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Abstract
This study aimed to examine the efficacy of spirulina in treating malnutrition among
children in Gaza Strip, and to find differences in anthropometric measures and
hematological profile between children who received spirulina and those who received
vitamin and minerals supplement. The sample of the study consisted of 60 malnourished
children aged from 1 – 4 years, divided equally into two groups; 30 children received
spirulina and 30 children received multivitamin and minerals, the children were registered
in Ard El Insan Benevolent Association in Gaza city. For data collection, the researcher
used constructed questionnaire, anthropometric measures, and hematologic profile.
Baseline measures were taken initially and repeated after three months of intervention. The
spirulina which was used in the study have been brought from France. Content analysis of
Spirulina showed that the proximate components were; crude protein (57.5%), crude fat
(7.7%), carbohydrates (23.9%).
The results of the study showed that baseline anthropometric indices were; weight for age
Z score was – 2.42, height for age Z score was – 2.13, and weight for height Z score was –
2.09, which indicated that the children had poor anthropometric characteristics. Also, mean
weight of children who received vitamins and minerals was 8.64 kg initially, increased to
9.39 kg after three months (P= 0.000), and mean weight of children who received spirulina
was 7.9 kg initially, increased to 8.58 kg after three months (P= 0.000). There were
statistically significant differences in median IQR Ferritin levels before and after receiving
spirulina (m= 5.0 vs. 27.0, P= 0.0), while differences were not significant for the vitamin
and mineral group. In addition, differences were significant in the serum iron before and
after intervention for the two groups. Regarding hematologic profile, there were
insignificant differences in leukocytes before and after receiving vitamin and mineral
supplement, while those who received spirulina showed statistically significant differences
in WBC (P= 0.003), granulocytes (P= 0.022), Hgb (P= 0.000), HCT (P= 0.031), MCV (P=
0.000), and MCH (0.017), and that before receiving spirulina 33.3% of children were nonanemic, but after receiving spirulina 66.7% became non-anemic. Regarding attitudes, the
results found that initially, mothers of children who received vitamins and minerals were
more convinced with treatment program, but after three months of treatment, mothers of
children who received spirulina were more convinced with the treatment program (x2 =
11.88 and P= 0.001). Also, there were insignificant differences in mothers' compliance
with recommendations for both groups (P value was 0.167), besides that, children who
received vitamins and minerals had higher frequency of suffering from illness compared to
children who received spirulina (x2 = 11.58 and P= 0.001). in conclusion, the results of the
study reflected that spirulina was a valuable and effective supplement in treating
malnutrition, and could be used in a wide range since it is cheap compared to other
pharmaceutical preparations and formulas.
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عنوان الدراسة

فاعمية طحمب سبيرولينا مقارنة بالفيتامينات واألمالح المعدنية كمكمل غذائي لدى األطفال

المترددين عمى عيادة جمعية أرض اإلنسان في قطاع غزة.
ممخص الدراسة

ىدفت ىذه الدراسة إلى معرفة مدى فعالية طحمب سبيرولينا في عالج سوء التغذية ،كما ىدفت إلى
التعرف عمى الفروق في مؤشرات القياس الجسمية ومقاييس الدم لدى األطفال في قطاع غزة .تكونت
عينة الدراسة من  66طفالً يعانون من سوء التغذية تراوحت أعمارىم بين  4 – 1سنوات ،ومسجمين
في كشوفات جمعية أرض اإلنسان في مدينة غزة ،وقد قسمت العينة إلى مجموعتين متساويتين (06
طفالً تناولوا سبيرولينا و  06طفالً تناولوا فيتامينات وأمالح معدنية بجانب وجبات الطعام) ،وذلك لمدة
ثالثة شيور.
لجمع البيانات فقد تم استخدام استبانة من إعداد الباحث ،مؤشرات القياس الجسمية والتي تضمنت
الوزن ،الطول ،والعمر ،كما تم أخذ عينات دم من األطفال ،كما تم تحميل محتوى االسبيرولينا في
غزة ،كما قام الباحث بفحص مؤشرات القياس الجسمية وتحميل عينات الدم في بداية الدراسة وأيضاً
بعد ثالث شيور.
أظيرت نتائج تحميل محتوى طحمب سبيرولينا وجود البروتين بنسبة  ،%5775الدىون ،%777
الكربوىيدرات  .% 9079وبينت نتائج القياس األولية أن الدرجة الحرجة (ز) لموزن بالنسبة لمعمر كانت
–  ،9749الطول بالنسبة لمعمر –  ،9710الوزن بالنسبة لمطول –  ،9769وىذه تعني أن مؤشرات
القياس الجسمية كانت متدنية لدى األطفال الذين شممتيم الدراسة .كما أظيرت النتائج أن متوسط
الوزن لدى األطفال في مجموعة الفيتامينات واألمالح المعدنية بمغ  8764كجم في بداية الدراسة وارتفع
إلى  9709كجم في نياية الدراسة (بعد ثالثة شيور) ،كما أن متوسط الوزن لدى األطفال في مجموعة
السبيرولينا بمغ  779كجم في بداية الدراسة وارتفع إلى  8758كجم في نياية الدراسة .كما تبين وجود
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فروق ذات داللة إحصائية في مستوى الفيرتين قبل وبعد تناول السبيرولينا ( 576مقابل  )9776وبمغت
قيمة  ،67666 = αبينما لم تكن الفروق دالة إحصائياً لدى مجموعة األطفال الذين تناولوا فيتامينات
وأمالح معدنية ،في حين وجدت فروق دالة إحصائياً في مستوى الحديد في الدم لدى المجموعتين في
نياية الدراسة.
وبينت النتائج عدم وجود فروق في تعداد كرات الدم البيضاء قبل وفي نياية الدراسة لدى مجموعة
األطفال الذين تناولوا الفيتامينات واألمالح المعدنية ،في حين كانت الفروق دالة إحصائياً لدى
مجموعة األطفال الذين تناولوا االسبيرولينا في كل من كرات الدم البيضاء  ،67660 = αالكريات
المحببة  ،67699 = αالييموغموبين  ،67666 = αالييماتوكريت  ،67601 = αمتوسط حجم الكريات
الحمراء ) ،67666 = α (MCVمتوسط كتمة الييموغموبين في الكرية الحمراء )= α (MCH
 ، 67617كما أن  %0070من األطفال لم يكن لدييم فقر دم (مستوى الييموغموبين فوق  16جم) في
بداية الدراسة في حين بعد تناول السبيرولينا لمدة ثالث شيور أصبح  %6677ال يعانون من فقر الدم.
بالنسبة التجاه األميات حول البرنامج العالجي فقد تبين أنو في بداية الدراسة كانت األميات مقتنعات
بدرجة كبيرة في برنامج الفيتامينات واألمالح المعدنية ،في حين أنو في نياية الدراسة أصبحت
األميات أكثر قناعة بفائدة برنامج السبيرولينا ،كما بينت النتائج أن األطفال الذين تناولوا الفيتامينات
واألمالح المعدنية كانوا أكثر عرضة لألمراض مقارنة باألطفال الذين تناولوا السبيرولينا .وفي اإلجمال
فقد أظيرت نتائج الدراسة فعالية السبيرولينا كمكمل غذائي طبيعي لعالج سوء التغذية ،كما يمكن
استخداميا عمى نطاق أوسع وذلك نظ اًر لرخص ثمنيا مقارنة بمكمالت الغذاء المصنعة.
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Chapter I
Introduction
1.1 Background
Nutrition is crucial to both individual and national development. In order for a child
to grow normally, he needs to be fed properly in adequate amounts of balanced diet.
Malnutrition is a medical condition caused by an improper or insufficient diet
(Katsilambros, 2011), it results from eating a diet in which certain nutrients are lacking, in
excess, or in the wrong proportions (Sullivan & Sheffrin, 2003). In most of the world
countries, malnutrition is present in the form of under-nutrition, which is caused by a diet
lacking adequate calories and protein, not enough food, and of poor quality (World Health
Organization – WHO, 2001; UNICEF, 2012).
Malnutrition at an early age leads to reduced physical and mental development
during childhood, so, a balanced adequate diet during the early years of life is critical for
normal physical and mental growth. Malnutrition as measured by stunting, affects 32.5%
of children in developing countries according to the most recent estimate, and that more
than 70% of malnourished children live in Asia, 26% in Africa and 4% in Latin America
and the Caribbean (FAO, (2013). According to local reports, 11 out of 100 children underfive suffer from chronic malnutrition; 11.3% in West Bank (WB) and 9.9% in Gaza Strip
(GS) (Palestinian Central Bureau of Statistics - PCBS, (2012). According to the Word
Food Program (WFP) malnutrition is the largest single contributor to disease (WFO, 2014),
and the current estimates suggest that 30% of global child mortality is directly or indirectly
linked to malnutrition (Powel, 2013).
Malnourished children need to be treated with proper diet complements containing
protein, high calories, vitamins and minerals to overcome deficiency in these elements.
1

Spirulina, a cyanobacterium blue- green alga, was reported to be a nutritional source since
the 16th century, and the United Nations, in its world conference held during 1974, has
hailed spirulina as the possible "best food for the future" (Ravi, et al., 2010). Spirulina is
rich in a wide range of nutrients; protein accounted for about 70% of its contents, 5 – 8%
lipids, and 2-5% are sulpholipids, in addition it contains high level of various B vitamins,
and minerals including calcium, iron, magnesium, manganese, potassium and zinc (Khan,
et al., 2005; Campanella et al., 2002; Otles & Pire, 2001). Previous studies reported that
adding 10 g of spirulina to diet increased weight of malnourished children by 4.72%
(Degbey et al., 2004), another study found that supplementation of spirulina 5 g/day
improved average body weight gain (Dupire, 1998 cited in Hug & Weid, 2011), even
smaller amounts of spirulina (1 g/day), led to positive results on the hematological status
and intellectual performance of children (Sachdeva, et al., 2004), and that 1g of Spirulina
added to the diet is enough to combat malnutrition (Gloria et al., 2004).
Ard El Insan Palestinian Benevolent Association (AEI) taking a leading role in
treating and alleviating malnutrition among children in GS. About 466 children aged
between one day to five years are currently registered in AEI main center in Gaza city and
receiving dietary complements with vitamins and minerals additives. In this study, the
researcher will use Spirulina platensis (3 g/day) as a supplement for a group of
malnourished children and compare the findings with another group who receive vitamins
and minerals during the same period.

2

1.2 Research problem
Malnutrition is a global health problem that affects children mainly in the
developing countries with high poverty rates. In Palestine, it was reported that 11 out of
100 children under-five years of age suffer from chronic malnutrition / stunting (11.5% in
WB and 10% in GS) (PCBS, 2012). Besides that, 3.7% of children reported to be
underweight in 2010 (3.8% for WB and 3.5% for GS). In GS, the rate of underweight
increased from 2006 to 2010 (2.4 vs. 3.5 respectively), which is worrying especially when
linking this elevation of underweight rates with the current circumstances in GS of siege
imposed against GS, and closure of borders and restriction of movement with external
world. As a result, thousands of workers lost their jobs, elevation of inflation to dangerous
levels, and increase poverty, which led to inability of families to afford healthy, balanced
food to their children and rely on aids from local and international organizations.
In this situation with scarce resources, it would be worth to use spirulina as a food
complement with cheap price compared to other manufactured food complements which
are usually more expensive. To the best knowledge of the researcher, no one has examined
the nutritional values of spirulina in Palestine, so this study will be the first of its kind to be
conducted in Palestine, and the expected results could be of great value for treatment of
malnutrition among children in the country.
1.3 Justification of the study
According to United Nations Food and Agriculture Organization (FAO, 2012), one
in eight persons, was suffering from chronic undernutrition in 2010-2012. An estimated
230 million under-five children were chronically malnourished in developing countries
(FAO, 2008). If malnutrition was not treated early in life, it will lead to serious
deterioration in growth and development both physically and mentally. AEI with its special
3

feeding programs taking a leading role in treating malnutrition in GS; these programs
include fortified food with vitamin and mineral complements.
WHO has confirmed that spirulina represents an interesting food for multiple
reasons; it is rich in iron and protein, it can be safely administered to children without any
risk (WHO, 1993). In this study, the researcher focused on examining the effect of
spirulina on the anthropometric parameters and the bio-chemical changes which
strengthen the immune system as well as the growth of the children.
1.4 Objectives of the study
1.4.1 General objective
The general objective of the study is to examine the efficacy of spirulina in treating
malnutrition among children in Gaza Strip.
1.4.2 Specific objectives
-

To determine the specific microbiological quality of spirulina (total aerobic
bacteria, total Coliform, Sulfite-reductours, Clostridium perfringes, Staphylococcus
coagulase, and Salmonella).

-

To estimate all biochemical components of spirulina such as (moisture content,
protein, fat, carbohydrate, and minerals).

-

To evaluate the nutritional value such as amino acids and vitamins.

-

To identify anthropometric measures and hematological profile of malnourished
children in GS.

-

To compare anthropometric measures and hematological profile between children
who received spirulina and those who received vitamin and minerals supplements.

-

To assess the anemia status before and after intervention among the two groups.
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-

To examine the changes in the immunological indicators (White Blood Cells WBC, Lymphocytes - LYM, Granulocytes - GRA) between children who received
spirulina and those who received vitamin and minerals supplements.

1.5 Questions of the study
-

What is the degree of effectiveness of spirulina in treating malnutrition among
children in GS?

-

What are the anthropometric measures of malnourished children in GS?

-

What are the hematological profile of malnourished children in GS?

-

Are there significant differences in anthropometric measures between children who
received spirulina and those who received vitamins and minerals supplements?

-

Are there significant differences in hematological profile between children who
received spirulina and those who received vitamin and minerals supplements?

-

Is there significant improvement in anemia status after receiving the prescribed
treatment (Multivitamin and spirulina)?

-

Are there significant changes in the immunological indicators (WBC, LYM, GRA)
between children who received spirulina and those who received vitamin and
minerals supplements?

1.6 Context of the study
1.6.1 Demographic context
Historical Palestine is a small country; its area is about 26,323 km2. Now Palestine
comprises two areas separated geographically, the WB and GS and East Jerusalem, with
total area of 6257 km2 (United Nations Environment Program, (UNEP), 2003). According
to the PCBS, total population was 4,420,549 (2,719,112 in WB and 1,701,437 in GS) at the
end of December 2013, and the population density (capita/km2) in GS is estimated as 4,583
5

inhabitants per km2, which is very high (PCBS, 2013). GS is a narrow band of land located
on the south of Palestine, constituting the coastal zone of the historical Palestine along the
Mediterranean Sea between Egypt and "Israel".

It is 45 Kilometres long and 6-12

Kilometres wide with an area of 378 km2 (PASSIA, 2008). The Crude Birth Rate (CBR) in
the Palestinian territory was estimated to be about 32.6/1000 population in 2013
(29.7/1000 in WB and 37.1/1000 in GS), and the Crude Death Rate (CDR) in Palestine was
estimated about 3.8 /1000 live birth (4.0 /1000 in WB and 3.7 /1000 in GS) (PCBS, 2013).
1.6.2 Socio-economic context
The unstable political situation inflected negative impacts on the socioeconomic
status in Palestine. Based on the data from the Palestinian expenditure and consumption
survey (PECS) poverty in GS raised to high levels and its incidence in GS was twice as
high as that in the WB (33.7% in GS and 16% in WB) (PECS 2010). According to PCBS,
(2013), GDP is estimated about 9.3%, and the workforce participation 43.6, unemployment
is very high since it reached a rate of 23% (19% in WB and 31% in GS). The strict siege
and boycott imposed against GS resulted in dramatic decline in the work force and high
rates of inflation. Approximately 80% of families in GS currently depend on humanitarian
aid. This decline results from exceptional levels of poverty and the inability of a large
majority of the population to provide basic food (Human Rights Council, 2010).
1.6.3 Ard El Insan Palestinian Benevolent Association (AEI)
AEI association is a Palestinian non-governmental organization (NGO) based in the
GS provides nutritional and health services to the most needy and marginalized children
under-five years old, their mothers and families. Its core mission is to promote and deliver
nutritional services for children in Palestinian territory. It was established in 1984 as an
affiliate of the Swiss agency International Federation Terre Des Hommes, then it was
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localized in 1997 to be a Palestinian NGO. There are two community health and nutrition
rehabilitation centers in Gaza city and Khan Younis city provide curative, preventive and
educational health services to beneficiaries in these areas. In addition, each center conducts
a community-based program targeting vulnerable areas in different locations such as
refugee camps, villages and deprived and rural areas. (www.ardelinsan.org).
1.7 Definition of terms
Malnutrition
It is a general term that indicates a lack of some or all nutritional elements necessary for
human health, it is frequently used to mean undernutrition from either inadequate calories
or inadequate specific dietary components for whatever reason (Katsilambros, 2011).
Underweight
It is defined as the percentage of children aged 0 to 59 months whose weight for age is
below minus two standard deviations (moderate underweight –2 SD) and minus three
standard deviations (severe underweight -3 SD) from the median of the WHO Child
Growth Standards (UNICEF, 2013).
Stunting
It is defined as the percentage of children aged 0 to 59 months whose height for age is
below minus two standard deviations (moderate and severe stunting) and minus three
standard deviations (severe stunting) from the median of the WHO Child Growth
Standards (UNICEF, 2013).
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Wasting
It is defined as the percentage of children aged 0 to 59 months whose weight for height is
below minus two standard deviations (moderate and severe wasting) and minus three
standard deviations (severe wasting) from the median of the WHO Child Growth
Standards (UNICEF, 2013).
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Chapter II
Literature review
This chapter discussed the professional related literature of Spirulina and Multivitamin on
human health. It shows the nutritional contents and its value in overcoming malnutrition.
2.1 What is Spirulina?
Spirulina, a planktonic blue- green alga, a microscopic and filamentous
cyanobacterium is one of the oldest forms of life growing in warm alkaline, mineral-rich,
largely pollution-free, soda lakes. It thrives in very warm waters of 320 to 450 C, and has
even survived in temperatures of 600 C. Certain desert-adapted species will survive when
their pond habitats evaporate in the intense sun, drying to a dormant state; in this dormant
condition, the naturally blue-green alga turn a frosted white and develop a sweet flavor as
its 71% protein structure is transformed into polysaccharide sugars by the heat. In fact, the
hotter it gets and the more the mineral salts concentrate, the faster and more prolifically
Spirulina grows (Tefera, 2009).
Spirulina is a cyanobacterium that can be consumed by human and is made
primarily from two species of cyanobacteria: Arthrospira platensis and Arthrospira maxima
(Vonshak, 1997). Spirulina has been produced commercially for the last 20 years for
food. Commercial alga are normally produced in large outdoor ponds under controlled
conditions. Some companies also produce directly from lakes. Current production of
Spirulina worldwide is estimated to be about 3,000 metric tons, sold widely in health food
stores and mass-market outlets throughout the world, Spirulina’s safety as food has been
established through centuries of human use and through numerous and rigorous
toxicological studies (Salazar, et al., 1998).
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Source: (Gesquier, 2008, Institut Polytechnique LaSalle Beauvais)

Figure (2.1): Spirulina algae
2.2 Classification of Spirulina
Spirulina is a genus of the phylum Cyanobacteria which are classified as bacteria
Gram +. Even though it is single-celled attaining sizes of 0.5 millimeters in length, which
makes some individual spirulina cells visible to the naked eye, the name Spirulina comes
from a Latin word meaning tiny spiral; spirulina is microscopic, spiral-shaped, vegetable
bacteria (Tefera, 2009). There are more than 39 species of spirulina and the most
commonly used species of spirulina for nutritional supplements are Spirulina platensis
(S. platensis) and spirulina maxima, but for its composition stability and balance of
nutrients, spirulina platensis is the specie mostly used (Khan, et al., 2005).
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Table (2.1): Taxonomy of spirulina
Domain

Bacteria

Kingdom

Archaeplastida

Division

Cyanobacteria

Class

Cyanophyceae

Order

Oscillatoriales

Family

Pseudanabaenaceae

Subfamily

Spirulinoideae

Genus

Spirulina

Source: (Gesquier, 2008, Institut Polytechnique LaSalle Beauvais)

2.3 Biochemical content of spirulina
The first documented report on spirulina dates back to the 16th century and
spirulina is believed to have been a nutritional source for the Aztecs and Mesoamericans. It
has been stated by the National Aeronautics and Space (NASA) that the nutritional value of
1000 kg of fruits and vegetables equals one kg of spirulina, besides that, the United Nations
has hailed spirulina as the possible "best food for the future" in its world conference held
during 1974 (Ravi, et al., 2010). The spirulina species contain significant amount of
valuable proteins, indispensable amino acids, vitamins, beta-carotene, mineral substances,
essential fatty acids, polysaccharides, glycolipids and sulpholipids, in addition it contains
high level of various B vitamins, and minerals including calcium, iron, magnesium,
manganese, potassium and zinc, it is a good source of essential fatty acid, and gammalinolenic acid (Otles, & Pire, 2001). Protein contents of spirulina are very good; it contains
up to 70% protein of dry weight which is ten times more than soy-bean and three times to
that of beef protein. It provides full complement of nine essential amino acids
11

(Campanella, et al., 2002). Spirulina is also known to contain high percentage of
glycolipids and sulpholipids. It contains 5-8% lipid, from which 40% are glycolipids
and 2-5% are sulpholipids which is of great therapeutic value. Spirulina contains high
amount of bioavailable vitamin B12 and this is particularly important for vegetarians who
often find it hard to get this nutrient in their diet. Pigment content including chlorophyll
and beta-carotene and vitamin E level is also high (Khan, et al., 2005). Spirulina
contains vitamins B1 (thiamine), B2 (riboflavin), B3 (nicotinamide), B6 (pyridoxine), B9
(folic acid), vitamin C, vitamin D, vitamin A, and vitamin E. It is also a source of
potassium, calcium, copper, iron, magnesium, manganese, phosphorus, selenium, sodium
and zinc. Spirulina contains many pigments which may be beneficial and bioavailable,
including

beta-carotene,

zeaxanthin,

chlorophyll-a,

xanthophyll,

echinenone,

myxoxanthophyll, canthaxanthin, diatoxanthin, 3-hydroxyechinenone, beta-cryptoxanthin
and allophycocyanin (Babadzhanov, et al., 2004; Tokusoglu & Unal, 2003). Another study
reported that biochemical analysis of spirulina indicated that 17 amino acids were detected
in S. platensis; glutamic acid was the most common amino acid of the dry matter of S.
platensis followed by aspartic acid, isoleucine was the most abundant essential amino acid.
In addition, aspartic, serine, alanine, leucine, and glycine collectively amounted 50% of the
detected amino acid content while methionine, cysteine, tyrosine, and histidine collectively
amounted less than 20%. Also, the concentration of minerals were; Mg+2 0.04 ppm, Ca+2
9.3 ppm, Fe+2 0.8 ppm, Mn+2 0.16 ppm, Zn+2 0.16 ppm, Na+ 11.3 ppm, Se+4 0.003 ppm,
and K+ 5.9 ppm (Gaese, 2012).
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Figure (2.2): Composition of spirulina
Table (2.2): Biochemical content of spirulina
Nutrient

Amount per 100 gm

Protein

70 g

Fat

7g

Carbohydrate

15 g

Beta-carotene

170 mg

Thiamine

5.5 mg

Riboflavin

4 mg

Niacin

11.8 mg

Vit. B 12

200 µg

Folic acid

50 µg

Vit. E

19 mg

Calcium

132 mg

Magnesium

192 mg

Potassium

1540 mg

Phosphorus

894 mg

Iron

58 mg

Zinc

4 mg

Source: Mani, et al., (2000)
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2.4 Malnutrition
2.4.1 Definition of malnutrition
Malnutrition is a major global health problem especially in developing countries. It
is "a medical condition caused by an improper or insufficient diet", it is a general term that
indicates a lack of some or all nutritional elements necessary for human health, the term
malnutrition is frequently used to mean undernutrition from either inadequate calories or
inadequate specific dietary components for whatever reason (Katsilambros, 2011).
Undernutrition encompasses stunting, wasting, and deficiencies of essential vitamins and
minerals (Black, et al., 2008).
2.4.2 Types of malnutrition

There are two basic forms of malnutrition depending on what nutrients are missing in the
diet;

2.4.2.1 Protein-energy malnutrition (PEM)
It is the most important and most lethal form of malnutrition, It results from a diet
lacking in energy and protein because of a deficit in all major macronutrients, such as
carbohydrates, fats and proteins. Food is converted into energy by humans, and the energy
contained in food is measured by calories. Protein is necessary for key body functions
including provision of essential amino acids and development and maintenance of muscles
(World Hunger and Poverty Facts and Statistics, 2013). There are two forms of PEM:
2.4.2.2 Kwashiorkor "displaced child"

Is mainly caused by inadequate protein intake resulting in a low concentration of
amino

acids,

the

main

symptoms

are

edema,

wasting,

liver

enlargement,

hypoalbuminaemia, steatosis, and possibly depigmentation of skin and hair (Katsilambros,
14

2011). Kwashiorkor is identified by swelling of the extremities and belly, which is
deceiving of actual nutritional status (Chowdhury, et al., 2009).

2.4.2.3 Marasmus "to waste away"

Is caused by an inadequate intake of protein and energy. The main symptoms are
severe wasting, leaving little or no edema, minimal subcutaneous fat, severe muscle
wasting, and abnormal serum albumin levels (Katsilambros, 2011).

2.4.2.4 Micronutrient deficiency

It encompasses deficiency in vitamins and minerals (micronutrients), which can lead to
anemia, scurvy, pellagra, beriberi and xeropthalmia and, ultimately, death. Deficiencies of
iron, vitamin A and zinc are ranked among the WHO top 10 leading causes of death
through disease in developing countries (WFO, 2014). Micronutrient deficiency
malnutrition is subdivided into four forms;

1. Iron deficiency; it is the most prevalent form of malnutrition worldwide, affecting
millions of people. Iron forms the molecules that carry oxygen in the blood, so
symptoms of a deficiency include tiredness, lethargy, and also impedes cognitive
development. It affects 40-60 percent of children aged 6-24 months in developing
countries (UNICEF, 2004).
2. Vitamin A deficiency; it affects a large portion of children under five years old in poor
countries, and may lead to weakness of the immune system, and increase vulnerability
to disease. In addition, deficiency in vitamin A increases the risk of dying from
diarrhea, measles and malaria by 20-24%.Vitamin A deficiency Affects 140 million
preschool children worldwide, it is also a leading cause of child blindness across
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developing countries (United Nations Standing Committee on Nutrition (UN-SCN),
2005).
3. Iodine deficiency; it affects 780 million people worldwide. The main feature is
swelling of the thyroid gland (goiter), but the most serious impact is on the brain, which
cannot develop properly without iodine. According to UN research, around 20 million
children are born mentally impaired because their mothers did not consume adequate
amounts of iodine (UICEF, 2004).
4. Zinc deficiency contributes to growth failure and weakened immunity in young
children. It is linked to a higher risk of diarrhea and pneumonia, resulting in nearly
800,000 deaths per year. Conservative estimates suggest that 25% of the world's
population is at risk of zinc deficiency (Maret & Sandstead, 2006)

2.4.3 Epidemiology of malnutrition
Malnutrition is a global problem that affects a large portion of people, especially
young children, with higher rates in developing countries. The United Nations Food and
Agriculture Organization (FAO) estimates that nearly 870 million people of the 7.1 billion
people in the world, or one in eight, were suffering from chronic undernourishment in
2010-2012, of them almost 852 million live in developing countries, representing 15% of
the population of developing counties, while there are 16 million people undernourished in
developed countries (FAO, 2012). An estimated 230 million under-five children are
believed to be chronically malnourished in developing countries (FAO, 2008). According
to the most recent estimate, malnutrition as measured by stunting, affects 32.5 percent of
children in developing countries (one of three), and that more than 70% of malnourished
children live in Asia, 26% in Africa and 4% in Latin America and the Caribbean (FAO,
2013).
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2.4.4 Malnutrition among children in Palestine
Malnutrition in children often begins at birth and is associated with retarded
physical and cognitive development. This, in turn, yields serious implications for the
overall national development agenda. Currently, 11 out of 100 children under-five suffer
from chronic malnutrition; 11.3% in WB and 9.9% in GS (PCBS, 2012).
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Figure (2.3): Prevalence of stunting among children under-five in Palestinian
Territory, 2000 – 2010
Underweight is a significant indicator for measuring the prevalence of severe
malnutrition rates. Although a decline in underweight rates had occurred between 2000 and
2010, the rates climbed in 2006 and dropped back in 2010 reaching a national rate of 3.7%
(3.9% for WB and 3.5% for GS). Although a climbed in underweight rates occurred
between 2000 and 2004, the rates declined again in 2006 and climbed up in 2010 (PCBS,
2013). The elevation of underweight rates from 2006 to 2010 is linked to the worsening of
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political and socio-economic conditions especially in GS which suffers from boycott and
siege imposed against the Strip, which led to elevation of inflation rate and poverty.

6

4.9

4.8

5

4.9

3.8

4

3.2
3

3.7

3.5
2.9

2.6

2.4

2.4

2.5

2
1
0
West Bank

Gaza Strip
year 2000

year 2004

year 2006

Palestinian Territory
year 2010

Figure (2.4): Prevalence of underweight among children under-five in Palestinian
Territory, 2000 – 2010
2.4.5 Burden of malnutrition
Despite significant reductions in poverty in recent years, malnutrition remains
widespread, and reducing malnutrition among children under the age of five remains a
huge challenge in developing countries. Recent estimates suggest that maternal and child
malnutrition is the underlying cause of 3.5 million deaths, 35% of the disease burden in
children younger than 5 years, and 11% of total global Disability-Adjusted Life Years
(DALY’s), malnutrition in turn has negative effects on income and on economic growth, it
leads to increased mortality and morbidity which lead to loss of economic output and
increased spending on health, poor nutrition means that individuals are less productive
(due to physical and mental impairment), and that children benefit less from education
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(Horton, et al., 2008). According to the UN-SCN, malnutrition is the largest single
contributor to disease (WFO, 2014), and the WHO estimates that malnutrition accounts for
54% of child mortality worldwide (Duggan, et al., 2008).
Powell (2013) estimated that 30% of global child mortality is directly or indirectly
linked to malnutrition, this is because infection and malnutrition are linked in a cyclical
manner: malnutrition decreases immune function and increases risk of infection (e.g.
vitamin A deficiency increases risk of diarrhea and respiratory tract infections), while
infection increases nutritional requirements and the risk of becoming malnourished (e.g.
the malaria parasite destroys red blood cells and can result in iron deficiencies). Stunting
and other forms of undernutrition reduce a child’s chance of survival, while
also hindering optimal health and growth. Stunting is associated with
suboptimal brain development, which is likely to have long-lasting harmful
consequences for cognitive ability, school performance and future earnings,
this in turn affects the development potential of nations (UNICEF, 2013).
Malnutrition is costly in social, health and economic aspects especially for poor
communities with scarce resources, and according to FAO (2013) the cost of malnutrition
to the global economy in lost productivity and health care costs are "unacceptably high"
and could account for as much as 5% of the global gross domestic product (GDP) about
$3.5 trillion dollars, or $500 per person.
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Table (2.3): Costs of malnutrition
Region

% in $1.25 a

Population

Pop. in $1 a day

day poverty

(millions)

poverty (millions)

East Asia and Pacific

16.8

1,884

316

Latin America & the Caribbean

8.2

550

45

South Asia

40.4

1,476

596

Sub-Saharan Africa

50.9

763

388

Total Developing countries

28,8

4673

1345

Europe and Central Asia

0.04

473

17

Middle East and North Africa

0.04

305

11

5451

1372

Total
Source: World Bank PovcalNet, 2010.
2.5 Anthropometry

The field of anthropometry encompasses a variety of human body measurements,
such as weight, height, and size, including skinfold thicknesses, circumferences, lengths,
and breadths. Anthropometry is a key component of nutritional status assessment in
children and adults, anthropometric data for children reflect general health status, dietary
adequacy, and growth and development over time. Anthropometry is a widely used,
inexpensive and non-invasive measure of the general nutritional status of an individual or
a population group. Changes in body dimensions reflect the overall health and welfare of
individuals and populations. Anthropometry is used to assess and predict performance,
health and survival of individuals and reflect the economic and social well-being of
populations (Cogill, 2003).

21

2.5.1 Anthropometric indicators
Three measurements are usually used to assess the person; age, height / length, and
weight. Each of these variables provide one piece of information about a person, but when
they are used together they can provide important information about a person’s nutritional
status. Three indices are commonly used in assessing the nutritional status of children:
Weight-for-age: Low weight-for-age index identifies the condition of being underweight
for a specific age. The advantage of this index is that it reflects undernutrition (acute /
chronic) (Cogill, 2003).
Height-for-age: Low height-for-age index identifies past undernutrition or chronic
malnutrition. It cannot measure short term changes in malnutrition. For children below 2
years of age, the term is length-for-age; above 2 years of age, the index is referred to as
height-for-age. Deficits in length-for-age or height-for-age is referred to as stunting
(Cogill, 2003).
Weight-for-height: Low weight-for-height helps to identify children suffering from
current or acute undernutrition or wasting and is useful when exact ages are difficult
to determine. Weight-for-length (in children under 2 years of age) or weight-for-height (in
children over 2 years of age) is appropriate for examining short-term effects such as
seasonal changes in food supply or short-term nutritional stress brought about by illness.
The three indices are used to identify three nutritional conditions: underweight, stunting
and wasting (Cogill, 2003).
2.5.1.1 Underweight
It is defined as the percentage of children aged 0 to 59 months whose weight for
age is below minus two standard deviations (< -2 SD for moderate and severe
21

underweight) and minus three standard deviations (< -3 SD for severe underweight) from
the median of the WHO Child Growth Standards. It is a composite form of undernutrition
that includes elements of stunting and wasting, and is recommended as the indicator to
assess changes in the magnitude of malnutrition over time. (UNICEF, 2013). Globally, an
estimated 101 million children under-five years of

age, or 16%, were underweight

(weight-for-age below – 2S D ) in 2011 - a decrease from an estimated 159 million in
1990. The global prevalence of underweight has declined 37% from 25% in
1990 to 16% in 2011 with an average annual rate of reduction of 2.2% per
year. Although the prevalence of stunting and underweight among children underfive

years of age worldwide

have

decreased since 1990, overall progress

is

insufficient and millions of children remain at risk (UNICEF, WHO, The World Bank,
2012).

Figure (2.5): Estimated prevalence of underweight globally
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2.5.1.2 Stunting
It is defined as the percentage of children aged 0 to 59 months whose height for age
is < -2 SD for moderate and severe stunting, and < -3 SD for severe stunting from the
median of the WHO Child Growth Standards. It reflects chronic undernutrition during the
most critical periods of growth and development in early life (UNICEF, 2013). Stunting is
an indicator of past growth failure, it is associated with a number of long-term factors
including chronic insufficient protein and energy intake, frequent infection, sustained
inappropriate feeding practices and poverty (Cogill, 2003). Since 1990 the global
prevalence of stunting (height-for-age below –2SD) has decreased 36%, from an
estimated 40% in 1990 to 26% in 2011 with an average annual rate of
reduction of 2.1% per year during this period. The number of stunted
children under-five years of age in the world has declined from an
estimated 253 million in 1990 to 165 million in 2011 (UNICEF, WHO, The
World Bank, 2012).

Figure (2.6): Estimated prevalence of stunting globally
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2.5.1.3 Wasting
It is defined as the percentage of children aged 0 to 59 months whose weight for
height is < -2 SD for moderate and severe wasting, and < -3 SD for severe wasting from
the median of the WHO Child Growth Standards (UNICEF, 2013). It indicates current
or acute undernutrition resulting from failure to gain weight or actual weight loss. Causes
include inadequate food intake, incorrect feeding practices, disease, and infection, or
more frequently, a combination of these factors (Cogill, 2003). Globally, an estimated 52
million children under-five years of age, or 8%, were wasted (weight-for-height –2SD)
in 2011 - a 11% decrease from an estimated 58 million in 1990. Seventy percent of
the world’s wasted children live in Asia, most in South-Central Asia. These children are
at substantial increased risk of severe acute malnutrition and death (UNICEF, WHO,
The World Bank, 2012).
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Figure (2.7): Estimated prevalence of malnutrition in neighboring countries
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2.6 Standards of measurements
In April 2006, the WHO released new global child growth standards for infants and
children up to the age of 5 years. These new standards were developed in accordance with
the idea that children, born in any region of the world and given an optimum start in life,
all have the potential to grow and develop to within the same range of height and weight
for age. The new WHO child growth standards provide a common basis for the analysis of
growth data (WHO, 2006).
The Z-score system expresses anthropometric values as several standard deviations
(SDs) below or above the reference mean or median value. Because the Z-score scale is
linear, summary statistics such as means, SDs and standard errors can be computed from Zscore values. Z-score summary statistics are also helpful for grouping growth data by age
and sex. The summary statistics can be compared with the reference, which has an
expected mean Z-score of 0 and a SD of 1.0 for all normalized growth indices. On the basis
of the 1978 WHO/National Center for Health Statistics (NCHS) growth reference, WHO
has previously indicated that the SD of Z-scores of these indicators is reasonably constant
across populations, irrespective of nutritional status, and thus can be used to assess the
quality of anthropometric data (WHO, 1995).
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Table (2.4): Z-score and its interpretation for the nutritional status of the children
(WHO 2006)
Nutritional status

Weight for age Z-score

Height for age Z-score

Weight for height Z-score

Cut-off points

Interpretation

<-3 SD

Severe underweight

-3 SD ≤ x < -2SD

Moderate underweight

-2 SD ≤ x < -1 SD

Mildly underweight

-1 SD ≤ x ≤ 2 SD

Normal

> 2 SD

Overweight

<-3 SD

Severe stunting

-3 SD ≤ x < -2SD

Moderate stunting

-2 SD ≤ x < -1 SD

Mild stunting

-1 SD ≤ x ≤ 2 SD

Normal

> 2 SD

High

<-3 SD

Severe wasting

-3 SD ≤ x < -2SD

Moderate wasting

-2 SD ≤ x < -1 SD

Mild wasting

-1 SD ≤ x ≤ 2 SD

Normal

> 2 SD

High
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2.7 Biological measures
- Red blood cells (RBCs): they are the most common type of blood cells and considered
the principal means of delivering oxygen (O2) to the body tissues via the blood flow
through the circulatory system (WHO, 2004).
- Hemoglobin (Hgb): is the iron-containing oxygen-transport metalloprotein in the red
blood cells. The amount of hemoglobin in the blood expressed in grams per deciliter.
WHO indicated that Hgb values of <11 gm/dl is an indicator of anemia in children aged 6
months to 6 years (WHO, 2004).
- Hematocrit (HCT): also known as packed cell volume (PCV) or erythrocyte volume
fraction (EVF), it is the volume percentage of red blood cells in the blood, it is normally
about 45% for men and 40% for women, and considered an integral part of complete
blood count results along with hemoglobin, WBC, and platelets (Purves, et al., 2004).
- Platelets (thrombocytes): small, disk shaped clear cell fragments, 2–3 µm in diameter.
Platelets are a natural source of growth factors. They circulate in the blood and are
involved in hemostasis, leading to the formation of blood clots (Campbell, 2008).
- Mean corpuscular volume (MCV): the average volume of the red cells, measured in
femtoliters. Anemia is classified as microcytic or macrocytic if the MCV value is above
or below the expected normal range; anemias are classified as normocytic if the MCV is
within the expected range. Other conditions that can affect MCV include thalassemia,
reticulcytosis, chemotherapy, vit. B12 deficiency, folic acid deficiency.
- Mean corpuscular hemoglobin (MCH): the average amount of hemoglobin per red
blood cell measured in picograms; it is calculated by dividing the total mass of Hgb by
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the number of RBCs in a volume of blood, and normal value ranged between 27 to 31
picograms/cell (www.medlinePlus Medical Encyclopedia).
- Mean corpuscular hemoglobin concentration (MCHC): the average concentration of
hemoglobin in the cell, and calculated by dividing the Hgb by the HCT (Campbell, 2008).
- White blood cell count (WBC)
WBC measures the number of white blood cells in one microliter of blood. White blood
cells are produced in bone marrow, lymph nodes, the spleen and thymus. They fight
infection and foreign bodies and help distribute antibodies throughout the body. May be
increased in the presence of infection, hemorrhage, trauma, some malignancies, exposure
to toxic substances, thyroid storm, renal failure, some drugs (quinine, adrenalin and
others), chronic inflammatory disease, stress reactions, exercise, heat / cold, anesthesia and
cigarette smoking (Operational Medicine, 2001).
WBC differential includes:
Granulocytes: a category of WBC characterized by the presence of granules in their
cytoplasm. There are three types of granulocytes;
1. Neutrophils: are the most abundant type of phagocyte, constituting 50% - 60% of the
total circulating white blood cells, one liter of human blood contains about five billion
neutrophils (Hoffbrand, et al., 2005).
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Figure (2.8): Neutrophil granulocyte
2. Eosinophils: They play a crucial part in the killing of parasites (e.g., enteric nematodes)
because their granules contain a unique, toxic basic protein and cationic protein
receptors that bind to IgE. These cells also have a limited ability to participate in
phagocytosis, they are professional antigen-presenting cells, they regulate other immune
cell functions and are involved in the destruction of tumor cells, and promote the repair
of damaged tissue (Campbell, 2008; Kariyawasam & Robinson, 2006).

Figure (2.9): Eosinophil under the microscope (400X)
3. Basophils: They are the least abundant cells in bone marrow and blood (occurring at
less than two percent of all cells). Basophils have receptors that can bind to IgE, IgG
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complement, and histamine. When an infection occurs, mature basophils will be
released from the bone marrow and travel to the site of infection, and helps in fighting
invading organisms (Hess, 2009).

Figure (2.10): Basophil granulocyte
- Lymphocytes: These cells play both an immediate and delayed role in response to
infection or inflammation. Increased numbers of lymphocytes are seen in most viral
infections, some bacterial infections, some cancers, and Graves' disease (Operational
Medicine, 2001).

Figure (2.11): A stained lymphocyte surrounded by RBCs
Normal values of blood cells counts are illustrated in table (2.5).
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Table (2.5): Normal values of blood cells contents
Type
Hgb
HCT
MCV
MCH
MCHC

Normal value
11 – 17 gm
35 – 54%
80 – 100
27 – 34%
31 – 36%

Type
WBC
Lymphocytes
Granulocytes
Platelets
RBCs

Normal value
3 – 12 x103
1 – 5 x 103
2 – 9 x 103
140 – 500 x 103
4.6 – 4.8 x 106

Hgb = hemoglobin, HCT = hematocrit, MCV = mean corpuscular volume, MCH = mean corpuscular
hemoglobin, MCHC = mean corpuscular hemoglobin concentration, WBC = white blood cells, RBCs = red
blood cells.

- Ferritin: Ferritin is a protein of 450 kDa consisting of 24 subunits that is present in
every cell type, it is an intracellular protein that stores iron and releases it in a controlled
fashion (it acts as a buffer against iron deficiency and iron overload). Each ferritin
complex can store about 4500 iron (Fe3+) ions. Plasma ferritin is also an indirect marker
of the total amount of iron stored in the body, hence serum ferritin is used as a
diagnostic test for iron deficiency anemia. Normal ferritin blood level in children (6
months to 15 years) ranged between 7 – 140 ng/ml (Wang, et al., 2010; Andrews, et al.,
1992: Theil, 1987).
- Serum Iron: It is a medical laboratory test that measures the amount of circulating iron
in the blood. Clinicians order this laboratory test when they are concerned about iron
deficiency which can cause anemia and other problems; 65% of the iron in the body is
bound up in hemoglobin molecules in RBCs, about 4% is bound up in myoglobin
molecules and around 30% of the iron in the body is stored as ferritin or hemosiderin in
the spleen, the bone marrow, and the liver. The amount of circulating iron bound to
transferrin is reflected by the serum iron level. The serum iron reference range is 55-160
µg/dL in men and 40 - 155 µg/dL in women (Gomella, 2007).
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2.8 Management and treatment of malnutrition
Undernutrition and stunting among children gained attention from international
communities due to its high prevalence and its negative impact on individuals and
communities. In this regard, the World Health Assembly on its meeting launched
in June 2012 has adopted a target of reducing the number of stunted children
under the age of 5 by 40% by 2025. The first 1000 days of child life (including
pregnancy and the first two years of child life) is the most critical period
(UNICEF, 2013), and malnutrition during this period is a major contributing
factor to child mortality, disease, and disability, besides that it has major
consequences for future educational, income and productivity outcomes, and
it is associated with poor school achievement and poor school performance
(Dewey, et al., 2011).
In managing child undernutrition, interventions fall broadly in the
following categories:
- Breastfeeding, with early initiation (within one hour of birth) and continued
exclusive breastfeeding for the

first six months followed by continued

breastfeeding up to 2 years.
- Safe, timely, adequate and appropriate complementary feeding from 6
months onwards.
- Prevention and treatment of micronutrient deficiencies.
- Prevention and treatment of severe acute malnutrition (< -3SD).
- Promotion of good sanitation practices and access to clean drinking water.
- Promotion of healthy practices and appropriate use of health services
(UNICEF, 2013).
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AEI Benevolent association follows designed protocols for treating malnourished children.
The treatment protocol is a combination of high nutrient calories and vitamins. The
treatment program is presented in table (2.6).
Table (2.6):Protocol for management of malnourished children in AEI Association
Wasted
W//L (age <24 M)
W//H (age ≥24 M)

Admission
for 3 - 4 M

(W//H < -2 SD)

Growth Faltering:
Combined underweight
(W//A < -2 SD)
and Stunting
(L//A or H//A < -1 SD)

Admission
for 3 - 4 M

If not anemic: (Hg ≥ 11g/dl)
- Polycose (High caloric powder)
- HNB (High Nutrient Biscuits fortified with Vitamins
and Minerals)
- One-two meals week/3 Months
- Multivitamins once/ month over the admission period
If anemic: (Hg < 11g/dl)
- Iron
- Vit. B12
- Folic acid (5mg every 3 days 20 tablets)
- Polycose (High caloric powder)
- HNB (High Nutrient Biscuits fortified with Vitamins
and Minerals)
- One-two meals week/3 Months
- Multi vitamins once/ month over the admission period
If not anemic: (Hg ≥ 11g/dl)
- Polycose (High caloric powder)
- HNB (High Nutrient Biscuits fortified with Vitamins
and Minerals)
- One-two meals week/3 Months
- Multi vitamins once monthly over the entire admission
period
If anemic: (Hg < 11g/dl)
- Iron
- Vit. B12
- Folic acid (5mg every 3 days 20 tablets)
- Polycose (High caloric powder)
- HNB (High Nutrient Biscuits fortified with Vitamins
and Minerals)
- One-two meals week/3 Months
- Multi vitamins once/ month over the admission period
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Table (2.7): Daily requirement intake of vitamins and minerals
RNI (1 – 3 years)

Mineral

RNI (1 – 3 years)

Vit A

400 μg

Calcium

500 mg/d

Vit D

7 μg

Copper

260 μg/d

Vit E

0.4 mg/g PUFA

Iodine

65 μg/d

Vit K

10 μg

Iron

3 mg/d

B1 (thiamine)

0.5 mg

Magnesium

65 mg/d

B2 (riboflavin)

0.6 mg

Phosphorus

380 mg/d

Zinc

2.5 mg/d

Vitamin

Niacin

8 mg

B6 (pyridoxine)

0.7 mg

B12

0.5 μg

Folic acid

70 μg

Vit C

30 mg

Archive of Disease in Childhood. Feb 2007; 92(2): 160–164.

2.9 Anemia
Anemia is defined as a hemoglobin concentration 2SD below the mean Hgb
concentration for a normal population of the same gender and age range (WHO, 2001). On
the basis of the 1999 – 2002 US National Health and Nutrition Examination Survey,
anemia is defined as a Hgb concentration of less than 11.0 g/dL for both male and female
children aged 12 through 35 months (CDC, 2008; Cusick et al., 2008). Anemia should not
be considered a diagnosis, but a finding that warrants further investigation (Olhs &
Christensen, 2004). In children, it is usually caused by decreased Red Blood cells (RBC)
production or increased RBC turnover (Oski et al., 2003). Anemia is usually classified
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based on the size of RBCs, as measured by MCV. Anemia can be microcytic (MCV < 80
μm3), normocytic (80 – 100 μm3), or macrocytic (> 100 μm3) (Janus & Moerschel, 2010).
Iron deficiency causes an estimated 50% of anemia cases worldwide (WHO &
CDC, 2008). Iron deficiency commonly causes decreased RBC production. Risk factors
include prematurity, poor diet, consumption of more than 24 OZ of cow's milk per day,
and chronic blood loss (Pediatric Nutrition Handbook, 2009). Other causes include
inflammation from chronic infection or other inflammatory conditions, renal failure,
medication use, viral infections, and bone marrow disturbances (Oski et al., 2003; Wright
et al., 2003). Increased RBC turnover may be a result of blood loss, mechanical destruction
of RBCs (may occur in persons with mechanical valves or splenomegaly), or hemolysis
(Oski et al., 2003).
Iron Deficiency Anemia (IDA) is the final stage of iron deficiency that, if occurring during
the critical period (age less than 2 years) without early intervention, can cause irreversible
damage, preventing the child from reaching neurodevelopmental milestones (Carter et al.,
2010).
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Table (2.8): Causes of anemia in infancy and toddlerhood
Cause

Etiology

Iron deficiency

Inadequate dietary intake, chronic occult blood loss
(excessive cow's milk consumption, inflammatory
bowel disease, Meckel diverticulum, parasites).
Prevalence is 8 – 15%

Concurrent infection

Bacterial or viral infection leading to cytokinemediated decrease in iron utilization and RBC
production.

Blood loss

Trauma, gastrointestinal bleeding.

Disorder of Hgb structure or
synthesis
RBC enzyme defects

Thalassemia, sickle cell disease.

RBC membrane defects

Spherocytosis, elliptosis.

G6PD deficiency, pyruvate kinase deficiency.

Antibody-mediated hemolysis, hemolytic uremic
Acquired hemolyticantibody-medi
anemia
syndrome, disseminated intravascular coagulation.
Transient erythroblastopenia of childhood

Transient immune reaction against erythroid
progenitor cells.

Leukemia, myelofibrosis

Usually spontaneous, but rates are increased
in patients with prior radiation exposure or
chemotherapy.

Source: Oski et al., 2003; Wright et al., 2003

2.10 Beneficial effects of spirulina
2.10.1 Nutritional effects
Several studies reported the nutritional value of spirulina and reflected its
contribution in treating and preventing malnutrition in many countries worldwide. A study
was carried out on a group of malnourished patients 6 to 24 months old, aimed to study the
effects of daily supplementation of 10 g spirulina, the results have shown a rapid
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improvement of the clinical signs since the 4th day, the average weight of the children had
increased about 4.72% during 14 days (Degbey, et al., 2004). Another study conducted in
India on 5000 preschool age children has demonstrated that 1g of Spirulina added to the
diet is enough to combat malnutrition (Gloria, et al., 2004). Another study aimed to
observe a group of 592 children aged from 0 to 5 years old fed with the sardine-spirulina
combination, in comparison with a group of 182 children receiving only sardine to
supplement the staple diet (spirulina was 5 g/day), the results showed a significantly better
improvement for children treated with spirulina, in terms of both average body weight gain
and speed of recovery (Dupire, 1998).
In India, a randomized clinical trial on 60 schoolgirls addressed the nutritional
effects of intake of spirulina (1 g/day), and possible indirect effects on their intellectual
performance; the results led to positive and statistically significant results on both the
hematological status of the pupils and on their intellectual performance (Sachdeva, et al.,
2004). In Burkina Faso, a comparative study compared the nutritional benefits of diets
composed of spirulina and/or of Misola [Misola is a mixture of millet (60%), soy (20%),
peanuts (10%), sugar (9%) and salt (1%)], the study was on 550 malnourished children
under-five. An improvement in body weight as a function of height and age is observed
for all children, especially those whose diet was made of spirulina and Misola. The study
concluded that Misola, spirulina added to traditional food or Misola with spirulina are
good diets for severely malnourished children. The diet with spirulina and Misola yields
the best results, because it combines Misola's large caloric intake with spirulina's high
protein content (Simpore, et al., 2006).
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2.10.2 Immunological effects
The aqueous extract of spirulina was found to have a major impact on the immune
system by increasing the phagocytic activity of macrophages, it also played a role in the
activation and mobilization of T and B cells due to its stimulatory effects in the
production of cytokines and antibodies (Grawish, et al., 2009). The effects of
phycocyanin (a biliprotein of Spirulina) is seen to enhance the biological defense activity
by reducing allergic inflammation by the suppression of antigen specific IgE antibody
and through maintaining the mucosal immune system function against infectious diseases,
it has also been found to protect against hay fever (Simpore, et al., 2005).
2.10.3 Antiviral effects
Spirulina can be useful to solve other disorders than malnutrition. It seems that
spirulina has antiviral function. In one study it was found that extract of spirulina inhibit
the replication of several enveloped viruses including herpes simplex virus, influenza
virus, measles virus, mumps virus, human cytomegalovirus and HIV-1, in human T cells,
peripheral blood mononuclear cells and Langerhans cells (Akao, et al., 2009). In addition,
in undernourished children spirulina has been found to improve weight gain and correct
anemia in both HIV-infected and HIV-negative cases (Chen & Wong, 2008). Another study
conducted on a sample of HIV infected and HIV negative children who had been treated
with Spirulina for 8 weeks showed improvement of weight which was on average 15
g/day in HIV-infected children and on average 25g/day for HIV-negative, also the
results found that the index weight for age, and weight for height was increased which
confirmed that the severe malnutrition was corrected by the protocol of treatment
significantly in the Spirulina group (Simpore, et al., 2004).
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Another study found that compounds extracted from spirulina have inhibitory
activity against a wide range of viruses such as HIV-1, HSV-1, HSV-2, HCMV, influenza
type A, measles, etc. Extracts from cyanobacteria have antimutagenic and anticancer
effect and can prevent development and growth of tumors as well as inhibit metastasis or
proliferation of cancer cells, also it was shown to minimize HIV-I replication in human Tcell lines, peripheral blood mononuclear cells (PBMCs), and Langerhans cells. Extract
concentrations ranging between 0.3 and 1.2μg/ml reduced viral production by
approximately 50% in PBMCs (Ali & Saleh, 2012).
2.10.4 Effects on biochemical parameters
Microalgal biomass is a rich source of some nutrients such as n-3 and n-6 fatty
acids, proteins, minerals, and other essential nutrients (Tokusoglu & Unal, 2003).
Ramesh, et al., (2013) examined the effects of Spirulina on biochemical parameters, and
found significant increase in the Hgb value after 3 months of spirulina supplementation,
th

the Ferritin levels significantly increased at 3rd month and 6

month in comparison to

th

baseline with the maximum increase at 6

month of treatment, Zinc levels are

rd

significantly increased at 3

th

month and 6

month in comparison to baseline,

rd

improvement in protein value between 3

th

and 6

month following treatment, and

improvement of albumen levels obtained between 3rd and 6th months of treatment.
Another study carried out on a sample of 56 serious malnourish patients (P/T < 3 DS), 6 to
24 months old, aimed to identify the effects of the daily supplementation of 10g Spirulina
mixed with pulp of millet indicated that the biological signs had a very satisfying
progression in all the cases with improvement rates of 30 % for the protidemy and the
albuminemy, 60 % for the prealbumine, 4,5% for haemoglobin and a regression of the
leucocytes of 19,27% (Degbey, et al., 2004). Another study observed a significant
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increase in values of HCT, MCV and MCH after 6 weeks of Spirulina supplementation
and MCHC after 12 weeks, WBCs manifested an increase in over 50% of subjects
receiving Spirulina on week 6 and 12 (Selmi, et al., 2011).

Figure (2.12):Therapeutically important compounds of spirulina and its effect
Source: Khan, et al., 2005
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Chapter III
Material and methods
This chapter presents the methods and procedures that were employed in this study.
It included the study site and sampling size, sampling method, study questionnaire, and
statistical methods used in analyzing the data.
3.1 Study design
The researcher used true experimental design. An experimental study is a type of
evaluation that seeks to determine whether a program or intervention had the intended
causal effect on study participants. There are three key components of an experimental
study design: (1) pre-post-test measurement, (2) a treatment group and a control group,
and (3) random assignment of study participants.
3.2 Population of the study
The population of the study consisted of all malnourished children registered in
AEI Benevolent in Gaza City. Their total number is 400 children. Their age ranged from
one day to five years.
3.3 Study site and sample size
The researcher chose the children registered in AEI. A random sample of 60
children aged from 1 year to 4 years who met inclusion criteria. They were divided equally
into two groups by simple random assignment for each group; 30 children received
Spirulina and 30 children received multivitamin and minerals.
3.4 Period of the study
The study was conducted during the period from October 2013 to May 2014.
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3.5 Eligibility criteria
3.5.1 Inclusion criteria
a. Children classified as undernourished according to Ard El Insan criteria (weightfor-age, or height-for-age, or weight-for-height as Z score was < -1).
b. Age between one year to four years.
c. Free from any disease or mental disability.
3.5.2 Exclusion criteria
Children who suffer from other diseases that may interfere with feeding or
absorption process.
3.6 Tools of the study
3.6.1 Study questionnaire
After reviewing literature and previous studies, the researcher developed a
constructive questionnaire for data collection. The researcher administered a pre-tested
structured questionnaire, which consists of three blocks as the following: (Annex 1)
a. Block 1: Socio-demographic profile
Included the child's date of birth, age when discovering malnutrition, and gender.
Also information about place of residency, educational level of the mother, type of
household, source of family income, and monthly income of the family.
b. Block 2: Knowledge about spirulina
Included questions related to dietary regime and Spirulina supplement.
3.6.2 Anthropometric and hematologic measures
Included measurements of the child weight, height / length, and blood analysis
(Hgb, HCT, MCV, MCH, MCHC, WBC, serum ferritin, serum iron).
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3.7 Validity of the questionnaire
Validity is "the extent to which an instrument measures what it is supposed to
measure (Polit, 2004). Validity of an instrument is essential step before data collection.
The researcher distributed the questionnaire to a panel of experts in the field of nutrition
(annex 2) for their comments and modifications regarding the contents of the
questionnaire.
3.8 Data collection
Data was collected by the researcher. The researcher obtained relevant information
from the mothers and from the children records in Ard El Insan Association. Mothers were
interviewed during their visit to the association for receiving diet and formulas.
Also, the height and weight of each child was measured by the researcher initially and after
three months of intervention.
Blood samples for analysis of hematology profile were drawn also initially and after three
months of intervention.
3.8.1 Weight and height measurement
The researcher used (SECA, Germany) body meter for measuring weight and height of
patients according to the following process:
-

Each mother was asked to remove any bulky clothing or any other items that could
affect the measurements of her child.

-

Children were helped to step on to the scale with their back and heels against the stand
(children were asked not to lean back on the stand), with arms straight down by their
body sides.
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-

They were then asked to stand up straight (stretching upwards without heels leaving the
ground and to look straight ahead.

-

Make sure that the lower body is in proper position (feet about 25 – 30 cm apart), and that
line of vision is at right angles to the body before taking measurement.

-

Record the weight, then roll the tape measure down to the top of the child's head, and
record the height.

-

For younger children (1 – 2 years old), recumbent length was measured using an
infantometer with a fixed head piece and horizontal backboard and an adjustable foot piece
(NHNAES, 2011; WHO, 2008).

-

Age was calculated in months based on their birth certificate.

Measurement of weight and height were repeated twice and the average was taken for
subsequent analysis. For height / length, the measurement was taken to a precision of 0.1 cm
and for weight the measurement was taken to the nearest 0.1 kg.
The age, weight, and height / length of children were translated into three indices: height –forage (HAZ), weight –for- age (WAZ), and weight –for- height (WHZ), which were expressed
in terms of Z-score using Epi. Info 3.5.1 software. Z-score was used to identify the nutritional
status of the children (Normal, stunted (HAZ < -1), underweight (WAZ < -1), and wasted
(WHZ < -1) (WHO, 1983).
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Figure (3.1): Measuring height / length in children 2 - 4 years of age
3.8.2 Blood sample collection
The needed equipment for drawing blood sample was prepared included;
-

A winged steel needle, preferably 22 or 23 gauge, with an extension tube (a butterfly).

-

Syringe with a barrel volume of 1 - 5 ml. (the vacuum produced by drawing using a
larger syringe will often collapse the vein).

-

Alcohol swab.

-

Tourniquet.

-

Bandage.
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3.8.2.1 Steps for taking blood sample (venipuncture)
The researcher followed the guidelines issued by WHO (2010) as the following:
-

Place the tourniquet tight enough on the child's arm.

-

Choose the site for venipuncture.

-

Clan the site with alcohol swab.

-

Anchor the vein by holding the child's arm and placing a thumb below the venipuncture
site.

-

Enter the vein at a 30 degree angle or less, and continue to introduce the needle along
the vein at the easiest angle of entry.

-

Once sufficient blood has been collected, release the tourniquet and withdrawing the
needle.

-

Apply gentle pressure to the site with a clean gauze or dry cotton-wool ball.

All blood samples were analyzed in the laboratory at AEI.
3.9 Intervention Protocols
-

The intervention started on the first week of October 2013 to the end of December
2013.

-

Anthropometric measurements and blood samples were collected in the first week of
October and in the last week of December 2013.

-

Children were randomly allocated into two groups; one group received Spirulina and
the other group received multivitamin and minerals.
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3.9.1 Case group (Spirulina group)
The researcher obtained Spirulina algae from the Agriculture Development Association –
Gaza.
-

The Spirulina leaves were crushed (powder like) in Moulinex blender for 30 seconds
each time (the heat generated from the blender may damage the Spirulina and loose
part of its active ingredients) till it became powder like.

-

Three grams of Spirulina powder was mixed with dates molasses as a flavor to make its
taste acceptable for children.

-

The Spirulina and dates jam were given to the children every morning, half an hour
before breakfast (to avoid the effects of other foods on the efficacy of Spirulina).

-

This dose was repeated daily for three months (October to December 2013).

Figure (3.2): Giving the child spirulina complement
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3.9.2 Vitamin and minerals group
-

Children in the control group had one spoon of dates jam daily like the children in the
case group.

-

Also, they received multivitamin (Pharmaton Kiddi syrup manufactured by Ginsana
SA Bioggio - Switzerland) 5 ml/day, and vitamin A & D (Adol drops, manufactured by
Birzeit Pharmaceutical company) 2 drops / day, and Iron oral drops (Iron Baby,
manufactured by Meditec company) 8 drops / day (Annex 3, 4, 5).

-

These supplements were given on daily basis for three months as the case group.

3.10 Spirulina analysis methods
3.10.1 Preparation of Spirulina platensis samples
The samples of Spirulina platensis were milled twice in the hammer-mill (Make Gould
Century, Type A England) with 1 mm sieve, followed by the analytical hammer-mill
(Labsco, Laboratory Supply Company, Ollman Co. KG, Germany) to pass through 0.5 mm
screen. The milled samples were placed immediately in Aluminum bags and kept in a
refrigerator at 40C for chemical analysis.
3.10.2 Chemical analysis
All determinations were carried out in triplicates and presented as average ± SD. The
methods described in A.O.C.C. (2004) were followed, unless otherwise stated.
3.10.2.1 Proximate composition
-

Moisture content was determined by drying 2 g sample at 130 ± 10 C to a constant
weight (No. 44-15A). Microkjeldahl method was followed to determine total
nitrogen. The conversion factor (6.25) was used to calculate the crude protein
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content. Crude ether extract (Fat) was determined by using Soxhelt apparatus using
petroleum ether (B.P. 40-60 0 C) for 16 hours (No. 30-10).
-

Amino acids were determined according to the method described (A.O.A.C., 2006).

-

Minerals were determined according to the method described (A.O.A.C. 2006, No.
965. 09A,B).

-

Vitamins were analyzed according to the method described (A.A.C.C. 2002, No.
86-1).

3.10.2.2 Amino acid analysis
One hundred mg of the Spirulina sample was weighed in duplicate and hydrolyzed
with 6NHCL in an autoclave (16 to 18 h, 1210C) in the presence of sodium
thioglycolate (mercaptoacetic acid, sodium salt, w/w) to preserve methionine
(Veroneset et al., 1974), (designated amino acid A), or with HCL in the presence of
performic acid to oxidize cysteine to cysteic acid (Schram, Moore & Bigwood, 1954;
Hirs, 1956) prior to the acid hydrolysis described above (designated amino acid B
cysteic acid sample). Both samples, A and B were diluted to 10 mL with 0.1 NHCL,
filtered through Whatman No. 5 filter paper and the filtrate collected in small vials.
3.10.2.2.1 Amino butyric acid
(2 – 5 µmole/mL) was added to each sample vial as an internal standard. A Spectra
physics high performance liquid chromatograph (HPLC model SP8000B, Spectraphysics Mountain View, CA) equipped with a fluorescence detector (model 157,
Beckman Instruments Inc., Berkeley, CA).
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3.10.2.2.2 Protein analysis
Protein was determined using the micro-kjeldah method (AOAC, 7.015; 1984) as
protein nitrogen by removing all carbon and oxygen and trapping the nitrogen during
digestion. Nitrogen was then determined by titration.
3.10.3 Microbiological analysis
3.10.3.1 Sample preparation
Sample was prepared according to the technique recommended by the International
Commission on Microbiological Specification of Food (ICMSF, 1978) as follows:
Twenty five grams of sample was taken a aseptically by scalpel excision and placed in
a sterile stomacher bag containing 225 ml of peptone water (0.1%) for 2 – 3 minutes, to
provide a 10-1 dilute homogenate. Serial decimal dilution (up to 10-5) were prepared
from this homogenate for the bacteriological examination.
3.10.3.2 Media used
All the media used in the present investigation were prepared as described in the
manuals (Difco manual 1994, Oxoid manual 1995, and HiMedia manual 1998). The
media used throughout the study for the growth, differentiation and detection of
bacteria were as follows:
3.10.3.3 Total plate count method and total aerobic count
Using separate sterile pipettes, decimal dilution of 10-2, 10-3 and 10-4 were prepared,
and more as appropriate of spirulina by transferring 10 ml of previously diluted sample
to 90 ml of diluents. All dilution were shaken 25 times in 30 cm (1 ft.) are within
7seconds. One ml of each dilution was pipetted into separate duplicate, and
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appropriately marked petri dishes. Dilution bottle was re-shaken 25 times in 30 cm are
7seconds if it stands more than 3 min before it is pipette into the nutrient agar surface.
The mixture distributed on the plate by a sterile L-shaped glass and (spreader). The
plates were incubated at 350C for 24 – 48 h. Colonies were counted and total aerobic
microorganism was calculated per gram (Andrew S.W. et al., 2001).
3.10.4 Media used for isolation and enumeration of Coliform bacteria
3.10.4.1 Violet red bile agar (g/L)
Yeast extract 3.0, peptone 7.0. bile salt 1.5, lactose 10.0, Sodium chloride 5.0, agar
15.0, neutral red 0.03 and crystal violet 0.002.
41.5 grams of the powder were suspended in one liter of distilled water, or deionized
water and heated to boiling to dissolve completely. The medium was not autoclaved.
The final pH was adjusted to 7.4 ± 0.2 at 250C. This medium was used for the
determination of Coliform group bacteria.
3.10.4.2 Brilliant green lactose bile (BGLB) broth 2% (g/L)
Peptone 10.0, Oxgall 20.0, Lactose 10.0 and brilliant green 0.0133.
40 grams of the powder were dissolved in one liter of deionized water. The required
amounts were dispensed into test tubes and autoclaved for 15 minutes at 1210C. The
final PH was adjusted to 7.2 ± 0.2 at 250C. This medium was used for the identification
of Coliform group bacteria.
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3.10.5 Isolation and identification of Salmonella
3.10.5.1 Media used for isolation and identification of Salmonella
Beef extract 5.0, peptone 5.0, bile salt 8.5, Sodium citrate 8.5, Sodium thiosulfate 8.5,
ferric citrate 1.0, agar 13.5, brilliant green 0.00033 and neutral red 0.025.
60 grams of the powder were suspended in one liter of distilled water, and boiled for 2 –
3 minutes with frequent and careful swirling for complete dissolving. The medium was
not sterilized, after cooling to 55 – 600 C, the medium was distributed into sterile Petri
dishes. The final PH was adjusted to 7.0 ± 0.2 at 250 C. The S.S agar was used for the
isolation of Salmonella.
3.10.5.2 Pre-enrichment (FDA, 2001):
25 g sample was suspended in 225 ml sterile Lactose broth and blended for 2 minutes.
Homogenized mixture was aseptically transferred to a sterile wide-mouth, screw-cap
jar (500 mL), and let stand 60 minutes at room temperature. The mixtures were then
incubated for 24 ± 2 h at 350C.
3.10.5.3 Enrichment (FDA, 2001):
1 mL pre-enrichment mixture was transferred to 10 mL sterile cysteine (SC) broth and
another 1 mL to 10 mL Tetrathionate broth (TT). SC and TT broths were incubated for
24 ± 2 h at 350C.
3.10.5.4 Identification (FDA, 2001):
Enrichment broth was used to streak on bismuth sulfite (BS) agar, Xylose Lysine
Deoxycholate (XLD) agar and Salmonella agar. Plates were incubated for 24 ± 2 h at
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350C. Plates were examined for presence of colonies of Salmonella. Typical
Salmonella isolates appeared on the selective media as follows:
BS: Brown, grey, or black colonies, sometimes they have a metallic shen.
XLD: Pink colonies with or without black centers.
SS: Black colonies.
3.10.5.5 Confirmation test (FDA, 2001)
Two or more typical colonies were transferred to Triple Sugar Iron agar (TSI) and
Lysine Iron agar (LIA). TSI and LIA were incubated for 24 ± 2 h at 350C.
Salmonella in culture typically produces alkaline (red) slant and acid (yellow) butt,
with or without production of H2S (blackening of agar) in TSI. In LIA, Salmonella
typically produces alkaline (purple) reaction in butt of tube and only distinct yellow
butt of tube was considered as acidic (negative reaction).
3.10.6 Isolation and enumeration of Staphylococcus coagulase (V08-057-1/V08-100)
Duplicate pour plate using 1 mL of test sample or dilution into Rabbit Plasma
Fibrinogen (RPF), (CM0961 + SR0122).
The plates were incubated for 18-24 h at 350C or 370C. incubate for further 24 h if
required, after that count typical colonies.
One mL of each dilution (10-1, 10-2, 10-3, and 10-4) was transferred aseptically onto the
surface of Baired Parker agar and were spread using sterile bent glass streaking rod.
Plates were incubated 45 – 48 h at 350C. Typical S. Coagulase colonies were circular,
smooth convex, moist, 2 – 3 mL in diameter on uncrowded plates, grey to jet-black,
frequently with light-colored margin, surrounded by opaque zone and frequently with
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an outer clear zone. Suspected colonies were examined by coagulase test. S. Coagulase
is positive.
The number of S. Coagulase per one gram of sample was reported by multiplying the
number of colonies giving positive Coagulase test by the sample dilution.
3.10.7 Isolation of Clostridium perfringens at 370C (ISO 7937)
One mL into Petri dish add SC agar at (44 – 470C) mix with rotation overlay 10 mL
Perfringens agar. Incubate for 20 h ± at 370C in an inaerobic atmosphere.
Incubate colonies into fluid Thioglycollate medium (CM0173). Incubate for 18 – 24 h
at 370C in an aerobic atmosphere.
Confirmation
Colonies representing were selected and transferred each to a tube Lactose Sulphite
medium. Tubes were incubated for 18 – 24 h at 460C aerobic atmosphere in a water
bath. The C. Perfringens is positive for this test.
3.11 Data management and statistical methods
The researcher entered the data to computer using the Statistical Package for Social
Sciences (SPSS version 18) with assistance of statistician and the steps was as follows:
- Over viewing the filled questionnaires, coding of questionnaires, designing data entry
model, defining variables, coding variables, data cleaning, frequency table for the study
variables, cross tabulation of results, and conducting statistical procedures including Z
score, t test and Chi square and Man-Whitney and Wilcoxon test . All statistical analysis
were performed using the SPSS for Windows version 18. P value of less than 0.05 was
considered statistically significant.
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3.12 Ethical and administrative considerations
Approval letter was obtained from the Helsinki Committee in GS. Also, approval
letter to conduct the study was obtained from the MOH. Consent form to participate in the
study was obtained from the parents of the selected children who met inclusion criteria.
Every mother had been provided with a full explanation about the intended intervention
and how to give the supplement to their children, besides that assurance of voluntary
participation was maintained.
3.13 Limitation of the study
-

Lack of local studies and resources.

-

Difficulty in accessing the children at their homes.

-

Financial constraints.

-

Frequent electricity cuts affected the ability to accomplish the work in a timely
manner.

-

Difficulty in obtaining the Spirulina algae.
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Chapter IV
Results of the study
This chapter presents the findings of statistical analysis of data. Descriptive
analysis of sociodemographic characteristics of participants is illustrated. In addition
results of different variables and dimensions were identified, moreover, the differences
between selected variables and correlations were explored using proper analytical
statistical tests. The results are illustrated below.
4.1 Analysis of Spirulina contents
4.1.1 Chemical analysis of spirulina
The researcher obtained the spirulina packages from the Agricultural Development
Association in Gaza, produced by Spirulina Farming, Marcelia – France (PARC). The
results are illustrated below. Data presented in table (4.1) shows the proximate chemical
analysis of Spirulina platensis sample. The moisture content of dry Spirulina sample is
4.7%, the crude protein (57.5%), crude fat (7.7%), crude carbohydrates (23.9%), and ash
(6.2%).
Table (4.1): Proximate chemical analysis of dry spirulina
From Marcelia-France (% wet weight basis)
Constituents

Percentage %

Moisture content

4.7

Crude protein

57.5

Crude fat

7.7

Carbohydrate

23.9

Ash

6.2
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Content percentage
1.20%

7.70%

4.70%

57.50%
moisture content

crude protein

crude fat

carbohydrate

Figure (4.1): Proximate chemical analysis of dry spirulina
Content analysis also showed that Spirulina platensis was rich in a variety of vitamins
including Vit. A 570.0 IU, Vit. K 25.5 mcg, Thiamine (B1) 2.4 mg, Niacin (B3) 12.8 mg,
Vit. E 5 mg, and Vit. C 10.1 mg. Data for different vitamins composition of Spirulina
sample is presented in table (4.2)
Table (4.2): Vitamin composition of Spirulina
Vitamin

Amount /100 g

Vit. A

570.0 IU

Vit. K

25.5 mcg

Thiamine (B1)

2.4 mg

Niacin (B3)

12.8 mg

Folate

94.0 mcg

Vit. E

5.0 mg

Vit. C

10.1 mg

Riboflavin (B2)

3.7 mg

Vit. B6

0.4 mg

Pantothenic acid

3.5 mg
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In addition, analysis showed that spirulina contains a wide range of minerals that are
necessary for the body, including Potassium 1363 mg, Sodium 1048 mg, Phosphorus 118
mg, and Iron 28.5 mg. The mineral element contents of Spirulina sample is presented in
table (4.3).
Table (4.3): Mineral element contents of Spirulina (mg/100 gm)
Elements

Amount

Potassium (K)

1363 mg

Sodium (Na)

1048 mg

Magnesium (Mg)

195 mg

Phosphorus (P)

118 mg

Iron (Fe)

28.5 mg

Selenium (Se)

7.2 mcg

Copper (Cu)

6.1 mg

Zinc (Zn)

2.0 mg

Manganese (Mn)

1.9 mg

Also, spirulina was rich in both essential and non-essential amino acids. Essential amino
acids include Leucine 4.95 gm, Valine 3.51 gm, Isoleucine 3.21 gm, Lysine 3.03 gm, and
non-essential amino acids include Glutamic acid 8.39 gm, aspartic acid 5.79 gm, Alanine
4.52 gm, and Arginine 4.154 gm. Total amino acids accounted for 56.38 gm (essential
amino acids 23.96 gm and non-essential amino acids 32.42 gm). Data for amino acids
composition of examined sample of Spirulina is presented in table (4.4).
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Table (4.4): Amino acids composition of spirulina (g.AA/100 g protein)
Essential amino acids
Amino acid

Amount

Non-essential amino acids
Amino acid

Amount

Leucine

4.95

Glutamic acid

8.39

Valine

3.51

Aspartic acid

5.79

Isoleucine

3.21

Alanine

4.52

Lysine

3.03

Arginine

4.15

Threonine

2.97

Glycine

3.10

Phenylalanine

2.78

Serine

3.00

Histidine

1.09

Proline

2.38

Tryptophan

0.93

Tyrosine

2.58

Total

22.47

Total

34.45

4.1.2 Microbiological studies
Data presented in table (4.5) shows the microbial content of Spirulina of (6000 CFU/g).
Total Coliform < 10, Sulfate < 10, Clostridium perfringens < 5, Staphylococcus coagulase
< 100, and Salmonella mobiles was absent. These results reflected that Spirulina is safe to
be administered to children.
Table (4.5) Microbial contents of Spirulina
Microorganisms

Results

Standard

6000

100,000

Total Coliform 44 C

< 10

10

Sulfate-reducing bacteria
Sulfite-reducteurs 460C

< 10

100

Clostridium perfringens 370C

<5

5

< 100

100

absence

absence

Total aerobic bacteria
0

Staphylococcus coagulase 370C
Salmonella mobiles /25 g
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Sulfate-reducing bacteria
Sulfate-reducing bacteria are those bacteria that can obtain energy by oxidizing organic
compounds or molecular hydrogen (H2) while reducing sulfate (SO42-) to hydrogen sulfide
(H2S) (Schulze and Mooney, 1993). Most sulfate-reducing bacteria can also reduce other
oxidized inorganic sulfur compounds, such as sulfite, thiosulfate, or elemental sulfur
(which is reduced to sulfide as hydrogen sulfide). In addition, there are sulfate-reducing
bacteria that can reduce fumarate, nitrate and nitrite, iron (Fe(III)) and some other metals,
dimethyl sulfoxide and even oxygen (Muyzer and Stams, 2008).
Clostridium perfringens
Clostridium perfringens is a gram-positive, rod-shaped, anaerobic, spore-forming
bacterium of the genus clostridium. It is one of the most common causes of food
poisoning.
4.2 Socio-demographic characteristics of children’s household
Table (4.6) shows that most of the study participants were females (55.0%), while
the male participants accounted for (45.0%), their mean age was 21.55 ± 9.44 months.
Concerning residency, 30% of children were from North governorate, 45% from Gaza
governorate, and 25% from the middle governorate. The educational attainment of the
respondent mothers with the corresponding percentage is as follows: no formal education
(3.3%), Elementary school (8.3%), Prep school (23.3%), Secondary school (41.7%) and
college level (23.3%). In addition, 78.3% had double headed household (both parents), and
21.7% had single headed household (one parent). The father was the main source of
income for 70% of the families, while the mother was the main source of income for
11.7% of the families, and 18.3% was from other sources.

61

The income level of the respondents was classified into three levels:
a. The low-income level whose monthly family income was below (1832 NIS).
b. The middle-income level whose monthly family income from NIS 1832 – 2293.
c. The high-income level whose monthly family income was above NIS 2293.
Most of the respondents (90.0%) belonged to the low-income level, 3.3% belonged to the
middle-income level, and 6.7% belonged to the high-income level. The mean household
size was 6.91(3.26%).
Table (4.6): Distribution of sociodemographic characteristics of study participants
Profile
Gender

Place of residency

Educational level
of mother

Type of household

Source of income

Family income (NIS)

Category
Male
Female
Total
North Gaza
Gaza
Middle
Total
No formal education
Elementary school
Prep school
College level
University
Total
Double headed
Single headed
Total
Father
Mother
Others
Total
Less than 1832 (low income)
1832 – 2293 (middle income)
More than 2293 (high income)
Total
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Frequency
27
33
60
18
27
15
60
2
5
14
25
14
60
47
13
60
42
7
11
60
54
2
4
60

Percentage
45.0%
55.0%
100.0%
30.0%
45.0%
25.0%
100.0%
3.3%
8.3%
23.3%
41.7%
23.3%
100.0%
78.3%
21.7%
100.0%
70.0%
11.7%
18.3%
100.0%
90.0%
3.3%
6.7%
100.0%

Table (4.7) showed that there were no significant differences between the two
groups (vitamin & mineral group and Spirulina group) in the socio-demographic factors
including; gender (P= 0.299), place of residency (P= 0.949), type of household (P= 1.000),
education level of mother (P= 0.692), source of income (P= 0.848), and monthly income
(P= 0.355). These results revealed that the two groups are similar in their characteristics.
Table (4.7): Comparison of the socio-demographic factors between the two groups
Category
Variable
Gender

Place of residency

Type of household

Education level of
mothers

Source of income

Monthly income

Male
Female
North Gaza
Gaza
Middle
Double headed
Single headed
Never been to
Primary
school
Elementary
Secondary
Higher Degree
Father
Mother
Others
< NIS 1832
NIS 1832- 2293
> NIS2293

Vit. &
Mineral
Group
11(36.7)
19(63.3)
9(30)
14(46.7)
7(23.3)
24(80)
6(20)
2(6.7)
2(6.7)
7(23.3)
12(40)
7(23.3)
22(73.3)
3(10)
516.7)
28(93.3)
0(0)
2(6.7)
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Spirulina
Group

df

Chi
Square

P
value

16(53.3)
24(46.7)
9(30.0)
13(43.3)
8(26.7)
23(67.6)
7(23.3)
0(0)
3(10)
7(23.3)
13(43.3)
7(23.3)
20(66.7)
4(13.3)
6(20.0)
26(86.7)
2(6.7)
2(6.7)

1

1.68

0.299

2

0.10

0.949

2

0.09

1.000

4

2.24

0.692

2

0.320

0.848

2

2.07

0.355

100.00%
90.00%
80.00%
70.00%

63.30%

60.00%
50.00%

53.30%

46.70%
Vit & mineral

36.70%

Spirulina

40.00%
30.00%
20.00%
10.00%
0.00%

male

female

Figure (4.2): Distribution of study participants by gender

100%
90%

80%

80%
70%

67.60%

60%
50%

Vit & mineral

40%

Spirulina

30%

20%

23.30%

20%
10%
0%

double headed

single headed

Figure (4.3): Distribution of study participants by type of household
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Table (4.8) showed that there were no statistical significant differences between the two
groups in age (P= 0.695), and household size (P= 0.327), when Independent T test was
used.
Table (4.8): Differences between the two groups related to age and household size
Variables

Vit. & Mineral Group
(n = 30)

Spirulina Group
(n =30)

t value

p value

Mean(SD)

Mean(SD)

Age of children (months)

22.03(2.03)

21.06(1.37)

0.390

0.695

Household size

6.50(0.60)

7.33(0.58)

0.989

0.327

4.3 Anthropometric characteristics of children
Table (4.9) showed that the mean weight for children was 8.27 kg, mean height was
77.0 cm, and weight for age Z score was – 2.42. In addition, 1.7% of the children were
within normal weight, 18.3% were mild underweight, 58.3% were moderate underweight,
and 21.7% of the children were severe underweight. These results indicated that the
majority of study participants were underweight in different degrees.
Also, height for age Z score was – 2.13, and 16.7% of study participants had normal
height, 25% had mild stunting, 40% had moderate stunting, and 18.3% had severe stunting.
These results indicated that the majority of study participants had stunting in different
degrees.
Weight for height Z score was – 2.09 and 8.3% had normal weight for height, 35%
had mild wasting, 46.7% had moderate wasting, and 10% had severe wasting. These
results indicated that the majority of study participants had wasting in different degrees.
The above results reflected that most children included in this study had very poor
anthropometric characteristics.
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Table (4.9): Anthropometric characteristics of study participants
Variables

Total
n(%)

Mean(SD)

Weight

8.27(1.77)

Height

77.0(8.45)

Weight of birth

2.84(0.49)

Weight for age (Z score)

-2.42(1.08)

Normal

1(1.7)

Mild underweight

11(18.3)

Moderate underweight

35(58.3)

Severe underweight

13(21.7)
-2.13(1.19)

Height for age (Z score)
Normal

10(16.7)

Mild stunting

15(25.0)

Moderate stunting

24(40.0)

Severe stunting

11(18.3)
-2.09(0.87)

Weight for height (Z score)
Normal

5(8.3)

Mild wasting

21(35.0)

Moderate wasting

28(46.7)

Severe wasting

6(10.0)
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weight for age
1.70%

21.70%

18.30%

normal
mild underweight
moderate underweight
severe underweight

58.30%

Figure (4.4): Distribution of children by weight for age

Height for age
16.70%

18.30%

normal
mild stunting
moderate stunting
severe stunting
25%

40%

Figure (4.5): Distribution of children by height for age
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Weight for height
10%

8.30%

normal
mild wasting
moderate wasting
severe wasting

35%

46.70%

Figure (4.6): Distribution of children by weight for height

4.4 Changes in the anthropometric characteristics of the children
a. Between- group effect
Table (4.10) showed that mean weight of children in the vitamin and mineral group
was 8.64 kg initially, increased to 9.39 kg after receiving vitamins and minerals in the diet
and mean height was 78.88 cm, increased to 80.8 cm. Also, mean weight of children in the
spirulina group was 7.9 kg initially, increased to 8.58 kg after receiving spirulina in the
diet, and mean height was 75.11 cm initially, increased to 78.01 cm. These results reflected
that spirulina was effective nourishment as other vitamins and minerals.
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Table (4.10): Comparison of anthropometric measures before and after intervention
Variables

Vit. & Mineral Group
(n = 30)

Spirulina Group
(n =30)

t value

p value

Mean(SD)

Mean(SD)

Weight

8.64(2.10)

7.90(1.3)

1.63

0.107

Height

78.88(9.30)

75.11(7.39)

1.73

0.088

Weight

9.39(2.04)

8.58(1.32)

1.81

0.074

Height

80.8(8.69)

78.01(6.92)

1.34

0.184

Pre

Post

b. Within–group effect
Table (4.11) showed that there were statistically significant differences in weight of
children in the vitamin and mineral group before and after receiving vitamins and minerals,
mean difference was – 0.74, t value was – 11.90 and p value was 0.001 which is
significant. In addition, there was statistically significant differences in height of the same
children before and after receiving vitamins and minerals, mean difference was – 1.916, t
value was – 5.9 and P value was 0.001. These results reflected that vitamins and minerals
are effective as supplements in diet for children.
Table (4.11): Differences in weight and height in the vitamins and mineral group
(Paired sample T test)
Mean Diff (SD)

t value

P Value

- 0.74(0.34)

- 11.9

0.001

- 1.916(1.76)

- 5.9

0.001

Changes in the Weight
Pair 1

Weight (pre) – Weight (post)

Changes in the Height
Pair 2

Height (pre) – Height (post)

The level of significance is < 0.05
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Table (4.12) showed that there were statistically significant differences in weight of
children in the Spirulina group before and after receiving spirulina, mean difference was –
0.67, t value was – 11.94 and p value was 0.001 which is significant. In addition, there was
statistically significant differences in height of the same children before and after receiving
Spirulina, mean difference was – 2.90, t value was – 12.72 and P value was 0.001. These
results reflected that spirulina was effective as supplements in diet for children.
Table (4.12): Differences in weight and height in the Spirulina group
(Paired sample T test)
Mean(SD)

t value

P Value

-0.67(0.31)

-11.94

0.001

-2.90(1.24)

-12.72

0.001

Changes in the Weight
Pair 1

Weight (pre) – Weight (post)

Changes in the Height
Pair 2

Height (pre) – Height (post)

The level of significance is < 0.05
Table (4.13) showed that there was a considerable improvement in weight for age
for the two groups after receiving vitamins and minerals and Spirulina. In the group that
received vitamin and minerals, percentage of children who were moderately underweight
decreased from 70% to 33.3%. Also, the children who received Spirulina improvement
was noticed as those children with normal weight for age increased from 3.3% to 10%,
mild underweight increased from 13.3% to 40%, while moderate underweight decreased
from 46.7% to 40% and severe underweight decreased from 36.7% to 10%. These results
reflected improvement in weight for age among children who received either vitamins and
minerals or Spirulina.
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Table (4.13): Comparison of weight for age between the two groups
Weight for age

Vitamin & mineral group

Spirulina Group

Pre n(%)

Post n(%)

Pre n(%)

Post n(%)

Normal

0(0.0)

1(3.3)

1(3.3)

3(10.0)

Mild Underweight

7(23.3)

17(56.7)

4(13.3)

12(40.0)

Moderate Underweight

21(70.0)

10(33.3)

14(46.7)

12(40.0)

2(6.7)

2(6.7)

11(36.7)

3(10.0)

Sever Underweight

Table (4.14) showed that there was a noticeable improvement in height for age
among children who received spirulina as those who had normal height for age increased
from 13.3% to 20%, mild stunting increased from 13.3% to 33.3%, moderate stunting
decreased from 46.7% to 26.7%, and severe stunting decreased from 26.7% to 20%. These
results reflected improvement in height for age among children who received spirulina in
their diet.
Table (4.14): Comparison of height for age between Vitamin & mineral group and
Spirulina group
Height for Age

Vitamin & mineral group

Spirulina group

Pre n(%)

Post n(%)

Pre n(%)

Post n(%)

Normal

6(20.0)

6(20)

4(13.3)

6(20.0)

Mild Stunting

11(36.7)

11(36.7)

4(13.3)

10(33.3)

Moderate Stunting

10(33.3)

12(40)

14(46.7)

8(26.7)

3(10)

1(3.3)

8(26.7)

6(20.0)

Sever Stunting

Table (4.15) showed that there was a noticeable improvement in weight for height
among the children in the two groups. For those children who received vitamin and
minerals, those who had normal weight for height increased from 10% to 30%, mild
wasting increased from 33.3% to 56.7%, while moderate wasting decreased from 53.3% to
10%. For those children who received Spirulina, normal weight for height increased from
6.7% to 23.3%, moderate wasting decreased from 40% to 23.3%. These results reflected
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improvement in weight for height among children who received either vitamin and
minerals or Spirulina.
Table (4.15): Comparison of weight for height between the two groups
Weight for Height

Vitamin & mineral group

Spirulina group

Pre n(%)

Post n(%)

Pre n(%)

Post n(%)

Normal

3(10.0)

9(30.0)

2(6.7)

7(23.3)

Mild Wasting

10(33.3)

17(56.7)

11(36.7)

11(36.7)

Moderate Wasting

16(53.3)

3(10.0)

12(40.0)

7(23.3)

1(3.3)

1(3.3)

5(16.7)

5(16.7)

Sever Wasting

4.5 Changes in the Ferritin and serum iron levels among the children
a. Between–group effect
After checking the normality of the Ferritin and serum iron level, it was clear that
these data are non-parametric data , hence for any analysis for these data the nonparametric test were used.
Table (4.16) showed that median was 21.10 for the vitamin and mineral group and 5.0 for
the spirulina group, but after receiving the supplements, it decreased to 13.40 in the
vitamin and minerals group and increased to 27.0 in the Spirulina group. The results also
showed a significant difference in the median between the two types of treatment for both
the Ferritin and Serum Iron levels when Mann Whitney Test was used.
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Table (4.16): Comparison of Ferritin and serum Iron supplement
between the two groups
Median (IQR)
Variables

Vitamin & Mineral Group

Spirulina Group

Z score

p value

Ferritin

21.10(18.9)

5.00(2.3)

- 4.453

0.001

Serum Iron

60.0(28.50)

70.00(26.0)

- 1.310

0.190

Ferritin

13.40(12.10)

27.00(39.7)

- 3.196

0.001

Serum Iron

87.71(33.50)

95.52(51.0)

- 2.179

0.029

Pre

Post

The level of significance is < 0.05

b. Within- group effect
Table (4.17) showed that there were statistically significant differences in median
IQR Ferritin levels among children in the spirulina group before receiving spirulina (m=
5.0) and after receiving spirulina (m= 27.0), Z score was – 4.015 and P value was 0.001,
while differences were not significant for the vitamin and mineral group, when Wilcoxon
Signed Ranked Test was used.
In addition, there were statistically significant differences in the serum Iron before
and after receiving the supplement for the two groups, Z value was – 2.678 and P value
was 0.007 for the vitamin and mineral group and Z value was – 3.824 and P value was
0.001 for the spirulina group, when Wilcoxon Signed Ranked Test was used.
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Table (4.17): Differences between the two groups related to Ferritin and serum Iron
Variables

Median (IQR)
Pre

post

Z value

p value

21.10(18.9)

13.40(12.10)

- 0.92

0.357

5.00(2.3)

27.00(39.7)

- 4.015

0.001

Vitamin and Mineral Group

60.0(28.50)

27.00(39.7)

- 2.678

0.007

Spirulina Group

70.00(26.0)

95.52(51.0)

- 3.824

0.001

Ferritin
Vitamin and Mineral Group
Spirulina Group
Serum Iron

Wilcoxon Signed Ranked Test
The level of significance is < 0.05

4.6 Changes in the immunological indicators (WBC, LYM, GRA)
a. Between-group effect
Before running the analysis, the normality of the data was checked and the data was
normally distributed, hence parametric tests were used for this type of data.
Table (4.18) showed that there were insignificant differences in leukocytes between the
vitamin and minerals group and the spirulina group when independent sample T test was
used.
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Table (4.18): Comparison of leukocytes between Vitamin and mineral group and
Spirulina group
Variables

Mean(SD)
Vitamin & Mineral group Spirulina group

t value

p value

Pre
WBC

11.18(2.98)

12.37(3.24)

- 1.48

0.143

LYM

5.73(1.65)

6.13(1.547)

- 0.96

0.341

GRA

4.33(2.22)

5.33(2.69)

- 1.57

0.121

WBC

11.01(3.7)

10.53(1.58)

0.65

0.516

LYM

5.20(2.04)

5.88(1.25)

- 1.54

0.128

GRA

4.66(2.88)

4.23(1.457)

0.741

0.462

Post

The level of significance is < 0.05
WBC = white blood cells, LYM = lymphocytes, GRA = granulocytes.

b. Within –group effect
Table (4.19) showed that there were insignificant differences in leukocytes before
and after receiving vitamin and mineral supplement. For the spirulina group, there are
statistically significant differences in WBC before and after receiving Spirulina, (t value
was 3.24 and P value was 0.003), also there was significant difference in granulocytes
before and after receiving spirulina, (t value was 2.42 and P value was 0.022), when Paired
T test was used. These results reflected positive impact of Spirulina on leukocytes among
children who have low anthropometric measures.
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Table (4.19): Differences in leukocytes between the two groups before and after
receiving supplement
Pairs
Mean Diff
t value
P value
Vitamin and Mineral Group
Pair 1
WBC (pre) – WBC (post)
0.17
0.27
0.789
Pair 2
LYM (pre) – LYM (post)
0.53
1.34
0.189
Pair 3
GRA (pre) – GRA (post)
- 0.33
- 0.57
0.571
Spirulina Group
Pair 1
WBC (pre) – WBC (post)
1.846
3.24
0.003
Pair 2
LYM (pre) – LYM (post)
0.250
1.02
0.314
Pair 3
GRA (pre) – GRA (post)
1.103
2.42
0.022
The level of significance is < 0.05

4.7 Changes in the hematological factors in the children
a. Between-group effect
Table (4.20) showed that there was no significant difference in any of the
hematology parameters before the intervention between the vitamins and minerals group
and the spirulina group. Meanwhile, the results found a significant difference in HGB and
HCT after three months of the intervention program. The difference existed between the
mean HGB and HCT, it was in favor of spirulina group. The difference between the two
groups was statistically significant and P value was < 0.001 for both parameters when
independent T test was used.
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Table (4.20): Comparison of hematology profile between the two groups before and
after receiving supplement
Variables

Mean(SD)
Vitamin & Mineral Group

Spirulina Group

t value

p value

RBC

4.49 x106 (0.44)

4.47 x 106(0.47)

0.12

0.902

Hgb

10.28 gm (0.85)

10.38 gm (1.09)

- 0.395

0.695

HCT

33.07(2.50)

33.99(4.65)

- 0.95

0.344

PLT

383.36 x 103(107.83)

409.06 x 103(136.08)

- 0.81

0.422

RBC

4.53 x 106(0.47)

4.58 x 106(0.33)

- 0.44

0.661

Hgb

10.45 gm (0.83)

11.42 gm (0.82)

- 4.51

< 0.001

HCT

31.67(2.28)

35.09(3.35)

- 4.61

< 0.001

PLT

373.86 x 103(78.80)

401.86 x 103(108.37)

- 1.14

0.257

Pre

Post

The level of significance is < 0.05

b. Within-group effect
Table (4.21) showed that there were statistically significant differences in hemoglobin
levels before and after receiving spirulina, t value was – 7.85 and P value was 0.001, also
differences were significant in hematocrit, t value was – 2.27 and P value was 0.031, but
differences were insignificant in the other parameters when Paired T test was used.
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Table (4.21): Differences in hematology profile between the two groups before and
after receiving supplement
Mean Diff

t value

P Value

Vitamin & mineral group
Pair 1

RBC (pre) – RBC (post)

- 0.04

- 0.52

0.603

Pair 2

Hgb (pre) - Hgb (post)

- 0.17

- 1.38

0.177

Pair 3

HCT (pre) – HCT (post)

1.39

3.83

0.001

Pair 4

PLT (pre) – PLT (post)

9.50

0.42

0.677

Pair 1

RBC (pre) – RBC (post)

-0.10

-1.87

0.071

Pair 2

Hgb (pre) – Hgb (post)

-1.04

-7.85

0.001

Pair 3

HCT (pre) – HCT (post)

-1.10

-2.27

0.031

Pair 4

PLT (pre) – PLT (post)

7.20

0.27

0.786

Spirulina group

The level of significance is < 0.05
4.8 Changes in the hematological factors (MCV, MCH and MCHC)
a. Between – group effect
Table (4.22) showed that there were statistically significant differences between the
two groups after intervention in MCV (t value was – 3.70, P value was 0.001) and MCH (t
value was – 2.45, P value was 0.017), and that these differences were in favor of the
spirulina group. On the other hand, significant differences did not exist before intervention.
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Table (4.22): Comparison of MCV, MCH, MCHC between the two groups before and
after receiving supplement
Variables

Mean(SD)
Vitamin & Mineral Group

Spirulina Group

t value

P value

MCV

74.54(7.53)

75.96(7.44)

- 0.730

0.466

MCH

23.12(2.98)

23.67(3.00)

- 0.715

0.478

MCHC

30.94(1.86)

31.13(1.89)

- 0.391

0.697

MCV

70.36(7.99)

76.93(5.52)

- 3.70

0.001

MCH

23.34(3.26)

25.13(2.33)

- 2.45

0.017

MCHC

33.06(1.39)

32.78(1.27)

0.80

0.426

Pre

Post

The level of significance is < 0.05
b. Within-group effect
Table (4.23) showed that for the vitamin and mineral group, MCV was higher pre
intervention compared to post intervention as t value was 4.05 and P value was 0.001,
while MCHC was higher after intervention as t value was – 6.04 and P value was 0.001.
For the Spirulina group, MCH was higher post intervention as t value was – 4.442 and P
value was 0.001, also MCHC was higher post intervention as t value was – 4.483 and P
value was 0.001, but insignificant differences were in MCV.
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Table (4.23): Differences in MCV, MCH, MCHC between the two groups before and
after receiving supplement
Pairs

Mean Diff

t value

P Value

Vitamin & mineral group
Pair 1

MCV (pre) – MCV (post)

4.18

4.05

0.001

Pair 2

MCH (pre) – MCH (post)

- 0.21

- 0.51

0.612

Pair 3

MCHC (pre) – MCHC (post)

- 2.11

- 6.04

0.001

Spirulina group
Pair 1

MCV (pre) – MCV (post)

- 0.96

- 1.143

0.262

Pair 2

MCH (pre) – MCH (post)

- 1.45

- 4.442

0.001

Pair 3

MCHC (pre) –MCHC (post)

- 1.65

- 4.483

0.001

The level of significance is < 0.05

4.9 Changes in the anemia status among the children
Table (4.24) showed that there was significant reduction in frequency of anemia
between the two groups after intervention in favor of the spirulina group; pre intervention
33.3% of spirulina group were non-anemic, increased to 66.7% post intervention and
36.7% had moderate anemia but none existed post intervention. On the other hand, lower
degree of improvement was observed in the vitamin and mineral group.
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Table (4.24): Differences of anemia between the two groups
Variables

Vit & minerals

Spirulina Group

Group (n =30)

(n = 30)

n (%)

n (%)

Classification of Anemia (Pre)
Non Anemia

8(26.7)

10(33.3)

Mild Anemia

11(36.7)

9(30.0)

Moderate Anemia

11 (36.7)

11(36.7)

Classification of Anemia (Post)
Non Anemia

8(26.7)

20(66.7)

Mild Anemia

15(50.0)

10(33.3)

Moderate Anemia

7(23.3)

0(0)

x2(df)

P Value

0.42(2)

0.810

13.14(2)

0.001

The level of significance is < 0.05
4.10 Mothers' compliance to treatment program
Table (4.25) showed that the mothers of children who received vitamins and
minerals were more convinced with treatment program compared to mothers of children
who received Spirulina (x2 = 27.77 and P value was 0.001), but after three months of
treatment, mothers of children who received Spirulina were more convinced with the
treatment program (x2 = 11.88 and P value was 0.001).
Also, there were no significant differences in mothers' compliance with recommendations
for both groups (P value was 0.167). In addition, children who received vitamins and
minerals had higher frequency of suffering from illness compared to children who received
Spirulina (x2 = 11.58 and P value was 0.001), and that mothers in both groups did not use
other complementary feedings during the treatment program.
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Table (4.25): Compliance with treatment program
Variables

Vit & minerals

Spirulina Group

Group (n =30)

(n = 30)

n (%)

n (%)

Initially, have you been convinced with treatment
Yes

28(93.3)

8(26.7)

No

2(6.7)

22(73.3)

After three months, you've been convinced with treatment
Yes

18(60.0)

29(96.7)

No

12(40.0)

1(3.3)

Compliance with recommendations
Yes

22(73.3)

26(86.7)

No

8(26.7)

4(13.3)

Your child suffer from illness during the course of treatment
Yes

19(63.3)

6(20.0)

No

11(36.7)

24(80.0)

Using other complementary feeding during the course of treatment
Yes

2(6.7)

1(3.3)

No

28(93.3)

29(96.7)
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x2(df)

P Value

27.77(1)

0.001

11.88(1)

0.001

1.66(1)

0.167

11.58(1)

0.001

0.351(1)

0.500

Chapter V
Discussion and recommendations
This chapter presents discussion of the study results in the light of previous studies
and literature. In addition, recommendations and suggestions for further studies are
illustrated.
5.1 Discussion
Nutrition is crucial to both individual and nation development. Many factors can
cause malnutrition, most of which relate to poor diet or severe repeated infections.
Spirulina, a planktonic blue green alga, is a traditional food of some Mexican and
African people. The Spirulina species contain significant amount of valuable nutrients,
vitamins, and minerals. This study focused on examining the effects of spirulina on
treatment of malnutrition among children aged between one year to four years old in Gaza
Strip.
Analysis of the Spirulina used in this study indicated that crude protein constituted
57.5% of its contents, crude fat constituted 7.7%, and carbohydrates constituted 23.9%,
besides high amounts of vitamins and minerals. This result proved that Spirulina could be a
good source to treat malnutrition. In addition, the microbiological analysis proved that
Spirulina is safe for human consumption.
5.1.1 Anthropometric changes
The study participants consisted of 60 malnourished children aged between 1 – 4 years
with mean age 21.55, randomly allocated into two groups; 30 received spirulina
complement and 30 received vitamin and minerals complement for three months.
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The anthropometric measures reflected that weight for age Z score was – 2.42, height for
age Z score was – 2.13 and weight for height Z score was – 2.09 which indicated poor
nutritional status of the children in both groups.
After three months of receiving the complements, the results showed significant
improvement in weight of children who received vitamins and minerals complement (P=
0.000), and also significant improvement in weight of children who received spirulina
complement (P= 0.000). Also, there was a considerable improvement in weight for age for
the two groups after receiving vitamins and minerals and Spirulina. In addition, there was a
noticeable improvement in height for age among children who received spirulina compared
to those who received vitamin and minerals. Also, there was a noticeable improvement in
weight for height among the children in the two groups. In addition, the mean weight for
children in the vitamin and mineral group was 8.64 kg at the beginning of the study
increased to 9.39 kg after three months, and the mean weight for children in the spirulina
group was 7.9 kg at the beginning of the study increased to 8.58 kg after three months of
treatment, also, baseline data showed that 36.7% of children in the spirulina group were
classified as severe underweight, but after three months of treatment with spirulina only
10% were classified as severe underweight. These results revealed that spirulina was
effective as a supplement to treat malnutrition.
Previous studies showed that Spirulina species contain significant amount of
valuable proteins, indispensable amino acids, vitamins, beta-carotene, mineral substances,
essential fatty acids, polysaccharides, glycolipids and sulpholipids (Blinkova, et al., 2001;
Otles & Pire, 2001; Colla, et al., 2004). These nutrients could be of great value in
overcoming malnutrition among vulnerable children.
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A comparative study compared the nutritional benefits of diets composed of
spirulina and/or of Misola [Misola is a mixture of millet (60%), soy (20%), peanuts (10%),
sugar (9%) and salt (1%)], the study included 550 malnourished children under-five, and
the results showed an improvement in body weight as a function of height and age is
observed for all children, especially those whose diet was made of spirulina and Misola.
(Simpore, et al., 2006). Another study reported that the average weight of the children had
increased by 4,72% during 14 days of spirulina complement (Degbey, et al., 2004). In
addition, a study conducted in India on 5,000 preschool age children has demonstrated that
1g of Spirulina added to the diet is enough to combat malnutrition (Gloria, et al., 2004).
From the above results it is clear that adding spirulina to diet was effective in treating
malnutrition and improving anthropometric measures.
Another study aimed to observe a group of 592 children aged from 0 to 5 years old
fed with a combination of sardine and spirulina 5 g/day, in comparison with a group of 182
children receiving only sardine, the results showed a significant improvement for children
supplemented with spirulina, in terms of both average body weight gain and speed of
recovery (Dupire, 1998 cited in Hug & Weid, 2011).
5.1.2 Serum Ferritin and serum Iron levels
Regarding Ferritin level, there were no significant differences in Ferritin level
among children before and after receiving vitamin and minerals (P= 0.357), but there were
significant differences after receiving spirulina (P= 0.001). Regarding serum Iron level,
there were significant differences in serum Iron after receiving vitamin and minerals (P=
0.007) and after receiving spirulina (P= 0.001). According to the WHO, one out of three
people in developing countries are affected by vitamin and mineral deficiencies, especially
iron deficiency which is the principal cause of anemia, and giving the child supplements
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rich in iron (vitamins and minerals or spirulina) will supply the body with this
micronutrient and correct the deficiency (World Hunger and Poverty, 2013). Literature
revealed that iron in spirulina is 60% better absorbed than ferrous sulfate and other
complements, so it could represent an adequate source of iron in anemic individuals
(Tefera, 2009). The results obtained by Ramesh, et al., (2013) found that the mean of
baseline, 3rd month and 6th month ferritin is 54.09, 58.72 and 68.31 respectively, which
reflected that the ferritin levels significantly increased at 3rd month and 6th month in
comparison to baseline values. In addition, an experimental study on rats found that diets
containing spirulina alone or in combination with wheat gluten resulted in significantly
higher iron storage and hemoglobin contents than casein and wheat gluten (Kapoor &
Mehta, 1998). In this regard, it is important to mention that iron content in spirulina present
as Ferrous which is ready to be absorbed in the gastrointestinal tract, while in multivitamin
and mineral formulas iron presents as Ferric which will be changed to Ferrous.
5.1.3 Immunological changes
For the vitamin and minerals group, there were insignificant differences in
leukocytes (WBC, LYM, GRA) before and after intervention (P= 0.789, 0.189, 0.571). For
the Spirulina group, there were statistically significant differences in WBC and GRA
before and after intervention (P= 0.003 and 0.022), which reflected positive changes in
immunological status resulted from Spirulina. The above results indicated that spirulina
have positive impact on immunological activity.
Previous studies revealed that spirulina have shown to exhibit immuno-modulating
and bio-modulating properties, and that spirulina supplement improved immunological
resistance in subjects with various types of viral diseases (Khan, et al., 2005). In addition,
several experiments have shown that spirulina has a favorable regulatory effect on the
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immune system, it stimulates the activation of macrophages, as well as the activity of T
cells and Natural Killer (NK) cells. This process induces the release of interferon-gamma
(IFN-γ), which can eventually lead to virus inactivation (Borchers, et al., 2007; Pascaud,
1993), and that spirulina polysaccharides inhibit replication of several enveloped viruses
including herpes simplex virus, influenza virus, measles virus, mumps virus, human
cytomegalovirus and HIV (Luescher-mattli, 2003; Hyashi & Hayashi, 1996).
5.1.4 Hematology profile changes
Regarding hematology profile, our results found that the children who received
spirulina group showed significant improvement in their Hgb (P= 0.001), HCT (P= 0.001),
MCV (P= 0.000) and MCH (P= 0.017) , while the children who received vitamin and
minerals did not show significant changes in these parameters. Also, Our results showed
that 33.3% of children were anemic before intervention, but after receiving spirulina for
three months 66.7% became nonanemic.
These results agreed with the results obtained by Sachdeva, (2004) which showed
positive significant improvement on hematological status of the children after receiving
spirulina complement. A recent study indicated that a 12-week supplementation of
spirulina led to a steady increase in average values of MCH, MCV, and MCHC, and
decreased anemia among subjects (Selmi, et al., 2011), another study found that at the end
of 8 weeks, anemia was slightly corrected for all children who received spirulina
(Simpore, et al., 2005). In addition, Gershwin & Belay, (2008) found that after 50 days
of spirulina supplementation of 1g daily, iron intake increased from a mean of 8.72 mg/day
to 9.32mg/day, and a significant increase in mean Hgb levels among anemic children from
9.58 gm/dL before intervention to 11.14 gm/dL post intervention. Another study reported
improvement of Hgb by 4,5% and a regression of the leucocytes by 19,27% after 14 days
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of spirulina complement (Degbey, et al., 2004). Another study reported that the mean Hgb
at baseline was 11.71 gm /dL and after receiving spirulina it increased to 12.52
gm/dL (Ramesh, et al., 2013).
5.1.5 Compliance to Spirulina treatment program
Our results found that initially, mothers of children who received vitamins and
minerals were more convinced with treatment program compared to mothers of children
who received Spirulina, but after three months of treatment, mothers of children who
received Spirulina were more convinced with the treatment program. In addition, children
who received vitamins and minerals had higher frequency of suffering from illness
compared to children who received Spirulina (P= 0.001). Simpore, et al., (2005) reported
similar findings which indicated that treatment compliance was excellent and none of
the children dropped out. The mothers reported that the children accepted the mixes
and rarely had difﬁculties in feeding their children.
These results could be attributed to the fact that when the mothers noticed
improvement on the their children, they became more convinced with the effectiveness of
spirulina which led to increase compliance to treatment with spirulina.
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5.2 Recommendations
In the light of the study results, the researcher recommends the following:
-

Conduct a national health education program to highlight the problem of
malnutrition and its impact on the growth and development of children in all
primary health care centers, schools and media.

-

Ministry of health and Ministry of agriculture to consider spirulina as a dietary
complement in fighting malnutrition as spirulina is cheaper compared to other
manufactured supplements, which could be suitable for the case of Gaza with low
income and high poverty rate.

-

Highlight the biochemical properties of spirulina, showing its components of
macronutrients, minerals, and vitamins.

-

The need to employ adequate number of staff specialized in clinical nutrition at
Nutrition Department in Primary Health Care facilities to improve nutrition
services in Gaza Strip.

-

Encourage the factories that produce fortified food to consider spirulina in their
formulas.

-

Ministry of Agriculture need to develop a plan for growing and harvesting
spirulina in special lakes with appropriate safety conditions as spirulina is rich in
nutrients and cheap compared to other food complements.
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5.3 Suggestions for further research
-

To conduct a study on a wide range of malnourished individuals from different age

groups to determine its effectiveness in growth and development.
- To conduct a study aiming to evaluate the nutrition services at primary health care centers
in governmental sector and UNRWA.
-

To conduct a study aiming at identifying knowledge, attitudes, and practices among

mothers about food programs in governmental, UNRWA, and NGOs health facilities.
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)Annex (1
)Questionnaire (Arabic version

حفظك هللا..

السيدة الكريمة ،،،،

أنا الباحث :محمود عبد المطيف الشيخ عمي ،أقوم بدراسة بحثية بعنوان :مدى فعالية طحمب
السبيرولينا في عالج سوء التغذية لدى األطفال بالمقارنة مع المكمالت الغذائية "الفيتامينات و
المعادن" لدى األطفال المترددين عمى عيادة جمعية أرض اإلنسان في قطاع غزة.
وىذه الدراسة جزء من برنامج الماجستير في التغذية االكمينيكية بكمية الصيدلة  -جامعة االزىر بغزة.
و يتطمب اجراء البحث اإلجابة عمى بعض األسئمة القصيرة الموضحة في االستبيان التالي.
يرجى التكرم بتعبئة ىذه االستبانة عمماً بأن المعمومات التي سيتم جمعيا سوف تستخدم فقط في البحث
العممي ،كما أن مشاركتكم في ىذا البحث طوعية ،وال داعي لكتابة االسم.
تاريخ المقابمة لتعبئة االستبانة

الرقم المتسمسل لالستبيان

شاكرين لكم حسن تعاونكم ،،،
الباحث /محمود عبد المطيف الشيخ عمي
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اوالا :البيانات الشخصية (الديمغرافية):
تاريخ الميالد

/

الجنس

ذكر

عنوان السكن

/
انثى

الشمال

غزة

العمر عند اكتشاف المرض (سوء التغذية)

سنة

العمر الحالي

سنة

الوسطى

ثانيا :المقاييس الجسمانية لألطفال:
كيمو جرام

الوزن عند الوالدة

كيمو جرام

الوزن قبل تناول العالج مباشرة
الوزن بعد  3شيور من تناول العالج

كيمو جرام

الطول قبل تناول العالج مباشرة

سم

الطول بعد  3شيور من تناول العالج

سم

نسبة ىيموجموبين الدم قبل تناول العالج مباشرة

جم

نسبة ىيموجموبين الدم بعد  3شيور من تناول العالج

جم

ثالث ا :النظام الغذائي
ىل تمقى طفمك أي نظام غذائي؟

ال

نعم

إذا كانت اإلجابة بنعم ،فأين تمقى ىذه الخدمة؟
و ازرة الصحة

وكالة الغوث

مركز خاص

مؤسسة غير حكومية

عيادة خاصة

بيتي

اذا كانت االجابة مؤسسة غير حكومية من ىذه المؤسسة
من الذي يزودك بالخدمات التغذوية و الصحية لطفمك؟
الطبيب

الممرض

ما ىو نظام التغذية المتبع في المؤسسة المسئولة؟
متى بدأت النظام الغذائي الخاص بطفمك

اخصائي التغذية

االىل

تناول الفيتامينات

تناول االسبيرولينا

بعد سن

ىل يتوفر لديك معمومات عن العالج من ناحية

الطعم

المون

هل كنت مقتنعة قبل تناول العالج لطفمك انها ستحسن من وضعه الصحي؟ نعم
بعد  3شيور ما ىو شعورك بعد استخداميا ىل حدث لطفمك أي تحس نعم
نعم

ىل تعممت متى و كيف تؤخذ جرعة العالج ؟
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الفائدة التغذوية

الرائحة
ال

ال
ال

ىل تعطي الطفل الجرعة في الوقت المخصص ؟

ال

نعم

إذا كانت االجابة ال فمماذا ؟
ىل عانى طفمك خالل فترة تناول العالج من أمراض؟

ال

نعم

إذا كانت االجابة نعم ما ىي االمراض؟
ما ىو العالج المستخدم؟
ىل استخدمت مع العالج أي فيتامينات أو مكمالت غذائية أخرى؟

ال

نعم

اذا كانت االجابة نعم ما ىي؟
ىل ظيرت أعراض جانبية اثناء تناول طفمك لمعالج؟

ال

نعم

اذا كانت االجابة نعم ما ىي ىذه االعراض؟
حساسية

إسيال

ىل اختفت األعراض لوحدىا؟

إمساك
نعم

حكة جمدية
ال

أخرى
ىل استشرت الطبيب؟

شك اًر لكم عمى حسن تعاونكم
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نعم

ال

Annex (2)
Questionnaire (English version)
Serial number: □ □

Date of interview:

/

/ 2013

A. Personal information:
Date of birth
Gender
Place of residency
Age when discovering malnutrition
Current age

/

/
Male

□
□ North
□ years
□ years

□ Female
□ Gaza
□ Middle

B. Anthropometric indices
Birth weight
Weight before starting treatment
Weight after three months of receiving supplement
Height before starting treatment
Height after three months of receiving supplement
Hemoglobin level before starting treatment
Hemoglobin after three months of receiving complement

□ kg
□ kg
□ kg
□ cm
□ cm
□ Gm/dL
□ Gm/dL

C. Dietary regime
Did your child received any dietary complement
If yes, where did you receive this service?
□ MOH
□
□ Private
UNRWA
center
Who provide you with
□ Physician
nutritional services?
Type of dietary regime received

□ Private
□

clinic
Nurse

□ Yes

□ No

□ NGO

□ Home

□ Dietician □ Family
□ Vitamins □ Spirulina

When you started dietary complement?
Do you have knowledge
□ Color
□ Taste
about diet regarding:
Before starting treatment program, have you believed
that it will be effective?
After three months of treatment program, have you
noticed improvement on your child?
Did you learn when and how to give the dose of dietary
complement?
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At age □
□ Odor

□ Benefit s

□ Yes

□ No

□ Yes

□ No

□ Yes

□ No

Do you give your child the required dose on time?
If your answer is (No), why?
Did your child suffer from any disease during treatment
program?
If yes, what were the diseases?
What was the treatment for these diseases?
Did you use any vitamins or dietary complements with
the treatment?
If yes, what type of complement or vitamin?
Did your child suffer from any side effects during
treatment program?
If yes, what were the side effects?
□ Allergy
□ Diarrhea □
□ Skin rash
Constipation
The side effects subsided spontaneously
Did you consult a physician?

□ Yes

□ No

□ Yes

□ No

□ Yes

□ No

□ Yes

□ No

□ Others
□ Yes
□ Yes

Thank you for your cooperation
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□ No
□ No

Annex (3)
Vitamin and mineral complement (Kiddi)
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Annex (4)
Iron supplement
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Annex (5)
Adol supplement
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