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Abstract: The objectives of this study are 1) to compare the volatile compounds, the taste 
compounds and the sensory attributes of four commercial oyster sauces, and 2) to determine 
the relationship between these compounds and sensory attributes. In addition, a consumer test 
was applied to evaluate the overall liking of these four sauces. A total of 74 volatile 
compounds were identified, most of these being alcohols, furans, aldehydes and pyrazines . 
Most of the samples showed a clear sensory organisation. Glutamic was the dominant free 
amino acid in all samples. Canonical correlation analysis showed that sweet amino acids 
including threonine, serine, glycine, and alanine were strongly associated with sweet taste. 
Three sensory attributes (oyster, fishy and fired pork dour) were highly correlated to alcohols 
(1-Penten-3-ol), aldehydes (propanal, butanal) and pyrazines, respectively. Cluster analysis of 
hedonic scores showed that there were four clusters of consumers with similar preference. 
According to preference mapping, consumers mostly like sample VN which has oyster odour 
and sweet taste; By contrast, sample TL was unacceptable because of its soy sauce odour.  

Key words: oyster sauce, SPME, sensory attributes, volatile compounds, preference mapping   

1. INTRODUCTION 
Flavour is one of the important factors in assessing the quality of oyster sauce as a savoury 
product. Oyster sauce is a viscous dark brown sauce commonly used in Chinese, Philippines, 
and Thai cuisine. In the past, to produce oyster sauce, fresh oysters were boiled, seasoned 
with soy sauce, salt, and other spices and then preserved. Together, all these ingredients 
created this ancient flavour. Although the cooking process did get rid of the fishy flavour, 
some kinds of oyster sauce are on the salty side while others have much less salt than soy 
sauce. In some countries, including the UK, the oyster content in some sauces is lower than its 
Asian counterparts of the same brand due to laws regulating the import of seafood.  

In order for a product to succeed, its flavour needs to be acceptable by the consumer. The 
flavour of any food consists of both the aroma and the taste of the food. The taste components 
of foods are generally non-volatile while their aroma constituents are volatile (Shahidi, 1998). 
However, describing flavour of the product is not an easy task in sensory evaluation. It is 
nearly impossible for everyone to interpret and define flavour terms, mainly because each 
person has a unique experience of the sense of taste, smell, and ability to articulate this 
experience (Park, 2005). However, even though the overlap of sensory attributes can be 
challenging, it can, nevertheless, be readily grasped by trained assessors if the reference 
chemical compounds are provided during training (Garcia-Gonzalez et al., 2008). In addition, 



SPISE2009                                                                             124  

since the 1960s, the ability of scientists to identify flavour components has expanded with the 
use of gas chromatography, mass spectroscopy, and other methods that allow the isolation, 
separation, and identification of the minor components found in foods, herbs, and spices 
sometimes at concentrations as low as parts per billion and below. Moreover, variety of 
traditional products such as blue type chesses, Reggianito chesses, red wine, and biscuits have 
been analysed by solid phase microextraction (SPME) coupled with gas chromatography-mass 
spectrometry (GC-MS) to study the aroma profile (Jurado et al, 2008, Panseri et al, 2008). 
Nevertheless, a frequently asked question about flavour analysis in food industry is “Can an 
instrument provide enough information?” In general, instrumental data are relevant issue for 
quality control measurements because of instrumental data have advantages such as being 
faster and simpler to obtain than sensory evaluation with humans.  

The consumer, who is the ultimate user and the target of the food industry, speaks a louder 
voice than any instrumental data. This is why consumer liking tests are conducted throughout 
stages of product cycle such as: decision making of a new product development, product 
maintenance, product improvement, product optimisation, and assessment of market potential. 
Preference mapping, which combines description data and consumer acceptance, can be used 
to uncover market segmentation and identifies drivers of liking for each segment.  

Little research has been published using both preference mapping and instrumental techniques 
to understand the relationship among volatile compounds, sensory characteristic, and 
consumer acceptability. A product such as oyster sauce can be ideal for performing this type 
of integrative research because oyster sauce flavour is characterised by complex components 
which associated with specific manufacture methods. Moreover, different demographic 
groups may have different attitudes relating to consumer acceptability of the oyster sources. 
Consequently, the objectives of the present study are to compare the volatile compounds, the 
taste compounds, and the sensory attributes. Specifically, we want to analyse the relationships 
between these compounds and attributes as well as consumers hedonic scores in four 
commercial brands of oyster sauce. 

2. MATERIALS AND METHODS 
2.1. Materials  
Samples of oyster sauces belonging to four certified brands were obtained from Vietnam, 
Thailand, and China (Table 1). Two of the samples were collected from the same company in 
China (which is considered the birth place of the oyster sauce). In order to obtain homogenous 
samples, all the sauces were obtained from the same batch and the same launch day. 
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Table 1: Manufacture and ingredients of four kinds of oyster sauce. 

Code Country manufacture Ingredients 
VN Vietnam Oyster extract, starch, salt, caramel, sugar 
TL Thailand Oyster extract (30%), soy sauce, sugar, salt, starch. 
CN1 China Oyster mixture (oyster extract, water, salt), sugar, water, 

MSG, starch, flour, caramel 
CN2 China Oyster mixture (oyster extract, water, salt), sugar, water, 

MSG, starch, flour, caramel 

2.2 HS-SPME 
A manual fibre-holder for SPME and one type of fibre coating Carboxen / 
Polydimethylsiloxane CAR/PDMS 75�m was applied. The volatiles were desorbed in the GC 
injection port for 7 min at 2700C. The optimised condition of extraction process was the 
reference used in previous studies using SPME. Three grams of sauce were placed into 20ml 
glassy vial and tightly capped with PTTE septum. The septum covering each vial was then 
pierced with SMPMEneedle and the fibre coating was exposed into headspace for 35 min at 
600C. A magnetic stirrer and temperature-control water bath was using during the extraction 
process.  
2.3 GC-MS 
Chromatography was performed using an Agilent technology 6890N gas chromatograph 
interfaced to an Agilent 5975B inner MSD mass spectrometer. A HP-5MS 5% Phenyl Methyl 
Siloxane capillary non-polar column (30m � 0.25mm i.d. � 0.25�m film thickness) was 
applied. The injection was made in splitless mode at a temperature of 2700C. The following 
oven temperature program was used: initial temperature 300C hold for 1 min, then an increase 
of 20C /min to 1300C; then followed by an increase of 150C/min to 2700C and hold at that 
temperature for 5 min. Helium was used as carrier gas with flow of 1.0 ml/min. The mass 
spectra were obtained in electron-impact mode (EI) at 70eV using full scan with a scan range 
of 30-300m/z at a rate of 2.5s. scan-s. Data acquisition and integration were loaded out with 
the ChemStation chromatography software. The compounds present in the volatile profile of 
the oyster sauce samples were identified by matching of their mass spectra against the 
NIST05 library and RI values. In addition, identifying the unknown peak we used previous 
literature reviews and extra-references such as retention indices Adams.  

2.4 Taste compounds 
Free amino acids (FAAs). FAAs were determined according to the recommended procedure 
from the manufacture AAA (L-8500, Hitachi, Tokyo, Japan)

Determination Na, K, and phosphorus. Sodium and potassium were evaluated by atom 
absorption spectroscopy (ISO 8070-1987). Phosphorus were converted into molybdenum blue 
and then determined by spectrometer (ISO 3946-1982) 
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2.5 Sensory evaluation 
Many traits related to sensory characteristics of products were evaluated by Quantitative 
Descriptive Analysis (QDA®) (Stone & Sidel, 2007). Eleven assessors were selected from 25 
students of Food Science and Technology College, Shanghai Ocean University. They had 
acceptable ability to detect basic taste and common odours (Piper & Scharf, 2006). 

About one gram of the oyster sauces was served on a small plate to each of the panellists. Not 
all the samples were analysed simultaneously due to the short time rest between two samples.   
For each sensory trial, the samples and replicates were served, in a random order, on coded 
plates. The temperature of the experimental room was set up at 200C ± 20C and the room was 
lighted with fluoresces lights. The panellists evaluated the samples using the QDA® procedure 
on 9-point rating scales. Water and a light biscuits were consumed before the first sample to 
minimise the effect of first sample as well as between samples as a refresher.  
2.6 Consumer test 
A total of 125 regular consumers (aged 21 to 53) living in Shanghai China, were recruited 
according to their responses to a brief screening questionnaire about sex, age, and product 
usage. The term “regular” indicated that the consumer uses oyster sauces (origin, cook, etc) at 
least three times a week. In the first part of the questionnaire, consumers indicated their level 
of acceptance on a nine-point hedonic scale (“dislike extremely” being 1 and “like extremely” 
being 9) of four oyster sauces about colour, odour, taste, after-taste, mouth-feel, and overall 
liking. They were asked to “rest” for at least 30 seconds between evaluating samples by 
taking a sip of water. Then, the consumers answered the questions related to their product 
routine such as frequency, time, place serving, etc. All these questions were translated into 
Chinese and explained well to each participant. Oyster samples were coded randomly. 

2.7. Statistical analysis  
SAS software (version Release 9.1, SAS institute, Cary, NC, USA) was used to analyse 
statistically data. Mixed univariate analysis of variance (ANOVA) with panellist and panellist � 
sample treated as random factors were applied to the sensory attributes data of four samples. 
In addition, the influence and the range differences between assessors, samples, and assessor 
� sample on the scores were also used in the model. Principal component analysis (PCA) was 
used to study the sensory profiling of four samples with 18 sensory attributes. Analyses were 
performed using R software version 2.7.  To understand consumers’ responses further, the 
hedonic ratings were also analysed using agglomerative hierarchical clustering (AHC). 
External preference mapping was performed by combining PCA and the consumer dataset. 
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Table 3 Codes and mean peak area of volatile compounds identified in four kinds of oyster sauce and 
p value of each volatile compound. Note: all volatile compounds were significantly different (p < .01) 

between four samples (using ANOVA combined Kruskal Wallis test). 

Relative peak area ( %�Mean±SD) 
Code Name of compounds 

CN1 CN2 TL VN 

Alcohols 

A1 Ethyl alcohol 0.25 ±0.05 0.15 ± 0.01 1.75 ± 0.02 10.83 ± 3.20 

A2 1-Butanol 2.98  ± 0.13 1.16 ± 00 N.D. N.D. 

A3 1-Pentanol 0.36 ± 0.03 0.64 ± 0.08 N.D. N.D. 

A4 1-Penten-3-ol N.D. N.D. N.D. 0.1 ± 0.02 

A5 1-Butanol, 2-methyl N.D. N.D. 0.83 ± 0.08 N.D. 

A6 2,3-Butanediol N.D. N.D. 0.12 ± 0.18 N.D. 

Aldehydes 

A7 Acetaldehyde N.D. N.D. 0.16 ± 0.02 N.D. 

A8 Hexanal N.D. N.D.  0.08 ± 0.00 

A9 2-Butenal N.D. N.D. 0.64 ± 0.09 N.D. 

A10 Butanal, 3-methyl N.D. N.D. 23.37 ± 1.63 0.3 ± 0.12 

A11 Butanal, 2-methyl 0.94  ± 0.06 0.57 ± 0.03 14.91 ± 1.18 0.07 ± 0.02 

A12 Propanal, 2-methyl 1.48  ± 0.08 0.52 ± 0.02 4.59 ± 0.20 N.D. 

A13 Propanal, 3-
(methylthio) N.D. N.D. 0.55 ± 0.10 N.D. 

Furans 

A14 Furan 2.37  ± 0.39 0.84 ± 0.00 1.16 ± 0.03 0.47 ± 0.13 

A15 Furan, 2-methyl 0.52  ± 0.02 0.72 ± 0.04 1.63 ± 0.13 N.D. 

A16 Furan, 2-pentyl N.D. 0.09 ± 0.04 N.D. N.D. 

A17 Furan, 2-ethyl N.D. 0.07 ± 0.00 N.D. N.D. 

A18 Furfural N.D. N.D. 2.37 ± 0.09 0.58 ± 0.24 

A19 3-Furanmethanol 16.65  ± 1.62 16.92 ± 061 N.D. N.D. 

A20 Furan, 2,5-dimethyl N.D. N.D. 0.17 ± 0.02 N.D. 

A21 3(2H)-Furanone, 
dihydro-2-methyl 1.2  ± 0.00 N.D. 0.28 ± 0.03 0.08 ± 0.01 

A22 
2-
Furancarboxaldehyde
, 5-methyl 

N.D. N.D. 0.2 ± 0.04 0.05 ± 0.03 

Pyrazines and pyridines 

A23 Pyrazine, 2,5-
dimethyl 6.01  ± 0.62 15.28 ± 0.77 0.13 ± 0.02 0.1 ± 0.04 

A24 Pyrimidine, 4,6-
dimethyl 3.19  ± 0.37 3.93 ± 0.38 0.97 ± 0.19 N.D. 

A25 Pyrazine, 2,3-
dimethyl 0.86  ± 0.09 1.11 ± 0.16 0.15 ± 0.05 N.D. 

A26 Pyrazine, methyl 11.91 ± 0.85 11.67 ± 0.68 3.92 ± 0.66 0.06 ± 0.00 

A27 Pyrazine 6.15 ± 0.06 5.63 ± 0.04 N.D. N.D. 

A28 Pyridine 0.39  ± 0.01 0.67 ± 0.20 N.D. N.D. 

A29 Pyridine, 2-methyl N.D. 0.07 ± 0.04 N.D. N.D. 
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A30 Pyrazine, 2-ethyl-6-
methyl 0.7 ± 0.16 0.7 ± 0.15 N.D. N.D. 

A31 Pyrazine, 2-ethyl-5-
methyl 0.55 ± 0.29 2.18  ± 0.26 N.D. N.D. 

A32 Pyrazine, 2-ethyl-3-
methyl 0.47 ± 0.23 0.39 ± 0.07 N.D. N.D. 

A33 Pyrazine, trimethyl 0.63 ± 0.12 2.08 ± 0.25 0.05 ± 0.01 0 

A34 Pyrazine, 3-ethyl-2,5-
dimethyl 0.38 ± 0.4 2.21 ± 2.5 N.D. N.D. 

A35 Ethanone, 1-(1H-
pyrrol-2-yl) N.D. 0.15 ± 0.06 N.D. N.D. 

A36 Pyrazine, 2-ethyl-3,5-
dimethyl N.D. 1.08 ± 1.91 N.D. N.D. 

A37 Pyrazine, 2,6-diethyl N.D. 0.14 ± 0.02 N.D. N.D. 

A38 Pyrazine, 2,3-diethyl-
5-methyl N.D. 0.12 ± 0.03 N.D. N.D. 

A39 Pyrazine, 3,5-diethyl-
2-methyl N.D. 0.2 ± 0.05 N.D. N.D. 

A40 Pyrazine, 3,5-
dimethyl-2-propyl N.D. 0.08 ± 0.02 N.D. N.D. 

A41 2,3,5-Trimethyl-6-
ethylpyrazine N.D. 0.12 ± 0.03 N.D. N.D. 

A42 
Pyrazine, 2,5-
dimethyl-3-(2-
methylpropyl) 

N.D. 0.05 ± 0.02 N.D. N.D. 

Esters  

A43 Ethyl Acetate N.D. N.D. 2.09 ± 0.13 23.23 ± 2.52 

A44 1,2-Propanediol, 2-
acetate N.D. N.D. N.D. 0.6 ± 0.06 

A45 1,2-Propanediol, 
diacetate N.D. N.D. N.D. 0.23 ± 0.12 

Ketones 

A46 Acetone 16.45 ± 0.92 8.69 ± 2.11 N.D. N.D. 

A47 2-Butanone 8.51 ±  0.4 8.6 ± 0.93 0.92 ± 0.11 N.D. 

A48 2-Propanone, 1-
hydroxy 2.75 ± 0.17 3.44 ± 0.52 0.62 ± 0.10 N.D. 

A49 2-Propanone, 1-
methoxy- N.D. 1.39 ± 0.408 N.D. N.D. 

A50 2-Butanone, 3-
hydroxy 0.41 ± 0.00 0.6 ± 0.02 N.D. N.D. 

A51 2,3-Butanedione N.D. N.D. 5.81 ± 0.21 N.D. 

A52 Ethanone, 1-(2-
furanyl) 0.77 ± 0.05 N.D. 0.72 ± 0.16 0.15 ± 0.10 

A53 3-Pentanone N.D. N.D. 0.18 ± 0.03 N.D. 

Sulfur compounds 

A54 Dimethyl sulfide N.D. N.D. 10.34 ± 0.12 4.41 ± 1.61 

A55 Disulfide, dimethyl N.D. N.D. 0.63 ± 0.080 0.05 ± 0.01 

A56 Methanethiol N.D. N.D. 0.17 ± 0.04 N.D. 

Amines      

A57 Trimethylamine N.D. 0.54 ± 0.19 N.D. N.D. 

Chlorinated compounds 

A58 Trichloromethane 1.78 ± 0.31 N.D. 0.94 ± 0.06 N.D. 

Aromatics      

A59 Benzaldehyde 0.34 ± 0.37 0.04 ± 0.00 0.21 ± 0.05 N.D. 
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A60 Thiophene 0.08 ± 0.01 0.12 ± 0.00 N.D. N.D. 

A61 Limonene N.D. 0.17 ± 0.13 N.D. 0.18 ± 0.20 

Acids 

A62 Acetic acid 5.07 ± 0.53 4.71 ± 0.2 8.27 ± 0.25 N.D. 

A63 Propanoic acid 0.4 ± 0.36 0.27 ± 0.17 N.D. N.D. 

A64 Butanoic acid N.D. 0.09 ± 0.01 N.D. N.D. 

A65 Benzenecarboxylic 
acid N.D. N.D. 1.17 ± 0.06 0.41 ± 0.90 

A66 Sorbic Acid N.D. N.D. 0.21 ± 0.31 N.D. 

Unknown 

A67 Triacetin N.D. N.D. N.D. 48.89 ± 8.41 

A68 Oxazole, 4,5-
dimethyl- N.D. 1.845 ± 0.57 N.D. N.D. 

A69 1,3-Dioxane, 2-
methyl N.D. N.D. 0.34 ± 0.01 N.D. 

A70 1,3-Dioxolane, 2-
heptyl-4-methyl N.D. N.D. 0.25 ± 0.13 N.D. 

A71 4-Methylthiazole N.D. 0.37 ± 0.1 N.D. N.D. 

A72 Thiazole, 2-methyl N.D. 0.15 ± 0.01 N.D. N.D. 

A73 Methacrolein N.D. N.D. 0.07 ± 0.01 N.D. 

A74 Propylene Glycol N.D. N.D. 4.73 ± 2.07 5.08 ± 0.90 

A75 Ethyl ether N.D. N.D. 0.11 ± 0.005 N.D. 

N.D.  means non-detected, and the same as below. 

3. RESULTS AND DISCUSSIONS 
3.1 Analysing the volatile and semi-volatile compounds dataset 
Table 3 shows the chemical volatiles well identified (% Mean ± SD) in oyster sauces 
manufactured from different processing method and countries. A total of 75 compounds were 
figured out, including esters, alcohols, aldehydes, sulphur compounds, pyrazines, furans, 
ketones, aromatics, acids, and chlorinated compounds. Amongst of volatiles, the table 
indicates that pyrazines, aldehydes, and ketones were dominant. The same results were 
reported in agreement with previous studies (Shahadi, 1998).  

To figure out the overall profile of volatiles in four samples, we applied PCA (see Figure 2). 
The first principal component (PC-1) explained 55.82% of the variance across four samples 
while PC-2 explained 25.74% of the variance. We decided to keep only two factors for further 
analysis and to analyse the circle of correlation showing the correlations (i.e., loadings) 
between the PCs and the variables used in the analysis (see Figure 2). We divided the plane 
made by the first two components into four quadrants (called Q1 to Q4). In the first quadrant 
Q1, the CN2 could be represented by most compounds of pryrazines such as pyrazine 3-ethyl-
2,5-dimethyl, pryazine 2,6-diethyl, pyrazine 2,3-diethyl-5-methyl, ketons such as acetone, 2-
butanone, and furans such as furan, furan 2-pentyl, 3-furanmethanol. The opposite side Q3 
contains few volatiles but most of the compounds are the alcohols such as 1-pental-1-ol, 
propandiol and triacetin. These compounds were the dominant volatiles of sample VN. Two 
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samples CN1 and TL located in Q2 and Q4, respectively. The volatile contributions of the 
quadrant Q4 are aldehydes such as acetaldehyde, butanal 3-methyl, butanal 2-methyl, 
propananl 2-methyl, and propanal 3-methylthio-, with the exception hexanal. Aromatic and 
chlorinated compounds constitute the volatile representative of Quadrant Q2. The location of 
volatile compounds in the PCA plot and the quantitative values of each sample are explored 
further in the next part of this study.  

3.2 Analysing the taste compounds dataset 
The taste-active constituents are water-soluble low-molecular weight components.  The most 
important compounds are free amino acids (FAA) and inorganic salts. Table 5 illustrates the 
content of the FAAs and minerals in four commercial brand oyster sauces.  

Table 5. Free amino acids (FAAs) composition of four kinds of oyster sauce (p <  0.01) a  
Schlichtherle-Cerny Grosch (1998),. 

No. Amino acids (%) VN TL CN1 CN2 Tastea

1 Aspartic acid 0.06 2.82 0.01 0.31 Umami 
2 Threonine N.D. 1.44 N.D. 0.05 Sweet 
3 Serine N.D. 1.92 N.D. 0.05 Sweet 
4 Glutamic acid 96.49 65.73 10.51 90.61 Umami 
5 Glycine N.D. 6.35 0.03 1.9 Sweet 
6 Alanine 0.03 0.5 0.04 2.1 Sweet 
7 Cystine 1.44 0.99 0.06 0.51 N.D. 
8 Valine N.D. 2.25 N.D. 0.12 Bitter 
9 Methionine N.D. 0.72 N.D. N.D. N.D. 
10 Isoleucine N.D. 1.76 N.D. 0.05 Bitter 
11 Leucine 0.09 3.17 0.01 0.15 Bitter 
12 Phenylalamine 0.95 1.54 N.D. 0.36 Bitter 
13 Lysine N.D. 2.38 89.23 0.56 Bitter 
14 Histidine 0.92 7.19 0.11 3.21 Bitter 
15 Arginine N.D. 0.99 N.D. N.D. Bitter 
Total (%) 

Umami FAAs 96.55 68.55 10.52 90.92 
Sweet FAAs 0.03 10.21 0.07 4.1 
Bitter FAAs 1.96 20 89.35 4.45 

 

Unkown FAAs 1.47 1.25 0.06 0.53  
Minerals (mg/100g) 

Phosphate 2437.58 ± 
111.98 

1551.222 ± 
196.35 

3495.264 ± 
0.00 

5286.685 
± 112.07 

Sour- Salt 

Sodium 3616.24 ± 
0.00 

2697.26 ± 
0.00 

4170.614 ± 
0.00 

4039.677 
± 0.00 

Sour- Salt 

 

Potassium 18.40017 ± 
0.00 

104.6486 ± 
0.00 

44.53474 ± 
0.00 

137.8532 
± 0.00 

Sour- Salt 
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All these FAAs were observed in previous reports related to oyster sauce and oyster raw 
materials (Shadihi, 1998). Glutamate (Glu) was the highest among all kinds of FAAs. Its 
amount in relative proportions was remarkable; the percentage of these FAAs in each product 
was 96.5, 65.7, 10.5, and 90.6%, respectively. The result was similar to fermented oyster 
sauce (Young & Park, 2005) with the highest percentage of Glu in free amino acid 
composition. Proportions of the content between FAAs and the tasty one could contribute to 
oyster sauce taste. Free amino acids, such as Glu, Glycine (Gly), Lysine (Lys) and 
Phenylalamine (Ala) were abundant and are recognised as being important in the tastes of fish 
and shellfish sauces (Young & Park, 2005).  

The most interesting finding in mineral composition is that the concentrations of mineral are 
much higher that threshold, excepting for potassium in CN1 and VN sample. (Schlichtherle-
Cerny, 1998). The highest concentration of sodium is found in CN1, followed by CN2. We 
found the same pattern of results for phosphate content with the CN1 and CN2 samples. The 
taste of oyster sauce was described as savoury and desirable, which corresponds to descriptors 
of saltiness, umami, sweetness, and other tastes. The relationships between the taste sensory 
attributes and non-volatile compounds will be determined in the next part of this study.  

3.3 Analysing the sensory dataset 
Table 6 shows the definitions of the sensory attributes assessed by the panellists and Figure 7 
their mean intensities when evaluating the four kinds of oyster sauces. From the ANOVA 
results conducted on the descriptive data of the four oyster sauce samples, we find that most 
of the attributes were significantly different across samples (p < .001 for oyster odour, fishy 
odour, salty, and fried pork) and some colour and appearance attributes (p < .01) 
distinguished the oyster sauce. A significant assessor � sample interactions were found for 
attributes. The replications and replication � assessor were not a significant source of 
variation for the sensory attributes.  

Mean intensity and SD of the four samples are given in Table 8. Samples CN1 and CN2, 
which were manufactured under the same method, received similar rating for almost all 
sensory attributes such as appearance (colour, texture), fishy odour, fried pork odour and 
some kinds of taste. The higher intensities in typical odour attributes of sample such as oyster, 
soy sauce for samples VN and TL may have been due to different ingredients and processing. 
In contrast, samples CN1 and CN2 showed different sensory profiles than the two other 
samples, with higher intensities in brow, stickiness, and fried pork odour, and with lower 
intensity in oyster and soy sauce odours. In addition, sample CN2 was rated as very intensive 
in saltiness and umani taste. This can be explained by the traditional Chinese oyster sauce 
manufacture process which uses fresh oyster broth and salt. 
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Table 6:  List of sensory attributes of oyster sauce with descriptions. 

Sensory attributes Definition 
Appearance  
Brown The colour of chocolate 
Stickiness   The quality of being sticky. Sticky is covered with a substance that 

stays fixed to any surface it touches 
Smoothness The quality of being smooth. Smooth is having a surface or substance 

that is perfectly regular and has no holes, lumps or areas that rise or 
fall suddenly. Your hand move cross it and feel it flat.  

Thickness The quality of being thick. Thick is the solution with high 
concentration of substance 

Melting-mouth feel The quality of easiness of being melted. To turn something becomes 
soft. 
 

Odour 
Oyster The odour associated with oyster hydrolysed solution1 

Fishy The odour associated with fish sauce 
Soya sauce The odour associated with soy sauce  
Fried pork The odour associated with Chinese “rou song” fried pork  
Caramel  The odour associated with caramel  

 
Taste  
Sweet The taste on the tongue associated with sucrose solution 
Sour The taste on the tongue associated with citric acid 
Bitter The taste on the tongue associated with caramel solution  
Salty The taste on the tongue associated with salt solution  
Umami  The taste on the tongue associated with Monosodium Glutamate  

 
Aftertaste 
Sweet The taste left the tongue after swallowing and associated with 

sucrose solution 
Umami The taste left the tongue after swallowing and associated with 

monosodium glutamate 
Bitter  The taste left the tongue after swallowing and associated with 

caramel solution  
1 Oyster hydrolysed solution made from oyster and papaya enzyme 

Table 7. Significant levels for the sensory attributes of four kinds of oyster sauce (***, **, *  indicate 

significant differences using F test at p  < .001, p < .01, p < 0.5, respectively, using a mixed ANOVA model 

with sample as random effect. NS: non significant.) 

Sensory attributes Assessor Sample Assessor* Sample Replication 
Brown ***a *** *** NS 
Stickiness *** ** *** NS 
Smoothness NS *** *** NS 
Thickness *** *** *** NS 
Melting-mouth feel *** *** *** NS 
Oyster *** *** *** NS 
Fishy *** *** *** NS 
Soya sauce *** *** *** NS 
Fried pork NS *** *** NS 
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Carmel odour * * *** NS 
Sweet *** NS *** NS 
Sour *** NS *** NS 
Caramel Bitter *** NS *** NS 
Salty *** * *** NS 
Umami *** NS *** NS 
After-sweet *** NS *** NS 
After-umami *** NS *** NS 
After-bitter *** NS *** NS 

Table 8. Mean value for sensory attributes of four oyster sauces 

Sample 
No. Distributes  

VN TL CN1 CN2 P 
1 Brown 3.45 ± 0.82 4.18 ± 1.05 6.77 ± 1.14 7.6 ± 0.83 <0.0001 
2 Stickiness 3.9±0.80 4.04 ± 1.44 3.13 ±1.36 3.13 ± 1.39 0.017 
3 Smoothness 2.13 ± 0.23 2.18 ± 0.33 3.27 ± 1.05 3.45 ± 1.40 0.0001 
4 Thickness 5.86 ± 1.70 5.2 ± 1.73 6.59 ± 1.20 6.7 ±1. 06 0.0001 
5 Melting-mouth feel 2.5 ± 1.20 1.9 ± 0.43 3.09 ± 1.28 3.77 ± 1.77 0.0012 
6 Oyster 5.5 ± 0.74 1.86 ± 0.63 1.82 ± 0.9 2.0 ± 0.86 <0.0001 
7 Fishy 3.27±2.30 2.45 ± 1.44 3.27 ± 1.99 3.54 ± 2.27 <0.0001 
8 Soy sauce 2.90 ± 1.67 6.68 ± 1.47 3.13 ± 1.84 3.72 ± 1.97 <0.0001 
9 Fried pork 2.09 ± 1.42 2.27 ± 1.47 5.0 ± 1.78 5.86 ± 1.87 <0.0001 
10 Caramel  3.49 ± 2.39 3.77 ± 2.00 2.95 ± 1.61 3.3 ± 1.12 0.68 
11 Sweet 4.95 ± 1.60 4.04 ± 1.70 4.13 ± 1.68 4.27 ± 1.70 0.33
12 Sour 3.8 ± 2.19 3.4 ± 2.02 4.0 ± 1.68 3.45 ± 2.20 0.58
13 Bitter 3.13 ± 1.79 3.36 ± 2.23 3.86 ± 1.98 3.72 ± 1.76 0.53
14 Salty 5.73 ± 1.72 6.18 ± 1.43 6.41 ± 0.86 7.0 ± 1.12 0.02 
15 Umami 5.54 ± 1.94 5.22 ± 1.91 5.72 ± 1.87 6.0 ± 1.70 0.32
16 After-sweet 3.81 ± 2.08 3.81 ± 1.79 3.41 ± 1.26 3.4 ± 1.49 0.77
17 After-umami 4.72 ± 2.02 4.77 ± 2.28 5.31 ± 2.45 5/63 ± 2.46 0.13
18 After-bitter 2.4 ± 2.13 2.45 ± 1.43 3.18 ± 2.04 3.27 ± 2.10 0.26

In order to determine the overall sensory evaluation, PCA was used on all sensory attributes. 
The results of the PCA are shown in Figure 2 where we plotted the “circle of correlation” along 
with the correlations (i.e., loadings) of the sensory attributes with the PCs. For ease of 
interpretation, we have number the four quadrants from 1 to 4. In the first quadrant, saltiness, 
fried pork odour, and aftertaste perception characterise sample CN2. The second quadrant 
shows soy sauce odour and stickiness which characterise the TL sample. In the fourth 
quadrant melting and fishy odour characterise sample CN1. The third quadrant corresponds to 
the oyster odour and sweet taste. The first two PCS explained 91.15% of the total variance and 
therefore we can trust the positions of the variables displayed in Figure 2. 
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Figure 2. Plot of principal component analysis of the sensory attributes of four samples.  

3.4 The relationship between sensory attributes, taste compounds and volatile 
compounds 
To determine the relationships between taste compounds and sensory data in the four oyster 
sauce samples, we used canonical correlation.  The correlation coefficients with each taste 
sensory attributes are presented in Table 9 where we can see that the sweet FAAs show a high 
correlation (r = .99) with sweet taste (including sweet aftertaste). Sample CN1, which had the 
highest amount of bitter FAAs (89.36%), also showed the highest intensity in bitter taste. 
However, this relation between the concentration of bitter FAA and intensity of perceived taste 
does not hold for the other samples maybe because the bitter taste is also connected to the 
hydrophobic peptides (Schlichtherle-Cerny, 1998). Components related to umami such as 
FAAs, inosine monophosphate (IMP) are considered important contributors to the sensory 
quality (Dang et al., 2008). However there was no significant difference of umami intensity 
between our four samples (e.g., the sample VN had the highest concentration of umami FAAs 
but yet received nearly the lowest rating in sensory profile). Therefore, it seems that the 
correlation between FAAs and taste intensity is likely to depend on many other factors such as 
the presence of peptides and some other flavour compounds, as well as their synergistic 
effects (Schlichtherle-Cerny, 1998). 

There has been little work on the flavour of minerals in food. Fuke and Konosu (1991) 
believed that inorganic salts such ad Na+, K+, Cl- and PO43- contributed to fish flavour 
(Shahidi, 1998). Case in point, CN1 and CN2 had the highest amount of minerals, and CN1 
received the highest for fishy odour. This result is corroborated by canonical correlation, with 
phosphate (r = .84) and sodium (r = .92). In addition, salty is highly correlated to phosphate 
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and potassium with values of r equal to (respectively) .77 and .76. However salt was poorly 
correlated to free amino acids. 

PCA was applied to analyse the relationships between volatile compounds and sensory 
attributes. The peak area values of volatile compounds were projected onto the plot built with 
the sensory information evaluated by trained panellists. The information content is indicated 
by the position of the compounds and sensory characteristic as well as the distance between 
them. As a rule of thumb, the vicinity of a volatile to an attribute illustrates a good 
relationship between them, but this interpretation may depend on other surrounding sensory 
attributes. In addition, the distance of a volatile to the centre of the circle reflects how much 
this volatile contributes to the aroma (Garcia-Gonzalez et al., 2008). This means that the 
volatiles close to the centre of the circle will take up less contribution than the volatiles close 
to the perimeter of the circle. From Figure 3 we can see that the most important volatile 
compounds contributing to oyster sauce odour include furan 2-methyl, aldehydes, pyrazine 
methyl, ethanone 1,2-furanyl, acid acetic.  In Figure 3, we also see that most of the volatiles 
are located in Quadrants Q1 and Q4. As mentioned above, Q1 was characterised by the 
presence of most of the pyrazines, pyridines (excepting pyridine 3-methyl), furan 2-pentyl, 3-
furanmethol, furfural, ketons (excepting 2,3 butanedione, 3-pentanone). In addition, we found 
in Q1 the sample CN2 and the variables from the sensory dataset, fried pork, salty taste, and 
caramel bitter taste. We cannot, however, explain the presence of these pyrazines and ketons, 
particularly the pyrazines near the fried pork flavour. The soy sauce flavour location is close 
to all kinds of aldehydes excepting hexanal, alcohols such as 2,3-butanediol, methaneniol, and 
1-3 dioxane 2-methyl, 1,3-dioxane 2-heptyl-4-methyl. As the result, Q2 could be defined by 
the aldehydes, 2,3-butanediol group and the soy sauce odour as well. This location seemed to 
agree with previous studies about soy sauce odour (Yan et al., 2008). One surprise is, in fact, 
to find the sulphur compounds near the caramel odour and opposite to fishy odour which is 
believed to be associated to these compounds. This surprising position could be explained by 
the low concentration of the sulphur compounds in the samples which may be too low to 
affect flavour.   

In the third quadrant, we found compounds including 1-penten-3-ol, hexanal, 1,2- 
propanediol-2-acetate, 1,2-propandiol diacetate and oyster odour. Therefore, the relationship 
between oyster and those compounds has been observed. In previous studies, 1-penten-3-ol 
and hexanal have been believed to contribute the odour of oyster (Shahidi, 1998).  
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Figure 3.  Plot of principal component analysis of the sensory attributes and volatile compounds and 
individual factors.  The codes are listed in Table 3 

The next step was to determine the variance of each of the sensory traits that could be 
correlated to individual compounds of the volatiles dataset. Table 9 shows the correlation 
detected between the sensory attributes and the volatiles identified and quantified in the four 
experimental samples. Only the larger r-coefficients were illustrated in the table and, as 
expected, the highest r (> .97) was found with sweet taste and odour. This strong correlation 
maybe due to volatile compounds being mostly linked to odour perception (see, e.g., Park, 
2005) 

Table 9. The statistical correlation value between sensory attributes and volatile compounds identified 
in oyster sauces 

Sensory attribute Volatile  compounds R-coefficient 
Oyster A1, A4, A5, A6 > 0.97 

A2, A13, A15 > 0.96 Fishy A61, A62 > 0.99 
A8, A9, A10, A11  > 0.96 

Soya sauce 
A51 > 0.99 

Fried pork A17, A21, A42, A45, A50, A51, A52, A53, A54, 
A55, A58, A64, A65, A68, A69, A72, A73, A74 

> 0.98 
 

Caramel A14, A26 > 0.95 
Sour A31, A32, A33, A35 > 0.90 

3.5. Consumer test 
Significant differences (p < .05) occurred among demographics for consumer’s overall liking. 
Sample VN was rated higher than any of its counterparts, while sample CN2 gave lowest 
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scores. Sample TL took the second position of grades, ahead of sample CN1. However, 
consumers’ rates on distributions (colour, odour, taste, after taste, mouth feel) did not show 
any clear and significant clustering.  

Analysis of the overall acceptance data by Agglomerative Hierarchical Clustering (AHC) 
identified four consumer clusters including cluster 1 (26.4%, N = 33), cluster 2 (24%, N = 30), 
cluster 3 (32%, N = 40) and cluster 4 (17.6%, N = 22). Cluster analysis of consumers’ overall 
liking data showed that four clusters of consumers with similar preference patterns could be 
formed.  

 
Figure 3: Dendrogram of the four major consumer clusters idendified for all categories 

Finally, the relationships between sensory attributes and consumer liking were analysed with 
preference mapping (PREFMAP). PREFMAP was performed on the coordinates of the oyster 
source in the two-dimensional factor space and on the ratings given by the consumers, 
summarised by the standardised ratings for the four clusters. Results indicate that consumers 
of Cluster 1 preferred VN and TL because of their light brown colour, and sweet aftertaste, 
but that VN was preferred because of its sweet taste and oyster odour. In Cluster 2, the 
participants liked TL’s strong soy sauce odour, sour taste and caramel bitter taste, stickiness 
in texture but did not like VN’s oyster and fishy flavour and sour taste. By contrast, 
participants of Cluster 3 liked CN1and CN2’s dark brown colour, smooth, thick, melt texture, 
fried pork flavour, umami after-taste, flavour of oyster aroma, fish flavour, and sweet-sour 
taste. The participants of Cluster 4 preferred VN because of its sweet taste and oyster odour, 
(like the participants of Cluster 1) also because of its moderate brown colour, rough thin, melt 
texture and sweet after-taste. 

PREFMAP shows that the sample TL which is characterised by a strong caramel flavour, soy 
sauce flavour, and salty taste, is not liked by all clusters. By contrast, sample VN is the most 
preferred one for most clusters, especially Clusters 1 and 4. 
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Figure 4. Preference map of combined consumer data with descriptive analysis results.   

4 CONCLUSIONS 
This study shows the differences in volatile compounds, taste compounds and sensory 
attributes of four commercial brands of oyster sauces. Each sample had the typical odour of 
the oyster sauce, but there were significant differences in taste perception between these four 
samples. These differences in taste can be explained by differences in ingredients and 
processing of oyster extracting (fermentation or boiling). Overall, the CN1 and CN2 were 
very similar in volatile composition and sensory characteristic. This similarity could be 
explained by the similarity of processing and ingredients of two these samples. We found also 
a strong relationship between the volatile, taste compounds and sensory attributes. In 
particular, sweet taste highly correlated with the concentration of sweet free amino acids. The 
flavour of oyster, soy sauce, and fried pork odour were correlated with the concentration of 1-
penten-3-ol, aldehydes and pyrazines.  

Consumer liking of the four samples was evaluated at the same time. Preference mapping 
revealed the relationships between consumer clusters and sensory descriptions. We can draw 
the conclusion that sample VN was accepted by most of consumer clusters because of its 
sweet taste and oyster odour, but also because the presence of 1-penten-3-ol and sweet free 
amino acids. Although the complexity of the problems means that we could not explain every 
sensory characteristic from their bio-chemical composition, we feel that the correlation 
between the concentration of aldehydes and the perception of soy sauce odour is large enough 
to recommend that producers avoid incorporating these aldehydes in their formulation. 
Finally, we need to keep in mind that consumers like a specific product not only because of its 
sensory attributes, but also because of its price, nutritional value, etc (Park, 2005). Further 
studies should explore more deeply complex relationships between different characteristics of 
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products. This will help food companies to find the “multi-aspects” important for their 
marketing and product development.  
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