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PREFACE 

 

Chuka University is the 9
th
 Chartered Public University in Kenya. It organised the 6

th
 Cycle of these 

Annual International Research Conferences, whose theme was: ñLeveraging Entrepreneurial Research 

and Education for Sustainable Developmentò. The Conference theme was in line with contemporary 

times that require turning research and education milestones into enterprises for solving recalcitrant 

societal problems for healthy, secure and wealthy livelihoods. It contributed to the realization of the 

Kenya Vision 2030, UN Sustainable Development Goals and Global Economic Agenda blueprints such 

as Education for Sustainable Development, and Global Citizen Education. Together with the subthemes, it 

aspired to link scholars, researchers, industrialists and policy-makers to establish firm partnerships for 

exponential development. 

 

The Organizers set six subthemes for the Conference. These were: Enterprising Agriculture and 

Environmental Management; Enterprising Hospitality and Business Management; Enterprising Education 

and Training Competencies; Enterprising Arts, Humanities and Social Sciences; Enterprising Natural 

Sciences, Engineering and Technology; and Enterprising Health Sciences and Affirmative Actions. 

 

The objectives included: Dissemination and sharing of current knowledge, innovations and technologies 

for social upgrading; Bring academia and industry players together to uptake contemporary knowledge 

for policy setting; Facilitation of industrialists and academia to identify and showcase research milestones 

for economic transformation; Provision of a forum for stakeholders to interrogate entrepreneurship 

potential of generated research milestones. 

 

We subsequently received abstracts from over 250 delegates from Kenya and beyond, comprising 

academicians, policy makers, researchers, industry players, NGOs, CBOs, among others, from both 

public and private sectors. Almost all Universities in Kenya were represented in this Conference either 

through direct entry or collaboration. Similarly, many allied institutions wre represented. We had a host of 

exhibitors participating through showcasing of their products, or presenting posters of their latest 

discoveries and works. For the first time, a huge number of administrative and technical staff members 

have entered abstracts. It seems the saying that ñpublish or perishò has finally caught up with them. We 

therefore urge them to keep it up. 

 

We were truly grateful to all delegates who responded positively and immensely to our invitation. They 

listened in plenary sessions of their choice. Networking and exhibition sessions proceeded continuously 

during health breaks. The organizers invited several key lead speakers from pertinent industry sectors to 

curtain-raise the various breaker sections. The Conference ended with an excursion to a model incubation 

research centre and national heritage keeper of Kenya.  

 

We packaged full manuscripts submitted into these proceedings and shall upgrade selected highest quality 

ones for review and publication in the Chuka University Journal for Environmental Sustainability 

Enhancement Research (JESAR). 

 

We hope you shall find these proceedings informative and that you shall enjoy peruing them. Kindly 

leave us feedback that can help us improve on future proceedings.  

 

Professor Dorcas K. Isutsa, Ph.D. 

Deputy Vice-Chancellor (Academic, Research & Student Affairs) 
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KEY NOTE ADDRESS BY THE SECRETARY GENERAL/CEO FOR KENYA NATIONAL 

COMMISSION FOR UNESCO (KNATCOM), DR. EVANGELINE NJOKA,  MBS, DURING THE 6
TH

 

INTERNATIONAL CONFERENCE OF CHUKA UNIVERSITY, 6
TH

 NOVEMBER 2019 

 

ROLES OF UNIVERSITIES IN IMPLEMENTATION OF THE SUST AINABLE DEVELOPMENT GOALS  

The Vice-Chancellor of Chuka University Prof. Erastus Njoka, Deputy Vice Chancellors, Chuka University, 

University Staff, Conference participants, Students, Ladies and Gentlemen, Good morning.  

 

I am delighted to join you today during the opening of the 6th International Conference whose theme is ñLeveraging 

Entrepreneurial Research and Education for Sustainable Developmentò. Allow me to take this earliest opportunity to 

wish you a very fruitful conference with concrete deliverables towards promoting quality education in Kenya.  

 

Ladies and Gentlemen,  

As you are aware, UNESCO was established in 1945 after the Second World War with the aim of contributing to 

peace and security in the world, based on the premise that ñsince wars begin in the minds of men and women, it is 

in the minds of men and women that the defenses of peace must be constructedò. These words no doubt, make 

it clear that following the war, mankind was forced to reflect on the nature of war and peace. UNESCO is the only 

UN body with a mandate of Education from ECDE through Universities. Kenya became a member of UNESCO in 

1964 and KNATCOM was established in the same year and was placed under the Ministry of Education. In January, 

2013 KNATCOM became a State Corporation through the enactment of the Kenya National Commission for 

UNESCO Act 2013.  

 

The Commission derives its mandate from the UNESCO Constitution, Charter of the National Commissions for 

UNESCO and the Kenya National Commission for UNESCO Act 2013. As a State Corporation with international 

visibility, KNATCOM is the principal link between the national priorities of Kenya and the multilateral agenda of 

UNESCO. KNATCOM has five main programmes, in line with UNESCOôs areas of competence, these are; 

Education, Natural Science, Social and Human Science, Culture and Communication & Information. These 

programmes are supported by specific programme and expert committees drawn from relevant ministries, 

government agencies, academia and private sector.  

 

Ladies and Gentlemen, 

In 2015, the United Nations adopted the Global 2030 Sustainable Development Agenda and proposed 17 Goals with 

169 targets covering a broad range of sustainable development issues. These included ending poverty and hunger, 

improving health and education, making cities more sustainable, combating climate change, and protecting oceans 

and forests. Education is emphasized not only in goal 4 but also as one of the key factors for the achievement of all 

the other SDGs. Later in the same year, UNESCO issued the Education 2030 Framework for Action, which is a 

roadmap for the implementation of SDG4 -Education 2030. Institutions, should and will make a major contribution 

to the effective implementation of the Sustainable Development Agenda. 

 

Ladies and Gentlemen, 

Development is the process of gradually becoming bigger, better, stronger, or more advanced and is very critical to 

the growth of any individual, society or nation. It is however, important for any individual, community, society or 

nation to be able to sustain its level of development. Sustenance, is regarded as the ability to make a thing continue 

to happen for a long time.  

 

Universities play the leading role in the development sector all over the world. Within the last 80 years the worldôs 

population has increased threefold and will grow by approximately 3.7 billion people in the next 30 years with an 

estimate that ninety percent of the additional people will live in poor countries. There are risks of reversal of the 

gains made in the area of development over the last decade or so. As a matter of fact some of the countries are 

already falling behind target dates for meeting the MDGs. The United Nations and several international agencies and 

non-governmental organization (NGOs) have raised alarms and issued warnings over the state and conditions of the 

globe today. However, the fundamental and overriding success factor in the implementation of sustainability 

development is requisite human capital. According to Al-Roubaie (2013), ñthe concept of sustainable development 

is concerned with the management of national resources, including indigenous knowledge systems to balance 

present and future consumption. For example, non-renewable resources are finite and require adequate management 

https://en.wikipedia.org/wiki/Sustainable_development
https://en.wikipedia.org/wiki/Poverty
https://en.wikipedia.org/wiki/Hunger
https://en.wikipedia.org/wiki/Health
https://en.wikipedia.org/wiki/Education
https://en.wikipedia.org/wiki/Climate_change
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systems capable of exploiting them in a productive way to prolong their use beyond the present generation. In other 

words, sustainable development involves processes that link present generations with the future. 

 

In this regard, sustainable development should become a regular part of the programmes and curricula of our 

educational system at all levels. Education is an instrument for training human resources to optimize productivity by 

encouraging technical progress and by promoting cultural conditions conducive to social and economic change. 

 

 

Ladies and Gentlemen, 

While Universities are expected to play very specific roles in promoting sustainable development through their 

traditional functions of teaching, research and knowledge dissemination, there is a growing consensus that our 

current paradigms are inadequate for addressing the long term needs of a sustainable future. As such, it is then 

necessary for Universities to fill the gaps by updating strategies and procedures to accommodate the resilience 

required to progressively adapt to changing physical, historical and social conditions in order to play an active role 

in shaping a more sustainable future. They have a responsibility of taking care of the society and getting rid of the 

all the hurdles in the way of sustainable socioeconomic development. As the only UN agency with a mandate in 

higher education, UNESCO helps develop evidence-based policies in response to new trends and works to make 

education more inclusive and innovative.  

 

Ladies and Gentlemen, 

Leadership has a critical role to play in sustaining the transition to sustainable development, by directing 

institutionsô strategic planning, organizing main capital programmes and leading the institutionsô interactions with 

external stakeholders. Leadership also has a figurative role in manipulating the vision of staff and students about 

sustainable development. Universities have a great role to play in the realization of Sustainable Development Goals. 

This role is recognized by many people in the Universities and reflected by several international agreements 

between institutions to pursue growth related issues.  Universities  are supposed  to support communities on 

addressing emerging  challenges through  continuous development based on new knowledge generated.  It also helps 

get the abreast of the universities can institute  hands on oriented training and practices which can be utilized for 

societal transformation.  

 

The third central reason to make Universities a suitable option for taking the leadership in sustainable development 

is that each University is a combination of a number of different centers and organizations in which any of these 

centers or organizations can add a significant amount of knowledge and practices to the sectors of the society. One 

of the major functions of the Universities is  taking care of the society and getting rid of the all the hurdles in the 

way of sustainable socioeconomic development. They are the role models and the public is largely looking forward 

to these enlightened segments of society to overcome the issues. It is therefore notable that sustainable development 

has to be an essential component of the policy for the future development of the education sector.  

 

Therefore, Universities are expected to provide leadership, partnership and the much needed networking for the 

realization of SDGs. The seventeen (17) Sustainable Development Goals (SDGs) were formulated by the United 

Nations in September, 2015 to ensure sustainable development of the world in social, economic, environmental and 

political perspectives. The Goals are contained in paragraph 54 of the United Nations Resolution A/RES/70/1 of 25
th
 

September, 2015. They include to: 

(1) End poverty in all its forms everywhere  

(2) End hunger, achieve food security and adequate nutrition for all, and promote sustainable agriculture  

(3) Attain healthy life for all at all ages  

(4) Provide equitable and inclusive quality education and life-long learning opportunities for all  

(5) Attain gender equality, empower women and girls everywhere  

(6) Secure water and sanitation for all for a sustainable world  

(7) Ensure access to affordable, sustainable, and reliable modern energy services for all  

(8) Promote strong, inclusive and sustainable economic growth and decent work for all  

(9) Promote sustainable industrialization  

(10) Reduce inequality within and among countries  

(11) Build inclusive, safe and sustainable cities and human settlements  

(12) Promote sustainable consumption and production patterns  

(13) Promote actions at all levels to address climate change  
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(14) Attain conservation and sustainable use of marine resources, oceans and seas  

(15) Protect and restore terrestrial ecosystems and halt all biodiversity loss  

(16) Achieve peaceful and inclusive societies, rule of law, effective and capable institutions  

(17) Strengthen and enhance the means of implementation and global partnership for sustainable development  

The Goals are universal in that they embody a shared vision for all nations to progress in a safe, just and sustainable 

space. The Goals articulate the vision that no country should be left behind and that each country has a responsibility 

to contribute to the global development agenda. 

 

Ladies and Gentlemen, SDG 4 on Quality Education emphasizes target 4.7 on Education for Sustainable 

Development as a tool for addressing interlinked objectives such as:  

1. Society: to increase understanding of social institutions and their role in change and development, to 

promote social justice, gender equality, human rights, democratic and participatory systems, and health care 

(including HIV/AIDS). 

2. Environment: to increase awareness of the resources and fragility of the physical environment, the effects 

of human activity on the environment, climate change, environmental protection (including water 

education), and biodiversity. 

3. Economy: to create sensitivity to the potential and the limits of economic growth, its impact on society and 

the environment, responsible and sustainable consumption, and rural development. 

In addition to reflection in the classroom, schools often conduct community-oriented projects. This does not only 

serve to improve immediate local needs, but to equip students with the necessary skills to transform oneself and 

society. ESD is a broad teaching and learning process that encourages an interdisciplinary and holistic approach and 

promotes critical and creative thinking in the educational process. 

 

Ladies and Gentlemen, the following are some of the challenges of Sustainable Development  in Kenya. 

1. Societal Challenges 

Poor governance, corruption, bigotry towards cultural diversity, ethnic animosity, gender inequality, HIV/AIDS 

scourge, incidence of malaria, TB & other communicable and non-communicable diseases, Injustice, human rights 

abuse, all forms of violence and increased insecurity, scolded lifestyles & behaviours, drug and substance abuse, 

erosion of cultural values & morals etc 

2. Environmental Challenges 

Loss of biodiversity and forest cover, poor farming methods, land degradation, climate changes and variability, 

droughts, acute water shortages, poor waste management systems, pollution, natural disasters etc 

3. Economic Challenges 

Unemployment, poverty, corruption, poor living standards, inadequate investment infrastructure, rural /urban 

migration, corporate irresponsibility, inefficient & wasteful production systems, lack of accountability, 

unsustainable utilisation of natural resources, poor economic performance, poor policies, poor governments. 

 

Ladies and Gentlemen, the following are the Values to be promoted for the realisation of  SDGs. 

1. Respect the earth and life in all its diversity  

Recognize that all beings are interdependent and every form of life has value regardless of its worth to human beings 

and affirm faith in the inherent dignity of all human beings and in the intellectual, artistic, ethical, and spiritual 

potential of humanity.  

2. Care for the community of life with understanding, compassion, and love 

Accept that with the right to own, manage, and use natural resources comes the duty to prevent environmental harm 

and to protect the rights of people and affirm that with increased freedom, knowledge, and power comes increased 

responsibility to promote the common good.  

3. Build democratic societies that are just, participatory, sustainable, and peaceful 

Ensure that communities at all levels guarantee human rights and fundamental freedoms and provide everyone an 

opportunity to realize his or her full potential and promote social and economic justice, enabling all to achieve a 

secure and meaningful livelihood that is ecologically responsible.  

4. Secure Earth's bounty and beauty for present and future generations 

Recognize that the freedom of action of each generation is qualified by the needs of future generations and transmit 

to future generationsô values, traditions, and institutions that support the long-term flourishing of Earth's human and 

ecological communities. www.earthcharter.org   

Ladies and Gentlemen,  
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To fast-track the realisation of the SDGs UNESCO put in place the Global Action Programme(GAP) which 

focuses on enhancing Education for Sustainable Development. The main priority areas include; advancing 

policy, transforming learning and training environments, building capacities of educators and trainers, empowering 

and mobilizing youth and accelerating sustainable solutions at the local level. In addition the Ministry of Education 

has developed a Policy on Education for Sustainable Development (ESD) and guidelines for mainstreaming ESD 

from Basic Education and Universities and a focal point officer. 

  

The State Department of Planning has a whole section dedicated to SDGs implementation by various sectors of the 

country. Each Sector has a Goal or more to implement. Universities can cut across all the seventeen Goals due to the 

diversity of Programmes and faculty in them. Every University need to cut out a niche in the implementation of the 

SDGs. Currently there are coordinated efforts by the department of planning from the Ministry of Education to 

develop monitoring and evaluation modalities to be able to track the progress of implementation for the SDGs. 

 

It is also imperative to note that the Ministry of Education in collaboration with KNATCOM developed the 

Guidelines for mainstreaming Education for Sustainable Development(ESD) and Global Citizenships Education. 

 

Ladies and Gentlemen, in this regard, I urge Universities to take the lead in implementing SDGs. This can be done 

through integration into the academic and non-academic programmes including Research. I wish you the very best 

as you continue undertaking this noble assignment of implementing SDGs. 

 

Thank you very much and God bless you. 

 

Dr. Evangeline Njoka, Secretary General/CEO, 

Kenya National Commission for UNESCO(KNATCOM) 
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ABSTRACT 

Banana is one of the most important commercial crops in the world. In Kenya most of what is produced is consumed 

locally. The ripe fruits are delicate and have very short shelf life of approximately 3-4 days which limit their 

marketability. Ripening is a complex process and is associated with undesirable changes like quality deterioration 

hence shelf life reduction. Farmers in the endeavour to sustain their livelihood apply various mechanism to induce 

faster ripening. Some have adopted use of calcium carbide that is carcinogenic and unsafe for human consumption. 

Rosemary and Aloe vera are among the locally available herbs that have been found to have anti-inflammatory and 

ethylene emission properties. A laboratory study was designed to test the efficacy of these botanicals on banana 

ripening and shelf life. The experiment was set up in a complete randomised block design (CRD) and replicated 4 

times. Parameters of data collection involved; determination of total soluble solutes, percentage weight loss, sensory 

taste, skin colour and shelf-life. Data was subjected to analysis of variance (ANOVA) using SAS statistical package. 

Mean separation was performed using LSD at 95% probability level. 67% of the respondents indicate that fruits 

treated using rosemary had an excellent taste as opposed to 7% under Aloe vera and 26% for natural ripening. 

Banana shelf life of 9 and 8 days were recorded under Aloe Vera and Rosemary treatments respectively compared to 

5 days under the control. The results of this study indicate that there is potential for use of botanicals in fruit 

ripening and preservation as well as palatability enhancement. 

Keywords: Banana post-harvest, Rosemary, Aloe Vera, Shelf- life, botanicals 

 

INTRODUCTION  

Banana fruit is variable in size, color and firmness but is usually elongated and curved, with soft flesh rich in starch 

covered with a rind which may be green, yellow or brown when ripe. It is produced by several kinds of large 

herbaceous flowering plants in the genus Musa. Banana is one of the major fruits grown by farmers for subsistence 

use across the wet tropics and subtropics including America, Africa, South Asia and the pacific. 87% of banana 

produced worldwide is for local consumption (Christopher et al., 2009). Commercially, banana is harvested at the 

mature green stage and then ripened before marketing. Once ripe, the banana fruits are very delicate and have a short 

life of 3-4 days which limit their marketability (Ahmed and Palta, 2015). 

 

Being climacteric in nature, banana produces moderate levels of ethylene that triggers ripening and senescence. 

Ripening of banana is characterized by rapid softening which influences its shelf life considerably. Fruit ripening is 

a complex and genetically programmed process that results in marked changes in color, flavor, aroma, texture and 

nutritional value of fresh banana (Giovannoni, 2004). These changes are results of coordinated activation of multiple 

genetic and biochemical pathways influenced by internal and external cues regulated by many critical factors 

(Martel et al., 2011). However, banana continue to be alive even after harvest thus it is subject to continuous 

changes until it completely deteriorates due to effect of ethylene. A number of changes take place inside the fruit 

that influences its appearance, flavor, texture and that causes it to age consequently to rot and decay. While some 

changes are desirable, for example, changes associated with ripening like sweetness, many others bring about 

quality deterioration and postharvest loss. 

 

Most post-harvest treatment methods and technologies like refrigeration, modified atmosphere packaging (MAP) 

and treatment with ethylene inhibitors has been developed overtime for lengthening the shelf life and maintaining 

the post-harvest qualities of fruits (Pandy et al., 2017). But the accessibility and adoption of these technologies is 

unaffordable in most under developed countries. Botanical extracts can be used as cost effective simple methods to 

slow down physiological activities to a certain extent. Aloe Vera (Aloe barbadensis Miller) is a perennial plant that 

belong to the Liliaceae family with turgid green leaves joined at the stem in a rosette pattern. Aloe Vera produces 

yellow latex (exudates) and clear gel (mucilage) which proceed from the large leaf parenchymatic cells (Ni et al., 

2004) and have high antimicrobial properties. The Aloe Vera gel has been proven one of the best edibles and 

biologically safe preservative coating for different types of food because of its film forming properties, antimicrobial 
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actions, and biodegradable and biochemical properties. It is composed of polysaccharides and acts as a natural 

barrier to moisture and oxygen which are the main agents of deterioration in fruits and vegetables (Misir et al., 

2017). This natural product is a safe and environmentally friendly alternative to synthetic preservatives such as 

sulphur dioxide (Serrano et al., 2006). 

 

Rosemary (Rosmarinus officinalis) belongs to the Lamiaceae family. Rosemary has vast medicinal usage including 

antibacterial (Karamanoli et al., 2000) and antioxidant properties (Ozam. 2003). Commercially, rosemary is added 

to products such as frozen desserts, candy alcoholic and non-alcoholic beverages, pudding and various other goods. 

The antibacterial and antioxidant activities of rosemary is used to extend the keeping quality of fats and meat, while 

an antioxidant prepared from rosemary improved the stability of soy and potato chips. Rosemary extract is 

increasingly employed not only to provide flavor but also as natural alternative to synthetic antioxidants for the 

stabilization of oxygen sensitive foods. The antioxidative function is probably caused by several components in the 

rosemary extract, which belong mainly to the classes of phenolic acid, flavonoid diterpenoids and triterpernes 

(EFSA, 2008). Principle antioxidative components of the extract are the phenolic diterpens, carnosol and carsonic 

acid (EFSA, 2008). In additional to the active anti-oxidant principle and the reference volatiles, the Rosemary 

extract also contain residual organic material such as proteins, lipids, resins and waxes, carbohydrates and inorganic 

constituents. (FAO, 2016). Further studies have shown that rosemary and its extract pass hepaloprotective-ability to 

prevent damage to the liver (Sotelo-Felix et al., 2005), antithrombotic-used therapeutically for prevention or 

treatment of dangerous blood clots (Yamamoto et al., 2005), diuretic-reduces fluid levels in vessels thus the body is 

able to evade high blood pressure (Haloid et al., 2000), antidiuretic-control fluid balance in an animalôs body, 

(Bakirel et al., 2008), anti-inflammatory-a substance that reduces certain signs of inflammation (Altinier et al., 

2007), antioxidant (a substance that inhibits oxidation especially one used to counteract the deterioration of food 

products) and anticancer effects-used in prevention or treatment of cancer (Yesil-Celiktas et al., 2010). 

 

Banana is an important crop in East and Central Africa. It is a key staple food in some parts of the region and an 

important source of income (Soko Directory, 2018). The high perishable nature of banana fruits, inadequate storage 

facilities, and mechanical injuries due to improper handling, packaging, transportation and microbial infection are 

the major causes of postharvest losses of banana fruits (Devkota et al., 2014; Zenebe et al. 2015).  In Kenya, annual 

post-harvest losses in fresh horticultural crops like banana are estimated at more than 50% by IITA (2010) and at 18-

45% by Kitinoja and Cantwell (2010) due to poor storage and handling (Mashau et al., 2012). Aloe Vera is a well-

known plant for its medicinal properties. It is a tropical and sub-tropical plant. Recently researchersô in Spain have 

developed a gel-based on Aloe Vera that prolongs the conservation of fresh bananas (Tripathi and Dubey, 2004). 

The gel is tasteless, colorless and odorless. This natural product is safe and environmentally friendly alternative to 

synthetic preservatives. According to researchers, this gel operates through a combination of mechanics forming a 

protective layer against the oxygen and air inhibiting the action of micro-organisms on bananas (Serrano et al., 

2006). Aloe Vera gel is composed of a wide range of constituents which are mainly responsible for the antimicrobial 

activities against various micro-organisms. This gel inhibits the growth of both gram positive and negative bacteria 

(Habeeb et al., 2007). Emodine has been reported to be effective against several gram-positive bacteria (Cock 2008). 

Anthraquinones presented antimicrobial activity against Staphylococcus aureas strains and against Escherichia coli 

through inhibition of solute transport in membranes (Lone et al., 2009). There are some reports on the antifungal 

activities of Aloe Vera gel against several fungi including Colletotrichum spp (Nidiry et al., 2011). 

 

Aloe Vera coating is a successful bio-preservative and is a useful alternative to synthetic preservatives. To 

effectively extend the shelf life of fruits and vegetables, Aloe Vera gel- based coating is a relatively convenient and 

safe measure and is more concerned in food industry in relevant years (Sharmin et al, 2015). Coating concentrations, 

temperature and packaging has an effect on weight loss, fruit gloss, color and pH. The weight loss of coated grapes 

decreased with increasing concentration of the coating (Jared et al., 2016). Edible coating is traditionally used to 

improve food appearance and conservation. Firmness is a critical attribute in the consumer acceptability of fresh 

fruits and vegetables. Fruit softening considerably occur as a result of dehydration of middle lamella cell wall. 

Ripening of coated fruits is usually delayed by application of Aloe Vera.Apart from the well-known positive effects 

on human health (Eshun and He, 2004), Aloe products have the potential to be exploited in food formulations due to 

their antimicrobial and antioxidant properties, however, processing steps necessary to obtain such produces can 

compromise the natural qualities (Di scala et al., 2003; Maftoonazad and Ramaswamy, 2005) and consequently 

decrease the effectiveness. 

 

MATERIALS AND METHODS  
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The experiment was conducted in the research and teaching laboratory at Chuka University. The area experience an 

average annual temperature of 19.5 °C and average precipitation is 1599 mm. Freshly harvested bananas of 

approximate uniform size, shape and color of commercial variety Musa acuminata var dwarf Cavendish were 

harvested from the University farm. Individual fingers were separated from bunches and used for the experiment. 

The banana fingers were cleaned using distilled water and dried using serviettes just before experimental set up.  

 

Treatment Description 

Fresh, healthy and mature plants of Aloe Vera and Rosemary were collected from the University demonstration 

farm. The collected plants were washed first with clean tap water and rinsed using distilled water. They were shade 

dried at room temperature for 2 hours before use. A fleshy Aloe leaf was cut in canoe-shape and the gel was allowed 

to ooze out. The gel was then scooped using a spoon into a beaker. 350 ml of the gel was topped to 1 litre using 

distilled water. 350 grams of Rosemary was ground into small particles using a blender. The ground sample was put 

in muslin bags and immersed in 1000 ml of distilled water for 12 hours to obtain the extract. 

 

The fruits were washed in distilled water and dried with a cheese cloth. The fruits were dipped in the respective 

botanical extract treatments and the control was left untreated. The treated bananas were left to undergo normal 

ripening under ambient room conditions. Banana fingers from each treatment were randomly sampled at a 3-day 

interval to evaluate color change, weight change, pH and total soluble solids. The initial color of the treated banana 

was obtained by comparing to the banana color chart (Von Loesecke, 1949) where: 1-green; 2- green with yellow 

tracks; 3- more green than yellow; 4- more yellow than green; 5-yellow with green tips; 6-all yellow and 7- yellow 

flecked with black spots. The initial weight was determined using an electronic digital balance from a randomly 

selected banana and the readings were recorded.  

 

Experimental model and layout design 

The experiment was laid down in a complete randomized design (CRD) with 3 treatments and 4 replications. 

Experimental model; Yij = ɛ + Ŭi + Ůij, i=1, 2., µ = overall mean effect, Ŭi = true effect of the botanical treatment, Ůij  

= error term of the jth unit receiving botanical treatment  

 

Parameters of data collection 

Determination of TSS; TSS was determined from finely crashed fresh (5 g) sample, homogenized with 5 mL 

distilled water. The pooled fraction was blended for 3 min and TSS was measured using a calibrated hand-held 

digital refractometer (model mrc ref-85 refractometer). Three values were taken and averaged. 

Palatability; Evaluation was done by a panel of 30 people based on the taste of the ripe fruit. Values of taste were 

given in the scale of 1-5(5= excellent, 4= very good, 3= good 2= fair and 1= poor), at the end of the experiment.  

Shelf life (days); Shelf life of banana fruit as influenced by different post-harvest treatments was calculated by 

counting the days between fruit ripening and decay. 

Skin color change; Colour change was scored using a standard banana-ripening chart with colour plates ranging 

from 1-7 as described by Von Loesecke (1949), where: I-green; 2- green with yellow tracks; 3- more green than 

yellow; 4- more yellow than green; 5-yellow with green tips; 6-all yellow and 7- yellow flecked with black spots.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Von Loesecke (1949) banana colour chart 

 

Data Analysis 
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The collected data on various parameters was statistically analysed using SAS statistical package. The data was 

subjected to analysis of variance (ANOVA) and Mean separation performed using LSD at 95% probability level.  

 

RESULTS AND DISCUSSION  

Fruit total soluble solids (TSS) measures the amount of carbohydrates, organic acids, proteins, fats and mineral salts. 

TSS refer to the measure of the brix value which is a cheaper and faster subjective indicator of the fruit quality. 

Banana TSS ranges between 15-25% depending on variety and growth conditions. The total TSS was significantly 

affected by the botanical treatments. Sugar formation increase as a result of starch hydrolysis. In this study the 

increase in TSS was 4 to 18.5 during twenty-seven days of ripening (Figure 2). The magnitude of increase of total 

soluble solids in banana was dependent on treatments. Ripening is accompanied by occurrence of several 

biochemical processes that trigger break down of starch into simply sugars leading to increase in TSS (Afshar et 

al.,2010). The control experiment had the highest TSS compared to Rosemary and Aloe. Rosemary and Aloe have 

been described to have anti oxidative properties therefore reduces oxidation process that could have led to increase 

in TSS. Oxidation as a process is key in initiating processes that take place in the ripening banana tissues hence any 

physiological or biochemical process that interfere with oxidation will result to less TSS (Elitzur et al., 2016). The 

activities of the botanical extracts might have caused reactions that interfered with increase in TSS.  

 

 
Figure 2: Effect of the treatments on brix percentage 

 

Palatability  

The best taste score 5 excellent and score 4 very good were recorded from bananas treated with Rosemary (Figure 

3). After tasting the bananas exposed to Rosemary treatment 20 people acknowledged that the banana taste was very 

good, 5 people scored good, 2 people said it was excellent and 3 people scored fair taste. 16 people stated that 

bananas treated with Aloe Vera were good, 9 people stated fair taste, 2 people said the taste was very good while the 

remaining 3 people concluded that the taste was poor. For the control experiment, 3 people scored good, 13 people 

said the taste was fair and the rest 14 people gave a score of poor. Pooled data indicated that bananas treated with 

Rosemary had the best taste as scored by 56.25% of the respondents, followed by Aloe at 37.5% and 6.25% for the 

bananas that were not exposed to any treatment. 

 

Bananas treated with Aloe vera though not very good the taste was better than the control experiment. The taste of 

ripening banana is influenced by tannins that are found in the peel. Ripening process was gradual for bananas treated 

with Rosemary which contributed to best flavour and taste. It took 17 days as opposed to 13 days under the control 

experiment which led to development of better taste. Rosemary has been reported to produce some ethylene in 

addition to other antibacterial and anti-oxidative compounds (Karamanoli et al., 2000). Ethylene causes the fruits to 

become soft, sweet and develop better texture as they ripen.  
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Figure 3: Pie charts representing the palatability scores for banana treated with Rosemary and Aloe from 

different respondents 

 

Banana Shelf Life 

Fruit ripening took longer time under the Rosemary and Aloe treatments compared to the control (Figure 4). 

However, banana shelf life was longer under Rosemary and Aloe treated bananas by 8 and 9 days respectively. The 

least shelf life period was recorded under the control experiment.  Aloe vera forms gel like substance when the 

banana fruits are dipped in the gel the form a coating around the fruit. This causes rise in the concentration of carbon 

dioxide around the fruits causing it to develop bad flavor, slow ripening or total failure to ripen. This property of 

Aloe justifies the observation made in this study i.e. the ripening process took longer days compared to the control 

experiment. Rosemary and Aloe treated bananas had enhanced shelf life compared to the control experiment. The 

Polysaccharides contained in Aloe Vera acts as a natural barrier to moisture and oxygen which are the main agents 

of deterioration and antioxidant (Misir et al., 2017) in Rosemary inhibits oxidation which counteract the 

deterioration of banana fruit (Yesil-Celiktas et al., 2010). This increased the shelf life of banana. The two botanical 

extracts have antimicrobial activities that caused inhibition to the action of micro-organisms leading to longer shelf 

life (Serrano et al., 2006; Habeeb et al., 2007).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Ripening days and Shelf Life of bananas treated with Rosemary and Aloe 
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Colour change analysis 

Progressive changes were observed in the colour change of the banana fruits from the different treatments.  

 

   Treatment 

Days 

T0 T1 T2 

1 

   

2 

   

3 

   

4 

   

5 
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According to the observation above, 
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At the beginning of the experiment, all the bananas were totally green, after 9 days the colour development under the 

control experiment was more green than yellow while banana treated with rosemary and aloe Vera were still green. 

The change was gradual in all the treatments until all the bananas turned yellow, but as shown above colour change 

in the control treatment was fast followed by rosemary and lastly aloe Vera. It was therefore, apparent that as much 

as the plant extracts enhanced shelf life they had low potential in fastening ripening and colour change. Full colour 

development took 15 days under the control experiment while for the fruits treated with Aloe and Rosemary it took 

21 days. It was therefore concluded that the application of the treatments was effective to the experiment because 

banana that were not exposed to any treatment shown a black color meaning that they underwent rotting as 

compared to the others. 

 

CONCLUSIONS 

It was observed that TSS of pulp increased gradually during ripening across all treatments. Colour development was 

faster under the control experiment compared to the bananas treated with the plant extract. The extracts of Rosemary 

and Aloe enhanced banana shelf life for 4 and 5 days respectively above the control treatment. The palatability 

characteristics evaluated in this study can be important postharvest quality criteria for the consumption of banana. 
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ABSTRACT 

The existence of a functional management plan in any protected area is an indicator of good governance in a park or 

reserve where the management engages all stakeholders including the local communities not only to conserve 

wildlife but more so improve the socioeconomic well being of the communities. However, this poses a challenge 

because many of the protected areas in Kenya operate without consideration of their management plans or they are 

inexistence all together. A study conducted at Meru Conservation Area to evaluate effectiveness of protected areas 

using feedback from the local communities, other stakeholders, guided observations and documented literature to 

explore whether protected areas have positive effects which define their establishment and existence. The main 

indicators that were tested in this study as outlined in the MCA management plan were; involvement of the 

community in park planning and management, access to socio-economic benefits by the community, as well as the 

rate of human wildlife conflicts.  However, the findings revealed that the current management plans prepared based 

on the Protected Areas Planning Framework (PAPF) lacked effectiveness since it failed to address issues such as 

human wildlife conflicts, encroachment and socio-economic gains of the communities.  

Keywords: Effectiveness, Protected areas, Management, Planning, Communities  

 

INTRODUCTION  

Reconciling biodiversity conservation goals with social and economic issues is a strategy for conservation success in 

this millenium. Protected areas are important conservation responses that help to halt the loss of biodiversity (The 

Heinz Center, 2007) Their conservation success is often predicted on the local support which is influenced by 

perceptions of the inputs that are experienced by the local communities as well as opinions of management and 

governance (Nathan & Philip, 2014). The protected areas worldwide cover more than 12.7% of the terrestrial surface 

of the earth (IUCN, 1994). Therefore, there is a high expectation for these areas to deliver on many different 

objectives ranging from biodiversity, climate change mitigation, local livelihood as well as cultural and aesthetic 

values (Lopoukhine et al, 2012). It is within each of these values that relevant success of a protected area can be 

evaluated based on quality and performance.  Further, these roles are supported by the definite and mandate of 

protected areas(PAs) as defined by IUCN (1994) that their effectiveness is realized when all stakeholders including 

the local communities forms part of the management team and are able to realize the benefits of conservation. 

However, it is worthwhile to note that many PAs have followed the conventional and exclusionary approach of 1872 

Yellowstone model (Pretty and smith, 2004; Adrade and Rhodes, 2012). And as a result, many PAs have failed to 

integrate other important factors such as social, cultural and political issues in biodiversity conservation, an 

approach that has triggered adverse social impacts on local communities, disrupting their traditional ways of living 

and control of natural resources (Dudley et al 2003; Daniels et al 2012,Jenifer, 2014). This has in return continued 

to undermine wildlife protection policies through conflicts between the protected area authorities and the 

communities (Okello and Wishitemi, 2006; Ogada, 2011; FAO, 2015). Some communities still withhold their 

association from the PAs due to the initial approach by the management to deny them access to natural resources 

that supported their livelihood as well as little consultations and inadequate compensation during acquisition of these 

lands sets aside as PAs (Jim and xn 2002; Antony,2007). In other studies, (Macsia 2003; Pretty et al. 2004, Gelcich 

et al. 2005, Kiria et al. 2014) alludes that local communities are more likely to comply and commit themselves to 

long term conservation strategies when their knowledge and opinions are incorporated in the PA decision making 

process. For example, elsewhere, a study conducted by Lare (2001) revealed that in Bwindi impenetrable forest 

Uganda, several anonymous fires were set up after the national park was established burning up 5% of the forest. 

Further, Watts and Falsen (2009) observed that in Tsitsikamma national park, South Africa, local communities 

practiced illegal activities as a form of retaliation to command ïand-control conservation policies.  

 

In Kenya, like any other parts of the world, most of the protected areas were established with the main aim being 

protection of the wildlife. Much attention was invested towards managing the wildlife and their habitats with 

minimal inclusion of the local community opinions and needs in the park management plans. The outcome of this 

approach has been endless human wildlife conflicts, encroachment into the protected areas by the communities, 
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resentments and mistrust between the local communities and the wildlife managers. With failure of the previous 

models such as Yellowstone (Machlis and Tichnell, 1985, Runte, 1997, Stevens, 1997,) and People-Park (Stevens, 

1997, Oates, 1999; Schwartzman et al, 2000) in integrating communities in PAs planning and management, 

Protected Areas Planning Framework (PAPF) was introduced by Kenya wildlife service (KWS) in 2007 to link 

wildlife ecosystems needs and those of the local communities. Following this model, KWS initiated the 

development of various management plans to replace the existing ones. Tsavo Conservation Area and Meru 

Conservation Area were among the first to adopt this new framework (KWS 2007). 

 

The study therefore, sought to establish the effectiveness of the existing management plans in Meru Conservation 

Area (MCA) in promoting wildlife conservation as well as addressing the needs of the local communities. This is 

amidst the competing demand of other alternative land uses such as agriculture, livestock grazing, and settlement. 

The PAPF model was meant to enhance efficiency of planning initiatives and the understanding of buy-in of both 

wildlife managers, local communities and stakeholders.  The MCA management plan was intended to provide a 

practical tool to support and guide the coordinated and integrated management of the four constituent PAs (Meru 

National Park, Kora National Park, Bisanandi National Reserve, Mwingi National Reserve) as a single ecological 

and administrative unit (KWS 2007).  

 

METHODOLOGY  

The study Area 

The study was conducted at Meru Conservation Areas in Meru National Park and Mwingi National Reserve and the 

adjacent land. The study was conducted inform of a descriptive survey where the study area was purposively divided 

into four clusters based on the community land use patterns. Simple random sampling was applied to select the 

respondents from each cluster. A total of 120 local community members and an addition of 10 key informant formed 

the respondents. The approach was about evaluating effectiveness of protected areas using feedback from the local 

communities, other stakeholders, guided observations and documented literature to explore whether protected areas 

have positive effects which define their establishment and existence. The main indicators that were tested in this 

study as outlined in the MCA management plan were; involvement of the community in park planning and 

management, access to socio-economic benefits by the community, as well as the rate of human wildlife conflicts.  

 

 
Figure 1: Map of the Study Area showing it location in Kenya 

 

RESULTS  

Human-wildlife Conflicts  

The study found out that the communities living around the PAs frequently experience cases of HWC. Of these, 

95.8% confirmed that there are wild animals which are found outside the PA boundaries of the most commonly 

motioned being baboons, elephants, buffaloes.  
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Table 3: showing common forms of conflicts in the study area  

Conflict type  Frequency  Percentage 

Crop destruction  84 70.0 

Human death and injuries  4 3.3 

Loss of livestock  27 22.5 

Others  5 4.2  

Total  120 100.0 

 

According to the study findings, increase in HWC was attributed to poor management by KWS (69.2%), increased 

human population around the PAs (17.5%), sub-division of land (10.8%) and dislike of people for wildlife.  

 

Table 6: causes for increased human wildlife conflicts  

Cause  Frequency  Percentage  

Poor management by KWS 83 69.2 

Increased human population  21 17.5 

Sub-division of land  13 10.8 

People donôt like wildlife  3 2.5 

Total  120 100.0 

 

Involvement of the community in park planning and management 

The responses in this section were acquired using a scoring method where a likert scale was used to weigh the 

attitude of the respondents on a 5- point scale. The key areas that were subjected into test included; awareness of the 

local community of an existing management plan and their involvement in planning process, occurrence of conflicts 

and the realization of benefits. The responses were ranked from number 1-5, Where 1 represented, strongly disagree, 

2- Disagree, 3- Neutral/No opinion, 4- Agree and 5- Strongly agree. The conclusion was based on the scores for 

each of the responses.  

 

Table 7: Ranking of protected area effectiveness by respondents attitudes  

Indicators  Strongly 

disagree 

Disagree  Uncertain  Agree  Strongly 

agree  

Total  

Local community participate in 

management and planning process  

31 

28.5% 

70 

58.5% 

11 

9.2% 

6 

5.0% 

2 

1.7% 

120 

100% 

Cases of human-wildlife have 

reduced 

59 

49.2% 

51 

42.5% 

3 

2.5% 

7 

5.8% 

0 

0% 

120 

100% 

MCA plan has addressed social-

economic values 

19 

15.8% 

54 

45.0% 

9 

7.5% 

39 

25.2% 

3 

2.5% 

120 

100% 

MCA  plan has addressed cultural 

values 

76 

63.3% 

24 

20.0% 

6 

5.0% 

11 

9.2% 

3 

2.5% 

120 

100% 

 

The local communities disagreed that they were aware of the plan, while only 6.7% reported that they were not 

aware of an existing management plan for the conservation area. They were not involved during the preparation of 

the management plan which should have been a participatory process for them to contribute their ideas and make 

them co-managers of the resources. Further, in addition to involvement in management plan preparation, majority of 

the respondents (61.7%) disagreed with the fact that they were actively involved in day to day decision making in 

the protected area.   

 

DISCUSSION  

Protected Areas are effective management tools that have a broad array of positive and negative socio-economic, 

cultural, ecological and political impacts on local communities. Their design and day to day management should be 

in such that they are able to meet these expectations. Further, PAs protects habitats, ecosystems structure, 

functioning and integrity and species diversity, richness, size and diversity.  

 

It is expected that PAs should not only protect biodiversity but more so to be centers for alternative livelihood, 

social, cultural and educational benefits (Hockings et al, 2006). However, the picture painted on the ground is that 
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they have revealed to be centers of conflicts due to poor dispute resolution mechanism by the PA management, poor 

community and stakeholder participation, and limited access to resources and benefit sharing.  

 

The study findings explain the probable reason as to why there exist situations of low or no support by local 

communities in conservation programs. This is because they continuously experience the cost of conservation 

through property destruction by animals, low access to resources that can build their livelihood and fears of 

harassment and arrest.  It is therefore noted that poverty prevails in these areas since the communities are not 

engaging in viable land use investments that tolerate the impacts of wildlife.  

 

The study reveals that effectiveness still lacks in MNP and MNR despite the use of the PAPF model (KWS,2007) to 

prepare the MCA management plan since many PAs still follow the same exclusionary top-down approach of 

management. From the study findings, there is dissatisfaction by the communities who feels they were not consulted 

in plan preparation as well as its implementation on day to day basis. The KWS has also failed to consider their 

social, economic and cultural needs as shown by persistence poverty amongst the communities which was revealed 

by the poor housing and living conditions observed during the field study. The PAPF model developed by KWS 

provides the framework under which the current MCA management plan operates. As the study reveals, the plan 

was predestined to enhance effectiveness in PA management through reduced HWC, improved biodiversity 

conservation, increased tourism activity to boost local economy and increased wildlife security. However, the study 

findings reveals that the expectations of the management plan have not been realized since human-wildlife conflicts 

still exists, communities are still encroaching into the park and also practicing land use activities that affect wildlife 

ecosystems through pollution and reduced river flows downstream.    

 

CONCLUSION  

Study findings established some gaps in the management plan used in MCA especially in addressing wildlife 

ecosystems as well meeting the socio-economic needs of the local communities living around the protected area and 

who shoulder the burden of conservation. Effectiveness of the management plans should be examined through 

protecting the rights of communities and their access to resources on which they depend. Therefore, to ensure that 

the management plans produced are both realistic and appropriate, and to build wider acceptance of these 

communities and other stakeholders, their preparation should incorporate a high level of participation in 

prioritization for resource allocation, planning and management.  
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