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The levels of amines in soybeans as affected by cultivar in two consecutive years and by germination
were investigated. Spermidine, spermine, putrescine, agmatine, and cadaverine were detected,
whereas tyramine, histamine, tryptamine, serotonine, and phenylethylamine were not. Spermidine
was the predominant amine followed by spermine. High concentrations of these amines confirmed
soybean as a rich source. Cadaverine was confirmed to be inherent to soybean. The percent
contribution of spermidine and spermine to total levels was not affected by cultivar in either years.
However, amine levels were affected by cultivars in different ways in the consecutive years. Cadaverine
was affected more by the cultivar, whereas spermidine, spermine, and agmatine were affected by
harvest year. During germination the levels of amines from soybean increased significantly, except
for agmatine. Spermidine and spermine accumulated in the cotyledon, whereas cadaverine and
putrescine accumulated in the radicle and hypocotyl.
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INTRODUCTION are studies by Smithdj and by Wheaton and Stewaf)(on
It has long been known that certain amines fulfill a number the levels of tryptamine and aromatic amines, respectively, in
different plant species. Most of the recent studies, however, are

of important metabolic and physiological functions in living : .

organisms. They are formed during normal metabolic processesfocnlf[sfnd ?: t”he npq)olyrimlnfeﬁ,(r).ml\/ilrc‘)st f:/t/jiltts andrr\:](iagiitablesih
and are, therefore, present in foods. Bioactive amines are organicC?e d?)mif]ar?t (?neoé) SSOOITF:S filo eﬁfc’ aminzgeare ofesaZcifi?:
bases of low molecular weight. They can be classified on the P . e 9 P

basis of the number of amine groups, chemical structure, angoceurrence in the plant kingdom and, therefore, can be used as

biosynthesis or physiological functions. The latter is the most a tool for taxonomic studies. Other biogenic amines can be

widely used. On the basis of this criterion, amines are classified introduced during production and processing because of decar-

: . - . : - boxylase activity from microorganisms (8—10).
as polyamines and biogenic amines. The polyamines spermine . . .
Loy 9 oy P Knowledge of the levels of amines in food products is

and spermidine play an important role in cell division, organo- Pol . ired i lul boli d
genesis, response to stress, and inhibition of lipid peroxidation. necessary. Polyamines are required in cellular metabolism an
The biogenic amines histamine, tyramine, tryptamine, seroto- groyvth angl, particularly, in rap|dly growing tissues. Similarly,
nine, putrescine, cadaverine, and phenylethylamine are neuro-Olurlng perrllods °f, wound heallnlg, rﬁgenerla;lcig, algdl compensa-
active or vasoactive. Biogenic amines are mainly formed by ':jory grovyt ,requt;reLnent? qr?§30d|91; %, 17,18). O\A%améne
decarboxylation of precursor amino acids. Polyamine synthesis eprivation can be beneficial in reducing tumor gro h16). .
is a more complex process, although the first few steps also High Ievels_of biogenic amines can cause d's_“f?C‘ pharmacologi-
include decarboxylation reactions in the formation of putrescine, cal and toxic effects, especially when detoxifying enzymes are
which is an obligate intermediate (1—3). |mpa|r¢d (LQ). However, information |s.st|II lacking on the levels
Few studies investigating several amines simultaneously in .Of amines in foodstuffs and on the influence of many factors

fruits and vegetables have been performed. Early studies WereInCIUOIing plant species and variety, type of tissue, germination,

undertaken to investigate specific amines in foods. Examples conditions of.grovvth, stage of deve_lppment, degree of ripening,
and processing and storage conditions.

. . Soybean is one of the most widely used ingredients in the
698900"65'[’-?8(‘"}9 ag{“’“ (‘e'-e"hf""*ég’ 50’1 3499 6911; fat 55 31 3499 food industry. It can be used naturally or as sprouts and
; e-mail beatriz@farmacia.ufmg.br). : - N
T Present address: ANVISA, Brasilia, DF, Brazil. fermented products. It is well-known that germination can
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improve the sensory acceptance and nutritional quality of seedsnm of excitation and emission, respectively, and to a CBM-10AD
by increasing the contents and availability of essential nutrients, controller (Shimadzu, Kyoto, Japan). A reversed-phédendapak C18
increasing digestibility, and decreasing the levels of antinutrients column, 300x 3.9 mm i.d., 1qum, was used with aBondapak C18
(11, 12). However, there are few and contradictory studies on Guard-pak insert (Waters, Milford, MA). The mobile phases were (A)
the influence of germination on the levels of bioactive amines a solution of 0.2 M sodium acetate and 10 mM 1-octanesulfonic acid

in seeds. Reasons for the controversy could be associated wit sodium salt adjusted to pH 4.9 with acetic acid and (B) acetonitrile.
’ y hI'he flow rate was set at 0.8 mL/min and the gradient was as follows:

the moist envirpnment prevalent during germination, which ;3 -4t 119% B. 19 min at 30%, 24 min at 11%. and 45 min at 11%.
affects the moisture content of the seed and also favors the postcolumn derivatization reagent was delivered at 0.4 mL/min.
proliferation of microorganisms with amino acid decarboxylases. |t consisted of 1.5 mL of Brij-35, 1.5 mL of mercaptoethanol, and 0.2
Information is needed on the influence of cultivar and germina- g of o-phthalaldehyde dissolved in a 500 mL solution of 25 g of boric
tion on the levels of bioactive amines in soybean. acid and 22 g of KOH (pH adjusted to 10.5 with 30 g/L KOH). The
The objective of this study was to investigate the influence Ccolumn and postcolumn reaction apparatuses were kept #t 23C.

of cultivar and germination on the profile and levels of bioactive  The identification of the amines was performed by comparison of
amines in soybeans. The specific objective was to determinethe retention times of amines in the samples to t'hose of standard
the profile and levels of amines in soybeans as affected by (i) solutions and also by addition of the suspected amine to the sample.

. . : ) Quantification was accomplished by direct interpolation in the standard
dlffer_ent promising soybean cultivars ”0”1 the St"?‘te Qf Minas curves (R = 0.9926). The determination limits were 0.02 mg/100 g
Gerais, Brazil, in two harvest years and (ii) germination.

for spermidine, spermine, agmatine, putrescine, cadaverine, histamine,
tyramine, and phenylethylamine and 0.04 mg/100 g for serotonine and
MATERIALS AND METHODS tryptamine.
. . . . Determination of Moisture Content. The ground samples were
_Sa_mples.SoybeansGlycme maxL. Merrll,_ grown In _Trlangu_lo analyzed for moisture content by drying to constant weight in a forced
Mineiro, th_e western part of the state of Minas G_eralg, Brazil, and draft oven at 105+ 2 °C (22). The moisture content was used to
Eifrvestttedl ”: thef years 2003It§1nd 2004, werel uieg.'n t:'s \S;tUdy'dThreecalculate and express bioactive amine levels on a dry weight basis.
(EIBR’eé?\/rI]G-gsi ((é) cs:es\_/§251c:2’|\@r)sc\évnec;3i sf:l\e/ICG‘-sBll?-AEG,)(D)egg?zgf S_tatistical Analysis. The results were submitted to analysis of
(E) Monarca, (F) Liderare BRSMG, and (G) Garantia (BRSMG). variance, and the means were compared by the Duncan test at 5% of
These cultivars were selected because they are popular and goodp robability.
yielding cultivars grown by soybean producers.
Reagents.Bioactive amine standards were purchased from Sigma RESULTS AND DISCUSSION
Chemical Co. (St. Louis, MO). They included spermine tetrahydro- . . . . . .
chloride, spemgidine trihydroc%loride),/ putrescine Fc)JihydrochIoridg, ag- Profile anq Le‘{e's of B'oaCt'V? Amines in Different
matine sulfate, cadaverine dihydrochloride, serotonine hydrochloride, S0yPean Cultivars in Two Consecutive YearsOverall, among

histamine dihydrochloride, tyramine, tryptamine, and 2-phenylethyl- the 10 amines investigated, only 5 were detected in the soybean
amine dihydrochloride. cultivars analyzed: spermidine, spermine, agmatine, putrescine,
All reagents were of analytical grade, except HPLC reagents that and cadaverine. Four of these amines had been reported
were of LC grade. Ultrapure water was obtained from a Milli-Q system previously, and one (cadaverine) was confirmed for the first
(Millipore Corp., Milford, MA). The mobile phases were filtered in  time. The presence of spermidine, spermine, agmatine, and
HAWP and HVWP membranes (47 mm diameter and Qu#bpore putrescine in soybean was described in the literat2yé,(15,
size, Millipore Corp.), used for aqueous and organic solvents. 23, 24). Okamoto et al.g) detected a mixture of cadaverine
Influence of Soybean Cultivars on Bioactive Amine§ Profile and and histamine in soybean. The method of analysis used by these
Levels.Three lots of the seven cultivars of soybean listed above (A investigators could not separate the two amines; therefore, they

G) from two consecutive years (2003 and 2004) were used in this -
experiment. The samples were ground in an electric grinder, sieved could not ascertain whether one or both of them were present,

through a 12-mesh sieve, and analyzed for bioactive amines and 1he presence of spermidine and spermine in soybean was
moisture content. expected, as these polyamines are ubiquitous in the plant
Germination of Soybean.The soybean cultivar Monarca harvested kingdom, together with their diamine precursor, putrescine.
in 2003 was selected for this experiment. The seeds were applied ontoAccording to the literature (816, 25, 26), polyamines play a
humidified layers of paper towel by means of a perforated plate critical role in several processes, among them, root growth,
containing 50 orifices. The paper towel was wrapped into a coil that somatic embryogenesis, control of intracellular pH, flower and
was placed in a vertical position for germination. The germination fryjt development, and response to abiotic stress, such as
Chlambe;] (type M,agf]"do) was ker’}f I‘f"t 24:50.5 °Cland at 9&”2% potassium deficiency, osmotic shock, drought, and pathogen
relative humidity in the presence of ligh?@). Samples were collected ~ —i¢o fion Furthermore, polyamines are associated with cell wall
at 24 h intervals for up to 4 days. Two experiments were conducted. . . . .
and membrane, preventing deterioration because of radical

In the first, the whole germinated soybean was ground and homogenized

for analysis. In the second experiment, the germinated samples were Scavenging properties.

when possible, separated into cotyledon, hypocotyl, and radicle. The Agmatine is a product from the decarboxylation of arginine.
respective tissues were ground, homogenized, and analyzed for bioactivdt can be metabolized to form putrescine in a two-step
amines and moisture content. conversion. Agmatine iminohydrolase catalyzes the formation

Determination of Bioactive Amines.Amines were extracted from  of N-carbamoylputrescine, which is converted to putrescine by
samples (1 g) with 7 mL of 50 g/L trichloroacetic acid (TCA). After  N-carbamoylputrescine amido hydrolage Z4). The presence
agitation for 10 min in a vortex mixer, the slurry was centrifuged at  of agmatine in the samples analyzed suggests that the formation
10000gat 4 °C, a_nd th_e supernatant was collected. The solid residue ¢ polyamines in soybean can also be accomplished via arginine.
was extracted twice with volumes of 7 and 6 mL of TCA. Supernatants . .

The presence of cadaverine was reported in soybean for the

were combined and filtered through a 0.461 pore size filter. The . . . - L
amines were separated by ion-pair reverse phase HPLC and quantifieJ'rSt time. Cadaverine is a diamine that can be formed by

by fluorescence after postcolumn derivatization vathhthalaldehyde ~ decarboxylation of lysine. It has restricted occurrence, being
as described by Cirilo et al. (21). found mainly in species of the Leguminosae famiby 8, 9,

Liquid chromatography was performed with an LC-10AD system 23). Its presence in soybean, which belongs to this botanic
connected to a RF-551 spectrofluorometric detector at 340 and 445family, is in accordance with the literature.



7482 J. Agric. Food Chem., Vol. 53, No. 19, 2005 Gloria et al.

Table 1. Levels of Bioactive Amines in Different Cultivars of Soybean from Minas Gerais, Brazil, from Two Consecutive Years (2003 and 2004)

amine levels,® mg/100 g of dw (coefficient of variation, %)

SPD SPM PUT AGM CAD
cultivar 2003 2004 2003 2004 2003 2004 2003 2004 2003 2004
A 1298bc (12)  19.41(62)  3.20c(7) 522(60)  051(19)  0.80b(47)  1.40(15)  167b(81)  1.28ab(2) 1.64ah (72)
B 12.28bcy (38)  38.89x (42)  4.28bcy (35)  11.41x(37)  0.98(44) 1.40a (35) 0.63y (8) 3.86ax (40)  0.74bc (8) 2.83a (40)
c 9.92cy (5) 18.64x (14)  2.78cy (9) 7.83x(12)  0.45(8) 055b(11)  083y(5)  1.36bx(7)  1.35a(14) 2.13ab (8)
D 13.280cy (21)  19.91x (17)  3.17cy (20) 9.09x (19) 057y (24)  168ax(2)  1.21x(18) 0580y (26)  0.61cy (16) 1.02bcx (17)
E 11.09cy (8) 26.04x (2) 2.99cy (5) 7.66x (4) 0.37y (15)  1.48ax(12) 1.07y(17)  2.24bx (4) 1.09abcy (12)  2.22abx (7)
F 18.74a (22) - 8.35a (18) - 1.07(16) - 232(62) - 1.53a (24) -
G 18.15ab (27)  25.84(13)  5.20b (31) 711(16) 097(86)  1.36a(13)  1.03y(6)  2.08bx(18)  1.43a (47) 0.69c (5)
mean 13.77 24.79 4.28 8.05 0.70 121 121 1.96 1.14 1.75

2Mean values with different letters in the same column (a—c) or in the same line (x, y) for each amine are significantly different (Duncan, p < 0.05). dw, dry weight
basis; —, sample was not available; SPD, spermidine; SPM, spermine; PUT, putrescine; AGM, agmatine; CAD, cadaverine.
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Figure 1. Total bioactive amine levels in different soybean cultivars E I
harvested in 2003 and 2004. Mean values with different letters for the §0D I -
same cultivars are significantly different (Duncan, p < 0.05). 3 cC I | ——|
B I
The total levels of amines in the different soybean cultivars A I
harvested in 2003 and 2004 are indicateéfigure 1. Because 0% 20% 40% 60% 80% 100%
the moisture content of the different cultivars varied significantly Contribution

(from 7.50 to 8.51 g/100 g for 2003 and from 5.96 to 6.90 g/100 Figure 2. Contribution of individual amines to total levels in different
g for 2004), amine levels were expressed on a dry weight basis.soybean cultivars from Minas Gerais, Brazil, from 2003 and 2004. SPD,
Total amine levels in cultivars from 2003 varied from 15.33 to spermidine; SPM, spermine; PUT, putrescine; AGM, agmatine; CAD,
26.78 mg/100 g with an average of 21.12 mg/100 g. There was cadaverine.

significant difference among cultivars, with higher total levels
in cultivars F and G and lower levels in cultivars C and E.
However, even though total amines levels in cultivars from 2004
varied from 30.62 to 61.79 mg/100 g (average of 40.0 mg/100
g), no significant difference was observed in the levels among
cultivars. When total amines of samples of the same cultivar
but from different years were compared, samples from 2004
contained higher levels, except for cultivars A and G. Samples
from cultivar F were not available in 2004.

According toTable 1, spermidine, spermine, and agmatine
were the amines most sensitive to the year of harvest, whereas
putrescine and cadaverine were the most resistant. Cultivar A
was the least sensitive, whereas cultivars D and E were the most
sensitive to changes caused by the year of harvest.

The contributions of each amine to total levels in samples
from 2003 and 2004 are indicatedrigure 2. Overall, in every
cultivar of soybean analyzed, independent of the year of harvest,
ST ) - ) ) spermidine was the predominant amine, followed by spermine.

The levels of the individual amines in the different cultivars  p spermidine-to-spermine ratio 6f3.3 was observed for every
are indicated inTable 1. There was significant difference in  cyjiivar analyzed. The mean contribution of the other amines
the levels of spermidine, spermine, and cadaverine amongyg total levels indicated the predominance of agmatine and
cultivars harvested in 2003. Significantly higher spermidine cagaverine, followed by putrescine. However, when the cultivars
levels were observed for cultivars F and G; higher spermine \yere considered individually, the contribution of the amines
levels were detected in cultivar F, and lower cadaverine levels present in smaller amounts to total levels varied. Therefore, the
were found in samples B, D, and E. There was no significant contriputions of the amines present in smaller amotnts
difference in the levels of putrescine and agmatine among theagmatine, cadaverine, and putreseite total levels were
different cultivars. affected by the cultivar and also by the year of harvest. These

Different from what was observed for 2003, there was no results suggest that there are other factors which can affect the
significant difference in spermidine and spermine levels for the profile and levels of amines besides the cultivar.
different cultivars harvested in 2004. Significant difference  The higher contribution of spermidine over spermine to total
among cultivars was observed for only putrescine, agmatine, levels in soybean was also observed by Bardécz et al. (2) and
and cadaverine. Cadaverine was the only amine affected by theOkamoto et al. §). The levels of spermidine in the different
cultivar in both years. However, the higher levels were not cultivars were similar to those reported in the literature, but the
observed in the same cultivars in both years. levels of spermine were higher and those of putrescine lower
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(2, 6, 23). The higher spermidine levels observed in soybean
compared to other vegetables corroborate findings that spermi-
dine levels are high in seeds, which are responsible for the
preservation of the species @,8—10, 18, 27).

Even though it has been reported that the profile and levels
of amines in plants can be affected by different cultiva8s (
21,26, 28), this study was the first to attempt to determine the
influence of different cultivars on the profile and levels of amine
in soybeans. However, because the results indicated that there
can be other factors affecting amine levels, more controlled
experiments should be undertaken to determine the role of
cultivar on amine levels in soybean.

Accordmg t(.) the literature, pre- and postharvest factors affect Figure 3. Photographs of soybean during 4 days of germination at 24.5
amine levels in vegetables. Various types of stress can a1"fecti 05 °C.
amine levels, among them, water availabili¥9}, mineral

a
Total

deficiency (9, acid-, herbicide-, and ozone-caused damages (30), m0 @2 np48 @2 mee
osmotic shock, temperature or variation in altitude, and chilling 800

injury (31, 32). These reports have demonstrated that most of

the stress conditions resulted in an increase in polyamine andZ €0.0

putrescine levels. Ripening conditions have also been observecg

to affect polyamine (2533) and biogenic amine levels (34). 400
According to Moret et al. (16) and Simon-Sarkadi et al. (35),
storage conditions can affect spermidine and putrescine levels

in leaf vegetables.

a
i a c o
200 b[gb a : - .
b E
c bb En aa[ % a dd
- 0,0 —[Lih:
The samples were obtained from the western area of the state sPD sPM PUT AGM CAD

of Minas Gerais, so it is unlikely that geographical conditions pam—
could have affected amine levels in the different cultivars. figye 4. Levels of bioactive amines during soybean germination at 24.5
However, cultivation practices and postharvest factors could 4+ o5 °C for 96 h. dw, dry weight basis; SPD, spermidine; SPM, spermine;

have varied. The results indicated significantly higher spermi- pyt, putrescine; AGM, agmatine; CAD, cadaverine. Mean values with

dine, spermine (polyamines), and putrescine levels in most of gfferent letters for each amine are significantly different (Duncan test, p
the cultivars in 2004. On the basis of the fact that the levels of < ¢ 05).

these amines increase under stress conditions, soybeans har-

vested in 2004 could have been exposed to more stressful(or root, depending on the stage of development), hypocotyl,

conditions than those harvested in 2003. Studies are necessargnd cotyledon.

to investigate the influence of these parameters on bioactive The moisture content of soybean increased significantly

amines in soybeans. during germination. In the first day, the moisture had increased
In conclusion, five bioactive amines were detected in from 6.28 to 55.14 /100 g, reaching 62.16 g/100 g in the second

soybeans—spermidine, spermine, putrescine, agmatine, andlay and 68.84 g/100 g in the third day of germination. No
cadaverine. Spermidine was the predominant amine, followed Significant difference was observed in the moisture content of
by spermine, in every cultivar analyzed. High concentrations the sprout between th_e third and fourth_ days. When the_ different
of polyamines were found in soybeans, confirming that this seed Structures are considered, the moisture content increased
is a rich source of the polyamines. Cadaverine was observed tosignificantly in the radicle, reaching 91.78 g/100 g in the third

be inherent to soybeans, a specific characteristic of plants fromday. No significant difference was observed in moisture content
the Leguminoseae family. between the radicle and the hypocotyl in the third day of

The predominance of spermidine over spermine was not germination. The cotyledon contained similar moisture contents

affected by the cultivar or by the year of harvest. However, the in the secqnd and th'rd days of germlr}atler66 g/lOQ 9). S.UCh
contribution of agmatine, cadaverine, and putrescine to total a change in the moisture content during germination reinforces

: ; S . . the need to express results on a dry weight basis when amine
amine levels varied significantly with the cultivar and year of ; ;
changes are investigated.
harvest. . R . . '
. . . The soybean used in the germination studies contained five
The levels of amines in soybean were affected by both cultivar 5 mines  with total levels of 16.61 mg/100 g. There was

and year of harvest. However, the influence of the cultivar and pregominance of spermidine, followed by spermine, putrescine,
the year of harvest on the levels of bioactive amines in soybeansagmatine, and cadaverine. As indicatedrigure 4, there was
could not be established. Therefore, experiments under morey sjgnificant change in amine levels during the early stages of
controlled conditions should be performed to elucidate the role germination. Total levels increased significantly in the first 48
of cultivars and climate, as well as cultivation, harvest, and |, yeaching 73.68 mg/100 g, which is 6.6 times higher than the
storage conditions on the levels of bioactive amines in soybeans.qriginal levels. However, this level later decreased to 52.30 mg/

Influence of Soybean Germination on Amine Levels. 100 g at 96 h. The same pattern of change was observed for
Pictures of the soybean during the early stages of germinationspermidine, spermine, and putrescine; significantly higher levels
are shown irFigure 3. In the first day (24 h), the seeds were were observed during 4872 h of germination, decreasing
turgid because of water absorption. However, no germination afterward. Cadaverine levels increased significantly throughout
structures were seen. In the second day (48 h), it was possiblethe 96 h of germination. There was no significant change in
to see a radicle coming out of the cotyledon. After the third the levels of agmatine during the germination of soybeans for
day (72 h), the soybean seedling could be divided into radicle 96 h.

Levels (mg/10
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Table 2. Levels of Bioactive Amines in Different Parts of Soybean during Germination at 24.5 + 0.5 °C for 72 h

mean amine levels,2 mg/100 g of dw (coefficient of variation, %)

day part SPD SPM PUT AGM CAD total
1(24h) 11.09ab (8) 2.99ab (5) 0.37c (15) 1.07a (17) 1.09c (12) 16.61b (6)
2(48h) cotyledon 13.55a (37) 3.84a(33) 0.35¢ (34) 1.39% (59) 0.43c (19) 19.6b (37)
radicle 7.29bc (18) 0.89¢ (27) 2.15a (20) 0.75a (59) 99.7a (18) 111a(18)
3(72h) cotyledon 9.82ab (11) 2.51b (14) 0.43c (2) 0.59a (20) 0.01d (17) 13.4b (10)
hypocotyl 4.74c (31) 0.73c (38) 0.90bc (26) 0.50a (57) 26.6b (21) 33.4b (23)
radicle 3.62c (21) 0.06¢ (17) 2.49a (17) 0.31a (79) 108a (15) 114a (15)

2Mean values with different letters in the same column are significantly different (Duncan, p < 0.05). dw, dry weight basis; SPD, spermidine; SPM, spermine; PUT,
putrescine; AGM, agmatine; CAD, cadaverine.

The increase in total bioactive amines observed during putrescine were significantly higher in 48 h of germination,
germination was previously reported in different seeds. Ac- whereas cadaverine levels increased significantly up to 96 h.
cording to Simon-Sarkadi and HolzapféR) and Shalabyl@), The distribution of amines in soybean seedlings was heteroge-
amines are endogenously produced during the germinationneous. Significantly higher spermidine and spermine levels were
process. The significantly higher levels of spermidine, spermine, present in the cotyledon, whereas putrescine and cadaverine
and putrescine observed in 482 h suggest that this is the accumulated in the radicle. Therefore, germination for 48 h can
period with the greatest cellular multiplication and growth. The be used to increase polyamine levels in soybean. The interfer-
concentrations of these amines are expected to increase in tissuasnce from cadaverine can be eliminated by removing the radicle
with a high rate of development, as demonstrated in this from the cotyledon. Germinated soybean cotyledon, which is
experiment. richer in polyamine compared to soybean, could be used in food

The presence of cadaverine in lentil, mung bean, and radishproducts or feeds in which high polyamine levels are desired.
sprouts was reported by Simon-Sarkadi and Holzapfel (12).

Shalaby (.13)'observed an increase in cadaverine Ievel§ dunngLITERATURE CITED
the germination of some leguminous seeds (bean, chick pea,
and lupine), reaching a maximum value on the fifth day. Moret (1) Gléria, M. B. A. Amines. InHandbook of Food Science; Hui,

et al. (L6) detected cadaverine and other biogenic amines in H., Nollet, L. L., Eds.; Dekker: New York, 2005.

soybean sprouts. The presence of cadaverine in the sprouts could (2) Bardocz, S.; Grant, G.; Brown, D. S.; Ralph, A.; Pusztai, A.
be associated with its role in the elongation of the root, for Polyamines in fooerimplications for growth and healtd. Nutr.
example, the increase in cell si&) (However, Simon-Sarkadi Biochem.1993,4, 66-70.

and Holzapfel (12) also observed a significant increase in  (3) Maccarrone, M.; Baroni, A.; Finazzi-Agro, A. Natural polyamines
Enterobacteriaceae and Pseudomonas spp. and reasoned that ~ inhibit soybean (Glycine max) lipoxygenase-1, but not lipoxy-
these microorganisms could also play a vital part in the genase-2 lysozyméhrch. Biochem. Biophys.998,1 (1), 35—

. . . . . . 40.
metabolism of biogenic amines, especially putrescine and (4) Smith, T. A. Phenethylamine and related compounds in plants.

cadaverine. Qermination occurs in awarm and.moist enyiron- Phytochemistryl 977,16, 9-18.
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