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Mechanisms Involved in the Formation of
Characteristic Taste and Flavor during the Production
of Dried Herring Fillet
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Dried herring fillet (“Migaki-nishin” in Japanese) is a traditionally popular food item in Japan
due to its remarkable flavor enhancing properties. In particular, addition of dried herring fillet to
noodle soup enhances flavor characteristics such as thickness, mouthfulness, and taste continuity.
These flavor characteristics are often called koku in Japanese. It is thought that herring fillets obtain
their unique taste and flavor during drying process. During drying of herring fillet, a large number
of biochemical reactions occur and some of them can lead to the formation of characteristic taste
and flavor of the final product. The aim of this study was to investigate the mechanisms responsible
for the generation of characteristic taste and flavor during the production of dried herring fillet.

In chapter 1, physicochemical and sensory changes in herring fillet during drying are
described. Herring fillet was obtained from five different drying stages (2, 4, 6, 8 and 10 days) and
analyzed for proximate composition, color, browning intensity, available lysine, and free amino
groups. Water-soluble extracts (WSE) were prepared and analyzed by HPLC and fluorescence
spectrophotometer to determine Maillard reacti(;n products. Sensory evaluation was carried out to
determine the flavor characteristics of WSE in the Japanese noodle soup. Chemical analyses
showed that extractive nitrogen and amount of peptides increased significantly (P < 0.05) up to the
8th day of drying and theh slightly decreased by the 10th day. Glutamic acid + glutamine, alanine,
glycine, and histidine were the most abundant free amino acids and the largest increase was found

in samples dried for 10 days. A decrease in Hunter’s L* value (lightness) and increase in b* value
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(yellowness) as well as browning intensity suggested that nonenzymatic browning occurred in
herring fillet during drying. Fluorescence spectrophotometric determination also revealed that

Maillard reactions progressed throughout the drying period. In addition, available lysine content

and free amino groups decreased signiﬁcahtly (P <0.05) as drying progi'essed. Sensory evaluation
showed that addition of WSE to Japanese noodle soup significantly enhanced the flavor
characteristics such as thickness, mouthfulness and continuity with the increased length of drying
time. These results suggest that during the drying period, proteolysis should occur to cleave off the
taste enhancers. At the same time Maillard reaction products must increase markedly, which might
partially contribute to the characteristic taste and flavor of dried herring fillet.

In chapter 2, experiments were conducted to investigate the changes in lipids and their
contribution to the taste of dried herring fillet. Lipid was extracted from herring fillets following
different drying stages to measure the degree of lipid oxidation, and changes in lipid composition
and fatty acid profile. Flavor characteristics of dried herring lipid and refined docosahexaenoic acid
(DHA) were evaluated on sensory perception, because DHA was exclusively released from
phospholipids during drying. Peroxide value, carbonyl value and acid value of the lipids were
significantly (P < 0.05) increased during the drying period. Marked increase in free fatty acids, with
decreases in triacylglycerol and phospholipid content were observed in proportion to drying time.
This result suggested that hydrolysis of triacylglycerol and phospholipid should have take place,
caused by lipases and phospholipases. The decreases in polyunsaturated faity acids (PUFAs),
especially DHA, were observed in the total lipid and phospholipid fraction. On the contrary,
significant increase in PUFAs, especially DHA was found in the free fatty acid fraction. Sensory
evaluation showed that addition of DHA to Japanese noodle soup significantly (P < 0.05) enhanced
the intensities of thickness, mouthfulness and continuity of the soup flavor. These results suggest
that during the drying period, not only lipid oxidation occurs but also lipolysis predominantly
releases DHA, which should have at least in part contribute to the characteristic taste and flavor of
dried herring fillet.

In chapter 3, flavor enhancing koku components of dried herring fillet were isolated and
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evaluated for their effects on sensory perception. Sensory evaluation revealed that addition of dried
herring fillet water-soluble extracts to Japanese noodle soup significantly (P < 0.05) enhanced the
soup flavor characteristics such as thickness, mouthfulness and continuity. The extracts were

fractionated by dialysis and chromatography. Fractions containing flavor enhancers were isolated

by sensory perception. Results from instrumental analyses showed that the koku flavor enhancers in
dried herring fillet were creatine and creatinine. Creatine and creatinine content in dried herring
fillet were determined to be 1068.77 and 170.06 mg/100 g dry matter, respectively.

Mechanisms responsible for the characteristic taste and flavor of dried herring fillet were
elucidated in chapter 4. This chapter also describes in situ chemical changes in lipid during dfying
of herring fillet. Dialyzed water-soluble fractions (DWSF) were prepared from herring fillet dried
for 4- (DHF4) and 10-days (DHF10), and subjected to the sensory evaluation. Addition of the
DWSF from DHF10 to Japanese noodle soup resulted in pronounced mouthfulness and complex
body (thickness) as well as more long lasting taste sensation when compared to the DWSF from
DHF4. This suggests that DWSF from DHF10 might contain some of the koku imparting
compounds that are generated during the drying process. To elucidate the mechanism responsible
for the characteristic koku in dried herring fillett DWSF from DHF4 was interacted with DHA and
the reaction products were evaluated for their effects on sensory perception. The addition of the
reaction products of DWSF from DHF4 with DHA to Japanese noodle soup significantly (P < 0.05)
enhanced the intensities of thickness, mouthfulness, and continuity of the Japanese noodle soup as
compared to the DWSF from DHF4. Furthermore, to investigate the in situ chemical changes in
dried herriﬂg lipid, ESI-MS analysis was done using phosphatidylcholine molecular probe. ESI-MS
analyses showed that lyso-derivatives were the most abundant compounds in the lipid fraction of
dried herring fillet. In addition, a small amount of lipid oxidation products and their reaction
products were also observed in dried herring fillet. These results demonstrated that during the
drying period, partial hydrolysis should occur to release free fatty acids. These free fatty acids or
their oxidation products (also generated during drying) might react with amino acid related

compounds to generate the characteristic taste and flavor of dried herring fillet.
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In conclusion, at least four aforementioned factors should be involved in generating the

characteristic koku of dried herring fillet.
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