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The ability of lactic acid bacteria (LAB) to produce biogenic amines (BAs) from amino acids
using amino acid decarboxylase enzymes is an important food safety criterion due to their use as
starter or bio-protective cultures. In this study, various LAB isolates, including Lactococcus (three
isolates), Lactobacillus (five isolates), Enterococcus (13 isolates), and Leuconostoc (seven isolates),
were isolated from ready-to-eat fish products like sauced, marinated, smoked anchovies, and
smoked mackerel. These isolates were then tested for their ability to produce BAs (histamine,
putrescine, cadaverine, spermidine, tryptamine, 2-phenylethylamine, spermine, serotonin, tyramine,
3-methylamine, and dopamine) and ammonia in histidine decarboxylase broth. The post-biotic
solutions (cell-free supernatant) of Lb. paracasei NZ.Lbp.111, Lb. brevis NZ.Lbb.085, and E.
casseliflavus NZ.Ec.074 exhibited the highest ammonia levels. Histamine accumulation was
generally low in post-biotic solutions from four LAB isolates, ranging from 2.00 to 7.78 ppm.
However, the post-biotic solution of Leu. mesenteroides NZLeu 009 displayed a significantly higher
histamine concentration (83.23 ppm). Lactobacillus post-biotic solutions had the highest
concentrations of ammonia (1220.28 ppm), 2-phenylethylamine (82.96 ppm), serotonin (278.70
ppm), tyramine (267.48 ppm), and cadaverine (19.72 ppm). Also, the average BAs concentration
for Lactobacillus post-biotic solutions was the highest at 31.98 ppm. The results revealed the
analysis of BAs concentrations in different LAB isolates from fish products, providing interesting
insights into their metabolic capabilities and potential implications for food safety and quality.

© 2024 Urmia University. All rights reserved.

Introduction

individual sensitivity, and the presence of allergies.5
Consuming monoamine oxidase inhibitor drugs or ethanol
increases the risk of interference with amino oxidase

Different types of biogenic amines (BAs) can be
classified based on their chemical structure. These include
aliphatic BAs, such as putrescine (PUT), cadaverine (CAD),
spermine (SPM), and spermidine (SPD), aromatic BAs,
such as tyramine (TYR) and 2-phenylethylamine (PHE),
and heterocyclic BAs, such as histamine (HIS) and
tryptamine (TPT).}2 Overall, this information highlights
the intricate balance between the role of BAs as immune
mediators and neurotransmitters, and their vital
contributions to the fundamental cellular processes. They
play a significant role in various physiological functions of
eukaryotic cells, including the synthesis of hormones,
alkaloids, and other bioactive components.3

The BAs pose a risk to human health when present in
foods above the recommended limits.# The health effects
of BAs depend on factors, such as the type of amine,
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enzymatic systems, being responsible for exogenous Bas
detoxification.> Elevated levels of BAs in food are
associated with food safety concerns and potential health
complications for consumers.68

Lactic acid bacteria (LAB) are recognized as potent
reducers of BAs in fermented foods, making them a subject
of extensive research.”! Beyond their well-established
role in fermented food production, LAB exhibit a diverse
array of beneficial properties, including lactic acid
production, lactose reduction, and improvement in the
sensory, physical, and chemical characteristics of food.
Also, LAB have been shown to effectively control food-
borne pathogens.#?12 However, LAB can also possess
microbial decarboxylases responsible for BAs formation,
similar to food-spoilage pathogenic microorganisms.® The
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LAB can produce BAs through the decarboxylase enzymes
action, which remove carboxyl groups from specific amino
acids. These BA-producing LAB can be naturally present in
the food microbiota or deliberately introduced as a starter
or co-culture. While published documents highlight the
ubiquitous presence of BAs in fermented foods, their
concentrations can vary considerably.! Examples include
beverages, fermented vegetables, and soy products
typically containing 20.00 mg kg! of BAs, while certain
sausages and cheeses may reach levels of 100 mg kg1.13

Understanding the BA-producing abilities of LAB
genera isolated from fish products is crucial for assessing
their impact on both product quality and consumer health.
This study aimed to determine the concentration of BAs
produced by LAB in fish-derived fermented products.
Additionally, it provides a broader perspective on the
interplay between LAB, BAs, and the safety and quality of
fermented fish products in the food industry.

Materials and Methods

The LAB isolation and characterization. In this
study, 29 samples (ready-to-eat, sauce-smoked marine
fish) were collected from three different food sources.
After homogenizing the food samples (10.00 g sample per
90.00 mL Ringer solution per sample), 105 and 10
dilutions were prepared. The double-layer sandwich
method was used with de Man, Rogosa and Sharpe (MRS;
Merck, Darmstadt, Germany) and M-17 broths (Merck).
Subsequently, 128 LAB isolates were characterized from
1,000 isolates obtained from food samples using
phenotypic morphology, molecular, and biochemical
tests.1* From these 128 species, 28 isolates were selected
for the present study (Table 1).

Post-biotic solution from LAB isolates. The LAB
isolates were pre-incubated in MRS broth at 37.00 °C

for 18 hr before their ability to produce BAs in histidine
decarboxylase broth (HDB). After obtaining fresh
cultures of each LAB isolate, 1.00% inoculation volume
was added to the HDB to form BAs. The BAs formation in
the post-biotic solution of LAB isolates was conducted in
HDB containing 1.00 g Lab-Lemco powder (Oxoid,
Basingstoke, UK), 5.00 g NaCl (Merck), 8.02 g L-HIS
(Sigma, Steinheim, Germany), and 5.00 mg pyridoxal HCI
(Sigma) in 1,000 mL of distilled water.’> To adjust pH,
1.00 M KOH (Riedel-de Haen, Seelze, Germany) or 6.00%
(v per v) trichloroacetic acid (Riedel-de Haen) was used.
Subsequently, selected previously sub-cultured LAB
isolates were inoculated into sterilized HDB and
incubated for 72 hr at 37.00 °C under anaerobic
conditions. Consequently, a post-biotic solution from the
supernatant (4.00 mL) of each bacterial culture was
extracted for further analysis to determine the BA.

Ammonia (AMN) and BAs quantification. Prior to
reversed-phase high-performance liquid chromatography
(RP-HPLC) analysis, BAs in the post-biotic solution were
derivatized following the procedure described by Toy et
al'® The analysis of 10 BAs and AMN was performed using
RP-HPLC. The high-performance liquid chromatography
(HPLC) analyses were made using a Shimadzu Prominence
HPLC apparatus (Shimadzu, Kyoto, Japan) which consisted
of the apparatus with SPD-M20A diode array detector,
column oven, and associated components. Separation and
quantification were carried out using a Phenomenex ODS
Hypersil column (5.00 um x 250x 4.60 mm) following a
rapid elution program.'® Ammonia separation was carried
out using the same injection of BA determination. °

Statistical analysis. One-way analysis of variance
using SPSS Software (version 17.0; IBM Corp., Armonk,
USA) was utilized for analysis of BAs production by LAB.
The level of significance was set at p < 0.05, and means
were compared using Duncan’s t-test.

Table 1. Lactic acid bacteria (LAB) strains isolated from ready-to-eat fish products, such as Lactobacilli, Enterococci, Leuconostoc, and

Lactococcus and their strain codes.

LAB genus Strains Strain codes
Pediococcus Pediococc NZ.Pa.026
Lactobacillus rhamnosus NZ.Lbr.082,
Lactobacillus paracasei NZ.Lbp.105, NZ.Lbp.111
Lactobacilli Lactobacillus casei NZ.Lbc.117
Lactobacillus brevis NZ.Lbb.085
Lactobacillus Sakei ATCC 15
Enterococcus hirae NZ.Eh.035
Enterococcus faecalis NZ.Ef.040, NZ.Ef.042, NZ.Ef.044
Enterococci Enterococcus Iac'tis NZ.E1.049, NZ.EL.052
Enterococcus faecium NZ.Efc.056
Enterococcus durans NZ.Ed.069, NZ.Ed.070
Enterococcus casseliflavus NZ.Ec.074
Lactococci Lactococcus lactis subs. lactis NZ.Lcl.011, NZ.Lcc.023,NZ.Lcl.018
Pediococcus acidophilus NZ.Pa.026
Pediococcus acidophilus ATCC 25741
Leuconostoc NZLeu.002, NZLeu.003, NZLeu.004,, NZLeu.006,

Leuconostoc mesenteroides subs. mesenteroides

NZLeu.007, NZLeu.008, NZLeu.009
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Results

The ability of LAB, including Enterococcus (10
isolates), Leuconostoc (seven isolates), Lactococcus
(three isolates), and Lactobacillus (six isolates), to
accumulate BAs in HDB was investigated. A post-biotic
solution was used to measure AMN and BAs formation
by Lactobacillus spp. and the reference strain
Lactobacillus sakei ATCC 1522 (Table 2). The mean
values and standard deviations indicated variability
within each strain type. These isolates exhibited
significant variability in AMN production. The
Lactobacillus paracasei NZ.Lbp.111 exhibited the highest
concentrations of AMN, HIS, and PUT in post-biotic
solution.The post-biotic solution from Lb. paracasei
NZLbp.111 and Lactobacillus brevis NZLbb.085
produced AMN at concentrations of 2788.98 ppm and
1582.54 ppm, respectively. The Lb. brevis NZ.Lbb.085
had the highest AMN concentration, indicating its strong
ability to produce AMN. The post-biotic solution from Lb.
sakei ATCC 1522 had the lowest AMN concentration
among all isolates tested. The HIS concentrations were
relatively low in the post-biotic solutions for all isolates.
The post-biotic solution from Lb. brevis NZ.Lbr.082 had
the highest HIS concentrations, although the levels were
generally moderate. The results showed that the
concentration of HIS in the post-biotics from all
Lactococci was between 2.00 and 0.84 ppm. In contrast,
post-biotic solutions from the Lactobacillus isolates were
found to be capable of accumulating higher levels of BAs,
such as PUT, CAD, SPD, TPT, PHE, SPM, 3-methylamine
(TMA), dopamine (DOP), and agmatine (AGM).

The Lb. paracasei Lbp.105 produced remarkably high
levels of serotonin (SER) and TYR, exceeding 1000 ppm,
despite low AMN production. Other isolates such as Lb.
paracasei NZ.Lbp.111, Lb. brevis NZ.Lbr.082, and
Lactobacillus casei NZ.Lbc.117 also showed moderate to
high levels of various BAs. The Lb. brevis NZLbb.085
consistently displayed the lowest BAs concentrations, while
the reference strain Lb. sakei ATCC 1522 accumulated
moderate levels of SER and PUT (Table 2). These findings
highlighted the diverse BA-production potential of
Lactobacillus isolates, being crucial for understanding their
safety as food additives.

Ten Enterococcus isolates were investigated for their
ability to produce AMN and BAs (HIS, PUT, CAD, SPD,
TPT, PHE, SPM, TYR, and AGM) in a post-biotic solution
(Table 3). While all isolates accumulated less BA than
AMN, Enterococcus casseliflavus NZ.Ec.074 displayed the
highest AMN concentration (1,302.95 ppm) compared to
others (180-590 ppm). All isolates exhibited low HD
activity, leading to minimal HIS accumulation (0.13 - 7.78
ppm). Similarly, except for NZ.Ec.074 (the highest at
69.99 ppm), other isolates showed low PUT production
(8.28 - 0.13 ppm).

Table 2. Biogenic amines (ppm) forming abilitiy of Lactobacillus strains isolated from ready-to-eat fish in enriched L-histidine aminoacide medium. Mean values and

standard deviations were determined from four observations (n

= 4).

TYR TMA DOP AGM
199+ 0.28 = 1.08 =

SER

SPM
15.35+

PHE
3413 %

TPT
1.49 +

SPD
214 +

CAD
12.58 +

PUT
0.25+

HIS

0.84

AMN

Strains

115+

257+

1,582.54

NZ.Lbb.085

0.25d 0.25¢ 0.25d 0.25d 0.252 0.75¢ 0.25d 0.25b 0.25b 0.25¢ 0.25d 0.254
18.20 + 195% 79.98 42.72 1095+ 77.98 =

2.00 =

+39.00b

0.50 =

0.50 =

322+ 6.13 £

457.48 + 4.06 +

NZ.Lbc.117

0.50a 0.50bc 0.50¢ 0.50e 0.50a 1.002 0.50a 0.50v 0.50¢ 0.50¢ 0.50d 0.50a
94.62 * 6.93 23.06 £ 9.65 * 6.10 + 54.85 +

1.57

25.20d
779.36 £

0.20 =

1.73 %

1.16 +
0.20b

149 +

3.67 £

NZ.Lbr.082

0.20¢ 0.20¢<d 3.13b
1392 +

0.20¢
5.03+

0.20b 1.002 0.20d 0.20b 0.20a 0.20¢ 0.20¢
1.55 * 7.38 1.00 10.07

8.95¢

87.06

399+ 121+

2491+

3.44 +

2,788.98 5.90 +

+88.50a

NZ.Lbp.111

1.00b 1.00¢ 1.00¢ 2.38b 1.00¢
11.99 +

1379.64 + 1313.34 +

1.00b 1.00e 1.00e 1.002 1.384 1.00d
53.54 + 35.81 + 422 + 29.11 +

1.00b
1.19 +

3293+

122.30
+24.002

55.42 +
4,13b

493.06 + 233+

NZ.Lbp.105

2.04¢
14.66

4.27¢
116.40

17.262
162.85 +

47.772
1331+

1.53b
22.60

2.61a
0.00

3.33a
16.03 +

4.04a
26.89

0.20¢ 2.33d

0.86 +

11.794
488.16 +

8.60

50.85 +
0.07b

2.86 +

Lb. sakei ATCC 15

0.13b 0.01b 0.05b 0.25a 2.05¢

0.05¢

0.00d 0.06d 0.38b 0.63¢ 0.00e

7.50d
AMN: Ammonia; HIS: Histamine; PUT: Putrescine; CAD: Cadaverine; SPD: Spermidine; TPT: Tyriptamine; PHE: 2-pheniletilamine; SPM: Spermine; SER: Seretonin; TYR:

Tyramine; TMA: 3-methylamine; DOP: Dopamine; and AGM: Agmatine.
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ad Values in the same column followed by the same superscript letters are not significantly different (p > 0.05).
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The highest CAD production was observed in NZ.E1.052
and. Enterococcus durans NZ.Ed.069 (13.00 - 10.00 ppm).
Accumulation of other amines (SPD, TPT, PHE, SPM, TYR,
and AGM) ranged from 32.93 to 102.72 ppm. Notably, BA
production in most Enterococcus species was below 10
ppm. Four isolates (NZ.EL.049, NZ.EL.052, NZ.Efc.056, and
NZ.Ec.074) displayed the highest SPD concentration (17.59
- 3992 ppm). Additional accumulations were observed for
PHE (102.02 ppm), SER (40.52 ppm), TYR (70.48 ppm),
TMA (101.59 ppm), DOP (256.03 ppm), and AGM (27.77
ppm). Enterococcus isolates exhibited significant
variability in BAs production, with NZ.Ec.074 consistently
demonstrating higher levels of various amines.

Seven Leuconostoc isolates were investigated for their
ability to accumulate BAs in post-biotic solutions (Table 4).
Leuconostoc isolates generally exhibited a lower ability to
produce BAs compared to AMN. The AMN accumulation
ranged from 200 to 530 ppm, with the exception of
Leuconostoc  mesenteroides  subsp.  mesenteroides
NZ.Leu.009, which showed the lowest value at 3.74 ppm.
The HIS concentration in most Leuconostoc post-biotic
solutions was very low (1.95 and 0.38 ppm), indicating a
lack of HDenzyme activity. However, isolate Leu.
mesenteroides subsp. mesenteroides NZLeu.009 displayed
a significantly higher HIS concentration of 83.69 ppm. The
PUT accumulation was observed in all Leuconostoc
isolates, except NZLeu.009, ranging from 5.11 to 0.25
ppm.  Additinally, Leu. mesenteroides  subsp.
mesenteroides NZLeu.008 showcased the highest CAD
accumulation (13.32 ppm) among the isolates. Finally, the
highest DOP and AGM accumulations were observed in

Leu. mesenteroides subsp. mesenteroides NZLeu.003
(79.43 ppm) and NZLeu.006 (68.50 ppm), respectively.
Overall, Leuconostoc isolates exhibited significant
variability in BAs production.

The production of BAs by Lactococcus isolates and the
reference strain Pediococcus acidophilus in HDB is
presented in Table 5. The P. acidophilus displayed the
highest AMN accumulation (1764.15 ppm), highlighting its
substantial capacity for AMN production. Conversely,
Lactococcus lactis subsp. lactis NZ.Lcl.011 exhibited the
lowest AMN concentration (886.20 ppm). Notably, Lacto-
coccus isolates accumulated approximately four times
more AMN than other genera. Histamine levels, which are
crucial for food safety assessments, remained relatively
low across all isolates. The lowest HIS accumulation (0.95
ppm) was observed in NZLcl.018, while NZ.Lcc.023
displayed the highest (2.46 ppm). Interestingly, P.
acidophilus exhibited higher HIS accumulation (7.63 ppm)
compared to all Lactococcus isolates. This variability
suggests differences in metabolic pathways and growth
conditions. While low HIS levels are desirable in food
production, Lactococcus isolates demonstrated a
significant capacity for specific amines, such as SER and
TYR. The NZ.Lcl.011 and NZ.Lcl.018 reached the highest
SER and TYR concentrations (30.38 ppm and 41.45 ppm,
respectively), indicating substantial BAs production. The L.
lactis subsp. lactis NZ.Lcl.011 showcased the highest PHE
concentration (248.63 ppm), while NZ.Lcl.018 displayed
higher SER concentration (9.18 ppm) than NZ.Lcc.023
(5.32 ppm), which had the lowest concentration. Similarly,
NZ.Lcl.018 had lower SPD (4.63 ppm) and TPT (1.55 ppm;

Table 3. Biogenic amines (ppm) forming abilitiy of Enterococcus strains isolated from ready-to-eat fish in enriched L-histidine aminoacide
medium. Mean values and standard deviations were determined from four observations (n = 4).

Strains AMN HIS PUT CAD SPD TPT PHE SPM SER TYR TMA DOP AGM

306.25 0.81 3.30 1.71 151 1.09 4201 1743 5.40 6.75 0.36 20.11 8.75

NZ.ER.035 +£1288¢ +0.01c =*0.01c x0.0le +0.014 +0.01e *1.13¢ +0.01e £0.01c +0.01e =*=0.01b +£0.25¢ =*0.25¢
NZ.EL049 334.28 0.52 0.13 0.13 17.59 0.63 3392 1475 3.15 9.07 0.19 2.67 5.18
£9250c +£0.12«d +0.004 =+0.00f +£0.13> *0.03¢ *0.63f +0.13f +£0.13d +0.13¢d +0.00b =*0.13¢ =*0.13f

NZEL052 595.34 1.99 3.22 13.02 18.52 6.23 102.07 66.38 239 13.92 0.97 8.47 7.59
+0.88> +0.00> +0.88c =088 +0.88> +0.88c *1132 +0.88> +0.88¢ +0.88> =+0.01b +0.88¢ =0.88¢

NZ.Ed.069 22851 1.57 4.66 10.48 5.78 0.31 7212 3694 3.75 9.83 0.43 0.31 21.69
+2531¢ +0.01> £031c +031> *0.31c £0.00e =031 =*+1.88c *0.31c *=031c *0.00> =+0.00¢ *1.50¢

NZEfc.056 304.56 1.88 8.28 6.44 3992 1282 67.58 2440 13.00 4.17 0.43 0.38 3293
+11.63¢ +0.00> +0.38> *0.01d #0.012 *1.122 *438 +£138d +0.78 =x0.058 =*0.00> =*0.01e =*2.252

NZEd.070 184.85 0.23 0.23 0.23 0.23 0.23 12.50 4.87 0.23 1.25 0.23 0.23 0.87
+647f £0.01«d x0.01d *0.00e *0.00¢ *0.0le *0.23s8 +0.23" *0.00¢ x0.22h +0.00> £0.00¢ =*0.038

NZ.E£.040 18750+ 0.38 0.38 0.38 0.38 0.38 12.65 5.02 0.38 1.40 0.38 0.38 1.02
9.12f  +0.01«d +0.014d +0.02f x0.014 *0.02¢ +0.38 +0.38" *0.014 *0.00h =+0.01> =+0.00c +0.028

NZE£.044 208.32 0.13 0.13 0.13 8.09 0.43 6.19 1.34 0.13 5.65 0.28 3.09 191
£10.13¢ +0.03¢ +0.014¢ =+0.01f *1.63¢ £0.03¢ +0.13h *0.13* =+0.01d =*0.13Ff *£0.00> =+0.13¢ *0.138

NZEc.074 1,30295 7.78 69.99 7.63 39.28 7.34 65.10 7175 40,52 7048 10159 256.03 27.77
" £12.692 £0.192 +2.752 £0.19c +5252 #0.19> +288d +£1752 +7.002 £0.192 +10.632 +8.752 +1.63b
NZ.E£.042 27397 0.13 0.13 0.13 498 0.13 12.64 7.11 16.57 6.26 0.18 4140 11.06

£25134 £0.134 +0.034 +0.01f +£0.13c +0.00¢ +£0.138 +0.138 +£0.13> *0.13¢ +0.00> +2,000 +0.134

AMN: Ammonia; HIS: Histamine; PUT: Putrescine; CAD: Cadaverine; SPD: Spermidine; TPT: Tyriptamine; PHE: 2-pheniletilamine; SPM:
Spermine; SER: Seretonin; TYR: Tyramine; TMA: 3-methylamine; DOP: Dopamine; and AGM: Agmatine.
adValues in the same column followed by the same superscript letters are not significantly different (p > 0.05).
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Table 4. Biogenic amines (ppm) forming abilitiy of Leuconostoc strains isolated from ready-to-eat fish in enriched L-histidine aminoacide
medium. Mean values and standard deviations were determined from four observations (n = 4).

Strains AMN HIS PUT CAD SPD TPT PHE SPM SER TYR TMA DOP  AGM
NZLew.002 38492+ 065+ 117+ 069+ 1190+ 407+ 2016+ 1028+ 3634+ 1536+ 40.1% 1245+ 649+
) 7.69b 0.49¢ 181« 0.99¢ 040> 0.062b 1.52e 0.89d 25314  1.02f 2.51c 0.634  0.98e
NZLew.007 37635+ 038+ 013+ 013+ 013+ 501+ 2966+ 1195+ 5095+ 21.15+ 60.02+ 1801 937+
) 7.63b 0.13¢ 0.13d 0.13¢ 0134  0.132  1.50d 0.13d 0.13¢ 0.13e 0.13>  0.13«d  0.13d
NZLew.006 53216+ 129+ 511+ 162+ 262+ 144+ 8094+ 3549+ 128 1184+ 025+ 025+ 6850
12752 0.25bc  0.25¢  0.25b 0.25¢  0.25¢  3.13¢ 1.00b 0.25f 0.258 0.25e 0.25f  2.252
NZLew.003 21316+ 195+ 025+ 211+ 122+ 025+ 9752+ 5476+ 6175+ 2885+ 196+ 7943+ 1635+
3.50e  0.25bc  0.25d 0.25¢ 0.25»  0.05¢  0.25P 0.252 0.75b 0.50d 0.62 1132 1.00c
NZLew.004 24450+ 176+ 187+ 256+ 1012+ 537+ 16686+ 5523+ 095+ 3996+ 0.04+ 2002+ 9.08z%
) 6.25¢  0.01bc  0.03d 0.00b 0.00>  0.052 5.192 1.252 0.00f 2.50b 0.00e 0.00c  0.68d
NZLeu.008 27132+ 108+ 400+ 1332+ 278+ 025+ 1585+ 1324+ 941+ 5303+ 534+ 2906+ 5415+
) 6.50c  0.25bc  0.25b 0.252 0.25¢  0.00¢  0.24f 1.13¢ 1.38¢ 2.752 1.50d 025> 0.25b
NZLew.009 374+ 8369+ 21378+ 025+ 46293+ 025+ 9635+ 5836+ 28417+ 3513+ 24788+ 215+ 901z
) 0.25f 1.87a 12752 0.25¢ 5632 0.00¢ 287 1.382 0.252 1.63¢ 2.752 1.13¢  0.25d

AMN: Ammonia; HIS: Histamine; PUT: Putrescine; CAD: Cadaverine; SPD: Spermidine; TPT: Tyriptamine; PHE: 2-pheniletilamine; SPM:
Spermine; SER: Seretonin; TYR: Tyramine; TMA: 3-methylamine; DOP: Dopamine; and AGM: Agmatine.
afValues in the same column followed by the same superscript letters are not significantly different (p > 0.05).

Table 5. Biogenic amines (ppm) forming abilitiy of Lactococcus strains isolated from ready-to-eat fish in enriched L-histidine aminoacide
medium. Mean values and standard deviations were determined from four observations (n = 4).

Strains AMN HIS PUT CAD SPD  TPT PHE SPM SER TYR TMA DOP AGM
886.20 146 *114.79 *49.70 +96.44 +263.51 +248.63 +£71.77 £30.38 +12.65 +1.20 +£10.65 +7.04 =
NZ.Lcl.011 7.42¢ 0.35¢  6.35¢ 0.35¢ 0352 3.54a 8.84a 6192 442b 0.35¢ 0.35¢ 0.354 0.35¢
163048 +246 +163.44 +269.99 +43.01 £582 +90.67 +2143 +532 +712 +0.00 *20.02 +335 =
NZ.Lcc.023 24.75b 0.000  4.00b 7.07b 8.84b  0.00b 53.03> 0.00> 1774 0.004 0.004 1.77c 0.714d
25692 095 #£19.03 £3612 +4.63 +155 *442 +508 £9.18 +4145 +4.00 £8811 +23.03 *
NZ.Lcl.018 9.194 0.35¢ 0.35d 0.354 0.35¢  0.35b 0.35¢ 0.35¢  0.35¢ 0352 0.352 0.35b 1.59a
Pediococcus 1,764.15 +7.63 +275.85 +1,247.09 £23.67 £0.00 +81.74 %7049 £38.07 £36.64 £2.29 £109.575 +16.58 *
acidophilus 8.752 0.01a  0.1252  2.502 0.52¢  0.00b 5.13b 3122 0.042 0.75> 0.00b 5.002 0.50b

AMN: Ammonia; HIS: Histamine; PUT: Putrescine; CAD: Cadaverine; SPD: Spermidine; TPT: Tyriptamine; PHE: 2-pheniletilamine; SPM:
Spermine; SER: Seretonin; TYR: Tyramine; TMA: 3-methylamine; DOP: Dopamine; and AGM: Agmatine.
adValues in the same column followed by the same superscript letter are not significantly different (p > 0.05).

the lowest value) than NZ.Lcc.023 (43.01 ppm and 5.82
ppm, respectively). The NZ.Lcl.011 exhibited the lowest
TMA concentration (1.20 ppm), while NZ.Lcl.018 had the
highest (4.00 ppm). Lactococcus isolates generally
exhibited higher production of SPD, PHE, and SER
compared to other genera. Notably, only Lactococcus
accumulated TPT in HDB. The distinct amine profiles
among LAB genera highlighted the complexity of these
microbial communities and importance of understanding
their dynamics for food safety and quality. While HIS
accumulation was low in all LAB isolates compared to
other ones, the findings suggested a significant
variability in BA production among the various LAB
genera. Notably, Lactococcus demonstrated a
remarkable ability to produce higher amounts of AMN
and specific amines like SER and TYR.

Discussion

Each LAB genus exhibited distinct BA profiles, as
evidenced by the variations in individual amine
concentrations within their post-biotic solutions.
Determining the ability of LAB to produce HIS, TYR, CAD,

and PUT from specific amino acids, facilitated by potential
amino acid decarboxylase enzymes, is crucial for food
safety because of their use as starters or bio-protective
cultures.l” Current work findings highlighted the diverse
production of different BAs among LAB genera isolated
from fish products. Notably, Lactococcus isolates,
particularly NZ.Lcl.011, NZ.Lcl.018, and NZ.Lbp.105,
demonstrated a remarkable ability to produce higher
amounts of specific amines, such as SER and TYR
compared to other LAB genera, with Leuconostoc
displaying the second-highest production. The BAs play a
significant role in determining the overall quality and
safety of the fermented products. Therefore, determining
the BA-forming ability of LAB isolates and evaluating their
potential impact on food safety are crucial aspects of food
control procedures.!’® For instance, the ability of LAB
isolates to produce HIS in food products, particularly fish
products, is an important consideration for ensuring food
safety and quality.1?

The LAB produce diverse BAs due to varying
decarboxylase enzymes across different isolates. This
variation is analyzed by measuring BA accumulation in
cell-free post-bioticsolutions. For example, histidine
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decarboxylase and lysine decarboxylase enzymes convert
histidine and lysine to HIS and CAD, respectively.20
Notably, Moreno-Arribas et al?! isolated a wine strain of
Leu. mesenteroides capable of producing TYR, and Landete
et al?? identified another wine strain capable of HIS
production. Enterococcus (faecium, faecalis), Lactobacillus
(various isolates), and Leu. mesenteroides possess the
HDenzyme, responsible for HIS production. This study
found generally low HIS production in Leuconostoc
isolates, except for NZLeu.009, exhibited higher
accumulation (83.69 ppm). Although NZLeu.006 produced
AGM (68.50 ppm), the highest accumulation of other
amines varied among the isolates. Interestingly, despite
having the lowest AGM production, NZLeu.009 displayed
the highest accumulation of SPD, SPM, and TMA.

Leuconostoc spp. are found in various foods, including
those of animal origin, fresh and decaying plants, and
fermented vegetables. Some isolates have been associated
with food spoilage, while others are beneficial.2? Notably,
the presence of decarboxylase enzymes has been
documented in certain isolates.! The safety of using
Leuconostoc isolates as anti-fungal bio-protectants in food
products was evaluated using the TYR-producing Leu.
mesenteroides as a model. This study highlighted the
importance of testing decarboxylase activity in candidate
probiotic isolates to ensure food safety.24

The presence of Enterococci capable of producing BAs
is a significant food safety concern, even in meat products.
While Enterococci can contribute to the sensory properties
of fermented products, particularly sausages, their
potential BA  production  necessitates  careful
consideration.?> Untreated meat and several fermented
meat products naturally harbor Enterococci, with E.
faecium and E. faecalis being the most prevalent species.26
High levels of BAs, particularly TYR, PUT, and CAD, can
readily accumulate in dry fermented sausages.?”

The variability in BA production among LAB isolated
from different fish products underlines the complexity of
microbial communities. When the mean of the amount of
amines produced by the LAB members Enterococcus (10
isolates), Leuconostoc (seven isolates), Lactococcus (three
isolates), Lactobacillus (six isolates) was taken within
each LAB member, results showed that Lactococcus
produced the most AMN, SER, and TYR, exceeding other
genera by an average of 250 ppm. Leuconostoc showed
higher SPD, PHE, and SER than other genera except
Lactococcus for PHE. The TPT was only detected in
Lactococcus. The HIS levels were negligible in all four
genera compared to others. Lactobacillus had the highest
concentrations of most BAs, except for HIS, PUT, and
TMA, which were the highest in Leuconostoc. These
results provide valuable insights into the diversity of BAs
production capabilities within different LAB genera,
being crucial for understanding their impact on the
quality and safety of fermented products.
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