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The Journal of Environmental Sustainability Advancement Research (JESAR) is a refereed 
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applied research investigations for publication to progressively impact society and humanity. 

 

The Journal of Environmental Sustainability Advancement Research (JESAR) shall be 
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5. SUBSCRIPTION 
The subscription per year and sale price per issue shall be as follows: 

 

Destination Institution Individual 

Kenya K. Sh. 1,000 (US$ 10) K. Sh. 500 (US$ 5) 

Africa K. Sh. 1,500 (US$ 15) K. Sh. 1,000 (US$ 10) 

Rest of World K. Sh. 2,000 (US$ 20) K. Sh. 1,500 (US$ 15) 

All agents 5% discount on all orders 25 and above 

 

The payments should be sent to Chuka University in favour of the Journal of Environmental 

Sustainability Advancement Research, C/O Chuka University, Division of Academic, Research 

& Student Affairs, P. O. Box 109-60400, Chuka, Kenya, Telephone numbers: +254(0)20-

2310512, +254-020-2021721, Email: chukauni.jesar@chuka.ac.ke, Website: www.chuka.ac.ke 
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6. PUBLICATION LOGISTICS 

6.1. Publication Frequency 

The Journal of Environmental Sustainability Advancement Research (JESAR) shall be published 
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3 

7. SUBMISSION OF MANUSCRIPTS 

7.1. Initial submission 

Initially submitted manuscripts should be emailed to: chukauni.jesar@chuka.ac.ke, attention of 

Editor-in-Chief, Journal of Environmental Sustainability Advancement Research (JESAR), C/O 

Chuka University, Division of Academic, Research & Student Affairs, P. O. Box 109-60400, 

Chuka, Kenya. The cover letter should include the corresponding author's full address, 

telephone/fax numbers, and email address. Once received a manuscript number will be emailed 

to the corresponding author. 

 

7.2. Final submission 

Once the manuscript is accepted for publication, the corrected draft should be emailed as one 

electronic file with the text, tables, and figures. The final corrected manuscript should be 

submitted as an e-mail attachment file to: chukauni.jesar@chuka.ac.ke, attention of Editor-in-

Chief, Journal of Environmental Sustainability Advancement Research, C/O Chuka University, 

Division of Academic, Research & Student Affairs, P. O. Box 109-60400, Chuka, Kenya.  

 
8. AUTHOR GUIDELINES 

8.1. Scope of Articles 

Ideas contained in the papers reflect opinions of authors and not of Chuka University, Journal 

Editors, or the Advisory Board. As an editorial policy, original unpublished full papers (2000 to 

6000 words) in all disciplines related to environmental sustainability advancement through 

agricultural, biological, business, educational, health, social and physical scientific, technological 

and innovative basic and applied research investigations that generate new knowledge to advance 

University teaching and research, as well as stimulate intellectual, economic, cultural, scientific 

and technological advancement, will be considered for publication in this Journal.  

 

8.2. Language of Publication 

The Journal publishes papers in UK English only. Use of complex jargon must be avoided. 

 

8.3. Format of Manuscripts 

Manuscripts should be typewritten on one side of plain white A-4 paper, double-spaced, with 2.5 

cm margins, left and right justification, one space between paragraphs, and no tab at the 

beginning of each paragraph. The abstract should appear in one column, whereas the rest of the 

text should be set in two columns per page. The font type should be Times New Roman and font 

size should be 12 for the main body text throughout the manuscript. Font size may be slightly 

reduced in Figures, Illustrations and Tables. Complex mathematical equations must be hand-

written for clarity in typesetting. 

 

8.4. Parts of a Research Manuscript 

Research manuscripts should preferably range from 2,000 to 6,000 words. Pages should be 

centrally numbered at the bottom. Each manuscript should contain the following parts: 

 Title page 

 Abstract 

 Introduction 

 Materials and Methods 

 Results and Discussion, with supportive Tables, Figures/Illustrations, where applicable 
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 Conclusions and Recommendations 

 References 

 

8.4.1. Title Page 

The title page should bear the title of the manuscript, followed by authors’ names and addresses. 

The title should be succinct, descriptive of the research reported and not exceed fifteen (15) 

words. The corresponding author should be indicated with a note. 

 

8.4.2. Abstract 

Each research article must have an abstract that is a non-critical informative digest of the 

contents, conclusions and recommendations of the article. Each manuscript should have an 

abstract written in a single paragraph of 300 words maximum. Below the abstract, indicate 

keywords of up to eight for indexing purposes. 

 

8.4.3. Introduction 

The introduction should indicate the importance, define the problem, state the hypotheses and 

objectives, and give a brief survey of the relevant literature. It should follow the abstract after 

skipping only one space. 

 

8.4.4. Materials and Methods 

This section describes the methodology employed to conduct the research and hence it should 

clearly describe in prose format, not as a list, the individuals/items/materials used, their sources, 

conditions, research design, and steps or procedures followed in experimentation to enable others 

adopt or double-check findings. 

 

8.4.5. Results and Discussion 

Results support or reject the hypotheses, or answer the questions stated in the introduction. The 

discussion section interprets the data and draws conclusions, inferences and recommendations 

for adoption and further research. 

 

8.4.6. Tables 

Tables should be used to present material not included in the text or Figures. Tables should be 

inserted in the text near where they are first mentioned. Tables should be numbered using Arabic 

numerals (e.g. Table 1) and given specific titles at the top. Tables should not be enclosed in grid 

lines, but should be given the top, bottom and subheading borders only. Example: 
 

Table 1. Effect of tomato varieties on fecundity and longevity of Tetranychus evansi 

Variety Fecundity (average eggs laid per female) Average longevity (days) 

Cal J 32.0b 7.5b 

Onyx 23.0c 7.2b 

Roma 23.9c 6.7b 
Riogrande 48.6a 8.2b 

Money Maker 52.4a 12.8a 

Eden F1 31.3b 7.6b 
Anna 33.2b 7.4b 

Wild type 9.1d 4.8c 

Mean 31.94 7.78 
SE 1.48 0.34 

CV (%) 19.03 13.8 

Means within a column followed by the same letter are not significantly different according to Tukey HSD test, P = 0.05. SE = Standard Error. 
CV = Coefficient of Variation 
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8.4.7. Figures 

Figures must be cited in the text in numerical order and present material that is not included in 

the text or tables. Figures should be inserted in the text near where they are first mentioned. 

Figures should be numbered in Arabic numerals (e.g. Figure 1) and carry specific titles at the 

bottom. Lettering on the Figures must be sharp, large and dark enough to withstand reduction 

down to 50%. Legends to Figures should be included in the Figure, giving sufficient data to 

make the Figure comprehendible without reference to the text. Example: 

 
Figure 1: Effect of nitrogen rate on seed potato sprout length at 90 DAS 

 

8.4.8. Illustrations 

Illustrations should be in black and white. If colour is necessary, the cost of re-production will be 

charged to the author(s). Pictures intended to grace the Journal cover must be in colour and 

submitted as a soft jpeg digital copy and a sharp print. An appropriate scale bar on the 

Illustration should be used to indicate magnification. Example: 

 

    
Pate 1. Tomato plants grown in two types of soil: treated with 8% Lippia + 8% Ocimum 

showing clean healthy roots (A), and not treated (control) showing galls (B) 

 

8.4.9. Units 

Units of measure should be metric Standard International (SI) and clearly indicated in the main 

text, Tables and Figures. Example: kilogramme (kg), metre (m), litre (L), tonne (t), hectare (ha). 

 

8.4.10. Abbreviations 

Only standard abbreviations should be used; unusual ones should be given initially in full 

spelling out followed by the abbreviation in parentheses; thereafter abbreviated.  

 

A 

B 
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8.4.11. References  

 Only articles or books that have been published or are accepted for publication may be listed 

in references. Papers presented at conferences or symposia may be listed only if proceedings 

are published. Unpublished and personal communication material should not be used.  

 References must be cited in the text by author and date; e.g. Mukami (1983), Kirumba and 

Mbogo (2000), or Onyonka et al. (2005) [in case of more than two authors].  

 In alphabetised references, journals should be spelled out and references listed as follows:  

Journal articles:  -Ekesa, B.N. 2009. Agricultural biodiversity for food and nutrient 

security: The Kenyan perspective. International Journal of Biodiversity 

and Conservation, 1(7):208-214. 

 

-Siddiqui, Z.A. and Akhtar, M.S. 2007. Biocontrol of chickpea root-rot 

disease complex with phosphate-solubilising microorganisms. Journal of 

Plant Pathology, 89(1): 67-77. 

 

-Oswell, F.N., Rufaro, M.M., Susan, K. and Arnold, B.M. 2007. 

Indigenous knowledge of the traditional vegetable pumpkin (Cucurbita 

maxima/moschata) from Zimbabwe. African Journal of Agricultural 

Research, 2(12):649-655. 

 

Book:  Ochapa, C. O. 1984. Introduction to Tropical Soil Science. Macmillan 

Intermediate Agriculture Series. Macmillan Education Ltd, London, UK. 

 

Chapter in a book:  Kauffman, C.S. and L.E. Weber. 1990. Grain amaranth. p. 127-139. In: J. 

Janick and J.E. Simon (Eds.). Advances in New Crops. Timber Press, 

Portland, Oregon, USA. 

 

Proceedings:  Chweya, A.J. 1997. Genetic enhancement of indigenous vegetables in 

Kenya, p. 90-99. In: L. Guarino (Ed.). Proceedings of IPGRI International 

Workshop on Genetic Resources of Traditional Vegetables in Africa: 

Conservation and Use. 29
th

-31
st
 August, 1995, ICRAF Headquarters, 

Nairobi, Kenya.  

 

Thesis/dissertation: Wekesa, F.S. 2010. Socio-economic analysis of production and response 

of grain amaranth (Amaranthus caudatus L.) to fertilizer application and 

intercropping with maize or beans in Kisumu West district, Kenya. Master 

of Science Thesis, University of Nairobi, Kenya. 

 

8.4.12. Footnotes 

Footnotes must be avoided in the main body of the manuscript. 

 

8.5. Parts of a Review Manuscript 

Review manuscripts should range from 3,000 to 4,000 words and contain extensive literature 

citation. Include title page, abstract, key words, introduction, literature review, 

discussion/application, conclusions and references. 
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8.6. Other Manuscripts 

 Letters and viewpoints: Debates on policy issues relating to JESAR disciplines; personal 

views and experiences relevant to important policy issues will be considered. 

 News and reports: Breakthroughs in JESAR disciplines or matters of concern anywhere in 

the world will be considered. 

 New technologies and products: Evaluation of new products and technologies developed for 

or relevant to global markets will be considered. 

 Announcements: Information on scientific conferences, training programmes, industrial 

exhibitions, awards of interest to the global scholarly community will be considered.  

 

9. PAGE-PROOFS 

Page proofs will normally be sent to the corresponding author through email for correction 

within a specified timeframe. Failure to comply with the deadline will result in exclusion of the 

manuscript from publication schedule.  

 

10. SUBMISSION CHECKLIST 

All items must be checked and fulfilled in and emailed alongside the manuscript. 

 

11. COPYRIGHT NOTICE 

Copyright for articles published in this Journal will be retained by the Journal publisher. Thus, 

copyright for material accepted for publication will transfer to the publisher of the Journal of 

Environmental Sustainability Advancement Research (JESAR).  

 

12. PRIVACY STATEMENT 

The personal information such as names, telephone and fax numbers, and email addresses 

entered in the Journal will be used exclusively for the stated purposes and will not be made 

available for any other purpose or to any other third party.  

 

13. JOURNAL CONTACTS 

The main contact is: Editor-in-Chief, Journal of Environmental Sustainability Advancement 

Research (JESAR), C/O Chuka University, Division of Academic, Research & Student Affairs, 

P. O. Box 109-60400, Chuka, Kenya 

 

14. PUBLICATION CHARGE 

A handling non-refundable fee of Kenya shillings five thousands (KES 5,000) should accompany 

each accepted manuscript. In return, the corresponding author will receive one free copy of the 

volume in which the accepted paper appears. The money should be remitted as a banker’s cheque 

or money order in favour of the: Journal of Environmental Sustainability Advancement 

Research, C/O Chuka University, Division of Academic, Research & Student Affairs, P. O. Box 

109-60400, Chuka, Kenya. 

 

15. JOURNAL LAYOUT 

The appearance of the Journal shall be as shown in the attachment. 
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J. Environ. Sust. Adv. Res. Year. Vol.: Page-Page   SAMPLE ARTICLE 

 

YIELD MAXIMIZATION OF ETHANOL BY METABOLISM OF UNFERMENTED SUBSTRATE IN 

COCONUT PALM SAP WINE 
 

Okal, E.J.
1
, Chimbevo, M.L.*

1
, Kahindo, J.

1
 and Agoi, L.K.

1
 

1
Department of Pure and Applied Science, Technical University of Mombasa, P. O. Box 90420-80100, Mombasa 

3
Department of Biochemistry, Mt. Kenya University, P. O. Box 342-01000, Thika 

*Correspondence: lennychimbevo@yahoo.com, 0727684282 

 

Abstract 

Palm wine (Mnazi) tapping is a socio-economic activity among the Mijikenda community at the Kenyan coast. It 

is prepared for economic, religious and cultural purposes. It contains lots of fermentable compounds. However, not 

all is fermented to generate ethanol as the end product by the naturally occurring wild yeast. This study determined 

the level of fermentable compounds, unfermented substrates and ethanol yields of both natural and controlled 

fermentation. Fresh palm wine (Mnazi) samples tapped overnight were collected from Chumani, Rabai and 

Mtwapa in Kilifi County into sterile bottles and placed in a cool box at below 4
o
C. The samples were fermented 

under natural and controlled conditions using A. niger and S. cerevisiae for six days. Substrate levels before and 

after fermentation were then quantified. The student’s t-test was used to compare differences between fermented 

substrates, soluble solids, pH and ethanol content in fresh Mnazi and natural and controlled fermented Mnazi. 

Fresh Mnazi had high percentages of fermented substrates (10.1% sucrose, 2.3% glucose and 0.6% fructose), 

soluble solids (14.6%) and pH 6.0. Ethanol increased while percentages of unfermented substrates, pH and soluble 

solids in Mnazi decreased after both natural and controlled fermentation. The levels of fermented substrates, total 

soluble solids and pH differed significantly (P<0.05) after both natural and controlled fermentation. Thus 

controlled fermentation using A. niger and S. cerevisiae generated higher ethanol levels than natural process and 

can be simultaneously used in industrial ethanol production from Mnazi. 

Key words: Fermentation; Fermentable substrates, Ethanol; Palm wine 

 

 

INTRODUCTION 

Palm wine (Mnazi) tapping is a common socio-

economic activity among the Mijikenda community 

at the Kenyan coast (Kadere et al., 2009). The wine is 

prepared for economic, religious and cultural 

purposes (Waijeng et al., 1993). It contains lot of 

fermentable compounds such as sugars, proteins, 

vitamins, phytochemicals and other organic 

compounds (Kadere et al., 2004; Eze and Ogan, 

1988). However, not all the sugars in the palm sap 

are fermented to generate ethanol; the end product by 

the natural occurring wild yeast. 

 

Unlike wine made from grape, the fermentation of 

palm wine is not controlled, leading to wide 

variability in the ethanol produced. Further 

fermentation converts the ethanol into acetic acid, 

lactic acid and tartaric acid, a transition that makes it 

to have sour test (Kadere and Kutima, 2012). If the 

fermentation is allowed to continue further for 24 

hours, vinegar is produced and Saccharomyces 

cerevisiae, Sachioscchromyces probe, Lactobacillus 

plantunum, Leuconostoc spp. and Leuconostoc 

mesenteries are responsible for this fermentation 

(Kadere et al., 2008). Palm wine may also consist of 

pathogenic bacteria e.g. Serratia, Micrococcus and 

Klebsiella; and probiotic bacteria e.g. Lactobacillus 

and Pediococcus (Kadere et al., 2008). The 

theoretical alcohol yields lies in the range of 9-10% 

with natural fermentation process of the palm wine of 

about 5%-6% (Kumuthini et al., 1988).  

 

It is therefore clear that most of the sugars in the 

palms sap are not converted to ethanol, a product 

which is of great industrial significance. The lower 

level of ethanol obtained by the traditional method 

could be associated with the natural process and the 

microbes involved. The method also accounts for 

1.0%-2.0% alcohol loss by injudicious handling 

(Kadere et al., 2009).  

 

Most of the Mnazi prepared in the Kenyan cost is 

done by small-scale tappers with the intention of 

making the local brew on a small-scale level 

(Gachanja et al., 2007), and yet large amount of the 

sugars in the palm wine remains unfermented. 

Moreover, the wine goes bad a few days after 

tapping, thus it cannot be prepared locally on large 

scale. Furthermore, there are no preservation methods 

in place, thus a lot of the wine goes to waste.  

 

mailto:lennychimbevo@yahoo.com
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With the current great demand for ethanol to meet the 

energy demand of alternative liquid fuel for 

automobiles and industrial use, production of 

industrial ethanol from fresh tapped palm sap would 

be suitable alternative. Mnazi has been associated 

with irresponsible behaviour and poor health, 

especially among men and youths in the Kenyan 

coast (Mwachiro and Gakure 2011; Kadere et al., 

2009). Mechanisms to ensure unfermented sugars are 

utilized to make important products need to be put in 

place through metabolism of the unfermented 

substrates using microorganisms such as A. niger and 

S. cerevisiae in controlled fermentation. This will 

lead to production of palm sap on large-scale for 

commercialization activities such as production of 

industrial ethanol.  

 

Production of other useful products from this 

important resource will be a major step in curbing the 

negative effects of Mnazi brewers. This will enhance 

economic growth and minimize the social and health 

problems associated with excessive Mnazi drinking. 

The present study aimed at determining the level of 

total sugars, solid content of fresh palm sap, quantity 

of the unfermented substrates and ethanol yields of 

both natural and controlled fermentation. 

 

MATERIALS AND METHODS 

Sample Collection and Storage 

Fresh palm wine (Mnazi) samples tapped overnight 

were collected from Chumani, Rabai and Mtwapa 

(Kilifi County) and placed in a cool box at below 

4
o
C to prevent natural fermentation by the naturally 

occurring yeasts and bacteria. It was transported to 

the laboratory of Pure and Applied Science 

Department at the Technical University of 

Mombasa and stored below 4
o
C to prevent 

fermentation. 

 

Fermentation of the Palm Sap 

In natural fermentation, samples of fresh palm wine 

obtained from tappers were fermented under natural 

conditions for six days. No chemicals or substances 

were added into the samples. Ethanol content, pH, 

sucrose and soluble solid content were quantified 

after fermentation. In controlled fermentation, 

strains of S. cerevisiae and A. niger were obtained 

from the Microbiology Laboratory in the 

Department of Pure and Applied Sciences of the 

Technical University of Mombasa. The organisms 

were maintained on Potato Dextrose Agar slants at 

37
o
C. The sap was pasteurized by boiling for 15 

minutes in boiling water bath and allowed to cool 

before inoculation with a 5 ml of S. cerevisiae and 

A. niger. Fermentation processes were performed in 

250 ml flasks where each fermentation media was 

inoculated with A. niger and incubated at 37
o
C for 3 

days. The S. cerevisiae was added in the fermenting 

broth and fermentation continued for 4 days. The 

pH of the medium was adjusted to 5.5 for each 

experiment using normal HCl or NaOH. Inorganic 

salts 0.5 g/L NH4Cl, 0.2 g/L, MgSO4 and 0.5 g/L 

KH2PO4 were added to serve as sources of nitrogen, 

magnesium and phosphorus, respectively. The 

flasks were made air-tight using a paraffin paper to 

maintain anaerobic conditions and incubation was 

done for six days. 

 

Quantification of Substrate Levels Before and 

After Fermentation  

Total content of sucrose, glucose, and fructose in 

both fresh and fermented samples was determined 

using modified dinitrosalicylic (DNS) method as 

described by Wilson and Walker (2000). A 5 ml 

aliquot of both fresh sap and fermented wine was 

centrifuged for 10 minutes. Dinitrosalicylic (3 ml) 

was added to 3 ml of sucrose, glucose and fructose 

in capped test tubes, heated at 90
o
C to develop red 

brown colour. Rochelle salt (potassium sodium 

tartarate) solution (1 ml of 40%) was added to 

stabilize the colour. After cooling at room 

temperature in a cold water bath, absorbance of the 

sugars was read from a spectrophotometer (Digital 

Model) at 340 nm (sucrose), 590 nm (glucose) and 

490 nm (fructose) and standard curve used to 

calculate the unknown concentrations. Ethanol 

level in both fresh sap and fermented sap was 

determined using spectrophotometric method as 

described by AOAC (2000). Mnazi test samples (3 

ml) and 2 ml of 0.1447 M K2Cr2O7 in the presence 

of 6 ml H2SO4 solution were allowed to react in test 

tube for 30 minutes. Absorbance was measured at 

560 nm and standard curve was used to calculate 

the unknown concentrations. The total amount of 

soluble solids in the palm sap was determined using 

a refractometer. Mass of 100 ml of each sample 

was measured on a scale and density was recorded 

using a hydrometer. 

 

Data Analysis 

Data was subjected to analysis of variance using 

statistical software (Digital Edition) and Microsoft 

Excel. T-test with P = 5% was used to compare 

differences between the recorded means of ethanol 

content. The standard solutions prepared were used 

to obtain regression graphs for calculating the 

unknown concentrations in test solutions. 
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RESULTS 

Analysis of Substrates in Fresh Palm Sap Samples 

The highest concentration of ethanol was 2.8%, with 

the lowest concentration of 2.2% in a sample from 

Rabai. Sucrose was the main sugar in palm sap. 

Rabai sample had the highest sucrose content 

(10.09%), while Mtwapa had the lowest content of 

sucrose (9.28%). Fresh sap had low levels of glucose 

compared to sucrose (Table 1). Samples from 

Mtwapa had highest glucose content of 2.2%, while 

Chumani had lowest of 1.9%. Fructose levels were 

very low in fresh Mnazi compared to the other sugars 

with the highest recorded in Mtwapa (1.2%), while 

the lowest (0.61%) in Rabai samples. Soluble solids 

were the highest components, with Mtwapa fresh sap 

having lowest level (13.28%), while Rabai having 

highest content (14.63%) (Table 1).  

 

 

Table 1. Percentage concentration± SEM of substrates in fresh palm sap  

Sample Ethanol Sucrose Glucose Fructose Soluble solids 

C1 2.80 ±0.12 9.0807± 0.12 1.93±0.132 1.067±0.067 14.307±0.098 

C2 2.53 ±0.13 9.5967± 0.22 2.07±0.075 1.343±0.346 14.023±0.054 

R1 2.20 ±0.12 10.087 ±0.10 2.04±0.0367 0.61±0.148 13.58±0.197 

R2 2.60 ±0.12 9.46 ±0.27 2.18±0.0367 0.943±0.057 14.627±0.056 

M1 2.27 ±0.067 9.28 ±0.21  2.00±0.168 0.78±0.147 13.28±0.074 

M2 2.47 ±0.134 9.913 ±0.037 2.29±0.132 1.23±0.243 14.457±0.046 

SEM = Standard Error of the Mean; C = Chumani, R = Rabai, M = Mtwapa, 1 = First sample, 2 = Second sample 

 

 

Analysis of Substrates in Controlled Fermentation 

After 6 days under controlled fermentation conditions 

ethanol level increased in the palm sap. Controlled 

fermentation generated higher ethanol level than the 

natural fermentation with the highest level (6.13%) 

from Rabai sample (Table 2), while the lowest value 

obtained was 5.67%. Sucrose concentration in the 

fermented samples was low since it had been utilized 

by microorganisms in the fermentation process. The 

concentration of glucose and fructose was below 1% 

after both controlled and natural fermentations 

(Tables 2 and 3). 
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Table 2: Percentage concentration ± SEM of substrates in palm sap after controlled fermentation 

Sample Ethanol Sucrose Glucose Fructose Soluble Solid  PH  

C1 5.8±0.23 2.067 ±0.1345 0.587±0.032 0.327±0.043 4.127±0.25 3.99 

C2 5.73±0.067 1.87 ±0.24 0.48±0.02 0.23±0.049 4.717±0.055 3.76 

R1 6.13±0.134 1.47  ±0.35 0.513±0.067 0.387±0.059 5.06±0.061 4.12 

R2 5.93±0.241 1.867 ±0.067 0.557±0.067 0.423±0.059 4.913±0.464 3.97 

M1 5.8±0.177 1.667 ±0.35 0.48±0.052 0.353±0.077 5.237±0.35 4.12 

M2 5.67±0.35 1.667 ±0.24 0.62±0.064 0.387±0.069 5.29±0.25 4.35 

SEM = Standard Error of the Mean; C = Chumani, R = Rabai, M = Mtwapa 

 

 

Analysis of Substrates in Natural Fermentation 

After 6 days of natural fermentation, the highest level 

of ethanol obtained was 5.6%, while the lowest 

concentration was 4.87% (Table 3). Most naturally 

fermented samples had higher glucose and fructose 

content than the controlled fermentation. The highest 

concentration of sucrose was in the sample fermented 

naturally (2.47%), while the lowest was in the sample 

under controlled fermentation (Table 3). 

 

 

Table 3: Percentage concentration ± SEM of substrates in palm sap after natural fermentation 

Sample Ethanol Sucrose Glucose  Fructose Solid PH  

C1 4.87±0.291 2.47 ±0.07 0.44±0.029 0.38±0.059 5.323±0.091 2.98 

C2 5.13±0.177 1.800 ±0.18 0.49±0.029 0.38±0.041 5.007±0.45 3.27 

R1 5.21±0.116 2.27 ±0.291 0.47±0.04 0.223±0.017 6.83±0.203 3.08 

R2 5.63±0.241 2.13 ±0.241 0.60±0.041 0.3±0.017 5.883±0.281 3.15 

M1 5.33±0.116 2.07 ±0.35 0.60±0.077 0.41±0.076 4.877±0.25 3.03 

M2 4.93±0.177 2.00 ±0.24 0.58±0.072 0.223±0.088 6.15±0.48 3.30 

SEM = Standard Error of the Mean; C = Chumani, R = Rabai, M = Mtwapa 

 

 

For the fresh palm sap, the lowest pH was 6.24 in 

samples from Chumani, while the highest 6.53 was 

for samples from Mtwapa (Figure 1). The pH of palm 

sap drastically decreased during both controlled and 

natural fermentation processes. The highest pH level 

was recorded in naturally fermented samples after the 

six days. Putting into consideration that sodium 

hydroxide and other compounds were added in 

samples for controlled fermentation, the highest pH 

was 4.35. At 95% confidence, level of sucrose, 

glucose, fructose, total soluble solids and pH differed 

significantly (P<0.05) between fresh Mnazi samples, 

after both natural and controlled fermentation. 

 

 

   
Figure 1: The pH of palm sap wine (Mnazi) before and after both natural and controlled fermentation  
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DISCUSSION 

Fresh Mnazi contained ethanol in the range of 2.0-

3.0%. Presence of ethanol in the fresh sap could have 

been contributed by the natural microflora of palm 

trees (Kalaiyarasi et al., 2013; Kadere et al., 2008), 

microorganisms in tapping implements the long 

period of tapping that was carried out overnight, or 

during storage period (Kadere, 2004). Samples 

fermented by A. niger and S. cerevisiae yielded 

higher ethanol than naturally fermented samples. 

Lower ethanol obtained from samples fermented 

naturally could have been due to lactic acid 

fermentation or acetification by the microbes in the 

sap (Kadere and Kutima, 2012), which further 

resulted in lower pH. 

 

Sucrose was recorded as the highest soluble solid in 

all fresh sap collected. Thus, it was the main sugar 

utilized in fermentation process in all samples. 

Consequently after fermentation, the samples had 

very low levels of sucrose. Most samples fermented 

under controlled conditions had the lowest sucrose 

levels. This is because conditions employed 

promoted optimum metabolism of sucrose into 

ethanol by A. niger and S. cerevisiae. On the other 

hand, the higher sucrose level in naturally fermented 

samples could have been due to harsh conditions that 

hindered sucrose metabolism. Harsh conditions might 

have been caused by acidic pH resulting from acetic 

and lactic acid fermentation in the sample media 

(Kadere and Kutima, 2012).  

 

Glucose and Fructose levels were very low in fresh 

Mnazi. The two are sugar molecules readily used up 

by microbial enzymes in the broth media, and 

therefore their concentrations were low. Similarly, 

after fermentation fructose and glucose levels were 

very low and almost negligible. From observation 

made on fresh Mnazi, soluble solids contributed to 

the high turbidity, sweet fermentative smell and 

sweet taste. The turbidity of palm sap greatly depends 

on its protein content and the polyphenolic 

compounds (Balange, 2009). Soluble solids were the 

main component of Mnazi that was used in 

fermentation. It is worth noting that of the soluble 

solids, some were fermentable, while others were 

unfermentable. The lower soluble solids content in 

samples fermented by A. niger and S. cerevisiae was 

because saccharification was enhanced by the A. 

niger. It produces enzymes involved in substrate 

breakdown to yield fermentable molecules that are 

easily fermented by S. cerevisiae.  

 

Similar microorganisms in naturally fermented sap 

could have been out-competed by other microbes in 

the sample broth. In addition, if similar microbes 

involved in saccharification were present in naturally 

fermented sap the species might have been different 

and inefficient. Other soluble solids content apart 

from sucrose, glucose and fructose that could have 

contributed to the total soluble solids are xylose, 

raffinose, celliobose, mannose, rhamnose, trehalose 

and dextrose (Eze and Ogan, 1988; Okafor, 1978). 

 

Microorganisms, mainly lactic acid bacteria produce 

organic acids; e.g. lactic acid that increase the total 

acidity and decrease pH (Kadere and Kutima, 2012). 

The pH levels in fresh palm sap wine samples were 

above 6.0. Fermentation in all samples caused a 

decrease in pH. Naturally fermented samples had a 

lower pH than samples fermented under controlled 

conditions. The lower pH in naturally fermented 

media could have been due to acids generated from 

acetic and lactic acid fermentation. On the other 

hand, controlled fermentation had slightly higher pH 

due to addition of NaOH and MgSO4. 

 

CONCLUSION 

From results obtained, controlled fermentation 

generated higher ethanol levels than natural process. 

Larger amounts of soluble solids were used up in 

controlled method than in the natural process, thus 

saccharification was accomplished. Most of the sugar 

substrates were utilized in the controlled process, 

thus their levels were minimal when measured in 

samples after fermentation. Lactic and acetic acid 

fermentations appear to be one of the causes of pH 

decrease in the natural process. The ethanol yields 

were greatly affected by substrate contents and pH 

levels. Therefore, in saccharification of 

unfermentable sugars in Mnazi, microbes and 

fermentation conditions employed are critical factors 

to consider in obtaining higher ethanol yields. 

Aspergillus niger can thus be utilized in metabolism 

of unfermentable substrates in palm wine to 

maximize industrial ethanol production. Pure ethanol 

for industrial use can then be recovered from Mnazi 

through distillation. 

 

RECOMMENDATION 

From findings of this study, A. niger and S. 

cerevisiae can be simultaneously used in industrial 

ethanol production from Mnazi. Further research 

should be done on these two microbes and their 

genomes improved to enable them carry out ethanol 

fermentation in Mnazi at higher levels. This can be 

achieved through genetically improving the 

fermentative microbe’s ability to metabolize 

unfermentable substrates and tolerance to ethanol. 

Production of alternative commercial products such 

as industrial ethanol, acetic acid, lactic acid or other 

significant chemicals from palm wine during the 
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fermentation process should also be promoted. 

Furthermore, tappers should be educated on 

importance of using clean implements in handling of 

Mnazi since it affects ethanol yields. 
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abstract written in a single paragraph of 300 words maximum. Below the abstract, indicate 

keywords of up to eight for indexing purposes. 

 

Introduction 

The introduction should indicate the importance, define the problem, state the hypotheses and 

objectives, and give a brief survey of the relevant literature. It should follow the abstract after 

skipping only one space. 

 

Materials and Methods 

This section describes the methodology employed to conduct the research and hence it should 

clearly describe in prose format, not list, the individuals/items/materials used, their sources, 

conditions, research design, steps or procedures followed in experimentation to enable others 

adopt or double-check findings. 

 

Results and Discussion 

Results support or reject the hypotheses, or answer the questions stated in the introduction. The 

discussion section interprets the data and draws conclusions, inferences and recommendations 

for adoption and further research. 

 

Tables 

Tables should be used to present material not included in the text or Figures. Tables should be 

inserted in the text near where they are first mentioned. Tables should be numbered using Arabic 

numerals (e.g. Table 1) and given specific titles at the top. Tables should not be enclosed in grid 

lines, but should be given the top, bottom and subheading borders only. Example: 

 
Table 1. Effect of tomato varieties on fecundity and longevity of Tetranychus evansi 

Variety Fecundity (average eggs laid per female) Average longevity (days) 

Cal J 32.0
b
 7.5

b
 

Onyx 23.0
c
 7.2

b
 

Roma 23.9
c
 6.7

b
 

Riogrande 48.6
a
 8.2

b
 

Money Maker 52.4
a
 12.8

a
 

Eden F1 31.3
b
 7.6

b
 

Anna 33.2
b
 7.4

b
 

Wild type 9.1d 4.8
c
 

Mean 31.94 7.78 

SE 1.48 0.34 

CV (%) 19.03 13.8 

Means within a column followed by the same letter are not significantly different according to Tukey 

HSD test, P = 0.05. SE = Standard Error. CV = Coefficient of Variation 

 

Figures 

Figures must be cited in the text in numerical order and present material that is not included in 

the text or tables. Figures should be inserted in the text near where they are first mentioned. 

Figures should be numbered in Arabic numerals e.g. (Figure 1) and carry specific titles at the 

bottom. Lettering on the Figures must be sharp, large and dark enough to withstand reduction 

down to by 50%. Legends to Figures should be included in the Figure, giving sufficient data to 

make the Figure comprehendible without reference to the text.  
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Figure 2: Effect of nitrogen rate on seed potato sprout length at 90 DAS 

 

8.4.8. Illustrations 

Illustrations should be in black and white. If colour is necessary, the cost of re-production will be 

charged to the author(s). Pictures intended to grace the Journal cover must be in colour and 

submitted as a soft jpeg digital copy and a sharp print. An appropriate scale bar on the 

Illustration should be used to indicate magnification. Example: 

 

    
Pate 1. Tomato plants grown in two types of soil: treated with 8% Lippia + 8% Ocimum 

showing clean healthy roots (A), and not treated (control) showing galls (B). 

 

Units 

Units of measure should be metric Standard International (SI) and clearly indicated in the main 

text, Tables and Figures. Example: kilogramme (kg), metre (m), litre (L), tonne (t), hectare (ha). 
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Only standard abbreviations should be used; unusual ones should be given initially in full 

spelling out followed by the abbreviation in parentheses; thereafter abbreviated.  
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