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Introduction
The use of conventional plant protein sources in fish diet may 

not be sustainable because they are good sources of protein for hu-
mans. There is therefore an urgent need to identify other protein 
rich plant resources that could substitute conventional protein feed 
ingredients. Although, limitations do exist to the use of plant sourc-
es in fish diets because of certain problems which includes low 
amount of protein, presence of anti-nutrients which will no doubt 
affect palatability and digestibility of feed by fish [1]. However, over 
the years, measures like drying soaking, fermentation, toasting etc. 
have been taken to either reduce to a bare minimum or to remove 
the anti-nutrients in these unconventional feed stuffs [2]. Lemna 
paucicostata is an aquatic plant which is commonly known as “Duck-
weed”. It is a monocotyledonous, floating plant, and is the world’s  

 
smallest and simplest flowering plant. L. paucicostata consists of 
little more than two, poorly differentiated fronds, a combination 
of leaf and stem. The tissue is composed principally of chlorenchy-
matous cells, separated by large intercellular spaces that provide 
buoyancy. The upper epidermis is cutinized and sheds water. Gen-
erally, duckweed is suitable for animal consumption and is rich in 
invaluable nutrients [3]. There are about 40 species of duckweed 
plant species worldwide and the major ones are of the four genera: 
Lemna, Spirodela, Wolfilla and Wolffiella. Generally, duckweed con-
tains 6.8 to 45% crude protein (CP), 1.8 to 9.2% crude lipid (CL), 
5.7 to 16.2% crude fiber, 12 to 27.6% ash, and the carbohydrate 
content are in the range of 14.1-43.6% on a dry matter basis [4]. 
The nutrient composition in each duckweed species varies depend-
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ing on the condition of the water environment. Fresh duckweed has 
been successfully used as feedstuffs for common carp, Thai shar-
puti, raj puti, silver carp and tilapia [1]. Despite the potentials of 
Lemna paucicostata as an excellent plant protein source in fish di-
ets, there is no research work on the effects of different processing 
methods on its composition. Therefore, this study aims to evaluate 
the effect of different processing methods on nutritional composi-
tion of Lemna paucicostata as plant protein in fish diet.

Materials and Methods
Collection of Duckweed (Lemna paucicostata)

Duckweed (Lemna paucicostata) was harvested from a still wa-
ter near ABU Press Limited, Zaria with the aid of a hand net and was 
transported in a nylon bags. 

Preparation of duckweed meal
The freshly collected Lemna paucicostata was washed properly 

to get rid of any foreign materials before treatment using blanching, 
fermentation, sun drying and treated with potash.

Blanching of Lemna paucicostata
Duckweed (Lemna paucicostata) was boiled in water for 5 min-

utes at 100 °C. This treatment is referred to as blanching following 
the methods described by Sogbesan and Ugwumba [5].

Fermentation
The freshly collected was put inside an air-tied container for 72 

hours before it was taken for analysis.

Sun-drying of Lemna paucicostata
This treatment was formed by sun drying of fresh duckweed 

(Lemna paucicostata) under hygienic conditions for three (3) days.

Treatment with potash solution
Five (5g) of maize-cob ash (Potassium hydroxide) was dis-

solved into a solution at 5 g/l and used to soak duckweed for 24 
hours following the method of Vadivel and Pugalenthi [6].

Proximate Analysis
The proximate composition of raw and processed Lemna 

paucicostata were determined using the standard methods of the 
Association of Official Analytical Chemists [7].

Moisture Content
A clean crucible was dried to a constant weight in an air oven at 

110 oC, cooled in a desiccator and weighed (W1). 2g of finely pulver-
ized sample was weighed in the crucible and then re-weighed (W2). 
The crucible and its content were dried in an oven to a constant 
weight (W3). The percentage moisture was calculated thus.

( ) ( ){ }2 1%  2 3 / 100Moisture content W W W W x= − −

Ash content 

The porcelain crucible was dried in an oven at 100 °C for 10 
minutes, cooled in a desiccator and weighed (W1). 2g of finely pul-
verized sample was weighed (W2) into the previously weighed clean 
crucible which was ignited in the muffle furnace at 550oC for 1 hour 
and cooled in a desiccator. The crucible and its content were trans-
ferred into the muffle furnace and the temperature was gradually 
increased until it reached 550 °C, the sample was then left in the 
furnace for 8 hours to ensure proper ashing. The crucible contain-
ing the ash was allowed to cool to 200 oC, the crucible was removed 
and cooled in a desiccator until constant weight was obtained (W3).

( ) ( ){ }2 3 2 1%  / 100Ash content W W W W x= − −

Crude Protein
Two grams of the sample was weighed into 100 cm3 Kjeldahl 

digestion flask and about lg of catalyst mixture (K2S04 and CuS04) 
was added to speed up the reaction. 25ml of concentrated sulphuric 
acid was added into the flask. The content in the Kjeldahl diges-
tion flask was heated slowly at first in Kjeldahl heating unit frotting 
subsides and then more vigorously with occasional rotation of the 
flask to ensure even digestion and avoid over heating of the con-
tent. The heating continued until a clear solution is obtained. After 
cooling, the solution was transferred into 100cm3 volumetric flask 
and diluted to mark with distilled water. 10ml aliquot of the diluted 
solution or digest was pipette into Markham semi macro nitrogen 
steel and 10cm3 of 40% sodium hydroxide solution was added. The 
liberated ammonia was trapped in a 100 cm3 conical flask contain-
ing l0 cm3 of 40% boric acid and 2 drops of methyl red indicator. 
Distillation was allowed to continue until pink colour of the indi-
cator turn green. The content of the conical flask was titrated with 
0.1M HC1, with end point indicated by a change from green to pink 
colour. The volume of the acid used for the distillate as well as the 
blank was noted.

% Nitrogen = {(0.014 x M x (V1-V0)}/ {weight of test sample} x 
100

Where M = actual molarity of acid,

V1 = volume of HC1 required for 10ml sample solution,

V0 = volume of HC1 required for the blank

Atomic weight of nitrogen = 0.014

% Crude = % Nitrogen (N2) × 6.25

Crude Lipid Content 
Four grams (4g) of sample was weighed (W1) into a clean, dried 

500ml round bottom flask containing few anti-bumping granules 
and was weighed (W2) and 300ml of petroleum ether (40-60 °C) 
for the extraction was poured into the flask fitted with soxhlet ex-
traction unit. The round bottom flask and a condenser will be con-
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nected to the soxhlet extractor, and cold water circulation was put 
on. The heating mantle was switched on and the heating rate ad-
justed until the solvent was refluxing at a steady rate. Extraction 
was carried out for 6 hours. The solvent was recovered, and the oil 
was dried in the oven at 70oC for 1 hour. The round bottom flask and 
oil were cooled and then weighed (W3).

( )2 3 2 1% { / 1( ) 00}Crude Content W W W W x= − −

Crude Fibre 
Two grams of finely pulverized sample was weighed into an 

extraction apparatus, fat was extracted with liquid petroleum spir-
it (40-60 °C) the extracted was removed and dried at 105 °C for 
30 minutes. Two grams of the defatted sample was weighed into 
a dry 600cm round bottom flask. 100cm3 of (0.023M) sulphuric 
acid was added and the mixture boiled under reflux for 30 minutes. 
The hot solution was quickly filtered under suction. The insoluble 
matter was washed several times with hot water until it was acid 
free. It was quantitatively transferred into the flask and 100cm3 of 
hot (0.312) sodium hydroxide solution was added and the mixture 
boiled under reflux for 30 minutes and quickly filtered under suc-
tion. The insoluble residue was washed with boiling water until it 
was base free. It was then dried to constant weight in the oven set 
at 100 °C, cooled in a dessicator and weighed (C2). The weighed 
residue was incinerated in a muffle furnace at 550 °C for 2 hours, 
cooled in a dessicator and reweighed (C3).

The loss in weight on ashing (incineration) = C2 - C3

Weight of original sample = W

% Crude Fibre = {C2-C3)/W} x 100

Nitrogen Free Extract 
The total carbohydrate content was determined by difference 

method. The sum of the percentage moisture, % ash, %crude lipid, 
% crude protein and % crude fibre was subtracted from 100.

NFE = 100 - (ash+ crude lipid + crude protein + crude fibre)

Determination of Anti-nutritional Factors
Triplicate samples of the raw and treated Lemna paucicostata 

was analysed according to methods described by AOAC (2006).

Alkaloid 
The alkaloid content was determined gravimetrically where 5 g 

of sample was weighed and dispersed in 10 % acetic acid solution 
in ethanol to form a ratio of 1:10. The mixture was allowed to stand 
for 4 hours at 28. It was later filtered via Whatman No. 42 grade pa-
per, the filtrate was concentrated to one quarter its original volume 
by evaporation and treated with drop wise addition of concentrat-
ed aqueous NH2OH until the alkaloid was precipitated. The alkaloid 
precipitate was received in a weighed filter paper, washed with 1% 
ammonia solution and dried in the oven at 80. Alkaloid content was 
calculated and expressed as a percentage of the weight of sample 

analysed:

( )   %  100
  

Weight of AlkaloidAlkaloid
Weight of Sample

= ×

Oxalate
Two grams (2g) of aliquot of the ground sample was weighed 

to a 250ml flask, 190ml distilled water and 10ml of 6m hydrochlo-
ric acid was added. The mixture was digested for 1 hour on boiling 
water bath, then cooled, transferred in to a 250ml volumetric flask, 
diluted to volume and filtered. Four drops of methyl indicator were 
added followed by concentrated ammonia until the solution turn to 
faint yellow. It was then heated to 100 oC and allowed to cool and fil-
tered. The filtrate was boiled and 10ml of 5% calcium chloride was 
also added with constant stirring and was allowed to stand over-
night. The mixture was filtered through whatman No. 40 filtered 
paper. The precipitate was rinsed several times with distilled water, 
transferred to a beaker and 5ml of 25% sulphoric acid was added to 
dissolve the precipitate. The resultant solution was maintained at 
80 oC then cooled and titrated against 0.5% potassium permanga-
nate until the pink colour persisted for approximately one minute. 
Blank test was also run for the test sample. From the amount potas-
sium permanganate, the oxalate was calculated. Thus,

1ml of potassium permanganate = 2.24mg oxalate.

Phytate
A known weight of each ground sample was soaked into 100ml 

of 2% HCl in a conical flask, 50cm3 of 0.3% potassium thiocynate 
solution was added. The mixture was titrated in a standard solu-
tion of FeCl3 until a brownish-yellow colour persisted for 5 min. The 
concentration of the FeCl3 will be 1.04% w/v

Mole ratio of Fe to Phytate = 1:1

Conc. of phytatephosporus 

Saponin
A gravimetric method employing the use of soxhlet extractor, 

and two different organic solvents was used. The first solvent ex-
tracts lipids and interfering pigments while the second solvent 
extracts the saponin proper. Ten grams (10g) of the dried ground 
sample was weighed and fitted unto the soxhlet apparatus (bearing 
the sample containing thimble) and methanol poured into the flask. 
The methanol was enough to cause a reflex. The saponin was then 
exhaustively extracted for 3 hours. The flask was re-weighed. The 
difference in weight represents the weight of saponin extracted.

Tannin
Two grams (2g) of ground sample was defatted for 2 hours 

using Soxhlet extraction apparatus. The residue was placed in an 
oven for 24 hours, retrieved and boiled at 100˚C with 300ml of dis-
tilled water, diluted to 500ml in a standard volumetric and filtered 
through non-absorbent cotton wool. A volume of 25ml of the infu-
sion was measured into 2litre porcelain dish and titrated with 0.1N 
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oxalic acid until blue solution changed to green, then few drops of 
0.1 potassium permanganates was added. The difference between 
the two titration was multiplied by 0.006235 to obtain the amount 
of tannin in sample, since 0.1N oxalic acid = 0.006235g tannin.

Data Analysis
Data obtained were subjected t-test and one-way Analysis of 

Variance (ANOVA) to test for significant differences between the 
various treatment means. Least significant difference (LSD) test 
was used to rank and separate means where ANOVA shows signifi-
cant differences. SPSS Version 16 was adopted (statistical package) 
to show mean deviation and standard errors, at 0.05 significant lev-
el (P≤0.05).

Results
The mean proximate composition of raw and differently pro-

cessed Lemna paucicostata is presented in Table 1. Highest per-
centage of crude protein content of 37.13±0.51 was obtained in 
blanched L. paucicostata and the least value 34.12±0.81 was record-
ed in the sample treated with potash solution. There was no signifi-

cant different (P>0.05) in the lipid content of the raw and blanched 
L. paucicostata but they differ significantly (P≤0.05) among the oth-
er treatments. Highest crude fibre content with a values 4.72±0.67, 
4.23±0.62 and 4.63±0.32 were obtained in the raw, fermented and 
potash treated samples, respectively. The blanched L. paucicostata 
obtained the least value 3.34±0.88 of crude fibre among the treat-
ments. The percentage nitrogen free extract or carbohydrate were 
recorded as 22.60±0.70, 20.04±0.63, 20.04±0.63, 21.05±0.76 and 
22.15±0.61 for raw, blanched, fermented, potash treated and sun-
dried samples, respectively. Analysis of anti-nutritional factors as 
presented in Table 2 indicates that all the components determined 
in the all differently processed L. paucicostata were greatly re-
duced when compared with raw sample. Sun-dried L. paucicostata 
obtained the least concentration of alkaloid of 0.40±0.06 than all 
the other treatments. There was not significant different (P>0.05) 
in the concentrations of oxalate and phytate in the raw and all the 
processed L. paucicostata. Fermented L. paucicostata had the least 
concentration of saponin with the value of 0.80±0.06 while the pot-
ash treated sample obtained the least concentration of tannin with 
a value of 0.90±0.06.

Table 1: Proximate Composition (%) of Raw and Processed Lemna paucicostata.

Parameters RLP BLP FLP PLP SLP

Moisture 10.23±0.15a 8.52±0.26c 10.02±0.78a 9.38±0.84b 9.10±1.03b

Ash 18.18±0.34d 21.90±1.52b 20.52±1.18c 22.12±1.20a 20.48±1.35c

CP 35.08±0.82c 37.13±0.51a 36.25±0.58b 34.12±0.81d 36.75±0.43b

Lipid 9.20±0.58a 9.07±0.47a 8.91±0.58b 8.70±0.42b 7.90±0.59c

CF 4.72±0.67a 3.34±0.88b 4.23±0.62a 4.63±0.32a 3.62±0.72b

NFE 22.60±0.70a 20.04±0.63c 20.04±0.63c 21.05±0.76b 22.15±0.61a

Means with the same superscripts across rows were not 
significantly different (P>0.05)

Key: RLP= Raw Lemna paucicostata, BLP= Blanched L. paucicostata, FLP= Fermented L. paucicostata, PLP= Potash treted L. paucicostata, 
SLP= Sun-dried L. paucicostata, CP= Crude Protein, CF= Crude Fiber, NFE= Nitrogen Free Extract

Table 2: Different Processing Methods on Anti-Nutritional Compositions (g/100g) of Raw and Processed Lemna paucicostata.

Parameters RLP BLP FLP PLP SLP

Alkaloid 1.22±0.16a 0.47±0.01b 0.50±0.06b 0.70±0.06b 0.40±0.06b

Oxalate 0.18±0.01a 0.15±0.01a 0.12±0.01a 0.12±0.01a 0.13±0.01a

Phytate 0.16±0.01a 0.14±0.01a 0.26±0.01a 0.21±0.01a 0.12±0.01a

Saponin 11.00±0.58a 0.86±0.01c 0.80±0.06c 1.00±0.06b 0.91±0.01c

Tannin 1.90±0.06a 1.00±0.06c 1.10±0.07c 0.90±0.06d 1.28±0.08b

Means with the same superscripts across rows were not 
significantly different (P>0.05)

Key: RLP= Raw Lemna paucicostata, BLP= Blanched L. paucicostata, FLP= Fermented L. paucicostata, PLP= Potash treted L. paucicostata, 
SLP= Sun-dried L. paucicostata

Discussion
The proximate composition of all differently processed L. 

paucicostata indicates a significant increase in the crude protein 
composition from 36.25% in the fermented L. paucicostata to 

37.13% in the blanched L. paucicostata except the potash treated L. 
paucicostata which was reduced to 34.12%. The crude protein com-
position obtained in this study was within the range of 6.8 to 45% 
reported by Christine et al. [4] for general duckweed plants. The 
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highest percentage of crude protein 37.13% obtained in this study 
was higher than 27.4%, 29.1% and 29.28% reported by Hlophe and 
Moyo [8], Heuze and Tran [9] and Sogbesan et al. [10], respectively 
while it was lower than 38.0%37.7% and 40.2 reported by Tava-
res et al. [11], Du et al. [12] and Khanum et al. [13] respectively. 
The percentage ash content of the raw and differently processed 
L. paucicostata obtained was higher than 14.6%, 12.3%, 3.8%, 
14.0%,15.34% and 15.9% reported by Tavares et al. [11], Hlophe 
and Moyo [8], Du et al. [12], Khanum et al. [13], Sogbesan et al. [10] 
and Heuze and Tran [9], respectively. The percentage lipid content, 
crude fiber and nitrogen free extract obtained were all within range 
reported by Christine et al. [4]. The differences observed in this 
study may be as a result of differences in geographical location, har-
vesting time and the variety the L. paucicostata. The results of the 
anti-nutritional factors of the raw and the differently processed L. 
paucicostata showed significant reduction of these factors follow-
ing the drying of the processing methods. This significant reduction 
of the anti-nutritional factors could be as a result of efficacy of all 
the processing methods in removing anti-nutrients in L. paucicosta-
ta. 

Conclusion
All the processing methods observed in this study improved 

the nutritional composition and reduced the anti-nutrients of 
L. paucicostata to the acceptable limit. This indicates that L. 
paucicostata could serves as an excellent source of plant protein 
in fish diet. Therefore, fish farmers are advice to incorporate L. 
paucicostata as plant protein source in their feed formulation in 
order to reduce the cost of feed and make their venture profitable.
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