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Abstract: Problem statement: Biogenic amines are basic nitrogenous compounesept in a wide
variety of foods and beverages. Their formationsewaainly due to the amino acids decarboxylase
activity of certain microorganisms. Excessive imtakf biogenic amines could induce many
undesirable physiological effects determined byrthsychoactive and vasoactive action. Fish sauce
which is considered as a good source of dietaryeproamino acids, vitamins and minerals was a
popular condiment in Southeast Asian countries. &l@s, it has also been reported that fish sauce
contain high amount of amines. Hence, attentiorukshbe given to ensure the safety of this product.
Approach: A review study was conducted to deliver an ovewvan the presence of biogenic amines
in fish sauce and to discuss the important facéffiescting their accumulation. Impact of amines on
human health and efforts to reduce their accumanaith fish sauce were also discussed to give a
comprehensive viewResults: Histamine, putrescine and cadaverine is the mogshdant amines in
fish sauce with maximum reported value of 1220,71@6d 1429 ppm, respectively. Tyramine present
in a lesser amount with maximum reported value b8 ppm. Other amines such as tryptamine,
phenylethylamine, spermine and spermidine wereidersd as minor amines. However, different
profiles of amines were reported in different tygfeproducts. This was depended on microbial flora,
availability of precursors and physicochemical dastsuch as temperature, pH, salt, oxygen and sugar
concentration. In synergistically supporting phgsicemical factors, several microorganisms such as
Enterobacteriaceae, Micrococci and Lactobacilli were responsible for biogenic amines formation in
fish sauceConclusion: Since the formation of amines in fish sauce wasesalt of many factors, it
was almost virtually impossible to control eachtdacduring fermentation. Addition of amines
degrading bacteria into fish sauce fermentationhtnige useful to prevent amines accumulation.
Concomitantly, a good and hygienic manufacturingcpdure will enhance the safety of fish sauce.
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INTRODUCTION diarrhea, respiratory distress, heart palpitation,
hypertension or hypotension may occur if these amin
dre ingested in excessive amounts or when the alatur

decarboxylation of amino acids or by amination an echgmsm fo_r_ th]elr catabolism are inhibited - or
transamination of aldehydes and ketdrfas This gene_tlca_lly def|C|er[rr_t. Th_e most_ notorious foodborne
compounds are ubiquitous and play an importantirole m_toxmz_mog(s by biogenic amines are related to
human and animal physiological functibh Low level  histamin€*®. The so called “scromboid poisoning”
of biogenic amines in food is considered noand “cheese reaction” are typical phenomenon usuall
significance health risk for consumpti8n However, caused by ingestion of food containing high levél o
many toxicological effects such as headachsh, histamine and tyramine, respectively.

Biogenic amines are basic nitrogenous compound
with low molecular weight formed mainly by
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Biogenic amines formation in food products is acids (volatile fatty acids) with ethanoic and riemoic
either a result of endogenous amino acidsacids predominating; and (3) a meaty aroma due to a
decarboxylase activity in raw food material or thelarge number of volatile compoufid
growth of decarboxylase positive microorganisms Fish sauce is considered as an important source of
under conditions favorable for enzyme activity. dietary protein and amino acids. It contaiisout
Therefore, prerequisites for biogenic amines foiomat 20 gL™ of nitrogen of which 80% is in the form of
in foods including the availability of free aminaids, ~amino acid$®. Total amino acids and their profile in
the presence of decarboxylase active microorganisifish sauce were vary depending on the type ofistd
and environmental condition enabling microorganismas raw material and the method of fermentation.
growth and their enzymatic actiity®®. Biogenic ~However, amino acids profiles in fish sauce was
amines formation was also possibly altered by thegenerally dominated by glutamic acid, lysine, aspar
presence of proteolytic enzymes as they play amcid, alanin, valin and histidif&?!. Water soluble
important role in the release of free amino acigdenf vitamins including tiamin, riboflavin, niacin and
protein tissues which offer the substrates forvitamin Bs and B, were also found in fish saudté
decarboxylation activity. Many researchers had been detected a considerable

Fish sauce is a popular condiment in Southeastmount of vitamin B in fish sauc*?® It was
Asian countries. Thailand is the largest fish saucesuggested that consumption of 25 mL of fish sauce
producer with the annual production of more tha@ 40 would result in 0.08-1.46ug of vitamin B, intake,
million liters”). The demand for this fermented fish which is sufficient to prevent megaloblastic anéffiia
product has been increased for over few years. @&t m Moreover, consumption of fish sauce was also
this demand, several manufacturing countries alsgonsidered as an effective effort to reduce iron
increased their production. However, the qualityfo$  geficiency and prevalence of anemia in Vietfaf?.
product as well as its safety was not concernedlyes Fish sauce contains high level of salt which is

was evidenced by the high biogenic amines conients generally about 15-228%21 Therefore, its microbial
several fish sauce products from different cousfd. flora isolated from fish sauce predominated by

Efforts should be conducted to ensure the safefisbf halophilic or halotolerant species such as

sauce as it was a good source of protein and aminpgragenococcus  muriaticus,  Halobacillus — sp.,
acids. In order to effectively control and minimize | gntibacillus halophilus, Lentibacillus salicampi

biogenic amines formation, the cause of their farma | ontipagilius juripiscarius, Halobacterium halobium,
must be identified. Hence, the objective of thisie® 45 coccus thailandensis and Bacillus viethamensis?”
is to deliver an overview on the biogenic aminefish 33 g, teria involved in fish sauce can be classifigd

sauce an_d the im_port_ant fac'_tors influe_n<_:ing theiryo major groups: (1) Bacteria that produce proteol
accumulation. Attention is also given to their irapan enzymes such asacillus sp., Pseudomonas sp
human health and efforts to reduce their accunaniati i rococcus sp. Staphylococcué 'sp Hal ococcus Sp"

in fish sauce. and Halobacterium salinarium; (2) Bacteria that relate

Characteristics of fish sauce: Fish sauce is a clear ©© flavor ~and aroma development ,SUCH] as
amber to reddish brown liquid obtained by hydrdysi Staphylococcus — sp.,  Pediococcus haloph|Iu§_ .

of fish with salt. It is mainly produced from magin Bacteria responS|_bIe for flavor mprpvementdurim@
fishes such as anchovieStqlephorus spp.), sardine Sauce fermentation can be or|g|nated. from starter
herring (Clupea spp.) and capelin Mallotus  improve fish sauce_odor in Japanese fish sauce was
villosus)**. Although not popular, fresh water fish such originated from the fish sauce starter it

as silver carp Hypophthalmichthys molitrix) can also
be used instead of marine fish Fish sauce is

traditionally prepared by mixing fish with salt #ie amines content O.f fish sauce are Predom'_”agtgd by
ratio varies from 2:1-6:1 and let to ferment at &mp  histamine, putrescine, cadaverine and tyrafring >

temperature for 4-12 month The end of Typtam_ine was present in Iowgr level and occaslzganal
fermentation period is determined from the color,found in considerable level in some §am[ﬁ’ljé§ ! .
aroma, flavor and clarity which are typical qualiay ~ Other amines such as phenylethylamine, spermine,
fish saucB®. The aroma of fish sauce can beSpermidine and agmatine were considered as trace
differentiated into three distinctive groups: (et amine in  fish  sauc@'*l Moreover,
amoniacal which is attributable to ammonia, phenylethylamine, spermine and spermidine areht t
trimethylamine and several amines; (2) a cheesgnaro end products of bacterial decomposition in fishery
which is associated to the low molecular weightyfat product$’.
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Table 1: Biogenic amines content of fish sauce fdiffierent origins

Mean (range value) of biogenic amines (ppm)
Fish sauce

origin N HIS PUT CAD TYR TRY PHE SPM SPD AGM  Ref.

Korea 8 624.5 86.5 181.1 330.1 123.3 31.3 4.9 11.7 nd® 9]

(anchovy) (352.5-1127.6)  (33.8-182.1) (81.6-263.6)93.9-611.3) (60.1-296.8)  (9.3-54.1)  (1.9-12.2) .74a7.1)

Korea (Pacific 8 584.2 84.9 165.3 342.7 117.1 30.4 4.5 9.7 nd 9]

sand lance) (215.4-1124.1)  (1.6-311.6) (52.1-314.8(142.7-583.0)  (62.0-187.2)  (10.4-51.7) (2.2-12.8)4.0-23.4)

Malaysia 8 187.7 38.1 nd 174.7 82.7 Nd nd 5.1 nd 11] [
(99.0-372.9) (28.4-64.9) (58.0-852.6) (0-317.6) (3.0-7.0)

Southeast 45 273.53 183.18 269.91) 207.89 91.71 4927. nd nd nd [12]

asian countries (0-729) (0-1257) (0-1429 (0-1178)  (0-588) (0-251)

Taiwan 12 394 24 89 9.4 87 3.8 52 9.0 18 [13]
(45-1220) (2.0-243) (0-243 (0-42) (0-177) (0-42)  (0-121) (0-98) (0-85)

& Number of samples examinelt; HIS (histamine), PUT (putrescine), CAD (cadavejinTYR (tyramine), TRY (tryptamine), PHE
(phenylethylamine), SPM (spermine), SPD (spermidiA&M (agmatine):: Not determined

Many researchers had confirmed the highTabIe 2: Bacteria responsible for biogenic amir@métion in fish
histamine content in fish sauce. However, a slight sauce and related products

variability of other amines was also noted in fighuce  oogenicamines Microorganisms __ Ref.
. . . . . Histamine Tetragenococcus muriaticus [30]
f_rom dlﬁgrent producing countries which have dl@‘at Tetragenococcus halophilus [43]
fish species as raw material and method of ferntienta Enterobacter cloacae, Pantoea sp., (38]
(Table 1). The value of histamine can reaoch Pantoea agglomerans .
. . . d&?é d 1380 . Bacillus coagulans, lBacHIuslrregaterlum [13]
1220 ppm in Taiwan fish sa ana ppm In Morganella morganii, Klebsiella [1]
Korean anchovy saut®. The majority content of pneumoniae, Hafnia alvei
histamine in 549 commercial fish sauces in Thailand Morganella psychrotolerans .
. h‘l . d Lactobac! llussp., Lactol:_)au Ilus sakei, [39]
was in _the range of 200-600 pB._ Putrescmg and Lactobadillus mesenteroides [44]
cadaverine which are potentiators of histamine Saphylococcus epidermidis, [37]
toxicity also the abundant amines in some commircia, . Staphylococcus capitis
. . . utrescine Enterobacter cloacae, Pantoea agglomerans [38]
fish sauces. Putrescine and cadaverine content were Bacillus megaterium [13]
reached up to 1257 ppm and 1429 ppm, respeciitlely Cadaverine Enterobacter cloacae, Pantoea agglomerans  [38]
On the other hands, tyramine, tryptamine and_ Bacillus megaterium [13]
. yramine Paenibacillus tyramiegenes [40]
phenylethylamine contents were 1178, 58& an Lactobadillus brevis [46]
251 ppm, respectivély!. Spermine, spermidine and Spermine Pantoaea sp., Pantoea agglomerans (38]
agmatine were present in small amount in fish sauce?Permidine Pantoaea sp.,Pantoea agglomerans [38]
Bacillus coagulans [13]

The highest spermine and spermidine content

determined in fish sauce was 127 and 27.1 ppm, ) )
respectively’. Agmatine which is a non routinely Enterobacteriaceae: Enterobacteriaceae are generally

determined compound, probably due to its minimalreported as dominant biogenic amines producerisiin f
adverse effect on human, could be considered as thnd its products, particularly histamine, putrescamd
trace amine in fish sauces. cadaverine. Morganella  morganii,  Klebsiella
pneumoniae and Hafnia alvei have been isolated from
Biogenic amines producing microorganism from  fish incriminated in scombroid poisonfilg Histamine
fish: The type of amines present in food products wagorming enzyme was found ifProteus mitabilis®,

characterized by different type of microorganismsk|ebsiella oxytocal*?, Enterobacter cloacae, Pantoea
present because they have different decarboxylasgp_ Pantoea agglomerans® and Morganella

activity. Table 2 shows that several microorganismspsychrotolerans sp. nov.®. Moreover, Tsakt al. [*¥
have been attributed to the formation of biogenicrevealed that Enterobacter cloacae 'and Pantoea

amines in fish sauce and its related products. eSinc .

) > ' S agglomerans were able to produce putrescine and

histamine is the most abundant amines in fish sande . . . . .
cadaverine. In addition to those biogenic amines,

mostly related to the poisoning incidence, its piaats )
are of particular interest. Mangnterobacteriaceae, ~ Cnterobacteriaceae can also produce other types of

Micrococcaceae andLactobacilli are most active in the amines.Paenibacillus tyramigenes isolated from salted
formation of histamine in fish saut®3#*3 Moreover, and fermented anchovy was a strong tyramine
several species of those bacteria also producer othgroducef®. Pantoea sp andPantoea agglomerans can
amines such as putrescine, cadaverine, tyramingroduce in a low level of both spermine and
spermine and spermidine. spermidin€®!,
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Micrococcaceae: Amino acid decarboxylase activity initial pH less than 5%, The highest formation of
was found in some species belonging to genera dfpermidine byOenococcus oeni T65 in vitro was also
Micrococcus and Staphylococcus. Some species of the detected at pH 3, however, tyramine formation kg th
both genus isolated from fish sauce are exhibitedstrain was reduced with the decrease dfHH
histamine, putrescine and cadaverine producing

enzymes (Unpublished data). It was observed thafemperature: Several authors reported that biogenic
halotolerant ~ Staphylococcus  epidermidis  and  5mines formation were temperature dependent in fish

Saphylococcus capitis e}re strong histamine formers 5.4 its products. The production rate increase rgéige
from salted anchoW/. Saphylococcus carnosus — ith the increase of temperature and fimet!

isolated fro.m sal_ted mulle_t roe products was atemll  Enterobacter cloacae can produce putrescine at 20°C
to have histamine forming enzyfté Micrococcus  pii ot at 10C. Cadaverine formation by

luteus was reported as dominant histamine former|aqelia pneumonia was also detected more

during salting of sardiri€’. extensively at 20°C than at @Y. Histamine
formation was optimum at 378 and was very
dependent upon microbial actiity The rate of
%istamine formation was slowed at°@and almost

amines. Histidine decarboxylase enzyme was observetﬁrm!namd at ‘5;:]due to the slow gr_ovvth of histamine
in halophilic Tetragenococcus muriaticus  and forming bacterifl. Furthermore, higher temperature

Tetragenococcus  halophilus  isolated from fish Might  favor proteolytic activity which provide
sauc€®®  Some strains of Lactobacillus sp substrate for decarboxylase enzyme resulting in

Lactobacillus sakei and Leuconostoc mesenteroides  Increased amine level. However, the psychrotolerant
isolated from fish silage also exhibit ability teopuce ~ Photobacterium phosphoreum andMorganella morganii
histamin&! can produced high concentration of histamine itlaghi

tuna and garfisf?®® The formation of histamine,
putrescine and cadaverine in rainbow trout was also
(detected in high rate during ice stordge It was
confirmed that during the ice storage of fish and
shrimp, some amine forming bacteria including ganer
of Photobacterium, Aeromonas and Micrococcus could
survive and proliferate rapidly between 9 and 19sda
and contribute to the amine formatfh

Lactic acid bacteria: Lactic acid bacteria are generally
recognized as non toxinogenic, although some speci
isolated from fish and its products can produceinc

Other microorganisms: Biogenic amines forming
enzyme are widely distributed in many bacterial
species. Histamine forming bacteria belong to #eug
of Bacillus isolated from fish includingBacillus
coagulans, Bacillus megaterium and Bacillus
pumilus®>*™. Bacillus megaterium can also produce
putrescine and cadaverine, whiBacillus coagulans
can produce spermidifid. SomePseudomonas species
isolated from fish sauce and fish paste were fotind Sodium chloride: Sodium chloride plays an important
have histidine decarboxylase enzymes (Unpublishegole in microbial growth and therefore influencés t
data). Another histamine forming bacteria are idilg  activity of their amino acids decarboxylase. Thie raf
P_seqdonnnascepaceae[_sﬂ, C;é?stridium perfringensand  hjstamine production byTetragenococcus muriaticus
Vibrio 4glg|nolyt|cus[ , Photobacterium a5 considerably reduced when salt concentration
phosphoreunt*e. increased from 5-2098. Histidine decarboxylase

. : . . _ _ . activity of Staphylococcus capitis, Enterobacter
Physcqch.emmal factorsinfluencing biogenic amines cloacae and Pantoea agglomerans were also retarded
for mation: by the high tration of <EFL Thi
pH: The pH level is an important factor influencing y gh concentration —0 ' IS
amino acids decarboxylase activity. Since manypheqomeqon can be attributed FO reduc_ed cell y!eld
decades ago, biogenic amines formation by bacterigPtéined in the presence of high sodium chloride
was considered as a physiological mechanism t§oncentration and to a progressive disturb of the
counteract acid environmétt’. Hence, activity of Membrane located microbial decarboxylase enz{rhes
bacterial amino acids decarboxylase are generalljn contrast, a studf reported that sodium chloride
optimum in low pHf®47“8 Kimura et al. B% enhanced activity of histidine decarboxylase of
demonsrated thatetragenococcus muriaticus produced  halotolerantStappylococcus spp. isolated from salted
higher histamine at pH 5.2 (668.6 ppm) than at pH 7 anchovies. Hence, it can be assumed that the effect
(15.8 ppm). Formation of high level of tyraminean sodium chloride either inhibiting and stimulating
model system bZarnobacterium divergens occurred at  piogenic amines production is strains specific.
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Oxygen: Oxygen appears to have a marked effect orbeen evidenced in fish saltée Temperature abused
the formation of amines which is dependent on thdish used as raw material will possibly give a Rgh
producing specie€nterobacter cloacae produce about content of amine than fresh fish in fish sauce
twice putrescine quantity in aerobic compared toproduct§®.

anaerob condition, whilklebsiella pneumonia produce

considerably less cadaverine but acquired thetadi  Toxicity of biogenic amines: Biogenic amines are
produce putrescine under anaerobic condfion eeded for many physiological function in human and

Modifie(/j OAtmosphered Paﬂ,(agmg ECMAP), m’g animals, however consumption of food containinghhig
40 CQ/60% Q can reduce histamine formation by concentration of biogenic amines can lead toxicoklg

Photobacterium pf;osphoreu.m dur_mg chilled storage c_)f effectd56% Histamine which is a common amine
tuna for 28 day¥”. Biogenic amines content of sardine I : .
found in fish products is also known as a mediator

were highest in sardine stored in air, followed byaIIergic disorder. Figure 1 shows that the releake

vacuum ackaging and modified atmosphere . . . : .
packagin&eﬁ In contrast, production of histamine byehIStamIne either as a response of aIIer_glc regdmly)r!
mast cell degranulation or consuming histamine

Tetragenococcus muriaticus was higher in oxygen o ) _
limiting than aerobic condition although the growste ~ cOntaining food (food intolerance) can induce tame
was similar under both conditiGH. effects to the nervous and vascular systems. Tdreref

misdiagnoses by physicians are occasionally ocdurre
Other factors. The presence of fermentable while investigating histamine poisoning incidence.
carbohydrate such as glucose can increase botttlgronHowever, histamine poisoning can be distinguished
and amino acids decarboxylase of bacféria from allergy based on: (1) the previous history of
Tetragenococcus muriaticus produced histamine for only  allergic reaction to the incriminated food; (2) thig
82.1 ppm in a medium without glucose, but additién  attack rate in group of outbreaks and (3) the presef
1-3% (w/v) glucose in the medium significantly ieae  high level histamine in the incriminated fddd
histamine level (410.6-773.0 ppifh Halasz et 6_"-[] Histamine poisoning occur throughout the world and
rgwewgd that opumum glucc_)se concentration forprobably the common form of toxicity caused by
biogenic amines formation was in the range of 0B& j,4eqtion of food. However, good statistic abou th

(W), while Ieve]_ in _excess of 3% inhibited incidence do not exist yet because the incidentenof
decarboxylase activity. Furthermore, the presente o

. . ) ; unreported due to the mild illness, lacking adeguat
arabinose was also influences the formation ofntyma . L .
o . system for reporting the incidence and ignorance by
and spermidine byOenococcus oeni, values able to

P . : L medical ersonnel who misdiagnose histamine
maximize the production of tyramine minimized P 9

: : 62]
spermidine production. The formation of biogenicpo'sonlng as a food aller§y*”,
amines byOenococcus oeni were influenced by the

presence of ethanol in the medium. The highest

production of tyramine was obtained in the presesfce TaE+ Mastcell Release mediators
8% ethanol, whereas spermidine at 12% ethanol.level  mascen degranulation (g, histamine)
Moreover, the presence of $Cand pyridoxal 5-
. . . . Direct
phosphate also influence production of amines lgy th \
[ [

bacterid®. Repression of histidine decarboxylase

activity has been known when the amount of histemin Vegetative ‘ Lungs ‘ Skin H Intestine ‘
is accumulated in the medilftn Several phenolic nervous T

compounds may also influence biogenic amines sswem

formation. Putrescine formation from agmatine by

Lactobacillus hilgardii X;B was diminished in the

presence of protocatechuic, vanillic and caffei@dsic

and the flavonoid catechin and ritth This indicated g

that beside their already beneficial propertiebuman _, viogenic amines

health, phenolic compounds seem to be potential to (e-g.. histamine)

diminish biogenic amines formation. Raw materiaswa

also influence to the accumulation of biogenic asin Fig. 1: Histamine release in response to allergic
in fermented food products. The correlation between reaction and consumption of histamine
histamine level in raw material and final produetdh containing fooff’
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Based on the mode of action, biogenic amines canonselective irreversible inhibitor of MAO, whilews
be differentiated into vasoactive and psychoactiveused for anti parkinsonism were selective reveesibl
amine¥®. Psychoactive amines influence neuralinhibitor®®. Therefore, those who are taking this kind
transmitters in the central neural system, whileof medicinal therapy should avoid consume food
vasoactive amines act either directly or indirectiythe  products with high potential concentration of bioige
vascular system. Histamine, putrescine and cadaveri amines. Consumption of alcoholic beverages also
are psychoactive amines, while tyramine, tryptaminedecreases the efficiency of detoxification sydtenn
and phenylethylamine are vasoactive amines. Histami addition, detoxification of one particular amine swa
exerts its toxic by interacting with receptors,(H, and inhibited by the presence of other amines. Putnesci
Hs) on cellular membranes which are found in theand cadaverine hamper the detoxification of histemi
cardiovascular system and in various secretorand tyramine, tryptamine inhibit DAO and
gland$®¥. Histamine causes dilatation of peripheralphenylethylamine inhibit HMT (histamine N-
blood vessels, capillaries and arteries, resuling methyltransferas€®®™ These findings highlighted
hypotension, urticaria, flushing and headachebiogenic amines intoxication incident was resuftedn
Histamine also induced contraction of intestinabeth  interaction of many factors.
muscle, mediated by Hreceptor, causes abdominal The oral toxicity of histamine in fish and its
cramp, diarrhea, nausea and vomiting. Moreoverproducts are considered as slight at 80-400 ppm,
stimulation of sensory and motor neuron by histamin moderate at over 400 ppm and severe aer ov
causes pain and itchifif. The action of vasoactive 1000 ppm. Based on many fish poisoning episodes,
presser tyramine, tryptamine and phenylethylamare ¢ guidelines for histamine content of fish are < §mp
cause hypertensive crisis in individuals on MAQugs  (safe for consumption), 50-200 ppm (possibly taxic)
therapy. The physiological effect of tyramine iradu 200-1000 ppm (probably toxic) and >1000 ppm (toxic
peripheral vasoconstriction, increases the cardia@nd unsafe for consgmptu_&ﬂ) However, the exact
output, increases respiration, elevated blood sugafoXcity threshold of biogenic amines is not pretys
releases noradrenaline and causes migrdifél determ_m_ed because it _d_ependlng on many factots suc
Tryptamine may lead into depression and hepati@S individual acceptability and the Py i okoth
encephalophal}’.  Phenylthylamine can cause coMpPonents as toxicity potentiat re°h Many
migraine, dizzines and increase the blood pre$8ure countries have set regulation for acceptable lefel

Putrescine and cadaverine can cause hypotention aﬁaotgenllc amltnes In fOOde' tThe actce;()jtat()jlg Ct?igfﬂm of
potentiate toxicity of other amines, particularly IStamine set as a manufacturing standard in n

histamin€®®. Several biogenic amines are aIsongdom in 1992 was 100 ppm. For control of

recursor of carcinogenic comooulids Putrescine histamine in fish belonging to the Scombridae and
P . 9 pou L Clupeidae families, European Union has established
a_nd quaverlne can be converted Into pyrro!|d|né a.mregulation that nine independent samples from each
p!pendlne, re;pectwely_, ffo”.‘ Wh.'Ch Carcinogenic parch should correspond to: (1) an average ofisi&
n|tro§op)l/£]rolld|ne gnd nltrosop|per|d|ne are fpr_rﬂsyi concentration lower than 100 ppm; (2) no more than
heating**. Agmatine, spermine and spermidine can,q samples out of the nine with the concentratién
also react with the added nitrite in some fish, nzewl

) histamine between 100 and 200 ppm; (3) no sample
vegetables products to from nitrosamth&4 with histamine content higher than 200 PP

The toxicological effect of biogenic amines can pstralia New Zealand Food Authority (ANZFA)
only occur when they are ingested in excessive asou regulated that histamine content must noteedc
or when the natural mechanisms for their catabotisen oo mg kg* in a composite sample of fish and fish
inhibited or genetically deficient. Human intestibl@act  products, other than crustaceans and molltfkIhe
normally detoxifies these compounds in food byys Food and Drug Administration set valoé
enzyme monoamine oxidase (MAO) and diaminesgo ppm histamine as the toxicity level and 50 mEm
oxidase (DAO). Detoxification efficiency varies the defect action lev&l. The Canadian Fish Inspection
considerably among individual and was affected byagency set up the maximum limit for histamine cante
several factors. Dietary intake of some MAO intob#  in fish sauce at 200 pgth Brink et al. reported a
is the main factor suppressed detoxification ofjbitic  |egal upper limit for histamine in food (100 ppnjda
amine€l. Unfortunately, MAO inhibitors are still alcoholic beverages (30 ppm). Furthermore, level of
remains an important class of drugs for a varigty 0100-800 ppm for tyramine and 30 ppm for
psychiatric conditions, including depressive illses, phenylethylamine are considered potentially hazasdo
anxiety and eating disordéf% It has also been to human health®. However, the threshold levels for
reported that drugs used for antidepressants werather amines are not established yet.
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The determination of biogenic amines is importantBrevibacterium linens, Geotrichum candidum and
not only from the view point of their toxicity, biaiso =~ Saphylococcus carnosus. Some strains were reported to
because they can be used as spoilage indicatéosadf have histamine and tyramine oxidase at differetiviac
in particular fish, meat and their prodtfd. The level. This enzyme activity was affected by tempee
concentration of histamine, putrescine and cadageri (optimum at 37-40°C), pH (optimum at 7-8) and
are generally increases during spoilage of foodkrehts  sodium chloride as well as glucose and hydralazine
concentration of spermine and spermidine are deereaconcentration. Dapkeviciuset al.*! reported that
during this process. The relationship between theshistamine degradation by diamine oxidase was also
amines was defined as Biogenic Amine Index (BAI): affected by temperature. Although the degradataie r
of this amine was still considerable at 15 and 22°@
histaminet+ putrescine cadaveri the highest rate was observed at 37°C. They also
1+ sperming+ spermidine reported that five strains dfactobacillus sakei could
degrade histamine as much as 20-56% in a model
The concentration of amines are expressed as ppraystem within 30 hours. Several strains of
Fish or meat with BAI value below 1 is considered a Saphylococcus xylosus isolated from sausages were
the first quality, whereas BAI value above 10 imdéca also showed the ability to degrade histamine and
very poor microbiological quality. The index score tyraminein vitro™. They found thatStaphylococcus
based on the formula above compared favorably taylosus S81 exibited a remarkably potential of
organoleptic values scdfe Positive correlation histamine degradation (100%), although it can only
between this two score have been reported both fotegrade 11.0% of tyramine under the same condition.
fish®-%% and meat?. However they also found th&aphylococcus xylosus
S142 could degrade tyramine by 63% and histamine by
Biogenic amine degradation: Biogenic amines are 47% from their initial concentration after inculmatifor
physiologically degraded by oxidative deamination48 h at 37°C.
process catalyzed by amine oxidases with the
production of aldehydes, ammonia and hydrogerPrevention and control of biogenic amines
peroxide. A typical reaction of amines degradation accumulation: Biogenic amines accumulation in fish
follow to the equivalence: R-GHNH-R’ + O, + H,0O — sauce should be prevented to ensure its safetye Onc
R-CHO + HN-R'" + H,0 " These enzymes are amines are formed, there is no treatment capable to
ubiquitous and plays an important role in theremove them. Heat treatment such as autoclaving can
metabolism of biogenic amines in human, plant anchot even destroy biogenic amines present in"fié#
animal cells. Furthermore, amine oxidase has a#ésmb Since there are many factors influencing amines
described for some bacterial str&ih&®® Despite  formation, it is difficult to control each factorudng
amine oxidase, some bacterial straindPséudomonas  fermentation. Therefore, eliminating one or more
aeruginosa, Pseudomonas putida and the methylotroph factors are likely worthy to control amines fornoati
Paracoccus versutus used amine dehydrogenase toPreparation of raw materials in fish sauce fermera
oxidase amind¥!. Parrotet al.l’? revealed that the is suggested as critical phase determined amines
growth of bacteria can be supported by acids andontent in the end prodi*®. Fishes are rich in free
ammonia which are produced during the sequentishmino acid content in their flesh and therefore
action of an amine oxidase and an aldehydeulnerable to the bacterial amino acid decarboxdas
dehydrogenase in the presence of electron acceptéish sauce prepared from temperature abused amshovi
such as oxygen. The utilization rate of primarymesi has higher amines content than the same product
as a carbon and energy source was varied amomgepared from fresh anchoi&s Therefore, a good
microorganism&Y. and hygienic practice should be applied immediately
Biogenic amines degrading bacteria might also bdrom fish catching until ready to use in fermerdatio
present during fish sauce fermentafi@nSeveral species control amines formation in fish sauce.
of Saphylococcus isolated from fish sauce were found to Since the last few years, the potential role of
have ability to degrade histamine, putrescine andnicroorganisms with amine oxidase activity had
cadaverine (unpublished data). Leusctetet.’*’"have  become a particular interest to prevent or reduce
tested potential amines degrading bacteria isoffited  biogenic amines accumulation in foods. A considierab
foods, particularly are strains belonging to thenagya  degradation have been described in many food
Lactobacillus, Micrococcus and Arthrobacter as well as  products. Addition of Saphylococcus xylosus as a
to the species  Pediococcus acidilactici, protective culture was reported to reduce histaraime
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tyramine accumulation in salted and fermentedbacteria were markedly influenced by physicochemica
anchov!. Micrococcus varians strains decreased factors such as pH, temperature, salts, oxygersagar
tyramine amount during ripening of fermentedconcentration. The raw material have also gives
sausagé®. A great reduction of tyramine content different level and type of amines in the produnts it
during fuet sausages fermentation was also achieyed provides different composition of precursor. Thenea
inoculation of Lactobacillus sakei CTC494% raw material can even lead to different aminesl|feire
Formation of tyramine, putrescine and cadaverine irfinal product if they are temperature abused. Sihee
sauerkraut was significantly suppressed by inomulat production of biogenic amines is influenced by many
of Lactobacillus plantarum®!. Mixed culture of interacting factors, efforts to control factor imdiually
negative decarboxylase bacteria suchLastobacillus  is difficult under normal fermentation process.
plantarum, Lactobacillus casei subsp. casei, Therefore, the effective ways suggested for premgnt
Pediococcus acidilactici and Staphylococcus xylosus ~ biogenic amines accumulation in fish sauce areusteel
were suppressed the accumulation of histaminepf unspoiled raw material, prevent contamination
putrescine, cadaverine, tyramine and tryptamine irduring preparation and fermentation and if possible
silver carp sausad€4. In addition, the use of introduced the safe amines degrading starter eultur
bacteriocin producing bacteria can also decreasmto the fermentation system. With those particular

biogenic amines content in foods. Histamine was noefforts, the end product of fish sauce will be léss
found in cheese with bacteriocin producing starteramines content and should be safe for consumption.

compared with 200 ppm in control cheese (without
bacteriocin) after 4 months of ripeniffy Moreover,
Halasz et al.M reported that inoculation of
Lactobacillus curvatus as a starter culture in the range
of 5x1¢ to 2x1d CFU g* of cabbage was resulted in
lower concentration of tyramine compared to natural
fermentation of sauerkraut without starter culture
addition. Since the used of amines degrading badter
effective to prevent amines accumulation in otloexdf
products, the similar method could be applied te th
fish sauce fermentation. However, the safety ofteta
culture used must be taken into consideration suen 3
the safety of fish sauce. '

CONCLUSION

Only few studies are conducted on factors#-
influencing biogenic amines formation in fish sawase
well as its degradation. The regulation regardimg o
their level in fish sauce was not also establisjied
However, its may exceeded the unsafe level foitadla
products regulated by many food authorities inedéht
countries. Histamine, putrescine, cadaverine and®-
tyramine are the most common biogenic amines found
in fish sauce. However, tryptamine and
phenylethylamine may also be found in a lesser amou
depending on the product type. Biogenic amines.
presence in this product is often due to the
decarboxylase activities of halotolerant or haléphi
Enterobacteriaceae, Micrococcaceae and lactic acid
bacteria. These bacteria are endogenously come from
either raw material or environmental contamination.7.
The capacity of their decarboxylase enzyme wadylike
to be strain dependent rather than species. Morgove
alteration or inhibition of amines production byesie
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