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Abstract 

The effect of drinking habitual concentration of black tea or habitual consumption of red 

pepper on appetite and food intake of children remains unknown. 

The obw ctive of this study was to determine the role of habitually consumed bl<lck tea or 

berbefc -spiced food on the appetite and energy intake of children less than five years of aBf' in 

an orph<lnage in Ethiopia. 

Wi th·in subjec t crossover design was used to which 21 preschool children (24- 54 months) 

PiHticipated. The effect of black tea or berbere-spiced food on energy intake and appetite was 

investigated by evaluating intake of the test meats. Anthropometric measurements, caffeme 

and ca l echin analysis in tea, and proximate composition of the test meals were also 

deterrnined . 

Al thoul1h fewer chi ldren (n= 5) had anthropometric values of <~2 SD, more than half of the 

ch ildren were at the border of Z score for stunting, underweight, and wasting. The consumpt ion 

of habit lla l concentrations of black tea had no significant effect on satiation (P=O.07) and satiety 

(P=O.22) Similar ly, the consumption of berbere-spiced foods had no significant effect on 

sat iat ion (P=O.55). This suggests that both the consumption of berbere-spiced foods and black 

tea had no effect on food/energy intake (P> 0.05) . In contrast, increas ing port ion size had a 

significant effect on appetite and energy intake (P< 0.001). Therefore age-dependent increase 

in portion size may be required to improve the nutritional status of the ch ildren. 

!(eywords: Black tea, berbere, food/energy intake (EI), appetite, Satiety, sa tiation, port ion size 
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IntroductIOn 

1. In1rod uction 

1. 1. Background 

Malnutrition is any condition caused by excess or deficient food energy. Deficiency of energy 

causes under-nutr ition whereas excess causes obesity (Ronquillo et 01., 2008). Under-nutnt lon 

is one of the leading causes of morbidity and mortality on children in developi ng countries and 

it is the cause of more than half of all infant and child mortality in developing countries 

(Mat he(~ et 01., 2009). Furthermore, obesity has become an epidemic in many parts of t he 

world and is on the rise in some developing countries (Wang et 01., 2002 ) 

Ethiopia has a very high prevalence of stunting, underweight, and wast ing (Teshome el' 01., 

2009). Some of the risk factors for under-nutrition were identified as t he region of residence, 

educat ion of mother, age of the child, inappropnate chi ld feeding practice either due to 

insuf fici c; ~ nt quantity and, or low energy and nutrient density of complementary food s (Amsalu 

& Tigabu, 2008; Girma & Genebo, 2002; Mulugeta et 01., 2010). For instance, the median 

energy and nutrient intakes of young children in North Wollo, northern Ethiopia was reported 

to be low (Baye et 01., 2013). This was partly because the nutrient densities of the 

complementary foods were low, but also because the amount of foods consumed per day and 

per meal wa~ very low. Tea and spicy foods were commonly consumed by these young children 

(Baye et of., 2013; Gibson et 01.,2009) . 

Capsaicin, caffeine, and tea catechins have been reported to be effective In w{~ ight 

management by enhancing dietary fat oxidation and inducing thermogenesis (Diepvens et 
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01.,2007; Westerterp-Plantenga, 2010). However, these results are not consistent as other 

stud i e~ stated that green tea extract do not have significant effect on weight reduction (H !.u et 

01. , 2008). In addition, theophylline attenuates 5-HT-2C receptor dependent anorexia and 

anxiety suggesting that tea may not produce adverse effect on appetite since it conta ins both 

caffeine and theophylline (Alam et 0/., 2011). 

1.2 Stah~ment of the problem 

Several stud ies suggest that bioactive ingredients which have significant effects all appetite 

regu lation and energy intake cou ld lead to reductions in body weight if used in conjunction with 

low energy diet (Halford & Harrold, 2012). Even though the effect of each bioactive ingredient 

on ao~e tite and energy intake reduction is not clearly understood, the combined effect of 

caffeinl' and green tea catechins; caffeine and capsaicin as well as red pepper containing 

different mix of spices may have the potential of reducing appetite and energy intake in 

humans (Carter & Drewnowski, 2012; Kovacs & Mela, 2006; Roberts, 2005). However, rnost 

studies on the component of tea and red pepper were conducted on obese adults in developed 

countr ies. In Ethiopia, tea and berbere, a red pepper with mix of spices often used as 

cond iment, are daily consumed across all age groups. However, the effect of habitual 

concentrations of black tea or berbere-s piced food on appetite and food intake of children 

rema ins unknown . Given that low food and energy intakes are associated with child under 

nutri tion in developing countries, the role of black tea and berbere-spiced foods needs to be 

eval uilted so as to devise guidelines and recommendations to improve child nutrit ion. 

2 
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1.3. Objl!ctives 

1.3.1 General objective 

To determine the role of black tea or berbere-spiced food consumpt ion on appet ite and energy 

intake of Ethiopian children less than five years of age 

1.3.2. Specif ic object ives 

; . To investigate the effect of habitually consumed concentrations of black tea on appetite 

and energy intake in ch ildren less than five years of age. 

,. To invest igate the effect of habitually consumed berbere-s piced food on appetite and 

energy intake in child ren less than five years of age. 

,.. To investigate the effect of portion size of meals on food and energy intake 

,.. To investigate whether increasing port ion size leads to higher macronutrient in takes 

3 
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Chapter 2- Literature review 
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2. lit erature Review 

2.1. Appetite regu lation 

Apprlite is defined as a natural desire to satisfy a bodily need, especia lly for food. The 

counterpart of appetite is satiety, which refers to the state of further ea ting is inhibited and 

occurs as a consequence of havi ng eaten. Satiation is the sa ti sfaction of appetite that develops 

during the course of eating and eventually results in cessation of ea ting. Appet ite se nsa tions 

are formed in the brain, through the integrat ion of a multitude of neural and hormonal si@.nals 

involved in the regu lat ion of food int ake. The hypothalamus and brain stem are involved in 

appetite and feeding regulation. Neuronal projections from hypothalamus integrate si~:n a l s 

from the bra in, the peripheral circu lation and the gastrointestinal tract to regulate energy 

intake ,md expenditure whi le the brain stem plays a role in individual meal size determindt lon 

(Neary et 01.,2004). 

Control of food inta ke involves not only the cen tral nervous system (eNS), but also the adrE'nals 

and t he gastrointestinal (Gil tr<lct. Furthermore, adipose tissue has been found to play an 

important role in regulation of food intake by producing several endocrine and pancreas 

mediators, including insulin, lept in, adiponectin, resistin and t umour necrosis factor-a, wh ich 

are known to influence food in take (Naslund & Hellstrom, 2007; Neary et 01. , 2004). Besidt~s to 

these appetite is also regulated by the gut hormones ghrelin and Peptide tyrosine tyrosine 

(PYY3-36), .1nd Signaled to the hypothalamus. In addition; agonists at the 5-HTreceptors and 

drugs thd t inhibit the re-uptake of serotonin reduce feeding (Neary et a!., 2004). 
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For instance stud ies reveled that ghrelin endogenous ligand which is synthesized predomin.lntly 

in t he !:. tomach and found in the circula t ion of healthy humans has been shown to pronate 

increa~e d food intake, the effects of administering in travenous ghrelin on appeti te and food 

inta~e on human indicated that energy intake increase w hen ghre lin injection was admins l red 

(Wren et al., 2001). Other studies show that CCK and GlP- l are meal -related sa tiety signals 

tha t <H e released from the gastrointestinal tract during food intake. Both peptides promote a 

se nSf~ of full ness that encourages an end to the meal. Therefore both peptides are factors that 

tr iggl!r the term ina t ion of eating, participating in a meal-to-meal control system (Gutzwilh?r et 

of., 2004). Furthermore orally adminIstered GlP-1 and PYY3-36 have effect on appet ite which 

enhanced fullness at meal onset and reduced energy in take (Steinert el of., 2010) . 

ThNe are many periphera l signals that can contribute to feeding behavior; short-te rm signals 

are primarily from the GI tract (e.g. , CCK and GI stretch receptors) and are involved in 

promoti ng sensa t ions of satiety that lead to meal termination. These short-term signals by 

themselves are not sufficient to regulate energy balance and body adiposity. The long-l erm 

signals insulin and leptin are produced and circulate in proportion to recent energy intake and 

body adiposity. Together, the short - and long-term signa ls interact to regulate energy ba lance 

in that Insul in and leptin appear to determine the sensitivity of the brain to the sat iety­

producing effects of the short-term signals from the GI tract (Havel, 2001). 

Regulation of food intake involves dual mechanisms. The short -te rm control of hunger 

ult imately leading to meal taking is primarily governed by gut-derived signaling to the brili n, 
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and of which Bhrelin Is stimuloto'Y. whereas Ilucalon-ilkepeptlde-l (GLP-l) and Pyy are 

inhibitory. Low cin:ulatinllnsulin, PYY3-36, and -'evlted Ihrelin Jevels are observed In case of 

fastinl or starvation lead to an Increase In neunopeplide Y (NPY) and Aloutl ,ene-n!loted 

peptide (AlRP) neuronal activity and increased appetita. whereas the opposite Is seen post-

prandlaliy (NH'Y et 01 .• 2004). The lonl-term control Is of metabolic o,..ln where the endocrine 

actJon of adipose tissue comes into focus, with peptlde hormones such as leptln, are released In 

the periphe'Y to act on centers In the brain reculotlnlappetite and metabolic control (Nislund 

& Hellstrom. 2007). 

Energy demand 
and dl'lve 10 eat 

1 
Resting 

metabolic nile 

t 
Fat-t,..mass 

\ 

Tonie inhibition of 
-'flY 

t 
Leptin 

t 
Fat 
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Energy 
"'IIIke 

~Cl<K.pYY. 
~ GLP-l 

GhreUn 

t 
Appetite­

Slimulating 
hormones 

\ 
Appetite­
Inhibiting 

hormone. 

t 

Fisure 2.1, Dual mechanism of appetite contr~ by gut hormones and central nervous system 
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Then~fore appetit e can be considered as a balance between excitatory and inhibitory proce~;ses. 

The exci tatory processes arise from bodily energy needs and constitute a drive for food (which 

in humans is reflected in the subjective experience of hunger). The most obvious inhibitory 

processes arise from post -ingestive phys iological processing of the consumed food, and these 

are reflec ted in the subjective sensation of fullness and a suppression of the feeling of hunger. 

However, the sensitivity of both the excitatory and inhibitory processes can be modulated by 

signals arising from the body's energy stores. Consequently, t he balance between the excitatory 

and inhibitory processes has implications for body weight regulation (B lundell eta/.,200l). 

Several studies have been made with regard to appetite regulation and energy intake. 

Furthermore the roles of different in ternal factors which affect appetite and energy intake have 

been determined to some ex tent. Beyond sa tialion and sa tiety Signals felt physica lly I)y people, 

there ?re several other envi ronmenta l factors that determine food intake; such as visibility of 

foods, convenience, portion size, perceived dietary variety, and the presence of others l1tlve 

subslantial influence on food consumpt ion (Wansink, 2004). 

2.2. Fact ors affecting appetite and energy intake 

2.2.1. Dietary energy density 

Dietary energy density has emerged as an important factor affecting energy intake: however 

the mformatlon on the effect of energy density on satiety and satiation are limited and 

IIlV e~, t l p,a tion indicated that the effect is complex and include both psychological and 

physiologici'll mechanisms (Rolls, 2009). An invest igation made on pre-school children with 

regard to energy intake showed that decreasing the energy density of multiple foods served 
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over ti e- course of two days leads to a reduction in the ad-libitum energy intake (Leahy et 

01,2.(03). Other study indicates that energy density influences energy in take independent ly of 

m<lcrOl1wtri ent (fat) content and palatability. Energy intake was significantly greater from t he 

diets of high energ'l density than from the diets of lower energy density. Although energy 

inti'Ae was greatly reduced in the diet of low energy density as compared with the diet of high 

energy oensity, individuals reported no differences in feelings of hunger or full ness (Bell et 01., 

1998). In addit ion findings suggest that frequent consumption of energy dense foods, espedally 

those l nal are typ ically consumed at a fast rate may promote excess energy intake (Karl et al., 

2013) . 

Studies show that humans have a weak inna te ability to recognize foods with a high energy 

density and to appropriately down-regula te the bulk of food eaten in order to maintain energy 

balance. Th is induces so called 'passive over-consumption'. Most fa st foods have an extremely 

high energy density and that is more than twice the energy density of recommended he tllt hy 

diets. The study concludes that the high energy densities of many fast foods challenge human 

appetite cont ro l systems with conditions for which they were never designed. Among regular 

consumers they are likely to result in the accidental consumption of excess energy and hence to 

promote weight ga in and obesity (Prentice & Jebb, 2003). 

Accord ll'g to Van Kleef el al. (2012) conclusion; food w ith high energy density have a lower 

sa t iat ing capacit" but, are considered to be tastier . Furthermore de Castro (2006) stated tha t 

short tN m energy intake was cont rolled on the basis of consumed food weight and vol ume 
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rather t han food energy con tent. Besides (Blatt et 01., 2012) revealed that reduction in both t he 

energy content and energy density of pre-portioned ent rees added together to decrease dili ly 

energy intake. Adding frui ts and vegetables to decrease the energy density of entrees allowed 

the po "t ion size to be main tained whi le energy content was reduced, which contri buted to 

enhanced sat iety. 

St ubbs et 01. (20nD) concluded that energy density is a factor, which at high levels can faci ll tdte 

exee!.!. energy intake, and at low levels constra ins energy intake. However, the effects that 

dietary I~nergy densi ty may exert on appetite and energy intake should be considered in a 

context of other nu tritional and non nutritional determinants of energy intake rather than as a 

substitute for those considerations (St ubbs et 01., 2000) . 

2.2.2. Portion size 

People w ould be more susceptible to the influence of portion size. Studies show that 

subs tan tial increase in food intake in response to larger portion size in both men and women 

was observe d with a range of values for BMI (body mass index). Thus, the ready avai labilit y of 

food s in large portions is likely to be facili tat ing the overconsumption of energy in many people 

(Rolls et 01., 2002). 

Re~edrc hers observed that serving size and opportun ity to eat was a powerful determinant of 

ch ild ~e ll energy intake than the amount of food they previously consumed (Mrdjenovk & 

Levitsky, 2005). Fisher et 01. (2003) sta ted that repeated exposure to a large port ion size resu lts 
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in consi~,te :i t increases in preschool -aged children's intake at a meal. The changes occurred 

without recognition of increasing portion size or compensatory decreases in the intake of other 

foods <It the meal. A tendency of greater intakes was also observed for children who ate more 

when served large portions than other children without the opportunity for large portion size 

thesl'> \uggests tha t children who show poor sa tiety responses may also have a greater 

behaviora l susceptibi lity to thi s enVIronmental cue. 

Other qt.Jdies df:'monstrated that chronic exposure to larger portion sizes can induce sustained 

increas,f>s in energy intake (Rolls el of., 2007) and suggests that the effects of portion size may 

be powerfu l enough to affect rate of weight gain over time (Jeffery et al., 2007). In addition, 

Fisher et al. (2007) revea led the effects of portion size on young children's energy intake, 

beyond in dividual meals, on daily energy Intake. As a resu lt doubling the portion size of sellera l 

entree and an afternoon snack served during a 24-h period increased children 's to ta l energy 

intake. Moreover fin dings showed that when both the energy density and the portion size of a 

food are increased, both factors ac t independently to affect energy intake. ThllS, when 

increased simultaneously, the effects of energy density and portion size add together to aUect 

energy Intake (Kra l et 01., 2004) . 

2.2. 3.. Dietary fiber 

The role of dietary fi ber in enhancing the perceived sa ti ety and reducing the desi re to eat was 

illustrated in LylV et 01. (2009) research when comparing a beverage containing different type of 

fib,:r wit h a beverage without fiber. In addition Inulin-type fructans consumption leads to, an 
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InU€<lse in proglucagon-GlP· l /7-36) amide synthesis, with consequences of increasing t he 

portal concentration of GlP-l (7-36) amide and decreasing the peripheral concentrat ion of 

ghrelin. It is thus able to modulate endogenous product ion of incret ins and anorexigenic­

orex igenic pept ides through the ingestion of dietary fiber in rats (Cani et 01., 2004). Slavin and 

Green (2007) concluded that increasing dietary fiber intake promotes satiety, decrease hunger 

and helps provide a feeling of fullness. However Will is et 01. (20lD) argued that increas ing the 

dose of mil(ed fi ber did not influence satie ty, gut hormone level or food intake in dose 

dependa nt manner. 

Fiber diets have benefits on decreasing the incidence of obesi ty. The relevance of fiber in 

obesity deve lopment is centered on fi ber's role in food intake control . Inclusion of fiber in the 

diet promo tes satiat ion and prolongs satiety, aids In long-term compl iance to low energy diets, 

and encourages healthy foo d choices and eating habits (Burton-Free man, 2000). Furthermore 

studies indicated that increasing consumption of dietary fiber with fruits, vegetabl es, whole 

grains, and legumes across the life cycle is a critical step in stemming the epidemic of obesity 

foun d in developed countries . The addition of functional fiber to weight-loss diets are 

considered as a tool to improve the prevalence of obesity (Slavin, 2005). 

Studies demonstrates that the potential of inulin and lu pin-kernel fibre as effective fal replacers 

in the formu lation of palatable foods with high sa t iating powers that may be of value in diets 

designed to redllce long term energy and fa t intake (Archer et 01., 2004). In addition a review 

regarding the effect of fiber treatments on Visual analog score (VAS) sa tiety ratings and food or 
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energy in take conducted by Clark & Slavin (2013) declared that 39% of fi ber treatments had a 

benefit on VAS satiety while 22% of fiber treatments significantly reduced energy and food 

intake. However the authors reported that all fiber types did not affect appetite equally . B -

Gluc<1n, lupin kernel fiber, whole grain rye, rye bran, and a mixed fiber diet improved VAS 

raUngs. Besides, fiber treatmen ts that had a benefit on satiety response often had li ttle impact 

on energy intake and vice versa. M oreover, inconsistent results were seen for fiber dose 

independent of fiber type, suggesting that fiber type may inf luence the optimal dose tha t is 

requi red to reduce appetite. 

2.2.4. Macronut rients and energy intake 

There is a hierarchy in the satiating efficiency of macronutrients such that per mega joule (MJ) 

of energy Ingested, protein exerts a greater effect than carbohydrate that exens a grea ter 

effect than fa t. Alcohol appears enigmatic and there is evidence that in moderate doses it may 

actuall y stimula te energy intake (Stubbs et 01., 2000). 

Inves ti ga t ion as regards to the effect of dietary protein on satiety show that, increase in energy 

from dietary pro tein at constant carbohydrate intake produces a sustained decrease in ad 

libitum caloric intake that may be mediated by increased cent ral nerves system lep tin 

senSitivity (Weigle et 01., 2005). Moreover Veldhorst el 01. (200S) concluded that different 

proteins cause different nutrient related responses of (an) orexigenic hormones. GlP· l release 

evoked by a high protein meal is stimulated by the carbohydrate content. Also PYY releas€! is 

stim l ilated by a high protein meal. Ghrelin does not seem to be affected by a high protein meal 
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or diet. and litt le information is avai lable on CCK. Although an orexigenic hormones support 

sat iety nutrient specifically, usually they are not mathematically related to satiety. Other 

research Indicated that high prote in breakfast led to greater increases in daily perceived 

fu llness and greater reductions in corti co limbic activation compared with the non protein 

brenkfast. Furthermore, on ly the high protein breakfast led to dai ly reductions in the hunger­

stimulating hormone ghrelin, increases in the satie ty hormone PYY, and reductions in evening 

snacking, particu larly of high fat foods, compared with skipping breakfast (leidy et of., 2013 ). 

Studies confirmed that the carbohydrate supplement suppressed ratings of hlmger, desire to 

ea t ;)nd prospective consumpt ion as well increased ratings of fullness whereas the fat 

supplement fa iled to produce such effects. Furthermore the investigators deduced that t he 

rapid dlcestion of carbohydrate would lead to a prompt rise in blood glucose concentratioll!:. 

and hence initiate the post absorptive phase of satiety. The slower physiological processing of 

fat would not promote such action. In addition other studies indicated that energy in takes after 

the normal and fat-supplemented breakfasts did not differ from each other, but intake after the 

carbohydrate supplement was significantly lower. This high intake of fat induces only a weak 

effect on sat iety relative to the number of joules consumed (and compared with a smaller 

number of joules of carbohydrate) . Therefore studies suggest that the appet ite-cont rol sy~tem 

may have only weak inhibitory mechanisms to prevent the passive overconsumption of dietary 

fat. Thp resu lts indicate how th is act ion could induce a posit ive energy balance and lead to a 

gradual upvJard drift in body mass in dex (Blundell et of. , 1993) . 
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2.2.5 Other factors alfecUntl appetite and food /eDertY IDtake 

Evidence shows that direct breastfeedinB durlnB early Infancy Is related to Breater appetite 

regulation later in childhood. A study made by Disantis or 01. (2011) showed that children who 

were fed In a bottle during the flrst three months of life were less likely to have high satiety 

responsiveness at the aBe of 3-6 years when compared to chlktren who were breastfed. 

In addhlon to the above factan; which affect appetite and satiety; there are some food products 

which assumed to have appetite suppression effect and lowering energy Intake. A research 

made by Roberts (2005) declared that herbal supplement containing black tea and caffeine 

increased metabolic rate as well promote wel,ht k)ss In sixteen human subjects. The authors 

suggested that the possible mechanism for weight loss in addhlon to thermogenesis might be 

reduction In enerlY Intake. In addition Yoshioka dol. {2oot} stated that comblnatkm of 

caffeine & red pepper has the potential to conslderabty reduce enerlY intake. 

taste 

Fllure 2.2, Factors affectinl feedlnl behavior 
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In genera l appetite and energy intake is affected by different factors and therefore feeding 

occurs for va r ious rea sons, including energy deficiency following fasting or physica l exercise, 

when pa l<:ltable food is presen t, stress following isolation of pain and socia l reasons. Each of 

these reasons is probably mediated by different signal and normal mechanisms regulating food 

intake (Konturek et 01., 2004). 

2.3. Hlack t ea 

Tea begiln as a medicine and grew into a beverage, in China, in the eighth century; it entered 

the realm of poetry as one of the polite amusements. The fifteenth century saw Japan ennoble 

It in to a re ligion of aestheticism-teaism. Tea ism is a cul t founded on the adoration of the 

beautiful among the sordid facts of everyday existence. It inculcates purity and harmony, the 

mystery of mutual char ity, the romanticism of the socia l order. It is essentially a worship of the 

Imperfect, as it is a tender attempt to accomplish something possible in th is impossible thing 

we know as life (Okakura, 2008). 

Tea i~ one of the most widely consumed beverages in t he world; black tea represents 

appro)( lmately 72% of total consumed tea in the world, whereas green tea accounts for 

appro)( lmate ly 26% (Dwight Sato, 2007). Tea can be grouped into three types, i.e., green, black 

and oolong tea. Green tea is not fermented and is a major beverage consumed in Asian 

countries. Black tea generally refers to the fermented tea that is more popular in North America 

and EuropE!. Oolong tea is a part ially fermented product whose product ion and consumpt ion 

are confined to China . The major components of green tea leaves are catechins. In black tea, 

they i.lre oxid ized and dimerized during ferm entation to the yellow-orange pigments, 
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theaflavi ns, or polymerized to the red "pigments" catled thearubigins. In contrast, oolong tea 

con tains a mixture of catechins, theaflavins and thearubigins (Leung et 01. , 2001). 

There are several varieties of tea ; however, all tea comes from the Camellia sinensis bll~:h. a 

small Howering evergreen, native to China and India. The plant Camellia sinensis j~; an 

evergree n shrub of the Theaceae fami ly. Tea is an extract of the dried leaves from Camellia 

Sinensis and it is usually prepared by infusing the leaves in hot water. The composi tion of the 

tea leaves depends on a variety of factors, including climate, season, horticultural practices, and 

the type and age of the plant. The primary polyphenols found in tea are called catech ins, which 

account for 30% - 40% of dry tea weight (Cabrera et al., 2006; Wang et al .. 2000). Catechin~; are 

strong antioxidants and thus are recognized as able to prevent the tissue damage caused by 

free radicals. Th is has led to the suggestion that they have beneficial actions regard ing t he 

prevent ion of va ri ous chronic diseases such as atherosclerosis and the suppression of glucose 

levels seen with diabetes. It is also sugges ted that tea has great potent ial to help reduce the 

incidence of major diseases worldwide, especially when combined with a heal t hy lifestyle 

(Weisburger, 1997). 

There (Ire four major catechins in tea: epicatechin (EC), epicatechingallate (ECG), 

epigallocatechin (EGC) and epigallocatechingallate (EGCG), of which EGCG is the rnost 

abundan t. The components of each type of tea are slightly different, due to the different 

production methods. Green tea comes from fresh steamed leaves, which contain more 

catech ins. including EGCG, ECG and EC. Black and oo long tea conta in more theaflavins and 
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thearubig ins (Vuong et 01., 2010). Tea infusions also contain variable amounts of potentially 

active food constituents, such as caffeine, thean ine or theogallin (EFSA, 2008). 

Capsaitin, caffeine and tea catechins have been effective in long-term weight management 

(D iepvcns et 01., 2007; Westerterp-Plantenga, 2010). Anti- obesity effect of tea catechins in 

human was observed and authors suggested that the possible mechanism could be increase 

eneruy ('xpcnditu re and decrease energy intake via inhibiting absorption (Hase el 01., 2(01). 

Harada et 01. (200S) finding confirmed that long term ingestion of tea catechins enhance dietary 

fat oxidation and diet induced thermogenesis. Combination of caffeine and green tea catechins 

in take was also associated with increased energy expenditure due to high thermogenesis and 

fat oxidation along with weight gain reduction (lopez-Garcia et 01., 2006; Rudelle et 01., 2007; 

Westerterp··Plantenga et 01., 2005). In contrary other study stated that green tea extract does 

not have significant effect on weight reduction (Hsu et 01. , 2008) . 

A research made by Roberts (2005) declared that herbal supplement containing black tea and 

caffeinp increased metabolic rate as well promote weight loss in sixteen human subjects. The 

au thors suggested that the possible mechanism for weight loss in addition to thermogenesis 

might be reduction in energy intake. Even though the effect of each bioactive ingredient on 

appetIte and energy intake was not clearly stated the combinat ion of Caffeine and green tea 

ca techms as well caffeine and capsaicin reduce appetite and energy intake in human (Carter & 

Drewnowsk i, 2012; Reinbach et 01., 2009). 
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In addition Yosh ioka et 01. (2001) stated that combination of caffe ine & red pepp(~ r has t he 

potentiill to considerably reduce energy intake. In th is study also the effect of caffeine or red 

pepper on energy intake was not separately studied . Belza et 01. (2007) examined the effect of 

caffeine on thermogenesis and energy intake in twelve human subject and discovered that it 

increase thermogenesis but the reduce energy intake is not significant and the authors declared 

that the small sample size might adversely affect the outcome regard to energy intake. A rev iew 

made by Westerterp-Plantenga et 01. (2006) suggested that tea, caffeine & spices have the 

po tent ial to produce significant effects on metabolic targets such as satiety, thermogenesis, 

and fat oxidation, when they are stud ied in a standardized laboratory context. 

2.4: ned pepper 

Red pepper is a fruit of the plants 'Capsicum annuum' and 'Capsicum frutecens' that (orne Irom 

the genus 'Capsicum,' belonging to the family of 'Solanaceae' family (Rajendra, 2009) . Berbere 

which is a combi nation of spices and red pepper is one of the favorite spices in Ethiopia and is 

commonly used for flavori ng, seasoning and imparting aroma or coloring of many t raditional 

foods. The hotter the red pepper, the more capsaicin it contains (Rajendra, 2009). 

Red pepper or ch illi peppers have a group of bioactive unique molecules called capsaicinoids. 

They are responsible for the fruit's pungent sensat ion and display potent ially valuable 

pharmacologica l propert ies (Thiele et 01., 2008). This sensat ion occurs as capsa icin binds to the 

same group of nociceptors wh ich also leads to the sensation of pa in from heat and acid 

(Sa natombi & Sharma, 2008). Even though there are more than 10 chemica l structures of 
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capsaicmoids, the most prominent forms are capsaicin and dihyrocapsaicin, accounting for 

almost 90% of capsaicinoids (Meghvans i et al., 2010) . 

The health benefit of red pepper and its components is being examined in different countries. 

The poss ible effect on weight management through its effect on appetite, satiety and diet ­

induced thermogenesis has got a great attention. 

An inves tigation made on Japanese women to assess the effects of red pepper added to high 

fat and high carbohydrate meals on postprandial energy and substrate metabolism indicate 

that red pepper increases dieHnduced thermogenesis and lipid oxidation in addition increase 

in lipid oxidation is mainly observed when foods have a high fat content (Yoshioka et af., 1998). 

Furthermore Whiting el al. (2012.) concluded that capsaicinoids and capsinoids can play an 

act ive role in increasing energy expenditure. These compounds may help to promote lipid 

oxidil ti on but the effects on appetite are less clear. And the authors suggested that 

Capsakinoids and capsinoids may have a role to play in weight management problems. 

Reinbach et of. (2009) conclude that thermogenic food ingredients have energy intake reducing 

effects when used in combinations, and in positive energy balance. Energy balance did not 

affect possi ble treatment induced energy intake, but did affect appetite, thereby supporting 

negative energy balance. These results suggest that bioactive ingredients (capsaicin, green tea, 

CH-19 sweet pepper; a non pungent cultivar of red pepper) may be helpful in reducing energy 

in ttlke to prevent body weight ga in and may support body weight loss by relatively sustaining 

satiety and suppressing hunger. 
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In other st udY,Yoshioka et al. (2001) demonstrated that the combination of caffeine and red 

pepper has the potential to considerably reduce energy intake when this condition is compared 

with a cont ro l day without these compounds. The authors suggest that these effects are 

mediated by an increase in the Sympathetic nerves system (SNS) : Parasympathet ic nerves 

system (PNS) activity ratio as measured by power spectral analysis of heart rate (HR) . In 

addition in the short term, both oral and gastrointestinal exposure to capsaici n incre,3~ed 

sat iew and reduced energy and fat intake; the stronger reduction with oral exposure sugges ts a 

sensory ef fect of capsa icin (Westerterp-Plantenga et 01., 2004). Soups containing red pepper 

induced d dose-dependent decrease in subsequent energy intake, and the dose responsibh! for 

the m.ull mal tolerable feeling of spiciness reduced fat intake in Japanese males. It is suggested 

that the effect of red pepper on food intake behavior occurs after passing through t he mouth 

and involves activation of t he SNS (Yoshioka et 01.,2004) . 

A study indicates tha t the capsaicin supplementation of one meal in a postprandial state has no 

effects on substrate util ization, appetite feelings and PYY responses. However, the observed 

effects of capsaicin on GlP-1 and ghrelin responses warrant more intensive research on the 

possible eating behavior-re la ted effects of capsaicin (Smeets & Westerterp·Plantenga, 2( 09). 

Caps:3kin has been shown to be effective on body-weight management, yet when it is used 

cimitally; It requires a strong compl iance to a certain dosage, which has not been shown to be 

feas ible yet (Diepvens et 01., 2007). However, study show that capsaicin and it ~; pun gent 

princip les have significant effect on energy intake and energy expendit ure, for instance around 

23% increa se on energy expenditure was observed after meal (Kovacs & Mela, 2(06). 
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3. Materials a nd Methods 

3.1. Stud y protocol 

3.1.1.. Su bjects 

Materiafs and Merhods 

Human subjects were used to evaluate the role of black tea and berbere-spiced food 

consum ption on the appetite and energy intake of preschool children. Study eligibility were: 

age of the child (1-5 years), ch ild without any serious medical condition or food allergie s, r:hild 

with anthropometric values> -2 SD of the WHO multi-growth reference, children residing under 

simll.Jf environment (i.e. in the same orphanage) as well routine consumers of black tea and 

berbere- spiced foods. 

A total of twenty six chi ldren, twelve boys and fourteen girls, were available for this study and 

the age of the children were between two and five years (24-59 months). Out of these chil dren, 

fOllr were under-weight (WAZ<-2), among which two were wasted, (WHZ<-2), and one was 

stunted (HAZ<-3) and thus were excluded In= 5) from the analyses. Th is resulted in a total 

sample size of twenty one children, twelve girls and nine boys. This sample size is often 

considNed adequate for within-subject, cross-over design and the study was in line with other 

similar type of studies (Brennan et of., 2012; leidy et of., 2013) . 

3.1.2. Location 

The study site was an orphanage in Addis Ababa. The name and details of the orpha nage is not 

given for privacy reasons . The orphanage is a surrounded compound under which the chil dren 

are li vine in similar condition depending on their age group and health status. 
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3.1.J. Experimenta l design 

The th e~ is is constituted of two studies that evaluated the effect of black tea and berbere­

spiced food consumption on the appetite and energy intake of preschool children. In both 

stud ies, with -in subject crossover design was used. 

Study 1: Treatment: Bread w ith tea in an opaque plastic cup. 

Control: Bread with very ligh t tea infusion with no detectable caffeine/catechin served 

in an opaque plastic cup. 

Very light tea was prepared by adding a cup of boiled black tea which is 150ml in a kittle 

of 2.SL which had hot water with sugar. The basement of the kittle was radish and when 

cup of tea added it had the color of tea. Since the plastic cup was opaque it was difficult 

to differentiate the tea and very light tea. 

Study 2: Treatment: Pasta/ rice with a sauce prepared with berbere. 

Con trol: Macaroni/ pasta wi th a sauce prepared without berbere 

The <:antral test meal contains the ent ire ingredient used du ring the preparation of trea tment 

tes t meal in the similar amount except berbere, however as a colorant turmeric root (Curcuma 

Longa) vias used. 3 g of turmer ic root was added during the preparation of 4kg of pasta or 

macaroni. 
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f1cur. 3.1, Smematic representation of the experimental desiCn of the studtes 

3.1.4. Food sample colec1lon 

Samples of the test meals were collected before it was provided to the chlJdren . Two separate 

samples were collected for moisture and biochemical analyses usl"i air tight polyethylene bass 

and were placed In an ice box. The samples were transported to Addis Ababa University, Center 

for Food Science and Nutrition. Moisture content was Immediately determined. Samples were 

stored at _200 C until further biochemical analysis. 
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3.1.5. Food intake assessment procedure 

The effec t of black tea and berbere-spiced food on energy intake and appetite was investiga ted 

by evaluat ing intake of the test meal and the subsequent meal in comparison to the cont rol. 

The amount of test meal provided to the chi ldren was 50%-100% higher than the normal intake 

of the children so that food intake will not be limited due to unavailability, The food samples 

were measured using analytical balance to the decimal place of 0. 1 gram (SF-400, India). The 

measured food was put in pre-numbered dish and was provided to the children, All the 

necessar y measures were taken to prevent mix-up. The food was delivered to the children in a 

simil.lr f;!shion to their daily feeding habit and after the children consumed their food, the left­

overs in each dish were measured. The amount of food intake in the presence of treat ment was 

compared with the control and the difference was used to evaluate the effect of the 

consumpt ion of habitual concentrations of black tea or berbere- spiced food on energy intake 

and appe tite. 

3.2. An thropometry 

All an thropomet ric measurements were made by the same person to avoid inter-examiner 

errors. The height and weight of the children were measured twice using standardized 

techniql.. es with the children wearing light cloth ing and no shoes. Z-scores for height-far-age 

(HAl). weight-for-age (WAl) and weight-for-height (WHl) were ca lculated using the WHO 

multicentre growth reference (WHO. 2006) data using the software ENA 2007. None of the 

chi ldren hOld unacceptably extreme anthropometric values (De Onis et 0/., 1997; WHO. 2006). 
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Underweight and wasting were defined respectively as WAZ or WHZ,-l and Stunting were 

defined as HAZ,-3. 

3.3. [liochemical Analysis 

The col lected food samples were freeze dried and homogenized prior to biochemical ana)yse~. 

3.3.1. Moisture content 

The moisture content was analyzed by following AOAC (199S), method No 923-09 (DHG-90SSA, 

China).Tne food samples were placed in a container and the weight of the sample Via s 

determined before and after drying at 105°C to constant mass. The moisture conten t of the 

sample was calculated as follow. 

. Mi - Md 
MOlstllre (%) = --.- x 100 . ............. Equation (1) 

M, 

Where, Mi = Weigh before drying 

Md ::Weigh after drying 

3.3.2. Crude protein analysis 

The solid food sample was homogenized before analysis. Protein was determined by the 

Kjeldahl method, AOAC (199S) No 92S-09 (K9840, china). In this method, proteins and other 

organic food components in a sample was digested with sulfuric acid in the presence of 

ca talysts . After this, the total organic nitrogen was converted to ammonium sulfate. The digest 

then neutralized with alkali and distilled in to a boric acid solution. The borate anions formed 
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was titrated with standardized Sulfuric acid (H 2S04), which is converted to nitrogen in the 

sample. The crude protein was determined by mUltiplying the Nitrogen (N) content by 625 

(Chang, 2010). 

Addit ion of reagent: The sample was weighed in a tecator tube and placed in the tecator rack. 

Afte r this 6ml of acid mixture will be added by using bird or oxford pipette carefully ;lnd mixed 

with the sample immediately. Then 3.5 ml of hydrogen peroxide was added step by step and 

watcned out for violent reactions in fume hood. As soon as the most violent fe 'K tion has 

ceased, then the tube was shaken by hand and put it back into the rack . Then after 3gm of 

c<l talyst (a mixtu re of Potassium Sulphate (K2S04) and selenium in a ration of 100 to 0.5) Vias 

added and stand for 5 - 15 min before digest ion. 

Oigc!.tion: The tube in the rack was put into the digester in the fume hood at 370°(. The 

exhaus t manifold will be located on top of tubes and the digestion was continued unti l dear 

so lut ion il p pf~ared (3hrs) in the fume hood . 

Distitlation and titration : The running water was checked for condensation before start in& the 

analysis, and then the analyzer was checked w ith dist illed and de-ionized water unt il it stab ilizes 

to :5 .05%. The blank tube contain ing only the reagents was put and its va lue recorded in the 

space provided, which is used for subtraction from the sample with reagents. 
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Tit ration: The distillated solution was titrated with O.IN Hydrochloric acid to a reddish color . 

Total Nitrogen (%) = I(V - Vb) x N x 14J/w 

Crude Protein (%) = Total Nitrogen (%) x 6.25 ............ ... Equation (2) 

Where, 1/ = volume of sulfuric acid consumed to neutralized the sample 

Vb:; the volume of acid consumed to neutralize the blank 

N = normali t y of the acid 

14=Eq. wt of nitrogen 

6.25 ::: conversion factor from total nitrogen to crude protein 

3.3.3.. Crude fat a nalysis 

Crude fat content was determined by using soxhlet method, AACC (2000l-No 30-10 (Huaye, 

China). The solven t bu ilds up in the extraction chamber for 5 - 10min and completely surrou nds 

the sam ple and then siphons back to the boi ling flask. Fat con tent is measure d by weight loss of 

the sample or by weight of the fat removed. 

Two gram sample was weighed into an extraction thimble and covered with absorbent cotton. 

A 50 ml solvent (petroleum ether) w ill be added to a pre-weighed cup. Both thimble and cup 

wi ll be attached to the extrac t ion unit . The sample was subjected to the extraction with solvent 

for 30 rn in followed by rinsing for 1.5 h. The solvent will then be evaporated from the cup to t he 

condens ing column. Extracted fat in the cup will be placed in an oven at llOO( for an hour to 
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evaporat e the residual solvent and the cup with the crude fat allow to cool and then the crude 

fat was calculated using following formula: 

Crude fat, persent by weight = ~ x 100 ............... Equation (3) 
w 

Where, W1 = Weight of the extraction cup (g) 

W2::: Weight of the extraction cup plus the crude fat (gJ 

W :: Weight of sample food (g) 

3.3.4. Crude fi ber analysis 

Crude liber content was analyzed by following AACC (2000) No 32-10 (Foss Fibertec 2010, 

Sweden). One gram of sample was transferred to 600 ml beaker. The sample was digested with 

1.25% sulfuric acid and it was washed with distilled water . And then it was digested by 1.25% 

sodi um hydroxide. The digested sample was filtered in coarse porosity 75-76 ~m crucib le in 

apparat us at a vacuum of about 2S mm. The residue left after reflux was washed away with 

1.2S% ~ ulfuric acid near boiling point. The residue was dried at 110°C for one hour, and Vias 

allowed lo cool in desiccators. Then the weight was determined, that was (M1). Then after the 

sample was turn in to ash at SSOC, it allowed cool in desiccators and the weight was be 

determined that was (M2). The total crude fiber was calculated as follows. 

. . ° MI - M2 . I I 7 owl crude {lber( lJo) :::: M3 x 100 ............. .. EquatIon 4 

Where, M 1 is the dried sample 
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M2 is the dried ashes and weighted sample and 

M3 is the weight of sample 

3.3.5. Ash co nt(!nt 

Asll cont ent of samples was determined according to AOAC (1995) method No. 923-09 (C5F 

1200, England). Clean porcelain dish was ignited at 550 °C for 3 hrs and will cooled in 

desiccators and weighed as (M1). Then about 3g of food sample was put in to the porce lain dish 

and we ighed as (M2). This sample was dried at 120 °C for lh and was carbonized on hot plate. 

The dish with its contents was transferred to a muffle furnace and ignited at about 550 °C until 

ashing (ompleted. The residue was weighed as (M 3). The tota l ash was expressed as 

percentages on dry matter basis as follows: 

. . (0 ) _ 1013- 1'41 100 E ' (5) fatal ash Yo - -- x .... .. ......... quatlon 
M2-Ml 

Where, 11112 - Ml is sample mass in gm on dry base 

M 3 - M 1 is mass of ash in gm 

3.3.6 Carbohydrat e content 

Carbohydra t e content was determined by difference. 

% C = 100 - [%M + % P + %F +% Fib + % AI· ........ ·· .... Equat ion (6) 

Where, %C = Percent Carbohydrate content 

%M = Percent Moisture content 
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% P= Percent Protein content 

% F = Percent Fat content 

% Fib = Percent Fiber content 

% A = Percent Ash content. 

3.3.1. Energy content 

Energy content of the test meals were calculated using fat, carbohydrate and protein contents 

of the meals that accounts for 17 kJ or 4 Kcal per gram for protein and available ca rbohydrate, 

and 37 kJ or 9 Kcal per gram for fat, according to 

[
gram of sample f OOd/ ] I E"' .% Car bOhydrate x 100 x 4kca .. . ·c 

[
"' I' " gram of sample f ood/ ] x 'keal EP 70 Totem x 100 ., ... 

[% fat x gram of sample food /100] x 9 keDI .. · EF 

energy content of T es t meal = EC + EP + EF ............... Equation (7) 

Where, EC =Energy from carbohydrate 

EP =Energy from Prot ein 

EF =Energy f rom Fat 

3.3.8. Cat echin and Caffeine analys is 

CatechlOs and caffeine content of black tea can be analyzed by high pressure liquid 

chromatography (Shemadzu, Japan). The analytical conditions were as follows; the column will 
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be shim-pack Fe-ODS which has a thickness of (l SOmml x 46m I D) Th . . m .. . ere wa s two mobile 

phase, mobi le phase A was Sodium Phosphate buffer solu tion at a pH of 2.6 and mobi le phase B 

was Acetonit rile gradient elut ion method. The flow rate will be 2ml/min and column 

temperature was adjusted to 40°c. The gradient program was adjusted as shown in the 

proceed ing table . 

Ta ble 3.1, Gradient program of caffe ine and catechin analysis using HPlC 

Time in minu te B.Cone (%) 

0 7 

6 7 

20 20 
20.01 50 
25 50 
25.01 7 

35 5TOP 

Detection was performed by UV -VIS spectroscopy at 270nm using 10 ~L volume of inject ion. 

3.4. Detailed flow diagram of h e rbe re flour prepara tion 

Berbere can be prepared differently and different spices are added during the process of 

preparation. The berbere consumed by the children obtained from local market. According to 

infor'nalion obtained from the orphanage, there was a single supplier fo r berbere and other 

cond iments for the last two years. Therefore data regard ing the process of preparation as well 

the type and amount of ingred ients added was obtained from the suppl ier. 

The spiced added to prepare berbere which was consumed by the children; was red pepper, 

onion, garlic, basi l (Ocinmum basilicum), false ca rdamom (AfraOlomum Korarima), Ethiplan 

Caraway (Trachyspermum ammi), black seed and salt. The proportion of the red pepper with 
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the spices was less standardized. Around one kIIocram of onion, larUe, false cardamom and 

salt; and around SOOI of blSiI, Ethiopian CorawlY and black soed wore added on sevonteon kilo 

,ram of red popper. The procoss of preparation WlS shown In tho fallowl", dlaa,.m. 

pooled, poundled 

pealed, poundled 

Red_ 

~~--­- False Cilrdamom (Afnlmomum 
KorartrNI); Amh: Ko~rlma 

Ethlplan Coraway 
(Trachysparmum ammO; Amh: 
nochurn .... 

, -
Pounded rod pepper + Salt 

krberr flour 

FIIUI1!J.2, detailed flow dla".m of _ flour prop.,.tIon 
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3.4. EthicCl I approval 

Ethical approval was obta ined from the Human Ethics Commi ttees of Addis Ababa UniversIty. 

The purpose and methods of the study was explained in detail to the administrator of the 

orphanage and written informed consen t was also obta ined. 

3.5. Data a na lys is 

All (esults were presented as mea n ± standard deviat ion. Pa ired-samp les t-tes t was used to 

compare w ithin-subject differences. The diffe rence was considered significant for P < 0.05. The 

€)(perirnentai analysis was done in quadruplicate and all the laboratory analyses were done in 

tripli cate. 
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Chapter 4 - Results and Discussion 
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4. Resul t and discussion 

4.1: An thropometric data 

The mean age of study participants was 40 months and ranged from 24-54 months. The 

averag0 weight <l nd height of the children was 14 Kg and 93 cm, respect ively (Table 4.1). 

Table 4.1, the age (month), weight (Kg) and Height (cm) of the study participant 

Age Weight Height 

40±9.8 14.±1.8 93±6.7 

20 

1 0 

• 0.0 

l' • 0 WHZ 
" , 
N 

1.0 

2.0 

3.0 J 
Figure 4.1, Nutritional Status of the study participant 

The nu tritiona l sta tus of the children in the study was similar to previous findings (EDH S, 2(11). 

More than half of the study participants were at the borderline of Z score for stunting, 

underwt"i cht, and wasting. suggest ing that there is a high probability for these ch ildren to 

become malnourished in the near future. In addition, five of the study participants were 

excilided from the study due to malnutrition. 
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In th is circumstance, determining the habitual intake of the children will be bencflci 'll to 

unders tand the cause of poor nutritional status. 

4. 2: Portion estimation of meals 

The ch ildren's habitual consumption was investigated through meal observation and weigh ing 

of food s provided at meal time. The habitual food intake from major meals ind uding breakfast, 

snack, and lunch was determined. The mean value of habitually intake and the standard 

devi.lt ion are presented in Figure 4.2. 

On the firs t day, t he children consumed bread with tea for breakfast, chechebesa (home 

prepared bread which was mixed with berbere and oil) with tea for snack, and Macaroni with 

berbcre-spiCE~d sauce for lunch. On the second day, the children had bread with tea for 

breakfast and snack while their lunch was injera, a fermented pancake, with lentil-based ~aew 

without berbere (of echo meser wet) . 

300,00 

250.00 
• • E - 200.00 
~ 
0 
2 - 150.00 0 

:§ 
C 100.00 , 
0 
E 
~ 

50,00 I I 

0.00 

breakfast 

I 

Snack Lunch 

uOay 1 

lifOay2 

Figurt! 4.2, Two days habitual consumption of breakfast, snack and lunch in gram. 
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The day· to-day variation in meal size was foun d to be minimal e)(cept for the snack. The sn:lck 

provided on day one and day two was not the same food furthermore the meal size provided 

on the first day was almost three times that of the second day. This suggests that the obse rve d 

va riations may be due to differences in food preference and/or portion size. Indeed, previous 

stud ies in children have shown that increasing meal portion sile and palatabil ity increases food 

and energy intake (Corbit & Stellar, 1964; Rolls et 0/.,2002). 

The children in this study consumed sign ificantly lower amount of food per meal wh ich is 

similar to other Ethiopian children for whom consumption was lower than their age appropriate 

meal siLe (Saye et 01.,2013; Gibson et 01.,2009) . Several factors that can hamper food intake in 

these children can be identified. Th is include consumption of components of tea (i.e. caffeine) 

(Has(! et a}., 2001) and red pepper (Yoshioka et 01., 2004). Given that these children habi tually 

consume tea and red~pepper sp iced (berbere-spiced ) foods. to what extent this affects their 

food in ttlke is of interest. 

4.3: Effect of dri nking black tea on energy intake 

The effect 01 dri nki ng black tea on energy intake and appet ite was invest igated by observat ion 

and w€lf!hting of the breakfast meal to determine the role black tea on satiation and satiety by 

observing thl~ intake of subsequent meal (snack) which was provided wit hout tea . Whi te bread 

was used as a te5t meal and on average 150ml of black tea or a very light tea where it s caffeme 

and catechin content were almos t zero was used as a control. The data of food intake in grams 

in t he presence and absence of black tea is presented as follows (Table 4.2) . 
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Tab le 4.2, Mean test meal intake Ig) and energy intake (kcal) in the presence and 

absence of black tea 

Test meal (Breakfastl Test meal (Snack) 
--. 

Mean Standard deviation Mean Standard deViati on 

Food Intake (g) 

Control 75 22 67 18 

Te' 83 25 73 17 

Enemy il1take(Kcal ) 

Control 192.5 57 172.5 46.1 

Te. 213.4 64.6 187.3 43.7 ---
The d.lt'l arE' ellpressed as mean ± standard deviations. 

There is no sign ificant difference observed in energy intake. Th is is in contrast to previous 

f i nd in g~, in rats where Keemun black tea extract significantly reduced food intake (Ou el' 01., 

2005). Li kew ise studies show that caffeine and catechin have a signif icant negat ive effect on 

energy Intake and appetite (Roberts 2005; Hase et al., 200l). Moreover Roberts (2005) 

suggested that the possible mechan ism for weight loss from consumption of a herbal 

supp lement containing black tea and caffeine by human subject in addition to thermogenesis 

might hi: reduction in energy intake. However in the present study only black tea was used to 

assess It s effect on appetite and energy intake and the presence of additional caffeine might 

promote its effect on reduction of energy intake as observed in the previous studies. 

There was a diffe rence in ca ffein e and other tea bioact ive ingredient content in black tea 

among var iet ies and processing method of tea leaves (Astill el 01., 2001). Indeed,Henning et of., 

(2003) showed that the caffeine content in tea can vary from 25.3 ± 0.2 to 55 .1 ± 0.1 mg/ 100ml 

as well catechin f rom 2.7 ± 0.3 to 16.2 ± 0. 1 mgl 100ml of tea by analyzing 9 varieties of black 
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tea. Whether higher caffeine conta ining black tea or the ones 5 d · th · d I u e In IS stu V eads to same 

f indings needs fu rther investiga t ion. 

Furthe:rtn ore, t he bioact ive ingredient whi ch is found in tea is not only caffeine and catechme 

but thf're are other ingredients like theophyll ine. On top of th is, studies show that theophyll ine 

attenuat es 5-HT-2C rece ptor dependent anorexia and anxiety. This suggests that tea may not 

produce adverse effect on appeti te since it contains both caffeine and theophylline (Ala m el 01., 

2011) . 

Even thClugh the energy intake of the children was below the age appropriate energy inl ake, 

accordi ng to t he present fi nding the habitual consumpt ion of black tea could not be the factor 

for lowering food and energy intake of the children. Therefore, the other food component 

which is rou t inely fou nd in t he children's menu containing a bioactive ingred ient with the 

potential of reducing food intake was red pepper. 

4.4: E fft ~ct of berbere-spiced food consumption on energy intake 

The effect of berbere-spiced food on satiat ion was studied using low-fiber foods: pil~t a , 

macaroni and rice, with a sauce made with (treatment) or without (control) berbere. The study 

was pl ' lnned in line with the habitual menu so the study was performed whenever the menu 

Cc ntained one of t he above foods. The data of food intake in gram; and energy intake in Kcal 

with berbere spiced sauce and wit hout are presented as follows (Table 4.3). 
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Table 4.3, Effect of berbere on food in take (g) and energy intake (Kcal) 

-------
Test meal (lunch) 

.-----. 
Mean Standard deviation 

Food Inta ke (gJ 

Control 193 61 
berbere 201 58 

Energy int<lke (Kcal) 

Con trol 267.1 102.4 

berbere 304.3 99.8 

There is no significant difference observed in food/ energy intake (P> 0.05) . Th is result was in 

line wit h (Smeets & Westerterp-Plantenga, 2009) find ing on adults as the authors concluded 

lunch containing capsaicin had no effect on satiety, energy expenditure, and PYY, but increa~ed 

GlP-l nnd tended to decrease ghrelin; however other studies revealed that the add ition of l ed 

pepper : 0 a meal decreased the desire to eat as we ll protein and fat intakes at the next 

meal(Yo~hioka el" 01., 1999). Neverthe less the berbere in th is study contain red pepper onion, 

garlic, bJsi l (Ocinmum basi licum), false cardamom (Aframomum Korarima), Eth ipian Caraway 

(Trac.h yspermum ammi), black seed and salt with the presence of this entire bioClctive 

ingredient in berbere the expected effect of red pepper on energy intake migh t be limited by 

the other bioact ive ingredients. Studies indicated that red pepper lowered subsequent energy 

intake In a dose-dependent manner (Yoshioka et 01., 2004). Moreover, the maximal tolerable 

dose of red pepper in the soup suppressed fat intake compared with the placebo (Yosh ioka et 

0/., 2004 ) . The habi tual dose of berbere given to the children as in thi s study is much lower than 

the previous studies which is done on adult, therefore might have underestimated Its effect on 

ene'lW I ntakE~. 
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Even though 11 re view made by Westerterp -Plantenga et 01.,(2006) suggested that tea, caffeme 

& spices have the potential to produce significant effects on metabolic targets such as satiety, 

two of the habitual consumed food group that is drinking black tea and consumpt ion of berbere 

spiced foods had insignificant role in reducing t he appetite and energy intake of preschool 

chi ldren in this ~;tu dy. Since the children are habitually provided with portion si zes is nluch 

lowe r tnan their age appropriate meal portion si ze (Saye et 01., 2013; Gibson et 01.,2009), thi s 

could result in lower food and energy intake. 

4.5, Eff('cts of increas ing portion size on energy intake 

The role of increasing portion size on energy intake and appetite was investigated by prOViding 

additional 100% of the habitual intake of breakfast. The data of food intake in gram and energy 

in take in KC<l1 is presented in (Table 4.4. ) 

Ta ble 4.4: M ean food intake in gram and energy intake in Calorie of under five children 

during the habitual portion and larger portion size of breakfast 

Break fast 

Mean 

Food Intake (g) 

habitual portion 

Larger port ion size 

Energy intake (Kca l) 

57 
78' 

habitual portion 146 

Standard deviation 

2 
19 

5 

L .' 201· 49 ilrger portion SIZe . p < 001 
-', Significant difference in mean between habitual and larger portion Size, . 

. . b' I had a significant effect on food and 
Serving a larger portion size relative to a ha Itua one 

(P< 0.001). This is in line with previous reports that 
energy intake and this was observed 
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showed that amount of food that is presented during a single meal directly affects energy 

intake (Roll s et 01., 2002). 

In addition large portion size promoted high da ily intake in Hispanic and Africa n American 

ch ildren ( Fisher et 01., 2007). Even though the fi nding of the present study is in line wi th other 

stud ies; Fisher et aJ. (2003) stated that large entree portions may constitute an "obesigenic" 

envi ronmental wh ich can influence preschool-aged chi ldren to have excessive intake at meals. 

In the present investigation, the children from age 2 to 5 years were served simi lar kind of 

portion ~ize and the provided as well as the larger port ion size was probably lower th:!n the age 

appropriate meal portion size. Since the children have a high probabili ty for being malnourished 

provid ing a larger port ion size could increase their food and energy intake. 

4.6. 1mI' I ication of increasing por tion size to other nutrients 

Increasing portion size of the test meals not only increa sed the energy intake of the chi ldren, 

but ill so provided additional nutrients to the children . Table 4.5 shows the difference in 

nutrient int ake from breakfast when the habitual or the larger portion size was served. 

Table 4.5 The dif ference of nutrient con tent of the food when the habitual portion size and 

larger portion size served 

---.- Mean food Protein Carbohydrate Fat Energy 

intake (g) con tent (g) content (g) content (g) content (Kcal) 
~~~a l---Po-,-t i~-n--~~~5~7~--~~~5~.~2~~~~~JO~.~5~--~::~0~.4~~~~~'~4~6~~ 

size 
201' 41 .7 ' 0.6' 

La r gN porti a n S i z e ~7~8~' -:-"-;:C7C=;7~. 2~'~~;-;;:;;;~i,;~;;;;"";;t;~,,";:F~;O;-'7, -:- - ' - ------. ,- d I t"on slle in nutrient (ontent, P <.001 
Ign f,(.lnt difference in mean between habitual an arger por I 
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Increasing the portion size, thus also improves the macronutrient intake of the ch ildren 

significant ly at p value < 0.001. Serving larger portion size meal could thus be one st rategy to 

increase nutr ients intake. Furthermore a study show that increasing the intake of micronutri en t 

like iron improves children appetite therefore increasing portion size might have additional 

value of increasing the appetite of children at the same time as the micronutrient intake 

increase:. (Sto ltzfus et 01.,2004). 

4.7. Bioch emical analysis aftest meals and t ea 

4.7.1 . Proximate composition oftest Illea l 

The proxi mat e composition of the test meals (I.e. bread, rice and pasta ; which is prepared with 

berbere sauce, macaroni and pasta; which is prepared without berbere sauce) was determined 

and it i" present ed in (Table 4.6) 

Table 4.6, Proximate composition of test meals 

-- .--- Fat Fiber Carbohydrate 
Food type/ Test Moisture Ash Protein 

meal 9/1 DOg 9/1OO9 g/100g g/ 100g g/100g 9/ 1 DOg 

---
Bread 

31.4± 0.9 0.7±0.1 9.2 ± 1.2 1.8 ± 0.0 3.4 ± 0.4 53.7 ± 2.4 

Rice wit h berbere 
0.9 ± 0.1 10.6 ± 1.7 

61.8 ±0.7 1l.3±l.1 5.5 ±0.1 9.8 ± 0.8 

Pasta with 
1.4± 0.8 12.1 ± 0.8 

berbere 63.3 ± 2.2 7.5 ± 0.2 8.4 ± 0.8 7.3 ±0.8 

Macaron i 
1.3 ± 1.3 10.6 ± 2_9 

withoU1 berbere 63.5 ± 2.6 8.3 ± 0.1 8.2 ± 0.2 8.0 ± 1.8 

Pasta w ithout 
1.4 ± 0.3 13 ± 0.6 

berbere 61.4 ± 0.4 9.7 ± 0.4 8.3 ± 0.2 6.3 ±0 .8 
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The nut ri t iona l compositions of the test meals were not dense in energy and were not also rich 

in mdcr onut r ient; however, this data could not represent the day to day intake of the children. 

The study was done in l ine w it h the orphanage's food menu; yet it wa s done whenever t here 

was low protei n and fiber conta ining foods. Different investigation showed that presence of 

high protein and fiber in the meal could affect food and energy intake of individuals (Slavin and 

Green 2007; Weigle et 01.,2005). 

ThE! mOisture con tent of the test meals was high. Since these meals were prepared for 

preschuol children it should be easily chewable in order to attain this, the prepared meals will 

not be allowed to absorb all the water wh ich was added during the preparation process. 

4.7.] . A nalys is of t ea 

The cilHeine and catechin conten t of black tea was analyzed using HPlC and the mean 

concentra t ion of caffeine and catechin in the cup of tea wh ich contains 150ml of black tea was 

determined . The calibration curve of caffeine and catechin Standard was presented in Fiii ll re 

4.3 & 4.4 respectively. 
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Figure 4.3, Calibrat ion curve of caffeine standard . 

According to the response of the sample concentration of caffeine in ml of black tea was range 

from 34.0 llg/ml t o 52 .611mgjml. Therefore the concent ration of caffeine consumed by the 

ch ildren was 7mgj150ml of tea. 

V '" S<129.x · 3SLl8. 

Cal ibration Cu rve 
Rl = 0.998 

250000 

• J.OOOOO " I:: 
" 150000 "-
" • lOOOOO , 
" " 50000 • c. 

0 

0 , ,0 15 20 " 30 35 40 

Concentration Catechin (~g/m.I~I ______ _ 

Figure 4.4, Calibrat ion curve of catechin standard. 

According to t he response the concentration of catechin in black tea ranges from 0.9 ~lg/ ml to 

3. 3,8 !Jill ml. Therefore the concentration of catechin in black tea consumed by the children was 

0.4 nlg j 150 ml of black tea. 
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The caffl! ine and catechin content of habitually consum d bl k e at tea was much lower than other 

type of black tea like Lipton black tea (Henning et of., 2003) . 

4.B. Lim ita tion ofth e study 

Even though it is an experiential study the effect of black tea at a different concentration of 

caffe ine and ca tech in or berbere at different concentration of red pep per on the energy/food 

intake of the chi ldren was not investigated to determine the actual effect of black tea or 

berbe((' , In addit ion the proportion of composition of the spices in the berbere was defin(~d in 

less standardized way. 

In spite of these limitations in this study, within subject crossover study design was used to 

mini mile error and to prevent the effect of physiological factors which may have posi tive or 

negative effect on appeti te and energy intake. The study was conducted in orphanage whele all 

the chi ldren are treated similarly by the same caregivers and the former feeding environment 

was maintained. Indeed, studies indicated that a child environment is a powerful determi nant 

of the ir energy intake (Mrdjenovic & levitsky, 2005). In addition to observational stud i ~' s of 

food in take, the test meals provided to the children was weighed prior consumption and all the 

lefto 'ler also we ighed after feeding completed. Nutrients like protein and fiber which affect 

food and energy intake was minimized in line with the orphanage meal menu. For instance 

foods conta ining meat which may contain high protein and Injera (fermented pan cake) which 

may have a higher concentration of fiber were not used as a test meal. studLes declared tha t 

high pro tein and high fiber in the meal affect food and energy intake (Slavin and Green, 2007). 

Furthermore the nutri t ional sta t us of the children was determined and children with Z score for 

48 



Result and Discussion 

underwf'ight and wasting >~2 and for stunting >-3 were participated in the experiment. In this 

study the role of habitually consumed concentration of black tea drinking, consumpt ion of 

berbere and effect of portion size on food and energy intake was investigated. 

49 



Conclusion and RecommendatIOns 

Cha pter 5- Conclusion ond recommendations 
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5. Conclusion and recommendations 

The habitue l concentration of black tea and berbere-spiced I d . 00 consumption does not have a 

significant role on appetite and energy intake of the preschool children at the 7.0 mg/1SOrnt of 

caffeine and 0.40mg/1SOml of catechin concentration while increasing portion size have a 

significant effect on appetite and energy intake. Furthermore increasing portion size 

significan tly increases nutritional content of the children intake in addition to energy intake. 

Therefore the ro le of habitual consumed black tea and berbere in relation to hinder ing intake 

could be considered as insignificant; however, black tea phenols have significant effect on iron 

bioavallability therefore tea should be provided two hours before or after meal. 

In orohanage or other institution where large numbers of children live together ava ilability of 

age <l ppropnate portion size meal as well providing nutrient which fulfill daily recommended 

energy intake is difficult in developing counties due to financial constraint as well as lack of 

awareness. Different mechanism could be developed to prevent malnutrition; among this 

training of the caregivers regarding child feeding practice, providing ready to eat foods so that 

the burden of food preparation especially for the morning section could be minimized and the 

sustainability of t hose nutritious foods could be assured. However, in this case the cost 01 the 

ready to eat food should be affordable for such kind of institutions that is there should be 

mechanisms wh ich balance the cost and ava ilability of the nutrient dense food in the 

orph.:mage. In addition age appropriate portion size meal should be provided to battle 

millnulntion especially for chi ldren with high probability of being malnutrit ion. However 

researches should be carried to determine the age appropriate portion size in relation with 

Sl 



po 

Conclusion and Recommendo/ ions 

energy and nutrient density. Furthermore considering the preference of the children rega rding 

food groups cou ld be another strategy to improve food and energy intake. Therefore in an 

orphanage age appropr iate port ion size of in relation with energy densi ty should be determined 

and t hf' children should be served according to l rl eir age with appropriate port ion size. Since a 

single tyoe of meal was used and this meal was almost always provided for breakfast, the effect 

of blac< te ll on food and energy intake may not be observed therefore the effect should be 

assessed in a setting where habituation of a single food did not developed. 
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Annex two, lnformed Consent in English 

P ' •• II ,,-, \'."- 1111,,11' "~ " II 

11111(01 ", "",11(\1 \(11' 
\' ,111 II! \11 \ . \ I t~"'1 \ 

, 

I I ,p, fl.-I I t. ' 11 1\ 

"', I. '" 1" 1,,, ",,'.I "'" ..... ,,' I" ,,,, 

n· ' I ,01 . " .,' 

" 

" 

h- h .... 1 ... , ''',.. ,II. t ''''" 11 '''' \ ,'.,11', "I \ ,hl , \ h •• t· , 'm"-, 11\ \\ tit " 
I" ,I ",,! '''' ''''~ ,.1 ""I ... h\, ~hd.It," "'" .",.\, ,,,,-,,, ,, ,.,. , I" ,,,1 "I 

1.1 , ." I , ,,', "I' "'" 
, , " " , ",1 1",,,1 ". ,h,'I''"' ,h,,,11 ,Iu ',1· .... ,' ,', 1'1,' 

\.,," , , , " ,. 
" .t ., ",' ", I\"t- " ,,,II ,II " •• dl." , .. I ... 

,- t i,. h.,I>"L1 .11 ... , " ," -,I II" •• 1 llt,,1 " , • tol 1111'" , ... ,. /" "'".,, .\1 II 
" 

hi ,,,-,-, .• 1,,,,1. Io, •. I'l"III.""II"",·.I'''IIOI1II1I1 Ih,,, " " .• 1,.,1'.,1 ""''''''!' 
101 " I,,", hi ",II ",I , ....... ,.,.1. -,\ \\~.II ,.""10,, , h\'r~'I" ,,"l.. \ •• .or , "" "' h 

,'no"h., 10,,1\ ","' ." 101 "1,, ".':'" "," 1" ... "1 " ,,,., "'1""'''''1'''' ,,, , t .• ... 1 , 
1", "" ','.1 . , 11 Ih,'h' ",II ,,,., i'.' .11" I~ ih' ." I" " . 11"-" .".q" "" \. 'II 

" 
.",,,1. ,," , 1, , \ ,-I ,11 . ,, 1"1'" " ... ". ,11, ",1 " ,II I .. · .'~"""'d I I" '"''',h \\ III "' t to. ,,, 

'l' h 
" ,.,\iw, '" ,I\c, 1,,1,1','11 'h" h' ,"'II .UI,.,un, jlll 

h, ,i.,I, 11' .1' 1... It' ,1111 4 l ' ,11<'11"'" , ... ,111" 111,' " "1 •.• 11\' ," ,111' I"''''' 

" ." 

,I II 

, , ,," 
" 

"',"
"," "1,,,1.,,,,,,.,, III ".m ,'rl'h., .1)" 

"", I,' I"'" "" II ' "1 'I II" '" 

,. I " "" ., I "," "I I I.. , It" ... ' .. o 

\ 

60 

The name and the stamp 

of t he orphanage was 

hidden for t he sake of 

confidentiality 



r 

Anlle:(es 

Annex three, anthropometric data recording format 

NO 10 of the child Anthropometric data 

Height (em) 1.. ...... .......... . 2 ......... . 

Weight (Kg) L .............. .. L ................ . 

Age (Months) 1... ............... . 2 ................... . 

Height (em) 1 ................... . 2 ................... . 

Weight (Kg) 1 ...... ............ . 2 ................... . 

Age (Months) 1... ... . 2 ................... . 

Height (em)l ................... . 2 ............... ... . . 

We ight (Kg) 1... ..... . 2 ................... . 

Age (Months) 1... .. . 2 ................... · 

Height (em) 1... ... .. . L ..... . 

Weight (Kg) 1... ..... . 2 ............ . 

Age (Mon ths) 1 ................ ·.· 2 ............ . 

Height (em) 1... ................ . L ......... ... ····· 

Weight (Kg) 1... ............... . L ........... ······ 

Age (Months) 1 ................ ··· 2 ............... ····· 

Height (em) 1 ......... ....... ···· 2 ................... · 

Weight (Kg) 1 ......... ..... ····· 2 ................... · 

Age (Month s) 1... ............... . 2 ........... ········· 
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Annex foul", Sample chromatogram 

Tre.l tmen t I Tea chromatogram 
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Annex six, food intake ,'cco n ling format 

6_ 1 i re il tment! conlr n l IllP.'!1 ,,1I .'!kP (prOro lll8 form"t t o ob~ervp t h p efipct o f I e.'! 

NO 10 of the child Break fast 

Type of food Amount (g) Cup of Tea! Hot I Type of food 
water (m l) 

Snack 

Amount (g) Cup of Hot 
water (ml) 

6.2 Treatment! Control meal intake recording format to observe the effect of berbere spiced food consumption 

NO 10 of t he children lunch 

Type of food Amount (g) 
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