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Abstract: The evolution of aroma-active compounds during the maturation of lizardfish meat and soybean miso was 

quantified and characterized using the purge-and-trap method for volatile isolation. The results revealed that miso prepared 

from lizardfish meat and soybeans is the result of alcoholic fermentation rather than acid fermentation. The miso prepared 

from soybeans matured earlier (60–90 days) than that prepared from lizardfish meat (135 days). The constancy in the volatile 

lipid-oxidation products, including certain aldehydes and ketones, indicated the oxidative stability of both miso products 

throughout the fermentation period. The present findings indicated several compounds responsible for miso aroma, including 

2-methylpropanal, 3-methylbutanal, 3-methyl-1-butanol, ethyl isobutyrate, 2-methylethyl butanoate, 3-methylethyl buta-

noate, ethyl decanoate, 2,3-butanedione, dimethyl trisulfide, methional, and 2-methyl butanoic acid. The formation of al-

dehyde can be attributed to the decomposition of hydroperoxides and peroxyl radicals, which are supposed to be initial 

products of oxidized fat. The volatile ketones were most likely the products of lipid and/or amino acid degradation also could 

possibly be produced from secondary degradation reactions involving diverse substances from the lipid during fermentation 

and/or may be derived from the Maillard reaction. Formation of the major volatiles in miso products were suggested as a 

combined effect of fungal metabolism of amino acids, sugars, and lipids, as well as the Maillard reaction during the fer-

mentation period. The major difference between miso prepared from lizardfish meat and that from soybeans was the relative 

abundance of those odor-active compounds that finally characterize the products. Substrate specificmetabolic capacity of A. 

oryzae and the Maillard reaction were presumed to determine the flavor profile of the end product of miso. 
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1. Introduction 

Fish miso, a promising fermented fish meat paste made 

from different trash fishes, was previously investigated for 

its taste components and nutritional status [1,2], as well as 

for the headspace volatiles of a fully matured product [3]; 

however, the dynamics of headspace volatiles throughout 

the fermentation period has not yet been investigated. Miso 

is a typical example of a solid-state fermented (SSF) product 

by nature. Traditional fermentation such as that to make 

Japanese koji, Indonesian tempeh, and French blue cheese 

are typical examples of this technique. SSF is useful for the 

production of flavor compounds [4,5]. Feron & Bonnarme 

[6] reviewed the microbial production of several food fla-

vors through the SSF processes. Numerous microorganisms 

are capable of synthesizing potentially valuable flavor 

compounds and enzymes used in flavor manufacturing, such 

as Neurospora spp. [7], Zygosaccharomyces rouxii [8], and 

Aspergillus spp. [9] using pregelatinized rice, miso, and 

cellulose fibers, respectively. Compounds such as acetal-

dehyde, ethanol, ethyl acetate, ethyl isobutyrate, isobutyl 

acetate, isoamyl acetate, and ethyl-3-hexanoate were iden-

tified in the headspace of the cultures. The production of 

flavor compounds in dairy products, such as butyric acid, 

lactic acid, and diacetyl, in mixed cultures of Lactobacillus 

acidophilus and Pediococcus pentosaceus growing on a 

semisolid maize-based culture has been reported [10]. It is 

known that several methylketones such as 2-undecanone, 

2-nonanone, and 2-heptanone are produced on a commercial 

scale by SSF from Aspergillus niger using coconut fat as a 

substrate with a yield of 40% [11]. However, as a newer 
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product, very little information is available on the volatile 

profiles and evolution of aroma-active compounds in fish 

miso during fermentation. A clear understanding of the dy-

namics of aroma-active volatiles in miso during fermenta-

tion is believed to be important for process manipulation and 

investigation for improving flavor profiles. 

The objectives of the present study were to follow the 

evolution of the aroma-active volatile compounds in miso 

prepared from lizardfish meat and soybeans during the 

fermenting process to obtain a more comprehensive under-

standing of which type of substances are responsible for its 

flavor. Attempts were also made to elucidate the mechan-

isms involved in the production of miso aroma-active vola-

tiles. 

2. Materials and Methods 

2.1. Materials and Chemicals 

Lizardfish (Saurida wanieso) with a mean body weight of 

985 ± 84 g and a fork length of 43.4 ± 0.6 cm were caught by 

trawl nets offshore of Nagasaki prefecture. The fish were 

stored at -50°C for a month until their use in miso production. 

All the volatile standards used for identification and other 

analysis purposes were of GC-analytical grade and pur-

chased from Tokyo Chemical Industry Co., Ltd. (Tokyo, 

Japan). 

2.2. Preparation of Fermented Fish and Soy miso 

The fish were beheaded, gutted, and washed; the skin and 

bones were removed using a model NF2 deboning machine 

(Bibun Kikai Seisakusyo Co. Ltd., Fukuyama, Japan) 

equipped with a drum with perforations of 4 mm in diameter. 

After grinding each fish separately using a model M-22 

grinder (Nantsune Tekko, Osaka, Japan), the ground meat 

was put into an aluminum-coated heat-stable polyvinyl-

chloride pouch, vacuum-sealed, and then steamed at 90°C 

for 1 h. Portions were then filter pressed at 2 MPa to achieve 

a moisture content of 50–55% using a model KS-1 filter 

press (Komagata Kikai Seisakusho, Tokyo, Japan). The 

resulting dehydrated meat was used in the preparation of fish 

miso. Meanwhile, one of the major ingredients, koji, was 

prepared using Koshihikari rice (Oryza sativaproduced in 

Nigata prefecture, Japan) soaked in fresh water for 12 h at 

room temperature and subsequently steamed at 90°C for 1 h. 

After cooling at room temperature to 35°C, the rice was 

inoculated with koji mold (M1 mold, pure strain of A. ory-

zae; Nihon Jozo Kogyo, Tokyo, Japan) and incubated at 

35°C for 48 h, producing the malt rice used as koji. 

Fish meat, koji, and salt were mixed using a grinder at the 

ratio of 5:5:1 by wet weight. Approximately 3 kg of fish 

paste was packed into a 5-L plastic container and fermented 

between 25°C and 30°C for 365 days. The contents of each 

container were mixed thoroughly once a month. The pre-

pared material is called “fish miso” (i.e., fermented fish 

paste). 

Soybean miso was prepared using steamed soybeans 

(Ootsubu tsurumusume, produced in Hokkaido prefecture, 

Japan), koji (as prepared for fish miso) as a starter, and salt. 

Soybeans were previously soaked in fresh water for 12 h and 

steamed at 90°C for 1 h, after which the same procedure as 

that for fish miso was followed. The products were sampled 

at 0, 15, 30, 60, 90, 135, 180, 270, and 365 days for analysis. 

2.3. Isolation of Volatiles using Tenax TA trap 

Samples of 3 g with 0.01 mL of 1,000 ppm 2,4,6-trimethyl 

pyridine as an internal standard were placed in a 500-mL 

dual-necked round-bottom glass flask and placed over a hot 

water bath maintained at 75°C. High-purity nitrogen gas was 

passed through the smaller neck of the flask at a flow rate of 

100 mL/min. Headspace volatiles emanating from the sam-

ple were trapped for 30 min on a fritted-glass absorption trap 

(4 mm I.D., 6 mm O.D. and 4.5 inch long; Supelco, Belle-

fonte, Pennsylvania, USA) filled with 175 mg of 60/88 mesh 

Tenax TA (Supelco) fitted to a bigger neck using a connector. 

A dry nitrogen purge was carried out for 10 min at a flow 

rate of 50 mL/min in a direction opposite to the isolation to 

remove the residual moisture. The Tenax TA trap was pre-

conditioned at 300°C for 30 min with nitrogen gas at 50 

mL/min using a Model 10 tube conditioner (Dynatherm 

Analytical Instruments Inc. Kelton, Pennsylvania, USA) 

before each sampling. 

2.4. Conditions of Gas Chromatography 

A dry-purged tube with isolated volatiles was placed onto 

a Model ACEM 900-FF/EPC automated thermal desorption 

system (CDS Analytical, Inc., Oxford, Pennsylvania, USA). 

Volatiles trapped in the dry-purged Tenax TA tube were 

desorbed for 3 min at 300°C, and the volatiles were injected 

onto a capillary column in a narrow-band plug through a 

short path transfer line (0.5 m inert column kept at 250°C). 

Analysis of volatiles were carried out on a Shimadzu model 

14A gas chromatograph (Kyoto, Japan) equipped with a 

Supelcowax
TM

 -10 fused silica capillary polar column (0.32 

mm i.d. × 60 m, 0.25 µm in film thickness, Supelco). 

High-purity helium was used as a carrier gas at a flow rate of 

1.5 mL/min with a column inlet pressure of 3 kg/cm
2
. The 

column temperature was held at 40°C for 3 min and subse-

quently programmed to 200°C at a rate of 3°C/min. Injector 

and detector temperatures were set at 250°C. 

2.5. Conditions of GC-MS 

Analysis of the mass spectra of volatile compounds was 

carried out on a Hewlett Packard 5890 Series II gas chro-

matograph (Supelcowax
TM

-10 fused silica capillary polar 

column: 0.25 mm i.d. × 60 m, 0.25 µm in film thickness) 

equipped with a Tekmar 7000 headspace auto-sampler 

(Cincinnati, Ohio, USA) and an ion source from Automass 

(JEOL, Japan). The ionization energy, scan range, and scan 

rate applied for the analysis were 70 eV, 40–350 m/z, and 

500 m/s, respectively. The column temperature was initially 

held at 40°C for 3 min and subsequently programmed to 

200°C at a rate of 3°C/min. 
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2.6. Identification and Quantification of Volatile Com-

pounds 

The volatile compounds were identified by comparing the 

mass spectra, linear retention index (LRI), and retention 

times with those obtained using authentic standards. Kovats 

retention indices (RIs) were determined for both gas chro-

matography - flame ionization detection - olfactometry 

(GC-FID-O) and gas chromatography–mass spectrometry 

(GC-MS) using a series of n-alkanes (C5–C24) and compared 

with those reported previously in the literature. The major 

volatile compounds were quantified using standard curves 

obtained from each compound from at least 5 different 

concentrations in methanol. The levels of the volatile com-

pounds were normalized by 2,4,6-trimethyl pyridine equi-

valents (assuming that all response factors to the FID were 

1). The methanolic solution of internal standard 

2,4,6-trimethyl pyridine (0.01 mL of 1,000 ppm) was in-

troduced to the 3-g of sample in the flask just before the 

subsequent volatile isolation process. The odor activity 

values (OAVs) and odor notes described in the text were 

based on our previous findings [3]. 

2.7. Measurement of Soluble Protein and Soluble sugar 

For the measurement of soluble protein and sugar, 1 g of 

sample was diluted in 10 mL of distilled water and centri-

fuged at 3,000 ×g for 15 min at 4°C. The supernatant was 

collected and added to 5 mL of 0.44 M Na2CO3 and 1 mL of 

3-fold diluted Folin-Ciocalteu reagent. The resulting solu-

tion was incubated for 30 min at 30°C, and absorbance was 

read at 660 nm. L-Tyrosine was used for expressing the 

amount of soluble protein. 

Soluble sugars were determined by incubating 0.5 mL of 

the solution extract with 100 µL 3,5-dinitrosalicylic acid 

(DNS) reagent and heating in boiling water for 10 min. The 

reducing groups catalyzed/reduced DNS, and the develop-

ment of color was monitored spectrophotometrically at 540 

nm after cooling in ice for 5 min. The amount of soluble 

sugar was expressed as D-glucose equivalent. 

3. Results and Discussion 

3.1. Quantification and Analysis of Evolution of Head-

space Volatiles of Miso Prepared from Lizard- fish 

Meat and Soybean during Fermentation 

A total of 104 headspacevolatile compounds detected by 

GC-FID using Tenax TA traps from both lizardfish meat and 

soybean miso were identified using authentic compounds, 

mass spectra, and LRI with authentic standards. Most of the 

compounds were consistently quantified using standard 

curves and authentic standards. The calculated LRI and 

changes in the volatile concentration of miso prepared from 

lizardfish meat and soybeans during fermentation are pre-

sented in Table 1. The trends of volatile classes throughout 

the fermentation period were compared between the types of 

miso and are presented in Fig.1. 

 

Figure 1. Changes in volatile classes during the fermentation period of fish miso prepared from lizard fish meat and soy bean. 
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Most of the volatile compounds found were common in 

both the types of miso; however, the evolution of volatile 

compounds and their compositions differed. The volatile 

aldehyde class includes 13 compounds, while 12 were found 

to be common for both miso types. Comparing the trend of 

total volatile aldehydes with the progress of fermentation, it 

can be concluded that aldehydes were relatively higher in 

miso prepared from soybeans than in that prepared from 
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lizardfish meat. The results also revealed that the total al-

dehyde content in soybean miso reached a maximum from 

30 to 60 days of fermentation and then decreased gradually 

until the end of the 365-day fermentation period; however, 

the aldehyde content in miso prepared from lizardfish meat 

increased up to 135 days and then decreased gradually until 

the end of the process. The composition of volatile alde-

hydes clearly indicated that Strecker aldehydes, including 

2-methylpropanal, 2-methylbutanal, and 3-methylbutanal, 

were major contributors of volatile aldehydes for both types 

of miso; however, aldehydes from lipid oxidation, including 

hexanal, heptanal, 2-hexenal (Z), 2,4-heptadienal, and 

2,4-nonadienal, were found in small quantities and remained 

nearly unchanged until the end of fermentation period. This 

result suggested that oxidative stability was maintained 

throughout the fermentation period for both types of miso. 

For both types of miso, the volatile alcohol class contri-

buted to the major volatiles. Comparative studies revealed 

that total volatile alcohol content was higher for soybean 

miso, for which an initial rapid increase was observed early 

(15 days), reached its maximum during 60 days of fermen-

tation, and gradually decreased at 90 days onwards. In con-

trast, the total volatile alcohol content in miso prepared from 

lizardfish meat gradually increased until 135 days of fer-

mentation. Quantitative analysis revealed that ethanol, 

1-propanol, 2-methylpropanol, and 3-methylbutanol made 

up a major portion of the volatile alcohol class for both types 

of miso. Among those, the trend of ethanol content in both 

miso types indicated the occurrence of alcoholic fermenta-

tion during the early stages of fermentation. In the fish miso, 

the process of alcoholic fermentation was relatively slow 

and reached its maximum during 135 days of fermentation, 

whereas it took only 60 days for soy miso. This is most 

likely because of the substrate specificity of A. oryzae to the 

fermenting condition in miso. The number of volatile alco-

hols—particularly branched-chain alcohols—was small, and 

most showed an increasing trend in the early stages of fer-

mentation and a gradually decreasing pattern in the later 

stage of maturation. 

The acetates of higher alcohols and the ethyl esters of 

fatty acids are perhaps the most desirable compounds in 

food products to enhance the aroma of the finished products. 

Seventeen volatile esters were detected in both types of miso. 

The total ester content was initially higher in soybean miso 

than in lizardfish meat miso; however, during the advanced 

stages of maturation (90 days forward) the content of total 

volatile esters increased rapidly in miso prepared from li-

zardfish meat until the end of the fermentation period (365 

days). Among the volatile esters, butyl acetate, ethyl hep-

tanoate, ethyl octanoate, and ethyl decanoate contributed the 

most in soybean miso. However, volatile esters of matured 

miso prepared from lizardfish meat were dominated by ethyl 

acetate, ethyl butanoate, isoamyl acetate, ethyl heptanoate, 

ethyl octanoate, and ethyl decanoate. Most of the volatile 

esters detected increased throughout the fermentation pe-

riod.The total volatile ketone content increased in the early 

stages of fermentation. The content reached its maximum 

during 90 days and 135 days for soybean and lizardfish meat 

miso, respectively. Later, the total ketone gradually de-

creased. Volatile ketones in both types of miso were domi-

nated by 2,3-butanedione and 2,3-pentanedione. The ke-

tones from fungal metabolism and/or β-oxidation, namely 

2-octanone and 2-undecanone, were detected in small 

quantities for both types of miso. Both the volatile ketones 

remained unchanged or increased slightly throughout the 

fermentation period, suggesting the oxidative stability of the 

product. 

The total content of volatile furan and its derivatives 

gradually increased throughout the fermentation period 

regardless of miso type; however, a relatively higher content 

of furan derivatives was detected in soybean miso. 

2-Furaldehyde and furfuryl alcohol were found to be the 

major contributors of this volatile class. Both volatile 

compounds increased throughout the fermentation period, 

particularly in fish meat miso, where a rapid increase was 

observed during the advanced stages of fermentation.  

Sulfur-containing compounds were initially higher in 

soybean than in lizardfish meat miso and rapidly increased 

throughout 90 days of fermentation period. Subsequently, a 

gradually decreasing trend was observed from 90 days until 

the end of fermentation period at 365 days. In contrast, the 

total sulfur-containing compounds of fish miso gradually 

increased throughout the fermentation period. Among the 

sulfur-containing compounds, 3-(methylthio)propanal (me-

thional), 3-(methylthio)propanol (methionol), 2-ethoxy 

thiazole, and dimethyl disulfide were detected in higher 

quantities in both types of miso. After an initial increase was 

observed for dimethyl disulfide and in the advanced stages 

of fermentation, it gradually decreased. In contrast, other 

sulfur-containing compounds, including methional, me-

thionol, and 2-ethoxy thiazole, gradually increased 

throughout the fermentation period regardless of miso type. 

Volatiles of nitrogen-containing compounds were de-

tected in small quantities for both types of miso. Volatile 

pyrazines were detected mostly during the advanced stages 

of fermentation, suggesting their formation during the later 

stages of maturation; however, the 2-acetyl pyrrole content 

was relatively higher in soybean miso. In addition, 2-acetyl 

pyrrole gradually increased throughout the fermentation 

period. 

A large number of volatile aromatic compounds were 

detected in both types of miso. Most of those increased 

throughout the fermentation period regardless of miso type; 

however, a rapid increase after 90 days of fermentation was 

observed in the fish miso. Among the volatile aromatic 

compounds, 4-ethyl guaiacol, 4-ethyl phenol, phenylethyl 

alcohol, 2-phenylethyl acetate, and benzaldehyde were de-

tected as major volatiles belonging to this group in both miso 

products. 

The total volatile acid content was relatively higher in 

soybean miso, in which it gradually increased until 90 days 

of fermentation. The volatile acid content was initially low 

for fish miso; however, the contents increased in the final 

stages of fermentation. Volatile acids detected from both 
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miso products were 2-methyl propanoic acid, 2-methyl 

butanoic acid, and 3-methyl butanoic acid, of which 

3-methyl butanoic acid was predominant. 

3.2. Hypothetical Pathways for the Enzymatic Activity 

leading to Volatile Formation in Solid-state Fer-

mented Miso prepared from Soybean and Lizard- fish 

Meat 

Miso flavor is a combined effect of a large number of 

aroma-active volatile compounds that are produced during 

fermentation. The presence of compounds that are precur-

sors of the flavoring compounds, as well as suitable medium 

conditions, are necessary. In our previous studies [1,2], 

biochemical analysis of miso prepared from both soybeans 

and fish meat revealed that both comprise a large number of 

substrates that are similar in composition or have similar 

properties; however, the major difference between them is 

the difference in raw materials and/or a different metabolic 

capacity of the enzymes derived through koji fermentation 

by A. oryzae. Our investigation on the enzyme activity of 

koji during fermentation indicated that enzyme activity in 
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koji is high, especially protease and amylase activity. Our 

trials on the koji enzymes on lizardfish meat and soybean 

substrate clearly indicated that they can efficiently hydro-

lyze protein and carbohydrate substrates from fish origin 

(Fig.2), although the comparative studies indicated a sig-

nificantly higher rate of enzyme activity in soybean sub-

strate. Based on enzymatic activity, substrate specificity, and 

catabolic pathways of amino acids, sugars and lipids, the 

hypothetical mechanism of volatile production for both 

kinds of miso is explained here (Fig.3). 

 

Figure 2. Effect of koji enzymes on the formation of soluble protein (A) and soluble sugar (B) from lizard fish meat and soy bean. 

 

Figure 3. Hypothetical pathways of lipids, proteins and carbohydrates metabolism to different volatile compounds in miso prepared from lizard fish meat 

and soy bean. 

3.2.1. Amino Acids and Their Conversion Products 

Proteins play an important role in fish miso manufactur-

ing. They not only raise the nutritional value but also con-

tribute to the development of flavor by producing amino 

acids. For the development of an acceptable fish miso flavor, 

it is necessary to balance the breakdown of proteins into 
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small peptides and amino acids. These products of proteo-

lysis are known to contribute to the flavor or act as precur-

sors of other flavor components during the formation of 

miso flavor. The major aromatic compounds in fermented 

miso products are generally produced as a result of cata-

bolism of aromatic amino acids, beginning with a trans-

amination step that produces indolepyruvate, phenylpyru-

vate, and p-hydroxyphenylpyruvate from tryptophan, phe-

nylalanine, and tyrosine, respectively [12]. The authors also 

showed that some of these products were likely to be formed 

by non-enzymatic processes because spontaneous chemical 

degradation of the tyrosine intermediate, p-hydroxyp henyl 

pyruvic acid, produced p-hydroxy pheny lacetic acid, 

p-hydroxy propionic acid, and p-hydroxy benzaldehyde, 

while the chemical degradation of the phenylalanine inter-

mediate, phenylpyruvic acid, resulted in the production of 

phenylacetic acid, benzoic acid, phenylethanol, phenylpro-

pionic acid, and benzaldehyde. 

The miso volatiles contained several sulfur-containing 

compounds such as methional, dimethyl disulfide, dime-

thyltrisulfide, 2-ethoxy thiazole, and methionol, each of 

which contributes to the aroma of miso. They originate 

either from raw materials or during the fermentation process 

from free peptidic and proteinic sulfur amino acids, as well 

as the glutathione pool in fish tissue [13]. Hypothetical 

pathways of those sulfur-containing compounds in miso 

products are presented in Fig.4 as suggested earlier by 

Landaud, Helinck, & Bonnarme [14] in several fermented 

products. Transamination is the first step in the degradation 

of amino acids such as methionine, leading to the formation 

of α-keto acids (α-KA), which finally leads to the formation 

of several sulfur-containing volatile compounds [15]. In the 

present study, 3-(methylthio)propanal (methional), the 

Strecker aldehyde of methionine, was detected in both miso 

samples. The production of methional was reported as a 

process mediated by amino transferase and α-KA decar-

boxylase activities [16]. 3-(Methylthio)propanol detected in 

miso samples has been reported to be produced by the 

4-methylthio-2-oxobutyric acid, a transamination product of 

methionine, which yields methional, followed by a reduction 

step. Methionol might also contribute boiled potato flavor to 

the finished products. The sulfurs in heterocyclic sulfur 

compounds such as thiazoles may be derived from amino 

acids (cysteine, cystine, and methionine) or from thiamine 

(vitamin B1) [17]..

 

Figure 4. Hypothetical pathways of methionine catabolism to different volatile sulfur compounds in miso prepared from lizard fish meat and soy bean. 

In the present study, the major part of the aldehydes de-

tected for both types of miso was contributed by 

2-methylpropanal, 2-methylbutanal, and 3-methylbutanal. 

In the regular catabolic pathway of amino acids, leucine is 

converted to α-ketoisocaproic acid (4-methyl-2- oxopenta-

noic acid) by deamination. α-Ketoisocaproic acid is finally 

converted to acetoacetate and acetyl-CoA. The latter com-

pound can enter the tricarboxylic acid cycle.As an alterna-

tive to the major catabolic route, α-ketoisocaproic acid can 

be used as the starting molecule for the generation of the 
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branched aldehyde, 3-methylbutanal 

In some cases, they can be derived by Streckerdegradation 

of amino acids. For example, 2-methylbutanal may be de-

rived from isoleucine [18]. In fish miso, the breakdown of 

intact proteins into peptides and free amino acids is a com-

plex process that involves endogenous enzymes and koji 

proteinases and peptidases. Moreover, conversion of libe-

rated amino acids into Strecker aldehydes and other flavor 

and aroma compounds might be the rate-limiting step in the 

development of aged flavors. The mechanism for the for-

mation of aldehydes was demonstrated to form 

2-methylpropanal, 2-methylbutanal, and 3-methylbutanal by 

way of a biosynthetic enzymatic/microbiologic pathway 

using Saccharomyces cerevisiae, another important ko-

ji-forming mold similar to A. oryzae [19]. The aldehyde 

formation might increase from the biosynthesis of valine, 

leucine, and isoleucine. Volatile acids can be produced as a 

result of either lipolysis or from amino acid metabolism 

(valine deamination) [20]. 

3.2.2. Sugars and their Conversion Products 

The major sugars present in soybean are sucrose, raffinose, 

and stachyose, whereas soybean and fish miso contained a 

higher amount of glucose, arabinose, mannose, and galac-

tose [1]. Several free sugar alcohols, including glycerol, 

erythritol, mannitol, and inositol, were also detected in fish 

and soybean miso. These sugars are generally fermentable 

by most lactic acid bacteria, bifidobacteria, fungi, and yeasts, 

and their metabolites are reported to act as precursors of 

several aroma-active compounds in various fermented 

products [21,22]. Many fungi, including A. oryzae, have 

been found to be capable of producing β-glucosidases, one 

of the major relevant enzymes for the production of food 

flavors during SSF [23,24,25]. β-Glucosidase showed good 

stability and tolerance to low pH; therefore, it has potential 

applications in processing different fermented products for 

aroma and flavor enrichment through enzymatic hydrolysis 

of glucoside precursors. The glucosidases were also reported 

to act as slow-release aroma compounds [26]. Volatile fla-

vors evaporate during storage, leading to a decrease in the 

correct concentration when consumed, but if they are present 

in a bound, non-volatile form, they can be liberated when 

heated, thus optimizing the organoleptic characteristics of 

the consumed product.  

Sugar fermentation using yeasts such as S. cerevisiae, S. 

ellipsoideus, and a mixed culture of Aspergillus spp. yields 

alcohol; however, alcohol may be formed by decomposition 

of the secondary hydroperoxide of fatty acids [17]. 

Branched-chain alcohols detected in miso samples including 

1-penten-3-ol, 2-methyl-1-butanol, 3-methyl-1-butanol, 

3-methyl-1-pentanol, 2-ethyl-1-butanol, 2-penten-1-ol (E), 

and 1-octen-3-ol were reported to be produced during yeast 

fermentation from 2 different sources: carbohydrates by the 

Embden–Meyerhof pathway (EMP) and amino acids 

through the Ehrlich pathway. The Ehrlich pathway begins 

with the enzyme-catalyzed decarboxylation of 

branched-chain 2-oxo acids to the corresponding aldehydes. 

Subsequently, the aldehyde is reduced to the corresponding 

fusel alcohol by an alcohol dehydrogenase. The 

branched-chain 2-oxo acid substrates for the Ehrlich path-

way can be produced by the deamination of L-leucine, 

L-isoleucine, or L-valine. Growth of A. oryzae with any of 

these 3 amino acids as the nitrogen source might result in the 

accumulation of the corresponding fusel alcohol. Alterna-

tively, branched-chain 2-oxo acids may be synthesized de 

novo from carbohydrates as intermediates of branched-chain 

amino acid synthesis. The conversion of branched-chain oxo 

acids into their respective aldehydes and alcohols through 

the Ehrlich pathway resembles the fermentative metabolism 

of pyruvate, which yields ethanol and carbon dioxide. In 

both cases, the decarboxylation of a 2-oxo acid is followed 

by the reduction of the resulting aldehyde [27,28]. Evidence 

of the formation of several branched-chain alcohols, in-

cluding 3-methylbutanol and 1-octen-3-ol by several molds 

of Aspergillus, including A. oryzae, was reported from a 

60% moistened wheat meal medium [29]. 

 

Figure 5. Interaction of the Maillard reaction and lipid oxidation for the 

production of aroma active compounds in miso prepared from lizard fish 

meat and soy bean. 

The Maillard reaction between reducing sugar and free 

amino acids might play an important role in the development 

of several aroma-active compounds, including aldehydes, 

ketones, phenolic compounds, pyrazines, and furan deriva-

tives, in miso during the advanced stages of maturation as 

shown in Fig.5. Furans and their derivatives can be a result 

of dehydrated or fermented condensates of carbohydrates 

either from koji or the nucleotide derivative ribose by 

Amadori rearrangement pathways [30,31]; however, they 

can also be produced as a result of oxidation of fatty acids 

such as 2-pentylfuran [32,33]. The presence of several fu-

rans and their derivatives such as furfural, which could be a 

result of glucose pyrolysis and the Maillard reaction, was 

confirmed in the fermented soybean paste [34]. Diacetyl 

formation in miso products is generally a result of glucose 

fermentation by the yeast through the EMP, where pyruvate 

and α-acetolactate are produced as intermediates. Extracel-

lular oxidative decarboxylation of α-acetolactate ultimately 

yields diacetyl. 
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3.2.3. Catabolic Products of Fatty Acids 

Fish miso is a low-fat food, and ripened miso contains 

around 1% lipids (wet mass) [2]; however, the small amount 

of fat in miso is important for the development of the typical 

flavor during the fermentation process. Flavoring com-

pounds such as thiazoles, sulfur-containing compounds, 

esters, aldehydes, alcohols, and ketones are mostly present 

in the lipid phase of ripened fermented pastes [35]. In 

low-fat products like miso, there is an increased 

cross-linking within the curd/paste beginning in the early 

stage of maturation and persisting in the matured miso. It has 

been reported that cheddar cheese made from non-fat milk 

does not develop full aroma, even after 12 months [36]; 

however, substituting vegetable or even mineral oil for milk 

fat seems to favor a certain aroma development in cheddar 

cheese [37]. It is suggested that the fatty acid composition 

and natural emulsion of soybean/fish fat are important for 

flavor development. As in all types of fermented food, li-

polytic (enzymatic hydrolysis by lipases and esterases) and 

oxidative (chemical) changes are likely to occur in miso. 

During ripening, hydrolysis is the principal biochemical 

transformation in miso, which leads to the production of free 

fatty acids (FFA), monoglycerides, diglycerides, and possi-

bly glycerol. It has been reported that soybean lipids in sufu 

are also hydrolyzed to some extent into fatty acids. The 

added alcohol reacts with the fatty acids chemically or en-

zymatically to form esters, providing the pleasant odor of the 

product [38]. It is assumed that fish miso, being a low-fat 

product, can also be utilized by the cultures of koji by 

low-fat soybean miso, which was found to be helpful in 

enhancing flavor and overall acceptability. 

The esters are produced during the alcoholic fermentation 

of the fish meat/soybean and koji, which is why the yeasts 

together with the fermentation condition play an important 

role in production. The esters of medium-chain fatty acids 

are of the most interest in this respect. Higher amounts of 

yeast strain and oxidative states of fermentation can acce-

lerate the formation of this group of volatile compounds. 

Lipolytic enzymes are outstanding in terms of their ability to 

flavor the products (i.e., esters). A number of lipases have 

been reported for their ability to promote ester synthesis in 

low-water-content media such as those from Candida cy-

lindracea, Pseudomonas fluorescens, Mucor miehei, Asper-

gillus spp., Rhizopus arrhizus, and C. rugosa [26]. Lipases 

are usually highly specific, which makes esterification be-

tween carboxylic acids and alcohols dependent on alcohol 

and/or acid chain length. Kumar, Modak, &Madras [39] 

studied the esterification of fatty acids of different chain 

lengths using isoamyl alcohol with 3 different commercial 

lipases. Kwon, Hong, & Yoon [40] investigated the ability of 

a number of lipases to catalyze enantiomeric selective syn-

thesis of (S)-2-methylbutanoic acid methyl ester and found 

good results for lipases from Rhizomucor miehei, Asper-

gillusniger, and A. javanicus.  

 

Figure 6. Flavor wheel of chemical reactions important to miso flavor.

The formation of aldehyde can be attributed to the de-

composition of hydroperoxides and peroxyl radicals, which 

are supposed to be initial products of oxidized fat [41]. The 

volatile ketones were most likely the products of lipidand/or 

aminoacid degradation, and several have beenreported 

among the volatile compounds in natto fermentation rooms 

[42]. The auto-oxidation of fatty acids, particularly unsatu-

rated ones (through hydroperoxides), has also been reported 

as a mechanism for the generation of methyl ketones [43]. 

Selke, Rohwedder, & Dutton [44] reported the formation of 

a homologous series of methyl ketones as a result of 

β-oxidation (from the carbonyl end) ofthe carbon chain, 

followed by decarboxylation. Similarly, various other ke-

tones could possibly be produced fromdistinct secondary 
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degradation reactions involving diverse substances from the 

lipid fraction during fermentation and/or may be derived 

from the Maillard reaction. 6-Methyl-5-heptane-2-one 

might result as a coupled oxidation of fatty acids and pig-

ments from the ingredients. 

Formation of the major volatiles in miso products were 

suggested as a combined effect of fungal metabolism of 

amino acids, sugars, and lipids, as well as the Maillard 

reaction during the fermentation period, as presented in 

Fig.6. 

4. Conclusion 

Judging the relative abundances of the volatile constitu-

ents, we can conclude that miso prepared from soybeans and 

lizardfish meat is the result of alcoholic fermentation rather 

than acid fermentation; however, misoprepared from soy-

beans matured earlier (between 60 and 90 days) than that 

prepared from lizardfish meat (135 days). The stabilities in 

volatile lipid oxidation products, including certain aldehydes 

and ketones, indicate the oxidative stabilities of both miso 

products throughout the fermentation period. The com-

pounds responsible for miso aroma were identified as 2- 

methylpropanal, 3 - methylbutanal, 2, 4- nonadienal, 3- 

methyl- 1-butanol, ethyl butanoate, ethyl isobutyrate, 

2-methylethyl butanoate, 3-methylethyl butanoate, ethyl 

heptanoate, ethyl decanoate, 2,3-butanedione, dimethyl 

disulfide, dimethyl trisulfide, methional, 4-ethyl guaiacol, 

and 2-methyl butanoic acid. The major difference between 

miso prepared from lizardfish meatand that from soybeans 

was the relative abundance of those odor-active compounds 

that finally characterize the products. Metabolic capacity, 

substrate specificity of A. oryzae, and the Maillard reaction 

were presumed to determine the flavor profile of the end 

products of miso. 
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