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ABSTRACT 
The impact ofcooking by boiling on nutritive value ofJew's mallow (Corchorus oliforius L.) and mallow (Malva 

parviflora L.) leaves were assessed by detennining the proximate chemical composition, some minerals, amino acids 
and dietary fiber fractions. The results indicated that the raw and cooked leaves of Jew's mallow and mallow (on dry 
weight basis) contained high crude protein in a range of (36.73-44.77%), crude fibers (9.81-12.73%) and total ash 
content (9.30-16.85%), but low in crude fat (1.05-3.39%). The energy values ranged between 259.7 and 285.29 k 
cal/lOOg. The raw and cooked leaves had high content of total dietary fiber (32.74-41.45%), insoluble dietary fiber 
(26.10-32.51%), soluble dietary fiber (6.64-8.94%). The neutral detergent fiber were in range of (20.94 to 28.98%), 
acid detergent fiber (16.97-25.61%) and acid detergent lignin (7.00-8.93%). The sample contained high potassium 
content (856-1020 mg/l OOg) followed by calcium (2 16.5-4l2.5mg/l OOg) and magnesium (170-206 mg/lOOg) and low 
content of iron (4.68-5.3lmg/l oog). Cooking o[..Jew's mallow and mallow leaves significantly (P~ 0.05) increased 
the crude fiber, non reducing sugars, soluble dietary fiber, acid detergent fiber, cellulose, phosphorus and sodium. 
Whereas, significantly (P~ 0.05) decreased the reducing sugars, hemicelluloses, calcium and magnesium. All samples 
contained adequate amounts of the essential and non essential amino acids except that of methionine, which was 
considered as the first limiting amino acid; followed by leucine and phenylalanine. Both of the cooked leaves can be 
suggested to act as a functional food. 

Key words: Jew's mallow, mallow, cooking, proximate composition, dietary jibers, minerals, amino acids. 

INTRODUCTION 
Among vegetables, the green leafy vegetables 

(GLVs) occupy an important position. The GLVs 
are rich source of macro and micro nutrients, such 
as proteins, dietary fibers, pigments, vitamins 
(beta-carotene, ascorbic acid, etc.), as well as non­
nutrient bioactive phytochemicals as polyphenols 
and flavonoids, which offer many functions for 
health benefits (Khan ef al., 2015). Fiber has been 
reported to have beneficial effects on blood choles­
terol, prevention ofbowel diseases and improve the 
glucose tolerance (Adebayo, 2010). Phenolic com­
pounds as well as carotenes and vitamins help in 
the destruction of free radical and other toxic com­
pounds in human body (Saikia & Mahanta, 2013). 

Among the GLVs are Jew's mallow (Corcho­
nJS olitorius L.) and mallow (Malva parviflora L.). 
Jew's mallow is a very popular summer leafy veg­
etable cultivated and widely consumed in Egypt. 
Recently, it is widely consumed in Japan as a 
healthy food, prepared in different forms because 

of its high content of carotenes, vitamins, minerals, 
polyphenols and other bioactive phytochemicals as 
well as proteins and dietary fibers. they are used in 
different ways as salads, soups, spices, flavouring 
agent and granishes, (Bhawana & Neetu, 2015). 

Mallow (Malva parvilora L.) is a perennial 
herb. It is not cultivated but harvested from wild or 
from farmers fields, waste ground, roadside and de­
sert planic. Mallow leaves are mostly consumed by 
rural people in Egypt. Other common names ofmal­
low are cheese weed mallow, Egyptian mallow, and 
little mallow (Raheem et al., 2014). The raw leaves 
are usually added to salads or eaten in the cooked 
form. The leaves are rich in phenols and also contain 
other substances such as terperoids, coumarins, mu­
cilage and pigments (Messaoudi et al., 2015). 

The GLVs are consumed in raw form or af­
ter cooking, where boiling is the common cooking 
method. Cooking process could cause a number of 
physical and chemical changes, that could be det­
rimental or beneficial depending on the extent :lnd 
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type of the cooking conditions (Zhang & Hamauzu, 
2004). However, some studies reported that cook­
ing can lead to loss in essential vitamins and anti­
oxidant components (Lin & Chang, 2005). 

Information in the literature is scarce regarding 
the nutritional evaluation of cooked Jew's mallow' 
and mallow leaves in Egypt. Therefore, the aim 
of the present study is to evaluate the nutritional 
content of the leaves of Jew's mallow and mallow 
leaves as affected by cooking (boiling). 

MATERIALS AND METHODS 

Materials 

Fifty kilograms of fresh Jew's mallow plant 
(Corchonis olitorius L.), variety balady, were col­
lected at maturity in July 2014, from local farm in 
Abeese village, Alexandria, Egypt. Fifty kilograms 
of fresh mallow plant (Malva parvijfora) were gath­
ered at the time of its most proper consumption stage 
in April 2014, from local farm in Abeese, Alexan­
dria, Egypt. ' 

Methods: 

Preparation of sample and cooking 

All samples were destalked to separate the edi­
ble portions (mostly the leaves) . The edible portions 
were thoroughly washed with tap water followed by 
distilled water, allowed to drain and the excess water 
was removed using paper towel. The edible portions 
were well mixed using a blender (National model­
MX- 291N) for 2 minutes, and divided into two por­
tions. The first portion was freeze-dried (Alpha 1-4 
LSC plus, Chirst) . The second portion ofeach ofthe 
blended leaves was added to distilled water (I : ,I, 
w/v) that just reached to boil, in a covered stainless 
steel pan, and cooked for 10 minutes, then cooled 
rapidly in an ice bath before being freeze- dried (Al­
pha 1-4 LSC plus, Chirst). The lyophilized raw and 
cooked samples were ground using a food grinder ( 
Model M X 491N, National) into powder (40 mesh 
screen) the poweders were transferred to plastic con­
tainers with screw caps and frozen at -20Co and kept 
until using for analysis. 

Analytical methods 

Proximate analysis 

Moisture, crude protein, crude fat, crude fib­
er and total ash were detemlincd 1tccording to the 
standard methods of the AOAC (2000). 

Sugars were determined calorimetrically (be­
fore and after hydrolysis with 2.5 N HCL) using 
dinitrosalicylic acid at 540nm. Glucose was used as 
a standard (Miller, 1959). 

Total carbohydrates content and caloric value 
based on Atwater factor (FAO, 2002) were calcu­
lated as follows: 

%Total carbohydrates content = 100 - (% protein 
+% fat + % ash). 

Caloric value = (% proteins x 2.44) + (% carbohy­
drates x 3.57) + (% oil x 8.37). 

Dietary fiber fractions analysis 

Total dietary fiber (TDF) and insoluble dietary 
fiber (IDF) were detennined by the gravimetric 
enzymatic method as proposed by Prosky et al. 
(1988). Soluble dietary fiber (SDF) was calculated 
by the difference between TDF and JDF as follow­
cs: SDF =TDF-IDF. 

Acid detergent fiber (ADF), neutral detergent 
fiber (NDF) and lignin content were determined as 
cited by Van Soest et al. (1991). Acid detergent 
lignin (ADL) was determined as outlined in the 
AOAC (2000). Cellulose and hemicellulose were 
calculated as follows: 

%Cellulose = ADF (Cellulose, lignin, cutin) ­
ADL (Lignin, cutin). 

%Hemicellulose =NDF (Hemicellulose, cellulose, 
lignin, cutin) - ADF (Cellulose,lignin, cutin). 

All the results wcre calculated as % of dry 
weight basis. 

Minerals element analysis 

Samples were digested by dry ashing and dis­
solved in I M HCL. Na and K were determined 
by Flame Photometry, while Ca, Mg, Mn, Fe and 
Zinc were determined by Atomic Absorption Spec­
trophotometer (Chemtech CTA-2000, England). 
Phosphorus was det~rmined colorimetrically using 
molybdovandate method (AOAC, 2000). 

Amino acids analysis 

Amino acids except tryptophan were deter­
mined according to the method of Li et al. (2006). 
The chemical esse.'\tial amino acid (EAA) score 
was ~alculated as follows: 

g of EAt! ~,~ lOOg of test protein 
EAA= g of EAA in IOOg of FAO reference 

The lowest chefllical ccore was used to predict 
the first limiting amino acid . 
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Statistical analysis 

The results were expressed as the means ± 
standard deviation of mean. The LSD analysis was 
used to compare the means. Significant differences 
were defined at P:S 0.05. 

RESULTS AND DISCUSSION 

. l·f 
Proximate chemica composl IOn 

As indicated in Table (1), the moisture con­
tent was 87.32% in raw Jew's mollow leaves be­
ing comparable with that reported by Oke (1968), 
but was higher (76.6%) than that reported by Van 
Jaarsveld et al. (2014). The moisture content in raw 
mallow leaves was 78.64%, which i~ in agreement 
with that reported elsewhere (AbbasI et al., 2015). 
However, high moisture content is important in 
maintaining the protoplasmic con.tent of the cells, 
but it makes the vegetables penshable and sus­
ceptible to spoilage by microorganisms (Geo~ge, 
2003). Crude protein content based on dry welg~t 
was higher (44.77%) in raw mallow leaves ,than m 
Jew's mallow leaves (36.73%). Crude protein con­
tent in Jew's mallow leaves in th.is stud~ was very 
high than that (15.68% on dry weight ba~ls) repor.t­
ed by Van Jaarsveld et al. (2014). While, protem 
content in raw mellow leaves in this study shows 

....
 

a close agreement with that published by Adeniyi
 
et al. (2012), who reported that it was 31.01 % (on
 
dry weight basis). Crude fat content and energy
 
value were quite low, being higher in raw mallow
 

. leaves (3.39% and 285.29 kcal/1OOg) than that in
 
raw Jew's mallow (1.07% and 263.03 Kcal/lOOg),
 
which are in agreement with those cited by Abbasi
 
et al. (2015). Low calorie and low fat foods, play
 
significant roles in avoiding obesity and reducing
 
the occurrence of diseases associated with damage 
of the coronary artery (Adenipenkun & Oyetunji 
2010). Unfortunately, information on sugars content 
in GLVs is very scarce. Despite that, the total sugars 
content in both raw leaves was much closer. The 
leaves can be considered as a good source offiber, 
with higher content (12.3%) in raw Jew's leaves and 
lower content (9.8%) in raw mallow leaves. These 
values are higher than those reported by Ndlovu & 
Afolayan (2008), but lower than those published by 
Abbasi et al. (2015). Fiber lowers the body choles­
terollevel, thus decreasing the risk of cardiovascu­
lar diseases (Hanif, et al., 2006). The ash content for 

. the raw leaves of Jew's mallow was high (16.1%) 
as compared to 10.4% for raw mallow leaves, so 
this implies that Jew's mallow and mallow leaves 
are good mineral sources. The ash level (10.47%) in 
raw mallow was higher than (0.0871 %) that report­

ed previously by Farhan et al. 
Table 1: Proximate chemical composition of raw and cooked Jew's (2012) and it was comparable 

mallow and mallow leaves (on dry weight basis) (13.53%)with that reported by 

Barros et al. (2010). While the Sample 
Content ash level obtained in this study 

Jew's ll1allow M<illow for raw Jcw's mallow (16.13%) % 
Raw Cooked Raw Cooked was higher than (2.4%) that 

Moisture 87 12±0 08b 90.46±0.03a 78.64±0.09b 92±0.05a cited by Osman (20(~5), ~ut 
.- . was comparable01.97 Yo) with 

Dry matter 12.68±0.09
a 

9.57±0.07
b 

21.36±0.07" 8 ± 0.08
b 

that published by Yekeen et 
Crude protein 36.73± 0.08b 37.32±0.40" 44.77±0.54' 43.74±0.35a al. (2013). Carbohydrates con-

Crude fat I 07± 0 08' 1.05±0.04' 3.39±0.08' 2.23±0.05" tents were quite comparable 
. . for raw Jew's mallow and mal-

Total sugars 5 98± 0 07' 5 22±0 09b 5.41±0.08' 5.31±0.05" lib' 46070/ and . . - . . ow eaves, emg . /0 
Reducing sugars 3.17± 0.078 2.25±0.09b 2.91±0.08" 2.36±0.05b 41.37 %, respectively. 

Non reducing sugars 2.81± 0.07b 2.97±0.09' 2.50±0.08b 2.95±0.098 Cooking of minced Jew's 

Cnide fiber 12.33± 0.08b 12.73±0.04" 9.81±0.08b 11.l7±0.05" mallow and mallow by boiling 
b in water or meat I chicken soup Total Ash 16.13± 0.08b I6.85±0.40' 10.47±0.54' 9.30±0.35 . f h s:' bl d 

IS one 0 t e prelera e omes-
Total carbohydrates 46.07± 1.038 44.78±O.94b 41.37±0.68b 44.73±0.95' tic cooking methods employed ! 

Energy (kcal/ IGOg) 263.03 259. 7 285.29 285.06 ill Egypt. The impact o.f coo~-
. . ing on the macronutnents IS 

*MeanS± standard deVIation presented in Table (1). Cook-
Means with different subscript in the same row separated by shaded ~olumn are ing of mallow resulted in a sig­
significantly different at (P< 0.05) 
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nificant (P:'S 0.05) increase in its crude fiber content 
by 13.86%. This finding is in agreement with that 
reported by McDougall et al. (2010). The increased 
temperature during cooking leads to break the weak 
bonds between polysaccharides and the cleavage of 
glycosidic linkages, which may result in solubili­
zation of the dietary fiber (Svanberg et al., 1997). 
Cooking also significantly reduced (P:'S0.05) ash 
content by 11.17% and reducing sugars by 18.9% 
but significantly increase (P:'S0.05) carbohydrates 
content by 8.12 %. However, inspit of ash losses, 
cooked mallow leaves may be considered as a good 
source of minerals when compared to the values 
obtained for cereals and tubers (Antia et al., 2006). 
As concern, cooking caused reduction in protein 
content. This can be attributed to the severity of the 
thermal process during cooking which leads to deg­
radation of protein. 

Cooking of Jew's mallow leaves significantly 
increased (P:'S0.05) crude fiber by 3.2%, protein 
by 1.6%, ash by 4.4% and non-reducing sugars by 
5.6%, while significantly decreased (P:'S0.05) car­
bohydrates by 2.8% and reducing sugars by 29.0%. 

Dietary fiber fractions 

Dietary fiber is a complex of heterogenous 
components of cell wall, indigestible in human ali­
mentary tract, it includes among other things cel­
lulose, hemicelluloses, lignin, inulin, a-glucanes, 
pectins, gums and mucilage (Komolka et al., 2012). 
Since each type of dietary fiber, namely soluble di­
etary fiber (SDF) and insoluble dietary fiber (IDF), 
exerts a different physiological effect. It is impor- . 
tant to obtain information on both, the total dietary 
fiber (TDF) content as well as the individual com­
ponents in raw and cooked Jew's mallow and mal- ­
low leaves. However, data on their presence in both 
leaves are scarce or non-existent. 

The contents of dietary fiber and its fractions 
(% on dry weight basis) were influenced by the type 
of leaves as well as the cooking process (Figures 
1-3). TDF, SDF, ISDF, NDF, ADF, ADL, lignin, 
cellulose and hemicellulose contents were higher 
in raw mallow leaves than in raw Jew's mallow 
leaves. Soluble dietary fiber content was lower than 
the insoluble ones. Neutral detergent fiber content 
was higher than acid detergent fiber. Furthermore, 
cellulose content was higher than either lignin or 
hemicellulose content. ­

Higher contents for NDF (39.98%), cellu­
lose (J 1.09%), hemicellulose (22.76%) and lignin 

(6.01 %) in raw Jew's mallow leaves were report­

ed by Islam et al. (2004). This may be due to the
 
difference in the variety or cultivars between the "'I
 

two studies. Also, plant species, maturity have a
 
strong influence on fiber components. Islam et al.
 
(2004) analysed 15 different varieties of GLVs for
 
NDF, cellulose, hemicellulose and lignin content
 
and found that they vary between (24.98-47.50%),
 
(4.05-11.09%), (15.12-32.24%) and (1.09-6.01%),
 
respectively.
 

Cooked Jew's mallow and mallow leaves were 
characterized by significantly (P:'S0.05) higher con­
tents of soluble dietary fiber, acid detergent fiber 
and cellulose and by significantly (P:'S0.05) lower 
contents of hemicellulose. Neutral detergent fiber 
content was significantly higher (P:'S0.05) only in 
cooked Jew's mallow leaves, while total dietary 
fiber content was significantly higher (P:'S0.05) in 
cooked mallow leaves. 

The results reported here indicate high varia­
tion in the percentage of individual fractions either 
in raw or cooked leaves. However, there are several 
reports on the impacts of cooking on the fiber con­
tent in vegetables. While some researchers (Thed 
& Phillips, 1995) have found no effect or limited 
effect on the fiber content, a number ofother work­
ers have noted an increase in one or more fraction 
of dietary fiber due to cooking. For examples, Rod­
riguez et al. (2006) stated that it was difficult to de­
termine which components ofdietaly fiber undergo 
the greatest changes during cooking. Elleuch et al. 
(2011) observed a decrease in content of hemicel­
lulose during cooking. 

However, American Dietetic Association rec­
ommended the inclusion of dietary fiber by using 
vegetable sources including GLVs for an active 
and healthy life, as the consumption of fibrous diet 
in developed countries is low. So that, Dietary Ref­
erence Intakes for Japanese (20 I0) of dietary fiber 
(g/day) for children (I-13yr) is 19-31, for adults 
male (l4-50yr) is 38, for adult woman (l4-50yr) is 
25-26, and 28-29 for pregnant or lactating women. 

Mineral contents 

Mineral composition of the leaves of raw and 
cooked Jew's mallow alld mallow are presented in 
Table (2). Raw and cooked Jew's mallow leaves. .' . 

were more -superior _ill ,all _macro-elements than
 
mallow leaves, while micro-elements were more
 
closer in raw and cooked Jew mallow l}Jld mallow
 
leaves. Potassium was higher in raw and cooked
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ADF 

33-.8' 
.74; 

3'1~.:!;32..51; 

RClw MClllow 

Cooked Mallow 

Raw few's mallow 

'Cooked jew's mallow 

Total dietary fiber Insoluble dietary fiber Soluble dietary fiber 

Fig. 1. Dietary tiber fractions of raw and cooked mallow and Jew's mallow leaves 
(g/lOOg sample). ",b Different superscript letters ill the same property indicate 

statistical difference (p ':S 0.05). Data are tbe mean ± standard deviation 

35 

.<16~ 
23.63= 

5.61' 

Raw mallow 

Cooke d mallow 

Raw few's mallow 

Cooked jew's mallow 

NDF ADL 

Fig. 2. Neutral Detergent Fiber (NDF), Acid Detet'gent Fiber (ADF) and Acid Deter­
gent Lignin (ADL) content of raw and cooked maJJow and Jew's mallow leaves. a,b 
Different superscript letters in the same property indicate statistical difference (p ':S 

0.05). Data are the mean ± standard deviation. 

Jew's mallow leaves as compared to raw and 
cooked mallow leaves. Raw Jew's mallow leaves 
had the mean value of (mg/lOOg) 997 K, 15.9 Na, 
412.5 Ca, 184 Mg, 53.4 P, 4.85 Fe, 23.4 Mn and 
83.4 Zn. Cooking of raw Jew's mallow resulted in 
significant increases (P~0.05) in Na by 24.5% and 
P by 142% and significant losses (P.':S 0.05) in Ca 
by 7.5%, Mg by 7.6% and Mn by 12.4%. Meibei 

el al. (2011) reported that raw Jew's mallow had 
lower values than found in the present study. This, 
can be attributed to djfferences in stage ofmaturity, 
plant variety and agroclimatic conditions. 

Potassium concentration in raw mallow was 
856 mg/l OOg, while sodium was 20.8 mgll OOg. 
Sodium to potassium ratio of less than one has been 
recommended for the prevention of high blood 
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Table 2: Mineral contents of raw and cooked Jew's mallow and mallow On the other hand, Na and P 
leaves (on dry weight basis) wcre significantly increased 

__________________________ (P:S 0.05) by about 33.3% and 

Element Jew's mallow Mallow 12.2%, respectively. Mineral 

Lignin C€llulose Hemicellulose 

Fig. 3. Lignin, cellulose and hemicellulose content of raw and cooked mallow and Jew's 
mallow leaves. a,b Different superscript letters in the same property indicate statistical 

difference (P S 0.05). Data are the mean ± standard deviation 

mg/IOOg Raw Cooked Raw Cooked contents of raw mallow leaves 

Macro elements were found to be lower than 

Phosphorus (P) 53.40± 1.09b 61.01±1.25 ' 36.40±1.58 b 40.85±1.69' 
that reported by Ereifej et al. 
(2015). However, the raw or 

Potassium (K) 997± 37.47' 1020±68.9.1' 856±53.91 • 916±57.50 n cooked leaves could be a good 

Calcium (Ca) 412.5±2.59· 381±2.25b 243±0.58· 216.5±269b source of Mg, Fe and Zn for 

Magnesium (Mg) 184±2.59· 170±3.75b 206.5±O.58· 191.5±2.69b 
all categories of people when 
compared with recommended 

Sodium (Na) 15.9±0.59b 19.8±0.75· 22.8±O.58b 30.4±0.69' dietary allowance. 

Total macro elements 1662.8 1651.8 1364.7 1395.2 Amino acid composition 
Micro elements 

The total amino acid 
Iron (Fe) 485±009' 4.68±0.09' 5.31±O.58" 4.84±009" composition of raw and 

Manganese (Mn) 23.4±1.27' 20.5±1.09b 20.8±1.58· 22.2±1.09n cooked Jews mallow and mal­

Zink (Zn) 83.4± 1.27' 83.6±1.09a 82.4±1.l8a 82.6±1.09a 
low leaves showed greater 
similarity in their arn.ino acid 

Total micro elements Ill. 65 108.78 108.51 10964 profiles (Table 3). The total 

*Means± standard deviation amino acids (TAA), Non-es­
Means with different subscript in the same row separated by shaded column are sential amino acids (NEAA) 
significantly different at (P< 005) and essential amino acids 

(EAA) were 69.14, 40.81 and 
pressure. Thus, the consumption of these GLV can 28.33 (g/ IOOg protein) for raw 
probably serve to reduce high blood pressure dis­ Jew's mallow and 71.06,40.24 and 30.82 (g/lOOg 
eases in buman. protein) for cooked Jew's mallow. The correspond­


Cooking of mallow leaves significantly de­ ing values in raw and cooked mallow leaves were
 

creased (P:S 0.05) tbc concentrations of both Ca and 65.86, 37.55 and 28.31 for raw leaves, and 74.13,
 

Mg from 243 and 206 to 216 and 191, respectively. 39.98 and 34. 15g/1 OOg protein for cooked leaves,
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respectively. This is in agreement with the results bo leaves grown in Nigeria. Ratio of essential ami­
by Omoyeni et al. (2015) for raw Jew's mallow no acids to total amino acids (EAAffAA) ranged 
leaves. between 40.97 -46.07 for all samples, indicating a 

good equilibrium between amino acids ofproteins.Aspartic acid, glutamic acid and leucine were 
found to be the major ones in raw and cooked Jew's Chemical scores calculated based on FAO 
mallow and mallow leaves. Similar finding was (2013) for methionine which is considered as the 
also reported by (Ogunwa et al., 2015) for Marug- first limiting amino acid was between 0.41-0.53. 

Table 3: Amino acid composition of raw and cooked Jew>s mallow and Mallow leaves 

Sample 
Amino acid Standard ."." 

gllOOg protein 
Jew's mallow Mallow 

(FAO, 2013) 
Raw Cooked Raw Cooked 

Essential Amino Acids (EAA) 

Therionine 3.00 *(0.97) 3.24 (1.05) 2.80 (0.90) 4.10 (1.32) 3.1 

Valine 4.11 (0.96) 4.40 (1.02) 4.51 (1.05) 5.30 (1.23) 4.3 

Isoleucine 3.21 (1.00) 3.70 (1.16) 3.00 (0.94) 3.90 (1.22) 3.2 

Leucine 6.10 (0.92) 6.93 (1.05) 6.50 (0.98) 7.01 (1.06) 6.6 

Phenylalanine 4.51 (0.87) 4.22 (0.81) 4.30 (0.83) 5.10 (0.98) 5.2 

Histidine 2.10 (1.05) 2.40 (1.20) 2.20 (1.10) 2.60 (1.30) 2.0 

Lysine 4.20 (0.74) 4.70 (0.82) . 3.80 (0.67) 4.70 (0.82) 5.7 

Methionine 1.l0 (0.41) 1.23 (0.46) 1.20 (0.44) 1.44 (0.53) 2.7 

Total. EAA. 28.33 30.82 28.31 34.15 32.8 

Non Essential Amino Acids (NEAA) 

Aspartic 8.10 7.30 9.20 7.80 

Tyrosine 3.10 3.10 2.70 3.42 

Arginine 4.90 5.30 4.00 4.54 

Proline 5.71 4.70 4.22 3.70 

Cyctine 1.20 1.40 1.11 1.32 

Serine 3.20 3.10 3.12 3.70 

Glutamic 8.00 8.54 7.90 9.10 

Glycine 4.10 3.90 3.10 3.80 

Alanine 2.50 2.90 2.20 2.60 

Total. NEAA 40.81 40.24 37.55 39.98 

Total AA 69.14 71.06 65.86 74.13 

EAAlTAA 40.97 43.37 42.99 46.07 

NEANTAA 59.03 56.63 57.01 53.93 

l't Liming AA Methionine Methionine Methionine Methionine 

2nd limiting AA Lysine Phenyl alanine Lysine Lysine 

3d] limiting AA Phenyl alanine Lysine Phenyl alanine Phenyl alanine 

*Value between bracket is a chemical score of essential amino acid 

**FAO (2013) for infant (6 months) 
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Whereas, lysine the second limiting amino acid was 
(0.67-0.82), followed by phenylalanine (0.81-0.98) 
as the third limiting amino acid in raw and cooked 
Jew's mallow and mallow leaves. These results are 
in agreement with those reported by Ndomou el al. 
(2014) who found that sulfur amino acids were the 
most limiting ones in the leaves of G. africanum. 

It is worth to note that cooking of the Jew's 
mallow and mallow leaves increases the amounts of 
total amino acids by 2.77 and 12.59%, respective­
ly. Studies by numerous authors have shown that 
amino acid content can increase or decrease after 
cooking depending on the species (Titi Mutiara el 
al., 2013). However, the results indicated that both 
of the leaves can be considered as a good source of 
essential amino acids, specially for poor people. 

CONCLUSION 
Jew's mallow and mallow leaves consumed 

in Egypt contain substantial amount of macro and 
micro nutrients which might be useful in preven­
tion of some diseases as reported in literature. They 
can contribute substantially to minerals, especially 
potassium, calcium, magnesium and iron and had 
high amount of protein, dietary fiber and essential 
amino acids which are usually in short supply in 
daily diets of poor people. Boiling of minced Jew's 
mallow and mallow leaves in water or meat soup, 
as a home cooking method employed in Egypt, 
have different effects on nutrients. Where, crude 
fiber, non reducing sugar, SDF, ADF, cellulose, 
phosphors and sodium were found to increase, re­
ducing sugar, hemicelluloses, calcium and magne­
sium were found to be reduced by boiling. Most 
essential amino acid contents are enhanced upon 
boiling. As a result, the study suggests that boiled 
leaves can be used to combat nutrient deficiencies, 
as a functional soup in developing countries. 
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