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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 
(1, 2)

.  

 

El-Kadi
(1)

 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
(2)

 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
(3)

  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. 

 

S 
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Abou-Bakr et al. 
(4)

 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 
(2, 5)

 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 
(3, 6, 7)

. 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 
(8, 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 
(10 - 13)

. In this respect, it was stated that the 

presence of heavy metals in the plant could have negative impact on the energy 

production 
(14, 15)

. 

 

Several experiments were conducted to study the possibility of using of 

water-hyacinth as animal feed stuff 
(16)

. Meanwhile, several attempts were 

carried out for utilization of water-hyacinth as a compost fertilizer 
(1, 17, 18)

. 

 

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 
(2)

. That is why the aquatic plants are commonly 

employed in the artificial wetlands system for the treatment of wastewater 
(19- 25)

. 

 

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 El-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
0
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
0
C for 24 hr as 

described by A.O.A.C., 1985
 (26)

 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 
(26)

. 

 

For the determination of crude fat: Total lipids were extracted in a soxhlet apparatus 

at (60-80
0
C) for 8 hrs using petroleum ether according to A.O.A.C., 1985

 (26)
. 

            

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.A.C., 1985
 (26)

. 

 

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
0
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.
(27)

. Reducing sugars were determined in the ethanol 

extract according to A.O.A.C. method 
(26)

. 

 

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 Wt). 

 

Sampling 

dates 

Season, 2014 Season, 2015 

March August December Mean March August December Mean 

Crude 

Protein 
 

Leaves 15.86 16.81 13.86 15.51 16.81 17.35 14.85 16.34 

Stems 17.21 16.03 12.51 15.25 18.35 18.21 13.21 16.57 

Roots 16.43 15.21 12.33 14.66 17.26 17.22 12.98 15.82 

Mean 16.5 16.02 12.9  17.47 17.59 13.66  

ASH  

Leaves 17.11 12.83 12.33 14.09 18.08 13.51 12.53 1471 

Stems 14.83 10.16 10.22 11.74 15.13 12.26 11.82 1307 

Roots 15.22 11.25 11.85 12.77 16.28 10.35 10.31 1231 

Mean 15.72 11.41 11.47  16.49 12.04 11.55  

Crude Fat  

Leaves 2.85 4.36 5.96 4.36 3.08 5.11 5.92 4.70 

Stems 1.89 3.25 3.98 3.04 2.11 4.21 4.36 3.56 

Roots 2.08 3.93 3.11 3.04 2.43 3.85 4.08 3.45 

Mean 2.27 3.85 4.32  2.54 4.39 4.79  

Fibers  

Leaves 21.15 18.87 18.35 19.46 19.11 17.65 19.16 18.64 

Stems 25.30 19.36 22.45 22.37 23.56 18.34 21.35 21.08 

Roots 24.86 20.21 23.16 22.74 25.11 19.85 22.38 22.45 

Mean 23.77 19.48 21.32  22.59 18.61 20.96  

Nitrogen 

Free Extract 
 

Leaves 43.03 47.13 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 41.41 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. 
(8)

 declared that water-hyacinth contains 10 % crude protein, 11% ash and 

79% organic matter. On the other hand, About-Bakr et al.
 (4)

  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 Wt). 

 

Sampling 

dates 

Season, 2014 Season, 2015 

March August December Mean March August December Mean 

Reducing 

sugars 
 

Leaves 12.35 11.15 15.16 12.89 14.31 13.61 16.15 14.69 

Stems 22.31 22.35 13.31 19.32 20.51 22.08 14.16 18.92 

Roots 10.15 12.61 14.56 12.44 14.61 15.55 12.15 14.10 

Mean 14.94 15.37 14.34  16.48 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 24.79 32.11 25.38 20.16 25.88 

Roots 20.33 18.51 12.11 16.98 19.85 21.08 18.11 19.68 

Mean 27.91 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 47.47 52.96 31.92 44.12 52.62 47.46 34.32 44.80 

Roots 30.48 31.12 26.67 29.42 34.46 36.63 30.26 33.78 

Mean 42.85 45.13 35.30  47.18 47.77 39.61  

Total 

carbohydrates 
 

Leaves 283.51 335.11 311.92 310.18 295.53 354.08 308.40 316.34 

Stems 298.70 336.81 275.60 303.70 308.20 356.15 297.45 320.60 

Roots 247.08 324.15 265.31 278.85 267.11 311.70 288.51 289.11 

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 

dates 

Season, 2014 Season, 2015 

March August December Mean March August December Mean 

Na  

Leaves 1325.2 1033.5 883.5 1080.7 1453.6 1225.5 936.8 1205.3 

Stems 1158.6 1105.4 936.7 1066.9 1533.8 1186.3 1018.5 1246.2 

Roots 1083.5 1125.6 745.5 984.9 1644.9 1221.5 1145.3 1337.2 

Mean 1189.1 1088.2 855.2  1544.1 1211.1 1033.5  

K  

Leaves 1125.5 1221.5 925.5 1090.8 1325.6 1535.5 1143.0 1334.7 

Stems 1236.4 1155.6 843.4 1078.5 1435.5 1643.2 1256.5 1445.1 

Roots 1145.5 1030.5 716.5 964.2 1611.4 1745.9 1125.3 1494.2 

Mean 1135.8 1135.9 828.5  1457.5 1641.5 1174.9  

Ca  

Leaves 853.5 897.4 683.4 811.4 983.6 925.4 781.5 896.8 

Stems 711.8 808.2 761.5 760.5 835.4 731.5 613.4 726.8 

Roots 643.5 765.4 645.4 684.8 806.1 811.5 633.8 750.5 

Mean 736.3 823.7 696.8  875.1 822.8 676.2  

Mg  

Leaves 835.5 783.5 516.5 711.8 911.5 815.5 483.5 736.8 

Stems 683.4 611.3 443.7 579.5 833.2 733.6 566.6 711.1 

Roots 715.2 583.4 411.4 570.0 954.8 683.5 453.3 697.2 

Mean 744.7 659.4 457.2  899.8 744.2 501.1  

Mn  

Leaves 436.3 583.4 327.8 449.2 531.8 673.2 435.2 546.7 

Stems 325.2 617.5 435.4 459.4 614.5 711.5 531.3 619.1 

Roots 411.5 538.1 311.5 420.4 533.1 615.4 387.8 512.1 

Mean 391.0 579.7 358.2  559.8 666.7 451.4  
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TABLE 3. Cont.  

 

Sampling 

dates 

Season, 2014 Season, 2015 

March August December Mean March August December Mean 

 Zn  

Leaves 435.6 511.6 318.7 421.9 531.7 598.8 425.5 518.7 

Stems 531.8 631.7 323.5 495.7 666.8 687.4 398.6 584.3 

Roots 518.4 598.4 411.8 509.5 618.5 683.1 325.4 542.3 

Mean 495.3 580.6 351.3  605.7 858.4 383.2  

Cu  

Leaves 68.3 83.4 58.8 70.17 79.8 91.33 60.25 77.13 

Stems 54.5 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 71.8 48.61 58.4 

Mean 58.7 74.0 49.6  67.03 76.6 57.35  

Pb  

Leaves 2.3 18.6 7.8 9.58 4.5 21.3 9.4 11.73 

Stems 4.2 19.2 5.1 9.51 5.3 25.6 7.5 12.80 

Roots 3.5 8.6 4.3 5.48 4.7 22.8 9.5 12.33 

Mean 3.3 15.5 5.7  4.8 23.2 8.8  

Fe  

Leaves 416.5 561.3 337.8 438.5 533.4 665.5 216.5 471.8 

Stems 325.4 611.5 215.5 384.1 466.8 638.4 245.3 450.2 

Roots 319.5 525.1 208.6 351.1 401.0 559.4 200.6 387.0 

Mean 353.8 565.9 253.9  467.1 621.1 220.8  

Co  

Leaves 30.1 35.8 37.8 34.57 25.6 23.4 25.8 24.9 

Stems 25.2 30.5 35.5 30.40 21.8 26.5 27.3 25.2 

Roots 22.7 28.4 31.8  20.2 28.4 21.5 20.0 

Mean 26.0 31.6 35.0  22.5 22.8 24.9  
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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. 
(8)

 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. 
(28)

, 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.
 (6)

 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, 24, 28)

 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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محتوى العناصر : دراسة بيئية عن نبات ورد النيل النامى بمصر

 الغذائية و المعادن الثقيلة

 
مد رفعت فريد ـمح، عبد الشافى    اهيمابر حسين

*
د شمس الدين ـعلى محم و 

**
 

 

 ، المركز القومى للبحوث –قسم بحوث المياه والتلوث 
*

كلية  –قسم البساتين   

 و جامعة المنوفية –الزراعة 
**

 – مشتهر –كلية الزراعة  –قسم وقاية النبات   

 .مصر

 

لذى ينمو فى مجرى نهر النيل يهدف هذا العمل الى دراسة نبات ورد النيل ا

وهل يمكن توظيف تلك المعلومات بيئيا أم  هو أضرار هو فوائد– هلمعرفة مكونات

 .  ال

 

لذلك تم أخذ عينات نبات ورد النيل من المجرى الرئيسى لنهر النيل فى منطقة 

وقد تم اخذ . القناطر الخيرية حيث تتراكم بها سنويا كميات كبيرة من ورد النيل 

-4102  لمدة عامين متتاليين هما اغسطس وديسمبر  –نات فى اشهر مارس العي

جذر الداء التحاليل الكيماوية  –ساق  –حيث تم فصل النباتات الى اوراق   4102

األلياف وبالطرح تم حساب نسبة  –الدهون  –الرماد  –األساسية وهى البروتين 

لسكريات والكربوهيدرات المستخلص الحالى من النتروجين والى ذلك تم تقدير ا

الكلية فى اجزاء النبات المختلفة حيث اظهرت الساق اعلى تراكم السكريات 

المختزلة فى حين كان اعلى تركيز للسكريات الغير مختزلة والكلية فى االوراق 

 .وذلك خالل موسمى الدراسة

 

 –البوتاسيوم  –ولقد اظهر تحليل العناصر وجود كل من الصوديوم 

 –م و الكالسيوم بتركيزات مرتفعة نسبيا فى حين كانت نسبة الحديد الماغنسيو

اما العناصر الثقيلة مثل الكوبلت والرصاص فقد . والمنجنيز متوسطة –الزنك 

وجدت بتركيزات منخفضة ولقد اعتمد تركيز هذه العناصر بصفة عامة على 

كما لوحظ أن تراكم تلك العناصر كانت أعلى . موعد اخذ العينة والعضو النباتى 

 .العناصر هو الساق و كان أقلهم تركيزا لتلك  –تركيز فى الجذور ثم فى األوراق 

 

كعلف للماشية  هالدراسة أن نبات ورد النيل يمكن استخدام هو يتضح من هذ

على الجانب األخر يمكن استخدام هذا . بشرط عدم وجود أى من العناصر الثقيلة

النبات كأحد دألئل وجود الملوثات فى المسطحات المائية و خاصة العناصر 

 .الثقيلة
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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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