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Abstract

Background

Gum Arabic (acacia Senegal) is a complex polysaccharideestibte to both humans apd
animals. It has been considered as a safe dietary fiber dynited States, Food and Drug
Administration (FDA) since the 1970s. Although its effects werteresively studied in




animals, there is paucity of data regarding its quantifiedimdeumans. This study was
conducted to determine effects of regular Gum Arabic (GA) tiige®n body mass index
and body fat percentage among healthy adult females.

Methods

A two-arm randomized, placebo controlled, double-blind trial was comdluictethe
Department of Physiology at the Khartoum University. A totall@dD healthy femalgs
completed the study. They were divided to two groups: A test groupO ofolunteers
receiving GA (30 gm /day) for 6 weeks and a placebo group of 60 volsmessgiving pectin
(1 gm/day) for the same period of time. Weight and height weasuared before and after
intervention using standardized height and weight scales. Skin fold és&kmas measured
using Harpenden Skin fold caliper. Fat percentage was calculategdJagikson and Pollo¢ck
7 caliper method and Siri equation.

Results

Pre and post analysis among the study group showed significant oeduc8MI by 0.32
(95%CI: 0.17 to 0.47; P<0.0001) and body fat percentage by 2.18% (95%CI. 1.54 o 2.83;
P<0.0001) following regular intake of 30 gm /day Gum Arabic for siekse Side effects
caused by GA ingestion were experienced only in the firskwHegey included unfavorable
viscous sensation in the mouth, early morning nausea, mild diarrhea and bloating abdpmen.

Conclusions

GA ingestion causes significant reduction in BMI and body fat peagenamong healthy
adult females. The effect could be exploited in the treatment of obesity.
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Introduction

Gum Arabic (GA) is derived from exudates of Acacia senegal cacia seyal trees. It
consists of a mixture of polysaccharides (major component) plus atigesrides and
glycoproteins [1,2]; however, its composition can vary with its squchmate and soll.
Sudan is the world largest producer, followed by many other African countriesadtlity
dissolves in water to form solutions characterized by low visco$his allows its use in
various applications [3]. It is used as an emulsifier, thickengemiaand flavor stabilizer in
both the pharmaceutical and food industries. It is also used in teditery and cosmetics
industries. The FAO/WHO Joint Expert Committee for Food Additokefgned it as a dried
exudation obtained from the stems of A. Senegal or closely related speciexiaf [4¢.

Gum Arabic was evaluated for acceptable daily intake for mathé Joint FAO/WHO
Expert Committee on Food Additives since 1969 [5]; however, Sudanese pedjésiern
Sudan had been using it for long time without limitations. Indigestible to both humans
and animals, not degraded in the intestine, but fermented in the caomtshort-chain fatty



acids, leading to a large range of possible health benefits [6].00tieese benefits is its
prebiotic effect [7,8]. It has been claimed that four week supplatemtwith Gum Arabic
(10 g/day) led to significant increases in Bifidobacteria, thla@cteria, and Bacteriodes
indicating a prebiotic effect [8]. Other effects include redurctn plasma cholesterol level in
animals and humans [9], anticarcinogenic effect [10] and anti-ox&féedt [11,12] with a
protective role against hepatic and cardiac toxicities. Iniaddit that, it has been claimed
that Gum Arabic alleviates effects of chronic renal failurehumans; however, further
studies are needed for confirmation [13-15].

Several epidemiological studies suggest that a high intake afyi@er, including GA, is
associated with beneficial effects on fat metabolism [14,1@&}taDy fiber promotes satiation
and satiety, alter glycaemic index, affects gastric emgtygut hormone secretion and thus
helps to manage weight [17]. Leptin promotes weight loss by tWerelft mechanisms. It
reduces appetite, and thus food intake, and at the same time is@pasgy expenditure also
dietary fiber was inversely associated with leptin level in god@apanese adults [18,19]. In
addition to that, a study has shown that GA inhibits intestinal gluabserption via
interaction with membrane abundance of SGLT1 in mice [20].GA signifly blunted the
increase in body weight, fasting plasma glucose and fastingnnsahcentrations during
high fat diet.

Obesity is a well known risk factor for coronary heart diseaseke, diabetes and many
other abnormalities, including cancer [21,22]. These complications dependniyobn
absolute amount of fat but also on its distribution. Absolute total faidynd adipose tissue
distribution are known to be associated with cardiometabolic riskluft &males [23]. At
least in theory, Gum Arabic can serve to reduce obesity and drenafevent associated
complications in humans. The aim of this study is to determineftbetseof Gum Arabic
ingestion on weight, body mass index and body fat percentage amdtity laekult females
in randomized, placebo controlled and double-blind study.

Methods

This is a two-arm randomized, placebo controlled, double-blind study cmmpan
intervention group receiving 30 gm of GA daily for 6 weeks with arcbgroup receiving a
placebo for the same period of time. The study was conducted atgpartibent of
Physiology, Faculty of Medicine at the University of Khartoum migithe period from April
to July 2011. All participants were female students from the Usityerinclusion criteria
were age 17 years or above and healthy with no symptoms or sigautef or chronic
medical illness. Exclusion criteria were age less than 1rsy@ast or present history of
metabolic, gastrointestinal, degenerative and/or inflammatory dgsesweking, drug abuse
or alcohol consumption, use of corticosteroids or any other drug featsabody weight, and
history of Gum Arabic (GA) allergy. Participants were astetake habitually daily diet and
to avoid exercise during the period of the study.

To detect a reduction in body weight of 2 kilograms (SD 4 kilog)a with a two-sided 5%
significance level and a power of 80%, a sample size of 60 supgctgoup was calculated
based on normogram for comparison of means in two equal sized grogpfR§Pdom
allocation was achieved by generating series of numbers by mikgethird-party not
associated with the study. Sealed boxes were prepared contsifpptements package of
either intervention (Gum Arabic) or placebo (pectin). After the remzation sequence



generated the boxes containing the supplements was given to thed biimesstigator
responsible for enrollment. Follow up assessments were undertakiee blyi¢f investigator
who was also blinded to the randomization.

Eligible participants were 120 students. They were all enroheddrandomly allocated into
either intervention (n= 60) or placebo (n= 60) group by the blindedtigaes (Figure 1).
Each participant was supplemented with a daily dose of eitherAzalbic or a placebo. The
dose of Gum Arabic was 30 g of 100% natural gum provided in a powdar dy "Dar
Savanna Ltd. Khartoum, Sudarts quality was consistent to the requirements of Food and
Agriculture Organization of the United Nations (FAO) and British pteanopoeia (BP). The
dose was divided in 5 sachets each containing 6 grams, consumed initled doses; early
morning dose of 3 sachets (18 gram) and evening dose of 2 sachetsn{]2ogir hours after
meal. The dose of placebo was 1 g of pectin given in two divided doshe same way.
Each dose was reconstituted in 250 ml of water and shaken well t@ etgquate mixing
before intake.

Figure 1 Follow of participants throughout the intervention

Weight was measured by using digital physigascale to the nearest 0.1 kg. Height was
measured by using calibrated physi¢sascale to the nearest 1 cm. BMI was calculated by
the standard formula: weight (kg) / height (m)

Skin-fold thickness was measured using a harpenden Skin fold calipas measured at 7
different anatomical sites (chest, axilla, triceps, subscgpatb@omen, suprailium, and thigh
skin folds (mm). Three sets of measurements were averagezhdbrsite. The following
Jackson- Pollock formula was used to calculate body density @D)BD = 1.11200000 -
0.00043499(X) + 0.00000055(X) (X) — 0.00028826(A) (where X = Sum of chest, axilla,
triceps, subscapular, abdomen, suprailium, and thigh skin folds in m@hsnahd A = age in
years). Then the Siri equation was used for calculation of fetdgercentage from body
density @6 Fat = [(4.95/BD) - 4.5]100 [26].

Institutional review board approved this study. Appropriate written cisiseere obtained
from each student before enroliment in the study. All data were collectqueptiogly by the
researchers at the department. Double data entry and cross oalidatie employed to
ensure validity and quality of data. Data were analysed usingT 8118 program. The
paired t test was used for analysis of pre and post-interventianith@andependent sample t
test was used for comparison between the intervention and control ghoppalue of less
than 0.05 was considered statistically significant.

Results

Characteristics of the participants are shown in (Table 1)aRdepost analysis among the
study group showed weight difference % of 1.24 from 72.25 kg to 71.431kgAHmean +

SD) within the study group and minor increase of weight from 680k§8t19 kg + 1.35
(mean £ SD) (Table 2). A significant reduction in BMI (Figujebg 0.32 from (mean £ SD)

27.31 £5.4t0 26.99 £ 5.54 (95% CI: 0.17 to 0.47; P<0.0001) and body fat percentage (Figure
3) by 2.18% (95% CI. 1.54 to 283; P<0.0001) following regular intake of 30 gmGdan

Arabic for six weeks (Table 3). Ingestion of the placebo cauggtfisant increase in the
percentage of body fat from (mean £ SD) 18.31 + 4.14 to 19.13 + 4.06 (95%.4€1:te



—0.20; p = 0.010) and tended to increase BMI from (mean + SD) 25.78 + 2838+ 3.80
(95% CI: -0.16 to 0.02; p = 0.132), an effect, however, not reaching sttstaoificance
(Table 3). Side effects caused by GA ingestion were expedeonly in the first week. They
included unfavorable viscous sensation in the mouth, early morning naukkaliarrhea
and bloating abdomen (Table 4).

Table 1 Characteristics of cases in the study and control groups

Parameter Minimum  Maximum  Mean SD P value
Age (years) Study group 17 31 19.37 1.97 0.670
Control group 18 35 19.53 2.25
Height (m) Study group 1.50 1.85 1.63 0.064 0.620
Control group 1.53 1.73 1.62 0.057
Weight (kg) Study group 54.30 121.20 72.30 13.26 0.054
Control group 46.30 95.50 68.01 10.78
BMI (kg/ m?) Study group 17.53 51.10 27.31 542 0.076
Control group 17.22 34.66 25.78 3.85
Body fat % Study group 11.70 32.00 19.45 424 0.14
Control group 9.50 26.90 18.31 4.14
Table 2 The Percent changes on Body Weight among Study and Control groups
Weight (kg) Mean Mean difference% 95% CI (LL,UL) SD
(study group) Before 72.25 1.24 -0.70, 3.18 1.94
After  71.43
(control group) Before 68.00-0.31 -1.66, 1.04 1.35
After  68.19

Figure 2 Reduction in BMI among study and control group

Figure 3 Reduction in fat % among study and control groups

Table 3Body Mass Index and Body Fat Percent changes among Study and Controls

Parameter Min Max Mean SD Mean Difference P value

BMI (study group) Before 17.53 51.10 27.31 5.42 -0.32 0.0001
After 17.36 53.04 26.99 5.54

BMI (control group) Before 17.22 34.66 25.78 3.85 0.07 0.132
After 17.40 34.62 25.85 3.80

Fat % (study group) Before 11.70 32.00 19.45 4.24 -2.18 0.000
After 9.49 30.50 17.26 4.28

Fat % (control group) Before 9.50 26.90 18.31 4.14 0.82 0.010

After 10.53 25.90 19.13 4.06




Table 4 Side effects of intervention among study and controls
Study group (n=60)Control group (n=60)P value

n % n %

Nausea Yed9 81.7% 0 0.0% 0.000
No 11 18.3% 60 100.0%

Diarrhea Yeb4 90.0% 11 18.3% 0.000
No 6 10.0% 49 81.7%

Unfavourable oral viscous sensaties60 100.0% 0 0.0% 0.000
No O 0.0% 60 100.0%

Bloating abdomen Yes  15.0% 0 0.0% 0.002
No 51 85.0% 60 100.0%

Discussion

The results showed that regular intake of 30 gm /day GA fowseks resulted in significant
reduction in BMI and body fat percentage (P<0.0001) ,Changes in bodytwesge reported
to occur with many other fibers intake whether the fiber isiobtefrom naturally high-fiber
diet or when it is ingested in a form of a supplement [27].

The US Food and Drug Administration consider Gum Arabic (GA) asobrtee safest
dietary fibres [28]. In this study 60 healthy female volunteersemed GA without doubt as
many Sudanese used to ingest GA for both health benefits and nutyitiopases. Females
were selected as they are more concerned with aspectsirofpiperarance, particularly
weight [29]. The effects of GA on BMI and fat percentage were studied among tinedesfe

Historically, GA has been used in traditional medicine for loegoa of time. Arabic
physicians treated a wide range of diseases with the gum, resultingunré@st name [30]

Gum Arabic consumption seems to be an effective dietary gyrdte prevent or treat
overweight with its several biological mechanisms [17], Obesityworldwide problem that
is associated with many complications. Even though regular exencisdieting are effective
and non-invasive measures used for its treatment, compliance ¢onieasures is limited
[29]. The role of dietary fibers in prevention and treatment of obesity has beerdstulioth
humans and animals [22,27,31]. Although Gum Arabic influence on energy ardkeody
weight regulation remains controversial. A growing body of sdierdvidence indicates that
GA ingestion causes significant reduction in caloric intake withirereased subjective
feeling of satiety [32].

Many studies suggested a strong positive correlation betweed Iéptin concentration,
BMI and intake of dietary fiber, On the other hand, serum lemiircentrations were not
related to dietary patterns in the US population [33] and no signifiworrelation was found
between leptin and dietary fiber [34].

In addition to these effects, dietary fibers including GA bind bd&ls and diminish their
absorption in the terminal ileum [35]. Then in the large intestineadagon of GA releases
the sequestered bile acids and the acidic pH generated during nenti#ion process
renders them insoluble and promotes their excretion in stool [35]rddthiges their pool in
the body and causes decreased fat digestion and absorption. $irtfiethepatic formation



of new bile acids requires cholesterol. Thus, prolonged ingestion of A&3albic may cause
weight loss and reduction in cholesterol level in plasma

In our study the effect reflected by a reduction in body webdght.24 % from 72.25 to 71.43
+ 1.94 (mean = SD) within the study group. A recent proposed mechagisvhich viscous
dietary fibers were found to preserve lean body mass anderaatliposity is increased
mitochondrial biogenesis and fatty acid oxidation by skeletal maud48@&]. Gum Arabic
mechanism is not yet fully elucidated, because of a small nuoflmenducted studies. This
study highlights the effect of gum Arabic on BMI and fat %wauld be wise to conduct a
long-term studies, evaluating complete range of parameténsdifierent groups and doses
to elucidate the mechanism of action of GA on reducing obesity and its prevention.

Previous studies have shown that a daily dose of 30 g of GA candratédl by most
subjects and the main complaint was excessive flatulence [37].udowhis complaint was
found to be mild, even at doses >50 g/day. In our study symptomsownlgrexperienced in
the first week of supplementation and disappeared later. Unfavaiabteis sensation in the
mouth was the main complaint; however, addition of a flavor to GA solw@®practiced by
many of the volunteers, was found to be useful. Diarrhea which was reported by 888éf
could be the result of increased intestinal motility due to ibeease in bulk of stool. It is
worth noting that previous studies described GA as a treatment ttadinea cause of diarrhea
[38].

One of the limitations in our study is not measuring blood leptin caraten, due to

resource limitation .Another major limitation in this studyhs high dose of GA ingested
daily by students in the group of cases compared with the lowaldke placebo taken by
the controls. However, our results do confirm that regular ingesti GA causes significant
reduction of body mass index and body fat percentage among subjeist®ff€ct can be

considered for treatment or prevention of obesity.

Conclusions

Gum Arabic ingestion causes significant reduction in BMI and bodpdatentage among
healthy adult females. The effect could be exploited in the treatment ofyobesi
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