EFFECTS OF INCLUSION OF GUAVA FRUIT PROCESSING BY-PRODUCT IN

BROILER CHICKEN DIETS ON PERFORMANCE

EDITH BOSIBORI OGEGA, BVM (UON)

A THESIS SUBMITTED IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR
MASTERS OF SCIENCE DEGREE IN ANIMAL NUTRITION AND FEED SCIENCE

OF THE UNIVERSITY OF NAIROBI

DEPARTMENT OF ANIMAL PRODUCTION

2022



DECLARATION

This thesis is my original work and has not been presented for a degree in any other university.

Signed Date...12" July 2022
EDITH BOSIBORI OGEGA
J57/13187/2018

This thesis has been submitted for examination with our approval as University Supervisors.

Signed......... [ Date......12" July 2022
Prof. Charles K. Gachuiri, PhD
Department of Animal Production

The University of Nairobi.

Signed: (2) CETTEETT pate: 12" July 2022
Dr. George O. Abong, PhD
Department of Food Science, Nutrition and Technology

University of Nairobi

(y@?- (o (Zy :/5755‘@?’/
Signed (,_, Date: 12" July 2022

Prof. Joyce G. Maina
Department of Animal Production

University of Nairobi



ACKNOWLEDGMENT
I wish to thank God for giving me good health and strength, which enabled me to finish my studies.
Thanks to the Fruits and Vegetables for all Seasons (FruVaSe) project for the funding to carry out

this study.

| wish to express my appreciation and gratitude to my supervisors Profs. Charles Gachuiri, Joyce
Maina and Dr. George Abong for their encouragement, guidance, and tireless assistance in reading,

correcting and discussing this thesis.

| want to acknowledge Dr. Felix Kibegwa for the constant advice, motivation, and assistance he
gave me during data cleaning and analysis. | am grateful to Mr. Benjamin Kyalo for his assistance
during the entire research project, data collection, and laboratory work. | appreciate the assistance
of Mr. Samwel Karanja in taking care of the experimental birds, helping in data collection, and
the humane slaughter of the birds at the end of the experimental period. My thanks also go to Sam
Githua, Mercy Wairimu, Purity Gaki, Michael Waweru and John Kanyi for their help during the
research period. The assistance provided by my friends Lilian Musembei and Faduma Abdullahi

is greatly appreciated.

Lastly, I would like to warmly appreciate my family. My parents David and Gladys Ogega, for the

love, constant encouragement, and financial support. I thank my siblings for their tireless support.



DEDICATION

To my parents and siblings.



TABLE OF CONTENTS

DECLARATION .ttitetett sttt stesteesie st saese st stesessesbesaesastesaesessesaessesessesbeseesesbesaesessessensnsessensesessensens ii
ACKNOWLEDGMENT ...ttt et s st e e stee e st e e st e e sabe e st e s snae e e snteessnseesnnessnneeesnsenens i
[ 1 ] [N I [ S iv
(O o 1 I = | P 12
1 INTRODUGCTION ..oiiiictiie it sttt e siee e stree e siresssttesssteesssseeestaeesbaeesseeesnseeessseeesnresessresssnsessnsses 12
1.1 Background INFOIMAtION .....c.eeiiiviiiiiie it sbee e 12
A o (0] o] (=10 S v L=Y 1 1=) 0 14
IR T [ U1y 1] o= o] o SRR 15
1.4 STUAY ODJECIIVES ..vvviiiiiiiiie ittt sttt e e s e s e s sbb e e s s sab e e e s s sabae s s saabbeeeessabbeesesans 16
141 GENEral ODJECTIVE ...veeieieeeiieeie sttt sttt ettt sre e nesreesreenne s 16
1.4.2  SPECITIC ODJECTIVES ..veeuviieieiteeieceee sttt ettt ettt sreeee e nreenee s 16
O o 1 010] 14T R SSPRS 16

(O 1 I = 177 17
2 LITERATURE REVIEW ...ttt tee st e e s tee st snte e st e e nnte s s nnae e s nnne s 17
2.1 The poultry INAUSEIY 1N KENYA ..occicviiiiiiiiiie it sbre s sibae s s sabae e s sabbee s e e 17
2.2 Constraints to POUILIY PrOQUCTION. ........cocuveieiiiiiiieciiiiee bbb e s sbbre e e sabbee e sans 17
2.3 Guava Production 1N KENYA.......cciiiueeiiiiiiiieeiiireeeeisreesessisbessessbaeessssssaesssssresssssresssssnns 19
2.4 GUAVA PIOCESSING «vvvereierrereiiirrereeiissreseisisbesessibsesesiassersssssssesssssssssssssssssesssassseseessssensesans 20
2.5  Guava processing BY-PrOQUCES ........cueeieeieiiiiecee ettt srre e e ebae e 21
2.6 Chemical composition of Guava processing bY-products.........ccccceeveeervreeeriveeesveeeseenns 22
2.7  Inclusion of guava processing by-products in livestock rations ...........ceceeevveeerveeeivnennns 23
2.8  Digestibility of guava Dased AIELS .......cccvieiciiiiiei e 24
CHAPTER THREE ....oteiciieieise ettt sttt sttt sa st sttt stesbennenennennas 27
3 MATERIALS AND METHODS .....ccooiieititinieisisiesese st ese st ssese e st ssssessesaesesseseenes 27
0 R (1[0 | V- V=T TR 27
3.2 Preparation of quava BY-ProduCt...........ccceiiiiiiiiiiiiiiiii e 27
3.3  Experimental DietS and fEEAING ....cvveviiieeriie ittt e e s sbr e e s sbre e e 28
3.4 EXPErMENTAL DIFAS ..ooiivviiei ittt e st e e s s st e e e s s eaba e e s s sbb e e e s ssareeeessans 29
ORI B - = W o] | [=Tox [0 R 30
3.5.1  Feed intake and body WeIgNt GaIN .....ccoviiiriiiinieieee e 30
3.5.2  Carcass ChAraCteIISLICS .......ciueruireeirieeriiriesteesie sttt s et sr e b b sre e 31




3.5.3 SENSOMY ANAIYSIS ..o 32

3.5.4  DIQESHIDIITY tESt.....eitieiireisieeiie et b e nre e e 32
3.5.5  Chemical @NalYSES......ccciiiiiiiiiiiie et 34

R B L 17 - LT 1 L] 1S 35
CHAPTER FOUR ..ot itiiitistisieesie sttt sa et sttt st sae et b e e e sbesae e ebesbesesesbesbeneesesresees 36
4  RESULTS AND DISCUSSION....ccicctiiereriisierestesseressessesseessessessssessessesessessessssessessesessessenes 36
4.1  Chemical COMPOSITION......cciiviiiiitie ittt r b s s b s e sbb e s s sbb e s ssbae s sbeeeens 36
4.1.1  Chemical composition of the guava by-product...........ccccevveverieinienninninneereee 36
4.1.2  Chemical composition of the experimental dietS.........cccvcerivrrvriiineniinnie e 37

A 1 0T g 1 o T= o 0] 1 4= o= PRSP 38
T B 1= o [T =] €1 o | 1 PRSP 46
4.4 CarcasS ChAIACTEIISTICS. .uvuiiiiirreiiiiirieeeiiibere s ibre e e e ssbbe e e s sbb e e e e s sabae e e s ssabaesesabbeeeessabaeeessans 47
441  Absolute and Dressed %0 WEIGNTS. .....ccvveeieerieriiseesieeie et 47

45 MEAL QUANITY.....oiiieiiiee e e 51
451  ChemiCal @NAIYSIS .....cccciiiiiieiieiese et 51
4.5.2  MEALPH .ot saee e 52
TG T |V (< U o0 (o] PSR 54
A.5.4  SENSOIY ANAIYSIS...cueiiieieieeestiesiesteeseesteseesteesteeseesteesteesaesseesteeneesseesseensesneesreensesneesns 55

5 CONCLUSIONS AND RECOMMENDATIONS ......cooi it cee et e e sve s e e 57
LTS R o] g Tod [ 1Yo o PR 57
5.2 RECOMMENUALIONS .vveiiiivriieiiiitiie e iitiiee e ceitbee e s ribre e e s ssbb e s s s sbb e e e e s sabaeeessbbaesesabbeeeessabaeesesans 57
5.3 Areas fOr FUMhEr FESEAICN........veiii i 58

6 REFERENGCES ......co oottt sttt sttt sttt a st st aenesbesae e ene st e 59

Vi



LIST OF TABLES

Table 1: Ingredients NULFENT COMPOSITION ....eeeeieieeeeeeeee e e e e e e eee e e e e e e e e e e e e eeeeeeeaeeneeeeeeaeeeaaans 28
Table 2: Chemical composition (%DM) of sundried the quava processing by-product............... 36
Table 3: Chemical composition (% DM) of experimental broiler diets .......cccveeeeveeceiiiceeeeeeeeen, 37

Table 4: Effect of inclusion of quava fruit processing by-product in broiler diets on performance

Table 5: Effects of the level of inclusion of the guava by-product on apparent digestibility (%) of

dry matter, crude protein, crude fiber, and gross energy in broiler chicken .......ccoovevveeeeeeieeennee. 46

Table 6: The effects of level of inclusion of the guava fruit processing by-product in broiler

chicken diets on the absolute and dressed % weights (g) of carcass and main carcass cuts ........ 49

Table 7: The effect of level of inclusion of the guava fruit processing by-product in broiler

chicken diets on the absolute and dressed % weight (q) of internal viscera and other parts of the

CRICKEBIN CAICASS. ..ot 49

Table 8: The effect of level of inclusion of guava fruit processing by-product on the moisture,

crude protein and fat content (%) of thigh and breast muscle of broiler chicken......cccccccvvveve..... 51

Table 9: The effect of level of inclusion of the guava fruit processing by-product on the pH of

thigh and breast meat taken within 30 MinNULES Of SIAUGNTET. ......vvveeeeeeeeeeeeeeeeeeeeeeenenens 53

Table 10: The impact of different inclusion levels of the guava processing by-product in broiler

feed on the of the thigh and breast MEAL COIOU .. ..uurreeee et eeeeeeeaaan 55

Table 11: The effect of level of inclusion of the guava fruit processing by-product on the sensory

AL TDULES OF DIOI T ML - eeeeee ettt ettt e e e e e e e e et e e e e e e e e e e eeeeeeeeenaennees 55

vii



LIST OF FIGURES

Figure 1: Sun-drying of the guava bY-Product...........ccocevereiininienen e e 28
Figure 2: Cages placed in the POUItrY NOUSE .........oovviiiiiieiinieers e e 30
Figure 3: Birds placed in the MetaboliC CAGES ......ovvrvireriereririeie s s 33
Figure 4: Sun-drying of the daily collected fecal material ............cccovvviiiieniinienini 34

Figure 5: Trends in weekly feed intake of birds fed on broiler diets with different guava fruit

processing by-product inclusions. The bars represent the standard error of the mean. ................ 43

Figure 6: Trends in weekly weight gain of birds fed on broiler diets with different levels of quava

fruit processing by-product inclusion. The bars represent the standard error of the mean........... 44

Figure 7: Trends in the weekly feed conversion ratio of birds fed on broiler diets with different

levels of quava fruit processing by-product inclusion. The bars represent the standard error of the

TS 1 45

viii



LIST OF ABBREVIATIONS

AODF - antioxidant dietary fiber

FAO — Food and agriculture organization

GDP — Gross domestic product

HCD — Horticultural crops directorate

HCDA — Horticultural crops development authority

HPAI —Highly pathogenic avian influenza

KALRO — Kenya agricultural and livestock research organization

MoLD — Ministry of livestock development



ABSTRACT

The utilization of fruit wastes as animal feed can contribute to alleviating feed shortages in most
third-world countries and simultaneously help mitigate challenges in the environment that are
caused by the disintegration of the wastes. A study was done to determine the effects of the
inclusion of guava fruit processing by-product in broiler chicken diets on performance. Ripe guava
fruits were crushed and sieved to separate the pulp from the peels, seeds, and other fibrous content.
The separated peels, seeds, and other fibrous content (referred to as the guava fruit processing by-
product) was sun-dried and stored. The guava fruit processing by-product was incorporated in
broiler chicken feeds at different levels 0% (GBO0), 2.5% (GB2.5), 5% (GB5) and 7.5% (GB7.5).
Formulated diets were iso-nitrogenous and iso-caloric in mash form for the starter and finisher
phases. One hundred and sixty (160) day-old cobb-500 broiler chicks bought from a reputable
commercial hatchery (kenchic Ltd) were allocated randomly to the four diets and replicated four
times with ten birds in each replicate. The feed intake, weight gained and feed conversion ratio
were assessed. A digestibility trial of the finisher diet was carried out at the end of the feeding
period. After the end of the feeding trial, some of the birds for each treatment were slaughtered and

carcass characteristics evaluated.

The average daily weight gain was not affected (p>0.05) between GBO (56.53g), GB2.5 (54.88(),
and GB5 (61.02g) but reduced (P<0.05) (45.689) at higher (GB7.5) inclusion level. The average
daily feed intake was similar for GBO (59.03g) and GB2.5 (59.21g) (p>0.05) but increased at GB5
(62.47). The mean daily feed intake and weight gain at (GB7.5) were significantly lower (p<0.05)
compared to ther other 3. Feed conversion ratio (FCR) was (p>0.05) 1.58, 1.66, 1.64 and 1.72 for
the diets (GBO0), (GB2.5), (GB5) and (GB7.5) reaspectively. The digestibility of the different

nutrients was not significantly affected by diet. The absolute weights of the eviscerated carcass,



the abdominal fat, drumstick, thigh, breast, heart, liver, spleen, gizzard, and the intestines were not
affected by diet. Inclusion level did not affect the meat pH, color, crude protein, and ether extract
content of the chicken breasts and thighs. The different diets did not affect the sensory attributes:
after taste, fibrousness, hardness, juiciness, and oiliness. Overall acceptability was significantly
affected by inclusion levels, GBO scored highest (5.4) and was different from GB2.5 (4.9), GB5

(4.91), and GB7.5 (4.58) (p>0.05).

According to the findings, the guava fruit processing by-product could be included up to 5% in
broiler rations with no negative consequences on the growth performance and carcass

characteristic.

Key words: broilers, digestibility, performance, guava by-product, meat quality
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CHAPTER ONE:

INTRODUCTION

Background Information

Poultry plays a vital role in the livelihoods of people, making a significant contribution to domestic
food security world wide. Poultry aids in the diversification of earnings and employment,
renewable asset, and contributes to livelihood and social security (Riise et al., 2005; Sonaiya,
2015). Poultry is not only a source of food but also a source of fertilizer from poultry manure,

tourism, culture, and sports (Omiti & Okuthe, 2008).

Feed comprises up to 60-70% of the production cost in commercial poultry systems (Lukuyu et
al., 2011), with about 95% of the total feed cost being attributed to energy and protein sources
(Abdollahi et al., 2013). Poultry feed to satisfy their energy requirement and as such, energy source
ingredients comprise the largest proportion of poultry diets, followed by protein sources (FAO,

2013).

In the developed world, there has been rerouting of maize grains from animal feeds to ethanol
production leading to serious grain supply problems and a dramatic increase in prices in the world
market (FAO, 2013). In Kenya, where maize is the staple food, it may not be available for animal
feed and, if available, at a very high price (Jacob et al., 1996). The increased cost of production
leads to higher prices of poultry products. To increase margins for the farmer, different cheaper

feed ingredients are to be sought (FAO, 2013).

The use of ingredients from the food processing industry, mainly from cereals, is common in
Kenya (Hasan et al., 2007). However, there has been a minimal attempt to use by-products from

the fruit processing industries. This has been attributed to the fact that most of the agro-industrial
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processing is based on cereals, as in many other developing countries, where the population
consumes diets with carbohydrate-rich cereals and less high-value meat, fruits, and vegetables
(Industries & Development, 2009). Consumers in developing countries are now shifting their
demand towards foods that reflect increased nutrient value and also value-added products (Gehlhar

& Regmi, 2014).

Due to increased awareness of health benefits of fruit consumption, the processing industry is
expanding (Ayala et al., 2011). Wastes from the processing of fruits pose a problem of
environmental pollution which is of great concern. The process of disposing of the wastes by

utilizing them as animal feeds and fertilizers could be a good option (Jorge, 2005).

The guava fruit is referred to as a ‘tropical apple’ or a ‘fruit of the poor’ and is common under the
subtropical and tropical climate (Singh, 2007). Due to its many nutrients, it is known as a super
fruit (Verma et al., 2013). It contains high levels of natural vitamin C compared to oranges and
tomatoes (Singh, 2007). The by-products from guava fruit processing include seeds, peels, and
fibrous tissue from the skin that are a result of pulping (Omayio et al., 2019; Kowalska et al.,
2017). By-products from fruit processing have high amounts of bioactive substances plus dietary
fibers (O'Shea et al., 2015). The utilization of guava processing by-products as animal feed has
recently been ranked highly by FAO (Bakshi et al., 2016). In Kenya, there has been a recorded
increase in guava fruit production and the area under guava production with a lot of unexploited

potential (HCD, 2014; HCD, 2016; HCD, 2017).

Guava wastes have been used as animal feed ingredients, including in rations of layers, broilers,
pigs, lambs, and rabbits. The adoption of guava by-products in poultry feed has been documented
(El-Deek et al., 2009; El-Deek et al. 2009b: Oliveira et al., 2018). However, there is no

documentation of the use of different guava by-products as animal feed in Kenya. Little is also
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known about their nutritional composition (of the by-products), and thus there is a need for
documentation of the same. The need for this information is due to the increased guava growing

in Kenya, which will lead to increased processing, thus more by-products.

This study assessed the outcomes of the inclusion of guava fruit processing by-product in the feeds
of broiler chicken on the amount of feed consumed and weight gained, digestibility, carcass yield,

and carcass traits.

Problem statement

The world population is rising, with much of the increase (3.5-fold) happening in Africa (Gerland
et al., 2014; Onsongo et al., 2018). By 2050, 60-70% more animal protein will be demanded in
the world (Bakshi et al., 2016). Increased output of poultry meat is unavoidable, and it is likely to
exacerbate the problem of expensive regular feeding (Onsongo et al., 2018). As livestock is one
of the fast-growing subsectors of agriculture in emerging countries, this has resulted in increased
demand for animal feeds. Lack of high-quality feeds and food insecurity are the major problems

in the developing world, leading to food-feed competition (Bakshi et al., 2016).

Since feed represents 60-70% of the cost of poultry farming, alternate feed ingredients need to be
frequently evaluated (Leeson, S., 2005). There is a need to enlarge the feed resource base and
ensure there is an efficient use of available ones to meet the demand for animal feed. Novel feed
sources, especially those that are not competing with human food, are key in the development of

the livestock sector.

In the fruit processing industry, waste disposal has become an environmental problem (Fontanari
et al., 2008). Environmentalists are disturbed by the pollution generated by the wastes disposed of

from the agro-industries reinforcing the requirement for waste management (Jorge, 2005; Hussain
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etal., 2019). Agro-industrial processing generates millions of tons of by-product around the world.
Of the total byproducts produced, some amounts are used in fields as manure, some incorporated
in animal feeds, and most are disposed to the environment without treatment leading to pollution
(Sadh et al., 2018). The fate of the wastes as handled leads to economic losses in the supply chain
as a good amount is enriched with bioactive compounds, and some are in a position of preventing
oxidative damage (Melo et al., 2011; Maria et al., 2012). It may also lead to increased greenhouse

gases emanation from the dumpsites and overall environmental pollution (Zhang et al., 2019).

Justification

Several developing countries are shifting their cropping patterns away from grains and towards
more profitable vegetable and fruit crops (Wadhwa & Bakshi, 2013). As a result, massive amounts
of fruit and vegetable waste will be produced in the future. By converting them to animal feed,
these might potentially be recycled and returned to the food chain (Bakshi et al., 2016). The guava
tree produces many fruits annually with minimal input, resulting in many farmers taking up
commercial cultivation of the guavas due to the profit margins (Singh, 2007; Kadam et al., 2012;

Omayio et al., 2020).

Animal feed made from fruits and vegetable waste can help to alleviate feed inadequacy in most
underdeveloped nations (Wadhwa et al., 2015). Simultaneously, it will aid in the mitigation of
environmental issues caused by the degradation of such wastes. To fully utilize the animal
husbandry potential of such wastes and by-products, concerted research and commercial initiatives
are required. The use of these wastes is also anticipated to lower feeding costs, resulting in

increased profits for animal keepers (Bakshi et al., 2016).

The study will provide an alternative feed source that will not compete with human beings, which

is relatively cheaper and a solution to environmental degradation.
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Study Objectives

General objective

Effort to mitigate against cost of broiler production by using guava fruit processing by-product in

broiler chicken feed as an alternative feed source.

Specific objectives

1. To determine the proximate composition of the guava by-product.

2. To determine the effects of inclusion of different levels of guava fruit processing by-
product in broiler diets on the feed intake, live weight gain, feed conversion ratio and
carcass quality.

3. To determine the digestibility of the formulated finisher diets.

Hypothesis

1. The inclusion of different levels of guava fruit processing by-product in the broiler feeds
does not significantly influence feed intake, live weight gain, feed efficiency, and carcass
quality.

2. The inclusion of different levels of guava fruit processing by-product in the broiler finisher

feeds does not affect the digestibility of the diets.
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CHAPTER TWO

LITERATURE REVIEW

The poultry industry in Kenya

The poultry sector contributes approximately 30% to agriculture’s Gross Domestic Product (GDP)
and about 7.8 percent of the total Kenya GDP, with the agriculture sector contributing 25% of the
GDP (FAO, 2008; Omiti & Okuthe, 2008; Zootecnica international, 2016). Kenya has a population
of approximately 44.6 million poultry, making it the most important enterprise for both food and
nutrition security for poor rural households (Pius et al., 2021; MoLD, 2019). About 98% of the
poultry is chicken, and 70% of the chicken is free-range chicken (MoLD, 2019). These birds are
farmed in three common production systems, namely backyard, smallholder intensive, and

industrialized (FAO, 2013).

The feed costs constitute the largest proportion of poultry production costs (Wainaina et al., 2012).
Depending on the intensification, feeds account for 60-80% of the cost of production (MoLD,
2008). The major constraint affecting the development of poultry farming is the high cost of
commercial feeds due to the rise in the price of typical feed constituents such as soybean meal,

maize, meat meal, and fishmeal (Ravinadan, 2009; EL-Manylawi, 2011).

Constraints to poultry production

The constraints to commercial poultry production in Kenya can be grouped into those that are
related to production, consist of thievery, illnesses, animals of prey, bad environment, inadequate
production skills, bad nutrition, marketing, flock sizes, and high feed costs (Ondwasy et al., 2006;
Cheptarus, 2010; Justus et al., 2013). Various management treatments including feed
augmentation, vaccination, brooding, housing, and labor are not being implemented (Justus et al.,

2013; Murangiri et al., 2016). Farmers have poor accesability of institutional support (Justus et al.,
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2013). Chicken producers have a low degree of awareness about common poultry diseases,

particularly possible zoonotic diseases (Murangiri et al., 2016).

There is underperformance in the poultry production industry due to unstructured marketing
systems, importation of raw eggs, and underdeveloped markets that negatively affect the industry
(MoLD, 2019). The occasional deluge of low-quality and cheap imported products in the market
outcompetes the local products (MoLD, 2019). These imported products are cheap because of the

low production cost in the neighboring countries (Mutua et al., 2019).

Because feed makes up 60-80% of the total production cost (MoLD, 2008; Fiaboe & Nakimbugwe,
2017), it has become a significant constraint to poultry production. The supply of quality feed is a
factor of the quality of raw materials, price of the materials, processing method, and the handling
and storage (MoLD, 2008). In a bid to lower the cost of production, alternative, cheaper feed

sources are sought (Leeson, S., 2005).

In Kenya, the use of ingredients from the food processing industry, mostly from cereals, is common
(MoLD, 2019). This is because much of the agro-industrial processing is based on cereals, as in
many other developing countries where the population consumes diets with carbohydrate-rich
cereals and less high-value meat, fruits, and vegetables (Industries & Development, 2009).
Consumers in developing countries are now shifting their demand towards fruit and vegetable
crops and their value-added products (Wadhwa & Bakshi, 2013; Gehlhar & Regmi, 2014). The
increase in demand for value-added products from fruits and vegetables will result in more by-

products and thus need to incorporate in poultry feeds (Wadhwa et al., 2015).
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In sub-Saharan Africa, and Kenya included, poultry feed ingredients consist of fish meal, bone and
meat meal as animal protein ingredient, sunflower seed cake, soybean meal, and cotton seed cake
as plant-based protein sources (Ochieng et al., 2021). Maize serves as the primary energy source
(Ochieng et al., 2021). The traditional protein sources in poultry feed are fish meal and soybean
meal, and over time they are becoming expensive and scarce, thus increasing the cost of poultry
feed (Van Huis, 2013; FAQ, 2013; Ochieng et al., 2021). The soybeans produced in the country
can only meet less than 35% of the county’s demand. At the same time, fish demand is also high
as it cannot sustain both the animal and human needs, thus leading to increased importation from

other countries (Onsongo et al., 2018).

In the developed world, there has been rerouting of maize grains from animal feed to ethanol
production leading to serious grain supply problems and a dramatic increase in prices in the world
market (FAO, 2013). In Kenya, maize is a dietary staple and a major food crop; therefore, its

increased use in animal feed has increased production costs. (de Groote et al., 2010).

Guava production in Kenya

Guava production in Kenya is practiced by farmers with limited resources (Kochhar, 2018), mostly
in the rural areas of Meru, Mandera, Kisii, and Migori (HCD, 2014). Kitui and Taita Taveta
counties have recorded a high capacity of guava fruit production (Omayio et al., 2020). Limited
knowledge and ignorance of the guava potential both economically and nutritionally are some of
the factors that hinder the processing of guava fruits (Chiveu et al., 2016). At the same time, little
is known about the available intra-specific guava germplasm in Kenya (Chiveu et al., 2016). Guava
fruit is considered by local communities to be a fruit for the birds to feed on or to be eaten by
herders as they tend to animals with little knowledge on value-addition for earning income

(http://farmbizafrica.com, 2018).
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Kenya has very diverse ecological zones allowing for the growth of different varieties of white-
fleshed, strawberry, and pink-fleshed guava (Mahmoud et al., 2013). The fruit may be eaten raw
or processed, and it has a large market potential because it can grow in a variety of environments,
including wastelands and soils with high pH levels, which explains its wide spread (Gautam et al.,
2010). The therapeutic benefits of the leaves, fruits, flowers, bark, roots, and stems have been used
for centuries (Rosa et al., 2008). Over the years, the guavas have been farmed and dispersed by
humans and other animals, making their source unclear, with their worldwide production

increasing through the years (Pommer et al., 2009).

In Kenya, guava fruits are mainly grown for the fresh market, with an increase in production
recorded in the year 2014 compared to the year 2013 (HCD, 2014). There exists an unexploited
potential of most fruits in Kenya, guava being one of them (HCD, 2016). However, the area under
guava production has also increased (HCD, 2017). The information on guava production,
utilization, consumption, the area under production, and commercialisation is minimal (HCD,

2014; Omayio et al., 2019; Omayio et al., 2020).

There is a need for the development of structure and policy with the aim of maximizing the use of
the guava fruits and reducing losses during post-harvest (Omayio et al., 2019). The Kenya
Agricultural & Livestock Research Organization (KALRO) is on record as being on the frontline

to promote guava production by providing seedlings to farmers (http://farmbizafrica.com, 2018).

Guava processing

In as much as the guava fruits are consumed while fresh, processing to other products can be done
thus improving the fruits’ market potential (McMullin et al., 2016; Chiveu, 2018). Guava being a
climacteric fruit its rate of perishability is high, and it is highly susceptible to mechanical and

chilling injuries resulting in qualitative losses and reduction of its market value (Rana et al., 2015;
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Phani et al., 2016). There is a need to process the fruits to prevent/reduce the post-harvest losses
(Bhuvaneswari & Tiwari, 2007) and to develop affordable guava processing technologies which

can be adopted (Nikhanj et al., 2017).

The wastes from guava processing that contain peels, seeds, and leftovers from pulping make 30%
of the guava (Oliveira et al., 2020). Residue from guava fruit pulp processing is mainly composed
of seeds and other fibrous tissues and it accounts for 4% to 12% of the pulp (Uchba-thomaz et al.,
2014). The guava by-product made up of seeds, peelings, and pulp from industries that are most
times discarded into the environment without treatment lead to environmental pollution (Chang et
al., 2014). Kamel et al. (2016) documented that the guava agro-industrial wastes discarded in the
environment become regarded as an environmental issue due to buildup in large and valueless

amounts.

In Kenya, guava processing is relatively low as compared to other countries where the fruit has
been processed to increase its shelf life and through value addition products (Kwambai &
Wambani, 2000; Daily, 2012; Kumari et al., 2017). The low level of processing of guava fruits in
Kenya may be attributed to; processing and preservation procedures not being used to their full
potential, minimal research as well as low knowledge on the economic potential of the fruit, and
consequently, there are no well-organized marketing, distribution, and handling structures for the
guava value chain (Wasilwa et al., 2018; Chiveu, 2018; Omayio et al., 2019). The small amount
of information on guava processing and its constraints have made it hard to establish a sustainable

value chain (Omayio et al., 2019).

Guava processing by-products
Different guava processing techniques result in various by-products. Different studies have

described guava by-products differently. ’Decanter’ refers to a guava by-product that is collected

21



after decantation where the juice is separated from the pulp. The decanter is made up of a solid

residue that is 10% of the processed guava pulp (Oliveira et al., 2018).

Guava by-products have also been referred to as ’guava waste,” which contains inedible fruits,
pulp, and peels obtained from the canning industry in Egypt (El-Deek et al., 2009a). Guava by-
products (inedible fruits, pulp, and peel) are generated in large quantities from the industries (EI-
Deek et al., 2009; El-Deek et al., 2009b). Farid & Kamel (2016) reported guava waste to contain
pulp, peels, and seeds. Lira et al., (2009), referred to the guava by-product as waste that mainly

consists of seeds and makes 4% to 30% of the fruit.

The term ‘residue’ has also been used to refer to guava by-products, and it is mainly composed of
seed and pulp, and it accounts for around 4% to 12% of the entire guava fruit and is collected after
processing of pulp from guava fruits (Uchba-thomaz et al., 2014). ‘Pomace’ refers to the by-
product obtained after extracting pulp and accounts for 30-35% of the fruit and contains guava

seeds and a guava rid (Rao et al., 2004; Bakshi et al., 2016).

Chemical composition of Guava processing by-products

By-products from guava fruit processing have been reported to have different chemical
composition; this can be attributed to the different processing techniques. The crude protein (CP)
content of the by-products has been reported to range from 9.08 to 10.09% (da Silva et al., 2009;
El-Deek et al., 2009; Lira et al., 2009; EI-Deek et al., 2009b). Ether extracts (EE) content from
different studies ranged from 4.52 to 12%, the wide range was due to the different treatments the
guava by-product was put through (da Silva et al., 2009, Lira et al., 2009, El-Deek et al., 2009a,
El-Deek et al., 2009b). The crude fiber (CF) content of the guava by-product is generally high with
a reported range of 39.5% to 56.01% (Marquina et al., 2008; Silva et al., 2009; Lira et al., 2009;

El-Deek et al., 2009; El-Deek et al., 2009b). The gross energy (GE) content ranged between 3636
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kcal/kg and 4,724 kcal/kg (EI-Deek et al., 2009; Silva et al., 2009). The reported crude ash amount

was between 1.25% and 5.62% (EI-Deek et al., 2009b; Silva et al., 2009).

Inclusion of guava processing by-products in livestock rations

Guava processing by-products have been included in rations for poultry (layers and broilers),
rabbits, lambs, and pigs. In an experiment by Rao et al. (2004) to determine the consequences of
the addition of Guava pomace in swine feeds, crossed boars were fed on diets containing sun-dried
the guava pomace at 0%, 10%, 20%, and 30% levels at the grower and finisher level. The study
concluded that the addition of guava pomace did notsignificantly influence the growth

performance and the traits of the carcass.

El-Deek et al. (2009) fed finishing broilers with treated (autoclaved, alkaline, and acid) and raw
guava by-products at the inclusion levels of 2%, 4%, 6%, and 8%, to determine whether the guava
by-product could be used in broiler feed. The study concluded that guava by-products that had
been dried in the sun at a 4% inclusion level could be used efficiently with no negative effects on

performance measures.

El-Deek et al. (2009b) fed laying hens on processed and unprocessed guava by-products at
different inclusions (5, 10, and 15%). They concluded that the inclusion of up to 15% sundried
guava by-products was acceptable and had no adverse effects on egg quality and productive
performance, and thus could be used as a feed ingredient source. There was no need to process the
sundried guava by-product (EI-Deek et al., 2009b). The processing and treatment (boiling in water,
acid and alkaline solutions) were done to better the low nutritive value of the guava by-product
that contained inedible fruits, seeds, peels, the pulp (Gonzalez et al., 2007; Garcia et al., 2008; El-

Deek et al., 2009).
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Lira et al. (2009) fed broiler chicken diets with different guava waste inclusion at 3%, 6%, 9%,
and 12% to evaluate the effects on carcass yield and performance of the broiler birds. The study
reported that the inclusion of up to 12% was recommended as it’s performance was higher than

that of the control..

Mosaad & Hassan (2016) reported no significant difference in growth performance, digestibility
of nutrients, carcass characteristics, and quality of meat of Ossimi lambs fed on diets containing
0%, 10%, and 20% guava. The guava waste inclusion had a significant economic effect as the diets
with diet with 10% inclusion reduced cost by 51 Egyptian Pounds/ton and the diet with 20%

127.13 Egyptian Pounds/ ton.

Digestibility of guava based diets

Digestibility of a ration is dependent on the age, species, and strain of an animal, the ingredient
composition, and the processing (Longo et al., 2005; Zarei et al., 2014; Oliveira et al., 2018;
Atchade et al., 2019). The fraction of feed ingested that is not found in the fecal material is said to
be digestible. Digestibility accounts for the loss of feed along the intestinal duct, but not on how it
can be efficiently used in the metabolism of the animal (Atchade et al., 2019). A portion of feed
can be highly digestible without supplying enough nutrients to meet the animal’s nutritional

requirement. (Atchade et al., 2019).

To determine the digestibility of feed, (Litz et al., 2017) used the formula;

Digestibility = ((ingested nutrient quantity - Excreted) / ingested nutrient Quantity) * 100

Guava by-products have a high fiber content that mainly constitutes pectin and lignin and thus has
a limited digestion capacity (El-Deek et al., 2009b). The pectin constituent of the fiber content
forms a viscous gel matrix (Mudgil, 2017). The viscous gel matrix has the ability to prevent
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products of digestion from accessing the absorptive sites and to hold on to protein molecules
reducing the accessibility of digestive enzymes (Arnal-Peyrot & Adrian, 1974; Forman &
Schneeman, 1980; El-Deek et al., 2009b). The viscous gel matrix has also been reported to inhibit
the activity of the enzymes (Arnal and Adria, 1974). In a study by El-Deek et al., (2009b), the
different treatments done to the guava by-product significantly reduced the crude fiber content
with the intent of increasing the digestibility of the fibrous contents of guava by-product and
increasing the carbohydrate availability. Guava by-products have a high fibrous content, such that
there is minimal digestion in the small intestines and providing content in the colon for microbial

fermentation (Budino et al., 2015; Jarrett & Ashworth, 2018; Martins et al., 2021).

Some research has been done to assess the digestibility of diets with guava by-product inclusion.
According to Mosaad & Hassan (2016), the digestibility of guava waste was influenced by a
number of factors that included processing methods, the plant variety, and the composition of the
guava waste. Kamel et al.(2016) fed rabbits with diets with different guava waste inclusion of up
to 20%. The diets with guava waste inclusion recorded an improved digestibility coefficient

compared to the control.

According to a study by Martins et al., (2021), piglets were fed on guava seed meal at different
inclusions (0%, 5%, 10%, 15%) as an alternative for dietary fiber. The nutrient digestibility was
significantly reduced with increased inclusion, and the study attributed it to the high cellulose and
lignin content. Macagnan et al., (2015) recorded that the high fiber amounts result in low viscosity
and significant water retention, which rises the motility of the intestines, reduces transit time and

escalates evacuation regularity.
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CHAPTER THREE

MATERIALS AND METHODS

Study area

The study was carried out at the poultry unit in the Department of Animal Production, Faculty of
Veterinary  Medicine at the University of Nairobi (Latitude:-1.25287867437
Longitude: 36.7298431783). Red guava fruits were sourced from Kitui and Taita Taveta counties
and processed at the pilot plant located in the Department of Food Science, Nutrition and

Technology, Faculty of Agriculture, University of Nairobi.

Preparation of guava by-product

Whole pink fresh guava fruits were harvested in Kitui and Taita Taveta placed in gunny bags and
transported to the pilot plant. On arrival, they were washed using tap water to get rid of any
dust/soil and debris of leaves then sorted depending on ripeness. The ripe guavas were crushed
using a commercial crusher and sieved using a 0.5 mm stainless steel screen to separate the pulp
and the by-product that mainly consisted of the fruit peels and seeds. The by-product was then
transferred to the poultry unit in the Department of Animal Production, where it was sun-dried
(Figure 1), ground using a hammer mill (3mm sieve), and stored in gunny bags. Samples were

collected from different gunny bags and stored for laboratory nutrient analysis.
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Figure 1: Sun-drying of the guava by-product

Experimental Diets and feeding

Four experimental diets were formulated such that they were iso-nitrogenous and iso-caloric. The
control diet had 0% inclusion of guava by-product, and the other three diets had different guava
by-product inclusion levels; 2.5%, 5%, and 7.5%. Diet formulation was based on the Kenya Bureau
of Standards (KeBS) requirements for the broiler finisher and starter diets with a minimum of 3000
Kcal/kg ME and 22% crude protein content for the starter diets and 3000Kcal/kg ME and an 18%

crude protein content for the finisher diets. The dietary constituents were blended as Table 1 and

fed to the broiler chicken in mash form.

Table 1: Ingredients nutrient composition

| di STARTER FINISHER

ngredients 0 25 5 75 0 25 5 75
Maize grain 53 49 49 52 56 55 55 55
Pollard 16 10 10 10 21 18 15 12
Guava by-product 0 25 5 75 0 2.5 5.0 7.5
Fat 005 25 1.4 0.8 0 0 0 0
Soya bean meal 190 27 23 16.7 119 134 139 144
Omena 10 6.6 10 10 9 9 9 9
L-Lysine 0.02 0 0 1.28 0 0 0 0
DL-Methionine 0.1 008 0.08 0.10 020 020 020 0.20
DCP 0 03 0 0 0 0 0 0
Limestone 112 124 086 0.86 1.20 120 120 1.20
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Salt 02 02 0.2 0.2 0.2 0.2 0.2 0.2

Vit/mineral Premix* 025 025 025 0.25 0.2 025 025 0.25
Mycotoxin Binder 01 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Coccidiostat 01 01 0.1 0.1 0.1 0.1 0.1 0.1

Enzyme (phytase) 01 01 0.1 0.1 0.1 0.1 0.1 0.1

Calculated

Crude protein CP% 213 212 212 213 18.7 178 18.1 18

Metabolizable Energy ME Mcal/kg) 2886 2067 2952 2903 2916 2804 2832 2811

*1Vitamin  and  mineral premix provided the following per kg of diet: vitamin A,

115001U;cholecalciferol,21001U;vitaminE(fromdltocopherylacetate),221U; vitamin B12, 0.60mg; riboflavin, 4.4mg;
nicotinamide, 40mg; calcium pantothenate, 35mg; menadione (from menadione dimethyl-pyrimidinol), 1.50mg; folic
acid, 0.80mg; thiamine, 3mg; pyridoxine, 10mg; biotin, 1mg; choline chloride, 560mg; ethoxyquin, 125mg; Mn (from
MnSO4-H20), 65mg; Zn (from Zn0O), 55mg; Fe (from FeSO4-7H20), 50mg;Cu (from CuSO4-5H20),8mg; (from
Ca(103)2:H20),1.8mg;Se,0.30mg;Co(from Co203),0.20mg;Mo,0.16mg.

A specific diet was assigned randomly to 1-day old chicks, replicated 4 times with 40 chicks per
treatment in a completely randomized experimental design. The experimental chicken were fed in
two phases: the growing phase (1-21 days) followed by the finishing phase (22-42nd days). Water

and feed and were availed ad libitum throughout the experiment.

Experimental birds

One hundred and sixty day-old broilers acquired from Kenchic Ltd® were used for the experiment.
The chicks were weighed on arrival and brooded with the aid of infrared bulbs. Temperatures were
retained at 32°C during the first week, and reduced by 2 °C every week, by adjusting the height of
the infrared bulb. The temperature had been reduced to 26°C at the end of the week three. For the
first 3 days, all the chicks were fed on a composite of the 4 experimental diets. On the third day,
the birds were feather sexed and randomly allocated into 16 cages (1m width x1m length x 0.9m
height), with each cage holding ten birds with an equal number of males and females as shown in

Figure 2.
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Figure 2: Cages placed in the poultry house

Each cage provided a floor space of 0.1m? per chick. Wood shaving covered the floor to a depth
of 10 cm. The birds were housed in a clean, well-lit, and well-ventilated poultry house. The chicks
were vaccinated against Infectious Bursal Disease (Gumboro) on the 7" day and New Castle
Disease on the 14" day. Any mortality that occurred in the course of the experimental period was

recorded.

Data collection

Feed intake and body weight gain

Weight gain and the intake of feed by the chicks was assessed weekly. Weight gain was obtained
by the difference in weight between two successive weightings. On every first day of the

experimental week, the chicks in each cage were weighed together in a tared plastic bucket using
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a digital weighing scale to the nearest 0.0g The difference in the bird’s current week weight and

their previous week’s weight was the bodyweight gain.

The feed intake was laid by the weight discrepancy of the initial feed availed at the start of the
experimental week and the amount of feed remaining at the conclusion of the experimental week.
At the beginning of the experimental week, a known quantity of the experimental diets was
weighed for each respective replicate into a plastic bucket, from which feed was transferred into
the respective feeding troughs throughout the experimental week. After seven experimental days,
the feed remaining in the feeding troughs were scooped and put back into the respective buckets,
and weighed. The ratio of the weekly feed intake and weekly weight gain was used to determine

the feed conversion ratio.

Carcass characteristics

On day 43, 32 birds, 2 from each replicate were selected on a weight basis (birds that were within
the average weight of that cage) and humanely slaughtered at the slaughter chambers at the
University of Nairobi poultry unit. The birds were each weighed before slaughter (live weight),
after slaughter (carcass weight), the weight of eviscerated carcass, drumstick, the breast, wing,
thigh, dorsum, liver, gizzard (with fat), spleen, abdominal fat, heart, and intestinal weight and
length were measured and recorded. The weight of the eviscerated carcass with head and feet was
used to calculate the relative weight. The pH of the meat was determined immediately after
slaughter using a pH meter (Hanna Instruments, Italy), and the meat color was determined using a
colorimeter (PCE-CSM 1, Germany). Color traits were showed in u CIE L*a*b* system (lightness-
L*, redness and greenness - a*, yellowness, and blueness - b*) (Robertson, 1977; Dzinic et al.,

2011).
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Sensory analysis

From every cage, one bird was randomly chosen at the tail-end of the experimental feeding,
slaughtered, labeled, and taken to the laboratory at the Food Science, Nutrition, and Technology
Department where sensory evaluation was done. The sampled chicken carcasses were skinned,
deboned, and cut into relatively equal portions then deep fried in a fryer. Cooked meat from
different experimental diets was sampled twice and coded. GBO= BN and JD, GB2.5= SF and

MQ, GB5= LT and HE, GB7.5= ZC and GY.

The color, odor, oiliness, hardness/tenderness, flavor, juiciness, fibrousness, after-taste, and
overall acceptability of the different meat samples were scored by a 7-point hedonic scale: 1
=“strongly disliked”; 2 =*moderately disliked”; 3 =*“slightly disliked”; 4 =*“neither like nor
dislike”; 5 ="slightly liked”’; 6 =“moderately liked”’; and 7 =“strongly liked.” (Granato et al., 2012;

Daniel et al., 2010).

The sensory evaluation exercise was done by forty panelists, both male and female, ranging in age
from 20 to 60 years old. They were presented with a sensory evaluation questionnaire. They were
requested to score for each attribute listed with the help of a scoring scale provided. The samples
were placed in disposable plastic plates. Water and toothpicks were provided to each panelist.
They were urged to gargle before and after evaluating a sample and before proceeding to the next

one. This was done in a partitioned room.

Digestibility test

On day 43, one bird from each replicate was transferred into a metabolic cage (Figure 3).
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Figure 3: Birds placed in the metabolic cages

A total of 16 broilers 4 birds from each experimental diet were selected. Before the transfer of the
birds, the cages and the room were disinfected and fumigated. The birds were allowed 3 days to
acclimatize to the new environment, and each bird continued on its previous experimental diet.
Individual feed intake was determined by the residue between the quantity of feed provided at the
start of the experimental period and the amount of feed remaining after 4 days of digestibility data

collection.

Total fecal material was collected every day for four days from aluminum trays lined with
polythene placed at the base of the cage. The trays were removed, and any material contaminating
the fecal material was handpicked. The fecal material from each bird was weighed daily,

thoroughly mixed, and sundried (Error! Reference source not found.).
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Figure 4: Sun-drying of the daily collected fecal material

The fecal material from each cage, collected and dried in the four days, was composited and

sampled for chemical analysis.

The digestibility of nutrients was determined as below:

(NF — NE) * 100
NF

nutrient digestibility % =

Where NF = nutrient in feed and NE = Nutrient in Excreta (Mujahid et al., 1996)

Chemical analyses

Duplicate samples of the guava by-product, raw materials, and the formulated experimental diets
were sampled for laboratory analysis. The analysis for Crude Fiber (CF), Dry Matter (DM), Crude
Protein (CP), crude ash, and Ether Extracts (EE) was done as (AOAC, 2002). To determine the
DM, samples were oven-dried for 12 hours at 105°C. The crude fiber was the sample fraction that
defied digestion by both the 2.04 N H>SO4 and 1.78N KOH solutions. The amount of CP was

analysed using the Kjeldahl procedure. To determine the crude ash content, the sample was burnt
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in a muffle furnace at 600°C for 3 hours. The EE was extracted from the sample by diethyl ether.
Nitrogen-free Extracts (NFE) were determined by subtracting the percent of the ash content, EE,
CF, and CP from 100%. Gross energy determination was done at the Kenya Industrial Research

and Development Institute (KIRDI), using an Adiabatic Bomb Calorimeter.

Duplicate samples from the breast and thigh muscle were sampled and assayed for Crude Protein

(CP) and Ether Extract (EE).

Fecal samples were also analyzed for dry matter, gross energy, ash, crude protein, crude fiber, and

ether extracts as described above.

Data analysis

All data collected on body weight gain, feed intake, FCR, the carcass parts, the meat quality, and
digestibility test were subjected to a one-way Analysis of Variance (ANOVA) using Genstat
Discovery 14th edition (Payne et al, 2011). Significant treatment means were separated using the

Bonferroni Multiple Comparison Procedure and the level of significance setat P <0.05.
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CHAPTER FOUR

RESULTS AND DISCUSSION

Chemical composition

Chemical composition of the guava by-product

The chemical composition of the guava processing by-product (composed of peels and seeds

after extraction of the pulp) is demonstrated in Table 2.

Table 2: Chemical composition (%DM) of sundried the guava processing by-product

(%)
DM (of the sun-dried sample) 88.51
Ash 3.10
Crude fiber (CF) 46.46
Crude protein (CP) 541
Ether extracts (EE) 6.32
Nitrogen free extracts (NFE) 38.71

The sun-dried guava by-product had 88.51% DM, 46.46% CF, 5.41% CP, 6.32% EE, 3.1% ash,
38.71% NFE, and an estimated ME of 2320Kcal/Kg. The CF of the guava by-product was less
than 56.01% reported by Lira et al. (2009) for red guava waste, 55.62% noted by Silva et al.,
(2009) and Pereira et al., (2009) and 59.21% reported by Kamel et al. (2016). The CF was also
higher than 40% documented by EI-Deek et al. (2009b), and 39.5% reported by El-Deek et al.
(2009). The variance in the crude fiber amount in the different byproducts can be attributed to
different processing techniques, guava varities and ripeness of the by-product. The crude protein
content was lower than 10.09% reported by Pereira et al., (2009), 7.53% (Kamel et al., 2016),

and 10.06% (Martins et al., 2021). This can be attributed to the different locations with different

soil types where the guava fruits are grown (Chiveu, 2018).
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The ether extracts (EE) of the guava by-product were lower than 10.86% recorded by Lira et al.,
(2009), 10.0%, and 7.92% documented by Braga et al., (2016). It was more than 4.52% recorded
by El-Deek et al., (2009b). The ash content was lower than 5.62% reported by El-Deek et al.,
(2009b) and higher than 2.52% recorded by El-Deek et al., (2009), and 1.27% by Kamel et al.,
(2016). The nitrogen-free extracts (NFE) fraction was higher than 33.14 % observed by El-Deek
et al., (2009b), and 32.97% recorded by El-Deek et al., (2009). The differences in nutrient content
with the current experiment can be allotted to the differences in soil types in the areas where the

fruits grow and the processing methods (Chiveu, 2018).

Chemical composition of the experimental diets

Table 3 displays the nutrient composition of the experimental diets.

Table 3: Chemical composition (% DM) of experimental formulated broiler feed

Broiler Starter Broiler Finisher

GB0O GB25 GB5 GB75 GB0O GB25 GB5 GB7.5
Dry matter 87.31 8790 88.07 8841 88.98 89.06 89.06 89.41
Crude protein (CP) 21.3 21.2 212 213 187 178 181 18.0
Ether extract (EE) 4.85 6.61 6.41 561 6.15 4.43 493 462
Crude fiber (CF) 6.5 7.6 8.12 8.88 832 8.67 937 10.95
Ash 6.69 6.13 5.86 5.93 561 7.09 598 5090
Nitrogen Free Extracts
(NFE) 60.66 58.46 58.41 58.28 61.22 62.01 61.62 60.53

GBO: control, GB2.5: 2.5% inclusion, GB5: 5% inclusion, GB7.5: 7.5% inclusion

During diet preparation, the aim was to have all diets for each feeding phase to be iso-nitrogenous
and iso-caloric. The target for the crude protein content in the diets was 21% in the starter diets
and 18% in the finisher diets. The crude protein for the starter diets ranged from 21.2 to 21.3%,
while in the finisher diet the range was from 17.8 to 18.7%. The slight differences were attributed
to the mixing and sampling errors and the inconsistent CP content of the ingredients used in the

diet formulation. The diet with the highest guava by-product inclusion had the highest crude fiber
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content, 8.88% for the starter diet and 10.95% for the finisher diet. This was due to the high fiber

amount in the guava by-product.

Growth performance
The feed intake, weight gain, and feed conversion ratio for the starter phase, finisher phase, and

the entire feeding period are shown in Table 4.

Table 4: Effect of inclusion of guava fruit processing by-product in broiler diets on
performance

Treatments
GBO _GB25  GB5 _ GB75 oM Pvalue

Starter phase (d1-d21)

Final weight (g) d21 868.9°¢  820.2° 934¢ 665.42  21.6  <.001
BWG! g/day 37.91° 3553°  40.85°  28.26° 1.004 <.001
ADFI* (g/day) 65.5 66.64 71.67 57.52 388  0.132
FCR! 1.720 1.877 1.758 2.039 0.089 0.102
Finisher phase (d22-d42)

Initial weight (g) d22 868.9°  820.2° 934° 665.4* 216  <.001
Final weight (g) d42 2447° 2379°  2639° 19902 706  <.001
BWG! g/day 75.15%  7424%  81.19°  63.09° 2.85  0.006
ADFI* (g/day) 52.56°  51.78°  53.26°  44.88% 1.344 0.003
FCR! 1.431 1.434 1.525 1.403  0.041 0.228
Entire Feeding period

Final weight (g) 2447° 2379°  2639° 1990°  70.60 <.001
BWG! g/day 56.53°  54.88°  61.02° 4568 167 <.001
ADFI! (g/day) 59.03®  59.21%  62.47°  51.20°0 217  0.019
FCR! 1.576 1.656 1.641 1.721  0.043 0.193

@Means in a row with different superscripts are significantly different (p<0.05)
IBWG — Body Weight Gain, ADFI — Average Daily Feed Intake, FCR — Feed Conversion Ratio

GBO: control, GB2.5: 2.5% inclusion, GB5: 5% inclusion, GB7.5: 7.5% inclusion

The ADFI during the starter phase tended to be lower for GB7.5 though not significant (p=0.132)
compared to GBO and the other experimental diets GB2.5 and GB5. This can be attributed to the
high fiber content in this diet. The daily body weight gain was influenced (p<0.05) among the diets
with the highest noted in GB5, followed by GBO (control) then GB2.5, and lowest in GB7.5. This

can be ascribed to the lower feed intake and probably reduce digestibility for this diet. The final
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weight at the termination of the starter period was highest in GB5, followed by GBO (control),
GB2.5, and lowest in GB7.5. This was in agreement with average weight gain throughout the
starter period. The FCR was not influenced (p>0.05) by the different inclusion levels of guava fruit
processing by-product.

During the finisher period, there was a marked difference (p=0.003) in feed intake, with GB7.5
having the lowest compared to others which were not different. This was due to the high fiber
content in the GB7.5 diet.

The daily body weight gain was influenced significantly (p=0.006) by the addition of different
levels of guava by-product in the diets. BWG was high in treatment GB5, intermediate in GB2.5
and GBO (control), and low in GB7.5. This was related to the feed intake during the period. The
final weight was similar among birds fed with GB0, GB2.5, and GB5 but low in GB7.5. The level

of inclusion did not influence FCR.

During the entire feeding period, the daily feed intake was highest for GB5 (62.47g/d) followed
by GBO and GB2.5 (59.03 and 59.21) and lowest for GB7.5 (51.20). It was significantly more
(p<0.05) in GB5.0 in comparison to GB7.5. The daily weight gain was similar for GB0, GB2.5,
and GB5 (56.53, 54.88, and 61.02 respectively) but significantly lower (p<0.05) for GB7.5 (45.68).
The FCR was not affected by the different inclusions during the entire period.

The low feed intake observed for GB7.5 can be attributed to the high fiber content that makes the
feed bulky compared to the other diets. However, El-Deek et al. (2009) reported that broilers fed
on feeds with higher levels of guava by-product inclusion (6% and 8%) whether raw or processed
greatly increased the amount of feed consumed compared to the diets with lower levels. According
to the study, this was owed to the considerably larger amount of crude fiber in the meals having

greater levels of guava by-products, which meant the birds were required to eat more to cover their
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energy needs because fiber content was not fully utilized. Fiber is bulky and quickly fills the
stomach limiting feed intake by the birds. In addition, insoluble fiber tends to accumulate a lot of
water and forms a gel that slows down the stomach emptying time and overall food transit time
through the GIT (Jha & Mishra, 2021). This extends the time an animal feels “full” significantly
reducing feed intake.

The results were different from Abiola & Adekunle (2002) who fed chicken a diet containing
melon husk as a replacement for maize in different percentages (0, 10, 20, and 30) and reported
that the diets with high fiber (10, 20, and 30%) had an increase in feed intake. El-Deek et al.
(2009Db) fed laying hens with diets of differently treated guava by-products at different inclusion
levels (5, 10, and 15%) also observed that the diet with the highest inclusion (10 and 15%) of
guava by-product had the highest feed intake, an indication that guava by-product improved the
diet palatability. This contradicted the finding that the highest guava by-product inclusion reduced
intake in this study. According to Lira et al. (2009), broiler birds that were fed diets with different
inclusions (3, 6, 9, or 12%) of guava waste showed a significant effect on feed intake during the
1t week with the 3% inclusion being the highest and the 12% having the least feed intake. This
was attributed to the fact that the birds were trying to cope to the experimental diets during the
post-hatch period.

Other studies where guava fruit by-products were fed to birds showed no effect on feed intake;
Guimarées (2007) observed that layers fed on feeds with differing amounts of guava waste
inclusion (0, 2, 4. 6 and 8 %) from week 30 to 39 had no influence in feed intake. Oliveira et al.
(2018) fed broiler birds with diets with guava by-product at inclusion levels of 0, 0.5, 1.0, and

1.5% and observed no effect on the feed intake.
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The birds with lowest performance for all attributes was observed at 7.5% inclusion of the guava
by-product which was arcorded to the high content of fiber in the diet. The high fiber in the diet
decreased feed intake resulting in poor weight gain observed in comparison to the other
experimental diets and the control. The fiber in guava fruit by-products consists mainly of lignin
and pectin (EI-Deek et al., 2009b). Pectin is a soluble fiber that tends to form a viscous gel-matrix
that reduces the accessibility of products of digestion to the absorptive sites by coating the
absorptive lining of the gut (Forman & Schneeman, 1980; El-Deek et al., 2009). Further, the gel-
matrix can inhibit enzyme activity (Arnal-Peyrot & Adrian, 1974; El-Deek et al., 2009; El-Deek
et al., 2009b). A comparable tendency was observed by El-Deek et al., (2009) where there was an
improvement in average weight gain for the broilers fed diets containing 4% and 6% guava
processing by-products in comparison to those fed the control diet, while those fed diets with 8%
processing by-products had a reduced daily weight gain. This was attrubuted the higher fiber
content of diets containing 8% inclusion.

Fiber has no energy value for non-ruminant animals because they do not have the necessary
enzymes for its digestion. Further, fiber dilutes the energy content of the diet. El-Deek et al.
(2009Db) reported that layers fed on diets containing 10 and 15% of guava by-products had a
significant increase in weight gain (159.5¢g and 153.69 respectively) compared to the control (78.7)
with no guava by-product inclusion an indication that there was a higher nutrient availability in
feeds with more guava by-product inclusion compared to the diets with no guava by-product
inclusion.

A study by Lira et al. (2009) however showed no influence on the weight gain for the broilers fed
diets containing 3, 6, 9, and 12% guava by-products from the 2" to the 6" week. There was

however a reduction of weight gain with increased guava by-product inclusion in the 1% week that
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was attributed to the birds being young with an immature digestive system and digestive enzyme
production compared to older birds. Guimaraes (2007) reported that guava by-product inclusion
levels of 0, 2, 4, 6, and 8% did not significantly affect weight gain in layer birds. De Oliveira et al.
(2018), fed broiler birds with diets containing 0, 0.5, 1.0, and 1.5% of guava byproducts, and
observed that the weight gain was raised linearly with the increase of guava by-product inclusion.
In the study, the level of inclusion was low which may not have had a negative effect on

performance.

From this study, it can be concluded that increased content of guava by-product to a level (5%) in
the diet improved the birds' performance in both weight gain and feed intake but a higher increment
(7.5%) led to adverse influence on the performance of broiler birds (reduced feed intake and

reduced weight gain).

For the entire experiment, there were no effects of guava by-product addition level on feed
conversion ratio (FCR) (1.57 to 1.72). This was an indication that the feed consumed by the birds
was equally utilized for gain for the different diets. This observation was similar to Lira et al.,
(2009), where broiler chicken were fed on diets with different levels (3, 6, 9 or 12%) of guava
waste, had FCR values between 1.67 and 1.72. The results were also in agreement with those by
El-Deek et al., (2009) where the FCR of broiler finisher diets with different inclusion levels of
guava by-product (0, 2, 4, 6, and 8%) was simillar. The values of the FCR were however higher
(3.01 for the control and 2.78 for the experimental diets) than those in this study (1.4-1.5) an
indication that in the current study diets were more efficiently utilized than those by El-Deek et
al., (2009).

The trends of the weekly performance of broilers fed diets with different levels of guava by-

product are shown in Figures 5, 6 and 7.
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Figure 5: Trends in weekly feed intake of birds fed on broiler diets with different guava fruit
processing by-product inclusions. The bars represent the standard error of the mean.

From Figure 5, it was observed that GB7.5 had the least feed intake throughout the experimental
period in comparison to the other diets. This was due to the highest amount of crude fiber in the
diet. GB5 was observed to have the highest feed intake in comparison to the other diets throughout
the experimental period. This revealed that there was an improvement in the feed intake in the diet
GBS5 in comparison to GBO, the inclusion of the guava by-product at 5% improved the diet making

it more palatable.
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Figure 6: Trends in weekly weight gain of birds fed on broiler diets with different levels of
guava fruit processing by-product inclusion. The bars represent the standard error of the
mean.

Figure 6 shows weekly trends in weight gain as affected by the different treatments. In the 1%
week, the weight gain was high and similar for GB0, GB2.5, and GB5 compared to GB7.5 and
this can be due to the high fiber in the GB7.5 that could not be well utilized by the birds at this
young age since the digestive tract and the digestive enzymes are not well mature. By the 3" week,
the birds peaked in the weight gain, an indication that the birds were well adapted to the diet. In
the 4™ week, the weight gain of the birds was observed to markedly reduce and this was attributed
to the change of diets from the starter phase diet to the finisher phase diet. By the 5 week, the
weight gain had peaked again a sign that the birds had adapted to the finisher feed and by the 6™
week, the weight gain reduced for GBO but with a slight increment in the other diets, a sign that

the guava by-product improved the weight gain.
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Figure 7 shows weekly trends in the feed conversion ratio (FCR) which was high for GB7.5,
though not significant, throughout the experimental period. This showed that the diet was not
efficiently utilized for weight gain by the experimental birds. During the 1% two weeks, GBO
(control) was more efficiently utilized compared to the experimental diets. By the 3" week to end
of feeding period, GB5 was the most efficiently utilized diet. At the 4™ week, the FCR had a
substantial increase, an indication that during this time the diets were not efficiently converted to
gain as was shown in Table 4. This was because the finisher feed was being introduced to the

broiler chicken.
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Figure 7: Trends in the weekly feed conversion ratio of birds fed on broiler diets with
different levels of guava fruit processing by-product inclusion. The bars represent the
standard error of the mean.
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Diet digestibility
The apparent digestibility of crude protein (CP), dry matter (DM), crude fiber (CF), and gross

energy (GE) are displayed in Table 5

Table 5: Effects of the level of inclusion of the guava by-product on apparent digestibility
(%) of dry matter, crude protein, crude fiber, and gross energy in broiler chicken

Experimental diets

SEM P-Value
GBO GB25 GB5 GB75
Dry Matter 6520 71.03 6947 6179 342 0264
Crude protein 57.17 6356 65.03 5459 389 0.228
Crude fiber 4877 53.01 4027 47.82 322  0.092
Gross 7827 8269 80.85 7344 547 0312
energy(GE)

GBO: control, GB2.5: 2.5% inclusion, GB5: 5% inclusion, GB7.5: 7.5% inclusion

The different inclusion levels of the guava by-product in the broiler finisher diets did not influence
the apparent digestibility of the different nutrients in the diets (P > 0.05). The apparent digestibility
of dry matter ranged from 61.79 to 71.03, the crude protein % apparent digestibility ranged from
54.59 to 65.03, and crude fiber apparent digestibility ranged from 40.27 and 53.01 and the GE
ranged from 73.44 and 82.69. It has been observed that from the ingested feed, broiler birds lose
around 30% of dry matter (DM), 50% nitrogen, and 25% of gross energy (FAO, 2013), in
agreement to this study. In another study where broilers were fed with guava extract at different
levels, the digestibility coefficients of metabolizable energy and nutrients in feed were unaffected

(Noleto-Mendonca et al., 2021).

The dry matter digestibility was not significantly influenced but the value appeared lower for diet
GB7.5 (61.79) in comparison to GBO (65.20) and the other experimental diets GB2.5 (71.03) and

GB5 (69.47). This was reflected in growth performance where the broilers fed on GB7.5 had the
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least weight gain. Table 5 above showed that the digestibility of crude fiber was low compared to
the other nutrients. Crude fiber contains both the insoluble and soluble non-starch polysaccharides

and fractions of lignin (Choct, 2015).

Carcass characteristics

A high-quality broiler chicken should have minimal abdominal fat with a high ratio of leg and
breast meat (Ogeto, 2017). Consumers have been observed to select against high-fat content due
to its link to the risk of heart disease (Micha et al., 2010) Other measures of quality are; looks,

tenderness and water holding capacity of the meat (Onsongo, 2017).

Absolute and Dressed % weights
Absolute weight is the weight of the bird, the whole carcass, and the different cuts of the carcass
while relative weight or dressed percentage is the percentage of the different weights to the weight

of the bird.

The absolute weights of the live bird, carcass, eviscerated carcass (with and without feet and head),
the abdominal fat, wings, drumstick, thigh, breast, heart, liver, spleen, gizzard without content,
and the intestines are shown in Table 6 and 7. The weights of the eviscerated carcass (with or
without feet and head), the abdominal fat, thigh, drumstick, spleen, heart liver, and gizzard were
not influenced (P<0.05) between diets. There was a non significant trend of increased weights
with the increase of guava by-product inclusion up to 5% (GB5) then a decrease in weight at GB7.5

which can be attributed to the higher weight gain during the experimental period.

In astudy by Liraetal., (2009) with 3, 6, 9, or 12% guava by-product inclusion the absolute weight
of the eviscerated carcass, thigh, drumstick, breast, dorsum, wings, heart, and spleen were also not

affected. However, in this study, the weights of the gizzard, and the intestines were observed to
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increase with the inclusion of the guava by-product. This increase in intestinal and gizzard weights
can be due to the increament in the fiber content in the diets. Increase in fibre content leads to an
increment feed retention in the gastro intestinal tract thus more contraction force is needed to aid
in digestion, this then leads to higher muscle mass thus the increased weight. Similarly Lira et al.,
(2009) reported a linear increament in gizzard weight as the guava waste addition (3, 6, 9, or 12%
) increased. The study attributed this to the increase of the seed content in the gizzard that caused
it to contract more thus increasing its muscle mass. However, EI-Deek et al. (2009) observed that
the gizzard weights were not significantly affected while the intestinal weights were influenced

significantly by the inclusion of the guava by-product.

The absolute weight of the bird and the weight of the carcass were influenced (P<0.05) by the diet
with GB7.5 being lower in both (22669) (2086.4) compared to the other 3 diets (Table 6). The
birds from GB5 had the highest weights compared to the control GB0O which was similar to GB2.5.
These differences are in line with the earlier observed higher feed intake and weight gain where
the high fiber content of GB7.5 was incriminated. The absolute weight of the wings was
significantly affected by the diet with the highest weight being of birds fed on GB2.5. The dorsum
weights were significantly different as the absolute weight reduced with the rise in the amount of
guava inclusion in the diet. In a comparable experiment by Camelo et al. (2015) where European
quails were fed a diet that had corn partially substituted with guava residues up to 10%, the carcass
characteristics were not affected. EI-Deek et al., (2009) also included guava byproducts of up to
8% in the feeds of broiler birds and concluded the carcass traits were not affected by the inclusions.
Evaluation of the effect of inclusion of guava in diets of other types of livestock diets showed no

effect on carcass characteristics, in pigs fed up to 30% (Rao et al., 2004), New Zealand rabbits
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with guava waste at 20% (Kamel et al., 2016) and growing lambs (Mosaad & Hassan, 2016; Costa

et al., 2019)).

Table 6: The effects of level of inclusion of the guava fruit processing by-product in broiler
chicken diets on the absolute and dressed % weights (g) of carcass and main carcass cuts

MEAN+ SE P-
SEM

GBO GB25 GB5 GB7.5 Value

Weight of live bird 2369.98% 2437.9° 2404.03° 2266.73* 24.9 0.002

Weight of the carcass 2173.63% 2245.68" 2228.63° 2086.42 26.4  0.005

Eviscerated carcass with
head and feet
Eviscerated carcass
without head and feet

1910.45 1969.18 1843.43 1815.88 59.9 0.313

1787.63 179235 1711.3 1676.08 62.4 0.494

Breast 660.6  683.38  684.98 6055 242 0.124
Thigh 150.13 15431 15445 14868 5.09 0.802
Drumstick 105.83 11366  112.09 10256 3.31  0.11
Wings 85.61%  90.51° 89.48%® 81.64* 1.826 0.019
Dressing %

Carcass 91.71 92.11 92.7 92.05 0.37 0.34
Breast 27.88 28.01 28.5 26.67  0.85 0.5
Thigh 6.33 6.33 6.43 6.56 02 0.84
Drumstick 4.47 4.66 4.66 453  0.14 0.7
Wings 3.61 3.71 3.72 36 079 0.6

ab means are significantly different within diets (P < 0.05)
means in a row with no letter superscript are no significantly different (p>0.05)
GBO: control, GB2.5: 2.5% inclusion, GB5: 5% inclusion, GB7.5: 7.5% inclusion

Table 7: The effect of level of inclusion of the guava fruit processing by-product in broiler
chicken diets on the absolute and dressed % weight (g) of internal viscera and other parts
of the chicken carcass

Mean+SE P-
SEM
GBO0 GB25 GB5 GB7.5 value
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Weight of live bird
Abdominal fat

Dorsum

Heart

Liver

Spleen

Gizzard without content
Weight of intestines
Dressed %

Abdominal fat

Dorsum

Heart

Liver

Spleen

Gizzard without content
Weight of intestines

2369.98%

25.4
437.23°
12.65
38.98
2.28
36.63
83.75

1.07
18.45
0.53
1.65
0.1
1.55
3.53

2437.9°

23.55

427.65P

12.18
41.38
2.15
37.78
95.38

0.97
17.54
0.5
1.7
0.09
1.55
3.92

2404.03°

30.3

415.53P

12.55
40.45
2
41.55
89.68

1.26
17.28
0.52
1.68
0.08
1.73
3.72

2266.73%

20.2

388.93°

12.18
40.55
1.75
41.18
95.65

0.89
17.17
0.54

1.79

0.08

1.82

4.23

24.9

3.55
10.91
0.643
1.828
0.285

2.59

6.14

0.15
0.41
0.02
0.08
0.01
0..12
0.26

0.002

0.288
0.044
0.928
0.826
0.61
0.472
0.497

0.37
0.17
0.79
0.63
0.71
0.33
0.32

3 means are significantly different between diets (P < 0.05)
means in a row with no letter superscript are no significantly different (p>0.05)
GBO: control, GB2.5: 2.5% inclusion, GB5: 5% inclusion, GB7.5: 7.5% inclusion
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Meat quality
Chemical analysis
The crude protein, moisture and ether extract (crude fat) content of meat from the thigh and the

breast are depicted in Table 8.

Table 8: The effect of level of inclusion of guava fruit processing by-product on the
moisture, crude protein and fat content (%) of thigh and breast muscle of broiler chicken

Mean+SE
GB0O GB25 GB5 GB7.5
Thigh  74.73 76 7392 73.93 0.879 0.342
Breast 72.47 73.54 74 74.46  0.502 0.081

Thigh 172 1625 1553 165 1.086  0.754
Breast 1956 178 1864 16.26 0.79 0.066
Thigh 2.5 2.11 2.51 283 0209 0171

Breast 2.24 1.67 1.58 1.68 0.489 0.768

GBO: control, GB2.5: 2.5% inclusion, GB5: 5% inclusion, GB7.5: 7.5% inclusion
means in a row with no letter superscript are not significantly different (p>0.05)

SEM  P-value

Moisture

Crude Protein

Ether Extract

The crude protein content of the thigh meat ranged from 15.53 to 17.2%, and 16.26 to 19.56 for
the breast meat, ether extracts ranged from 1.58 to 2.24 in the breast meat and 2.11 to 2.83 in the
thigh meat. Moisture was the highest constituent of the meat ranging from 73.92 to 76 for thigh

and from 72.47 to 74.46 for breast muscle.

The inclusion levels had no influence on the moisture content, crude protein (CP) and ether extracts
(EE) of both the thigh and breast muscle of the experimental birds. The EE content of the thigh
muscle was higher than that of the breast regardless of the diet in agreement with De Oliveira et
al (2016). In a review by Culioli et al (2003), the crude protein ranged 18.4 and 23.4%, and lipids
ranged between 1.3 and 6.0% in breast meat of broiler meat comparable to those in this study. The

findings also agree with Castellini et al., (2002) who recorded a range of 60 to 80% moisture, 15
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to 25% protein, and 1.5 to 5.3% lipids in chicken that were fed organically. De Oliveira et al.
(2016) reported that the ether extracts make the most variable component of the meat as it is

influenced by some factors; diet, age, the anatomical cut, and the breeding environment.

Dzinic et al. (2011) reported a moisture content of 74.04%, the protein content of 23.35%, and free
fat content of 1.40 % from the breast of chicken fed on extruded corn and slaughtered at 49 days.
They argued that chicken meat contained more protein (23%) compared to other meat types and
less fat (1-5%) thus considered as a dietetic food. da Silva et al. (2017) analysed the composition
of the thigh and breast of free-range and commercial broilers and reported a higherprotein (18%,
20.1%) in the free-range broiler compared to the commercial broiler (15.7, 19.9%). The total fat

content was high in the commercial broiler (3.4, 1.3%) than in the free-range broiler (2.2, 0.92%).

There was no variance in the meat composition of the birds on different guava inclusion levels

which can be attributed to the diets being isocaloric and isonitrogenous.
Meat pH

Meat pH is considered as the measure of how basic or acidic the meat is and is a pointer for the
overall quality of the meat, the freshness of the meat and the taste of the meat, and it can range
between 5.2 to 7.0 (Glamoclija et al., 2015). According to Hertanto et al. (2018), the acidity or
development of rigor time of chicken flesh may be affected by pre and postmortem treatment,
which changes the pH quality of the meat. The pH has effects on different aspects of the meat;
color, water holding capacity, weight lost on cooking, tenderness, juiciness, and the stability of
microbes (Fletcher, 2002). When the pH is more than 6.2 after 24hrs the meat will have high water
retention that will translate to short conservation and dark color formation referred to us the dark

firm dry (DFD) meat while when the pH is below 5.8 in less than 4hrs there will be pale soft and
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exudate (PSE) meat that has poor water retention with a pale and soft appearance (Bridi et al.,
2012; De Oliveira et al., 2018).
The influence of the level of addition of guava by-product on meat (breast and thigh) pH 30

minutes after the humane slaughter is displayed in Table 9.

Table 9: The effect of level of inclusion of the guava fruit processing by-product on the pH
of thigh and breast meat taken within 30 minutes of slaughter.

Mean+SE
SEM P-value
GBO0 GB2.5 GB5 GB7.5
Breast 6.35 6.43 6.3 6.29 0.0883 0.67
Thigh 6.32 6.37 6.36 6.39 0.0656 0.89

GBO: control, GB2.5: 2.5% inclusion, GB5: 5% inclusion, GB7.5: 7.5% inclusion

Means with no superscripts within a row are not significantly different (P > 0.05)
The thigh and breast meat pH was not influenced by the different additional levels. The pH of the
breast meat ranged between 6.29 and 6.43 while that of the thigh meat ranged from 6.32 to 6.39.
The values were bigger compared with those recorded by De Oliveira et al. (2018) for broiler birds
fed different levels of guava by-product (0, 0.5, 1.0, and 1.5%).They reported breast meat pH
ranging 5.90 to 5.96 while the thigh pH ranged between 6.02 and 6.09. The study attributed the
varince in pH between the breast and thigh meat to the dissimilar types of muscle fibers in each.
There were no significant effects observed in the pH within the different diets. The pH value in
this study lay within the range (6.29-6.48) reported by Glamoclija et al., (2015) at 15 minutes after

slaughter for the different breeds at 42 days of age.

Guava by-product addition in the diet did not influence the pH of broiler meat (De Oliveira et al.,
2018) and lambs (Nobre et al., 2020). Likewise, in this study, the the inclusion level did not affect

the pH..
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Meat color

Color has a vital impression on the quality of meat and is the most crucial factor while purchasing
meat (Nobre et al., 2020). The color of poultry carcasses and meat products is an important sensory
characteristic by which consumers often base product selection and judge quality (Petracci &
Fletcher, 2002). Some of the most important factors affecting the color of broiler meat include the
pre-slaughter conditions, the haem pigments, the slaughter process and the condition of processing
(Mir et al., 2017a).

The feed ingredient source can influence meat colour. Some ingredients contain pigments that are
lipid-soluble (like carotenoids pigments) which the animal can deposit under the skin affeceting
meat color (Mir et al., 2017). Guava by-product is reported to contain carotenoids (Omayio et al.,
2019). Meat color and color abnormalities are influenced by both myoglobin concentration and
muscle pH (Mir et al., 2017b). The characteristics of the meat color for different guava inclusion
levels are shown in Table 10.

Guava by-product inclusion level had no significant effect on any of the color aspects on both the
thigh and breast. From Table 10, the lightness (1*) of the breast meat ranged between 48.48- 50.34
while that of the thigh meat ranged between 53.36- 56.66. The breast meat redness ranged from
3.68 to 6.02 while that of the thigh meat was 3.17-4.11. The breast meat yellowness ranged
between 2.29-5.42 while the thigh meat ranged between 0.13-3.65. The meat redness (a°),
yellowness (b”), and lightness (L) were all similar between the different diets. These findings
were alike to those noted reported by De Oliveira et al. (2018) where the lightness (L*), yellow
content (b*), and red content (a*) of both the thigh and breast meat were unaffected by the addition
of the guava by-product. The I*ranged between 39.65 and40.89, (40.67-42.22) a* ranged between
(4.05-4.81), (9.03-9.45), and b* ranged between 5.36 and 6.68, (6.30-7.59) for the breast and thigh

meat respectfully.
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Table 10: The impact of different inclusion levels of the guava processing by-product in
broiler feed on the of the thigh and breast meat colour

Mean+SE P-
SEM

GBO0 GB25 GBS GB7.5 Value

a* breast 6.02 5.04 3.99 3.68 0.8 0.203
thigh 4.01 3.9 4.11 3.17 0.62 0.699

b* breast 5.42 3.71 2.68 2.29 1.03 0.193
thigh 3.46 3.2 3.65 0.13 1.02 0.094

* breast 50.34  48.48 49.8 50.24 1.67 0.826
thigh 55.09  55.64 56.66 53.36 2.24 0.769

GBO: control, GB2.5: 2.5% inclusion, GB5: 5% inclusion, GB7.5: 7.5% inclusion
Means with no superscripts within a row are not significantly different (P>0.05)
a*=redness, b*=yellowness and I*= lightness.

The amounts of guava by-product used in this study might not have contributed enough content of
carotenoids to influence color change. The results were in agreement with De Oliveiraetal., (2018)
where the guava by-product did not influence the lightness (1*) yellowness (b*) and redness

content (a*) of both the thigh and breast meat.

Sensory analysis

Sensory analysis of meat is an important aspect of quality determination as it evaluates the color,
odor, structure, texture, and flavor (Baston & Barna, 2010). The effect of guava inclusion level on

different sensory attributes is displayed in Table 11.

Table 11: The effect of level of inclusion of the guava fruit processing by-product on the
sensory attributes of broiler meat.

Mean+SE
SEM P-value
GBO0 GB25 GB5 GB75
After taste 5.09 481 49 4.39 0.1386 0.09
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Color 5.562 584> 505° 538% 0.1097  0.029

Fibrousness 5.05 4.84 4.81 4.61 0.1736 0.447
Flavor 5.25P 4,592 4.652 4532 0.0752 0.007
Hardness 5.13 4.05 4.81 4.39 0.188 0.054
Juiciness 474 4,28 471 4.18 0.1196 0.059
Odor 5.23% 5.56° 4.75* 510* 0.1077  0.026
Oiliness 5.24 491 5.14 4.66 0.1146 0.076
Overall 5.40P 4.90? 4.912 4,582 0.0656 0.004

ab¢ means are significantly different within diets (P < 0.05)

GBO: control, GB2.5: 2.5% inclusion, GB5: 5% inclusion, GB7.5: 7.5% inclusion

The score scale: 1 ="strongly disliked”; 2 =“moderately disliked”; 3 ="slightly disliked”; 4
= “neither like nor dislike”; 5 ="“slightly liked”; 6 =“moderately liked”; and 7 =*strongly liked
Guava by-product inclusion level had no significant effect (P > 0.05) on sensory traits of the
cooked meat. Meat after taste ranged between 4.39 to 5.09, fibrousness between 4.62-5.05, a
hardness between 4.39 and 5.13, juiciness between 4.18- 4.74, and oiliness ranging between 4.66
and 5.24. All the scores for these attributes were between 4 and 6, which is acceptable as they lie
between the score neither like nor dislike to moderately liked. The diets significantly affected the
overall acceptability of the chicken meat with GBO scoring the highest and low in GB2.5, GB5,
and GB7.5.

Flavors in chicken meat are a result of lipid degeneration, maillard reaction, or the interaction of
both to produce volatile compounds after cooking (Onsongo, 2017). Meat flavor is influenced by
a variety of elements, including the chicken's diet, meat pH, and cooking (Jayasena et al., 2013).

In this study, meat from the control diet was more acceptable than from all the diets, which scored

similarly.
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CONCLUSIONS AND RECOMMENDATIONS
The goal of the study was to explore how incorporating the by-products from guava fruit
processing in broiler chicken feeds affected performance. Four diets with different inclusions, 0%,
2.5%, 5%, and 7.5% of guava fruit processing by-product were formulated. One hundred and sixty
day-old broiler birds were used in the study. The four diets were replicated four times with ten
birds randomly allocated in each replicate. The broiler birds' weekly feed intake, weekly weight
gain, and feed conversion ratio were determined. The digestibility of the different formulated
finisher diets was determined. The birds were sampled from each treatment diet at the end of the

trial, and the varied carcass features and quality were examined.

Conclusion

It was concluded that:

1. The incorporation of of up to 5% guava fruit processing by product in broiler diets did not
influence feed conversion ratio (FCR), feed intake, and weight gain.

2. The incorporation of different levels of guava fruit processing of by-product in broiler diets
did not influence diet digestibility.

3. The incorporation of guava fruit processing by-product in broiler feed at different levels
did not affect the weight of the main cuts (thigh, drumstick, breast), meat pH, meat colour
and the nutrient constituents of the meat.

Recommendations
Guava fruit processing by-products (peels and seeds) can be incorporated in broiler rations up to

5% in order to lower the cost of production and maintain carcass quality.
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Areas for further research
There is a need to document more on the effects of guava by-product inclusion on the sensory

evaluation, meat colour, meat pH ofbroiler chicken.

1. More research should be done on the utilization of by-product from guava fruit processing
as animal feeds in layers swine and ruminants performancewhile encouraging the growing
and processing of guava fruit.

2. Evaluate the effect of inclusion of an exogenous enyme to enhance CF degradation
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