
 

 

저 시-비 리- 경 지 2.0 한민  

는 아래  조건  르는 경 에 한하여 게 

l  저 물  복제, 포, 전송, 전시, 공연  송할 수 습니다.  

다 과 같  조건  라야 합니다: 

l 하는,  저 물  나 포  경 ,  저 물에 적 된 허락조건
 명확하게 나타내어야 합니다.  

l 저 터  허가를 면 러한 조건들  적 되지 않습니다.  

저 에 른  리는  내 에 하여 향  지 않습니다. 

것  허락규약(Legal Code)  해하  쉽게 약한 것 니다.  

Disclaimer  

  

  

저 시. 하는 원저 를 시하여야 합니다. 

비 리. 하는  저 물  리 목적  할 수 없습니다. 

경 지. 하는  저 물  개 , 형 또는 가공할 수 없습니다. 

http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/


 

 

Thesis for the Degree of Master of Fisheries Science 

 

 

Development of Seafood Flavor Using 

Glucosamine and Other Precursors and  

Its Application to Teriyaki Sauce 

 

 

 

By 

Makkhen Kheng 

 

 

 

KOICA-PKNU International Graduate Program of Fisheries Science 

The Graduate School 

Pukyong National University 

 

 

February, 2012 



 

 

Development of Seafood Flavor Using 

Glucosamine and Other Precursors and  

Its Application to Teriyaki Sauce 
 

Glucosamine 과 구체를 이용한 해산물계 

향미소재  개 과 데리야끼소스에  용 
 

 

 

 

Advisor: Professor Yang-Bong Lee 

 

by 

Makkheng Kheng 

 

A thesis submitted in partial fulfillment of the requirements for the degree of 

Master of Fisheries Science 

in KOICA-PKNU International Graduate Program of Fisheries Science, 

 The Graduate School, 

Pukyong National University 

 

 

February, 2012 



 

 

Development of Seafood Flavor Using 

Glucosamine and Other Precursors                           

and Its Application to Teriyaki Sauce  

 

 

A dissertation 

by 

Makkhen Kheng  

 

Approved by : 

(Chairman) Professor Hong-Soo Ryu 

(Member)    Professor Ji-Young Yang 

(Member)    Professor Yang-Bong Lee 

 

February 24, 2012 



i 

 

Table of Contents 

                        Page 

Table of Contents ......................................................................................... i 

List of Figures ............................................................................................ iii 

List of Tables .............................................................................................. v 

Abstract ................................................................................................... viii 

Introduction ................................................................................................ 1 

1. Seafood ................................................................................................... 1 

2. Glucosamine for seafood flavor ............................................................... 2 

3. Maillard reaction ..................................................................................... 4 

4. Teriyaki sauce ......................................................................................... 7 

Materials and Methods ................................................................................ 9 

1. Materials ................................................................................................. 9 

2. Methods .................................................................................................. 9 

2.1. Non-enzymatic browning reaction ........................................................ 9 

2.2. Absorbance measurement................................................................... 13 

2.3. Measurement of dilution factor .......................................................... 13 

2.4. Preparation of Maillard reaction ......................................................... 13 



ii 

 

2.5. Isolation, separation and identification of headspace volatile 

compounds ......................................................................................... 14 

2.6. Preparation of Teriyaki sauce ............................................................. 18 

3. Response surface method ...................................................................... 18 

Results and Discussion.............................................................................. 23 

1. Non-enzymatic browning reaction of glucosamine ................................ 24 

2. Effect of reducing sugar on browning of Glucosamine .......................... 26 

3. Model system of glucosamine and amino acid ....................................... 30 

3.1. Effect of reaction time ........................................................................ 32 

3.2. Effect of concentration ratio of reactants ............................................ 33 

3.3. Effect of reaction pH .......................................................................... 38 

4. Headspace volatile compounds in glucosamine-lysine model system..... 39 

5. Responsible surface analysis ................................................................. 54 

5.1. Responsible surface analysis on absorbance ....................................... 54 

5.2. Responsible surface analysis on Hunter L, a, and b values .................. 59 

6. Headspace volatile compounds of Teriyaki sauce .................................. 59 

Conclusion ................................................................................................ 70 

Acknowledgement .................................................................................... 72 

References ................................................................................................ 73 



iii 

 

List of Figures 

Fig.  1. The structure of D-glucosamine ..................................................... 3 

Fig.  2. Manufacturing process of D-glucosamine HCl ............................ 10 

Fig.  3.  Manufacturing process of Teriyaki sauce ..................................... 19 

Fig.  4. Browning effect on Maillard reaction in aqueous glucosamine 

solutions ...................................................................................... 25 

Fig.  5. Effect of glucosamine concentration on browning development in 

aqueous solution .......................................................................... 28 

Fig.  6. Effect of pH on browning development in aqueous glucosamine 

solution ....................................................................................... 29 

Fig.  7. Browning development of glucosamine with different type of 

sugars.. ........................................................................................ 31 

Fig.  8. Browning effect on Maillard reaction in glucosamine-lysine 

aqueous solution with 10 folds. ................................................... 34 

Fig.  9. Browning effect on Maillard reaction in glucosamine-lysine 

aqueous solution with dilution factors.......................................... 35 

Fig. 10. Effect of concentration ratio on browning development in 

glucosamine-lysine aqueous solution with 10 folds. ........................ 36 



iv 

 

Fig. 11. Effect of concentration ratio on browning development in 

glucosamine-lysine aqueous solution with dilution factors. ............. 37 

Fig. 12. Effect of pH on browning development in glucosamine-lysine 

aqueous solution with 10 folds. ..................................................... 40 

Fig. 13.  Effect of pH on browning development in glucosamine-lysine 

aqueous solution with dilution factors. ........................................... 41 

Fig. 14. Chemical structure of identified furans ......................................... 52 

Fig. 15. Chemical structures of identified pyrazines, pyridines and pyrimidine

 .................................................................................................... 53 

Fig. 16. Responsible surface analysis showing Maillard reaction of model 

system between glucosamine and lysine ...................................... 58 

Fig. 17.  Responsible surface analysis showing Maillard reaction of model 

system between glucosamine and lysine with Hunter “L” value ... 60 

Fig. 18.  Responsible surface analysis showing Maillard reaction of model 

system between glucosamine and lysine with Hunter “a” value ... 61 

Fig. 19.  Responsible surface analysis showing Maillard reaction of model 

system between glucosamine and lysine with Hunter “b” value ... 62 

 

 



v 

 

List of Tables 

Table  1.  Certificate of D-glucosamine hydrochloride .............................. 11 

Table  2.  Operating condition of automatic thermal desorber ................... 15 

Table  3.  Analytical condition of gas chromatography and mass selective 

detector ...................................................................................... 16 

Table  4.  Ingredient quantity used for tasty Teriyaki sauce ....................... 20 

Table  5.   Coded level of independent variables in experimental design .... 21 

Table  6. Measured absorbance on non-enzymatic browning of 

glucosamine .............................................................................. 25 

Table  7.  Effect of glucosamine concentration on browning ..................... 27 

Table  8. Effect of pH on browning development in aqueous glucosamine 

solution ..................................................................................... 28 

Table  9. Browning development of glucosamine with different type of 

sugars ....................................................................................... 30 

Table 10. Browning effect on Maillard reaction in glucosamine-lysine 

aqueous solution with 10 folds .................................................. 34 

Table 11. Browning effect on Maillard reaction in glucosamine-lysine 

aqueous solution with dilution factors ....................................... 35 



vi 

 

Table 12. Effect of concentration ratio on browning development in 

glucosamine-lysine aqueous solution with 10 folds ...................... 36 

Table 13. Effect of concentration ratio on browning development in 

glucosamine-lysine aqueous solution with dilution factors ............ 37 

Table 14. Effect of pH on browning development in glucosamine-lysine 

aqueous solution with 10 folds .................................................... 40 

Table 15. Effect of pH on browning development in glucosamine-lysine 

aqueous solution with dilution factors .......................................... 41 

Table 16. Identified aldehyde compounds from non-enzymatic browning of 

glucosamine-lysine by using DHA-GC-MS. .............................. 43 

Table 17. Identified ketone compounds from non-enzymatic browning of 

glucosamine-lysine by using DHA-GC-MS............................... 44 

Table 18. Identified ester compounds from non-enzymatic browning of 

glucosamine-lysine by using DHA-GC-MS............................... 45 

Table 19. Identified furan compounds from non-enzymatic browning of 

glucosamine-lysine by using DHA-GC-MS............................... 46 

Table 20. Identified pyrazine, pyridine and pyrimidine compounds from 

non-enzymatic browning of glucosamine-lysine by using DHA-

GC-MS ..................................................................................... 47 



vii 

 

Table 21. Identified alcohol, acid, ether, N-containing and S-containing 

compounds from non-enzymatic browning of glucosamine-lysine 

by using DHA-GC-MS ............................................................. 48 

Table 22. Flavor and aroma characteristics of the identified furans ............ 50 

Table 23.  Flavor and aroma characteristics of the identified pyrazines, 

pyridines and pyrimidine ........................................................... 51 

Table 24. Response surface analysis on browning development in 

glucosamine-lysine model systems ............................................ 55 

Table 25. Identified aldehyde compounds from Teriyaki sauce by using 

DHA-GC-MS............................................................................ 64 

Table 26. Identified alcohol compounds from Teriyaki sauce by using 

DHA-GC-MS............................................................................ 65 

Table 27. Identified furan and pyrazine compounds from Teriyaki sauce by 

using DHA-GC-MS .................................................................. 66 

Table 28. Identified ketone compounds from Teriyaki sauce by using DHA-

GC-MS ..................................................................................... 67 

Table 29. Identified ester, acid, and ether compounds from Teriyaki sauce 

by using DHA-GC-MS ............................................................. 68 

Table 30. Identified other compounds from Teriyaki sauce by using DHA-

GC-MS ..................................................................................... 69 



viii 

 

Development of Seafood Flavor Using Glucosamine and Other 

Precursors and Its Application to Teriyaki Sauce 

 

Makkhen Kheng 

 

 

KOICA-PKNU International Graduate Program of Fisheries Science 

The Graduate School 

Pukyong National University 
 

Abstract 

Seafood is a rich source of protein, vitamin, and minerals. Shells of shrimp 

and crab use as raw material to produce glucosamine hydrochloride or 

glucosamine sulfate. The development of seafood flavor by using 

glucosamine and other precursors was investigated by the reaction of 

glucosamine itself, glucosamine-reducing sugars and glucosamine-lysine. 

Three factors affect reaction mechanisms which were applied with variables 

of reaction time, initial pH, and concentration ratio at 120oC constant 

reaction temperature in order to investigate the optimum condition of 

Maillard browning reaction. Glucosamine is an amino sugar. The 0.1 M of 

glucosamine was dissolved with distilled water 5 ml, heated at 120oC with 



ix 

 

different reaction times of 1, 2, 3, 4 and 5 hours. The result showed that the 

browning reaction increased with increasing of heating time. The result also 

showed that the level of browning was increased when glucosamine 

concentration was increased. Maillard reaction between glucosamine 

reducing sugar showed among five kinds of sugar and galactose was the 

best. The reaction between glucosamine-lysine with different factors of time, 

initial pH, and concentration ratio showed the level of browning reached 

optimum condition at 4 hours, initial pH 9 and 1 to 1 concentration ratio. 

There were 88 volatile compounds detected by dynamic headspace gas 

chromatography mass spectrometry. Among them, there were 16 

compounds which are 6 compounds of furan group and 10 compounds of 

pyrazine, pyridine, and pyrimidine groups. Responsible surface method 

between glucosamine-lysine was also designed at the mid-point of 100oC 

reaction temperature, 3 hours of heating time and pH 7. The optimum 

browning condition were 120oC reaction temperatures with 4 hours heating 

time and initial pH 9 by measuring its absorbance at 425 nm. Three kinds of 

Teriyaki sauce were developed to investigate the volatile flavor compounds. 

The 85 volatile compounds were detected from that Teriyaki. Teriyaki sauce 

produced from eel bone had more flavor compounds. 



1 

 

Introduction 

1. Seafood  

Seafood is a powerful food. It fuels our bodies with important protein, 

vitamins and minerals that help to keep us in a good health at all life stages, 

from birth to old stage. Fish and other seafood from oceans, rivers and lakes 

have long been recognized as good nutrients. They are an excellent source 

of protein, low calorie food and essential polyunsaturated fatty acids. 

Seafood is one of the best food sources of iodine. It contains about twice the 

iodine found in freshwater varieties. It also provides an excellent source of 

selenium, fluoride and other minerals which are provided in moderate 

amounts of iron, zinc and magnesium (Fisheries Research and Development 

Corporation, 2004). It is a good source of B vitamins - particularly niacin 

and vitamin B12. The liver of white fish contains fat-soluble vitamins A and 

D. Oily fish is an excellent source of the long chain n-3 poly unsaturated 

fatty acid which is thought to be important for cognitive development in 

young children. In recent years, the importance of fish and seafood in the 

diet has extended as a cornerstone of a healthy diet and more specialized 

roles in disease prevention. Seafood prevents many kinds of disease such as 
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coronary heart disease, stroke, cancer, obesity, type 2 disease, inflammatory 

conditions from asthma, crohn’s disease cystic fibrosis and rheumatoid 

arthritis (Johnson, 2010). Fisheries Research and Development Corporation 

reports that the consumption of one or more serve of fish per week is 

associated with a lower prevalence of coronary heart disease and upto four 

time serves a week may be useful in some health respect of blood pressure 

control.   

2. Glucosamine for seafood flavor  

Shellfish and crustacean shells are rich in chitin which is a raw material of 

chitosan and N-acetyl-glucosamine (Undeland et al., 2009) as shown in Fig. 1. 

Chitin is mainly produced from cuticles of various crustaceans, principally 

found in the shells of shrimp, crab, lobster, and other sea creatures 

(Mojarrad, 2007). Glucosamine (2-amino-2-deoxyglucose or chitosamine) is 

an amino sugar that occurs in acetylated and polymerized forms in chitin. 

There are five different types of glucosamine such as D-glucosamine 

hydrochloride (HCl), D-glucosamine sulphate 2KCl, D-glucosamine 

sulphate NaCl, N-acetyl-glucosamine (NAG) and Poly n-acetyl- 

glucosamine (Poly NAG). Glucosamine in the human body participates in  
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Fig. 1. The structure of D-glucosamine 
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the structure of cartilage and works to stimulate joint function and repair. 

Glucosamine has been proven effective in numerous scientific trials for 

easing osteoarthritis pain, aiding in the rehabilitation of cartilage, renewing 

synovial fluid, and repairing joints that has been damaged from 

osteoarthritis (Hauselman, 2001). Glucosamine doesn't occur naturally in 

food; recently it has been added to several juices and food as a nutritional 

supplement (Federal Institute for Risk Assessment, 2007). 

3. Maillard reaction 

Most of food industries are interested in the study about food model system 

which is made for studying the scientific facts occurred in the actual food 

(Yilmaz and Toledo, 2005). Maillard reaction is essential for flavor, 

functional and nutritional properties of processing food. Maillard reaction is 

non-enzymatic browning reaction which is recognized as a considerable 

importance to food companies. The reaction initiates by the condensation of 

an amino acid group and a reducing compound, resulting to complex 

changes in the heated foods and it occurs during storage of prolong period 

(Nursten, 2005).  Most of the effect of Maillard reaction includes the 
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caramel aromas and golden brown colors which are desirable. Maillard 

reaction, lipid oxidation, degradation of sugars, protein, lipid, pigment and 

vitamins, and interactions of degradation products are chemical platform for 

generating many flavor compounds encountered in process and reaction 

flavor, flavoring and foods (Sucan and Weerassinghe, 2005). Maillard 

reaction has been used to produce foods which look good and taste attractive 

for thousands of years; for as long as food has been cooked. The modern 

food industry relies on the application of Maillard reaction to produce many 

foods (Ames, 1998). 

Maillard reaction is usually divided into three stages. The initial stage starts 

with a condensation between an amino group and reducing sugar, leading to 

an N-glycosylamine in the case of aldose sugar that rearranges into the 

Amadori product or Heyns product if the reducing sugar is a ketose. The 

intermediate stage starts from the Amadori/Heyns product, leading to sugar 

fragmentation product and then, the product releases amino group. The final 

stage leads to all kinds of dehydration, fragmentation, cyclization and 

polymerization reaction in which amino groups participate again. Related to 

the flavor formation, Strecker degradation is the upmost importance, in 
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which amino acids are degraded by dicarbonyls formed the Maillard 

reaction, leading to deamination and decarboxylation of amino acid (Boekel, 

2006).   

Maillard reaction is dependent upon factors such as pH, time, temperature, 

concentration of reactants and nature of reactants, i.e. type of sugar, type of 

amino acid, or protein (O’Brien et al., 1998 and Boekel, 2006). The pH 

exerts a crucial effect on Maillard reaction when an Amadori compound has 

been formed. At that point, pH determines the extent to which reaction is 

followed by its enolisation either of 1-2 at low pH, or of 2-3 at higher pH 

(Martin et al., 2001 and Nursten, 2005). 

There are three major groups of aroma compound classification produced by 

Maillard Reaction, i) Simple sugar dehydration/fragmentation product: 

furans, pyrones, cyclopentenes, carbonyls and acid. ii) Simple amino acid 

degradation products: aldehydes, sulphur compounds. and iii) Volatiles 

produced by further interaction: pyrroles, pyridines, imidazoles, pyrazines, 

oxazoles, thiazoles  and the compounds from aldol condensation (Nursten, 

1986). 
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4. Teriyaki sauce  

Teriyaki is a sauce used in Japanese cuisine in which foods are broiled or 

grilled in a sweet soy sauce marinade (tare in Japanese). Teriyaki is served 

in most modern Japanese cuisines. The word of teriyaki derives from the 

noun “teri” which refers to a shine or luster given by the sugar content in 

the tare, and “yaki” which refers to the cooking method of grilling or 

broiling. Traditionally, the meat is dipped in or brushed with sauce several 

times before and during cooking. The tare is traditionally made by mixing 

and heating soy sauce, sake or mirin, and sugar or honey. The sauce is 

boiled and reduced to the desired thickness, then used to marinate meat 

which is then grilled or broiled. Sometimes ginger is added, and the final 

dish may be garnished with green onions. 

In non-Japanese cultures, any dish made with a teriyaki-like sauce (often 

even those using foreign alternatives to sake), or with added ingredients 

such as sesame or garlic (uncommon in traditional Japanese cuisine), is 

described as teriyaki. Grilling meat first and pouring the sauce on afterward 

is another non-traditional method of cooking teriyaki. Teriyaki sauce is 
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sometimes put on chicken wings or used as a dipping sauce (Wikipedia, 

2011). 

The objectives of this study were to lead to increased understanding of the 

development of colors and flavors due to the effected of time, pH, ratio of 

reactants and the nature of reactants in Maillard reaction of seafood flavor 

model system by using glucosamine and other precursors; to find out the 

optimum condition from reaction factors by using  response surface method 

which was designed to analyze the factors of times, temperatures and pH; 

and finally to apply the result of Maillard model system for development of 

Teriyaki sauce as condiment to improve favor in food additive and to know 

how flavor quality associated with Maillard reaction may be predicted in 

seafood model system with Teriyaki sauce.   
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Materials and Methods 

1. Materials 

Chemicals: D-Glucosamine was purchased from Mirae Nanotec Co. Ltd. 

South Korea. The manufacturing process of D-glucosamine HCl is shown in 

Fig. 2 and the certificate of D-glucosamine hydrochloride is shown in Table 1. 

L-(+)-Lysine hydrate, glucose, ribose, xylose, galactose, fructose, sodium 

hydroxide solution (0.1 M/L), and hydrochloric acid (0.1 M/L) were 

purchased from Junsei Chemical Co. Ltd, Japan. Hydrochloric acid, 37% 

ACS reagent, was purchased from Sigma-Aldrich (St Louis, MO, USA). 

2. Methods 

2.1.  Non-enzymatic browning reaction 

The reactant concentrations of total 0.2 M were weighted at certain ratios 

and they were dissolved with 10 ml distilled water and kept in a glass test 

tube of 20 ml volume with a cover for protecting the evaporation and heated 

by using heating block (Thermo-block NB 305TB, N-Biotec, INC.) with a 

constant temperature at 120oC and with a certain reaction time.  
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Fig. 2. Manufacturing process of D-glucosamine HCl. 

* The manufacturing company of D-glucosamine is Jiangsu Jiushoutang 

Organisms Manufacture Co. Ltd, Tongji Road. Zhaggou Town. Xinghua 

City, Jiangsu province. China. 
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Table 1. Certificate of D-glucosamine hydrochloride 

Items Standard Result  

Assay 98.00-102.00% 99.73% 

Glucosamine  81% min Pass 

Appearance White crystalline powder White crystalline powder 

Odor Characteristic Characteristic 

Specific rotation 

25oC 

+71-73oC +72.09oC 

Residue on ignition   0.10% max 0.03% 

Loss on drying  0.50% max 0.10% 

pH (5%, 25oC) 3.5-4.5 4.31 

Chloride 17%max 16.51% 

Heavy Metal 10 ppm max Pass 

Pb 2 ppm max Pass 

Iron 10 ppm max Pass 

Total plate count 1000 cfu/g max Conform 

Yeast and Mold 100 cfu/g max Conform 

Salmonella Negative Negative 

Coliforms Negative Negative 

Particle Through 40 mesh Pass 

Conclusion  Pass  

Shanghai Nicechem Co. Ltd. Rm 2307 No. 278 East Wenshui Road, 

Shanghai, China. 
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Maillard reaction was conducted by three main mechanisms: i) Glucosamine 

function as amino sugar itself which is occurred from the concentrated form 

of amine group and aldehydes group; ii) Reaction mechanism of amine 

group of glucosamine with aldehyde group of reducing sugars, i.e. glucose, 

xylose, galactose, fructose and ribose; iii) Reaction mechanism of aldehyde 

group of glucosamine with amine group of lysine.  

The main investigation factors on browning effect in this model system 

experiment were reaction times ranging from 1, 2, 3, 4 and 5 hours; ratios of 

reactants concentrations 10:1, 5:1, 1:1, 1:5, and 1:10; and reaction pHs 

varying from 3, 5, 7, 9 and 11, using 0.1 M HCl, 0.1 M NaOH or 37% of 

HCl. The value of pH was measured by using a pH meter (Eutech 

Instruments Cyberscan PC 510 pH Conductivity Meter, Singapore).  

After certain reaction times, test tubes were taken out and cooled down to 

room temperature and their absorbance was measured at 425 nm. Some 

sample was over maximum value at its absorbance, so dilution factor is 

needed to be investigated and the value was compared to obtain the 

optimum condition. 
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2.2.  Absorbance measurement 

Browning degree of the sample was recorded by its absorbance at 425 nm 

wave length on a spectrophotometer (Ultrospec 2000, Pharmacia Biotech, 

England). Distilled water was used to set a reference before measurement. 

The sample was put in a quartz tube and its absorbance was measured.  

To investigate color changes, Hunter L*a*b values were measured by using 

X-rite, SP 60-Serie Spektralphotometer, USA. 

2.3.  Measurement of dilution factor 

Depending on browning color of reaction, the spectrophotometer gave its 

maximum value. Then, the solution is needed to be diluted with distilled 

water to the control value of 0.05±0.01 at 425 nm absorbance and dilution 

fold was recorded with the average value in duplicate. 

2.4.  Preparation of Maillard reaction  

Reaction between glucosamine and lysine was carried out at 5 different pHs, 

i.e., 3, 5, 7, 9 and 11. Glucosamine (0.1 M= 0.09g) and lysine (0.1 M= 

0.07g) were dissolved in 10 ml of distilled water and adjusted to the pH by 

using 0.1 M of NaOH and, or 0.1 M of HCl. The solution was kept in the 
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amber screw cap bottle of 250 ml volume with a cap and septum cover to 

protect from evaporation and the sample was heated in a dry oven for 4 

hours at 120oC. After the reaction, the mixtures were left to cool down and 

then, submitted to headspace analysis. 

2.5.  Isolation, separation and identification of headspace volatile 

compounds 

Headspace volatile compounds produced by Maillard reaction were isolated 

by a dynamic headspace technique. Maillard reaction product was heated in 

a dry oven at 60oC for 30 minutes before isolating the volatile components. 

The volatile compounds were absorbed through a Tenax tube for 5 minutes 

and the tube was set to automatic thermal desorber (ATD 400, Perkin Elmer, 

USA). The operating condition of ATD is shown in Table 2. The headspace 

volatile compounds of Maillard reaction products were separated and 

identified by using the combined system of gas chromatography and mass 

selective detector (GC-MSD: QP-5050A, Shimadzu, Japan). The analytical 

condition of gas chromatography and mass selective detector is shown in 

Table 3.     
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Table 2. Operating condition of automatic thermal desorber  

Items Condition 

 

ATD* 400 

 

Perkin Elmer, UK 

Primary tube type Tenax-TA, Triple-bed 

Cold trap type Tenax-TA 20mg 

1st Desorption 350oC-4.0 min 

2nd Cryo temp -30oC 

2nd Desorption 350oC 

Desorb flow 50.2 ml/min 

Inlet spilt No 
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Out split 11.5 ml/min 

* ATD stands for automatic thermal desorber. 

 

 

 

 

 

Table 3. Analytical condition of gas chromatography and mass selective detector 

Items Condition 

 

Gas chromatography 

 

Shimatzu 2010, Japan 

Mess selective detector Shimatzu QP-2010 plus, Japan 

Column AT-1: 60m x 0.32mm x 1.0 µm  

35oC-10 min 
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Colum temperature 8oC/min-120oC-10min 

12oC/min-180oC-7min 

15oC/min-230oC-10 min 

Injector temperature 230oC 

Detector temperature 250oC 

Carrier gas N2 

Column pressure 15.9 psi 

Mass range 20-350 m/z 
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2.6. Preparation of Teriyaki sauce  

The cooking process of Teriyaki sauce was shown in Fig. 3. First, eel bones, 

krill, shrimp peel and crab peel were roasted until browned in an oven at 

180oC for 20 minutes. The roasted samples of eel bones, krill, shrimp peel 

and crab peel were mixed with other ingredients and materials as shown in 

Table 4. The sauce was simmered slowly for a required time of cooking; 

starch syrup was added before the end of cooking. It was strained, cooled 

down to room temperature. It was stored until next measurements of sensory 

test and volatile compounds. 

3. Response surface method 

The level of browning development was investigated using the central 

composite design for response surface methodology with 17 experimental 

runs and 15 treatments difference as shown in Table 24. With its design, 

response surface analysis (RSA) was use to characterize the effect of 

browning reaction of glucosamine-lysine in the same ratio of concentration 

(0.2 M) with independents variables of temperature, time and pH. Ranges of 

temperature (X1), time (X2) and pH (X3), (Table 5) were selected based on 

the primary experiment of the reactants. The 5 different coded units with a  
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Measurements of eel bone and soy sauce,  

$ 

Baking eel bone  

$ 

Mixing vegetable and eel bone 

$ 

Poaching 

$ 

Adding glutinous starch syrup and 

concentrating 

$ 

Completion 

Fig. 3. Manufacturing process of Teriyaki sauce. 
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Table 4. Ingredient quantity used for tasty Teriyaki sauce 

Ingredient Quantity Unit 

Raw eel bone 100 g 

Raw crab peel 100 g 

Raw shrimp peel 100 g 

Raw krill 100 g 

Garlic whole 17 g 

Ginger 10 g 

Red pepper 1 g 

Starch syrup 290 g 

Soy sauce 300 cc 

Sugar 100 g 

Leek 20 g 

Sea tangle 5 g 

Water 200 cc 
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Table 5.  Coded level of independent variables in experimental design 

Compounds Independent variable 

Coded unit 

-1.682 -1 0 +1 +1.682 

Glucosamine 

+Lysine     

(0.2 M) 

Reaction temp.(o C) 66.36 80 100 120 133.64 

Reaction time (hour) 1.318 2 3 4 4.682 

pH 3.636 5 7 9 10.364 
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central composite design (-1.682, -1, 0, +1, +1.682) were set and the actual 

values for the mid-point were 100oC of reaction temperature, 3 hours of 

reaction time and pH 7 of reaction pH. The value of browning development 

was investigated by using a spectrophotometer with their absorbance (Y1) at 

425 nm and a Hunter Lab color scale of L (Y2), a (Y3), and b (Y4). Data 

were analyzed using statistical program of SAS software (Version 9.1, SAS 

Institute Inc., USA.) and after the equation was obtained,  its 3 dimensional 

figure at the midpoint was drown by using Maple software (Version 8.0).  

The model proposed for the response (Y) was: 

 

Where b0 is the value of the fixed response at the central point of the 

experiment which is the point (0, 0, 0); bn; bnn and bnm are the linear, 

quadratic and cross products coefficients, respectively. 

 

 

 

(Eq.1) 
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Results and Discussion 

Maillard reaction is known as a complex series of reactions leading to the 

formation of colors, flavors and aroma considered in food science. It is a 

chemical reaction between an amino acid and reducing sugar, usually 

requiring heat. The initial stages of Maillard reaction involve the 

condensation of the carbonyl group of a reducing sugar with an amino 

compound, follow by the degradation of the condensation product to give a 

number of different oxygenated compounds. The final product from 

Maillard reaction leads to many important classes of volatile flavor 

compounds including furans, pyrazines, thiophenes, thiazoles and other 

heterocyclic compounds. There are many factors effect on Maillard reaction 

in food processing such as temperature, time, pH, water activity, type of 

reaction, and availability of reactants (Lingnert, 1990).  

Reaction temperature and time were the most significant processing factors 

influencing Maillard reaction. In the study of model system for seafood 

flavor, glucosamine is one of the important compounds which were selected 

to conduct an experiment. In this experiment, three different reaction 

mechanisms were established and investigated to find out the optimum 
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conduction of browning and flavor formation. The first one is reaction 

mechanism of glucosamine itself. The second reaction mechanism is the 

mixture of glucosamine-sugars (galactose, xylose, ribose, fructose and 

glucose). The final one is reaction mechanism of glucosamine-amino acids 

(lysine). The result will be applied to Teriyaki sauce of seafood flavor in 

order to improve favor in food. 

1. Non-enzymatic browning reaction of glucosamine 

Glucosamine (C6H13NO5) itself has an amine group at the second carbon 

position and one aldehyde group as shown Fig. 1. Therefore, glucosamine 

alone is thought to produce non-enzymatic browning of Maillard reaction. 

The 0.1 M glucosamine solution was made by dissolving 0.09 g 

glucosamine in to 5 ml distilled water. The glucosamine solution was 

reacted at 120oC. The degree of browning was measure at 425 nm. Table 6 

shows the browning effect on glucosamine concentration. The result of 

browning reaction slightly increased from 0h to 2h and from 2h to 4h. The 

reaction was faster than from 0h to 2h and from 4h to 5h. The reaction is 

approximately same, showing 0.25 at 4h reaction time and 0.26 at 5h 

reaction time (Table 6, Fig. 4).  
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Table 6. Measured absorbance on non-enzymatic browning of glucosamine 

 Reaction 
time 

1h 2h 3h 4h 5h 

Absorbance 0.028±0.003 0.06±0.002 0.15±0.002 0.25±0.0007 0.26±0.002 

 

 

Fig. 4. Browning effect on Maillard reaction in aqueous glucosamine 

solutions. 

* The concentration of glucosamine was 0.1 M and reaction times were 1, 2, 

3, 4 and 5 hours at 120oC reaction temperature. 
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The browning reaction of glucosamine varies with concentration, pH and 

reaction temperature. Browning degrees on reaction time were investigated.  

The degree of browning reaction varies with varies level of concentration at 

certain reaction time and its result is shown in Table 7 and Fig. 5. With their 

absorbance at 425 nm, the level of browning development increased with 

increasing reaction concentration and reaction time. The absorbance value 

was increased from 0.039 with 0.1 M of glucosamine concentration at 

120oC for 3h to 0.713 when its concentration was increased to 0.5 M.  

Reaction pH also affects the degree of browning. Table 8 and Fig. 6 show 

browning effect. The browning increased when pH increased from pH 3 to 5 

and pH 5 to 7, but the degree of browning was decreased when pH was 

increased up to pH 11. The solution of pH 9 shows the best result of 

browning development.  

2. Effect of reducing sugar on browning of Glucosamine 

In general, Maillard reaction is well known that its reaction rate is 

influenced by participating reactants. Degree of Maillard reactions between 

glucosamine with five types of sugars, i.e. galactose, xylose, fructose, ribose 
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Table 7. Effect of glucosamine concentration on browning 

Concentration 

(M) 

Reaction time 

1h 2h 3h 

0.01 0.006±0.001 0.026±0.006 0.039±0.001 

0.05 0.012±0.002 0.050±0.009 0.121±0.002 

0.10 0.027±0.003 0.0605±0.002 0.154±0.002 

0.50 0.096±0.001 0.313±0.0007 0.713±0.001 
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Fig. 5. Effect of glucosamine concentration on browning development in 

aqueous solution. 

* The concentration of glucosamine was 0.1 M and reaction time were from 

1, 2, and 3 hours at 120oC reaction temperature. 

Table 8. Effect of pH on browning development in aqueous glucosamine 

solution  

pH 
Reaction time 

1h 2h 3h 4h 

pH3 0.009±0.002 0.04±0.001 0.11±0.02 0.15±0.05 

pH5 0.011±0.001 0.089±0.04 0.16±0.02 0.14±0.01 

pH7 0.33±0.003 0.69±0.06 0.90±0.1 1.28±0.2 

pH9 1.89±0.2 Max Max Max 
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pH11 1.24±0.1 2.61±0 Max Max 

 

Fig. 6. Effect of pH on browning development in aqueous glucosamine 

solution.  

* The concentration of glucosamine was 0.1 M and reaction times were 1, 2, 

3 and 4 hours at 120oC reaction temperature. 

and glucose were observed. The rate of browning was varied depending on 

the nature of reactant. This result might be attributed to the different 

reaction pathways with different types of sugar; glucose proceeds the 

Maillard reaction through Amadori rearrangement, whereas fructose goes 

through Heyns rearrangement. Different pathways generate different 

amounts as well as types of product (Komthong et al., 2003). Color 
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development in system of glucosamine with five types of sugar systems 

postulated that glucose showed the low reactive and galactose did the high 

reactive on brown pigment formation (Table 9, Fig. 7). The reactivity of 

used sugar in glucosamine system was ordered as follow: galactose > xylose 

> fructose > ribose > glucose. The result also shows that the rates of 

browning development of glucosamine with ribose and glucose were lower 

than glucosamine alone. 

3. Model system of glucosamine and amino acid  

The model systems of glucosamine-lysine (0.2 M) were carried out at 

several constant of reaction temperature of 120oC. Reaction time of 1, 2, 3, 

and 4 hours, concentration ratios and at a several pHs. The rate of browning 

Table 9. Browning development of glucosamine with different type of 

sugars 

Compounds 
Reaction time 

1h 2h 3h 4h 5h 

Glucosamine + Galactose 0.057 0.174 0.262 0.604 0.707 

Glucosamine + Xylose 0.032 0.078 0.133 0.218 0.330 
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Glucosamine + Ribose 0.018 0.052 0.140 0.167 0.182 

Glucosamine + Fructose 0.019 0.049 0.084 0.178 0.275 

Glucosamine + Glucose 0.004 0.026 0.059 0.094 0.082 

 

 

Fig. 7. Browning development of glucosamine with different types of sugars. 

* The reaction condition was several time of 1, 2, 3, 4 and 5 hours at 120oC 

reaction temperature. 

development increased rapidly and the absorbance value showed at 

maximum before 1 hour reaction time. This may be due to the existence of 
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lysine of an essential basic amino acid that composes of 2 amino groups and 

one carbonyl group. Ashoor and Zent (1984) classified amino acids into 

three groups depending on the extent of browning when reacted with 

glucose at different pH, and 121oC for 10 minutes. The most reactive amino 

acids were lysine, glycine, tryptophan and tyrosine. O’Brien and Massey 

(1989) reported that lysine appears to be the most reactive amino acid due to 

the fact which has two available amino groups. The reacted solution was 

diluted to ten folds dilution and it was measured. Also dilution factor was 

measured.  

3.1. Effect of reaction time 

The formation of Maillard reaction products is in most case positively 

correlated with reaction time and temperature (Romero and Ho, 2007). 

Temperature is the main energy source of Maillard reaction. A few 

examples show the difficulties involved in isolating the effect of 

temperature or time as a single of variable. The temperature is also 

influenced by the other variables and different aspect of the Maillard 

reaction differs in temperature independence (Finot, 1990). The effect of 

reaction time at a constant 120o C reaction temperature of glucosamine-
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lysine showed in Table 10, Fig. 8 (with 10 folds dilutions) and Table 11, Fig. 

9 (with dilution factor). The browning reaction was increased sharply in the 

first interval between 0 and one hour and gradually increased up to four 

hours and the best result was at four hours reaction time. 

3.2. Effect of concentration ratio of reactants 

The extent of browning seems to be varied according to sugar and amine. 

Table 12 and Fig. 10 show the result of 10 folds dilution, and Table 13 and 

Fig. 11 show the result of dilution factors. The ratio of amino acid to 

reducing sugar can affect the rate of browning.  The reaction of 

glucosamine : lysine in different quantitative ratios of 10:1, 5:1, 1:1, 1:5, 

and 1:10; reaction times of 1, 2, 3, and 4 hours at 120oC constant 

temperature. The result shows that increasing glucosamine concentration 

shows a greater increase in browning than that of increasing lysine content 

on a molar basis and the increase for both is greater than the relative 

concentration increase. The best result of concentration ratio between 

glucosamine and lysine was in order of 1:1 > 5:1 > 10:1 > 1:5 > 1:10.  
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Table 10. Browning effect on Maillard reaction in glucosamine-lysine 

aqueous solution  

Absorbance 

Reaction time 

1h 2h 3h 4h 

Dilution 

 (10 folds) 
0.647±0.014 0.791±0.018 0.864±0.018 0.947±0.025 

 

 

Fig. 8. Browning effect on Maillard reaction in glucosamine-lysine aqueous 

solution. 

* The concentration of glucosamine-lysine was 0.2 M and reaction times 

were 1, 2, 3 and 4 hours at 120oC reaction temperature at their absorbance at 

425 nm with 10 folds. 
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Table 11. Browning effect on Maillard reaction in glucosamine-lysine 

aqueous solution  

Absorbance 
Heating time 

1h 2h 3h 4h 

Dilution (folds) 120 150 200 200 

 

 

Fig. 9. Browning effect on Maillard reaction in glucosamine-lysine aqueous 

solution. 

* The concentration of glucosamine-lysine was 0.2 M and reaction times 

were 1, 2, 3 and 4 hours at 120oC reaction temperature at their absorbance at 

425 nm with dilution factor. 
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Table 12. Effect of concentration ratio on browning development in 

glucosamine-lysine aqueous solution  

Ratio 
Reaction  time 

1h 2h 3h 4h 

10:10 0.15±0.007 0.24±0.003 0.35±0.027 0.42±0.007 

05:01 0.23±0.001 0.39±0.006 0.52±0.01 0.62±0.006 

01:01 0.46±0.018 0.73±0.007 0.85±0.01 0.89±0.018 

01:05 0.11±0.004 0.17±0.003 0.19±0.005 0.20±0.003 

01:10 0.06±0.014 0.10±0.006 0.12±0.003 0.14±0.018 

   

 

Fig. 10. Effect of concentration ratio on browning development in 

glucosamine-lysine aqueous solution.  

* The concentration of glucosamine-lysine was 0.2 M and reaction time 

were from 1, 2, 3 and 4 hours at 120oC reaction temperature at their 

absorbance at 425 nm with 10 folds. 
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Table 13. Effect of concentration ratio on browning development in 

glucosamine-lysine aqueous solution  

Ratio 
Reaction  time 

1h 2h 3h 4h 

10:01 30 50 80 80 

05:01 50 80 120 130 

01:01 120 140 150 150 

01:05 20 30 40 40 

01:10 12 15 30 30 

 

 

Fig. 11. Effect of concentration ratio on browning development in 

glucosamine-lysine aqueous solution.  

* The concentration of glucosamine-lysine was 0.2 M and reaction time 

were from 1, 2, 3 and 4 hours at 120oC reaction temperature at their 

absorbance at 425 nm with dilution factor. 
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The reason may be due to the initial step of formation of the Schiff base 

which is dependent on the concentration of both sugar and amino acid. In 

contrast of this, Warmbier et al. (1976) studied on a glucose-lysine model 

system, this study shows that the rate of browning increased to a maximum 

at a ratio of one glucose to three lysine. At a molar ratio of 1:1 the color 

development in a glucosamine-lysine reaction system was higher than that 

of 10 glucosamine to one lysine. This result shows the same one at glucose- 

glycine model system which studies by Wolfrom et al. (1974). 

3.3. Effect of reaction pH 

In the Maillard reaction, the basic amino group is the reactive component, 

therefore, the browning is dependent on initial pH or the present of buffer 

system. Low pH results in the protonation of basic amino group; it therefore 

inhibits the reaction (Oke and Paliyath, 2006). pH holds a crucial effect on 

the Maillard reaction when the Amadoria compound has been formed. At 

that point, it determines the extent to which reactions is proceded by its 

enolization, either 1, 2 enolization at pH low or 2, 3 enolization at pH high 

(Nursten, 2005). A change in pH leads to a change in the mechanism of the 

reaction and, hence, to the formation of different volatile and colored 
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products. Table 14, Fig. 12 and Table 15, Fig. 13 showed the rate of 

browning development of glucosamine-lysine at 120oC reaction temperature 

with different initial pH solutions of pH 3, 5, 7, 9 and 11 and certain heating 

times of 1, 2, 3 and 4 hours. The reaction rate increased with increasing pH 

from 3 up to 9 and slightly decreased at pH 11, but the reaction at pH 11 

was higher than that at pH 7. Spark (1969) reported that aldosylamine, was 

the product of initial reaction of sugar and amino acid, and it was more 

rapidly occurred in higher pH. Ajandouz et al. (2001) also stated that an 

increase in pH of heated solutions resulted in the increase in initial rate of 

degradation of fructose and lysine. The color formation in a glucose-lysine 

system increased with increasing pH from 4 up to 8 at 100oC and 110oC 

(Lingert, 1990). 

4. Headspace volatile compounds in glucosamine-lysine model system  

The major factors which influence the rate and extent of formation of the 

Maillard reaction products are dependent on the content of acyclic reducing 

sugar, the percent of amine that is protonated, reactant ratio and 

concentration, temperature, pH, time and matrix state. 
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Table 14. Effect of pH on browning development in glucosamine-lysine 

aqueous solution  

pH 
Reaction time 

1h 2h 3h 4h 

pH3 0.0155±.002 0.043±.001 0.100±.001 0.14±.002 

pH5 0.029±.002 0.089±.001 0.1445±.0007 0.216±.0007 

pH7 0.133±.001 0.1855±.003 0.3255±.002 0.418±.001 

pH9 0.4235±.0007 0.604±.001 0.6935±.0007 0.748±.002 

pH11 0.4425±.0007 0.589±.001 0.632±0 0.668±.002 

 

 

Fig. 12. Effect of pH on browning development in glucosamine-lysine 

aqueous solution.  

* The concentration of glucosamine-lysine was 0.2 M and reaction times 

were 1, 2, 3 and 4 hours at 120oC reaction temperature at their absorbance at 

425 nm with 10 folds. 
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Table 15. Effect of pH on browning development in glucosamine-lysine 

aqueous solution  

pH 
Reaction time 

1h 2h 3h 4h 

pH3 3 10 20 30 

pH5 8 15 30 40 

pH7 30 40 80 80 

pH9 80 130 140 150 

pH11 80 120 130 140 

 

 

Fig. 13.  Effect of pH on browning development in glucosamine-lysine 

aqueous solution.  

* The concentration of glucosamine-lysine was 0.2 M and reaction times 

were 1, 2, 3 and 4 hours at 120oC reaction temperature at their absorbance at 

425 nm with dilution factors. 
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The results of absorbance at 425 nm by spectrophotometer of the mechanism 

reactions between glucosamine itself, glucosamine-sugar and glucosamine-

amino acid showed that the rates of browning development depended on the 

nature of reactant, time, temperature, pH and ratio of reactant concentration. 

But most of reaction increased with heating time and buffer condition, for 

the model system of glucosamine-lysine. The best reaction condition was 4 

hours reaction time, one to one ratio of reactant concentration, and pH 9 at a 

constant temperature at 120oC. According to this result of experiment, 

dynamic headspace analysis is needed to be analyzed in order to verify the 

flavor compounds from this model system. The identification of volatile 

compounds formed from the reactions of glucosamine-lysine 0.2 M at five 

different pHs; 3, 5, 7, 9, and 11 and 120°C was performed using dynamic 

headspace analysis. The major headspace components of the model system 

involving glucosamine-lysine at five different pHs are listed in Table 16, 17, 

18, 19, 20 and 21 with different groups of the identified compounds. There 

were 88 compounds which gave significant peaks in gas chromatograms. 

They were classified in to 11 groups such as aldehyde, ketone, ester, furan, 

pyrazine, pyridine, pyrimidine, alcohol, acid, nitrogen containing compound 

and sulfur containing compound. The studies showed that aldehyde was 

formed mainly at acidic pH (pH 3), while pyrazines and ketones were  
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Table 16. Identified aldehyde compounds from non-enzymatic browning of 

glucosamine-lysine at the same ratio of total 0.2 M concentration 

at several pHs of pH 3, 5, 7, 9 and 11 and 4 hours reaction time at 

120oC by using DHA-GC-MS    

Compound RT RI 
Peak area (x 105) 

pH3 pH5 pH7 pH9 pH11 

Acetaldehyde  3.3  <600 2340 130.0 823.1 1060.0 447.0 

Propanal  4.1  <600 67.7 - 184.6 - - 

2-Methyl propanal  5.2  <600 8.9 33.9 55.5 24.8 0.4 

2-Butenal  5.5  <600 0.4 - 12.9 - - 

Butanal  6.1  <600 136.6 46.7 481.3 193.4 - 

3-Methyl butanal   8.6  647 24.7 - - 100.0 - 

4-Pentenal 10.4  679 - - 4.1 5.6 - 

Pentanal  11.2  691 370.3 84.7 202.0 89.6 26.5 

2,4-Pentadienal 14.2  754 56.8 - - - - 

Hexanal 16.2  793 65.0 65.9 43.6 25.3 5.5 

Heptanal  19.8  893 59.0 - 52.0 27.1 
 

Benzaldehyde  21.8  957 43.0 - 26.0 21.1 11.3 

Octanal  23.0  994 156.7 58.6 33.1 26.5 - 

4-benzaldehyde 25.0  1041 77.4 - - - - 

Nonanal  27.1  1086 87.7 55.5 59.2 50.1 - 

Decanal  33.0 1157 81.3 32.5 27.1 26.6 - 

Undecanal 37.4 * 29.8 15.5 - - - 

Total   3605.3 523.3 2004.5 1650.1 490.7 

*: Over than 1200 was not calculated  
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Table 17. Identified ketone compounds from non-enzymatic browning of 

glucosamine-lysine at the same ratio of total 0.2 M concentration 

at several pHs of pH 3, 5, 7, 9 and 11 and 4 hours reaction time at 

120oC by using DHA-GC-MS  

Compound RT RI 
Peak area (x 105) 

pH3 pH5 pH7 pH9 pH11 

2-Propanone 4.2 <600 - - 152.6 1210.0 753.0 

2,3-Butanedione 5.9 <600 - - - 358.9 - 

2-Butanone 6.4 <600 - - 63.8 91.1 31.4 

3-Pentanone 11.6 697 - - - - 0.5 

Cyclopentanone 15.9 787 - - - 30.2 - 

2-Hexanone 16.0 789 - - - - 1.1 

4-Octen-3-one 16.3 795 
    

0.4 

3-Heptanone 19.5 885 - - - - 11.0 

2-Heptanone 19.6 887 - 7.2 - - - 

6-Methyl-5-

hepten-2-one 
22.6 982 - - 5.1 - - 

Total   0 7.2 221.5 1690.2 797.4 
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Table 18. Identified ester compounds from non-enzymatic browning of 

glucosamine-lysine at the same ratio of total 0.2 M concentration 

at several pHs of pH 3, 5, 7, 9 and 11 and 4 hours reaction time at 

120oC by using DHA-GC-MS  

Compound RT RI 

Peak area (x 105) 

pH  pH5 pH7 pH9 pH11 

Acetic acid, methyl 
ester 

4.9 <600 - - 1.7 2.2 - 

Ethyl acetate 7.3 619 15.2 - - - - 

Acetic acid, ethyl ester 7.3 619 - 1.3 - 9.4 - 

Sulfurous acid, 
demethyl ester 

8.5 645 - - - - 0.1 

Formic acid, butyl ester 10.2 676 1101.0 - - - - 

Formic acid, ethyl ester 10.4 679 - - - - 13.3 

Acetic acid, butyl ester 17.1 816 721.8 597.9 171.7 198.8 - 

2-Methylpropyl 2-
ethylhexanoate 

19.2 877 - - - - 0.8 

Beta-terpinyl acetate 24.6 1032 - - - - 3.3 

Sulfurous acid, decyl 
penthyl ester 

26.6 1075 - - 12.4 - - 

Oxalic acid, dodecyl 
isobuthyl ester 

26.9 1081 - - 3.8 - - 

2-Propenoic acid, butyl 
ester 

40.0 * - - - 1.6 - 

Total   1838 599.2 189.6 212 17.5 

*: Over than 1200 was not calculated  
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Table 19. Identified furan compounds from non-enzymatic browning of 

glucosamine-lysine at the same ratio of total 0.2 M concentration 

at several pHs of pH 3, 5, 7, 9 and 11 and 4 hours reaction time at 

120oC by using DHA-GC-MS  

Compound RT RI 

Peak area (x 105) 

pH 3 pH5 pH7 pH9 pH11 

Furan 4.3  <600 618.6 270.0 1610.0 806.0 10.6 

2-Methyl furan 6.6  603 - - 387.1 255.5 98.0 

3-Methyl furan  6.8  608 131.8 - - - - 

2-Ethyl furan 11.8  700 10.8 - 18.1 - 3.0 

2, 5-Dimethyl furan 12.2  710 - - - - 30.1 

Furfural 17.5  828 571.5 370.0 839.7 105.8 - 

Total   1332.7 640.0 2854.9 1167.3 141.7 
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Table 20. Identified pyrazine, pyridine and pyrimidine compounds from 

non-enzymatic browning of glucosamine-lysine at the same ratio 

of total 0.2 M concentration at several pHs of pH 3, 5, 7, 9 and 11 

and 4 hours reaction time at 120oC by using DHA-GC-MS  

Compound RT RI 
Peak area (x 105) 

pH 3 pH5 pH7 pH9 pH11 

Pyrazine 13.9 748 - - 209.2 1660.0 - 

Methyl pyrazine 17.7 834 - - - 1460.0 595.0 

2,5-Dimethyl 

pyrazine  
20.5 915 - - - - 23.2 

2,6-Dimethyl 

pyrazine  
20.5 915 - - - - 14.4 

Ethyl pyrazine   20.6 918 - - - - 18.7 

2,3-Dimethyl 

pyrazine 
20.9 927 - - - 17.8 9.2 

2-Vinyl pyrazine 21.1 934 - - - 34.1 8.1 

Pyridine 15.7 783 - - - 47.6 38.3 

2-Methyl pyridine  18.5 857 - - - - 4.6 

4,6-Dimethyl 

pyrimidine  
20.6 918 - - - 109.7 24.7 

Total   0 0 209.2 3329.2 736.2 

 

 



48 

 

Table 21. Identified alcohol, acid, ether, N-containing and S-containing 

compounds from non-enzymatic browning of glucosamine-lysine 

at the same ratio of total 0.2 M concentration at several pHs of pH 

3, 5, 7, 9 and 11 and 4 hours reaction time at 120oC by using 

DHA-GC-MS 

Compound RT RI 

Peak area (x 105) 

pH 3 pH5 pH7 pH9 pH11 

Alcohol 

Ethanol 3.9 <600 8.2 - 109.6 99.2 - 

2-Propanol 4.4 <600 - - 73.6 - - 

1,3-Butanediol 6.4 <600 17.8 - - - - 

1-Butanol 10.4 679 - 43.5 701.2 755.1 16.6 

Acid 

Acetic acid 12.0 705 9.9 44.5 - - 311.0 

Ether        

Ethyl ether 4.6 <600 - - - - 0.4 

N-Containing compound 

Thiourea 4.9 <600 72.6 - - - - 

2-Hydroxy 
propanenitrile 

7.9 633 - - - - 11.7 

Pentanenitrile 14.8 766 - - - - 1.7 

5-Amine 1H-tetrazol 15.4 778 6.0 6.9 8.3 - 9.0 

2-Ethyl-4-methyl-1H-
imidazole 

20.4 911 - - - - 2.3 

S-Containing compound 

Carbon disulfide 4.9 <600 - - - - 0.9 

Methanesulfonic 
anhydride 

9.5 664 9.9 - 10.8 - - 

Dimethyl  disulfide 13.7 744 - - - - 0.5 
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abundant pH 9 and the most abundance of furan was at neutral pH. The 

volatiles identified in these five reaction mixtures were dominated by 

aldehyde compounds. The reaction rate is known to increase with increasing 

pH, so the total quantity of volatile compounds increased significantly as the 

pH increased. Leahy and Reineccius (1989) reported that pyrazine in a 

glucose-lysine system had been found at high pH and the total amounts of 

pyrazines were more than 500 times higher than those at pH 9 than at pH 3, 

but in this study of glucosamine-lysine, pyrazine compounds were not 

detected at pH 3 and pH 5 and only one pyrazine was detected at pH 7 

(Table 20). The important flavor compounds eluted from GC column were 

16 compounds such as 6 furans, 7 pyrazines, 2 pyridines, and 1 pyrimidine. 

Each compound has different characteristics of flavors and odors (Table 22 

and 23). Some compounds contribute with odor and taste such as 2-ethyl 

furan, furfural, pyrazine, 2-methyl pyrazine, 2, 5-dimethyl pyrazine, 2, 6- 

dimethyl pyrazine. Some contribute only odor such as furan, 2-methyle 

furan, 2, 5-dimetyl furan, 2 ethyl pyrazine, 2, 3-dimethyl pyrazine and 

pyridine (Susan, 1983). The structures of these flavor components are 

shown in Fig. 14 for furan compounds and Fig. 15 for pyrazines, pyridines 

and pyrimidines. 

 



50 

 

Table 22. Flavor and aroma characteristics of the identified furans 

Compound Flavor Odor 

Furan  Peculiar spice-smoky, 

sickly, nasty. Slightly 

cinnamon-like  

2-Methyle furan  Ethereal, sickly 

2-Ethyl furan Caffeine-like Powerful sweet, burnt. 

When dilute, warm, 

sweet 

2, 5-Dimethyl 

furan 

 Ethereal 

Furfural Sweet bread-like, bitter 

caramellic in proper 

dilution.  

Pungent, but sweet, 

bread-like, caramellic, 

cinnamon-almond-like 

of poor tenacity 

Source: Susan, 1983 
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Table 23.  Flavor and aroma characteristics of the identified pyrazines, 

pyridines and pyrimidine 

No Compound Flavor Odor 

1 Pyrazine Roasted hazelnuts Pungent, sweet, in 

dilution floral with 

remote resemblance to 

heliotrope. Corn-like 

with bitter note. 

2 Methyl  

pyrazine 

Chocolate, roasted 

peanuts, grilled chicken 

Nutty, roasted, in 

dilution chocolate 

character  

3 Ethyl pyrazine  Nutty, roasted,  

Buttery, rum 

4 2, 3-Dimetyl 

pyrazine 

 Pungent, nutty, green, 

in dilution chocolate 

type 

5 2, 5-Dimethyl 

pyrazine 

Reminiscent of potato 

chip, chocolate, grilled 

chicken, roasted peanuts  

Grassy, “cornnuts” 

Roasted. 

6 2, 6-Dimethyl 

pyrazine 

Chocolate Sweet, “fried”, 

resembling fried 

potatoes, nutty, roasted 

7 Pyridine Rather sharp burnt Burnt, pungent, 

diamine, in dilution, 

warm, “burn” smoky. 

Source: Susan, 1983 
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Furan 2-Methyl furan 2, 5-Dimethyl furan 
   

  

 
   

3-Methyl  furan 2-Ethyl furan Furfural 
   

Fig. 14. Chemical structure of the identified furans. 
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Pyrazine Methyl  pyrazine 2, 5-Dimethyl 
pyrazine 

   

          
   

2, 6-Dimethyl pyrazine Ethyl pyrazine  2, 3-Dimetyl pyrazine 
 

     

 

 

 

 
   

2-Vinyl pyrazine Pyridine 2- Methyl pyridine 
 

 
 

 
 

                   

 

 4, 6-Dimethyl Pyrimidine  
   

Fig. 15. Chemical structures of the identified pyrazines, pyridines and pyrimidine. 
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5. Responsible surface analysis 

Table 24 shows the response function of Y1 observed from absorbance at 425 

nm of spectrophotometer and Y2 (L), Y3 (a), and Y4 (b) observed from Hunter 

Lab color scale obtained from 17 treatments. The total determination 

coefficient (R2) was 97.90% for their absorbance and 97.76%, 93.98%, and 

93.04% for L, a, and b measured, respectively. These results indicate a 

responsible fit of the model to the experiment data. Experiment 16 coded (1, 1, 

1) had the highest absorbance level of 0.848 (diluted 10 folds), which was 

represented at the reaction temperature 120oC, 4 hours of reaction time and 

initial pH 9. It was the optimum condition of independent variable factors of 

temperature, time and pH of Maillard reaction between glucosamine-lysine 

model systems.  

5.1. Responsible surface analysis on absorbance   

The observation of (Y) value with the midpoint of independent variable of 

temperature, time, and initial pH was calculated by the mathematical model 

(Eq. 1) and the intercept b0 of each midpoint for independent variables was 

estimate by b0= estimate intercept + x1 + x1
2 .  
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Table 24. Response surface analysis on browning development in 

glucosamine-lysine model systems  

Ex. 
No. 

Independent Variables 
(coded) 

Response Variable 
Absorbance Hunter L, a and b 

X1 X2 X3 Y1* Y2(L) Y3(a) Y4(b) 
1 0 -1.682 0 0.083±.002 46.54±0.03 5.52±0.13 25.32±0.31 

2 1 1 -1 0.235±.002 33.96±1.32 9.37±0.87 10.11±0.94 

3 0 0 1.682 0.450±.019 30.79±0.20 10.79±0.32 7.05±0.35 

4 -1 -1 1 0.139±.005 41.16±1.53 10.83±0.85 24.06±1.54 

5 0 0 -1.682 0.023±.001 55.42±1.57 -1.36±0.29 14.01±1.10 

6 0 0 0 0.134±.003 40.05±0.81 9.86±0.45 20.08±0.79 

7 1 -1 -1 0.106±.007 45.63±1.79 6.67±1.02 24.45±2.20 

8 -1 1 1 0.244±.006 36.80±0.24 14.16±0.13 16.96±0.37 

9 0 0 0 0.131±.004 39.65±0.41 10.17±0.13 20.84±0.20 

10 1.682 0 0 0.634±.009 26.99±0.93 1.27±0.22 0.74±0.10 

11 -1 1 -1 0.012±.003 57.27±0.52 -1.71±0.03 9.35±0.37 

12 -1 -1 -1 0.009±.003 57.81±1.33 -1.65±0.04 7.22±0.31 

13 1 -1 1 0.631±.014 27.35±0.43 3.24±0.16 1.37±0.19 

14 0 1.682 0 0.169±.007 35.72±0.71 10.33±0.68 14.94±1.05 

15 -1.682 0 0 0.019±.003 55.16±0.63 -1.20±0.02 14.30±0.39 

16 1 1 1 0.848±.002 27.01±0.18 1.00±0.01 0.59±0.02 

17 0 0 0 0.133±.001 39.46±0.14 10.16±0.00 20.04±0.07 

* Y1 show the absorbance value at 425 nm diluted with distilled water of 10 

folds before measurement by spectrophotometer. Y2, Y3, and Y4 Hunter’s L, 

a, b value, respectively.       
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When Fig. 16 A was drawn, the b0 can be calculated by b0 = 3.503182 - 

0.358361x1 + 0.011531x1
2 = 1.559674, at x1=0 (initial pH) at 7 and varied x2 

(time) and x3 (temperature).  

Y criterion 1 =1.559674 - 0.14733x2 - 0.03446x3 + 0.007068x2
2 + 0.000195x3

2 + 

0.001488x2x3 

The response surface was analyzed, maximum browning color development 

(Y criterion 1 = 0.80) varies depending on reaction temperature and heating time. 

The reaction increased with increasing both factors of temperature and time. 

The result also showed both factors, and reaction time was more affected, 

compared to reaction temperature.    

When Fig. 16 B was drawn, the b0 can be calculated by b0 = 3.503182 - 

0.23045 x1 + 0.007068 x1
2 = 2.825224, at x1 = 0 (reaction time) at 3 hours and 

varied x2 (pH) and x3 (temperature). 

Y criterion 2 = 2.825224 - 0.32274x2 - 0.04697x3 + 0.011531x2
2 + 0.000195x3

2 + 

0.002425x2x3 

Fig. 16 B shows that maximum browning color development (Y criterion 2 = 

1.20) was varied depending on reaction temperature and initial pH. The 

reaction increased with increasing factors of both temperature and pH. The 
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result also shows both reaction temperature and initial pH affect Maillard 

reaction. 

When Fig. 16 C was drawn, the b0 can be calculated by b0 = 3.503182 - 

0.05144 x1 + 0.000195 x1
2 = 0.309582, x1 = 0 (reaction temperature) at 100oC 

and varied x2 (time) and x3 (initial pH). 

Y criterion 3 = 0.309582 - 0.11586x2 - 0.08165x3 + 0.011531x2
2 + 0.007068x3

2 + 

0.011875x2x3 

Fig. 16 C shows that maximum browning color development (Y criterion 3 = 

0.70) is change depending on initial pH and heating time. The reaction 

increased with the factors of both initial pH and reaction time. The result also 

showed that increased reaction time was more affected than initial pH.  

The browning development of Maillard reaction between glucosamine-lysine 

was investigated by responsible surface method with three factors of 

temperature, time and initial pH and five independent variables. It showed 

that all factors were affected on level of browning, depending on the Fig. 16 

B at x1 = 0 (reaction time at 3 hours) and varied x2 (pH) and x3 (temperature). 

Y value of the highest value (1.20) showed that reaction temperature and 

initial pH were the most effective factors on this study of Maillard reaction.    
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Fig. 16. Responsible surface analysis showing Maillard reaction of model 

system between glucosamine and lysine with their absorbance at 

425 nm. 

 * Fig. 16 A, B, and C are “A. Effect on reaction temperature and time”, “B. 

Effect on reaction temperature and pH”, and “C. Effect on reaction time and 

pH”, respectively. 

B 

C 

A 
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5.2. Responsible surface analysis on Hunter L, a, and b values   

Hunter L, a, and b values were measured and the formula for their dependent 

variables were calculated by using the same equation (Eq.1) and 3 dimension 

graphs were plotted, but the result did not match well with Maillard reaction. 

This may be because the values of L, a, and b can’t be used for the level of 

browning from Maillard reaction (Fig. 17, 18 and 19). More experiments are 

needed to be investigated. 

6. Headspace volatile compounds of Teriyaki sauce  

Teriyaki sauce is one of the most popular sauces and it was developed by 

Japanese for a century ago, It taste has sweetness and lightness soy sauce 

complement for the natural taste and texture of meat, poultry, seafood or 

vegetable and sometimes it also is used as a dipping sauce. Teriyaki is 

prepared by brushing on the sweet soy sauce based glaze in the last stage of 

grilled or broiled food, usually over an open fire. The final basting stage not 

only makes the food glisten but also adds flavor to food. In this study, three 

kinds of Teriyaki sauce were prepared with different ingredients and 

methods (eel bone, krill-cooking and reaction flavor) and investigate their   
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Fig. 17.  Responsible surface analysis showing Maillard reaction of model 

system between glucosamine and lysine with Hunter “L” value. 

* Fig. 17 A, B, and C are “A. Effect on reaction temperature and time”, “B. 

Effect on reaction temperature and pH”, and “C. Effect on reaction time and 

pH”, respectively. 

A B 

C 
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Fig. 18.  Responsible surface analysis showing Maillard reaction of model 

system between glucosamine and lysine with Hunter “a” value. 

* Fig. 18 A, B, and C are “A. Effect on reaction temperature and time”, “B. 

Effect on reaction temperature and pH”, and “C. Effect on reaction time and 

pH”, respectively. 

C 

B A 
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Fig. 19.  Responsible surface analysis showing Maillard reaction of model 

system between glucosamine and lysine with Hunter “b” value. 

* Fig. 19 A, B, and C are “A. Effect on reaction temperature and time”, “B. 

Effect on reaction temperature and pH”, and “C. Effect on reaction time and 

pH”, respectively. 

C 

A B 
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volatile flavor compounds by the dynamic headspace analysis (DHS-

GCMS). There were 85 volatile compounds identified from three kinds of 

Teriyaki and they were classified into 9 different groups such as aldehyde, 

alcohol, ketone, furan, ester, pyrazine, acid, ether, and others (Table 25, 26, 

27, 28, 29 and 30).The numbers of the identified volatile compounds were 

54, 49, and 38, for Teriyaki of eel bone, of krill-cooking and of reaction 

flavor, respectively. Furans typically have sweet, fruity or caramel-like 

aroma, while pyrazines are similar in character having roasted, toasted or 

nutty aroma. These kinds of volatile compounds characterize desirable 

flavor. Furans were detected from three kinds of Teriyaki sauce, but the 

most abundance of furan was found in Teriyaki which was made from eel 

bone. The result also showed that pyrazine compounds were found in only 

Teriyaki from eel bone, but the others were not detected for pyrazine 

compounds (Table 27). 
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Table 25. Identified aldehyde compounds from Teriyaki sauce by using 

DHA-GC-MS  

Compound RT RI 

Peak area (x106) 

Eel 

bone 

Krill-

cooking 

Reaction 

Flavor 

Acetaldehyde  3.2 <600 30.6 15.3 5.4 

Propanal  4.0 <600 14.1 - 3.2 

2-Methyl-propanal  5.2 <600 67.8 22.7 25.8 

2-Methyl-2-propenal 5.5 <600 - - 0.5 

3-Methyl-butanal 8.5 645 1203 44.4 68.5 

2-Methyl-butanal 9.1 656 83.2 31.5 45.9 

Pentanal  11.2 691 1.6 - 1.3 

Hexanal 16.2 793 - 1.9 1.7 

3-(Methylthio)-

propanal 
19.7 890 8.6 3.2 - 

Heptanal  19.8 893 1.7 3.2 1.3 

Benzaldehyde 21.8 957 - 3.8 2.3 

Octanal  23.0 994 1.8 5.1 - 

Benzeneacetaldehyde  24.6 1032 - 11.3 - 

Nonanal  27.1 1086 3.2 1.5 1.7 

Decanal  33.0 1157 1.8 - - 

Total   1417.4 143.9 157.6 
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Table 26. Identified alcohol compounds from Teriyaki sauce by using 

DHA-GC-MS 

Compound RT RI 

Peak area (x106) 

Eel 

bone 

Krill-

cooking 

Reaction 

Flavor 

Methyl Alcohol 3.5 <600 4.6 1.9 589.8 

2-Propen-1-ol  5.4 <600 14.8 9.4 1.8 

1-Propanol 5.8 <600 0.2 0.3 - 

Ethanol  8.0 635 - - 0.4 

2-Methyl-1-

propanol  
8.4 643 0.3 0.4 - 

1-Penten-3-ol 11.4 694 - - 1.5 

3-Methyl-1-butanol  14.4 758 1.9 - 3.0 

1-Pentanol  14.5 760 - 1.4 - 

2,3-Butanediol  17.5 828 0.6 3.4 - 

2-Methyl-1-

hexadecanol 
21.1 934 - 0.4 - 

Octanal  23.0 994 - - 4.4 

Eucalyptol 24.9 1039 - - 3.6 

10-Undecen-1-ol  33.2 * - 2.2 - 

Total   22.4 19.4 604.5 

*: Over than 1200 was not calculated  
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Table 27. Identified furan and pyrazine compounds from Teriyaki sauce by 

using DHA-GC-MS 

Compound RT RI 

Peak area (x106) 

Eel bone 
Krill-

cooking 

Reaction 

Flavor 

Furan 

3-Methyl furan  6.5 601       - 0.1 0.6 

2-Methyl furan  6.6 603 0.9 - - 

2-Ethyl furan 11.8 700 - - 1.4 

Furfural  17.6 831 3.7 3.7 - 

Furfuryl alcohol  18.8 866 3.8 - - 

2-Furanmethanol  18.9 868 - 1.1 - 

2-Acetylfuran  20.4 911 1.0 0.9 - 

Dihydro-2(3H) furanone   20.7 921 - 0.4 - 

2-Pentyl furan  23.0 994 1.8 - - 

Total   11.2 6.2 2.0 

Pyrazine 

2,5-Dimethyl pyrazine  20.8 925 1.2 - - 

2,3-Dimethyl pyrazine  21.0 931 0.3 - - 

Trimethyl pyrazine   23.8 1014 0.6 - - 

Total   2.1 - - 
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Table 28. Identified ketone compounds from Teriyaki sauce by using DHA-

GC-MS 

Compound RT RI 

Peak area (x106) 

Eel bone 
Krill-

cooking 

Reaction 

Flavor 

Acetone  4.1 <600 - 4.0 - 

2-Propanone  4.2 <600 28.1 - - 

2,3-Butanedione  5.9 <600 18.4 2.3 8.4 

Methyl ethyl ketone  6.3 <600 2.4 - - 

2-Butanone  6.4 <600 - 0.9 - 

Ethyl ketone  6.4 <600 - - 1.3 

2,3-Pentanedione  11.0 688 1.1 - - 

3-Hydroxy-2-butanone 12.3 712 6.6 1.4 - 

Methyl Isobutyl Ketone  14.0 750 0.7 - - 

1-Hydroxy-2-propanone 14.4 758 - 4.0 0.6 

6-Methyl-5-hepten-2-one  22.6 982 1.5 0.9 1.2 

1-Phenyl ethanone 25.9 1061 - - 2.5 

Total   58.8 13.5 14.0 
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Table 29. Identified ester, acid, and ether compounds from Teriyaki sauce 

by using DHA-GC-MS 

Compound RT RI 

Peak area (x106) 

Eel 

bone 

Krill-

cooking 

Reaction 

Flavor 

Ester      

Acetic acid, ethyl ester  7.3 619 1.2 0.6 - 

Acetic acid, butyl ester  17.1 816 0.7 - 0.9 

Propanoic acid, 2-

hydroxy-, ethyl ester  
17.3 822 13.5 9.8 1.2 

1-Methoxy-2-propyl 

ester of acetic acid  
19.1 874 2.8 21.6 1.5 

2-Methyl-butanoic acid  19.4 882 0.8 - - 

Total   19.0 32.0 3.6 

Acid      

Acetic acid  13.1 731 25.8 100.4 56.1 

2-Methyl-propanoic 

acid 
16.3 795 2.9 1.9 - 

2-Methyl-butanoic acid  19.5 885 - 1.0 - 

Ether      

Ethyl ether  4.4 <600 11.3 1.9 3.7 
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Table 30. Identified other compounds from Teriyaki sauce by using DHA-

GC-MS 

Compound RT RI 

Peak area (x106) 

Eel 

bone 

Krill-

cooking 

Reaction 

Flavor 

Butyl isocyanatoacetate  6.4 <600 - 0.5 - 

Hexane 6.5 600 1.6  0.4 

1,4-Dioxane  12.7 722 - 0.7 - 

Dimethyl disulfide  13.7 744 2.7 -  

Methyl-benzene  15.0 770 1.4 0.9 1.3 

2,4-Dimethyl-heptane  16.5 798 - 1.9 - 

Octane 16.6 800 0.7 - - 

N,N-Dimethyl-formamide  18.2 849 - 1.0 - 

3,3'-Thiobis-1-propene  18.9 868 - 0.5 - 

1,2-Dimethyl benzene 19.0 871 - 2.1 - 

Xylene 19.0 871 3.4 - 0.8 

Nonane  20.0 898 0.8 0.3 - 

1R-.alpha.-Pinene  21.3 940 0.9 - - 

Camphene  21.8 957 5.6 - 2.9 

2,3,4-Trithiapentane  22.1 966 0.6 - - 

Beta.-Phellandrene  24.5 1030 4.3 - - 

Alpha. Phellandrene 24.6 1032 - - 4.8 

1,8-Cineole  24.8 1037 4.9 - - 

Eucalyptol  24.9 1039 - 2.7  

Diallyl disulphide  26.3 1069 2.0 1.5 1.4 

Undecane  27.3 1100 2.8 - 2.3 

Dodecane  33.2 1200 - 2.2 2.8 

Di-2-Propenyl trisulfide 37.0 * 0.8 - - 

Diallyl tetrasulphide  37.2 * - 0.8 - 

*: Over than 1200 was not calculated  



70 

 

Conclusion 

The important final products of Maillard reaction are thought to be 

browning pigments and flavor active compounds. Food processing 

industries realized Maillard reaction to produce many varieties of food 

flavor. In this study, development of seafood flavor was tried by using 

glucosamine and other precursors and it was applied to Teriyaki sauce in 

order to improve its flavor quality.  The final product of Maillard reaction 

was varied according to nature of reactants and reaction factors. The 

reaction between glucosamine itself, glucosamine reducing sugars and 

glucosamine with amino acid (lysine), the degree of browning was increased 

with extended of heating time and glucosamine concentration for the 

reaction of glucosamine itself. The browning reaction of glucosamine with 

reducing sugars demonstrated that galactose was the best and glucose was 

the last. The concentration ratio of 1 to 1 between glucosamine and lysine, 

initial pH 9 and 4 hours of heating time were the best condition for 

browning development. There were 88 headspace volatile compounds 

identified between the reaction of glucosamine and lysine at initial pH 3, 5, 

7, 9 and 11. The volatile flavor compounds were most abundantly identified 
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at pH 9, i.e. furans, pyrazines, pyridines and pyrimidines. The optimum 

condition of browning development by responsible surface method was 4 

hours reaction time and initial pH 9 at 120oC reaction temperature. The 

measured absorbance of browning development from Maillard reaction was 

matched well with responsible surface method, while Hunter L, a, and b 

didn’t respond well. Teriyaki sauce produced with eel bone showed the best 

flavor, so the eel bone can be used to Teriyaki sauce and other seafood 

flavors to improve flavor quality.        
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