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Abstract - Aloe (4loe vera L.), cucumber (Cucumis sativus L. var. tuberculatus Gabaj.) and sponge-gourd (Luffa cylindrica

L.) are well utilized in Asian countries as traditional medicines and cosmetics, or foods. And we carried out an experiment to
see if there are some specific ratios among trace metals on the plants. Though the metal concentrations varied significantly
depending on the sampling periods, aloe gel is high in iron (Fe) and calcium (Ca). Cucumber fruit juice is also high in iron (Fe)
and potassium (K). Sponge-gourd sap contains a high amount of zinc (Zn) and calcium (Ca). The uses of the previous 3 plant
parts are considered to have some relations to their different ratios and of their trace metals.
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Introduction

Sponge-gourd (Luffa cylindrica L.) is well cultivated at
home garden in Korea. And aloe (4/oe vera L.), cucumber
(Cucumis sativus L. var. tuberculatus Gabaj.) and sponge-gourd
are well utilized in Asian countries as traditional medicines
and cosmetics, or foods (Schilling and Heiser, 1981). Aloe,
known to have all-around healing property (Gjerstad and
Riner, 1968; Bouchey and Gjerstad, 1969; Chang et al.,
1993), sap and fruit juices of cucumber, and sponge-gourd
have been used as sources of bio-cosmetics, health food, and
folk medicines for asthma(lzawa, 1981). Effects of plant
medicinal components might come from the interaction with
metal components of the plants (Nakagomi et al., 1987).

Therefore, it is very interesting to know the composition of
the metal elements. However, at the same time, the composi-

tion may differ from plants to plants, if they are raised under
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different soil and climate conditions (Park et al., 1996), and it
will vary according to the sampling sites (Okusanya, 1983),
and will not be stable with some analytical problems for the
trace metals (Park et al., 2008). Until now a lot of studies on
these useful components have been performed (Gjerstad and
Riner, 1968; Bouchey and Gjerstad, 1969; Schilling and Hei-
ser, 1981). But there is few on the ratios of trace metal concen-
trations of the above mentioned plants (Park et al., 1996).
We thought that the characteristic ratios of the trace metals
have some relation to their usefulness of the previous 3 plant
parts, and we carried out an experiment if there are some
specific ratios among trace metals on the plants. The main
objective of this study is to find out the relation among trace
metals in the three types of plants: aloe, cucumber, and
sponge-gourd. In Republic of Korea, aloe, cucumber, and
sponge-gourd are usable for good effect on human health.
Authors are interested to investigate “Are there ratios among
some trace metals in such plants for the human health?”, and

to know from the present research “Which is more important,
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the higher metal contents itself or their ratio among the trace
metal contents?” Besides we want to know whether the ratio
itself changed between the growing seasons for some trace

metals.

Materials and Methods

Aloe and sponge-gourd samples were prepared based on
the methods of Chang et al. (1993). Sap sample of the cucumber
was collected on September 16, 1991, and juice from the
immature cucumber was taken two times, and they were kept
at a low temperature or frozen for using as samples. Sponge-
gourd plants were sampled twice each for the sap collection
and the juice extraction for analysis. The first sap was
collected by cutting the stem 15 days before the fruit harvest
(October 24, 1991), and the second sap sampling was done 5
days after the harvest. For sampling the first fruit juice of the
sponge-gourd plant, unripe fruits were pressed 15-30 days
before harvest. Second fruit juice sample was collected by
pressing the unripe fruit 5 days after the harvest.

Two hundred milligrams each of aloe parts and 10 ml each
of sap and fruit juice of cucumber and sponge-gourd were
used for potassium (K), calcium (Ca), and magnesium (Mg)
analyses based on the atomic absorption spectrophotometric
method (Baird, model Alpha-4, United Kingdom(UK)).
Concentrations of iron (Fe), manganese (Mn), zinc (Zn), and
copper (Cu) were determined using an another atomic absor-

ption spectrophotometer (Varian, model Spectr AA-30)(Norin
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Suisan-sho, 1979).

Results

Metal concentrations of gel and skin parts of aloe plant

Table 1 shows the metal composition of aloe aged over 4
years old. On a dry matter basis, Fe, Mn, and Cu contents of
the gel part were 2-fold higher than those of the skin parts.
Potassium content of the skin part was two fold higher than
those of gel part. The amounts of major and trace metals are
Ca>K>Mg and Fe>Mn>Zn>Cu, respectively.

Metal concentrations in sap and fruit juice of the cucumber
plant

Table 2 shows the metal compositions of sap and fruit juice
of cucumber. Though other metals’ concentrations differed,
the value of Mg concentration was similar both in the sap and
the fruit juice. Calcium concentration of the sap was two- to
four fold higher than that of the fruit juice, while K concen-
tration of the fruit juice was nearly tenfold higher than that of
the plant sap.

Higher concentrations of Fe, Mn, Zn, and Cu were found in
the fruit juice than in the sap of cucumber plant. Among the
trace metals in the fruit juice of the plant concentrations of Fe
and Mn tended to be higher in the first sampling period, while
those of Zn and Cu did vice versa. And this tendency is similar
to that of fruit juice of sponge-gourd plant (Table 3). From

Table 2, the metal orders in the cucumber fruit juice were

Table 1. Metal composition of aloe (4loe vera L.) D (mg/g DW 2))
Plant Part K Ca Mg Fe Mn Zn Cu
Gel 214 142.0 9.6 2.08 0.46 0.09 0.02
Skin 39.1 101.0 7.1 0.94 0.13 0.06 0.01
Y dried at the temperature of 80°C,
2 dry matter basis.
Table 2. Metal composition in sap and fruit juice of cucumber (Cucumis sativus L. var. tuberculatus Gabaj.) (mg/L)
Plant Part Period K Ca Mg Fe Mn Zn Cu
Sap 152 339 114 3.8 0.8 1.4 0.4
Fruit juice Ist 1380 84 119 11.7 1.9 32 0.7
Fruit juice 2nd 2030 169 167 8.0 1.2 3.6 0.8
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Table 3. Metal concentration in sap and in fruit juice of sponge-gourd (Luffa cylindrica L.) (mg/L)
Plant Part Period K Ca Mg Fe Mn Zn Cu
Sap Ist 19 232 15 0.9 0.2 1.0 0.2
Sap 2nd 15 20 16 1.9 0.4 1.7 0.2
Fruit juice Ist 1350 180 110 5.8 9.0 22 0.3
Fruit juice 2nd 960 84 94 3.6 1.9 32 0.6

K>Mg~Ca and Fe>Zn>Mn>Cu, respectively.

Metal concentrations of sap and fruit juice of sponge-
gourd

Table 3 shows the metal concentrations of sap and fruit juice
of sponge-gourd. Magnesium concentration in the sap of sponge-
gourd was similar to that of K, but lower than Ca. The concen-
tration of Ca was the highest among the metals in the sap of
sponge-gourd. This tended similarly to the result in cucumber
sap as shown previously (Table 2). And the element Ca seemed
to be an important factor in the case of sponge-gourd sap.
However, significant variation was observed in Ca concentra-
tion between the two sampling dates. Calcium concentration
of the sap from the first sampling was ten fold higher than that
from the second sampling. Potassium concentration of the
fruit juice was the highest among the metals, and was 60-fold
higher than that of the sap. This tendency is also similar to the
result of cucumber fruit juice (Table 2).

From Table 3, the order of trace metals in the sap of sponge-
gourd was Fe~Zn>Mn>Cu. The order in the fruit juice of
sponge-gourd was Fe~Mn>Zn>Cu on the basis of the mean
value. The amount of Mn and Zn content was much different
between the sap and the fruit juice of the plant.

In detail, the Mn concentration, 9.0 (the first sampling), in
the fruit juice was high. The concentrations of Zn and Cu in
the fresh juice of the plant increased to higher values in the
second sampling period, while the other elements were higher
in the first period. The first sampling period was an unripe
stage, even though the immature fruits were taken on all the
sampling dates, and the difference of the plant maturity is
considered to be a reason of the inconsistent metal concen-
tration between the two sampling periods.

Tables 2 and 3 showed that fruit juice of cucumber had

higher contents of major and trace metals (except Ca and Mn)

than that of sponge-gourd in the present experiment. Cucum-
ber sap had higher metal contents except Zn than the same part
of sponge-gourd, and the concentrations of K and Mg in the
cucumber sap were 7-fold higher than those in the sponge-

gourd sap.

Discussion

From Table 2, it was considered in cucumber and in sponge-
gourd plants that there were an antagonism between K and Ca
contents (Foth, 1978). In Table 2, the Ca, K, and Mg contents
of cucumber fruit juice in the second period were higher than
those in the first period. This trend was similar with that of
Iwahashi et al. (1982) who have reported that Ca accumula-
ted steadily in cucumber plant during the whole experimental
period, while it was opposite to the result of sponge-gourd fruit
juice as was shown in Table 3. From Table 3, the concentra-
tions of Fe, Mn, and Zn were higher in the second sampling
period in the sap of sponge-gourd. Same result was obtained
by Park et al. (1996).

Ratio of the major and trace metal compositions of aloe,
cucumber and sponge-gourd

Table 4 shows the ratio of the major and trace metal
components of aloe, cucumber, and sponge-gourd per Mg and
Zn, respectively. Through Tables 1, 2 and 3, Mg concentra-
tion was comparatively stable and lower than Ca or K concen-
trations, and it was utilized as a basis for comparing the major
metal contents in the table.

Aloe gel, cucumber fruit juice, and sponge-gourd sap are
known to be useful for human being’s health. Shimazu H. (2006)
reported that all foods have a unique finger print. Several
metals concentrations differed and therefore they might be

fingerprints of the three plants.

542 -



At first for major metals, the Ca ratio in aloe gel, K in
cucumber fruit juice, and Ca in sponge-gourd sap per Mg was
the highest with the value of 14.7, 11.9, and 8.4, respectively.
The aloe gel has a higher Ca/Mg ratio of 14.7 with a lower
K/Mg value of 2.2, and in the plant Ca might act a more
important effect among the major metals. The trend in the
cucumber fruit juice was opposite to that of the aloe plant;
higher value was K/Mg of 11.9 with a lower Ca/Mg value of
0.88. Result showed that K had an important role. And the
ratio of Ca/Mg of sponge-gourd sap was 8.4. On the other
hand for the trace metals, the ratio in aloe gel was 23.1 Fe and
5.1 Mn per Zn. And the ratio of sponge-gourd sap 0.23 Mn, it
means that the value of Zn/Mn is larger than 4. And it can be
said that Fe and Mn seemed to be important for aloe, and Zn

for sponge-gourd sap, respectively.

Characteristics of metals composition of aloe, cucumber
and sponge-gourd
Table 5 shows the ratios of K/Mg (or Ca/Mg) and Zn/Mn

of cucumber and sponge-gourd plants depending on sampling
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period. The value of Zn/Mn in this table is controversial
figure to that Mn/Zn shown in the previous Table 4.

The Zn/Mn ratio varied significantly on a different period
in cucumber plant, while Ca/Mg did in sponge-gourd plant.
Here, the value of its sap was 15.4 on the first period, and
Zn/Mn for cucumber fruit- juice was larger on the second
sampling period, and the value was 3.0. It can be said that the
Ca in sponge-gourd sap was effective on an earlier period, and
that Zn in cucumber fruit- juice did on a later period. There-
fore, it might be said that Zn is effective for cucumber plant
and that Ca is effective for sponge-gourd sap.

As aresult, it is concluded that aloe gel contains very high
Fe/Zn, high Ca/Mg, and high Mn/Zn; cucumber fruit juice
does very high K/Mg and high Zn/Mn depending on sam-
pling period; and sponge-gourd sap does very high Zn/Mn
and high Ca/Mg depending on period.

Calcium is poorly absorbed in the human intestinal tract,
and the rate of Fe absorption is extremely slow (Guyton, 1981).
Due to high Ca concentration ratios among the major metals

in aloe gel and in the sap of sponge-gourd and high Fe

Table 4. Ratio of major and trace metal components of aloe (4loe vera L.), cucumber (Cucumis sativus L. var. tuberculatus Gabaj.)
and sponge-gourd (Luffa cylindrica L.) per magnesium and zinc, respectively

Species Plant part K/Mg Ca/Mg Fe/Zn Mn/Zn Cu/Zn
Aloe Gel 2.2 14.7 23.1 5.1 0.22
Aloe Skin 5.5 14.2 15.6 2.1 0.16

Cucumber Sap 1.3 2.9 2.7 0.57 0.28
Cucumber Fruit juice 11.9 0.88 2.8 0.44 0.20
Sponge-gourd Sap 1.1 84" 1.0 0.23 0.15
Sponge-gourd Fruit juice 11.3 1.2 1.7 2.0 0.14

Y between the two sampling dates, there was a big difference in Ca concentrations around 10 times.

Table 5. The ratios of K/Mg (or Ca/Mg) and Zn/Mn of cucumber (Cucumis sativus L. var. tuberculatus Gabaj.) and sponge-gourd

(Luffa cylindrica L.) plants depending on sampling period b

Sampling Period Cucumber Plant Part K/Mg Zn/Mn
Ist Fruit juice 115 1.6
2nd Fruit juice 12.1 3.0
Sampling Period Sponge-gourd Plant Part Ca/Mg Zn/Mn
Ist Sap 154 5.0
2nd Sap 1.2 4.2

Y The figures appeared in bold type show the meaningful values.

543 -



Korean J. Plant Res. 22(6) : 540 ~ 545 (2009)

concentration ratio among trace ones in aloe gel (Tables 4 to
5), the two elements seem to be easily absorbed into the body.
In addition, metal elements, present as metallic ions in solu-
tion, are readily absorbed in animal body (McDonald et al.,
1985). With Zn treatment, appetite improved, taste became
normal, and catch up growth occurred (Berkow et al., 1992),
whereas manganese (Mn) is a component of several enzyme
systems and is essential for normal bone structure (Berkow et
al., 1992).

The sap of sponge-gourd exists as liquid, and aloe gel is in
near liquid condition (99% of water content); therefore, the
metals might have higher availability in the body. Thus, Fe,
Ca and Mn in aloe gel might be absorbed by the human body
at a high rate, and in cucumber fruit juice, K and Zn depen-
ding on sampling period, and also in sponge-gourd sap, Zn
and Ca depending on period might be absorbed efficiently,
respectively.

It is considered that aloe gel contains very high Fe/Zn, high
Ca/Mg, and high Mn/Zn; cucumber fruit juice does very high
K/Mg and high Zn/Mn depending on sampling period; and
sponge-gourd sap does very high Zn/Mn and high Ca/Mg
depending on period. It is necessary to study the different
ratios of the trace metals in detail, for example, with respect to
the utilization as traditional medicines and cosmetics, or foods
(Schilling and Heiser, 1981).

Future study on what kind of ratio in trace metals on the
different seasons will have an favorable effect (or effects) on
the human health.
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