merck index: an encyclopedia of chemicals, drugs, and 

biologicals (14 ed.). Whitehouse station, NJ: : Merck and Co. Inc. 

 

Ohyama, J., Esaki, A., Yamamoto, Y., Arai, S., & Satsuma, A. (2013). Selective 

hydrogenation of 2-hydroxymethyl-5-furfural to 2, 5-bis (hydroxymethyl) furan 

over gold sub-nano clusters. RSC Advances, 3(4), 1033-1036. 

 

Oliviero, T., Capuano, E., C mmerer, B., & Fogliano, V. (2008). Influence of roasting 

on the antioxidant activity and HMF formation of a cocoa bean model systems. 

Journal of Agricultural and Food Chemistry, 57(1), 147-152.  

 

Ornaf, R. M., & Dong, M. W. (2005). 2 Key concepts of HPLC in pharmaceutical 

analysis. In S. Ahuja & M. W. Dong (Eds.), Separation Science and Technology 

(Vol. 6, pp. 19-45). London: Elsevier. 

 

Özden, Ö. (2005). Changes in amino acid and fatty acid composition during shelf-life of 

marinated fish. Journal of the Science of Food and Agriculture, 85(12), 2015-

2020.  

 

Ozel, M. Z., Yanık, D. K., Gogus, F., Hamilton, J. F., & Lewis, A. C. (2014). Effect of 

roasting method and oil reduction on volatiles of roasted Pistacia terebinthus 

using direct thermal desorption-GCxGC-TOF/MS. LWT-Food Science and 

Technology.  

 

Oztop, M. H., Sahin, S., & Sumnu, G. (2007). Optimization of microwave frying of 

osmotically dehydrated potato slices by using response surface methodology. 

European Food Research and Technology, 224(6), 707-713.  

 

Palazoğlu, T. K., Savran, D., & Gökmen, V. (2010). Effect of cooking method (baking 

compared with frying) on acrylamide level of potato chips. Journal of Food 

Science, 75(1), E25-E29.  

 

Pantzaris, T. P. (1998). Comparison of monounsaturated and polyunsaturated oils in 

continuous frying. Grasas y Aceites, 49(3-4), 319-325.  

 



© C
OPYRIG

HT U
PM

167 
 

Pasini, T., Piccinini, M., Blosi, M., Bonelli, R., Albonetti, S., Dimitratos, N., et al. 

(2011). Selective oxidation of 5-hydroxymethyl-2-furfural using supported gold-

copper nanoparticles. Green Chemistry, 13(8), 2091-2099.  

 

Pedreschi, F., Bunger, A., Skurtys, O., Allen, P., & Rojas, X. (2011). Grading of potato 

chips according to their sensory quality determined by color. Food and 

Bioprocess Technology, 5(6), 2401-2408.  

 

Pedreschi, F., Kaack, K., & Granby, K. (2004). Reduction of acrylamide formation in 

potato slices during frying. LWT-Food Science and Technology, 37(6), 679-685. 

 

Pedreschi, F., Kaack, K., & Granby, K. (2008). The effect of asparaginase on acrylamide 

formation in French fries. Food Chemistry, 109(2), 386-392.  

 

Pedreschi, F., Kaack, K., Granby, K., & Troncoso, E. (2007). Acrylamide reduction 

under different pre-treatments in French fries. Journal of Food Engineering, 

79(4), 1287-1294.  

 

Pedreschi, F., & Moyano, P. (2005). Effect of pre-drying on texture and oil uptake of 

potato chips. LWT-Food Science and Technology, 38(6), 599-604.  

 

Peng, L., Lin, L., Zhang, J., Zhuang, J., Zhang, B., & Gong, Y. (2010). Catalytic 

conversion of cellulose to levulinic acid by metal chlorides. Molecules, 15(8), 

5258-5272.  

 

Pérez-Maqueda, J., Arenas-Ligioiz, I., López, Ó., & Fernández-Bolaños, J. G. (2014). 

Eco-friendly preparation of 5-hydroxymethylfurfural from sucrose using ion-

exchange resins. Chemical Engineering Science, 109, 244-250.  

 

Perez Locas, C., & Yaylayan, V. A. (2008). Isotope labeling studies on the formation of 

5-(hydroxymethyl)-2-furaldehyde (HMF) from sucrose by pyrolysis-GC/MS. 

Journal of Agricultural and Food Chemistry, 56(15), 6717-6723.  

 

Petisca, C., Henriques, A. R., Pérez-Palacios, T., Pinho, O., & Ferreira, I. (2014). 

Assessment of hydroxymethylfurfural and furfural in commercial bakery 

products. Journal of Food Composition and Analysis, 33(1), 20-25.  

 

Petisca, C., Henriques, A. R., Pérez-Palacios, T., Pinho, O., & Ferreira, I. M. P. L. V. O. 

(2013). Study of hydroxymethylfurfural and furfural formation in cakes during 

baking in different ovens, using a validated multiple-stage extraction-based 

analytical method. Food Chemistry, 141(4), 3349-3356.  

 

Prior, R. L., Wu, X., & Gu, L. (2006). Identification and urinary excretion of metabolites 

of 5-(hydroxymethyl)-2-furfural in human subjects following consumption of 

dried plums or dried plum juice. Journal of Agricultural and Food Chemistry, 

54(10), 3744-3749.  

 



© C
OPYRIG

HT U
PM

168 
 

Purdie, E. L., Young, F. M., Menzel, D., & Codd, G. A. (2009). A method for 

acetonitrile-free microcystin analysis and purification by high-performance 

liquid chromatography, using methanol as mobile phase. Toxicon, 54(6), 887-

890.  

 

Quintas, M., Brandao, T. R. S., & Silva, C. L. M. (2007). Modelling autocatalytic 

behaviour of a food model system-sucrose thermal degradation at high 

concentrations. Journal of Food Engineering, 78(2), 537-545.  

 

Rackemann, D. W., & Doherty, W. O. S. (2011). The conversion of lignocellulosics to 

levulinic acid. Biofuels, Bioproducts and Biorefining, 5(2), 198-214.  

 

Rada-Mendoza, M., Sanz, M. a. L., Olano, A. n., & Villamiel, M. (2004). Formation of 

hydroxymethylfurfural and furosine during the storage of jams and fruit-based 

infant foods. Food Chemistry, 85(4), 605-609.  

 

 amı rez-Jiménez, A., Guerra-Hernández, E., & García-Villanova, B. (2000). Browning 

indicators in bread. Journal of Agricultural and Food Chemistry, 48(9), 4176-

4181.  

 

Rexen, B. (1976). Studies of protein of potatoes. Potato Research, 19(2), 189-202.  

 

Román-Leshkov, Y., & Dumesic, J. A. (2009). Solvent effects on fructose dehydration 

to 5-hydroxymethylfurfural in biphasic systems saturated with inorganic salts. 

Topics in Catalysis, 52(3), 297-303.  

 

Romani, S., Cevoli, C., Fabbri, A., Alessandrini, L., & Dalla Rosa, M. (2012). 

Evaluation of Coffee Roasting Degree by Using Electronic Nose and Artificial 

Neural Network for Off‐line Quality Control. Journal of Food Science, 77(9), 

C960-C965.  

 

Rosatella, A. A., Simeonov, S. P., Frade, R. F. M., & Afonso, C. A. M. (2011). 5-

Hydroxymethylfurfural (HMF) as a building block platform: Biological 

properties, synthesis and synthetic applications. Green Chemistry, 13(4), 754-

793.  

 

Rozet, E., Ceccato, A., Hubert, C. d., Ziemons, E., Oprean, R., Rudaz, S.,et al. (2007). 

Analysis of recent pharmaceutical regulatory documents on analytical method 

validation. Journal of Chromatography A, 1158(1), 111-125. 

 

Rufían-Henares, J. A., & De la Cueva, S. P. (2008). Assessment of 

hydroxymethylfurfural intake in the Spanish diet. Food Additives and 

Contaminants, 25(11), 1306-1312.  

 

Rufián-Henares, J. A., Delgado-Andrade, C., & Morales, F. J. (2006). Analysis of heat-

damage indices in breakfast cereals: Influence of composition. Journal of Cereal 

Science, 43(1), 63-69.  



© C
OPYRIG

HT U
PM

169 
 

Sahin, S., Sumnu, G., & Oztop, M. H. (2007). Effect of osmotic pretreatment and 

microwave frying on acrylamide formation in potato strips. Journal of the 

Science of Food and Agriculture, 87(15), 2830-2836.  

 

Sakyi-Dawson, E., Asamoah-Bonti, P., & Amponsah Annor, G. (2008). Biochemical 

changes in new plantain and cooking banana hybrids at various stages of 

ripening. Journal of the Science of Food and Agriculture, 88(15), 2724-2729.  

 

Salak Asghari, F., & Yoshida, H. (2006). Acid-catalyzed production of 5-hydroxymethyl 

furfural from D-fructose in subcritical water. Industrial & Engineering 

Chemistry Research, 45(7), 2163-2173.  

 

Salak Asghari, F., & Yoshida, H. (2007). Kinetics of the decomposition of fructose 

catalyzed by hydrochloric acid in subcritical water: Formation of 5-

hydroxymethylfurfural, levulinic, and formic acids. Industrial & Engineering 

Chemistry Research, 46(23), 7703-7710.  

 

Salvador, A., Sanz, T., & Fiszman, S. M. (2007). Changes in colour and texture and their 

relationship with eating quality during storage of two different dessert bananas. 

Postharvest Biology and Technology, 43(3), 319-325.  

 

Sayyad, F., Sutar, P., & Agarwal, N. (2013). Optimization of moisture loss and fat 

uptake of goat meat during frying. Journal of Meat Science and Technology, 

1(2), 56-63.  

 

Schubert, J., Bewersdorff, J., Luch, A., & Schulz, T. G. (2012). Waterpipe smoke: A 

considerable source of human exposure against furanic compounds. Analytica 

Chimica Acta, 709, 105-112.  

 

Selamat, J., Sarker, Z. I., & Lioe, H. N. (2010). Determination of acrylamide in banana 

based snacks by gas chromatography-mass spectrometry. International Food 

Research Journal, 17(2), 433-439.  

 

Sensoy, I., Sahin, S., & Sumnu, G. (2013). Microwave Frying Compared with 

Conventional Frying via Numerical Simulation. Food and Bioprocess 

Technology, 6(6), 1414-1419.  

 

Seo, Y. h., & Han, J.-I. (2014). Direct conversion from Jerusalem artichoke to 

hydroxymethylfurfural (HMF) using the Fenton reaction. Food chemistry, 151, 

207-211.  

 

Severin, I., Dumont, C., Jondeau-Cabaton, A., Graillot, V., & Chagnon, M.-C. (2012). 

Genotoxic activities of the food contaminant 5-hydroxymethylfurfural using 

different in vitro bioassays. Toxicology Letters, 192(2), 189-194. 

 

 



© C
OPYRIG

HT U
PM

170 
 

Shabir, G. A. (2003). Validation of high-performance liquid chromatography methods 

for pharmaceutical analysis: Understanding the differences and similarities 

between validation requirements of the US Food and Drug Administration, the 

US Pharmacopeia and the International Conference on Harmonization. Journal 

of Chromatography A, 987(1), 57-66.  

 

Sharma, V. K., Sohn, M., Anquandah, G. A., & Nesnas, N. (2012). Kinetics of the 

oxidation of sucralose and related carbohydrates by ferrate (VI). Chemosphere, 

87(6), 644-648.  

 

Shojaee-Aliabadi, S., Nikoopour, H., Kobarfard, F., Parsapour, M., Moslehishad, M., 

Hassanabadi, H.,et al. (2013). Acrylamide reduction in potato chips by selection 

of potato variety grown in Iran and processing conditions. Journal of the Science 

of Food and Agriculture, 93(10), 2556-2561. 

 

Silvan, J. M., Morales, F. J., & Saura-Calixto, F. (2010). Conceptual study on 

Maillardized dietary fiber in coffee. Journal of Agricultural and Food Chemistry, 

58(23), 12244-12249.  

 

Soares, C. A., Peroni-Okita, F. H. G., Cardoso, M. B., Shitakubo, R., Lajolo, F. M., & 

Cordenunsi, B. R. (2011). Plantain and banana starches: granule structural 

characteristics explain the differences in their starch degradation patterns. 

Journal of Agricultural and Food Chemistry, 59(12), 6672-6681.  

 

Soltani, M., Alimardani, R., & Omid, M. (2010). Prediction of banana quality during 

ripening stage using capacitance sensing system. Australian Journal of Crop 

Science, 4(6).  

 

Space, J. S., Opio, A. M., Nickerson, B., Jiang, H., Dumont, M., & Berry, M. (2007). 

Validation of a dissolution method with HPLC analysis for lasofoxifene tartrate 

low dose tablets. Journal of Pharmaceutical and Biomedical Analysis, 44(5), 

1064-1071.  

 

Ståhlberg, T., Sørensen, M. G., & Riisager, A. (2010). Direct conversion of glucose to 5-

(hydroxymethyl) furfural in ionic liquids with lanthanide catalysts. Green 

Chemistry, 12(2), 321-325.  

 

Su, K., Liu, X., Ding, M., Yuan, Q., Li, Z., & Cheng, B. (2013). Effective conversion 

sucrose into 5-hydroxymethylfurfural by tyrosine in [Emim] Br. Journal of 

Molecular Catalysis A: Chemical, 379, 350-354.  

 

Su, Y., Brown, H. M., Huang, X., Zhou, X.-d., Amonette, J. E., & Zhang, Z. C. (2009). 

Single-step conversion of cellulose to 5-hydroxymethylfurfural (HMF), a 

versatile platform chemical. Applied Catalysis A: General, 361(1), 117-122.  

 

 



© C
OPYRIG

HT U
PM

171 
 

Sulaiman, S. F., Yusoff, N. A. M., Eldeen, I. M., Seow, E. M., Sajak, A. A. B., 

Supriatno, & Ooi, K. L. (2011). Correlation between total phenolic and mineral 

contents with antioxidant activity of eight Malaysian bananas (Musa sp.). 

Journal of Food Composition and Analysis, 24(1), 1-10.  

 

Surh, Y.-J., & Tannenbaum, S. R. (1994). Activation of the Maillard reaction product 5-

(hydroxymethyl) furfural to strong mutagens via allylic sulfonation and 

chlorination. Chemical Research in Toxicology, 7(3), 313-318. 

 

Tagliazucchi, D., Verzelloni, E., Helal, A., & Conte, A. (2013). Effect of grape variety 

on the evolution of sugars, hydroxymethylfurfural, polyphenols and antioxidant 

activity during grape must cooking. International Journal of Food Science & 

Technology, 48(4), 808-816.  

 

Takagaki, A., Ohara, M., Nishimura, S., & Ebitani, K. (2009). A one-pot reaction for 

biorefinery: combination of solid acid and base catalysts for direct production of 

5-hydroxymethylfurfural from saccharides. Chemical Communications(41), 

6276-6278.  

 

Tong, X., Ma, Y., & Li, Y. (2010). Biomass into chemicals: Conversion of sugars to 

furan derivatives by catalytic processes. Applied Catalysis A: General, 385(1–2), 

1-13.  

 

Torres, A. I., Daoutidis, P., & Tsapatsis, M. (2010). Continuous production of 5-

hydroxymethylfurfural from fructose: a design case study. Energy & 

Environmental Science, 3(10), 1560-1572.  

 

Touati, N., Tarazona-Díaz, M. P., Aguayo, E., & Louaileche, H. (2014). Effect of 

storage time and temperature on the physicochemical and sensory characteristics 

of commercial apricot jam. Food Chemistry, 145, 23-27.  

 

Turhan, I., Tetik, N., Karhan, M., Gurel, F., & Reyhan Tavukcuoglu, H. (2008). Quality 

of honeys influenced by thermal treatment. LWT - Food Science and Technology, 

41(8), 1396-1399.  

 

Ulbricht, R. J., Northup, S. J., & Thomas, J. A. (1984). A review of 5-

hydroxymethylfurfural (HMF) in parenteral solutions. Fundamental and Applied 

Toxicology, 4(5), 843-853.  

 

Ummarat, N., Matsumoto, T. K., Wall, M. M., & Seraypheap, K. (2011). Changes in 

antioxidants and fruit quality in hot water-treated ‘Hom Thong’banana fruit 

during storage. Scientia Horticulturae, 130(4), 801-807.  

 

Valmayor, R. V. (2000). Banana cultivar names and synonyms in Southeast Asia: 

Bioversity International. 

 



© C
OPYRIG

HT U
PM

172 
 

Van Der Fels-Klerx, H. J., Capuano, E., Nguyen, H. T., Ataç Mogol, B., Kocadağlı, T., 

Göncüoğlu Taş, N., et al. (2014). Acrylamide and 5-hydroxymethylfurfural 

formation during baking of biscuits: NaCl and temperature–time profile effects 

and kinetics. Food Research International, 57(0), 210-217.  

 

van Putten, R.-J., van der Waal, J. C., de Jong, E., Rasrendra, C. B., Heeres, H. J., & de 

Vries, J. G. (2013). Hydroxymethylfurfural, a versatile platform chemical made 

from renewable resources. Chemical Reviews, 113(3), 1499-1597.  

 

Venkatesh, M. S., & Raghavan, G. S. V. (2004). An overview of microwave processing 

and dielectric properties of agri-food materials. Biosystems Engineering, 88(1), 

1-18.  

 

Vhangani, L. N., & Van Wyk, J. (2013). Antioxidant activity of Maillard reaction 

products (MRPs) derived from fructose–lysine and ribose–lysine model systems. 

Food Chemistry, 137(1), 92-98.  

 

Vial, J., & Jardy, A. (1999). Experimental comparison of the different approaches to 

estimate LOD and LOQ of an HPLC method. Analytical Chemistry, 71(14), 

2672-2677.  

 

Viklund, G. Å., Olsson, K. M., Sjöholm, I. M., & Skog, K. I. (2010). Acrylamide in 

crisps: Effect of blanching studied on long-term stored potato clones. Journal of 

Food Composition and Analysis, 23(2), 194-198.  

 

Vranová, J., & Ciesarová, Z. (2009). Furan in food-a review. Czech Journal of Food 

Science, 27(1), 1-10.  

 

Wang, J., Ren, J., Liu, X., Xi, J., Xia, Q., Zu, Y., et al. (2012). Direct conversion of 

carbohydrates to 5-hydroxymethylfurfural using Sn-Mont catalyst. Green 

Chemistry, 14(9), 2506-2512.  

 

Warner, K. (2002). Chemistry of frying oils. In C. C. Akoh & D. B. Min (Eds.), Food 

Lipids Chemistry, Nutrition, and Biotechnology (pp. 205-222). New York: 

Marcel Dekker, Inc. 

 

Wrolstad, R. E. (2012). Food carbohydrate chemistry (first ed.): John Wiley & Sons Inc. 

 

Yahya, H., Linforth, R. S., & Cook, D. J. (2014). Flavour generation during commercial 

barley and malt roasting operations: A time course study. Food Chemistry, 145, 

378-387.  

 

Yan, H., Yang, Y., Tong, D., Xiang, X., & Hu, C. (2009). Catalytic conversion of 

glucose to 5-hydroxymethylfurfural over SO42-/ZrO2 and SO4-/ZrO2-Al2O3 

solid acid catalysts. Catalysis Communications, 10(11), 1558-1563.  

 



© C
OPYRIG

HT U
PM

173 
 

Yang, N., Fisk, I. D., Linforth, R., Brown, K., Walsh, S., Mooney, S., et al. (2012). 

Impact of flavour solvent on biscuit micro-structure as measured by X-ray micro-

Computed Tomography and the distribution of vanillin and HMF (HPLC). 

European Food Research and Technology, 235(6), 1083-1091. 

 

Yuan, Y., Huanjie, Z., Yutian, M., & Hong, Z. (2014). Study on the methods for 

reducing the acrylamide content in potato slices after microwaving and frying 

processes. RSC Advances, 4(2), 1004-1009.  

 

Zakrzewska, M. g. E., Bogel-Łukasik, E., & Bogel-Łukasik,  . (2010). Ionic liquid-

mediated formation of 5-hydroxymethylfurfural— A promising biomass-derived 

building block. Chemical Reviews, 111(2), 397-417. 

 

Zamora, R., & Hidalgo, F. J. (2005). Coordinate contribution of lipid oxidation and 

Maillard reaction to the nonenzymatic food browning. Critical Reviews in Food 

Science and Nutrition, 45(1), 49-59.  

 

Zhang, Q., Saleh, A. S., Chen, J., & Shen, Q. (2012). Chemical alterations taken place 

during deep-fat frying based on certain reaction products: a review. Chemistry 

and Physics of Lipids, 165(6), 662-681.  

 

Zhang, Y.-Y., Song, Y., Hu, X.-S., Liao, X.-J., Ni, Y.-Y., & Li, Q.-H. (2012). Effects of 

sugars in batter formula and baking conditions on 5-hydroxymethylfurfural and 

furfural formation in sponge cake models. Food Research International, 49(1), 

439-445.  

 

 

 

 

 

 

 

 

 

 

 

 

 


	44
	22
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page




