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Abstract  Amino acid, fatty acid and phytochemical compositions of Luffa cylindrica seed flour were investigated. The 
total amino acid concentration was 72.71g/100g protein and the total essential amino acid concentration was 38.76g/100g 
protein. Argin ine (9.75g/100g protein ) was the most concentrated essential amino acid  while the Lysine/Arginine rat io was 
0.52. The calculated isoelctric point (pI), pred icted protein efficiency ratio (P-PER) and limiting amino acid were 5.91, 1.89 
and threonine respectively. Linoleic acid (31.47%) was the most abundant fatty acid in the seed flour. Unsaturated fatty acids 
(66.9%) were of higher concentration than saturated fatty acids (33.07%) while the total concentration of polyunsaturated 
fatty acids was 52.02%. Flavonoids (4.53%) were the most concentrated phytochemical in the Luffa cylindrica seed flour 
while saponins, alkaloids and cardiac glycosides were also present. This study shows that Luffa cylindrica seed contains a 
high proportion of essential amino acids and has a low atherogenic potential. A lso, it is a potential source of healthy fat that 
may be useful as source of food nutrient and phytomedicine. 
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1. Introduction 
Luffa  cylindrica  (s mooth  lu ffa), belongs to  the p lant  

family Cucurbitaceae. It is a herbaceous plant and thrives 
commonly with twin ing tendrils[1]. It is a large succulent 
tendril climber with slender, slightly hairy furrowed stem. 
The interior is cucumber-like when immature, but quickly 
develops into a network of fibre surrounding large number of 
flat blackish seeds. The plant is reported to have originated 
from India but grows predominantly as weed in most parts of 
Nigeria. The matured fruits are used for domestic purposes 
as sponge. It is an excellent fruit in nature containing all the 
essential constituents required for good health of humans[2]. 
Its kernel contains between 45 – 51% oil which is composed 
of mainly o leic and linoleic acids. The seeds have laxative 
properties due to their high oil content. It contains a wide 
range o f secondary  metabo lites with  d istinct b io log ical 
activities. The seeds have been reported to be useful in the 
treatment of asthma, sinusitis and fever[3]. It is reported to 
possess antiviral, anti-tumor, antioxidant, anti-inflammatory 
and immunomodulatory activit ies[4]. Up t ill date, there has 
been  no  report  o f toxic ity , advers e effects  o r d rug 
interactions associated with consumption of luffa. There are 
limited information on the chemical composition of Luffa  
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cylindrica seeds. Therefore, this study aims at investigating 
the potentials of the Luffa cylindrical seed flour as an 
additional source of nutrients and phytochemicals in human 
and animal d iets in the developing world. 

2. Materials and Methods 
2.1. Sample Collection 

Luffa cylindrica fruits were collected from Ado Ekit i main  
market, Ado-Ekiti, Nigeria. They were identified at the 
Department of Plant Science, University of Ado-Ekiti, 
Nigeria. The seeds were removed from the fibrous interior 
and washed with water. The seeds were dehulled, oven-dried 
at 60 ℃  for 5 hours and pulverized using a Panasonic 
Electronic blender. The powdered seeds were kept in a 
container prior to analysis. 

2.2. Amino Acid Analysis 

The amino acid profile was determined using methods 
described by Spackman et al[5]. 0.2g  of powdered seed 
sample was defatted, hydrolyzed, evaporated in  a rotary 
evaporator and loaded into the automatic amino acid 
analyzer, Technicon Sequential Multi-Sample (TSM) 
analyzer. The sample was hydrolyzed for determination of 
all amino acids except tryptophan in consistent boiling 
hydrochloric acid fo r 22 hours under a nitrogen flush. 

2.3. Fatty Acid Analysis 
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The crude fat analysis was carried out by following the 
ether extraction method of AOAC[6]. Fat was extracted in  a 
Soxhlet apparatus using petroleum ether. Fatty acid methyl 
esters (FAME) were prepared by boron trifluoride-catalyzed 
transesterification, according to AOAC method[6]. Methyl 
heptadecanoate was used as the internal standard. FAME 
were then analyzed on a Fisons 8000 series gas 
chromatography equipped with a hydrogen flame ionization 
detector (FID). Separation was performed using a fused 
silica capillary column (100m x 0.25mm i.d.), coated with 
0.20µm SP2560 (Supelco Inc., Bellefonte, PA) as the 
stationary phase. The oven temperature was programmed at 
140℃  for 5min, and then ranged from 140℃ to  240℃ at  a 
rate of 4℃ per min . The injector and FID were at 260℃ at a 
rate of 4 ℃  per min. A reference standard quantitative 
FAMEs mix (Supelco Inc.) was analyzed under the same 
operating conditions to determine the peak response factor, 
for identificat ion and quantification of the indiv idual fatty 
acids.  

2.4. Phytochemical Screening and Quantitative Analysis 

The Luffa cylindrica seed flour were screened for the 
presence of saponin, flavonoid, Alkalo id and Card iac 
glycoside prior to quantitative analysis.  

2.5. Test for Saponin 

The ability of saponins to produce frothing in aqueous 
solution and to haemolyse red blood cells was used to screen 
these compounds. 1.0g of the sample extract was shaken 
with d istilled water in  a test tube. Frothing persisted on 
warming, giv ing an evidence for the presence of saponin[7]. 

2.6. Test for Alkaloids 

0.2g of the extract from the sample was stirred in 5ml of  
1% aqueous hydrochloric acid in a steam bath. 1ml of the 
filtrate was treated with a few drops of Dragendorff’s reagent. 
Turbidity or precipitation was taken as the preliminary 
evidence for the presence of alkalo ids in the sample extract 
being evaluated[8]. 

2.7. Test for Flavonoids 

2g of the sample was heated with 10ml of ethyl acetate 
over a steam bath for 3 minutes. The mixture was filtered and 
4ml of the filtrate was shaken with 1ml of dilute ammonia 
solution. A yellow colouration was observed indicating a 
positive test for flavonoids[9]. 

2.8. Test for Cardiac Glycosides 

0.5g of dried extract was dissolved in 2.0ml of glacial 
acetic acid containing one drop of ferric chloride solution. 
This was then underlaid with 1.0ml o f concentrated H2SO4. 
A brown ring at the interface indicated the presence of 
glycosides. 

2.9. Saponin Concentration Determination 

100cm3 of 20% aqueous ethanol was added to 20g of the 

sample in a conical flask and heated at 55℃ over a hot water 
bath for 4 hours with continuous stirring. The mixture was 
filtered and residue re-extracted with 200ml 20% ethanol. 
The combined ext racts were reduced to 40ml over a water 
bath at 90℃ . 20ml of d iethyl ether was added to the 
concentrate in a 250ml separating funnel and shaken 
vigourously. The aqueous layer was recovered and 
purification process repeated. 60ml of n-butanol was added 
to the extract and then washed twice with 10ml of 5% 
aqueous NaCl. The solution was evaporated in a water bath. 
The sample was oven-dried to a constant weight and saponin 
content calculated as percentage[10]. 

2.10. Flavonoid Concentration Determination 

100ml of 80% aqueous methanol was used to extract 10g  
of sample repeatedly at room temperature and filtered 
through Whatman filter paper No 42 (125mm). The filtrate 
was evaporated to dryness in a crucible over a water bath 
until a constant weight was reached[11]. 

2.11. Alkaloid Concentration Determination 

200ml of 10% acetic acid in ethanol was added to 5g of 
sample in a 250ml beaker, it was covered and allowed to 
stand for 4 hours. Filtrat ion followed and the ext ract was 
concentrated on a water bath to one quarter the in itial vo lume. 
Concentrated NH4OH was added drop wise to the extract 
until precipitation was complete. The whole solution was 
allowed to settle and precipitate was collected and washed 
with dilute NH4OH and then filtered. The residue is the 
alkaloid which was dried and weighed[9]. 

3. Discussion and Conclusions 
Table 1 shows the amino acid profile of Luffa cylindrica 

seed flour. The most concentrated amino acid in the seed 
flour was glutamic acid (12.27g/100g) while arg inine 
(9.75g/100g) was the most concentrated essential amino acid. 
Aremu et al.[12] made a similar observation (5.1g/100g) in L. 
cylindrica seed kernel. Arginine is an  essential amino acid 
which has direct antioxidant activity[13] and also necessary 
for children g rowth[14]. The methionine content in the 
sample (2.14g/100g) is found to be higher than that of 
soyabean (0.9g/100g)[15] while the lysine content 
(5.08g/100g) is higher than that reported by Aremu et al.[12] 
for L. cylindrica seed kernel (2.9g/100g) and Macaiba Palm 
kernel protein (3.85g/100g)[16]. The concentrations of 
isoleucine (3.58g/100g) and valine (4.19g/100g) were found 
to meet  the FAO/WHO/UNU[17] requirement for these two 
essential amino acids (2.8g/100g and 3.5g/100g  
respectively) for Pre-school children aged 2-5 years. 
Predicted Protein Efficiency ratio (P-PER) value is one of 
the quality parameters used in the evaluation of proteins[18]. 
P-PER value for L. cylindrica seed protein was 1.89. Th is is 
higher than 1.03 obtained by Salunkhe and Kadam[19] for 
Grass Pea (Lathyrus sativus). The calcu lated isoelectric point 
(pI) is o f significance in  protein purification. Luffa cylindrica 
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seed flour had a calculated pI of 5.91 which is the point at 
which the protein should accumulate during purification. 
The Lysine/Arginine (Lys/Arg) ratio has been reported to 
play a role in the artherogenocity of a protein. 
Kritchevsky[20] reported that a Lys/Arg ratio as high as 2.0, 
increases the artherogenic potential of a d iet. The Lys/Arg 
ratio of the seed flour (0.52) is much more lower than that of 
casein with  Lys/Arg ratio 2.0. A similar observation has been 
made for Kerstingiella geocarpa[21]. Thus, since L. 
cylindrica has a low Lys/Arg ratio, it will possess a low 
artherogenic potential. 

Table 1.  Amino acid Composition of L. cylindrica Seed Flour (g/100g 
protein) 

Amino acid Composition 
(g/100g protein) 

Essential Amino acids  
Lysine (Lys) 5.08 

Histidine (His) 2.21 
Arginine(Arg) 9.75 

Threonine (Thr) 2.26 
Valine (Val) 4.19 

Methionine (Met) 2.14 
Isoleucine (Ile) 3.58 
Leucine (Leu) 5.35 

Phenylalanine (Phe) 4.20 
Non-Essential Amino acids  

Aspartic acid (Asp) 10.02 
Serine (Ser) 3.20 

Glutamic acid (Glu) 12.27 
Proline(Pro) 2.85 

Glycine (Gly) 0.98 
Alanine (Ala) 3.34 
Cystine (Cys) 0.66 
Tyrosine (Tyr) 0.63 

Isoelectric point (pI) 5.91 
P-PER 1.89 

Lysine/Arginine 0.52 

P-PER = Predicted Protein Effici ency Ratio 
Lys/Arg = Lysine/Arginine ratio 

Table 2 shows the essential and non-essential amino acid 
composition of Luffa cylindrica seed flour. The nutrit ive 

value of a protein  depends primarily  on the capacity to 
satisfy the needs from nitrogen and essential amino acids[22]. 
The total essential amino acids with Histidine for L. 
cylindrica (38.76g/100g) is higher than that in African 
mesquite (Prosopis aficana) (31.9g/100g protein)[23]. The 
concentration is however lower than that of Lima beans 
(44.88g/100g), p igeon pea (48.11g/100g) and African yam 
bean (48.28g/100g)[24]. The total essential amino acid 
without Histidine (36.55g/100g) was found to meet the FAO 
requirements (35.0g/100g) for essential amino acids without 
Histidine[17]. The total amino acids, TAA (72.71g/100g) of 
L. cylindrica seed flour is comparable with that of some plant 
foods which range between 39.3 – 76.5g/100g protein as 
reported by earlier workers[25,26]. Furthermore, the total 
sulphur amino acid, TSAA (2.80g/100g) satisfied the FAO 
requirement for Pre-school children (2.50g/100g)[17]. 

Table 2.  Essential and Non – Essential Amino acid Composition (g/100g 
protein) 

Parameter 
Composition 

(g/100g 
protein) 

Total Amino acid (TAA) 72.71 
Total Non-Essential Amino acid (TNEAA) 33.95 

% TNEAA 46.69 
Total Essential Amino acid (TEAA)  

-  with Histidine 38.76 
-  without Histidine 36.55 

% TEAA  
-  with Histidine 53.31 

-  without Histidine 50.27 
Total Sulphur Amino acid (TSAA) 2.80 

% Cysteine in TSAA 23.57 

The amino acid scores of L. cy lindrica seed flour are 
shown on Table 3. The highest scoring essential amino acid 
was lysine (0.92)while threonine was the lowest scoring 
amino acid (0.57) making it the first limit ing amino acid. 
This is in contrast with the report that the essential amino 
acids most often acting in a limiting capacity are Methionine 
and Cysteine, Lysine and Tryptophan[17]. Isoleucine (0.89) 
and Valine (0.84) are also present in significant quantities. 

Table 3.  Amino Acid Scores L. cylindrica Seed Flour 

Amino acid PAAESPa 
(g/100g) 

EACC 
(g/100g) 

Amino Acid 
Scores (g/100g) 

Ile 4.0 3.58 0.89 
Leu 7.0 5.35 0.76 
Lys 5.5 5.08 0.92 

Met + Cys (TSAA) 3.5 2.80 0.80 
Phe + Tyr 6.0 4.83 0.81 

Thr 4.0 2.26 0.57 
Trp 1.0 ND NA 
Val 5.0 4.19 0.84 

Total 36.0 28.09 5.59 
aSource : Belschant et al.,[39] 
PAAESP = Provisional Amino Acid (Egg) Scoring Pattern 
EAAC = Essential Amino Acid Composition 
ND = Not Determined 
NA = Not Available 
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Table 4 presents the percentage fatty acid composition of 
Luffa cylindrica seed flour. Total saturated fatty acids 
concentration in the seed flour was 33.07%, total 
monounsaturated fatty acids concentration was 14.90% 
while total polyunsaturated fatty acids had a concentration of 
52.02%. Linoleic acid (31.47%) was the most predominant 
in the L. cylindrica seed flour. This is higher than the linoleic 
acid content reported for Palm oil (8%) and Olive o il 
(4%)[27]. Linoleic acid is an essential fatty acid which plays 
critical ro les in the membrane structures[28]. It affects 
favourably the blood lip id profile and  it  is associated with  a 
lower risk of coronary heart disease (CHD)[29]. Hence, 
Luffa cylindrica seed oil is rich in linoleic acid which will be 
useful in preventing heart diseases.  

Table 4.  Fatty Acid Composition of Luffa cylindrica Seed Flour (%) 

Fatty acids Concentration 
(%) 

Saturated Fatty Acid (SFA)  
C16:0  -   Palmitic acid 12.86 
C18:0  -   Stearic acid 15.17 

C20:0  -   Arachidic acid 5.04 
C24:0  -   Lignoceric acid Tr 

Total SFA 33.07 
Monounsaturated Fatty Acids (MUFA)  

C18:1 (trans – 6) 2.91 
C18:1 (cis – 6) 2.08 

C18:1 (trans – 9) 2.97 
C18:1 (cis – 9)   -    Oleic acid 2.57 

C18:1 (trans – 11)  -  Vaccenic acid 2.48 
C20:1 (cis – 11) 1.89 
Total MUFA 14.90 

Polyunsaturated Fatty Acids (PUFA)  
C18:2 (cis – 9,12)  -  Linoleic acid 31.47 

C18:2 (trans – 9,12) 20.55 
Total PUFA 52.02 

Total Unsaturated Fatty acid (MUFA + PUFA) 66.92 
Total Crude Fat 29.95 

O/L  level 0.08 

Tr = Traces (<0.06% of the total fatty acids) 
O/L = Oleic : Linoleic ratio 

Generally, the unsaturated fatty acids (66.92%) in L. 
cylindrica seed flour were of h igher concentration than the 
saturated fatty acids (33.07%). It has been established that 
the incidence of cardiovascular diseases is correlated with 
diets high in  saturated fatty acids[27]. A diet  with a relat ively 
higher concentration of unsaturated fatty acids such as 
polyunsaturated fatty acids may reduce the risk of heart 
attacks and strokes[27]. Thus, L. cylindrica seed oil possess 
the potential of preventing cardiovascular diseases. The 
Oleic/Linolen ic (O/L) ratio  has been used as an indicator of 
oil stability. High O/L ratio o f 1.00 and above, is associated 
with high stability and potentiality of oil for deep frying 
fat[30]. The O/L ratio  of L. cylindrica (0.08) is lower than 
that reported for peanut oil (1.48)[30] hence, oil from Luffa 
cylindrica seed may be less stable and not useful as frying 
oil. 

Table 5 shows the phytochemical screening of Luffa  
cylindrica seed flour. The results show that the seed flour 
contain saponin, alkaloid, flavonoid and cardiac glycosides. 

The presence of these phytochemicals in the L. cylindrica 
seed flour would have contributed to earlier reports of the 
medicinal properties of the plant. Cardiac g lycosides are 
known to be useful in the treatment of congestive heart 
failure[31], while flavonoids prevent allerg ies and 
ulcers[32]. 

Table 5.  Phytochemical Screening of Luffa cylindrica Seed Flour 

Phytochemical Result 
Saponin + + + 
Alkaloid + + + 

Flavonoid + + + 
Cardiac Glycosides + + + 

The percentage concentration of the phytochemicals in the 
L. cylindrica seed flour is presented in Table 6. Flavonoids 
(4.53±0.06%) were the highest concentrated phytochemical 
in the seed flour. This value is h igher than 0.98% reported for 
Sida acuta (common wireweed) which is a  medicinal 
plant[33]. Flavonoids possess better antioxidant abilities 
than those of Vitamin C and E[34]. Flavonoids protect 
against platelet aggregation, hepatotoxins, and viruses[32]. 
They also display significant anti-inflammatory act ivities 
[35]. In v itro studies have shown that flavonoids have 
displayed anti-microbial and anti-cancer act ivit ies[36]. The 
concentration of saponin in the L. cylindrica seed flour was 
3.22±0.03% while alkaloid  concentration was 1.46±0.01%. 
These values for saponins and alkalo ids were respectively 
higher than 2.30% and 0.92% reported for Emilia coccinea, 
also a medicinal plant[33]. Saponins have been found to 
possess hypocholesterolemic property[37] which  is 
important for the control of h igh blood lipids. Alkalo ids 
possess spasmolytic, anti-cholinerg ic and anaesthetic 
properties[38]. Since Luffa cylindrica seed flour contain 
various phytochemicals with the aforementioned properties 
in varying concentrations, the synergetic effects of these 
constituents could make the seed flour an important source 
of phytomedicine. Hence, Luffa cylindrica seed flour which 
has a low artherogenic potential is a rich source of essential 
amino acids. Also, it is a potential source of healthy fat and 
could be of significant use in phytomedicine. 

Table 6.  Phytochemical Composition of Luffa cylindrica Seed Flour (%) 

Phytochemical Composition (%) 
Saponin 3.22±0.03 
Alkaloid 1.46±0.01 

Flavonoid 4.53±0.06 
Cardiac Glycosides ND 

ND = Not Determined 
Each value is a mean of 3 replicate determinations  
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