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AMPLES of water-hyacinth were collected from the main stream

of Nile River near the location of El-Kanater El-Khayria. Plant
samples were taken at three intervals during March, August and
December during the years 2014 and 2015 to study the seasonal
variation. The harvested plants were divided into leaves, stems and
roots and were subjected for general analysis of crude protein, ash,
crude fat, fibers and nitrogen free extract.

Meanwhile, sugars and carbohydrates were determined in the
different plant samples. Plant stems showed maximum reducing
sugars content. On the other hand, leaves demonstrated the highest
level of both non-reducing and total sugars. The mineral analysis
revealed that sodium, potassium, magnesium and calcium were found
in relatively higher level. Iron, zinc and manganese were within
moderate concentration. Copper, lead and cobalt detected in plant
tissues were in minor amounts. Results indicated that the level of the
determined chemical contents depended mainly on the sampling date
and the plant organ.

Water-hyacinth (Eichhornia crassipes) is an important aquatic plant that is
widely spreading in many countries in the world. The chemical composition of
water-hyacinth varies considerably according to the location and season 2.

El-Kadi® mentioned that constituents of dried water-hyacinth on dry weight
basis were 10% crude protein, 11% ash and 79% organic matter. Fayed and
Abdel-Shafy® confirmed that the dry matter content of different plant organs of
water hyacinth is within 6.87, 4.22 and 7.88% for leaves, stems and roots,
respectively.

Fayed and Abdel-Shafy®® found that the hay prepared from water-hyacinth
contains 10.76 crude protein, 4.94% fat, 17.9% crude fibers, 44.3% nitrogen
free extract, 22.1% ash, 1.42% calcium and 0.58% phosphorus.
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Abou-Bakr et al. “ reported that water-hyacinth contains 49.6% protein,
16 % total lipids, 26.9% total carbohydrates, 11.7% fibers and 5.8% ash.

Meanwhile, different investigators ®® showed that water-hyacinth has the
ability to uptake toxic heavy metals such as cadmium, zinc, copper and lead
within their tissues. They, therefore, concluded that such plants could be used as
a biological indicator for environmental contamination by heavy metals. The
same conclusion was stated by other investigators . The following ranges:
63-277, 220-280, 55-60, 5-10 and 0 - < 5 mg/l for Fe, Mn, Zn, Cu and Pb
respectively were reported by several investigators © 9.

There has been an emphasis on converting aquatic weeds into useful
resources, including animal feed, composted fertilizer or for bio-energy
production via anaerobic conversion “°~*¥_ In this respect, it was stated that the
presence of heavy metals in the plant could have negative impact on the energy
production 19,

Several experiments were conducted to study the possibility of using of
water-hyacinth as animal feed stuff @®. Meanwhile, several attempts were
carried out for utilization of water-hyacinth as a compost fertilizer ¢ 1719,

The most economic value, however, of these aquatic plants is their potential
effect for the removal of heavy metals from wastewater. Several reports showed
that water-hyacinth has moderate capacity to accumulate heavy metals from
contaminated aquatic system @. That is why the aquatic plants are commonly
employed in the artificial wetlands system for the treatment of wastewater %29,

The aim of the present study is to investigate the chemical composition,
macro-elements including , sodium, potassium, calcium as well as the level of
heavy metals in the water-hyacinth (Eichhornia crassipes) plant. This study is
concerned with the water-hyacinth plants that are collected from the aquatic
environment of the Nile River around Cairo, Egypt.

Materials and Methods

Samples of water-hyacinth were collected from the main stream of Nile
River near the location of El-Kanater EI-Khayria. Plants were harvested during
March, October and December, for two successive years namely, 2014 and
2015 to represent the different stages of growth as well as the seasonal
variation.

Samples were washed and brought to the laboratory in polyethylene bags.
Each plant sample was partitioned into leaves, stems and roots. All the
partitioned plant parts were immersed in 95% ethyl alcohol to stop enzymatic
activities.
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These samples were used for the determination of chlorophyll, sugars,
and carbohydrates and free amino acids content analysis. Other fresh samples of
leaves, stems and roots were oven dried at 70°C for 24 hr, the dried plant
materials were kept for the other chemical analysis.

Determination of ash
Other samples were ash dried using a muffle heater at 800°C for 24 hr as
described by A.0.A.C., 1985 @ for the determination of the ash contents.

Determination of nitrogen, protein, crude fat and crude fibers
Total organic nitrogen and crude protein were determined by the usual
Kjeldahl method ®®.

For the determination of crude fat: Total lipids were extracted in a soxhlet apparatus
at (60-80°C) for 8 hrs using petroleum ether according to A.O.A.C., 1985@®.

Crude fibers were estimated by the subsequent boiling in sulphuric acid (200
ml, 1.25% W/V) and sodium hydroxide (200 ml, 1.25%) as described by
A.O.AC., 1985

Determination of the nitrogen free extract
Nitrogen free extract was calculated by differences.

Determination of total carbohydrates and sugars content

Total carbohydrates were hydrolyzed using 1 N sulphuric acid in sealed
tubes at 100°C for 24 hr. Total soluble sugars were extracted by 80% ethanol for
6 hr. Total carbohydrates and sugars were determined using the method
described by Dubois et al.®”. Reducing sugars were determined in the ethanol
extract according to A.O.A.C. method ©®.

Determination of metals content

The dried samples were digested in Kjeldah flasks using a mixture of nitric-
perchloric-sulphuric acid mixture (3 : 2 : 1 by volume as V/V/V). After
complete digestion, the solution was cooled and transferred into a volumetric
flash and made up to the volume with double distilled water. Na, K, Ca, Mg, Fe,
Mn, Cu, Zn, Pb and Co were determined in the liquid sample solution using
Unicom Sp. 1900 Atomic Absorption.

Results and Discussion

General analysis

The percentages of crude protein, ash, fat, fibers and nitrogen free extract of the
dried material are presented in Table 1. In general, results demonstrate minor
variation between leaves, stems or roots regarding to their chemical composition.
However, the sampling season on which the plant materials were collected showed
little variation in the chemical constituents. Crude proteins showed higher values in
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samples collected during March (spring season) or August (summer season) rather
than those harvested in December (winter season). That holds true for both the
studied seasons during 2014 and 2015. On the other hand, both leaves and stems
exhibited slight increase in their proteins content as compared with the roots. Ash
content showed maximum concentration during March. The highest ash content was
detected in leaves during the two successive seasons.

TABLE 1. Chemical composition of the dried water-hyacinth plant as the level of
crude protein, ash contents, crude fat, fibers and the nitrogen free
extract as distributed in different parts of the plant (values are
expressed as gm/100gm Dry Wit).

Sampling Season, 2014 Season, 2015
dates | March | August | December | Mean | March [ August | December| Mean

Crude

Protein

Leaves 15.86 | 16.81 1386 | 1551 | 16.81 | 17.35 14.85 16.34
Stems 17.21 | 16.03 12.51 1525 | 1835 | 1821 1321 16.57
Roots 1643 | 15.21 1233 | 14.66 | 17.26 | 17.22 12.98 15.82
Mean 165 | 16.02 129 17.47 | 17.59 13.66

ASH

Leaves 17.11 | 12.83 1233 | 14.09 | 18.08 | 1351 12.53 1471
Stems 14.83 | 10.16 1022 | 11.74 | 1513 | 12.26 11.82 1307
Roots 1522 | 11.25 1185 | 12.77 | 16.28 | 10.35 10.31 1231
Mean 1572 | 1141 1147 16.49 | 12.04 11.55

Crude Fat

Leaves 285 | 4.36 5.96 436 | 308 | 511 5.92 4.70
Stems 1.89 3.25 3.98 304 | 211 4.21 4.36 3.56
Roots 2.08 3.93 3.11 304 | 243 | 385 4.08 3.45
Mean 2.27 3.85 4.32 2.54 4.39 4.79

Fibers

Leaves 21.15 | 18.87 1835 | 1946 | 19.11 | 17.65 19.16 18.64
Stems 25.30 | 19.36 2245 | 2237 | 2356 | 18.34 21.35 21.08
Roots 2486 | 20.21 2316 | 2274 | 2511 | 19.85 22.38 22.45
Mean 2377 | 19.48 21.32 2259 | 1861 20.96
Nitrogen
Free Extract

Leaves 4303 | 4713 49.60 | 46.59 | 42.92 | 46.38 47.54 45,61
Stems 40.77 | 51.20 50.84 | 47.60 | 40.85 | 46.98 49.31 45.71
Roots 4141 | 49.40 49.55 | 46.79 | 38.92 | 48.73 50.31 45.99
Mean 41.74 | 49.24 49.99 40.89 | 47.36 49.05
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Naturally, fat was found relatively within low concentration in the water-
hyacinth plant organs. Samples collected during December (winter season)
showed the maximum fat contents rather than those collected during March or
August for both the consequent seasons namely 2014 and 2015. The leaves
exhibited comparatively higher fat content than that of stems or roots.

Fiber content exhibited the following decreasing order during the two
studied seasons:

March (spring season) > December (winter season) > August (summer
season)

However, the plant organs exhibited the following decreasing order in terms
of their fiber contents:

Roots > stems > leaves

Nitrogen free extract was the predominant fraction as compared with the
other determined component in water-hyacinth. However, its fluctuation during
the different sampling dates could be arranged as follows:

December (winter season) > August (summer season) > March (spring season)

Thus, it could be concluded that there was negative correlation between
nitrogen free extract content and both crude protein and ash content. However,
no detectable variation could be found between the different plant organs in
terms of their nitrogen free extract content.

Previous investigators mentioned variable values for the chemical analysis
of water-hyacinth as compared with the data given here. For instance, El-Falaky
et al. ® declared that water-hyacinth contains 10 % crude protein, 11% ash and
79% organic matter. On the other hand, About-Bakr et al. ¥ reported that
water-hyacinth contained 49.6 % protein, 16% total lipids, 26.9% total
carbohydrates, 11.7% fiber and 5.8% ash. Such variation is expected and may
be attributed to the quality, biological and chemical nature of the aquatic
environment from which the plants were collected.

Sugars and carbohydrates content

Leaves, stems or roots of water-hyacinth plant showed considerable
variations with regard to their sugars and carbohydrates contents. In this respect,
stems exerted maximum reducing sugars content. On the other side, leaves of
water-hyacinth exhibited the highest values of non-reducing and total sugar
contents followed by stems and roots (Table 2).
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TABLE 2. Sugars and carbohydrates content of dried water-hyacinth partitioned
plant samples into leaves, stems and roots (as mg/g Dry Wht).

Sampling Season, 2014 Season, 2015

dates March | August | December | Mean | March | August | December | Mean
Reducing
sugars
Leaves 1235 | 11.15 15.16 1289 | 1431 | 1361 16.15 14.69
Stems 2231 | 22.35 1331 19.32 | 2051 | 22.08 14.16 18.92
Roots 10.15 | 1261 1456 | 1244 | 1461 | 1555 1215 | 14.10
Mean 1494 | 15.37 14.34 1648 | 17.08 14.15
Non-reducing
sugars
Leaves 38.25 | 40.15 32.15 36.85 | 40.15 | 45.61 38.11 41.29
Stems 25.16 | 30.61 18.61 2479 | 3211 | 25.38 20.16 25.88
Roots 20.33 | 1851 1211 | 1698 | 19.85 | 21.08 1811 | 19.68
Mean 2791 | 29.76 20.96 30.70 | 30.69 25.46
Total sugars
Leaves 50.60 | 51.30 47.31 49.74 | 54.46 | 59.22 54.26 55.98
Stems 4747 | 52.96 31.92 4412 | 52.62 | 47.46 34.32 44.80
Roots 3048 | 31.12 26.67 | 29.42 | 34.46 | 36.63 3026 | 33.78
Mean 4285 | 45.13 35.30 47.18 | 47.77 39.61
Total
carbohydrates
Leaves 28351 | 33511 | 31192 |310.18| 29553 | 354.08 | 308.40 |316.34
Stems 298.70 | 336.81 | 27560 |303.70| 308.20 | 356.15 | 297.45 |320.60
Roots 24708 | 32415 | 26531 |278.85|267.11 | 311.70 | 28851 |289.11
Mean 276.43 | 332.02 | 284.28 290.28 | 337.64 | 298.12

The same trend was noticed for total carbohydrate contents regarding its
distribution in the different organs of water-hyacinth, (i.e. leaves > stems >

roots). That holds true for both the successive seasons.

On the other hand, the recorded sugars and carbohydrates content showed no
fixed trend alongside the different sampling seasons. In other words, some
fluctuations were detected during the course of the present study. It is most
likely that water-hyacinth samples harvested during the summer (in August)
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exerted maximum sugars and carbohydrates content rather than those collected
in spring (March) and winter (December).

Uptake of metals by water-hyacinth
Results are given in Table 3. These results demonstrate the metals content in
the dried water-hyacinth samples during different sampling seasons.

TABLE 3. Level of Na, K, Ca, Mg and Mn in the dried water-hyacinth plant
samples as partitioned into leaves, stems and roots (mg/100g as dry wt.)

Sampling Season, 2014 Season, 2015

dates March | August | December | Mean | March | August | December | Mean
Na
Leaves 1325.2| 1033.5| 8835 | 1080.7 |1453.6| 12255 | 936.8 | 1205.3
Stems 1158.6 | 11054 | 936.7 | 1066.9 | 1533.8| 1186.3 | 10185 | 1246.2
Roots 1083.5| 1125.6 | 7455 984.9 |1644.9|12215| 11453 | 1337.2
Mean 1189.1| 1088.2 | 855.2 1544.1| 1211.1 | 10335
K
Leaves 11255| 12215 | 9255 | 1090.8 |1325.6 | 1535.5| 1143.0 | 1334.7
Stems 1236.4 | 1155.6 | 8434 | 10785 | 14355 | 1643.2 | 1256.5 | 1445.1
Roots 11455| 10305 | 716.5 964.2 | 1611417459 | 11253 |1494.2
Mean 1135.8 | 11359 | 8285 14575| 16415 | 11749
Ca
Leaves 8535 | 8974 | 6834 8114 | 9836 | 9254 7815 896.8
Stems 7118 | 808.2 | 7615 760.5 | 8354 | 7315 613.4 726.8
Roots 6435 | 7654 | 6454 | 684.8 | 806.1 | 8115 | 6338 | 7505
Mean 736.3 | 823.7 | 696.8 875.1 | 822.8 676.2
Mg
Leaves 8355 | 7835 | 5165 711.8 | 9115 | 8155 483.5 736.8
Stems 683.4 | 611.3 | 443.7 5795 | 833.2 | 733.6 566.6 711.1
Roots 7152 | 5834 | 4114 570.0 | 954.8 | 683.5 453.3 697.2
Mean 7447 | 659.4 | 457.2 899.8 | 744.2 501.1
Mn
Leaves 4363 | 5834 | 327.8 | 4492 | 531.8 | 6732 | 4352 | 5467
Stems 3252 | 6175 | 4354 4504 | 6145 | 7115 531.3 619.1
Roots 4115 | 5381 | 3115 4204 | 533.1 | 6154 387.8 512.1
Mean 391.0 | 579.7 | 358.2 559.8 | 666.7 | 451.4

Egypt. J. Chem. 59, No.2 (2016)



138

TABLE 3. Cont.

H. I. Abdel Shafyet al.

sampling Season, 2014 Season, 2015

dates March | August | December | Mean | March | August | December | Mean
Zn
Leaves 4356 | 511.6 3187 | 4219 | 5317 | 598.8 4255 518.7
Stems 5318 | 631.7 3235 | 495.7 | 666.8 | 6874 398.6 584.3
Roots 5184 | 5984 4118 | 5095 | 6185 | 6831 3254 542.3
Mean 4953 | 580.6 3513 605.7 | 8584 3832
Cu
Leaves 68.3 834 58.8 7017 | 798 | 91.33 60.25 7713
Stems 545 65.1 48.8 56.14 | 66.5 66.8 63.18 65.49
Roots 53.2 73.6 41.2 56.02 | 54.8 718 48.61 584
Mean 58.7 740 49.6 67.03 76.6 57.35
Pb
Leaves 23 18.6 78 9.58 45 21.3 94 11.73
Stems 42 19.2 51 9.51 53 25.6 75 12.80
Roots 35 8.6 43 5.48 47 22.8 9.5 12.33
Mean 3.3 155 5.7 48 232 8.8
Fe
Leaves 4165 | 561.3 337.8 4385 | 5334 | 665.5 216.5 471.8
Stems 3254 | 6115 2155 | 384.1 | 4668 | 6384 2453 450.2
Roots 3195 | 525.1 208.6 351.1 | 4010 | 5594 200.6 387.0
Mean 3538 | 565.9 2539 467.1 | 621.1 220.8
Co
Leaves 30.1 35.8 37.8 3457 | 256 234 258 249
Stems 252 305 355 3040 | 218 26.5 27.3 25.2
Roots 22.7 284 318 20.2 284 215 20.0
Mean 26.0 31.6 35.0 225 22.8 249
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From the results, it is obvious that sodium, potassium, magnesium and
calcium are the predominant elements. Iron, Zinc and manganese occurred in
relatively moderate concentrations. On the other hand, copper, lead and cobalt
were within very low concentration in correlation with the above mentioned
metals.

During the two studied seasons, sodium was found within high level in
samples taken during March or August rather than those of December.
Meanwhile, leaves of water-hyacinth showed maximum sodium content during
season 2014. However, roots exerted the highest sodium level in the second
season (2015).

Narrow pattern variation could be observed with regard to potassium and
magnesium as they exhibited higher levels in the earlier sampling dates (March
or August). However, the distribution of both potassium and magnesium in the
different organs varied according to the sampling dates and the growing season.
The highest potassium level was detected in plant leaves related to 2014
samples. However, the highest potassium level was shown in roots of plants
collected in 2015.

Calcium showed maximum content in August (summer) of 2014 and March
(spring) 2015, respectively. Manganese, Zinc and iron exhibited another trend
in response to their fluctuation in water-hyacinth tissues during the different
sampling season. Samples collected in the summer (August), exhibited the
maximum level for the last mentioned three elements namely, Fe, Mn and Zn.
However, comparatively very low concentration was recorded in plant samples
that were collected in March or December during both the studied seasons.

Nevertheless, no regular trend could be noticed in response to the
distribution of these elements in the different plant organs.

Maximum lead content was recorded in August of both the studied seasons.
However, maximum cobalt content was determined in plants that were sampled
during December season. El-Falaky et al. ® reported that the accumulation of
metals by water-hyacinth depends on the initial concentration of the nutrient
elements in water, the period of growth and the plant part namely, leaves stems
or roots. Abdel-Shafy et al. @, reported that metals are accumulated mostly by
plant roots followed by leaves and that metals are less accumulated by the
stems. Abdel-Haleem, et al.® reported that water-hyacinth plant is a good tool
for water profile in monitoring the aquatic environment and it could reflect the
situation of the investigated water-contamination. Meanwhile, other
investigators @ 2* 2 stated that in the aquatic environment, accumulation of
metals by plants is depending on the level of metals in the aquatic system,
salinity, period of growth as well as the type of metal.
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Conclusions

The overall results reveal that water-hyacinth plant contains considerable
nutrient elements. Meanwhile, the plant has the potential of accumulating
certain metals from the surrounding aquatic environment. Furthermore, the
plant parts namely the roots, stems and leaves has variable chemical
constituents. These plant parts have also variable capacity towards accumulation
of metals from the aquatic environment. It can be concluded from the above
study that the water-hyacinth plants can be used as animal fodders due to their
valuable nutrient contents. However, care must be taken not to collect such
plant from contaminated water to avoid any accumulation of heavy metals by
this aquatic plant. Therefore, heavy metal contents must be detected in the
fodders before use. Moreover, water-hyacinth plant could be employed as bio-
indicator to the contamination of the aquatic system.
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Table (3) Level of Zn, Cu, Pb, Fe and Co in the dried water-hyacinth plant
samples as partitioned into leaves, stems and roots (mg/100g as dry wt.)
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