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Abstract Biogenic amines are formed by microorganisms
during fermentation. Major biogenic amines found in food
are histamine, tryptamine, 2-phenylethylamine, putrescine,
cadaverine, tyramine, spermidine, and spermine. Doenjang
is a traditional fermented food made of soybean and is
widely used for cooking of various foods in Korea. During
fermentation, harmful substances such as biogenic amines
could be produced in Doenjang. In this study, we examined
the types and quantities of biogenic amines in commercial
Doenjang and analyzed the destructive effects of cooking
on biogenic amines in Doenjang. Biogenic amines were
identified by high-performance liquid chromatography with
a fluorescence detector (HPLC-FLD). The concentrations
of biogenic amines in commercial Doenjang depended on
the manufacturer and ranged from none detected to
415.08 mg/kg. Putrescine and tryptamine were the most
abundant biogenic amines in Doenjang samples, whereas
cadaverine was not detected in any commercial samples.
For all cooking conditions, tryptamine, 2-phenylethy-
lamine, putrescine, and tyramine were detected in Doen-
jang, and their concentrations decreased significantly after
10 min of roasting. The total concentration of biogenic
amines in Doenjang soup was not changed significantly by
boiling. Therefore, roasting, unlike boiling, can be con-
sidered more effective at reducing the amount of biogenic
amines in Doenjang.
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Introduction

Biogenic amines are reported to have possible toxicity
because their high concentration can cause food poisoning
[1, 2]. Although some biogenic amines show biological
functions at a low concentration, a large amount of bio-
genic amines can lead to chronic diseases or food poison-
ing [3, 4]. Furthermore, consumption of certain biogenic
amines may be risky because they can be converted to a
carcinogen, such as N-nitrosamine [3]. They are also
considered spoilage indicators because they can be used to
determine the freshness or spoilage of foods [4, 5]. The
formation of biogenic amines is primarily a consequence of
the enzymatic decarboxylation of specific amino acids due
to microbial enzymes or tissue activity. According to Vinci
and Antonelli [6], the quantity of biogenic amines is also to
be considered as a marker of the level of microbiological
contamination in food. Some microorganisms have a
specific decarboxylase. For example, most Enterobacteri-
aceae could produce putrescine and cadaverine and a few
Lactobacillus are reported to have histidine decarboxylase
[7]. Also, tyramine production in fermented sausages is
related to some species of Lactobacilli and Enterococci [8].

Major biogenic amines reported in foods are histamine,
tryptamine, 2-phenylethylamine, putrescine, cadaverine,
tyramine, spermidine, and spermine [9, 10]. Putrescine,
spermidine, and spermine are reported to promote tumor
growth, whereas agmatine, spermidine, and spermine are
known precursors of the carcinogenic nitrosamine [11, 12].
In addition, some biogenic amines, such as cadaverine and
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putrescine, enhance the toxicity of histamine, which can
cause severe hematological diseases [13]. Therefore, it is
important to analyze the types and amounts of biogenic
amines in foods because of their possible toxicity [4].

Doenjang is a traditional fermented soybean product
that has long been used in Korean foods in many ways.
Commonly, it has been used as the main ingredient of
Korean soup or stew soup with various vegetables and also
serves as a sauce in various dishes [14, 15]. Biogenic
amines are commonly found in fermented foods because
their production is affected by the decarboxylase activity of
microorganisms during fermentation [4, 16-19]. During
fermentation, free amino acids that can act as precursors of
biogenic amines are produced by proteolysis of proteins.
Therefore, microorganisms with high proteolytic activity
are believed to increase the risk of biogenic amine for-
mation [7, 20]. Types and amounts of biogenic amines in
fermented products are affected by the composition of food
and the type and growth of microorganisms during pro-
cessing and storage [21]. Due to their high protein content,
soybeans pose a high risk of the presence of biogenic
amines. Therefore, it is necessary to monitor the levels of
biogenic amines in soybeans and their fermented products
[3].

There are studies on analyzing biogenic amines in
Doenjang [4, 20], but the change of their contents during
cooking has received limited attention in the literature.
Therefore, it is important to investigate the change of
biogenic amines during cooking. In this study, we aimed
to monitor the amount of biogenic amines (histamine,
tryptamine, 2-phenylethylamine, putrescine, cadaverine,
spermidine, and spermine) in commercial Doenjang on
the market and to investigate the effects of cooking
conditions on the change in biogenic amines in
Doenjang.

Materials and methods
Chemicals and standards

Histamine dihydrochloride, tryptamine hydrochloride,
2-phenylethylamine, putrescine dihydrochloride, cadaver-
ine dihydrochloride, tyramine hydrochloride, spermidine
trihydrochloride, and spermine tetrahydrochloride were
purchased from Sigma Chemical Co. (St. Louis, MO,
USA). Dansyl chloride was acquired from Sigma-Aldrich
Co. (Buchs, Switzerland); and sodium hydroxide, sodium
hydrogen carbonate, ammonium hydroxide, and perchloric
acid were purchased from Daejung Chemical Co. (Siheung,
Korea). HPLC grade solvents such as distilled water, ace-
tone, and acetonitrile were obtained from Tedia Co.
(Fairfield, OH, USA).
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Sample collection and cooking methods

A total of 14 commercial Doenjang samples were pur-
chased in retail markets in Korea. Collected samples were
stored at —70 °C after homogenization until analysis. After
screening analysis, the sample that contained the highest
amounts of biogenic amines was used for further analysis
to evaluate the effects of different cooking methods.

Boiling and roasting, the most common household
cooking methods used for Doenjang, were tested in the
study. For boiling, Doenjang (10 g) was mixed with water
(40 mL), and the final volume was adjusted to 50 mL.
Sample solutions were boiled at 96 °C for 10, 20, 30, 40, or
50 min. After heating, the sample solutions were cooled
down to room temperature and used for extraction of bio-
genic amines. For roasting, 30 g of Doenjang was evenly
spread on a tray 7 x 10 cm® The oven (Fujimak Combi
Oven, Tokyo, Japan) was preheated at 180 °C, and the
samples were cooked for 10, 20, or 30 min.

Extraction of biogenic amines

Extraction of biogenic amines from commercial (raw)
Doenjang and cooked Doenjang samples was carried out
by Shukla’s method [20] with slight modifications. For
extraction of biogenic amines, 0.4 M perchloric acid
(20 mL) was mixed with 10 g of Doenjang samples (raw or
baked) or 10 mL of boiled Doenjang solutions and
homogenized for 3 min. The supernatant after centrifuga-
tion (3000x g, 4 °C for 10 min) was collected, and the
precipitate was reextracted with 20 mL of 0.4 M perchloric
acid and centrifuged again. All the supernatants were
combined, and the final volume was adjusted to 50 mL
with 0.4 M perchloric acid. After filtering using Whatman
paper No. 1, 1 mL of the extract was used for derivatiza-
tion with dansyl chloride.

Derivatization of extracts and standard amines

Derivatization of biogenic amines was conducted by the
methods developed by Frias et al. [22] and Shukla et al. [4],
with some modifications. An extract or standard solution
(1 mL) was mixed with 2 M sodium hydroxide (200 pL)
and saturated with sodium hydrogen carbonate solution
(300 pL). The resulting solution was mixed with 1 mL of a
dansyl chloride solution (10 mg/mL in acetone) and incu-
bated at 40 °C for 45 min. Ammonium hydroxide (25%,
100 pL) was added to stop the reaction and to remove
residual dansyl chloride. After incubation at room tem-
perature for 30 min, 1 mL of diethyl ether was added two
times to the mixture for extraction. The combined extracts
were dried under a nitrogen stream, and the residues were
resolved in acetonitrile (1.0 mL). The solution was injected
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into an HPLC system (Waters Co., Milford, MA, USA) for
analysis after filtration through a 0.45-pm PVDF filter
(Millipore Co., Bedford, Mass., USA).

HPLC analysis of biogenic amines

Quantitative analysis of biogenic amines was carried out by
means of an HPLC system equipped with a Capcell Pak
C18 column (4.6 x 250 mm, 5 pm i.d.; Shiseido, Kyoto,
Japan) thermostated at 30 °C, a binary HPLC pump
(Waters 1525), and a fluorescence detector (Waters 2475).
The mobile phase consisted of 0.1 M ammonium acetate
(solvent A) and acetonitrile (solvent B) at a flow rate of
0.8 mL/min with the following gradient elution program
for 35 min: Solvent B was held at 35% for 5 min, ramped
to 45% (5 min), 65% (10 min), 80% (17 min), 90%
(26 min), and returned to 35% (28 min) and held there
until the end of the run. The injection volume was 10 pL,
and the excitation and emission wavelengths of the fluo-
rescence detector were 325 and 525 nm, respectively. As
shown in Fig. 1, identification of biogenic amines was
conducted on the basis of their chromatographic retention

time by comparison with retention time of standard
compounds.

pH

For pH measurement in the samples, 10 g of a Doenjang
sample was mixed with deionized water (20 mL) and
homogenized for 3 min. After that, the sample solution was
filtered using Whatman paper No. 2 (Advantec, Tokyo,
Japan). Next, pH of the samples was measured using a pH
meter (Beckman Coulter, FL, USA) by the method of
Shukla et al. [20].

Statistical analysis

Data are expressed as mean + standard deviation (SD) of
triplicates. The significance of differences was evaluated
by one-way analysis of variance (ANOVA) and Duncan’s
multiple-range test using the SAS software, version 8.0 for
Windows (SAS Institute, Cary, NC, USA). The probability
value of p < 0.05 was used to determine the significance of
differences.
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Fig. 1 HPLC chromatograms of biogenic amines: (A) a standard solution and (B) commercial Doenjang sample 1
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Results and discussion
The pH measurement

The pH values of 14 commercial Doenjang samples ranged
from 4.89 to 5.52, as shown in Table 1. It is known that pH
is an important factor of biogenic amine formation, and
optimal pH for this process is slightly acidic because
bacteria produce more decarboxylase, and its activity is
higher under acidic conditions [4, 23, 24]. Therefore, pH
values of all the samples were assumed to be favorable for
biogenic amine formation.

Contents of biogenic amines in commercial
Doenjang samples

Commercial samples were analyzed in triplicate for the
following eight biogenic amines: histamine, tryptamine,
2-phenylethylamine, putrescine, cadaverine, tyramine,
spermidine, and spermine.

The concentrations of biogenic amines in commercial
Doenjang samples ranged from ND to 415.08 mg/kg and
varied depending on the manufacturer (Table 1). Kim et al.
[25] reported total biogenic amine concentrations of
478.54-751.05 mg/kg in five commercial Doenjang sam-
ples, and Shukla et al. [4] reported that the total biogenic
amine concentrations range from 2.22 to 179.27 mg/kg in
traditional Doenjang samples.

Tryptamine and putrescine were detected in most of the
samples analyzed, and their amounts were the highest
among the biogenic amines detected. Histamine,

spermidine, and spermine were not detected in some of the
samples and, when detected, their concentrations were
lower than those of tryptamine and putrescine. Cadaverine
was not detected in any samples. Nuriez et al. [10] reported
that fermented soybean foods, such as Doenjang, contain
high levels of putrescine, tyramine, and histamine due to
the metabolism and growth of microorganisms during
fermentation. Lee et al. [3] also reported that putrescine has
the highest concentration among the biogenic amines
detected.

Sample 1 contained the highest total concentration of
biogenic amines (415.08 mg/kg) compared with all other
samples, which contained 146 mg/kg or less of total bio-
genic amines. In sample 14, no biogenic amines were
detected. The differences in concentration and composition
of biogenic amines were affected by variations in the
Doenjang manufacturing process such as microorganisms
employed for fermentation and the amount of soybeans
used [4]. Therefore, it is important to suppress the forma-
tion of biogenic amines in fermented food during fermen-
tation and storage. Control of putrescine, cadaverine,
spermine, and spermidine amounts is especially important
because they may contribute to the formation of carcino-
genic nitrosamines and increase histamine toxicity [26, 27].
High concentrations of putrescine are rarely observed in
fresh raw foods, but its concentration may increase con-
siderably when such foods are stored improperly [28, 29].
The contamination by bacteria can cause formation of
biogenic amines via decarboxylation of amino acids, which
are the precursors of biogenic amines [30]. Byun and Mah
[16] reported that the ratio of soybean to other grains in

Table 1 Biogenic amine contents (mg/kg) and pH of commercial Doenjang samples

Sample no. HIS TRP PHE PUT CAD TYR SPD SPM Total biogenic pH
amines

1 ND 192.29 29.66 180.74 ND 12.38 ND ND 415.08 5.46
2 ND 30.58 1.22 39.18 ND <LOQ 8.40 ND 79.38 5.27
3 ND 4.79 1.01 64.03 ND <LOQ ND ND 69.83 522
4 ND 4.33 ND 5.89 ND <LOQ ND ND 10.22 5.23
5 12.81 23.00 6.10 82.72 ND <LOQ 2.52 ND 127.15 5.04
6 11.35 24.01 71.67 14.10 ND 24.09 ND ND 145.22 5.17
7 ND 12.16 ND 45.68 ND 0.17 11.30 7.21 76.52 4.89
8 ND 5.28 ND 3.15 ND ND ND ND 8.43 492
9 ND 4.717 ND 0.53 ND ND ND ND 5.30 5.52
10 ND 391 ND 0.49 ND ND ND ND 4.40 5.33
11 ND 34.01 ND ND ND 25.11 ND ND 59.12 5.08
12 ND ND ND 15.80 ND ND 7.05 6.18 29.03 5.14
13 ND ND ND 7.03 ND ND ND ND 7.03 5.13
14 ND ND ND ND ND ND ND ND ND 541

HIS histamine, TRP tryptamine, PHE 2-phenylethyl amine, CAD cadaverine, TYR tyramine, SPD spermidine, SPM spermine, ND not detected
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Table 2 Biogenic amine concentrations in Doenjang soup (mg/L) after boiling at 100 °C for 10-50 min

HIS TRP PHE PUT CAD TYR SPD SPM Total biogenic
amines
0 ND 65.18 £ 4.31 2047 £ 2.17* 670.05 + 26.28 ND 53.40 £ 1.20 ND ND 809.10 £ 49.10
10 ND 64.39 £+ 6.97 17.92 + 1.41° 627.49 + 57.37 ND 54.28 + 7.36 ND ND 760.08 + 52.35
20 ND 66.33 £+ 1.38 17.87 + 0.72° 623.15 + 36.25 ND 5447 £+ 1.64 ND ND 761.82 + 34.41
30 ND 66.87 £ 0.91 19.34 & 0.74* 662.13 + 27.52 ND 55.25 £ 347 ND ND 803.60 £ 31.00
40 ND 64.11 £ 2.24 19.01 & 0.94* 591.96 &+ 21.12 ND 53.83 £ 0.71 ND ND 72891 £+ 22.47
50 ND 63.17 £ 0.31 17.24 £+ 1.05° 620.32 £ 23.64 ND 53.39 £ 0.73 ND ND 754.12 + 25.81

HIS histamine, TRP tryptamine, PHE 2-phenylethyl amine, CAD cadaverine, TYR tyramine, SPD spermidine, SPM spermine, ND not detected

Means in the same column with different superscripts are significantly different (p < 0.05)

Miso affects the variation of amino acid precursors of
biogenic amines, and consequently, leads to the differences
in concentrations and types of the biogenic amines present.
In addition, the formation of biogenic amines may be
suppressed by decreasing storage temperature [8, 31].

Conventional Doenjang is exposed to contamination by
microorganisms and is subject to formation of biogenic
amines [25]. Therefore, we proceeded to the next step to
examine the destructive effect of cooking conditions on the
biogenic amines in Doenjang using the sample that con-
tained the highest amounts of biogenic amines.

Influence of cooking methods on biogenic amine
levels

The changes in biogenic amines in boiled Doenjang are
shown in Table 2. According to Choe [32] and Oh and Kim
[33], boiling is the cooking method most frequently used
for Doenjang. Usually, it is boiled with various vegeta-
bles to make Doenjang soup. The total concentration of
biogenic amines decreased slightly over time, but the
change was not significant. In addition, amounts of heat-
stable biogenic amines such as putrescine and tyramine
[34] did not significantly decrease during the heating. Li
et al. [35] reported that the concentrations of biogenic
amines in sausages are decreased by boiling because these

compounds get diluted in water. According to Shalaby
[36], heat treatment enhances the extraction of biogenic
amines into water. Nevertheless, because we analyzed
biogenic amines in Doenjang soup, all dissolved biogenic
amines were analyzed, and there were no significant
changes in total amounts of biogenic amines under the
influence of boiling. Therefore, it seems that the change in
biogenic amines in various foods during boiling is mainly
caused by the extraction of biogenic amines into water
rather than by their destruction.

The changes in biogenic amines in Doenjang during
roasting were determined after roasting at 180 °C for
10-30 min (Table 3). The total concentration of biogenic
amines decreased significantly after 10 min of roasting, and
no significant changes were detected during additional
heating after the initial 10 min. Tryptamine and
2-phenylethylamine, which were reported to cause vascular
diseases [8, 37], were affected by roasting the most. It was
also found that roasting did not affect the amounts of
putrescine and tyramine. Furthermore, because the contents
of putrescine were the highest among biogenic amines
detected, 20-30 min roasting did not cause significant
change of total biogenic amines after 10 min roasting. Moret
et al. [19] reported that tryptamine content decreased easily,
as compared to other biogenic amines, during storage.

Kozova et al. [38] reported results similar to ours, i.e.,
they stated that cooking methods involving a high

Table 3 Concentrations (mg/L) of biogenic amines in Doenjang after roasting at 180 °C for 10-30 min

Time, min HIS TRP PHE PUT CAD TYR SPD SPM Total biogenic amines
0 ND 126.61 &+ 32.42* 3532 + 11.13* 258.63 + 30.58 ND 738 £1.71* ND ND 427.94 + 4647
10 ND 96.31 + 20.60™®  26.60 £ 7.21"°  159.83 & 16.58 ND 11.37 £3.87* ND ND 294.11 + 34.70°
20 ND 85.41 &+ 15.90°  20.84 + 4.53° 22570 £ 43.61 ND 9.24 £ 740 ND ND 341.19 + 43.15™
30 ND 88.34 4+ 18.09° 2377 +2.38"™ 231.21 £32.19 ND 13.15 £ 5.11* ND ND 356.47 + 47.58%

HIS histamine, TRP tryptamine, PHE 2-phenylethyl amine, CAD cadaverine, TYR tyramine, SPD spermidine, SPM spermine, ND not detected

Means in the same column with different superscripts are significantly different (p < 0.05)
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temperature such as roasting, grilling, and frying decrease
biogenic amine concentrations more effectively than boil-
ing does. In the present study, the concentrations of bio-
genic amines were decreased more strongly by roasting
than by boiling. The concentrations of tryptamine and
2-phenylethylamine were reduced by roasting most sig-
nificantly. Therefore, proper choice of a cooking method
seems to be a more effective way to reduce biogenic amine
amounts in food in comparison with increased duration of
cooking.

Acknowledgments This research was supported by the Chung-Ang
University Graduate Research Scholarship in 2016.

References

10.

11.

12.

13.

14.

15.

. Mohan CO, Ravishankar CN, Gopal TKS, Kumar KA, Lalitha

KV (2009) Biogenic amines formation in seer fish (Scombero-
morus Commerson) steaks packed with O, scavenger during
chilled storage. Food Res Int 42:411-416

. Shalaby AR (1997) Significance of biogenic amines to food

safety and human health. Food Res Int 29(7):675-690

. Lee HT, Kim JH, Lee SS (2009) Analysis of microbiological

contamination and biogenic amines content in traditional and
commercial Doenjang. J Food Hyg Saf 24(1):102-109

. Shukla S, Park HK, Kim JK, Kim MH (2010) Determination of

biogenic amines in Korean traditional fermented soybean paste
(Doenjang). Food Chem Toxicol 48:1191-1195

. Santos MHS (1996) Biogenic amines: their importance in foods.

Int J Food Microbiol 29:213-231

. Vinci G, Antonelli ML (2002) Biogenic amines: quality index of

freshness in red and white meat. Food Control 13(8):519-524

. Brink BT, Damink C, Joosten HMLJ, Huis in’t Veld JHJ (1990)

Occurrence and formation of biologically active amines in foods.
Int J Food Microbiol 11:73-84

. Bover-Cid S, Izquierdo-Pulido M, Vidal-Carou MC (2001)

Changes in biogenic amine and polyamine contents in slightly
fermented sausages manufactured with and without sugar. Meat
Sci 57:215-221

. Kim JH, Park HJ, Kim MJ, Ahn HJ, Byun MJ (2003) Survey of

biogenic amine contents in commercial soy sauce. Korean J Food
Sci Technol 35(2):325-328

Nuriez M, del Olmo A, Calzada J (2016) Biogenic amines.
Reference module food science from encyclopedia of food and
health pp 416-423

Kim JH, Ryu SJ, Lee JW, Kim YW, Hwang HJ (2013) Investi-
gation on biogenic amines in plant-based minor Korean fer-
mented foods. J Appl Biol Chem 56(2):113-117

Ozogul F, Kuley E, Kenar M (2011) Effects of rosemary and sage
tea extract on biogenic amines formation of sardine (Sardina
Pilchardus) fillets. Int J Food Sci Technol 46:761-766

Kung HF, Tsai YH, Wei CI (2007) Histamine and other biogenic
amines and histamine-forming bacteria in miso products. Food
Chem 101:351-356

Chang KH, Cho KH, Kang MK (2012) Optimization of the
preparation conditions and quality characteristics of Sweet
Pumpkin-Doenjang sauce. Korean J Food Preserv 19(4):492-500
Joo KJ, Shin MR (2004) Flavor components Generated from
thermally processed soybean paste (Doenjang and Soondoenjang)
soups and characteristics of sensory evaluation. Korean J Food
Sci Technol 36(2):202-210

@ Springer

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Byun BY, Mah JH (2012) Occurrence of biogenic amines in
Miso, Japanese traditional fermented soybean paste. J Food Sci
77(12):216-223

Dapkevicius MLNE, Nout MJR, Rombouts FM, Houben JH,
Wymenga W (2000) Biogenic amine formation and degradation
by potential fish starter microorganisms. Int J Food Microbiol
57:107-114

Grief G, Greifova M, Karovicova J (2006) Effects of NaCl
concentration and initial pH value on biogenic amine formation
dynamics by Enterobacter spp. Bacteria in model conditions.
J Food Nutr Res 45(1):21-29

Moret S, Smela D, Populin T, Conte LS (2005) A survey on free
biogenic amine content of fresh and preserved vegetables. Food
Chem 89:355-361

Shukla S, Park HK, Kim JK, Kim MH (2014) Reduction of
biogenic amines and aflatoxins in Doenjang samples fermented
with various Meju as starter cultures. Food Control 42:181-187
Carelli D, Centonze D, Palermo C, Quinto M, Rotunno T (2007)
An interference free amperometric biosensor for the detection of
biogenic amines in food products. Biosens Bioelectron
23:640-647

Frias J, Martinez-Villaluenga C, Gulewicz P, Prez-Romero A,
Pilarski R, Gulewicz K, Vidal-Valverde C (2007) Biogenic
amines and HL 60 citotoxicity of alfalfa and fenugreek sprouts.
Food Chem 105:959-967

Bai X, Byun BY, Mah JH (2013) Formation and destruction of
biogenic amines in Chunjang (a black soybean paste) and Jajang
(a black soybean sauce). Food Chem 14:1026-1031

Hassaine O, Zadi-Karam H, Karam NE (2009) Evaluation of
biogenic amines formation by proteolytic Enterococci strains
isolated from raw dromedary milks from Southern Algeria.
J Food Saf 29(3):381-393

Kim JH, Ahn HJ, Yook HS, Park HJ, Byun MW (2001) Biogenic
amines contents in commercial Korean traditional fermented
soybean paste. Korean J Food Sci Technol 33(6):682-685
Habib RE (2011) Bacteriological quality and biogenic amines
determinations by HPLC in Bassa fish imported to Saudi Arabia.
Int J Pharm Pharma Sci 3(5):343-347

Tai YH, Chang SC, Kung HF (2007) Histamine contents and
histamine-forming bacteria in natto products in Taiwan. Food
Control 18:1026-1030

Kalac P (2014) Health effects and occurrence of dietary
polyamines: a review for the period 2005-mid 2013. Food Chem
161:27-39

Patsias A, Chouliara I, Paleologos EK, Savvaidis I, Kontominas
MG (2006) Relation of biogenic amines to microbial sensory
changes of precooked chicken meat stored aerobically and under
modified atmosphere packaging at 4 & #xBO0;C. Eur Food Res
Technol 223:683-689

Zee JA, Simard RE, Vaillancourt R, Boudeau A (1981) Effect of
Lactobacillus brevis, Saccharomyces uvarum and grist compo-
sition on amine formation in beers. Can Inst Food Sci Technol J
14(4):321-325

Prester L, Macan J, Varnai VM, Orct T, Vukusic J, Kipcic D
(2009) Endotoxin and biogenic amine levels in Atlantic mackerel
(Scomber scombrus), sardine (Sardina pilchardus) and Mediter-
ranean hake (Merluccius merluccius) stored at 22 & #xBO;C.
Food Addit Contam 26(3):255-262

Choe JS (2003) Study on frequency consumed dishes and menu
patters of middle-aged housewives for 1 year. J] Korean Soc Food
Sci Nutr 32(5):764-778

Oh HR, Kim Y (2015) Food group assignment of Korean soup &
stew for desirable target pattern draft-representative nutritional
value calculation based on intake and preference of adolescent.
J Korean Home Econ Educ Assoc 27(2):137-147



Appl Biol Chem (2017) 60(3):273-279

279

34.

35.

36.

Yen GC (1992) Effect of heat treatment and storage temperature
on the biogenic amine contents of Straw mushroom (Volvariella
volvacea). J Sci Food Agric 58:59-61

Li L, Wang P, Xu X, Zhou G (2012) Influence of various cooking
methods on the concentrations of volatile N-nitrosamines and
biogenic amines in dry-cured sausages. J Food Sci 77(5):560-565
Shalaby AR (2000) Changes in biogenic amines in mature and
germinating legume seeds and their behavior during cooking.
Nahrung 44(1):23-27

37.

Mohammed GI, Bashammakh AS, Alsibaai AA, Alwael H, El-
Shahawi MS (2016) A critical overview on the chemistry, clean-
up and recent advances in analysis of biogenic amines in food-
stuffs. TrAC Trend Anal Chem 78:84-94

. Kozova M, Kalac P, Pelicanova T (2009) Contents of biologically

active polyamines in chicken meat, liver, heart and skin after
slaughter and their changes during meat storage and cooking.
Food Chem 116:419-425

@ Springer



	Various biogenic amines in Doenjang and changes in concentration depending on boiling and roasting
	Abstract
	Introduction
	Materials and methods
	Chemicals and standards
	Sample collection and cooking methods
	Extraction of biogenic amines
	Derivatization of extracts and standard amines
	HPLC analysis of biogenic amines
	pH
	Statistical analysis

	Results and discussion
	The pH measurement
	Contents of biogenic amines in commercial Doenjang samples
	Influence of cooking methods on biogenic amine levels

	Acknowledgments
	References




