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ABSTRACT - The enzymp-glucosidase hydrolyses the isoflavone glucosides developing aglycones,
which are compounds with anticancer effects, that are also related with the astringency observed in
soybean flavor. Due to the importance of this enzyme, a study was carried out to determine
B-glucosidase activity in soybeaalycine maxL.) Merrill) cultivars with different contents of isoflavone
glucosides (enzyme substrate). The enzyme activity was determined in 51 soybean cultivars sowed in
Londrina (latitude 23°S), in Parana State, Brazil, and in the cultivar IAS 5 from soybean production
regions of different Brazilian states. Among the cultivars, a range of variability of 176.1 to 96.3 units of
enzyme activity (cultivars IAC-2 and Embrapa 2, respectively) was observed. A significant variability
among cultivars could suggest genetic differences. In the states of Rio Grande do Sul, Parana and Mato
Grosso do Sul, the cultivar IAS 5 presented similar avera@@hfcosidase activity: 132.1, 131.9 and

132.5 units, respectively. Among locations in the states, the cultivar IAS 5 presented a variability for
enzyme activity from 138.8 to 124.8 units, which were statistically different. In spite of statistics, the
numerical values were not too different to assume that environmental conditions affected enzyme
activity. A non-significative correlation for isoflavone glucoside concentrations and enzyme activity
was observed among cultivars.

Index terms: environmental effe@lycine maxaglycones, soybean flavor.

ATIVIDADE DE BETA-GLICOSIDASE E NIVEIS DE ISOFLAVONOIDES GLICOSIDIOS
EM CULTIVARES DE SOJA, INFLUENCIADAS PELO AMBIENTE

RESUMO - A enzim@-glicosidase hidrolisa os isoflavondides glicosideos desenvolvendo agliconas,
compostos com acao anticancerigena, que também sao relacionados com a adstringéncia observada no
sabor da soja. Pela importancia dessa enzima, conduziu-se um estudo para determinar a atividade da
B-glicosidase em cultivares de sdycine maxL.) Merrill) com teores diferenciados de isoflavonéides
glicosideos (substratos da enzima). A atividade enziméatica foi determinada em 51 cultivares de soja
semeadas em Londrina, latitude 23°S, no Estado do Parand, e na cultivar IAS 5, proveniente de regides
produtoras de soja de diferentes estados do Brasil. Entre as cultivares observou-se uma amplitude na
variabilidade de 176,1 a 96,3 unidades de atividade enzimética nas cultivares IAC-2 e Embrapa 2,
respectivamente. Entretanto, a variabilidade significativa observada entre as cultivares pode estar indi-
cando diferencas genéticas. Nos estados do Rio Grande do Sul, Parana e Mato Grosso do Sul, a cultivar
IAS 5 apresentou atividades similares com valores médpgtisosidase iguais a 132,1, 131,9 e 132,5
unidades, respectivamente. Entre os locais nos estados, a cultivar IAS 5 apresentou variabilidade na
atividade da enzima de 138,8 a 124,8 unidades, as quais foram estatisticamente diferentes. No entanto,
apesar da estatistica, os valores numéricos ndo foram téo diferentes para assumir que houve influéncia
do ambiente sobre a atividade da enzima. Entre as cultivares, ndo houve correlacéo significativa entre o
teor de isoflavonodides glicosideos e a atividade da enzima.

Termos para indexacao: efeito ambier@dycine maxagliconas, sabor da soja.
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urinary excretion of Asian population might be related This study was carried out to determine
with reduced incidence of breast and prostate can@eglucosidase activity and isoflavone glucosides in
(Adlercreutz et al., 1991; Coward et al., 1993; Xgoybean cultivars, and to analyze the effects of
et al., 1994). In soybean grains the main forms efivironmental conditions on the enzyme activity.
isoflavones include glucosidic conjugates genistin,

malonyl genistin, daidzin and malonyl daidzin, glycitin MATERIAL AND METHODS

and malonyl glycitin (Kudou et al., 1991; Wang &

Murphy, 1994b), which are highly variable withp 4t materials

environment conditions and soybean cultivars

(Kudou etal., 1991; Wang & Murphy, 1994a; Carréo- |n November, 1993, 51 soybean cultivars were sowed
Panizzi & Kitamura, 1995). The aglycone formsat | ondrina county (latitude 23°11'50" S), PR, Brazil, for
daidzein, glycitein and genistein are developed Ryalysis ofp-glucosidase enzyme activity and total
the hydrolytic action of the enzynfleglucosidase isoflavone glucosides. The first experiment was conducted
on the glucosidic isoflavone precursors (Matsuuia a randomized complete block design, replicated two
et al., 1989). Some studies have reported the effetitses, and data were analysed according to the model:
of genistein in preventing and inhibiting prostat&j=m+ B+ T; + E;,

cancer, as well as its anticancer effect, similar tghere: Y represents the observations; m is the effect of
tamoxifen the anti-estrogenic drug utilized in breagtean; Bis the effect of block; s the effect of cultivar; £
cancer therapy (Peterson & Barnes, 1991, 1993). is the residual effect.

Depending on processing technique, soybean For the second experiment, seed samples of cultivar
products present different forms and concentratioHS 5 from the 1993/94 yield soybean trials, from different
of isoflavones. Fermented products contain highg]cations of Brazilian soybean production regions that
levels of aglycones, while non-fermented producl’%ere utilized to determine the effects of genetics and

have almost exclusively the conjugated gluCOe_nvironmental factors on isoflavone content (Carrédo-

sidic forms (Coward et al., 1993: Wang & MUI’phyl,DamZZI’ 1996b), were also used to determine these effects

1994b). Lactic acid fermentation (Matsuda et alon enzyme activity. The three states considered in this
. . éxperiment with 13 different locations were the following:

re- king treatmen ri
1992, 1994) arth Fi N tshoa 9 tmeag € rts du r]%o Grande do Sul (RS): Cruz Alta, Passo Fundo, Santa
processing activate the enzymatic process osa, Vacaria; Parana (PR): Londrina, Ponta Grossa,

B-glucosidase (I\/:atsuura etbal., 1939;1Haﬁt al, _199 ariopolis, Palotina, Cascavel, Campo Mouré&o; and Mato
Matsuura et a.. (1989) observed t at'.[ € O,p“mu@rosso do Sul (MS): Campo Grande, Sao Gabriel do Oes-
pH for production of aglycones, daidzein ang, giyolandia.

genistein, In soyrmlk was around. 6.0 at 50°C Data from this experiment were analyzed as a comple-

temperature. Two isoforms @fglucosidase (B,C) te randomized design according to the model:

brought nearly all the hydrolyzing action into daidzi%k =m+L+ S+ B

and genistin (Matsuu.ra} & Obata, 1993). The enzyr_'Q\‘fhere: Y represents the observations; m is the mean effect;

showed optimum activity at pH 4.5 and 45°C, and '[Si is the location effect;;Sis the location effect within

pH range of action was 3.5-7.0. The enzyme was al§gte: and R is the residual effect.

stable from pH 4.0t0 6.0 at 5°C (Matsuura et al., 1995). gefore running the ANOVA, data were evaluated for
The substrate isoflavone glucosides exists {yrmal distribution (Shapiro & Wilk, 1965), homogeneity

relative abundance in soybean grains. A large genédiariance (Hartley, 1940; Burr & Foster, 1972), and model

variability for total amounts of isoflavonesadditivity (Tukey, 1949). Differences among treatment

glucosides were observed in Brazilian soybeafean values were determined by using Tukey's test at

cultivars (Carrdo-Panizzi & Kitamura, 1995; CarraoP<0.05 (Cochran & Cox, 1957) and by cluster analysis at

Panizzi, 1996a). P<0.05 (Scott & Knott, 1974). Statistical analysis system
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(SAS Institute, 1995), and Sistema de Analise Estatistica - The quantitative analysis of isoflavones was conducted
SANEST (Zonta et al., 1982) were used for data analysis.a HPLC (Kitamura et g11991; Kudou et al 1991).
Data of isoflavone glucosides used in correlatio@ne hundred milligrams of milled samples were extracted
analysis were from analysis of high performance liquigith 4.0 mL of 70% aqueous ethanol containing 0.1%
chromatography (HPLC) performed in Carrdo-Paniz#cetic acid, in screw-capped test tubes, for one hour, at
(1996a, 1996b), since the same samples of tho®m temperature. After extract centrifugation, aud0
experiments were used to carry out analysis @igquot of the supernatant was used for HPLC analysis.

B-glucosidase. Analyses of isoflavones were performed on ODS
commercially packed columns of reversed phase (Tosoh
Analysis of B-glucosidase activity Corp. Tokyo; TKS-gel ODS-80TM i.d. 4.6 x 250 mm).

Elution of isoflavone compounds was performed by a

A modified procedure of Matsuura et al. (1989) wadnear gradient system. The initial gradient system consisted
used to determin@-glucosidase activity, which was of 20% acetonitrile and 80% of a 0.1% acetic acid solution,
monitored with a synthetic substrate p-nitropheyl- Which reached after 30 min of elution, proportions of 45%
D-glucopiranoside (p-NPG). of acetonitrile and 55% of acetic acid solution, when all the

Enzyme was extracted from 100 mg samples of groutPflavones had been detected. The solvent flow rate was
raw soybeans with 1.5 mL of citrate buffer 0.05 M.-0 mL/min, and the UV absorption was measured at
(pH 4.5) containing sodium chloride 0.1 M for one hou260 nm. Purified soybean isoflavones were used as
at room temperature (20°C). After centrifugation, o0 Standards (Kudou et al., 1991). Isoflavone contents were
from the supernatant were used directly for enzyme ass@giculated as mg/100 g (Eldridge & Kwolek, 1983; Kitamura

Substrate of3-glucosidase was prepared withet al., 1991). Soybean seeds had 11% to 13% moisture.
p-nitrophenylf-D-glucopiranoside 1 mM in sodium
phosphate buffer 0.1 M (pH 6.7). RESULTS AND DISCUSSION

For the enzymatic reaction, 2QQ of the substrate
and 20QuL of the extracts were incubated in test tubes for Soybean cultivars showed a significative
2 hours and 30 minutes at 40°C. After this period théariability for B-glucosidase activity. Cultivars
reaction was stopped by addition of 2.0 mL sodiurAC-2, EMGOPA-301, BR-2 and OCEPAR 2 present
carbonate 0.25 M (pH 9.0) and the amount dhe highest enzyme activity (165.0 units in average)
p-nitrophenol liberated was determined by the yellow colavhile cultivars FT-9, Embrapa 20, FT-14 and
developed in alkaline condition. The absorbances wemmbrapa 2 had lower activity (99.1 units, in average)
measured in a spectrophotometer (Hitachi mod. U-200@¢Y,able 1). This variability suggests that this
at 420 nm zeroed with water. A blank tube was preparéiifferences could be due to genetic factors. In a
with 200pL of substrate, 20QlL of enzyme extract and previous paper, Carrdo-Panizzi & Kitamura (1995)
2.0 mL NaCO3 0.25 M (pH 9.0). observed that isoflavone glucosides, which are the

A unit of enzyme activity was defined as the amour@nzyme substrates, are genetically controlled,
of enzyme which would liberate 1.0 mg of p-nitrophengilthough highly variable with environmental
after 2.5 hours of reaction in 100 g of soybean sampleconditions. Cultivar Embrapa 20 showed the highest
content of isoflavone glucosides, while FT-14
showed low level of these compounds (Table 1).
These results suggest noncorrelation between

From a 100 g sample of soybean seeds, 30 g wés@flavone glucosides and enzyme gctivity, whi(;h
weighted to form subsamples, with 5 g taken and millef€re confirmed by the correlation analysis
for 40 seconds in a vibrating sample mill (Heiko modf = -0-27). In dried grains the conjugated isoflavone
TI-100). Since traditional soybean processing into fod@lucosides are the major forms (Kudou et al., 1991).
products does not separate seed parts (seed cd#iconjugated isoflavones aglycones, daidzein and
hypocotyl, and cotyledon), for the isoflavone analysigienistein are formed by hydrolysis of the isoflavone
the entire seed was considered. glucoside, under special conditions of processing,

Analysis of total isoflavone glucosides by HPLC
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TABLE 1. Mean values ofp-glucosidase activity such as soaking and fermentation when the enzime
(mg of p-nitrophenol/100 g of samples/2.5 -glucosidases is activated (Matsuura et al., 1989;
hours) and total isoflavone glucoside Coward et al., 1993). This suggests that for a
(mg/100 g) in soybean cultivars sowed in sjgnificative correlation between substrate and

Londrina, PR, in 1993/94.

Cultivar B-glucosidase  Total isoflavone
activity glucoside
IAC-2 176.1a 61.1j
EMGOPA-301 162.5b 81.6f
BR-2 161.0b 75.5¢9
OCEPAR 2 160.5b 76.3g
IPAGRO-20 157.0c 51.3k
Ilvora 156.6¢ 61.9j
BR-29 156.1c 65.5i
BR-24 155.1c 113.1c
BR-12 153.3d 40.4m
EMGOPA-305 152.8d 50.2
CAC-1 150.8d 67.7i
BR-8 149.3d 50.01
IAC-13 144.5e 112.3c
BR-14 142.7e 71.4h
Parana 141.7e 109.2d
Ivai 140.8e 76.49
Embrapa 1 139.8e 87.0f
Numbaira 139.8e 91.7e
FT-Canarana 139.2e 16.80
EMGOPA-302 138.0e 55.6k
FT-Seriema 133.3f 51.1k
FT-13 133.0f 29.6n
CAC-1LD 131.7f -
EMGOPA-308 131.0f 48.71
FT-12 129.4f 92.9e
FT-Manaca 122.1g 90.3e
EMGOPA-307 121.7g 61.7j
IAC-11 120.1g 51.6.k
EMGOPA-310 119.99 61.4j
EMGOPA-311 119.2g 71.6h
Embrapa 3 119.0g 50.11
FT-20 118.0g 66.5i
BR-40 117.79 47.0l
EMGOPA-313 116.2h 76.89
BR-1 114.2h 69.7h
BR-3 114.1h 42.0m
Dourados 113.9h 108.6d
CEP 20 112.7h 71.5h
BR-11RC 110.6i 54.6k
FT-Cometa 108.4i 62.1j
GOBR-25 108.0i 93.7e
EMGOPA-304 107.6i 95.1e
FT-7 106.4i 83.9f
FT-Jatoba 105.2i 88.7¢e
BR-37 105.2i 121.7b
EMGOPA-309 104.9i 121.4b
Embrapa 5 101.3 105.9d
FT-9 100.9j 82.9f
Embrapa 20 99.7j 171.8a
FT-14 99.7] 47.91
Embrapa 2 96.3] 80.7f
CV (%) 1.6 2.9

1 Means followed by the same letter in the columns are not significantl

different at 5% probability level (Scott & Knott, 1974).
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enzyme, the soybean grains should be exposed to
other conditions to express this effect.

The averagep-glucosidase activity in cultivar
IAS 5 sowed in different locations of the states of
Rio Grande do Sul, Parana and Mato Grosso do Sul
was not different (132.1, 131.9, 132.5 units,
respectively) (Table 2). These results suggest that
environmental conditions did not affect enzyme
activity in the average of locations. Isoflavone
glucosides in cultivar IAS 5, however, were strongly
affected by the environment (178.8, 131.4,
85.5 mg/100 g for Rio Grande do Sul, Parana and
Mato Grosso do Sul, respectively). For each location
within the states there was a significant variability in
enzyme activity. In Rio Grande do SBdglucosidase
activities were 137.6 and 124.8 units, in the locations
of Santa Rosa and Vacaria, respectively. This
situation was completely reverse for the
concentration of isoflavone glucosides (Table 2), and
a nonsignificative correlation was observed between
these compounds and enzyme activity (r = -0.2). In
spite of statistical differences among locations, it
could be considered that differences of 10 units
observed in average were small to consider enzyme
activity differences due to conditions of sowing
locations. Larger differences could be more effective
in the enzyme activity.

Results indicated no correlation between levels
of isoflavone glucosides and enzyme activity. Other
parameters than grain raw material must be observed
in B-glucosidase activity. By comparing content of
isoflavone aglycones between fermented and non
fermented soybean products, it can be inferred that
processing technology is a determinant factor to
activate the enzyme. Fermented soyfoods present
higher concentrations of isoflavone aglycones
(Coward et al., 1993; Wang & Murphy, 1994b).

Optimum conditions fof-glucosidase activity
such as soaking grains at 45°C temperature (Matsuura
et al., 1995) should be observed during soybean
processing in order to obtain higher concentrations
of genistein, which is the main aglycone form with
anticancer activity (Peterson & Barnes, 1993; Steele
gt al., 1995) and the most active compound in
astringency perceived in the soybean flavor.
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TABLE 2. Mean values ofp-glucosidase activity (mg of p-nitrophenol/100 g of samples/2.5 hours) and total
isoflavone glucosides in cultivar IAS 5 sowed in different locations, in 1993/94 (n3)

State Location Latitude B- glucosidase Total isoflavone
south activity glucoside$
Rio Grande Santa Rosa 27°53° 137.6a 126.9c
do Sul Passo Fundo 28017 133.4a 196.1a
Cruz Alta 28°38" 132.5ab 173.7b
Vacaria 28°30° 124.8b 218.7a
Mean 132.1A 178.8A
Parana Mariopolis 26°21° 138.2a 145.1a
Campo Mourdo 24°02° 135.0a 115.0ab
Palotina 24027 132.3ab 105.9b
Londrina 230117 130.5ab 142.6a
Ponta Grossa 25°05" 128.8ab 143.4a
Cascavel 24958 126.8b 136.5a
Mean 131.9A 131.4B
Mato Grosso Campo Grande 20028 138.8a 93.2a
do Sul Sidrolandia 20°56° 129.8b 69.6a
S. Gabriel Oeste 199217 129.0b 93.8a
Mean 132.5A 85.5C
CV (%) 3.3 9.2

1 Values of the interaction between location and cultivar, fixed within the state, followed by the same small lettertuimtiseace not significantly
different at 5% probability level (Tukey, 1949); values of the interaction between state and cultivar, followed by thpitareters in the columns
are not significantly different at 5% probability level (Tukey, 1949).

2 Carrdo-Panizzi (1996b).
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