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VOLATILE AMINES IN DRY SAUSAGE.

L VANDERERCKHOVE.

Lab
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fatoriym Voeding en Hygiéne, Gent, Belgié.

COncentration of some important amines was determined in dry fermented sausages. Total

amine

of Content ranged from 23.8 mg to 195.2 mg per 100 g of dry matter. Maximal amounts
5B Mg of histamine, 39.6 mg of putrescine and 150.6 mg of tyramine per 100 g of dry
iah&f Were found. y—amino butyricacid, decarboxylation product of glutamic acid, was found
| ch;;grllcer‘atrattion up to 207.1 mg per 100 g of dry matter. The formation of putrescine from
“Aine was suggested. A large variation in the amine content and composition was found,

OSS' ' : ) )
8 lbly related to different methods of fabrication and to the specific flora of the

?usaQES.

t In view of possible harmful effects of these amines, it is stated that concentra-
1o

S Teported in this note deserve careful reflection and further investigation.

AMI
INRg .
\\\\E\ijN VOLATILS DANS LE SAUCISSON SEC.
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Ly e “®rminé la concentration en amines dans 30 différentes marques delsauci?son sec.
Oncentration totale varie entre 23,8 mg et 195,2 mg per 100 g de matiére séche. On

Qg() jusqu'é 28,6 mg d'histamine, 39,6 mag de putrescéine et 150,6 mg de tyraminé par

Matidre saéche. Acide y-amino butyrique, produit de décarboxylation de l'acide

amique atteint des concentrations de 207,1 mg par 100 g de matiére séche. La formation

Qo utreSCéine A partir de 1l'arginine est suggérée. Il y a des grandes variations dans la

n xentration et la composition des amines ce qui s'explique peut-&tre par les différents

l&%S = fabrication et les flores diverses des saucissons. Tenu compte de l'action eventuel-

: : : £ L - 2
Mu Nocive de ces amines, les concentrations mentionnees dans ce travail méritent 1
gl‘ande k4

ention.
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NICHT-FLUCHTIGE AMINEN IN ROHWURST. ;

PAUL VANDEKERCKHOVE.

Laboratorium Voeding en HygiBne, Gent, Relgié.

Die voliegende Untersuchung betrifft 30 verschiedene Rohwurstmarken. Die Gesamtkonzentrati
an aminen zwankte von 23,8 mg bis zu 195,2 mg pro 100 g Trockensubstanz. Maximalkozentratw
nen von 28,6 mg histamine, 39,6 mag putrescine und 150,6 mg tyramine pro 100 g T.S. werde”
gefunden. Y—NHZ—Butterséure, decarboxylierungsprodukt von Glutaminsdure erreicht bis ZY b
207,1' mg pro 100 g T.8. Die Bildung von Putresceine aus Arginine wird suggeriert. Die Erd="

nisse deuten auf eine grosse Schwankung in Amineart und - gehalt, was m8glicherweise |
zusammenhdngt mit den verschiedene Herstellungsverfahren und Keimgruppe. Unserer Ansich®
nach wird man den Problem des Auftretens dieser unerwlinschter Amine in Rohwurst vermehrte

Beachtung schenken miissen.

HENETY ' UE AMMHH B CYXOHOMNYEHO. HOJEBEACE

llayns BarpekepexoBe

Jlaboparopusa NUIEBHX NPONYKTOB M I'UrMeHH, ['eHT, Benbrus.

Laboratorium Voeding en Hygidne

HacTosamee uccienoBanue oTHocuTcsa K 30 copTam CyXOKONUYeHO# KoxbacH. Omnpegmendnacs
KOHIIEHTpalMs BaXHHX amMuHOB . O6masd KOHIEHTpalus aMuHOB KoyebneTcs Memay 23,8 MI

¥ 195,2 Mr "Ha 100 r cyxoro BemecTBa. ONpeleneHO MaKCUMalIbHYD KOHIUEHTDEIUD

28,6 Mr rucraMmuHa, 39,6 ur nyrpecuuHa u 150,6 Mr tupamuHa Ha 100 r cyxoro BewecTBae
Y-NHo - MacnsHO# KMCIOTH, NPOLYKTa HeKapOOKCHUIMPOBAHMS TIyTaMUHOBOW KUCIOTH, HadneHO
207,1 ur Ha 100 r cyxoro BemecTBa. llpennonaraercs, uTO NPOUCXOLUT oOpaspBaHue
OyTpecuuHa U3 arpuHuMHa. PesynbTarn ykasnBanT Ha Oonbune KojebaHud B BHIAX U COHEP~
KaHUM aMUHOB, YTO, BO3MOMHO, CBfAI33@HO C pa3jMUHLMUM clmocobamMu NPOAYKLUMM ¥ Tpynmnami
MUKPOQIOpPH . B KOJGace.

lves BBUIY HexenaTenbHHe 3Q¢eKTH, BH3HBaeMHe yKa3aHHHMM aMuHaMu, OHJIO yCT aHOBJEHO,
YTO NpUBEIEHHHE B 3TOM COOONEHMM KOHLEHTpauuyM aMUHOB 3aCIYyKUBAKT LalbHEAmero
BHUMAHMA U UCCIEN0BaHUA.

/

/ llepeBeneno crapanusaMu MHCTUTyTa lccinernoBaHus Maca /
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INTRODUCT TON

We
already mentioned the occurence of highly basic amines in dry fermented sausages

(
(

Dierick et al, 1974). Recently, Rice et al (1975) reported the presence of histamine
.COHCentrations lower than 1 mg per 100 g) and of tyramine (up to 123.7 mg per 100 g
n g Genova salami) in meat products. Amine contents of processed pork bellies has
150 been investigated (Spinelli et al, 1976). Concentrations per 100 g of lean

tiga
SSue ranged from 0.03 mg for cadaverine to 8.1 mg for spermine, while type of

prOCeSSing did not significantly affect amine contents.
& s well known that high levels of these amines constitute a possible danger to
Patients treated with inhibitors of monoamineoxydase (MAO) since the pathway for
;ZjiZiVation of amines after ingestion is blocked (Wa}ker‘, 1965) . Furthermore, some
tyrams are suspected to precipitate migraine attacks in susceptible subjects, e.g.
warthlne and 2-phenylethylamine (Hanington., 1967; Sandler., 1974). Recently,
nitrieSEH (1975) showed that the diamines putrescine and cadaverine can react with
ang ?e to form heterocyclic carcinogenic nitrosamines respectively nitrosopyrrolidine
Thisnltrosopiperidine.

Paper deals with the amine content of commercial Belgian dry sausages as part

a ; 2 i .
Study on the nonprotein nitrogen compounds in this type of meat product.

(v
andekerckhove, 1976)

&
XPERIMENTAL

Amineg | ; , . i
S were separated using a Technicon amino acid analyzer.

Ag
o - - .
he resin we used in our previous work (Vandekerckhove and Henderickx., 1973) was

Ng 1
Ohger available, a new method was developped using another resin (Technicon

| Chy
Omobeads ¢ 2) and sodium buffers (Vandekerckhove., 1976) . Amines were extracted

fro E
T dry sausage as follows : 5 g of mixed sausage was extracted twice with 1 N HClO4

(50

" ml) by homogenisation (3 min) in a Virtis apparatus (Gardiner, N.Y.). After
“Sut . . 3
s Talisation with KOH, filtration and evaporation under vacuum, the residu was
1Ss01ved in 10 ml 0.1 % HCl. An aliquot of this was placed on the column. The

met} g
s °d used, allows gquantitative separation of arginine, histamine, cadaverine,
e ; g
esclﬂe, tyramine, 2-phenylethylamine, agmatine and tryptamlne.
REC
U
"ULTS AND DISCUSSION

Tan
1 " : i
€ 1 shows the amine content of 24 different brands of Belgian dry fermented

Sau

S = . : .

> age, expressed as mg/100 g of dry matter. Tyramine and putrescine, the respective
Car e : s :

7 bOXYlation products of tyrosine and ornithine, were the prevailing amines found.

0 J 7 : ; . sk : 2
CCurence of high concentrations of tyramine and histamine corresponds with the

SH
Sappe . ; " !
PPearance of tyrosine and histidine during dry sausage ripening (Dierick et al,

1974

am y related to the fact that only low
o

m . .
The presence of putrescine is probabl

Un = :
ts of free arginine were detected. Indeed, arginine is a well known precursor

n g
1975)

ith

formation of putrescine by a number of pathways summarized in fig. 1 (Prins.,

or Pathways 1 and(or) 2 were the most likely to occur, because small amounts of
n Y
(Dierick et al,

ine were found in the free amino acid fraction of dry sausage
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1974) , whereas we never detected the presence of agmatine. Reasons for the large
variation in amine concentrations found (table 1) are not clear. There was no

apparent relationship between amine content and concentrations of other components

of the sausage (ammonia, a—NHZ—N, protein content, pH) (Vandekerckhove., 1976).
However, three separate samples of French air dried sausages referred to as "pur
porc", showed a different amine pattern, mainly due to an increased content of

cadaverine, the decarboxylation product of lysine (Table 2). Concentrations of
cadaverine and histamine were comparable to the concentration of putrescine in these
samples, in contrast to data presented in table 1. This striking difference in amine
composition is certainly not related to any difference in amino acid composition of
the meat used. Indeed pork and beef amino acid composition are similar (Antila and
Antila., 1967; Gruhn., 1965). In a separate experiment, we determined the amount of
free glutamic acid and its decarboxylation product, X—amino butyric acid (Table 3).
The fact that glutamic acid is frequently used as a flavér additive in Belgian dry
sausage explains the very high levels often found. The table also illustrates that
a large part of the glutamic acid liberated by proteolysis during the ripening proces$
(or added) can be decarboxylated by the bacterial flora. Because of the repulsive
taste of E—amino butyric acid, its production certainly has a negative effect on the
dry sausage flavor. The factorsunderlying the variation in the amounts of decarboxy~
lation products present must probably be sought in the use of different ripening
conditions and(or) of specific bacteria in the preparation of the sausages. We plan
to further investigate these factors. In view of the possible harmfull effects of
some amines, as already mentioned (Walker., 1965; Hanington., 1967; Sandler., 1974;
Warthesen., 1975) amine concentrations reported in this note deserve attention and
further investigation. In this respect we plan to analyse the same commercial dry

sausages for the possible occurence of nitrosopyrrolidine and -piperidine.
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‘ TABLE 1 : FREE ARGININE AND AMINES IN DRY FERMENTED SAUSAGE
‘ (mg/100 g D.M.)

| Sample arg. hist. put. cad. tyr. 2°Ph. eth. Tot. am.
1 2.83 6.54 7.67 1.01 10.18 = 25.40
2 171 5.86 8.42 0.54 12,51 = 27.33
3 10.19 12232 5.96 1.10 16.17 0.71 36.26
4 2.28 127 3.13 2.44 16.94 = 23.78
> 4.73 tr B 73 2.29 17.84 tr 28.86
6 14.69 tr 4.96 2.61 21 s 73 = 29.30
‘ 7 19.98 1.81 14.54 1.26 33.92 2.32 53.85
\ 8 13:21 0.91 4.56 0.99 19.58 - 26.04
; 9 2ail3 260 T2l 4.88  28.55 1.19 e
‘ 10 10:57 tr 8e517 502 34.01 1.00 48. 60
‘ 11 4.24 tr 24.64 3.34 32.91 1.06 61.95
‘ 12 5.89 tr 9.18 2.61 26.46 0.90 39.15
14 0.97 5.82 27.73 557 54.95 0.62 94. 69
15 1.02 9.13 18.82 5+33 43.49 3.46 80.23
16 0.49 3.44 9.19 4.04 31693 Er 48.60
17 2.52 tr 26.38 4.47 46.14 = 76.99
18 trd 8.27 21.68 293 31.47 B.55 64.50
L9 1.40 tr 17.02 1<35 40.48 113 59.98
20 tr 5% 11529 tr 25.68 s 36.97
21 2012 2.34 39.57 0.95 150.63 170 195.19
22 2.05 1550 17.60 0.67 69.14 0.65 89.56
23 1.90 19.74 36:.53 2.32 63,97 6.06 128. 62
24 11.16  15.01 7.46 200 29,61 tr 54.79
26 1.22 1.89 10.71 0.91 25.42 1522 50405
X" 4.91 4.10° 15.06 2.46 36.82 0.94 59.39
min® tr tr 3.13 f 10.18 - 23.78
max_  19.98 19.74 39.57 5.57 150.63 6.06 195.19
a : mean value; b : minimum amount found; ¢ : maximum amount found;
d : traces.
arg. = arginine; hist. = histamine; put. = putrescine; cad. = cadaverine;

tyr. = tyramine; 2-phe eth. = ?fﬁenyle:hylamine; Tot. am. = total amines.
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TABLE 2 AMINES IN FRENCH AIR DRIED SAUSAGES "PUR PORC" (mg/100 g D.M.)
sample arginine histamine putrescine cadaverine tyramine 2-phenyl- Total
ethylamine amines
13 4.42 2.65 19.82 29.84 58.62 0.39 il
2% 5e 17 28.59 29.64 16.16 78.71 KSR 154.47
31 1.2% L1538 749 6«12 31.92 tr 56.91
x= 3.60 14.21 18.98 Lo 35 56.42 ReS7 10757
a : mean value
TABLE 3 : FREE GLUTAMIC ACID AND }-AMINO BUTYRIC ACID IN DRY FERMENTED SAUSAGE (mg/100 9
sample | glut.acid J-N Ba? sample |glut. acid J-N BAZ
11 86.41 30«87 18 427.98 37:61
2 285.91 14.13 19 241.50 24.14
3 1785 148:23 20 442.68 79.56
4 190.26 324 21 233 15993
5 179.34 59.76 22 193.20 27.08
6 83.26 141.83 23 248.85 46.81
7 66.67 62.41 24 268.06 12522
8 511.24 4.78 25 289.69 11.04
9 362.67 13591 26 166.11 1214
10 217.03 tr® 57 30.24 207.18
11 179.76 24.28 28 189.00 102.08
12 73.60 64.55 29 165.16 55.13
13 246.22 34.66 30 249.58 6.03
14 210.00 T 2 e
L5 32195 6.92 % 216.25 4430
16 305.44 12.36 min.? 17.85 tr®
17 219.87 1.91 max.© | 511.24 207.18
a : Jj-amino butyric acid; b minimum amount found; ¢ : maximum amount found;

d : mean value;

716,

et traces.

1 : PATHWAYS OF ARGININE CATABOLISM BY BACTERIA.
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