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Abstract — The objectives of this work were to analyze seeds from 20 trees of aroeira (Myracrodruon
urundeuva Fr. All.) of a natural population located in the region of Selviria, State of Mato Grosso do
Sul, Brazil, in order to evaluate their protein, lipid and carbohydrate contents, and to estimate their
genetic variation. A completely randomized experimental design consisting of 20 treatments (families)
was set up, with two replications. Four types of proteins were detected: albumin (35.0 to 107.3 mg/g
seed), globulin (3.4 to 9.3 mg/g), prolamin (60.0 to 135.2 mg/g) and glutelin (118.0 to 286.0 mg/g). The
lipid content varied between 200 and 334 mg/g seed. The total sugars also varied (26.5 to 46.3 mg/g
seed), with a predominance of polyols (arabinitol, mannitol, glucitol and xylitol). The main monosac-
charides detected were glucose and arabinose. Total hydrolysis of the sugars indicated the presence of
neutral arabinan and xylan oligosaccharides. The starch content varied from 0.35 to 1.58 mg/g seed.
These biochemical traits showed considerable genetic variability, indicating that only the collection of
seeds from many different trees can provide a representative sample of the population for conservation
and genetic improvement.

Index terms: Myracrodruon urundeuva, seed, proteins, lipids, carbohydrates, evaluation.

Caracteres bioquimicos de interesse para a determinacio
da variacao genética em uma populacio natural de aroeira

Resumo — Os objetivos deste trabalho foram analisar sementes de 20 arvores de aroeira (Myracrodruon
urundeuva Fr. All.) de uma mesma populacdo na regido de Selviria, MS, quanto ao seu contetido de
proteinas, lipidios e carboidratos, e os niveis de variagdo genética existentes em relagdo a esses compos-
tos. O delineamento experimental usado foi o inteiramente casualizado com 20 tratamentos (familias) e
duas repeti¢des. Foram detectados quatro tipos de proteinas: albumina (35,0 a 107,3 mg/g de semente);
globulina (3,4 a 9,3 mg/g); prolamina (60,0 a 135,2 mg/g) ¢ glutelina (118,0 a 286,0 mg/g). Os teores
lipidicos apresentaram uma variagdo de 200 a 334 mg/g de semente. Os aglicares totais apresentaram
uma variagdo de 26,5 a 46,3 mg/g de semente, com predominédncia dos polidis: arabinitol, manitol,
glucitol e xilitol. Os principais carboidratos detectados foram glicose e arabinose. A hidrélise total dos
acucares indicou a presenga de arabinana neutra e oligossacarideos de xilana. O conteudo de amido
variou entre 0,35 ¢ 1,58 mg/g de semente. Os caracteres bioquimicos estudados mostraram grande
variabilidade genética, indicando que a coleta de sementes em varias arvores constitui uma amostragem
mais representativa da populagao, tanto para fins de conservagao como para o melhoramento genético.

Termos para indexag@o: Myracrodruon urundeuva, semente, proteinas, lipidios, carboidratos, avaliacdo.

Solteira, Av. Brasil Centro, 56, CEP 15385 Ilha Solteira,

@ Accepted for publication on August 30, 2001. SP. E-mail: teixeira@agr.feis.unesp.br, sa@agr.feis.unesp.br
Supported by Fapesp. @USP, Fac. de Ciéncias Farmacéuticas de Ribeirdo Preto, Av.

@ Universidade de Sao Paulo (USP), Fac. de Filosofia, Cién- do Café, s/n, CEP 14040-903 Ribeirdo Preto, SP.
cias ¢ Letras de Ribeirdo Preto, Av. Bandeirantes, 3900, E-mail: cvrechia@fcfrp.usp.br

CEP 14040-901 Ribeirao Preto, SP. ®)USP, Fac. de Filosofia, Ciéncias e Letras de Ribeirdo Preto,
E-mail: mila_abdala@hotmail.com, jarbas@ftclrp.usp.br Dep. de Biologia. Bolsista do CNPq. E-mail:
G Universidade Estadual Paulista, Fac. de Engenharia de Ilha polizeli@ffclrp.usp.br

Pesq. agropec. bras., Brasilia, v. 37, n. 7, p. 909-916, jul. 2002



910

Introduction

The aroeira (Myracrodruon urundeuva Fr. All.),
an arborescent species of Anacardiaceae, has a wide
geographical distribution which extends from north-
eastern Brazil to northern Argentina. The wood of
this species has a high mechanical resistance and
natural durability, a density of 1.19 g/cm?, and infu-
sions from the plant possess various medicinal prop-
erties such as haemostatic and comfort in respira-
tory and urinary diseases, sore throat and gastritis
(Nogueira, 1977; Mainieri et al., 1983; Santin, 1989).
Rural populations of Northeast, Southeast and Cen-
tre West use the species in such an extent that it is
now at risk of extinction.

Knowledge on the chemical composition of fruits
and seeds is of fundamental both on diets and other
applications. Thus, many researches have been car-
ried out with (on) cereals, legumes, fruits and seeds
which are major sources of nutrients in human food.
However, the chemical constitution of fruits and seeds
of arboreal species is not well known, specially those
used for wood extraction. These species are also very
important to the survival of the fauna, which inhab-
its the tropical forests. Moreover, it may serve as
source of medicine for population groups. Thus, their
seeds or fruits may contain important chemical con-
stituents.

The objectives of this work were to analyze seeds
from 20 trees of aroeira for their proteins, lipids and
carbohydrates contents, and to estimate their ge-
netic variation.

Material and Methods

Aroeira seeds were collected in September 1996 of 20
open-pollinated trees from Selviria, in Mato Grosso do
Sul State, Brazil. Since the seeds are intimately associated
with the fruit and separation of the two is very difficult,
this work was carried out with whole aroeira fruits (fruit +
seed). This approach is commonly used for forest species
(Figlioliaet al., 1993).

Protein

Proteins were extracted based on their solubility ac-
cording to Garcia-Agustin & Primo-Millo (1989). All steps
were carried out at 4°C. The seeds were homogenized
(0.5 g/10 mL) in distilled water (albumin) in a Polytron-
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type homogenizer at maximum speed for 15 seconds and
then extracted consecutively with 5% (w/v) sodium chlo-
ride (globulin), 60% (v/v) ethanol (prolamin) and 0.4% (w/v)
sodium hydroxide (glutelin). The extracts were centrifuged
at 20,000 g for 20 minutes at 4°C. An aliquot of each ex-
tract was taken and used for protein quantification (Lowry
et al., 1951) using bovine serum albumin as a standard.

Soluble sugars

For the analysis of soluble sugars, the seeds were ho-
mogenized (0.5 g/10 mL) with 80% (v/v) ethanol and main-
tained at 80°C for 10 minutes. The cold mixture was cen-
trifuged (2,000 g, 10 minutes), and the sugars in the super-
natant (6A) were determined by the phenolsulphuric
method (Dubois et al., 1956) using glucose as a standard.
Duplicate samples of the tree with the highest carbohy-
drate content (tree number 6) were: (i) hydrolyzed, re-
duced and acetylated; (ii) reduced and acetylated; or
(iii) acetylated. Total acid hydrolysis (Mankarios et al.,
1979; Selvendran et al., 1979) was performed with 1M
trifluoracetic acid at 100°C for 5 hours, followed by reduc-
tion with sodium borohydride and acetylation with pyri-
dine-acetic anhydride (1:1 v/v, 15 hours, 25°C). The re-
sulting alditol acetates were analyzed by gas-liquid chro-
matography (GLC; GC-14A Shimadzu chromatograph)
with 3% of OV-225 column (0.2 cmi. d. x 170 cm) and a
Gas Chrom Q support at 170°C. The carrier gas was ni-
trogen (30 mL min!).

Uronic acids

Uronic acids were determined by the
m-hydroxybiphenyl method (Blumenkrantz & Asboe-
Hansen, 1973) using glucuronic acid (1 mg/mL) as standard.

Starch

Starch was determined by a modification of the method
described by Rick & Stegbauer (1974). The precipitated
material obtained following extraction with boiling 80%
ethanol was washed twice with distilled water, suspended
in 3 mL 0.1 M KOH, and the mixture boiled for 15 min-
utes to solubilize the starch. After adjusting the pH to 6.5,
7 mL 50 mM sodium acetate buffer, pH 6.0, containing
10 mM NaCl was added and the mixture was incubated
for 24 hours under continuous agitation at 60°C in the
presence of 2 mL fungal glucoamylase (Cereia et al., 2000).
The mixture was boiled for 5 minutes and centrifuged
(1,200 g, 15 minutes). The precipitate was washed twice
and the supernatants combined. The glucose formed was
quantified by the glucose oxidase method (Bergmeyer &
Bernt, 1974) using a kit from Labtest (Brazil).
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Lipid

The lipid fraction was extracted according to Radin
(1969). Seeds were homogenized (0.5 g/10 mL) in
chloroform:methanol (2:1 v/v) and the mixture centrifuged
at 2,000 g for 5 minutes at room temperature. The super-
natant was removed and the precipitate re-extracted with
chloroform:methanol. The supernatants were combined
and an equal volume of 2.0 M KCI added. After separa-
tion of the phases, the organic phase was transferred to a
previously weighed beaker and the aqueous phase re-ex-
tracted with the same volume of chloroform:methanol. The
organic phases were combined, evaporated at 37°C and the
amount of lipids determined by the difference in mass. All
reagents were of the best commercially available quality.

A completely randomized design with 20 treatments
(families) with two replications was used in this work.
Each family was represented for 0.5 g of aroeira seeds.
Estimates of variance components for all random effects
were obtained by equating observed mean squares to their
expected values. The variance component of open-polli-
nated half-sib families was assumed to estimate one quar-
ter of the additive genetic variance. After variance, compo-
nents were obtained from analysis of variance (Table 1).
The genetic parameters was calculated accor-
ding to Vencovsky & Barriga (1992): (a) among

N . i R2 A ~AD ~AD .
families means heritability: h? = Gp/(Gp +(62/r):
(b) genetic coefficient: CV, = 100.6p/m and (¢)
ratio: b = CVg / CV , were Gi = variance due to differences
among families; G2 = variance due to error; r = number of
replication; CV = coefficient of variation.
Path-coefficient analysis using estimates of genetic
correlation and their evolution in direct and indirect effects
was done to examine in detail the effects of each constitu-
ent, including protein fractions, relative to the total pro-
tein content. Path-coefficient analysis was according to

Cruz & Regazzi (1994), using the GENES program devel-
oped by Cruz (1997).

Results and Discussion

Significant differences among seeds were detected
for all substances, indicating that there is genetic
variation within the population studied (Table 2). The
starch content was evaluated in only a single sample
(no statistical analysis), though the results clearly
showed variation in this trait among the Selviria aroeira
seeds, perhaps because the population was of wild
origin. The coefficient of variation was less than 10%
for all of the investigated traits.
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There was a predominance of protein (36.3%) fol-
lowed by lipids (26.5%), with soluble sugar (3.5%)
and starch (0.1%) representing small proportions;
unidentified substances accounted for about 15.2%
of'the total material (Table 3). The separation of pro-
teins into fractions according to their solubility indi-
cated that there was a predominance of glutelins
(53.2%) followed by prolamins (25.5%) and albumins
(19.8%); globulins accounted for only a minor por-
tion (1.5%) of the total protein content.

It is uncertain whether the amounts recorded for
these fractions truly reflect the protein reserve
present in embryonic tissue (cotyledons), or if other
parts of the seeds or of the fruits may also have
contributed to the final result. Glutelins, which are
the main reserve proteins in monocotyledons but
uncommon in dicotyledons (Bewley & Black, 1978,
1982, 1994; Mayer & Poljakoff-Mayber, 1989), pre-
dominated in M. urundeuva seeds. Other dicotyle-
don species which exhibit significant amounts of
glutelins in their seeds include Nicotiana sp. (Mayer
& Poljakoff-Mayber, 1989), Castanea sativa,
C. crenata (Collada et al., 1986) and Euphorbia
heterophylla (Suda & Giorgini, 2000). In
Nicotiana sp. and in both species of Castanea,
glutelins represent 50% and 30%, respectively, of
the total seed protein. Prolamins are generally ab-
sent in the seeds of dicotyledons, occurring only in
the gramineae (Shewry et al., 1995). On the other
hand, the occurrence of globulins is very common in
the seeds of dicotyledons (Miintz, 1996) and the
seeds of M. urundeuva had a very low amount of
this fraction. The foregoing comparisons refer mainly
to cereal and leguminous seeds, since there are no
data for the fruits or seeds of forest trees.

After proteins, the lipid fraction is the next most
important constituent of aroeira seeds (Table 3).
The constitution of this fraction was not investigated
in detail, however, the predominant lipids in the seeds

Table 1. Expected mean squares for the analysis of vari-
ance.

Source DF Expected mean squares
Family (p-1) 6’ +r1.0;

Error p(r-1) o’

Total pr-1
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are triglycerides containing unsaturated fatty acids
(Carvalho & Nakagawa, 1983). In some species which
are known to be rich in lipids, such as Macadamia
ternifolia, Bertholletia excelsa, Corylus avellana,
Elaeis guineensis and Euphorbia heterophylla, lip-
ids constitute more than 50% of the seed dry weight
(Bewley & Black, 1978; Suda & Giorgini, 2000).
Medeiros (1996) observed means of 28.0% up to
35.6% oil content in the seeds of M. urundeuva col-
lected in Northeast Brazil.

The content of soluble sugars in M. urundeuva
seeds was very low when compared to the other con-
stituents. Soluble sugars are generally not the main
carbohydrate seed reserve (Bewley & Black, 1994)
and in many cases constitute less than 10% of the
dry mass, as has been shown for several species
(Juliano & Varner, 1969; Palmiano & Juliano, 1972;
Ferreira et al., 1979; Umezurike & Numfor, 1979;
Adams et al., 1980; Cardemil & Reinero, 1982;
Steadman et al., 1996). In contrast, higher levels of
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these sugars have been found in embryos, such as
in corn where sucrose accounts for 17% of the em-
bryonic dry mass (Williams & Leopold, 1989) and in
Euphorbia heterophylla where the soluble sugars
account for about 12% of the dry mass (Suda &
Giorgini, 2000).

The soluble ethanol fraction of sugar was not the
most representative in the aroeira, but was neverthe-
less analyzed (Table 4). In progeny number 6, the
carbohydrates were mostly of the neutral type
(95.9%), only 4.1% being uronic acids. Seeds were
extracted with ethanol, resulting in two fractions (6A
and 6B). The polyols, arabinitol, glucitol, mannitol
and xylitol were detected in 6A and 6B by gas-liquid
chromatography, in the molecular ratios of 59:23:15:3
(6A)and 55:22:20:3 (6B). The reducing monosaccha-
rides in the same fractions were also determined by
GLC (Table 4) and included arabinose, glucose, man-
nose, xylose and rhamnose. The principal com-
pounds were glucose (78%; 6A) and arabinose (44%;

Table 2. Chemical composition of seeds (mg/g) from a population of Myracrodruon urundeuva from Selviria, MS.

Family Albumin Globulin  Prolamin Glutdin Total Lipid Soluble Starch
protein sugar

1 84.8 7.63 132.0 286.0 5105 289.0 36.3 0.72
2 95.6 9.22 68.7 134.2 307.6 2075 30.2 0.86
3 35.0 3.37 108.8 192.8 340.0 200.0 415 0.88
4 71.2 6.13 84.0 118.1 279.4 269.5 33.6 1.58
5 85.2 6.94 104.8 159.9 356.8 247.0 29.3 0.78
6 70.6 4.80 115.7 156.2 347.3 305.5 46.3 0.46
7 70.2 5.30 135.2 220.0 430.7 225.0 41.8 0.59
8 415 4.46 83.6 230.5 360.1 2425 39.3 0.35
9 107.3 451 925 204.7 409.0 268.0 27.8 0.39
10 70.7 4.30 92.7 204.9 372.6 289.5 26.6 0.61
11 67.6 5.45 103.0 236.8 412.8 3345 35.3 1.08
12 55.7 5.57 100.1 192.9 354.2 243.0 27.3 0.95
13 44.0 5.24 77.6 207.0 3339 2385 37.1 1.01
14 80.2 6.18 92.2 218.7 397.3 2515 33.8 1.07
15 68.1 3.65 64.3 169.6 305.6 262.6 40.0 0.44
16 57.8 7.37 83.2 246.7 395.0 2675 432 0.35
17 93.7 4.84 94.9 264.9 458.3 3175 26.6 0.80
18 60.9 7.14 59.7 196.0 323.7 240.0 34.1 0.57
19 70.5 3.42 80.7 125.7 280.4 309.5 31.8 1.00
20 104.9 5.55 80.3 136.8 3275 283.0 28.5 1.08
Mean 718 5.56 92.7 195.1 365.1 264.6 345 0.78
SE 49 0.31 4.1 10.1 14.1 16.7 2.4 0.31
F 16.2 23.62 24.1 21.4 17.7 4.6 6.2 -
Pr>F 0.0001 0.0001 0.0001 0.0001 0.0001 0.0006 0.0001 -
CV (%) 9.7 8.0 6.3 7.3 55 8.9 9.9 -
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6B). The increase in arabinose and xylose concen-
trations after the low-molecular mass carbohydrate
from fractions 6A and 6B were hydrolyzed strongly
suggests the presence of arabinan and xylan oli-
gosaccharides in aroeira seeds. Analyses of low
molecular mass carbohydrates demonstrated that
aroeira seeds are a potential source of arabinan and
xylan oligosaccharides. Arabinan oligosaccharides
have been used to generate monoclonal antibodies
specific for the linear chain of arabinan (Willats et al.,
1998). These findings could provide an important
tool for localizing arabinans or xylans in plant tis-
sues or cell cultures (Tables 2 and 3). The main car-
bohydrate detected in the insoluble material was
starch, although it occurred in low amounts (0.08%)

Table 3. Mean values of chemical composition of
Myracrodruon urundeuva seeds.

Compounds? %  Protein fractions® %
Total protein  36.3 Glutelins 53.2
Lipids 26.5 Prolamins 255
Sugar 35 Albumins 19.8
Starch 0.1 Globulins 15
Others 15.2 - -

(DThe components are expressed as a percentage of the whole seed weight.
(The protein fractions are expressed as percentages of the total protein.
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indicating that starch is not an important constitu-
ent in aroeira seeds. These findings contrasts with
other species which are important sources of starch.

High values of heritability on a family mean bases
indicate a strong genetic effect on these traits
(Table 5). Although comparison between aroeira and
other data in literature is difficult, moderate to high
estimates of heritability in the oil content of soybean
seeds have been reported (Miranda et al., 1998). The
ratio (b) was greater than 1.0 for all of the traits, indi-
cating that these traits are not influenced very much
by the environment and could be used in breeding
programs (Vencovsky & Barriga, 1992). Genetic vari-
ability (CVg) remained greater than 20% for each pro-
tein fraction, followed by the soluble sugar and lipid
fractions. These findings suggest that more detailed
studies on protein variability in aroeira seeds are
important in order to guarantee the genetic variabil-
ity and conservation of aroeira populations.

The genetic correlation between biochemical vari-
ables and the total protein showed medium to high
averages for prolamins and glutelins, low values for
lipids, albumins, and globulins, and no relation with
the soluble sugars (Table 6). The largest observed
direct effect was for glutelin relative to the total pro-
tein content. The indirect effects of the soluble sug-

Table 4. Composition of monosaccharides of Myracrodruon urundeuva seeds.

Fractions Neutra  Uronic acid Neutral monosaccharides (g%)®
sugar (g%) (9%) Arabinose  Glucose Manose  Rhamnose  Xylose
6A 96.1 39 14.4 78.0 4.6 - -
6B 95.7 4.3 444 40.1 9.0 34 31
(MAs alditol acetates on a column of OV-225.1.
Table 5. Estimates of some genetic parameters for biochemical traits in Myracrodruon urundeuva seeds.
Parameters?  Albumin  Globulin Prolamin Glutdin ~ Total protein  Lipid Soluble
sugar
(mg/g)
6; 1,476.6 8.93 1,554.00 8,341.5 1,3297.8 0.004 30.63
F]ﬁ1 0.94 0.96 0.96 0.95 0.9 0.79 0.84
6 2.76 3.36 3.40 3.19 2.89 1.35 1.61
CV,4(%) 26.8 26.9 21.3 234 15.8 12.1 16.0

(”hi: Heritability estimates in the narrow sense; CVg (%): genetic coefficient of variation in %; 6;: genetic additive variance estimate; D: ratio

between CVg/CV.
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Table 6. Results of path-coefficient analysis of the direct and indirect genetic associations of six biochemical traits with

total protein content.

Correlation Albumin Globulin Prolamin Glutelin Soluble Lipid
sugar

Dueto direct effects 0.35 0.02 0.34 0.80 0.01 -0.01

Dueto indirect effects
Viaabumin - 0.11 0.00 -0.05 -0.21 0.14
Viaglobulin 0.01 - 0.00 0.00 0.00 -0.01
Viaprolamin 0.00 -0.02 - 0.13 0.09 0.05
Viaglutelin -0.13 0.05 0.32 - 0.09 0.17
Viasoluble sugar -0.01 0.00 0.00 0.00 - 0.00
Vialipid 0.00 0.00 0.00 0.00 0.00 -

Total genetic correlations 0.22 0.16 0.66 0.88 -0.02 0.34

ars and of the lipids relative to the correlation be-
tween the total proteins and to the different types of
proteins were practically zero. Therefore, the corre-
lation between the soluble sugars and the lipids in
relation to the total proteins had an important indi-
rect effect on albumins, glutelins, and prolamins, and
the indirect effect on globulins which was neutral.

Conclusions

1. These biochemical traits show considerable
genetic variability, indicating that only the collec-
tion of seeds from many different trees can provide a
representative sample of the population for conser-
vation and genetic improvement of the aroeira.

2. The main chemical component of aroeira seeds
is protein 36.3% (glutelins, prolamins, albumins and
globulins) followed by lipids (26.5%), with soluble
sugar (3.5%) and starch (0.1%); unidentified sub-
stances accounted for about 15.2% of the total mate-
rial.

3. Aroeira seeds are a potential source of arabinan
and xylan oligosaccharides.

4. Genetic variability (CVg) remains greater than
20% for each protein fraction, followed by the soluble
sugar and lipid fractions; the results show variation
in this trait among the Selviria aroeira seeds.
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