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Abstract 

For the study wild date palm Phoenix sylvestris was choosen. At first the best age and tapping 

time for sap collection was determined by observing the TSS and yield of the sap for 24 

hours. Then the sap was pasteurized at 750C for 25 minutes and carried to Central 

Department of Food Technology (CDFT) lab and pure wine yeast (Saccharomyces cerevisiae 

SC22) and natural starter culture was added to the saps with Total soluble solid (TSS) 

adjustment to 21.50Bx. The physico-chemical (TSS, pH, reducing sugar, total acidity and 

volatile acidity), volatile constituents (alcohol by volume, ester and aldehyde) were analysed 

on alternative day to study the kinetics of substrate utilization and product formation. At last 

sensory analysis was carried out to compare the palm wine with pure culture and natural 

mixed culture and characterize the palm wine in terms of color, aroma and taste. 

     Preliminary work showed the best age for the tapping the sap was middle aged palm plant 

(15 to 40 years old) and early morning (6 AM) collection was best. Analysis showed that 

there were significant changes in the constituents of palm sap during the course of 

fermentation. TSS and pH were depleted to 10oBx and 4.2 respectively for both systems in 12 

days of fermentation. Total acidity of the both systems was increased upto 4.2 g per litre of 

the wine in 12th day of fermentation. Alcohol content of the palm wine was upto 13.51% and 

13.07% for pure cultured and natural fermentation system respectively in 8th days of 

fermentation which later depleted to 12.03% and 12.42% respectively in expense to volatiles 

like ester and aldehyde. Sensory analysis of the palm wines showed that the pure cultured 

fermentation was better than natural mixed cultured fermentation. Acceptability test showed 

that palm wine with cloudy in appearance, fruity in aroma and sweet in taste were moderately 

liked by the panellist. 
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Part I 

Introduction 

1.1    General introduction 

Palm wine can be obtained from the young inflorescence either male or female ones. Palm 

wine is alcoholic beverages that are made by fermenting the sugary sap from various palm 

plants. It is collected by tapping the top of the trunk by felling the palm tree and boring a hole 

into the trunk. It is a cloudy whitish beverage with a sweet alcoholic taste and very short shelf 

life of only one day. The wine is consumed in a variety of flavors varying foam sweet 

unfermented to sour, fermented and vinegary. There are many various of the products and no 

individuals method or recipe palm wine is particularly common in parts of Africa, South 

India , Mayanmar and Mexico. Some of the local names for the product  include emu and 

ogogoro in Nigeria and  Nsafufuo in Ghana, kallu in south India and tuba in Mexico 

(Chandrasekhar et al., 2012). In Nepal, wild date (Phoenix sylvestris), Palmyra (Borassus 

flabellifer), Dwarf date palm (Phoenix aucalis, Phoenix hummillis) etc are frequently used for 

this purpose. Toddy, a common traditional alcoholic beverage has been consumed in Nepal 

since time immemorial (Rouniyar, 1994). 

     Saps extracted from inflorescence of various species of palm trees are rich sources of 

sugar and minerals and provide optimal conditions for the growth of yeasts and lactic acid 

bacteria. The fermentation starts soon after the sap is collected and within few hours, the sap 

becomes reasonably high in alcohol up to 4-5% (Falegan and Akoja, 2014; Naknean et al., 

2010). Palm toddy is a refreshing beverage enjoyed by people in parts of Africa, Asia and 

South America (Jirovetz et al., 2001). Palm juice contains carbohydrate (110 – 130 g/L), 

protein (150 – 190 mg/L), fat (0.4 – 0.8 g/L), various minerals (Na, K, Ca, Fe), polyphenols 

and ascorbic acid (30 – 40 mg/L) (Barh and Mazumdar, 2008). It also has antioxidant 

properties and therefore can be considered to be a healthy food drink (Ghosh et al.,2012). 

Micro organisms reported in palm wine include both yeast and bacteria, the yeasts are mainly 

Saccharomyces and Candida. Total 17 yeast were isolated from samples of palm wine 

fermented from the sap, twelve of the yeasts belongs to Saccharomyces, four were Candida 

species and one was as Endomycopsis species (Chandrasekhar et al., 2012). Palm wine is rich 

in non-pathogenic microorganisms of industral importance. High ethanol-resistant yeasts 

have been isolated from palm wine (Agu et al., 1993). Other yeasts of importance in brewing, 
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distilling and wine production are S. ellipsoides, S. cerevisiae, Schizosaccharomyces pombe, 

as well as Saccharomyces ludwigii, which are useful in the production of low alcohol beer 

because of their inability to ferment maltose (Okafor, 1975). Lactobacillus, Leuconostoc, 

Bacillus, Streptococcus, Saccharomyces are the probiotic organisms present in palm wine it 

will helps to produce vitamins, digestive enzymes and stimulates the immune system 

(Chandrasekhar et al., 2012). 

     Geo- seasonal variations affect the chemical composition and microbial population 

leading to concomitant alterations in the fermentation kinetics of plant saps. Although a rich 

source of vitamins and minerals, these products are losing their market share due to the 

inconsistency in their quality. Optimization and standardization of fermentation conditions is 

needed to improve the reproducibility of the product characteristics and to increase the 

market value of these products (Ghosh et al., 2012; Kapilan et al., 2015; Nwaiwu et al., 

2016). 

1.2     Statement of the problem 

Indigenous fermentations of palm wines are uncontrolled and often unhygienic, labor 

intensive, seen as primitive by some people, are normally not integrated into the economic 

mainstream, difficult to tax, have limited export potential  and in some cases, the impact on 

nutritive value and safety is questionable. The microbiology of many indigenous fermentation 

is undoubtedly quite complex and in many cases specific information on microflora involved 

appears lacking (Karki, 2011). 

     In traditional method of palm wine fermentation all the procedures are followed under 

ambient conditions. There is no control over temperature, pH, and against contamination. 

Sanitary conditions are also not strictly maintained. In the traditional process mixed culture 

and spontaneous fermentation is used, hence the product quality never comes out to be 

uniform. A few numbers of researches and reviews on Nepalese palm wines are available 

(Dhakal, 2007; Rouniyar, 1994). These works, however, appear to be limited to either quality 

evaluation or optimization of palm wine. Study on the fermentation kinetics of optimized 

products is relatively scarce. 

    Several yeasts and lactic acid bacteria have been identified in palm saps. However, an 

elaborate study involving the enzymatic kinetics of the fermentation correlating it to the 

changing microbial populations may explain the chemical changes that occur in the sap at 
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different stages of fermentation. High amount of sugars in the sap has impeded the study of 

enzymes in these saps. Palm sap finds application as an acidulant in addition to its use as a 

rich source of sugars and alcoholic beverage. Study of fermentation kinetics may provide 

clues to modulate the fermentation conditions as per the required end use (Shetty et al., 

2017). 

1.3     Objectives 

The general objective of this work is to study the process optimization and fermentation 

kinetics of palm sap collected from eastern region of Nepal; whereas specific objectives are 

as follows: 

1. To find out the optimum age of the palm tree for sap collection by yield and TSS 

(total soluble solid) content. 

2. To study the fermentation kinetics of palm sap using pure starter culture of 

Saccharomyces cerevisiae and natural fermentation. 

3. To compare physico-chemical and volatile constituents of wines obtained from the 

pure culture fermentation and natural spontaneous fermentation. 

4. To carry out the sensory analysis of pure cultured palm wine and mixed cultured palm 

wine and characterize the palm wine by means of sensory. 

1.4     Significance of the study 

A number of problems are associated with the different aspects of palm wine (Toddy) 

fermentation processes. These include, lack of good harvesting of palm juice, handling 

practices, fermentation process and the lack of knowledge about the fermentation parameters 

like, pH, temperature, substrate utilization by microbes and the microorganisms involved in 

the process of fermentation.  

     The proper utilization of palm sap through the fermentation is the prime concern of this 

study. Though the palm sap is widely found in Terai belt of Nepal, there is no proper 

utilization of the sap.  Native people use palm sap for spontaneous alcoholic fermentation to 

prepare a very popular beverage called “Toddy”. It has short shelf-life (24-48 hours) and 

deteriorates within a day after harvest and hence unacceptable. Hence, large amount of palm 

sap goes unacceptable (Dhakal, 2007). To address such uncontrolled fermentation practice, 

one should optimise the process condition first. In this study the optimization of the 

fermentation condition is one of the objectives. The fermentation kinetics is very necessary 
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for the product development and product quality improvement. In this study the microbiology 

analysis will be carried out in correlation with the substrate utilization pattern which will help 

to determine the stage of fermentation and the further improvement of the palm wine. 

Fermentation kinetics helps to study the uniqueness of the indigenous toddy found of specific 

palm species. It also helps in creating a foundation for further research and studies related to 

field of toddy and fermentation kinetics of indigenous products.  

     Proper study and required researches of locally available indigenous products not only 

helps to improve the product but also creates a society where the locally found products are 

standardized, developed and promoted. Toddy is usually only prepared traditionally in home 

scale as a part time activity by the people in terai belt of Nepal. With scientific approach the 

product and process can developed into a way for economic growth for the cultivators of 

palm and people engaged in toddy production in the rural parts of terai in Nepal. 

1.5    Limitation of the work 

 Sap was collected only from Itahari-11, Khanar, Sunsari Nepal. 

 

 

 

 

 

 

 

 

 

 



Part II 

Literature review 

2.1      History of palm sap/wine 

The origin of palm wine can be traced back to Indian mythology, which is thousands of years 

old. There is a story that when “Shiva and Parvati” were going in desert, “Parvati” felt thirsty 

and seeing a palm tree there, when Shiva hit it with his “Trishoola”, sap began to flow. The 

sap was collected by Shiva in his “kanmandala” and he gave it to goddess. The story goes 

that by taking this fresh juice, Parvati not only quenched her thirst but also felt refreshed and 

continued her journey. It is said that later on the “Rishis” living in forests also began 

collecting the sap consuming it after their early morning meditation. The palm juice was said 

to keep them free from thirst and hunger thus enabling to go on their meditation during the 

rest of the day. Later the “Rakshasas” also appeared to have taken to drinking of this juice 

(Veera Raj, 1986). 

     The exact origin of the practice of tapping palm sap for its sugary sap is lost to the fog of 

history, but the practice is surely ancient. There is archeological evidence showing P. 

canariensis to be one of the most important plants used by the pre-Hispanic population as 

food, fibre, building material, and ceremonial offerings (Morales Mateos & Rodríguez 

Rodríguez, 2007; Morales et al., 2011). So far, no archeological remains have been found 

showing the use of palm sap by the pre-Hispanic inhabitants, but historical accounts paint a 

picture of a long history of use. Pliny the Elder (AD 23–79), in his Naturalis Historia, related 

an account by King Juba II of Mauretania (ca. 25 BC–AD ca. 23), who noted that the islands 

contained ‘palm-groves full of dates … in addition to this there is a large supply of honey’. 

Juba’s mention of ‘honey’ may be the earliest mention of the syrup produced from P. 

canariensis (Zona, 2008); however, we cannot rule out that may refer to bee honey. Later 

writings suggested that P. canariensis was tapped to produce wine even before the islands 

were invaded by Europeans in the 15th century. The earliest of these accounts is from the 

first quarter of the 16th century (ca. 1500 –1525), just a few years after the last island of the 

archipelago (Tenerife) was annexed to the kingdom of Castilla in 1496. Between the 18th and 

19th centuries, the Canary Island naturalist Viera y Clavijo (1731–1813) also referred to 

palms from the archipelago as a source of honey and fermentable sap; however, he did not 

explain any procedures to obtain these products. Therefore we believe that the “honey” 
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mentioned by Viera y Clavijo is the syrup, “miel de palma” (Francisco-Ortega and Zona, 

2013). 

2.2     Geographic range of palm sap use 

The use of Phoenix canariensis in the Canary Islands is the only instance of palms being 

tapped for sap in a European country, but Europe has very few native palms. Throughout 

much of the world, palms are or have been tapped for their sweet sap almost everywhere in 

which palms grow (Appendix A-IV). The factors that determine whether palm resources are 

used for sap include abundance of palms, their productivity as a sap resource, local 

knowledge and skills, and alternative sugar sources (Francisco-Ortega and Zona, 2013). 

Whereas there are different tribes which use palm sap as the fermenting substrate and use for 

the wine (palm wine) production. Table 2.1 shows the different local name used for the palm 

wine in different region of the world.  

     In the Americas, several genera have been used for sweet sap since pre-Columbian times. 

The earliest depiction of an American palm used for wine comes from the Drake Manuscript 

(Pierpont Morgan Library, 1996). The drawing, which shows a pinnate-leaf palm with leaf-

bases retained on the trunk (Fig. 2.1), may represent either Acrocomia aculeata or a species 

of Attalea. The artist has fancifully shown the tapping at the base of the trunk, although the 

text makes it clear that terminal bud (“heart”) was tapped. The full text reads: “Tree from 

which the Indians draw wine having the taste of perry [fermented pear juice]; they cut the 

trees nearby giving shade so that the sun can give its warmth more intensively, for the 

stronger the sun the more wine has the tree. They also pierce said tree to its heart in order to 

make the wine gush out and even make a big fire to keep away the poisonous beasts.” There 

is no indication of where the practice was observed; it could have been anywhere in the 

Caribbean Basin from Colombia or Panama to Veracruz (Mexico) and the Antilles, all places 

visited by Sir Francis Drake during the 16th century (Dudley, 2003). Nevertheless, the 

illustration makes clear that during this period tapping of palms was practiced in the New 

World by the Amerindians. 

     In Chile, the endemic Chilean Palm (Jubaea chilensis) was most famously mentioned by 

none other than Charles Darwin. After visiting Chile on 16 August 1834, Darwin (1845) 

wrote of the palms, “They are excessively numerous in some parts of Chile, and valuable on 

account of a sort of treacle made from the sap.” The English common name, Chilean Wine 

Palm, is a misnomer, as the palm sap is not fermented into wine. Elsewhere in Central and 
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South America, Acrocomia aculeate and at least three species of Attalea are tapped for sap 

(for references, see Appendix A-1). In the Dominican Republic, both Pseudophoenix vinifera 

and P. ekmanii are used for sap. A published report (Haynes & McLaughlin, 2000) that three 

species of Bactris (B. guineensis, B. major, B. maraja), two species of Parajubaea (P. 

cocoides, P. torallyi), and two of Oenocarpus (O. bataua, O. distichus) are exploited for sap.  

     Africa and Madagascar are home to several sap-producing palms (see Appendix A-III), 

the best-known of which are the African Oil Palm (Elaeis guineensis), better known as a 

source of edible oil, several species of Raphia, including R. vinifera, R. farinifera, R. 

sudanica, R. africana and R. hookeri, and the Date Palm (Phoenix dactylifera). The Senegal 

Date (Phoenix reclinata) is also used for sap. Another important sap source is the genus 

Borassus, two species of which occur in Africa and are tapped: Borassus aethiopum and B. 

akeassii. A fifth genus, Hyphaene, is sometimes tapped. Three of its species are known to be 

used for sap: H. coriacea, H. petersiana, and H. thebaica. In Madagascar, the following 

species are known to have been used for sap: Beccariophoenix madagascariensis, Borassus 

madagascariensis, Hyphaene coriacea, Raphiafarinifera, and Dypsis nodifera, although 

some of these palms are now so rare that they are no longer tapped for sap (Dransfield and 

Beentje, 1995). 

     In Asia, Malesia, and the Pacific Islands, the most important sap-producing palms are 

Phoenix sylvestris, the coconut (Cocos nucifera), the sugar palm (Arenga pinnata), Caryota 

urens and C. cumingii, Corypha utan and C. umbraculifera, Nypa fruticans, and Borassus 

flabellifer (see Appendix A-1). These species are widely used across a large area from India 

to Polynesia. These species may owe their broad geographic distribution in part to their utility 

as sources of sweet sap. Other species of Arenga and Hydriastele microcarpa are also 

sometimes used. The Betel-nut Palm (Areca catechu) as a source of sweet sap was mentioned 

by Dalibard (1999).  

     Australia, despite having a rich palm flora, has no indigenous palm-tapping culture. Sweet 

sap from other tree sources was collected by Aboriginal people, along with flower nectar and 

honey (Latz, 1995). 
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Table 2.1     Palm wine names according to the country of origin 

Palm tree Traditional name Country Reference(s) 

Borassus akeassii Bandji Burkina Faso Ouoba et al. (2012) 

Acrocomia aculeate Taberna Mexico Santiago-Urbina et 
al. (2013) 

Cocos nucifera Mnazi Kenya Kadere et al. (2008) 

Cocos nucifera Toddy Sri Lanka Atputharajah et al. 
(1986) 

Cocos nucifera Tuba Philippines Atputharajah et al. 
(1986) 

Cocos nucifera Tuak Indonesia Atputharajah et al. 
(1986) 

Elaeis guineensis Mimbo Cameroon Jepersen (2003) 

Raphia hookeri Emu Nigeria Jepersen (2003) 

Elaeis guineensis Palm wine Ghana Amoa-Awua et al. 
(2007) 

Elaeis guineensis Palm wine Cameroon Stringini et al. (2009) 

Borassus flabellifer Palmyrah toddy Sri Lanka Theivendirarajah and 
Chrystopher (1987) 

Phoenix sylvestris Toddy India Shamalaand 
Sreekantiah (1988) 

Borassus aethiopum Palm wine Republic of Guinea Sambou et al. (2002) 

Nypa fruticans Toddy Malasya Nur Aimi et al. 
(2013) 

Source:     Santiago-Urbin and Ruíz-Terán (2014) 
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Fig 2.1    An illustration of the tapping process from the 16th Century Drake Manuscript 

(Pierpont Morgan Library, 1996). Image courtesy of The Morgan Library, New York. 

2.3     Tapping methods 

Palms, unlike most trees, typically have unbranched stems. Moreover, as monocotyledons, 

they have scattered vascular bundles in their stems, rather than the concentric rings of 

vascular tissue found in other trees. These two aspects of palm morphology impose strict 

limits on how palms can be tapped for sap. Some palms are clustering and produce multiple 

stems via basal branching. Species of Hyphaene are unusual in that they are clustering and 

their aerial stems naturally branch dichotomously. In clustering palms, the presence of 

multiple stems allows for tapping different stems over time. Palm stems are tapped in ways 

that are either destructive to the stem (and to the individual palm, in the case of single-

stemmed palms) or non-destructive (Francisco-Ortega and Zona, 2013). 
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     Francisco-Ortega and Zona (2013) reported that most palms produce axillary 

inflorescences, and a mature palm produces an inflorescence at every leaf axil. Methods of 

tapping that exploit the inflorescence do no harm to the palm and can be practiced over the 

life of the palm. A few sugar-producing palms have unusual life histories: they are 

hapaxanthic, meaning that the stem producing the inflorescence(s) dies after flowering and 

subsequent fruiting. In the case of clustering, hapaxanthic species, individual stems die, but 

other stems live and continue to grow. Individuals of solitary-stemmed, hapaxanthic palms 

die after flowering and fruiting. Caryota, Arenga, and Raphia are hapaxanthic palms with 

both solitary-stemmed and clustering species. The flowering process in these genera is 

prolonged, in which many new inflorescences are produced over a period of several months 

or even years, thus prolonging the tapping life of an individual. In the hapaxanthic genus 

Corypha, which has a solitary stem that produces a single, massive, terminal inflorescence, 

the palm is truly monocarpic. Tapping the inflorescence will neither hasten nor delay the 

eventual death of the palm. 

2.3.1     Destructive tapping of the stem 

In the America (the palms in the genera Acrocomia, Attalea, and Pseudophoenix), parts of 

tropical Africa and Madagascar (Elaeis guineensis, Borassus aethiopum), in Nigeria (Raphia 

hookeri), in Chile (Jubaea chilensis) and in different parts of the world for different species 

of palms (see Appendix A-1) are tapped in a destructive way. In this type of tapping method, 

the selected palm is felled by cutting the trunk at or near ground level. The stem is placed 

horizontally, and the leaves are removed. Using a knife or axe, a person cuts a box-shaped 

cavity or trough into the bud of the palm just above the apical meristem. The cavity is cleaned 

of debris and covered with leaves, plastic, or cloth. Over a period of ca. 24 hrs., the cavity 

fills with sap, which is scooped out with a ladle or cup. Sap production and collection 

proceed over many weeks, until the palm stem is exhausted (Francisco-Ortega and Zona, 

2013). Sometimes the palm is felled or left standing, the apical bud is partially scooped out, 

and the sap is allowed to accumulate (in tropical parts of Africa) (Onuche et al., 2012). 

Sambou et al. (2002) reported that in this type of tapping method usually the palm dies after 

35-45 days of tapping if the incisions are too deep. 

2.3.2     Non-destructive tapping of the stem 

Non-destructive types of tapping methods are also practised all over the world (see Appendix 

A-III). Generally in this method, skilled and experienced manpower (tapper) are used who 
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can cut into the apex of the stem without destroying the apical meristem. A palm tapped in 

this way survives the process and can be tapped again. There are two methods of tapping the 

stem in a non-destructive way: cutting from the top of the palm or cutting from the side of the 

leaf crown. The former method is has been used for centuries to tap Phoenix canariensis in 

the Canary Islands and P. dactyliferain parts of North Africa. In the Canary Islands, with P. 

canariensis, the apex of the leaf bud is scooped out – taking care not to go too deep and 

injure the meristem – to form a bowl-shaped hollow at the apex of the stem in which palm 

sap accumulates. With P. dactylifera, the apical bud is trimmed to a cone-shaped structure, 

from which the sap exudes and trickles to the base of the cone, collects in a trough cut into 

the stem, and is directed via a spout into collecting vessels. In both methods, the sap-exuding 

surface must be periodically re-cut to encourage adequate flow of sap (Barreveld, 1993). 

     A well-illustrated account of the non-destructive method of tapping Phoenix sylvestris was 

given by Davis (1972). The palm is tapped by exposing the stem on one side of the palm, at 

or just below the stem’s apical meristem. The face of the wound exudes sap, which is 

channelled to a spout at the base of the wound and directed into a collecting vessel. Repeated 

tapping, on opposite sides of the stem result in a zigzag pattern of scars on the trunk. 

2.4     Other different products from palm sap 

The use and consumption pattern of palm sap varies according to practices and the tribes. 

Generally palm sap contains 10-12% of sugars which is utilised as sugar source in various 

areas known as Jaggery. Generally palm saps are consumed fresh, as fermented product 

(palm wine), vinegar etc. in some extent palm sap are allowed to ferment totally and distilled 

to produce traditional alcoholic beverage known as arrack where as in some practices palm 

sap are used as source of bio-ethanol (Ohimain et al., 2012). 

2.4.1     Fresh palm 

By far the most important product of the palm is the juice (sap) obtained on tapping the 

flower stalk or the trunk. Before sunrise, the sap is sweet and agreeable to the taste and while 

fresh is either consumed as a beverage or boiled down to sugar. After sun rise the juice 

rapidly ferments, however, and is then converted into ‘Toddy’ an intoxicating drink. The 

toddy contains about 2-6% alcohol along with various nutrients such as sucrose reducing 

sugar, proteins etc. the fresh sap is rich source of sugar and acid it can be used to make 

‘Candy and Nectars’ (Than, 2001). When fermentation continues, the alcohol content 
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decreases while the amount of acid continues to decrease while the amount of acid continues 

to increase, rendering the liquid unsuitable for human consumption. The acetic acid 

fermentation commences, thereby producing Vinegar, a cheap quality product (Ghosh et al., 

2012). 

2.4.2     Sugar or Jaggery 

The usual process of making Jaggery is exceedingly simple. The juice is collected in wax 

coated or lacquered pots to prevent fermentation. During collection, it is treated with salked 

lime. Super phosphate is generally used for deliming sap, and the clear sap obtained is boiled 

until it becomes a thick syrup and the n it is poured into small baskets where it cools and 

hardens into jaggery. Palmyra palm jaggery (gur) is much more nutritious than crude cane 

sugar, containing 1.04% protein, 0.19% fat, 76.86% sucrose, 1.66% glucose, 3.15% total 

minerals, 0.861 % calcium, 0.052%, phosphorus; also, 11.01 mg iron per 100 g and 0.767 mg 

of copper per 100 g. The fresh sap is reportedly a good source of vitamin B-complex 

(Morton, 1988).    When the syrup is left for some months, crystals are formed which is used 

extensively as a medicine. The jaggery can be use as polish making ingredients and as a 

sweetener (Morton, 1998). Chowdhury et al. (2008) reported that palm saps are used to 

produce molasses in Bangladesh which includes crystallization and condensation, locally 

known as Patali. In Sri-lanka the sugar in palm sap is utilized in the production of “Coconut 

honey” and “jaggery” most palm sap produced in that country is used for these purpose 

(Chandrashekhar et al., 2013) 

2.4.3     Vinegar 

Palm sap contains 10-15% sugar. This sugar content is ideal for luxuriant growth of yeast 

resulting in alcohol formation. The alcohol can be subsequently converted to vinegar of 

pleasant flavor and aroma by microbial fermentation with acetic acid bacteria.    

Traditionally, the fermented sap i.e., toddy is placed in a clothed earthen pot and kept there 

till fermentation is complete and the liquid has become sour. The pot is kept above ground for 

a month or two or is buried under ground for 3 or 4 months or more and then taken out. The 

longer the pot is kept closed and underground, the better the quality of the vinegar. In either 

case, pure vinegar is obtained when the pot is opened and the sediment has been removed. 

Vinegar is also made by heating fermented toddy either by fire or by exposure to the sun. It is 

procured in a shorter time by this method, but the quantity is less than by the slow or natural 

fermentation (Dhakal, 2007). Chandrashekhar et al. (2013) reported that vinegar from palm 
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sap fermentation is used for making house hold vinegar in Asia whereas in Nigeria there is an 

increasing interest in it. 

2.4.4    Caramel 

The saps of the African oil palm (Elaeis guineensis), and the wine palm (Raphia hookeri), 

tapped and consumed locally as beverage, processed into caramel by acid-heat treatment. The 

saps, rich in sugars were boiled for 1 h, diluted and filtered. The filtrates were acidified with 

5% dilute sulphuric acid to pH between 2.0 and 3.0 and heated strongly to one fifth the initial 

volume; obtain a brown-black syrupy substance, caramel. The caramel is used as a flavoring 

and coloring materials (Umerie, 2000). 

2.4.5     Distilled product (Arrack) 

Palm wine may be distilled to prepare a brandy-like stronger drink, ‘Arrack’, which goes by 

different names such as ‘Village gin’, Village whiskey’, ‘Apa teshi’, and ‘Bum kutu ku’. 

Arrack is a distilled beverage, obtained from paddy, wheat or palm sap (Toddy). Jaggery, 

sugar or sugarcane is added to either of these and allowed to ferment, after which it is 

distilled.  This beverage contains about 50- 60 per cent of alcohol (Dhakal, 2007). 

2.4.6    Bio-ethanol 

The production of ethanol from agricultural feedstock for use as alternative fuel has attracted 

worldwide attention because of the depleting fossil fuel sources and volatile petroleum prices 

in the international market. Many countries are seeking alternative sources of energy that can 

be produced locally. The US, the leading ethanol producing country in the world, produces 

ethanol mostly from maize while the second leading ethanol producing country, Brazil 

produces ethanol mostly from sugarcane (Zanin et al., 2000). Ohimain et al. (2008) suggested 

that palm wine also can be used as the source of bio-ethanol. 

2.5     Palm wine 

The term “wine” was originally used for fermented brew made from grapes. Presently, it is 

used for similar drinks made from tree saps or fruit juices and a distinction is made by using 

the name of the fruit or tree to qualify the wine. Palm wine though is not made from crushed 

fruits; it is called a wine because it is a sap or juice produced from palm tree such as the 

palmyra, date palms, coconut  palms, Raphia palms, oil palms etc. It naturally contains yeast, 

which ferments it to give it a sour taste. When freshly tapped, the alcohol content is below 
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5%, which is ideal for all conventional wines (with alcohol content below 15%) (FAO, 2012). 

Adakaren et al. (2017) compared between conventional wine, beer, conventional spirit and 

palm wine based local gin to differentiate between these beverages from palm wine (Table 

2.2). 

     Palm wine is the fermented sap of various palm trees especially Palmyra, silver date palm 

and coconut palms. The sap should be collected from a growing palm. It is collected by 

tapping the palm this involves making a small incision in the bark about 15cm from the top of 

the trunk a clean gourd is tied around the tree to collect the sap which runs into it the sap is 

collected each day and should be consumed with in 5-12 hours of collection fresh palm juice 

is a sweet, clear, colorless juice containing 10-12% sugar. The sap is an excellent substrate 

for microbial growth. Fermentation starts soon after the sap is collected and within an hour 

(or) two. Palm wine becomes reasonably high in alcoholic (upto 4%) if allowed to continue to 

ferment for more than a day, it starts turning into vinegar (Chandrashekhar et al., 2012). 

Table 2.2     Comparison chart for conventional wines, fresh palm wine, beer, spirits and 

local gin  

Conventional 
wine 

Palm wine Beer Conventional 
spirit 

Palm wine 
based local gin 

Made from 
fermented fruits 

juice 

Got from palm 
tree saps 

Brewed from 
fermented hops 
and grain mash 

Made by 
distilling 

fermented grain 
mash 

Made by 
distilling 

fermented palm 
wine 

Introduction of 
yeast to initiate 
fermentation of 

fruit juice 

Naturally 
contains yeast 

that triggers the 
process of 

fermentation. 

Yeast 
introduced to 

start process of 
grain mash 

fermentation 

Introduction of 
yeast to start the 

fermentation 
process of grain 

mash 

Yeast is 
naturally present 
in the palm wine 

Low alcohol 
content of below 

9-12% ABV 

Low alcohol 
content of below 

3-5% ABV 

Alcohol content 
of 59% ABV 

Alcohol content 
of up to 40% 

ABV and above 

Alcohol content 
of 40-60% ABV 

Sometimes 
carbonated 

Not carbonated Carbonated Not carbonated Not carbonated 

Source:     Adakaren et al. (2017) 
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2.5.1     Biochemical constituents of palm wine 

The main characteristics of palm wine are whitish color, effervescent, sweet and acid taste. 

Palm wine is produced by natural lactic-alcoholic-acetic fermentation of the sugary sap of 

palm tree, it consist of initial lactic acid fermentation, a middle alcoholic fermentation and a 

final acetic fermentation (Atputharajah et al., 1986; Amoa-Awua et al., 2007). At each stage 

the microbial activity helping the activity of the microorganism in the next stage 

(Atputharajah et al., 1986), i.e. members of the consortium communicative one another with 

trading metabolites. As a result each individual cell in the mixture responds to the presence of 

others in the consortium (Smid and Lacroix, 2013). An increase in the total acidity and 

decrease in the pH by the production of organic acids, probably enhance the growth and 

invertase activity of the yeasts (Naknean et al., 2010), and the ethanol produced by the yeasts 

serves as a substrate for the acetic acid production by the acetic acid bacteria (Amoa-Awua et 

al., 2007). 

     The palm sap is transparent, with a sugar content in a range of 10-18% w/v approximately, 

which is mainly sucrose (Amoa-Awua et al., 2007; Naknean et al., 2010; Santiago-Urbina et 

al., 2013), for example, Ben Thabet et al. (2009) reported that the proportion of the sugars of 

the sap of Phoenix dactylifera consist of 95.27% of sucrose, 2.51% glucose and 1.61% 

fructose (dry matter basis). Palm sap has a pH near neutral, approximately 7 to 7.4; this value 

indicates the freshness of palm sap (Amoa-Awua et al., 2007; Karamoko et al., 2012; 

Santiago-Urbina et al., 2013). During the tapping, palm sap changes the consistency and the 

color from transparent to whitish due to the lactic acid bacteria produce a gum probably 

dextrans (Naknean et al., 2010). In addition a heavy suspension of yeast and bacteria also 

gives a milky-white appearance (Lasekan et al., 2007). The composition of the palm wine 

depends of the state of the fermentation at which the wine is consumed. 

     Barh and Mazumdar (2008) studied the comparative nutritive values of palm saps before 

and after their partial fermentation of 24 hours for effective use of wild date palm in the 

treatment of anaemia. The result is tabulated in Table 2.3. 
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Table 2.3    100ml. Sap contents before and after (24 hr) fermentation: (before/after) 

 
Parameter 

Plant Species 

S.N. Borassas flabilifier 
  

 
Female Male Cocos Nucifera Phoenix sylvestrys 

1 pH 7.3/5.9 7.2/6 7.4/5.2 7.2/5.1 

2 Total sugars (g) 11.6/8.2 13.2/8.8 9.3/4.5 13.8/7.9 

3 Total protein (mg) 15.3/8.2 19.7/8.3 13.3/7.3 14.8/9.8 

4 Total lipids (g) 0.04/0.01 0.08/0.03 0.03/0.01 0.05/0.02 

5 Calcium (mg) 1.07/0.72 1.12/0.91 1.62/0.85 1.27/0.65 

6 Magnesium (mg) 5.12/5.1 5.61/5 2.15/1.95 3.03/2.9 

7 Iron (mg) 1.03/1 1.5/1.15 1.2/1.01 3.26/3.2 

8 Sodium (mg) 5.37/3.72 5.21/3.97 6.95/4.82 4.28/4.02 

9 Potassium (mg) 1.67/1.02 1.91/1.31 3.16/2.24 2.03/2 

10 Copper (mg) 0.04/0.03 0.06/0.04 0.03/0.02 0.12/0.12 

11 Zinc (mg) 0.07/0.06 0.04/0.04 0.03/0.03 1.02/1 

12 Phosphorous (mg) 1.71/1.12 1.85/1.2 1.55/1.07 2.38/1.46 

13 Niacin (mg) 0.41/0.63 0.48/1.06 0.02/0.03 1.03/1.92 

14 Thiamin (mg) 0.04/0.12 0.06/0.32 0.02/0.05 0.06/0.57 

15 Riboflavin (mg) 0.01/0.03 0.04/0.12 0.03/0.04 0.07/0.31 

16 Ascorbic acid (mg) 3.05/2.65 4.95/3.56 2.93/2.02 11.03/10 

17 Vitamin A (IU) 62/56 74/68 43/37 68/62 

18 Ethanol (%) (v/v) 0/2.1 0/2.8 0/3.4 0/2.5 

Source:    Barh and Mazumdar (2008) 
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2.5.1.1     Sugars in palm wine 

Sugar content of palm wine depends upon various factors like species of palm, time of 

tapping, climate and duration of fermentation etc. In the first days of tapping the palm wine 

(sap) is very sugary and does not contain substantial concentration of alcohol (Santiago-

Urbina et al., 2013). Faparusi (1981) studied that sucrose, maltose, glucose and fructose 

sugars were present in the first day of tapping while xylose and cellobiose were detected on 

the middle tapping period; and galacturonic acid, arabinose and rhamnose sugars appeared 

irregularly for a few days in the case of Raphia palm. Whereas Naknean et al. (2010) studied 

that at the early time of tapping, the palm wine of Borassus flabellifer contains sucrose (9.29 

to 17.44%), glucose (0.50 to 1.85%), and fructose (0.50 to 1.81%). On the other hand, in 

palm wine of Elaeis guineensis was found that the total sugars in the samples dropped from 

initial concentrations of about 14% to about 11% by the fourth day of tapping, and 

subsequently between 12% and 8%, this variation was observed during the 35 days of tapping 

period (Amoa-Awua et al., 2007). This sugar concentration is maintained by the continual 

oozing of the sweet sap (Amoa-Awua et al., 2007). Meanwhile an initial concentration of 

total sugars of about 50% w/v, this sugar concentration decreased through the tapping process 

about 21% for the first week; then, 7.9%, 6.4% and 5.4% for the second, third and fourth 

week, respectively, in the palm wine of Elaeis guineensis (Karamoko et al., 2012). The 

decrease in sugar content is a clear indication that a large portion of the sugars is fermented 

especially during the early stages of tapping. On the other hand, during the 15 days of tapping 

of Acrocomia aculeata was found an initial concentration of sucrose in the palm wine of 

11.36%, this concentration dropped through-out the tapping process to 0.22%, as a result of 

the microbial metabolic activity. In addition, this reduction in sugars can be also caused by 

the depletion of sugar reserve in the palm tree due to the fact that the trees are felled, and the 

leaves are cut off, hence the palm does not realize photosynthesis and does not produces 

sugar (Santiago-Urbina et al., 2013). 

2.5.1.2    Ethanol in palm wine 

Various types of yeast and bacteria are identified in palm wine which causes spontaneous 

fermentation of palm sap to wine. Ethanol concentration in palm wine depends upon various 

factors such as the presence of microorganisms responsible for the alcoholic fermentation, 

composition of sap, and species of palm trees, environmental conditions e.g. temperature and 

velocity of wind, type of tapping, flow rate of the sap and the time in which the palm wine 
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samples are taken, and time between collection and analysis of the samples (Santiago-Urbina 

et al., 2013). Amoa-Awua et al. (2007) reported that in case of  Elaeis guineensis, ethanol 

content in the palm wine collected in night (3.24% and 4.75% and even over 6% in few 

cases) is higher than in the palm collected in day time (1.4% and 2.82%). It is probably due to 

the microbiota that has colonized the walls of the receptacle is removed during tapping in the 

morning, when the tapper cuts a thin slice off the walls of the receptacle or canoe, which 

reduces the microbial load (Amoa-Awua et al., 2007; Santiago-Urbina et al., 2013) therefore 

reducing the ethanol production. On the other hand, the palm wine which is stored has higher 

levels of ethanol than palm wine recollected directly from the tree. e.g. Amoa-Awua et al. 

(2007) reported alcohol content about 8.16% in 24 h. 

2.5.1.3    Organic acids in palm wine 

Palm sap is approximately a neutral PH at the time of tapping, however the ph decreases on 

subsequent days until unless it stabilises at 3-4. The reduction of ph of palm wine is reported 

due to the organic acid production during the time of fermentation. Palm wine contains 

various lactic acid and acetic acid bacteria which cause the production of lactic acid and 

acetic acid respectively and thus reduction in PH of palm wine (Amoa-Awua et al., 2007). 

Atputharajah et al. (1986); Amoa-Awua et al. (2007); Stringini et al. (2009); Ouoba et al. 

(2012); Santiago-Urbina et al. (2013) have reported that lactic acid produced in palm wine is 

mainly responsible for the decresed PH of palm wine, e.g. in the palm wine of Elaeis 

guineensis the percentage of lactic acid after the first few days of tapping was between 0.1 

and 0.3%.  Similarly in the palm wine of Acrocomia aculeata, the lactic acid concentration 

varied in the range of 0.26 to 0.48%, through the tapping process (Santiago-Urbina et al., 

2013). Acetic acid is the second organic acid produced in the palm wine, with a concentration 

of about 0.02 to 0.4% (Amoa-Awua et al., 2007. According to Faparusi (1973), this acetic 

acid concentration in the palm wine are acceptable by the consumers but, when the 

concentration exceeds 0.6% the beverage becomes unacceptable. Thus, the acetic acid is 

considered as part of the aroma of palm wine (Amoa-Awua et al., 2007). Moreover, in palm 

wine of Elaeis guineensis from Ivory Coast in addition to lactic (0.015-0.079%) and acetic 

(0.01-0.077%) acids, others organic acids have been reported such as oxalic (0.01-0.04%), 

citric (0.005-0.04%), tartaric (0.031-0.04%), malic (0.05-0.1%), ascorbic (0.005-0.024%) and 

fumaric (0.001-0.003%) acids. Lactic and acetic acids are produced throughout the tapping 

process by the lactic and acetic acid bacteria, respectively, however the tartaric and malic 

acids are considered as native to the exudates (Karamoko et al., 2012). 
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2.5.1.4     Minerals in palm wine 

Almost all species of palm wine contains various macro and micro minerals (Barh and 

Mazumdar, 2008). Magnesium and Phosphorus were the most abundant minerals, in 

concentrations of 32.0 and 59.75 mg/L, respectively, in palm wine from Elaeis guineensis. 

Cadmium, Plumb and Cobalt were detected in low levels ≤ 0.1 ppm. Copper, Manganese, 

Zinc, and Calcium have also been reported in concentrations of 3.78, 2.63, 1.26, 1.95 and 

0.48 mg/L, respectively (Ezeagu et al., 2003). While, in palm wine from Phoenix dactylifera 

in addition to P and Mg (41.49 and 330 mg/100 g of dry matter basis, respectively) the 

Potassium is also reported (522.92 mg/100 g of dry matter basis), and it is the most abundant 

element. Others mineral elements, in decreasing order are Ca, Na, Fe, Cu, and Zn (Ben 

Thabet et al., 2009). 

2.5.1.5     Volatiles of palm wine 

During the fermentation of palm wine, various organic acids and alcohols are produced 

thanks to microbial metabolic activity, and do not correspond to metabolites of the palm tree 

because the major components are not present in the fresh palm sap; all the metabolites play 

an important role in palm wine characteristic aroma. For instance, in the palm wine of Elaeis 

guineensis has been identified 73 compounds. There are 23 esters, 11 carbonyls, 14 alcohols 

and phenols, 10 acids, 5 sulphur compounds, 3 terpenes, 2 hydrocarbons, 2 acetals, 2 nitrogen 

compounds and 1 lactone. The higher alcohols and esters (more than 70% of total volatiles), 

as well as acids, aldehydes and ketones are the major groups of compounds found, and they 

are considered the main volatile components responsible for the palm wine aroma 

(Uzochukwu et al., 1997). Similarly, Lasekan et al. (2007) reported that the volatile profile is 

largely dominated by alcoholic substances such as ethanol, 2-3-methylbutanol and 2-

phenylethanol, as well as acetic acid. In addition, methyl butanoate, acetoin, diethyl 

succinate, ethyl lactate have also been reported, and several acids such as isobutanoic acid, 2-

methyl butanoic acid, 3-methylpentanoic acid, phenylacetic acid and pentanoic acid. The 

most potent odorants in palm wine are earthy-smelling: 3-isobutyl2metoxipyrazine, buttery-

smelling acetoin, fruity ethylhexanoate, 3-methylbutylacetate and popcorn smelling 2-acetyl-

1-pyrroline. Furthermore, Nur Aimi et al. (2013) identified the volatile compounds 

responsible for the aroma in fermented nipa sap (Nypa fruticans), which consists of alcohols 

such as ethanol, 1-propanol, 2-methylpropanol, 2-methylbutanol; acetoin, acetic acid, 

diacetyl, and esters such as ethyl acetate and ethyl lactate. 
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2.5.2     Microbiology of palm wine 

The palm sap of the palm tree is a rich medium capable of supporting the growth of several 

types of microorganisms like high numbers of aerobic mesophilic bacteria, coliforms 

bacteria, lactic acid bacteria, acetic acid bacteria and yeasts. Yeast populations have been 

reported in the palm wine in concentrations of about 104 to 107 cfu/mL, while, LAB ranging 

between 107 and 109 CFU/mL, AAB from concentrations of 105 to about 108 cfu/mL, total 

aerobic mesophiles ranging between 106 and 109 cfu/mL, and total coliforms have been 

reported in a range of 103 to 107 cfu/mL (Atputharajah et al., 1986; Amoa-Awua et al., 2007; 

Stringini et al., 2009; Karamoko et al., 2012; Ouoba et al., 2012; Santiago-Urbina et al., 

2013). 

2.5.2.1     Yeast 

Saccharomyces cerevisiae is the dominant yeast species responsible for the fermentation of 

palm wine tapped from Elaeis guineensis in Ghana and Cameroon, as well as Bandji in 

Burkina Faso (Amoa-Awua et al., 2007; Ouoba et al., 2012). On the other hand, 

Saccharomyces chevalieri has been reported the yeast specie predominant in the Toddy from 

Sri Lanka (Atputharajah et al., 1986). S. cerevisiae predominance in the palm wine 

production is attributed by the selective medium regarding pH, ethanol content, and anaerobic 

conditions, which favors the fermenting yeasts (Stringini et al., 2009). The major total 

volatiles and alcohols are produced by S. cerevisiae and S. chevalieri (Uzochukwu et al., 

1999). e.g. the higher alcohols in fermented nipa (Nypa fruticans) sap is by cause of the 

metabolism of S. cerevisiae through two metabolic pathways; amino acids such as isoleucine 

and leucine, and glycolysis (Nur Aimi et  al., 2013). Moreover, Zymomonas mobilis is also 

considered as the microorganism responsible for the palm wine fermentation and has been 

reported in Taberna, considering that this microorganism has ability to grow in acidic 

condition (pH about to 3.53) and tolerate high ethanol concentration (10.33% v/v) (Alcántara-

Hernández et al., 2010), similar results are reported in palm wine obtained by “inflorescence 

tapping” from Elaeis guineensis in Nigeria (Obire, 2005). Other identified yeasts during the 

tapping process probably play a determinant role in the fermentation. e.g. in wine 

fermentation is reported that the apiculate yeasts such as Hanseniaspora guilliermondii and 

Hanseniaspora uvarum have the capacity to influence, in a positive way, the aromatic profile 

of wines. H. guilliermondii has been reported to produce high levels of 2-phenylethyl acetate 

and 1-propanol (Moreira et al., 2011). 
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2.5.2.2     Bacteria 

The predominant LAB reported in palm wine fermentation are Lactobacillus plantarum and 

Leuconostoc mesenteroides (Amoa-Awua et al., 2007). These microorganisms are 

responsible for the sour taste of palm wine and are responsible for the pH decrease during the 

tapping through the organic acids production (Amoa-Awua et al., 2007; Ouoba et al., 2012). 

These bacteria also control the growth of undesirable microorganism such as enterobacteria 

by acid and H2O2 production, e.g. Santiago-Urbina et al. (2013) reported that the total 

coliforms population in Taberna decreased during the tapping period with the increased of 

lactic acid production. Similar results are reported in Bandji where the predominant genus is 

Lactobacillus representing 86.67% of the LAB total isolates followed by the genera 

Leuconostoc (10%). Hence, Lactobacillus plantarum is the dominant species represented 

46.67% of the total isolates (Ouoba et al., 2012). Furthermore, in Taberna has been reported 

that Lactobacillus nagelii and Lactobacillus sucicola are present in the fermentation process 

(Alcántara-Hernández et al., 2010). 

     Additionally, the acetic acid bacteria of the genera Acetobacter and Gluconobacter have 

been identified in palm wine (Amoa-Awua et al., 2007; Kadere et al., 2008), such as 

Acetobacter pasteurianus in Taberna (Alcántara-Hernández et al., 2010), Acetobacter 

indonesiensis in Bandji. The role of AAB during the palm wine fermentation is related with 

the acetic acid production, which comprises part of the aroma volatiles. However, AAB can 

be considered as spoilage microorganisms, when the palm wine becomes unacceptable to 

consumers. In addition, like LAB, AAB also can contribute to the acidification and inhibition 

of undesirable microorganism (Ouoba et al., 2012). 

     Chandrasekhar et al. (2012) reported that palm wine contains some pathogenic as well as 

probiotic bacteria. Serratia marcescens, Klebisella pneumonia and some species of 

micrococcus are pathogenic bacteria found in palm wine which may cause diarrhea, hernia 

and headache etc. Whereas Lactobacillus acidophilus, Leuconostoc speices, Pediococcus 

acidilactici, E coli 1917 strain and some strain of Bacillus are some probiotic bacteria found 

in palm wine. 

2.5.3     Pasteurization of palm sap 

The main aim of pasteurization of the palm sap is to inactivate all the microbes present 

initially in palm sap with minimal loss of nutrient and characteristics. Dhakal (2007) and 
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Rouniyar ((1994) reported that pasteurization of palm sap at 68oC for 30 minutes with 0.05% 

of potassium metabisulphite can be used to arrest microbial growth in palm sap. In the same 

time, Rouniyar (1994) stated that the regular amount of SO2 imparts its own characteristic 

flavour which masks the original flavour of the palm sap. So, it was essential to pasteurize 

only. Use of sulphitation for the preservation and transportation may restrict the microbial 

growth of added culture later.  

      Baliga and Ivy (1961) reported that palm sap (Neera) tapped from coconut palm or date 

palm can be pasteurized and bottled at 170 to 175 oF (76.66 to 79.44oC) without affecting its 

natural flavor. Pasteurization above 185 or 190 oF (85 to 87.78 oC) for 4 to 5 minutes imparts 

a "cooked" flavor. Yeasts are killed by holding pasteurization for 25 to 30 minutes. Baliga 

and Ivy (1961) concluded that pasteurization at 170-175 oF for 25-30 minutes is efficient way 

to store palm sap for at least 1 day without significant growth of microbes where as it can be 

stored for at least 4 days with addition of other preservatives (benzoate). 

2.5.4     Sensory characteristics of palm wine 

Sensory characteristic of palm wine depends upon various factors such as duration of tapping, 

alcohol content, micro-organism involved and the metabolites present in the wine. Palm wine 

at the time of tapping is sweet in taste and whitish in color but on the course of storage or 

fermentation, ethanol, organic acid and other metabolite produced make it sour in taste and 

watery sparkling in color. The perception of wine sensory is fully dependent on the practices 

involved in the panellist himself. 

2.5.5     Contaminant in palm wine 

Recent analysis of palm wine, a traditional drink fermented mainly by yeasts, revealed the 

presence of several chemicals that were not products of yeast fermentation. Nwaiwu and 

Itumoh (2017) investigated the potential contaminant in the Raphia and Elaeis sp. in Nigeria  

with the use of gas chromatography-mass spectrometry (GC-MS) (Table 2.4), which include 

styrene, benzene, trimethyldioxolane, dichloromethane, methylene fluoride, dichloroethanol, 

benzylisoquinoline and tetraacetyl-D-xylonic nitrile. He concluded that the sources of these 

contaminants are reused drinking water bottles and the PET bottles. Other potential sources 

of contaminations are soil, air, water, personal handling and the environmental conditions. 

Most of these contaminants are genotoxic and carcinogenic on regular exposure. It is reported 

that styrene has an effect on hearing loss, neurological disorder etc (Seeber et al., 2004). The 
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reaction of benzoic acid and ascorbic acid (vitamin C) can induce benzene formation in 

vitamin C drinks. There is ascorbic acid inherent in fresh palm wine and benzoic acid from 

plant material (Okwu and Nnamdi, 2008) can get into the drink at any point in the production 

process. This provides an opportunity for both compounds to combine and form benzene, 

which could be hazardous to health. 

Table 2.4     Chemical contaminant in the Raphia and Elaeis sp. palm wine 

Compounds PubChem 
CID1 

Estimated 
concentration 
in palm wine 
(PPM) 

IDLH2 
(PPM) 

Possible sources 

1. Styrene 7501 1505-5614 700 Plastic container 

2.Benzene 241 56-343 500 Benzoic acid+ vit C 

3. Trimethyldioxolane 12586 462-3581 500 Derivatives 

4. Dichloromethane 6344 108-835 2300 Environment 

5. Methylene fluoride 6345 21-126 25 Environment 

6. Dichloroethanol 11718 70-693 3000 Environment 

7. Dimethylhydrazine 5976 352-9162 50 Environment 

8. Tetraacetyl-D-
xylonic 

541568 68-152 250 Plant compound 
nitrile 

1CID: compound identifier, information sourced from PubChem open chemistry database. 

2IDLH: Immediately dangerous to life or health 

Source:     Nwaiwu and Itumoh (2017) 

2.5.6     Management of tapped palm trees 

The management of palm trees for sap production varies very much according to species 

(Appendix A-V). Nypa fruticans, Phoenix sylvestris, Elaeis guineensis, Raphia 

hookeri and Cocos nucifera can be tapped at a rather early age, respectively when the trees 
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are 4, 5, 6, 7 and 7 years old (Dalibard, 1999; Essiamah, 1992; Profizi, 1988). On the other 

hand, many years are needed before tapping Caryota urens (10 to 15), Borassus 

flabellifer (15 to 30) or Corypha elata (20 to 100) (Redhead, 1989). 

      The number of years a palm tree can be tapped is also very different depending on the 

species. Corypha elata and Raphia hookeri flower just once. They will produce sap only for a 

few months before dying (Profizi 1988). Arenga pinnata and Caryota urens will produce sap 

for several years, with large interruptions in the case of Caryota urens as it flowers only 

every two or three years (Dissanayake 1977; Redhead 1989). Other palm trees will produce 

sap for much longer periods: 10 to 15 years for Elaeis guineensis, more than 20 years 

for Cocos nucifera, 50 years for Nypa fruticans and Phoenix sylvestris and 30 to 100 years 

for Borassus flabellifer. Some species are able to produce sap all year round: Areng 

pinnata, Cocos nucifera, Elaeis guineensis and Nypa fruticans. Borassus 

flabellifer and Phoenix sylvestris produce only seasonally. Most tapped palm trees gives a sap 

very rich in sugar (10 to 20% according to species and individual variation). The yields are 

highly variable according to the species and their management. In the case of Borassus 

flabellifer, the female trees can give as much as 50% more sap than male trees (Dalibard, 

1999). 

     For Phoenix sylvestris, the stem is pierced up to the terminal bud. In Bangladesh, the 

oldest leaves are removed at the end of October on one side of the palm tree along about 

35cm. The bases of the petioles and the sheaths are carefully removed. A triangle piece of 

bark (point downwards) is cut but great care must be taken not to expose the sap-supplying 

inner zone. A week later, as the fine covering of soft tissues gets a little hardened and begins 

to crack, this covering is removed without damaging the inner zone. Then come a rest of 12 

to 14 days after which a lateral incision is done in the triangle. The sap exuding from the 

scooped surface is run through a bamboo spout into a vessel. A new incision is made the 2 

following days and then there is a 4-day period of rest and the same cycle is repeated until the 

heart is reached. The following year, the same treatment is done on the other side of the tree 

which gives a zigzag configuration to the trunk; tapping can be practised every year for 

several decades (average of 25 years). In order to slow down the fermentation of the sap, the 

earthen vessels are coated with lime; in Bangladesh, they are well smoked every morning 

(Annett, 1913). Same method is practised in Nepal too. 
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2.5.7     Health benefits of palm wine 

Various researchers have been worked out that there are various health benefits of palm wine. 

Volatile, vitamins, amino acids and phytochmicals presented in the fermented palm wine are 

very useful in improvement of various health aspects. Adakaren et al. (2017) listed some 

component found in palm wine and their health benefit of palm wine as follows: 

 Simple sugar – for quick supply of energy  

 Protein- Promotes tissue growth and repair 

 Carbohydrate-Energizes and keeps the body warm 

 Amino acid- builds and repairs body cells and tissues 

 Vitamin C-Prevents scurvy and fights diseases 

 Yeast –Promotes good eyesight 

 Bacteria –Helps in digestion 

 Potassium - Helps keep the heart beating 

 Zinc- It is required for hundreds of enzymes that control functions as diverse as 

hearing, taste and smell, health of the skin, hair, nails, and connective tissue, sexual 

function, digestion, immune response, blood sugar regulation, vision and more.  It is 

also involved in protein synthesis, a vital function, where it is required for several key 

enzymes in RNA and DNA synthesis. 

 Magnesium- is   required   for   thousands   of   critical enzymes in the body 

 Iron- Delivers oxygen to the body 

 Vitamin B1,B2 B3 and B6- Energy booster to the body 

2.5.8     Several studies on optimization and fermentation kinetic study of palm wine 

Agu et al. (1999) studied the fermentation kinetics of Nigerian palm wines- Elaeis guineensis 

and Raphia hookeri for preservation by bottling. He used gas evolution as the fermentation 

rate index, which was found to be continuous throughout the fermentation experiment due to 

heavy microbial growth in the fermenting broths. Both Elaeis and Raphia Wine 

fermentations followed a similar first-order kinetics. Elaeis wine fermentation was more 

vigorous having fermentation rate constant three times that of Raphia wine. Elaeis wines 

from different sources showed slight varations in their fermentation rates. The unsterilized 

sap fermented faster and produced higher levels of alcohol than sterilized Elaeis sap 

inoculated with yeast, Saccharomyces cerevisia. 
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     Udofia et al. (2009) optimized the functional and sensory attributes of Raphia palm wine 

with central composite design (CCD). He used 33 central composite design to optimize the 

important palm wine processing factors of S. gabonensis, pasteurization temperature, and 

pasteurization time. He used alcohol content, (ml/100ml), pH, colour, flavour and taste, 

general acceptability and preference as the response of the experiment. Optimization result 

showed that 80.25g/100g, 46oC and 59 minutes of S. gabonensis, pasteurization temperature 

and pasteurization time respectively produced 7.62ml/100ml, 5.69, 4.69, 4.85, 4.46, and 4.82 

of  alcoholic content, pH, colour, taste, general acceptability and preference respectively at 

100% reliability. 

     Elijah et al. (2010) investigated the effect of S. gabonensis (0.625%) and A. boonei 

(0.50%) on the kinetics of Saccharomyces cerevisiae isolated from palm wine (PW).  

Concentrations  of  the preservatives  used  in  this  study were  optimal  concentrations  of  

the  preservatives  that  had  preservative effect  on  fermenting  palm  sap.  The  fermentation  

rate  constant,  k,  of  2.79  ×  10-4 mol-1s-1 obtained  for untreated  PW  was  higher  than  

the  k  values  for  PW  treated  with  A.  boonei (1.7  ×  10-4 mol-1s-1)  and  S. gabonensis 

(1.1 × 10-4mol-1 sec-1). Both preservatives enhanced yeast growth. The specific growth rates 

(µmax)  for  the  yeast  were  0.43,  0.76  and  0.88  for  the  control,  samples  treated  with  

A.  boonei  and S. gabonensis,  respectively.  However,  the  sedimentation  rate  of  the  yeast  

was  reduced  by  both preservatives,  but  A.  boonei produced  the  greatest  effect.  

     Ghosh et al. (2012) optimized process conditions for palm (Borassus flabelliffer) wine 

fermentation using Response Surface Methodology. Saccharomyces cerevisiae (NCIM 3045) 

was cultivated in palm juice and different physical parameters such as temperature, pH and 

time have been varied to maximize the yield of wine. The fermentation process was 

standardized by statistical methods. Response surface methodology (RSM) based on the 23 

factorial central composite design (CCD) was applied to determine the optimum conditions 

for the maximum yield of ethanol with the variation of temperature, time of fermentation and 

pH. The highest yield of ethanol concentration of was obtained at 32oC and pH 5.5 after 48 h 

of fermentation. The model showed that the value of R2 (0.9973) was high and p- value of 

interaction of variance was < 0.005. Hence the model can be said to be of high significance. 

Highest concentration of ethanol obtained by fermentation was found to be 82.3 g/l. 

     Opara et al. (2013) investigated the palm wine mixed culture fermentation kinetics. 

Experimental data obtained from literature was used to obtain the growth rates and substrate 

saturation coefficient using the Monod model. The kinetic parameters of Yeast, Leuconostoc 
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spp., and Lactic acid bacteria  was determined using Lineweaver-Burk plot from a plot of 1/µ 

against 1/S. Micrococcus was determined using Hanes plot from a plot of S/µ against S. It 

can be seen that the cell number of Leuconostoc spp. has increased to 1978.3 while the 

experimental value is 1667.0678 at 24 hours. The substrate concentration at 24hrs was found 

to be 4.968g/100g dry matter while its experimental value is 4.348g/100g dry matter 

     Shetty et al. (2017) studied the fermentation kinetics of palm sap from Cocos nucifera. 

Result showed that Initial predominance of lactic acid bacteria was followed by dominance of 

yeasts. It was observed that hydrolysis of non reducing sugar occured at a faster rate between 

3-9h of fermentation. During this period, the multiplication of yeasts began and reached its 

peak at 11h fermentation. Ethanol concentration was around 4.0 and 4.1%  at 11h and 13h of 

fermentation respectively. 

      Hebbar et al. (2018) reviewed the quality profile, fermentation chemistry and 

preservation methods of palm sap from various palm trees. Different techniques were 

followed for bottling palm sap, but none proved successful at the pilot level or commercial 

scale. To develop a systemic preservation technique, it is crucial to understand the 

biochemical composition, fermentation chemistry, and existing preservation methods and 

their disadvantages. This review mainly focused on the chemical, microbial, volatiles, and 

flavor changes of palm sap. They added detailed discussion on contemporary sap preservation 

techniques, this paper also addresses the effect of pasteurization in combination with 

preservatives, such as nisin, sodium benzoate, chitosan, potassium sorbate, sorbic acid, citric 

acid, and sodium metabisulfite, on the shelf life of sap, challenges to preserving palm sap, 

and future directions for preservation methods.  

      Nooralabettu and Valder (2018) studied the effect of time and temperature on the 

fermentation of palm (Borassus flabellifer) sap by Saccharomyces cerevisiae isolate YN3. 

They studied the effect of time and temperature on the fermentative characteristics of 

Saccharomyces cerevisiae isolates YN3 in fresh palm sap that was sterilized at 60oC for 25 

minutes was studied to optimize the condition for intervention of fermentation. 

Saccharomyces cerevisiae isolates YN3 grown optimally at 60oC for 15 min with maximum 

alcohol production of 89.3g/L beyond which least degradative changes takes place in 

nutritionally rich palm sap. 
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     Xia et al. (2011) studied the chemical composition changes of post harvest coconut 

inflorescence sap during natural fermentation. They studied the chemical composition 

changes including total sugar, reducing sugar, ethanol, total acidity, volatile acid, amino acid, 

vitamin C and total phenolic contents of postharvest coconut inflorescence sap (PCIS) during 

a 12-day natural fermentation, and the variety and content of phenolic compounds of fresh 

coconut inflorescence sap (FCIS) and natural fermented coconut inflorescence sap (NCIS) 

also studied by an high performance liquid chromatography (HPLC) system. Result showed 

that total acid, volatile acid and total phenolic contents increased during natural fermentation, 

while total sugar contents decreased during natural fermentation. The amino acid content 

declined steadily after harvesting until 3 days, but then remained almost constant. Vitamin C 

content decreased on day 1, slowly rose to 20.7 mg/L on day 3, and then decreased obviously. 

Five kinds of phenolic compounds were detected by HPLC. These compounds all increased 

in NCIS compared with FCIS; both NCIS and FCIS also contained other kinds of phenolic 

compounds.   



Part III 

Materials and methods 

3.1     Raw material (Palm sap) collection 

The Palm sap from “Wild Date Palm” (Phoenix sylvestris) trees was collected from 

Simarwana, Khanar municipality, Sunsari Nepal. There are two season for the collection of 

sap Bhadra – Mangsir (September – December), and Falgun - Ashad (March - July). The Sap 

was collected during Bhadra-Ashwin for the study. 

     The palm tree was categorized in three groups namely; young aged (below 15 years), 

middle aged (between 15 to 40 years old) and old age (above 40 years old) for the collection 

of sap, for preliminary study of best age of tree for good quality of palm sap. Cleaned 

stainless steel knife was used to make a thin slice on the head of the stem. Hollow circular 

bamboo stick was embedded into the lower angular point of the ‘V’ shaped cut. Clean and 

washed stainless steel pot was used to collect the sap and was collected early next morning. 

The collected sap was pasteurized at 750 C for 25 minutes and transported to the laboratory of 

Central Department of Food Technology (CDFT) in amber coloured cleaned and sterilized 

wine bottle. For the optimization and kinetic study of the sap, sap was collected similarly 

from optimum aged tree. 
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3.2     Experimental methods 

3.2.1     Palm wine preparation 

For the preliminary knowledge a semi-structure questionnaire was prepared (Appendix A-I) 

for the survey of palm sap and palm wine. 

     The general experimentation procedure is presented below: 

Palm tree age identification with the help of local farmer (young aged, middle aged and old 

aged) 

 

Palm sap collection in the interval of 6 hours for 24 hours 

 

PH and TSS measurement in field 

 

Statistical analysis (ANOVA) for the selection of optimum aged palm tree 

 

Selection of optimum aged palm tree 

 

Sample collection 

 

Pasteurization of sap for 25 minutes at 750C and transported to laboratory of Central 

Department of Food Technology 

 

Addition of pure (Saccharomyces cerevisiae SC-22) culture and native fermented palm wine 

at the rate of 0.3g/l 

 

Fermentation kinetics study (TSS=21.5oBx and at room temperature) for 12 days. 

In fermentation kinetic study TSS, reducing sugar content, ethanol, aldehyde, ester, acidity 

(volatile and total), pH, were studied. 

 

From the kinetics study, fermentation time was optimized 

 

Pure culture fermented palm wine was compared (sensory and chemical) with naturally 

fermented palm wine fermented for optimized time. 

Fig 3.1     General flow diagram for the experimentation 
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      For the experimentation, the work was divided into two phase namely the field work and 

lab work. At first, in the field, the age of the palm trees were identified with the help of local 

farmers for the selection of optimum age of the palm tree which gives the good quality of 

palm sap and yield. Then the trees were categorized in 3 age groups namely young aged 

(below 15 years old), middle aged (15-40 years old) and old aged (above 40 years old) 

trees.TSS content and yield were selected as the selection criterion for the tree selection. The 

TSS and yield were noted in the interval of 6 hours for 24 hours starting from 3 PM. Then 

obtained data were statistically analysed for the tree selection. 

     In the second phase of the experimentation, the sap was collected from optimum aged tree 

as mentioned in section 3.1. Then it was pasteurized at 750 C for 25 minutes. Then the 

samples were transported to the laboratory. The samples were then transferred ascetically to 

two amber coloured bottles (2 l of capacity). Then the adjustment of TSS to 21.50Bx was 

made with table sugar addition. The one bottle was inoculated with pure culture of 

Saccharomyces cerevisiae (SC-22) and another with the same amount of native palm wine. 

Then the fermentation kinetic study was carried out. The physico-chemical properties (TSS, 

pH, reducing sugar, titratable acidity) in every two days where as the volatile constituents 

(alcohol, ester, aldehyde and volatile acidity content) were also analysed in every two days 

interval starting from the 4th days of fermentation. When there was no further depletion of 

TSS on the wine then the pure culture fermented and naturally fermented palm wine samples 

were taken for sensory analysis. 9-point hedonic and acceptability tests were carried out to 

characterize the palm wine with the help of panel of semi-trained panellists. 

3.3    Analytical methods 

3.3.1     Chemical analysis 

3.3.1.1     pH and total titratable acidity measurement 

pH was measured using pH meter (Hanna instrument). Total titratable acidity was evaluated 

as per FSSAI (2015). For the measurement of the total titratable acidity, the wine samples 

were first degassed by stirring and heating at 900C to remove carbondioxide. Then 

approximately 100 ml of distilled water was taken in beaker and titrated with standard 

sodium hydroxide solution to pH 8.2 with continuously magnetic stirring. Then 50 ml of 

degassed sample was added and again titrate with standard sodium hydroxide solution to pH 

8.2. The NaOH required was noted and titratable acidity was calculated as follows: 
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The total acidity is expressed as tartaric acid as shown below; 

Total acidity aas tartaric acid gper litre of wine =
V × 0.00375 × 1000

V
 

Where, V: volume of wine taken for estimation  

V1: volume of standard NaOH used for titration, in ml 

Note: 1 ml of 0.05N NaOH is equivalent to 0.00375 g of tartaric acid. 

3.3.1.2     Volatile acidity measurement 

Volatile acidity was measured according to FSSAI (2015). 50ml distillate collected during 

the determination of ethyl alcohol was taken for volatile acidity determination and was 

titrated against standard sodium hydroxide using phenolphthalein indicator. Volatile acidity 

as acetic acid gram per litre of palm wine was calculated using formula: 

Volatile acidity as acetic acid (g per litre of palm wine) =
V × 0.003 × 1000

V
 

Where, V1 = Volume of wine taken for estimation  

V = volume of standard NaOH used for titration, in ml  

Note: 1 ml. of 0.05N NaOH is equivalent to 0.003g of acetic acid. 

3.3.1.3     Reducing sugars, non reducing sugar and total sugar determination 

The percentage of reducing sugar, non reducing sugar and total sugars in palm wine samples 

were determined by the Lane and Eynon method according to Kirk and Sawyer (1991). 

3.3.1.4     Determination of alcohol content from specific gravity method 

The percentage of alcohol by volume from specific gravity was determined according to 

AOAC (2005). Hundred millilitres of palm wine was diluted with 50 ml of water, and was 

distilled. After collecting the 100 ml of distillate, its relative specific gravity was determined 

by dividing the weight of 25 ml of the distillate by the weight of an equal volume of water 

using a 25-ml specific gravity bottle and referring to the reference table. 
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3.3.1.5     Ester content 

Total ester content was determined as per FSSAI (2015). Briefly to the neutralized distillate 

from the volatile acidity determination, 10ml of standard sodium hydroxide was added and 

refluxed on a steam bath for 1hour. Then it was cooled and back titrated the unspent alkali 

against standard sulphuric acid. Similarly blak was carried out simultaneously taking 50 ml of 

distilled water instead of distillate in the same way. The difference in titer value in mililiters 

of standard sulphuric acid was calculated and ester content was calculated using formula: 

Ester content as ethyl acetate (g per 100 litre absolute alcohol) = 

ester content as ethyl acetate (g per 100 litre absolute alcohol

=
V × 0.0088 × 100 × 1000 × 2

V
 

Where, V = difference of titer value of standard H2SO4 used for blank and sample, in ml  

V1 = alcohol % by volume  

 Note: 1 ml. of 0.1N NaOH is equivalent to 0.0088g of Ethyl acetate. 

3.3.1.6      Total aldehyde content 

Total aldehyde as g acetaldehyde/ 100 L alcohol was determined as per FSSAI (2015). 50 ml 

of distillate of liquor was taken in a 250 ml Iodine flask and 10 ml of sodium bisulphite 

(0.05N) solution was added. Flask was kept for 30 min in dark with occasional shaking. Keep 

the flask in a dark place for 30 min. with occasional shaking. 25 ml of standard iodine 

solution was added then and was back titrated excess iodine against standard sodium 

thiosulphate (0.05N) solution using starch (1%) indicator to light green end point. Similarly 

blank was carried out with 50ml distilled water. Then the difference in titer value in mililiters 

of sodium thiosulphate solution was noted and aldehyde content was calculated using 

formula: 

Aldehyde content as acetaldehyde (g per 100 liters of absolute alcohol)

=
V × 0.0011 × 100 × 1000 × 2

V
 

Where, V1 = alcohol % by volume  
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V = difference in titer of blank and sample, in ml of sodium thiosulphate solution  

 Note: 1 ml. of 0.05N sodium thiosulphate is equivalent to 0.0011g of Acetaldehyde. 

3.3.2     Sensory analysis 

The sensory evaluation was performed according to acceptance method. A numbers of panel 

consisting of semi-trained panellist were drafted to evaluate the acceptability of the product 

based on the taste, color, aroma and over all acceptability using the 9-point hedonic scale as 

described by Pimentel et al. (2016). In terms of color, the indicators used were clear, dull or 

cloudy, bright, dark and pale light. In terms of aroma, the indicators used were fruity, 

powerful, subtle, putrid and floral while in terms of taste, the indicators used were sweet, 

bitter, sour, salty and dry. 

3.3.3     Statistical analysis 

All the data obtained in this work was analyzed by the statistical program known as GenStat 

Release 12.1 and IBM-SPSS V-20. From this, mean and Tukey HSD at 5% level of 

significance was determined by use of ANOVA. MS- Excel was also employed for the 

general graph and diagram construction. 

 

 

 

 

 



Part IV 

Results and discussion 

For the experimentation, the palm sap was collected from Simarwana, Itahari-12 as stated in 

material and method. The questionnaire was prepared (Appendix A-I). The experimentation 

was carried out in laboratory of Central Department of Food Technology (CDFT), Dharan. 

4.1     Survey result 

A survey study of toddy (palm wine) was designed to collect the information on different 

aspect such as sap collection method, utilization, value, market, hazards etc. for the survey a 

questionnaire was prepared (Appendix-I). The survey was conducted in the different 

localities of Morang and Sunsari districts. Respondents familiar to the collection, 

consumption and marketing were selected. During the survey 30 respondents were taken 

(Table 4.1), among them 5 were toddy (palm sap) collectors, 15 were consumers and 10 were 

small vendors or local marketers (retailers). The finding of survey is as follows: 

Table 4.1     Type and numbers of respondents 

S. N. Type of respondents No. Of respondents 

1 Collectors 5 

2 Consumers 15 

3 Marketers 10 

     From the survey it was found that the collectors of the palm sap are male and all of them 

practised it since their childhood. Collectors were between the age of 30 to 50 years. The 

young aged males or peoples are not interested in this family business because of low income 

and uncertain marketing. All of the respondents were trained by their father and grandfather. 

They used to help their parents with collection and later they made it their source of income 

along with agriculture. They tap the palm sap almost throughout the year and market it. 

Usually they supply the collected palm sap to the wholesaler and sometimes to the small 

vendor directly.  
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     To collect the palm sap they use rope (to climb the tree), earthen pot (to collect the sap), 

specially designed metal knife (for slicing) and palm leaves (to collect the sap) (Photo 

gallery). For the tapping first of all, tree had been selected and cleaned. After cleaning the 

tree, a “V” shaped surface was made by cutting a thin slice on the head of the stem and a 

hollow circular bamboo stick or pal leaf was embedded into the lower angular point of the 

“V” shaped cut. A clean container (pitcher) was placed under outer end of the bamboo stick. 

The “V” shaped cut surface was periodically cleaned by cutting a very thin slice on the “V” 

shaped surface to allow sap flow into the earthen pot. It allowed running through a palm leaf 

into a clean earthen pot (Photo gallery). Usually they start tapping in the evening (3-5 PM) 

and collect it early in the morning (5-7AM) and dispatch within 8 AM to the wholesaler or 

retailer. They supply palm sap to the wholesaler at the rate of Rs 20-25 per bottle (650ml). 

     Respondents were not exactly known about the age of tree and which aged tree is more 

productive. They are also unknown about the exact age of tree for first tapping but they are 

quite sure that it should be of minimum of 8-10 years old for first tapping and it is used for 

tapping for minimum of 35-40 years. They usually tap for 4-5 days regularly from same tree 

and then give rest for another 4-5 days. It is believed that with the good rest of tree the quality 

and quantity of sap is very good. 

     Nowadays palm sap collection is not taken as the main occupation in these regions 

because of poor marketing. According to them its market or demand is high on the time of 

Mangsir to Baishakh. The summer or rainy season is not good for the tapping because of high 

raining and low storage life. The interest in tapping and collection is decreasing; it is because 

of insecure future, low land holding and short storage life of sap. 

      Consumers and small marketers were taken from Simarwana-Itahari, Hattimuda-Morang, 

Sombare hatiya-Biratnagar, Paschim line-Itahari and Deshi line-Dharan. 15 consumers were 

taken for the questionnaire. 12 out of 15 consumers were male. 85% of the consumers were 

between 30-50 years old and rest are between 20-30 years old. Only 4 consumers were 

regular consumer of palm sap/wine and rest of 11 were occasional consumer. According to 

the consumers, palm sap is very good to consume in respect of taste, satiety value and 

refreshing characteristics. During the course of survey, it was not observed that there is not 

other use of palm sap/wine. They consume it only as refreshing beverage. They do not use it 

for other purpose (e.g. jaggary, distilled product etc). But according to the local personnel of 

Simarwana-Itahari, it was once taken by the confectionary industry of Sonapur for 



37 
 

confectionary manufacturing but later they stopped to collect. It may because of the irregular 

supply and inconsistent quality of palm sap. Palm sap is widely consumed by pregnant or 

lactating women of Tharu community. Palm sap was characterized by respondents as watery 

colour, sweet taste (honey sweet) where as palm wine is characterised as white in colour 

(slightly milky), harsh (acidic) taste during the course of fermentation. 

     10 small marketer or vendors were taken for survey from selected area of survey. 60% of 

the vendors were male and remaining 40% were female. 40% of the vendors were regular 

marketers of palm sap/wine i.e. all the days where as 60% were occasional marketer i.e. only 

the market day (Hatiya). 20% of the vendors collect palm sap directly from collectors or from 

farm whereas remaining 80% collect it from wholesalers. They used to pay Rs 20-30 per 

bottle (650ml) and sell it for Rs 30-40 per bottle (650ml). Respondents totally disagreed for 

any type of contamination or adulteration during marketing. But they agreed that they 

sometimes blend old stock of sap with fresh one and small addition of sugar to mask the 

flavour developed due to fermentation. 

4.2      Selection of best aged palm tree 

Biochemical constituents of palm sap depend upon various factors like species of palm, time 

of tapping, climate and age of the tree etc (Santiag-Urbina et al., 2013). Various researches 

had been done to optimize the tapping time and age of the palm tree to maximize the 

productivity and the good quality of sap but there is lack for Phoenix sylvestris. For the 

selection of best age of the palm tree tapping was started at 3 PM and sample was collected in 

interval of 6 hours and the obtained value is tabulated in Appendix B-I, the mean value of the 

TSS content from different aged tree is presented in Fig. 4.1. 
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Fig. 4.1      TSS content of palm sap from different aged palm trees. 

     The mean TSS content of the saps was 8.16, 11.93 and 11.44 0Bx for young, middle and 

old aged trees respectively. These values significantly differed from each other (Appendix B). 

Similarly it was observed that there was significant depletion of TSS in sap during the 

collection. For young aged tree it was depleted to 3.53 0Bx from 14.13 oBx where for middle 

aged tree it was noted to be 6.8 0Bx from 16.67 0Bx at the end of 24 hours of tapping. In case 

of old aged tree it was 9 0Bx from 140Bx. Statistical analysis showed that the immediate 

collection of palm sap from the tree is best in terms of TSS but it was necessary to have good 

quantity of sap for the collection. During the study it was noted that the rate of TSS depletion 

is much more high in day time than night time and it was reported that there was no 

significant amount of sap can be collected at day time (especially after sunrise). 

      Abedin et al. (1987) and Dalibard (1999) reported that the optimum age of the tapping of 

Phoenix sylvestris is 15-25 years old and the sap collection time is early in the morning. They 

concluded that the collection at morning time have optimum level of microflora in the sap. So 

the best age of palm tree was selected as middle aged tree and collection time was early in the 

morning (i.e. 6 AM).  

4.3     Proximate composition of palm sap 

The fresh pasteurized palm sap was taken for the proximate analysis. Proximate analysis of 

palm sap includes TSS, pH, total acidity, volatile acidity, fixed acidity, alcohol content, 
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reducing sugar, non-reducing sugar, total sugar etc. The proximate composition of fresh palm 

sap is tabulated in table 4.2 

Table 4.2      Proximate composition fresh palm sap 

Constituents  Values* 

pH 4.9 (0) 

Solid content (% wet basis)  

Total solid (TS)  14.575 (0.1275) 

Total soluble solid (TSS)  11.9 (0.14) 

Total insoluble solid  2.7167 (0.086) 

Acidity (g/100ml sap)  

Total acidity (as tartaric acid) 1.225 (0.0433) 

Volatile acidity (as acetic acid) 0.03 (0) 

Fixed acidity (as lactic acid) 0.3(0) 

Sugar (g/100ml sap)  

Total sugar (as dextrose) 10.08 (1.067) 

Reducing sugar (as dextrose) 0.5413 (0.034) 

Non-reducing sugar (as sucrose) 9.216 (0.624) 

Specific gravity of distillate at 260C 0.99874 (0.0003) 

Alcohol by volume (%) 0.86(0) 

* Values are the mean of three determinations. The values in the parentheses are the standard 

deviation. 
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     Naknaen and Meenune (2016) also reported the similar findings when they analyse the 

pasteurized sap from different region of Thailand. Literally alcohol content of the fresh palm 

sap should be zero. There might be the fermentation taken place during tapping the sap so the 

alcohol content of fresh palm sap was found to be 0.08%. Dhakal (2007) also reported 

resembling result when he analyse the sap from wild date palm of eastern region of Nepal. 

4.4     Fermentation kinetics of palm sap 

Kinetics study was carried out for physco-chemical and distillate properties of the fermented 

palm sap for 12 days. Study was conducted till the no significant change in TSS and pH was 

obtained. Physic-chemical properties of the sap contain Total soluble solid (TSS), PH, 

reducing sugar, total acidity and volatile acidity whereas distillate properties include specific 

gravity, alcohol content, aldehyde content and ester content. 

4.4.1     Kinetics of physico-chemical properties of palm wine 

Physico-chemical properties of pure culture fermented and naturally fermented palm wines 

change significantly (at p<0.05) during the course of the fermentation. The physic-chemical 

properties of the palm wines during the course of fermentation are tabulated in table 4.3. 
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Table 4.3     Physico-chemical properties of palm wine during the course of fermentation 

Parameters 
Fermentation time (days) 

0 2 4 6 8 10 12 

TSS 

(oBx) 

PCF 
21.47a 

(0.115) 

19.87b 

(0.11) 

15.73c 

(0.11) 

11.13d 

(0.11) 

10.53e 

(0.11) 

10.4e 

(0) 

10f 

(0) 

NF 
21.5a 

(0.14) 

18.2b 

(0) 

11.67c 

(0.11) 

10.53d 

(0.11) 

10.4de 

(0) 

10.2ef 

(0) 

10f 

(0) 

pH 
PCF 4.9 4.7 4.3 4.4 4.3 4.3 4.2 

NF 4.9 4.3 4.2 4.3 4.3 4.3 4.2 

Reducing 

sugar 

(% as 

dextrose) 

PCF 
0.901ab 

(0.045) 

1.252a 

(0.064) 

0.721ab 

(0.155) 

0.3443b 

(0.021) 

0.2256b 

(0.014) 

0.2167b 

(0.016) 

0.2026b 

(0.010) 

NF 
0.967a 

(0.057) 

0.8256a 

(0.094) 

0.435b 

(0.142) 

0.257bc 

(0.021) 

0.2318c 

(0.004) 

0.1951c 

(0.008) 

0.1956c 

(0.019) 

Total 

acidity as 

tartaric acid 

(g per litre 

of wine) 

PCF 
1.075a 

(0.043) 

1.775b 

(0.087) 

2.85c 

(0.075) 

3.55d 

(0.173) 

3.825de 

(0.198) 

3.875e 

(0.087) 

4.25f 

(0.043) 

NF 
1.15a 

(0.087) 

2.375b 

(0.087) 

3.4c 

(0.156) 

3.825d 

(0.13) 

3.95de 

(0.043) 

4.075de 

(0.114) 

4.2e 

(0.075) 

Volatile 

acidity as 

acetic acid 

(g per litre 

of wine) 

PCF - - 0.195 0.258 0.738 0.45 0.192 

NF - - 0.174 0.326 0.528 0.036 0.402 

Note: PCF: Pure culture fermentation and NF: Natural fermentation 

*: Values are the means of three determinations. Figures in the parentheses are standard 

deviation. Figures in the row bearing different alphabet in superscript are significantly 

different (p<0.05). 
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4.4.1.1     Kinetics of total soluble solid 

Total soluble solid of the palm wines were recorded for 12 days, after 12 days there was 

significant depletion in total soluble solid. The recorded values of total soluble solid was 

21.47, 19.87, 15.73, 11.13, 10.53, 10.4 and 10 for 0, 2, 4, 6, 8, 10 and 12 days of fermentation 

time respectively for pure culture fermented palm wine whereas the TSS for naturally 

fermented palm wines were 21.5, 18.21, 11.67, 10.53, 10.4, 10.2 and 10 for 0, 2, 4, 6, 8, 10 

and 12 days of fermentation respectively. The pattern of TSS depletion is shown in Fig. 4.2. 

     There was significant amount of change in the total soluble solids (p<0.05) along with the 

increase in the number of days. The total soluble solids were determined every 2 days until 

12 days for both the palm wines. In the pure cultured palm wine a significant drop in the total 

soluble solids was observed along with the increase in days whereas the change in total 

soluble solids was not significant in the naturally fermented palm wine from day 6 to day 8, 

day 8 to day 10 and day 10 to day 12.   

 

Fig 4.2     TSS depletion during the course of fermentation 

     The initial TSS of pure culture fermented and naturally fermented palm wines were 21.47 

and 21.5 oBx respectively. The depletion of sugar was in high rate for first 4 days for 

naturally fermentation (upto11.67%) where as for pure cultured fermentation it was high for 6 

days (11.13%). Then in the both fermentation system sugar was depleted in slow and steady 

rate. When the TSS was depleted up to 10oBx it was observed that there was no significant 

depletion of sugar for following days. 
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      t-test between the TSS content of pure culture fermented and naturally fermented samples 

on respective days of fermentation showed that there was significant difference between 

samples in day-2, day-4 and day-6 while there was no significant difference between the 

samples in day-0, day-8 and day-12. T-test showed that the standard error of difference is 0 

for day 10 in TSS content (Appendix D). 

      Hebbar et al.(2018) performed the similar experimentation and he reported that the TSS 

of the sap decrease upto 6% from 15 %. Similarly, Xia et al. (2011) conducted the natural 

fermentation of coconut inflorescence sap for 11 days and they also found the depletion of 

total sugar up to 6% from 15%, thereafter they did not observe the further depletion in total 

sugar. Nooralabettu and Valder (2018) also concluded the similar pattern of sugar depletion 

by the fermentation of Borassus flabellifer sap by Saccharomyces cerevisiae isolates. 

4.4.1.2     Kinetics of pH 

The pH values for pure cultured fermentation system were found to be 4.9, 4.7, 4.3, 4.4, 4.3, 

4.3 and 4.2 for 0, 2, 4, 6, 8, 10 and 12 days respectively. Similarly pH values for natural 

fermentation were 4.9, 4.3, 4.2, 4.3, 4.3, 4.3 and 4.2 for 0, 2, 4, 6, 8, 10 and 12 days of 

fermentation respectively. The pH changing pattern was shown in fig 4.2. During the course 

of study it was seen that the sharp drop of pH was till day 4 for pure cultured and it was till 

day 2 for natural fermentation system. After 12 days there was no significant change in pH at 

p<0.05. 

 

Fig 4.3     Change in pH during the course of fermentation 
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     Hebbar et al. (2015) observed a good relationship between sugar content of sap and pH 

during fermentation. During ambient storage, fresh sap is subjected to lactic acid 

fermentation initially followed by alcoholic fermentation and finally acetic acid fermentation 

due to the action of the mixed microorganisms. As the sap gets fermented, it becomes acidic 

and ph reduces. The freshly collected sap starts fermenting within 2-3 hours under ambient 

temperature and ph starts decline. Hebbar et al. (2018) reported that the pH of palm sap drops 

upto 3.5 from nearly neutral pH. Danmadami et al. (2017) observed that there was a decrease 

in pH from 6.2 to 3.8 within 24 hours of starting the fermentation of the burukutu brewed 

with S. cerevisiae isolated from palm wine.  

4.4.1.3     Kinetics of reducing sugar 

Reducing sugar content of pure cultured fermentation was observed as 0.9014, 1.252, 0.7211, 

0.3443, 0.2256, 0.2167 and 0.2026 % as dextrose for 0, 2, 4, 6, 8, 10 and 10 days of 

fermentation respectively.  For natural fermentation system, they were 0.967, 0.8256, 0.4353, 

0.2570, 0.2318, 0.1951 and 0.1956% as dextrose for 0, 2, 4, 6, 8, 10 and 12 days of 

fermentation respectively. 

      For pure culture fermentation, there was slight increase in reducing sugar was observed in 

first 2 days of fermentation though it was not significant and then the insignificant depletion 

in reducing sugar was observed. But in case of naturally fermented sample there was 

significant change in reducing sugar noticed only on 4th day of fermentation. Afterward there 

was no significant change in reducing sugar in naturally fermented samples too. 

 

Fig 4.4     Kinetics of reducing sugar during the course of fermentation 
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           t-test between the reducing sugar content of pure culture fermented and naturally 

fermented samples on respective days of fermentation showed that there was no significant 

difference between samples during the course of fermentation. This implies that the rate of 

reducing sugar change was same for both the fermentation systems (Appendix D). 

     Xia et al. (2011) also reported that there was increase in reducing sugar in initial 3 days of 

fermentation and thereafter it was decreasing. They suggested that the initial increase in 

reducing sugar was due to the inversion of sucrose and then decreasing was due to the 

microbial consumption of sugar. In this study it was first increase and then decreasing pattern 

for pure cultured system. In case of natural fermentation system, it was decreasing from 

initial. It might be because of the rate of consumption of reducing sugar by the microbes was 

always getting higher than that of rate of inversion. Kapilan (2015) also reported that there 

was gradual decrease in reducing sugar in natural fermentation of caryota sap with inhibitory 

substances as well as in control also. 

4.4.1.4     Kinetics of total acidity 

Total acidity as tartaric acid was reported as 1.075, 1.775, 2.85, 3.55, 3.825, 3.875 and 4.25 

for pure cultured system for 0, 2, 4, 6, 8, 10 and 12 days of fermentation respectively. 

Similarly it was 1.15, 2.375, 3.4, 3.825, 3.95, 4.075 and 4.2 for natural fermentation system 

for 0, 2 , 4, 6, 8, 10 and 12 days of fermentation respectively. 

     Along with decrement in the pH section (4.4.1.2) a reciprocal increase in the amount of 

total acidity (as tartaric acid %) was observed along with the increase in days. The amount of 

total acidity increased with a significant difference (p<0.05) from day 0 to day 12. Significant 

difference was observed in the palm wine fermented with pure culture in each interval of 2 

days except from day 8 to day 10. In the case of the naturally fermented palm wine, the total 

acidity were found significantly similar from day 6 to day 8, day 8 to day 10 and day 10 to 

day 12.    
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Fig 4.5     Kinetics of total acidity during the course of fermentation 

           t-test between the total titratable acidity content of pure culture fermented and 

naturally fermented samples on respective days of fermentation showed that there was 

significant difference between samples in day-4 and day-6 while there was no significant 

difference between the samples in day-0, day-8, day-10 and day-12. T-test showed that the 

standard error of difference is 0 for day 2 in TSS content (Appendix D). 

      The total titratable acidity of both pure culture and natural fermentation system increased 

gradually. Similar type of result was shown by the Danmadami et al. (2017) when the 

burukutu was prepared using starter culture and Saccahromyces cerevisea isolated from palm 

wine. However, the rate of increase in Titratable acidity was faster in the experimental palm 

wine with starter culture than in that with pure culture of Saccahromyces cerevisea. Increase 

in titratable acidity leads to decrease in pH as fermentation time increases. This implies that 

the use of only Saccharomyces cerevisiae in palm sap fermentation to produce palm wine 

consume the sugar in steady rate and produces limited amount of acids which can be good for 

the flavour than that of wine with starter culture (Xia et al., 2011). Natural fermentation of 

palm sap consists of three stages: initial lactic acid fermentation, a middle alcoholic 

fermentation and a final acetic fermentation. At each stage, the microbial activity helps the 

activity of the micro-organisms in the next stage (Atputharajah et al., 1986). The acids 

present in palm sap include lactic, acetic, tartaric, malic and citric acid, but the volatile acid 

mainly consists of acetic acid (Samarajeewa et al., 1985). The total acid increased constantly 

from day 1 to 4 and we believed it to be in the lactic acid fermentation. This increased slowly 
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from day 4 to 6 until sap began its ethanol fermentation. This condition might therefore 

enhance the growth and invertase activity of the yeasts (Atputharajah et al., 1986). These 

changes of the total acid do not however completely agree with the results of Atputharajah et 

al. (1986) where the total acid content increased from day 1 to 5, but slowly decreased 

thereafter. The difference might be due to the different microorganisms in sap.  

4.4.1.5     Kinetics of volatile acidity 

Volatile acidity as acetic acid was measured for pure cultured fermentation system as 0.195, 

0.258, 0.738, 0.45 and 0.192 for 4, 6, 8, 10 and 12 days of fermentation respectively. For 

natural fermentation system the volatile acidity were 0.174, 0.326, 0.528, 0.036 and 0.402 for 

4, 6, 8, 10 and 12 days of fermentation respectively. 

 

Fig 4.6     Kinetics of volatile acidity during the course of fermentation 

     Volatile acid mainly contains acetic acid in palm wine. The rapid increase in volatile acid 

was seen only at day 4 comparing with total acid. It signifies that the acetic acid fermentation 

starts after day 4 and the decrease in volatile acid after day 8 was due to the conversion of 

acid to the ester and aldehyde along with the flavouring components (Xia et al., 2011). 

Atputharajah et al. (1986) did not report the changes of volatile acid. Moreover, the volatile 

acid content increased slightly from day 1 to 5 and it increased sharply thereafter, which also 

showed that it was in acetic acid fermentation phase after day 5. 
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4.4.2     Kinetics of volatile constituents of palm wine 

The kinetics of volatile constituents of palm wine was analysed only after day 4. Alcohol 

content, ester content and aldehyde contents were analysed from day 4 to day 12 in the 2 days 

of interval. The values are tabulated in table 4.4. 

Table 4.4    Volatile constituents of palm wine during the course of fermentation 

Parameters 

Fermentation time (days) 

4 6 8 10 12 

ABV(%) 

PC 
9.3925a 

(0.345) 

9.1075a 

(0.3162) 

13.5175b 

(0.1563) 

11.755c 

(0.07) 

12.0325c 

(0.189) 

MC 
12.4275a 

(0.468) 

12.63a 

(0.238) 

13.075a 

(0.655) 

11.167b 

(0.363) 

12.4275a 

(0.376) 

Ester as 

ethylacetate(g per 

100 l of absolute 

alcohol) 

PC 
168.81a 

(6.2) 
96.7b (4.357) 

182.297c 

(2.108) 

119.782d 

(0.7074) 

43.887e 

(0.6904) 

MC 
191.535a 

(15.46) 

133.31b 

(7.94) 

161.832c 

(8.11) 

189.267a 

(6.16) 

198.405a 

(6.005) 

Aldehyde as 

acetaldehyde (g 

per 100 l of 

absolute alcohol) 

PC 
9.3775a 

(0.345) 

58.025b 

(2.013) 

4.88c 

(0.05) 

11.3625a 

(0.272) 

18.285d 

(0.290) 

MC 
15.14a 

(1.014) 

22.725b 

(5.89) 

5.055c 

(0.249) 

48.592d 

(2.595) 

19.485ab 

(0.595) 

Note: PCF: Pure culture fermentation and NF: Natural fermentation 

*: Values are the means of three determinations. Figures in the parentheses are standard 

deviation. Figures in the row bearing different alphabet in superscript are significantly 

different at p<0.05. 
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4.4.2.1     Kinetics of alcohol content 

The total alcohol by volume was calculated at the temperature range of 28-30°C from day 4. 

The amount of alcohol was calculated to be 9.39, 9.11, 13.512, 11.75 and 12.03 for the palm 

wine fermented with pure culture for days 4, 6, 8, 10 and 12 days respectively. The amount of 

alcohol in naturally fermented palm wine was calculated to be 12.43, 12.63, 13.07, 11.16 and 

12.43 for 4, 6, 8, 10 and 12 days respectively.  

      A significance difference (p<0.05) in the total amount of alcohol by volume was observed 

with change in days in both the palm wines. In the palm wine fermented with the pure culture 

no significant change was observed from day 4 to day 6 but the amount increased 

significantly from day 6 to day 8 and day 8 to day 10 and it remained significantly similar 

from day 10 to day 12. In the case of the naturally fermented palm wine the amount of 

alcohol by volume remained significantly similar for days 4, 6, 8 and 12. Only the wine from 

the 10th day had a significantly lower alcohol amount. 

      t-test between the alcohol content of pure culture fermented and naturally fermented 

samples on respective days of fermentation showed that there was significant difference 

between samples in day-4, day-6, day-10 and day-12 while there was no significant 

difference between the samples in day-8 (Appendix D). 

 

Fig 4.7     Kinetics of alcohol content during the course of fermentation 
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and later it decreased to 12%. Xia et al. (2011) reported similar pattern of alcohol production. 

They reported that there was high production of alcohol in day 7 and it was 9% and later it 

decreased to about 8% in 11th day of fermentation. Similar fashion of the alcohol production 

in palm wine is also reported by Hebbar et al. (2018). Atputharajah et al. (1986) suggested 

that such type of later decline in alcohol is due to the acetic acid fermentation of palm wine 

by yeast and bacteria present in palm. Such decline is also due to the conversion of alcohol to 

aldehyde, ester and other volatiles and flavouring components. 

4.4.2.2     Kinetics of ester content 

The total amount of ester was calculated in the terms of ethylacetal per 100 L of absolute 

alcohol. The ester amount was calculated from day 4 for both the palm wines. For the palm 

wine fermented with pure culture the ester amount calculated for days 4, 6, 8, 10 and 12 days 

was found to be 168.81, 96.7, 182.297, 119.78 and 43.88 per 100 L alcohol respectively. The 

ester content in the naturally fermented palm wine was found to be 191.54, 138.92, 161.832, 

189.267 and 198.40 per 100 L absolute alcohol in days 4, 6, 8, 10 and 12 respectively. 

      In both the palm wines a difference of significance (p<0.05) was observed in the amount 

of ester with the change in number of days. The total amount of ester decreased significantly 

after the fermentation was completed in the palm wine using the pure culture, significant 

difference was also observed in each interval of 2 days. In the case of the palm wine 

fermented with natural culture the amount of ester was significantly similar in days 4, 10 and 

12 whereas the ester content in days 6 and 8 were significantly different from the other days. 

Similar fashioned result was observed by Uzochukwu et al. (1997). 

      t-test between the ester content of pure culture fermented and naturally fermented samples 

on respective days of fermentation showed that there was significant difference between 

samples in all days of fermentation (Appendix D). 
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Fig 4.8     Kinetics of ester content during the course of fermentation 

      Nwaiwu et al. (2016) reported the total ester content during active or mid fermentation 

was 7.3 times greater than that which it was early in fermentation and represents the largest 

increase for any group of compounds identified. They constituted 30.48% of the volatiles in 

actively fermenting palm wine. Most esters detected had been reported for palm wine 

headspace (Uzochukwu el al., 1994). Notable amongst the esters being reported for the first 

time are the esters of lactic acid, isobutyl lactate and 3-methyl butyl lactate, as well as diethyl 

succinate, relatively less volatile compounds. Thus most compounds detected in this study 

but not in the headspace study, were undetected in the headspace probably due to their low 

volatility. Ethyl lactate was found to be the most abundant ester (ignoring ethyl acetate), 

constituting 10% of the total volatiles. Its predominance among palm wine esters and its near 

non-detection in the beverage’s headspace, suggest that its major influence on palm wine 

flavor may be on taste rather than aroma. Many short chain esters previously reported in palm 

wine headspace (Uzochukwu et al., 1994) were not detected in the present study. Uzochukwu 

et al. (1997) reported the main esters in palm wine are ethyl esters of straight chain 

carboxylic acids and acetate esters of straight chain alcohols. Ethanol and acetic acid can 

combine to form ethyl acetate (Sumby et al., 2010), which possibly caused depletion of 

ethanol and acetic acid and probably resulted in an increase in ethyl acetate aroma intensity. 

4.4.2.3     Kinetics of aldehyde content 

The aldehyde content was calculated from day 4 for both the palm wines as acetylaldehyde g 

per 100 L absolute alcohol. The amount of aldehyde was found to be 9.377, 58.025, 4.88, 
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11.36 and 18.285 (g/100 L abs. alcohol) for the pure cultured palm wine and for the palm 

wine using natural culture it was found to be 15.14, 22.547, 5.05, 48.59 and 19.485 (g/100 L 

abs. alcohol) in 4, 6, 8, 10 and 12 days respectively. 

     A significant difference (p<0.05) in the amount of aldehyde was observed along with the 

increase in the number of days in the both palm wines. in the palm wine fermented with the 

pure the culture the aldehyde amount increased significantly from day 4 to day 6 but 

decreased significantly from day 6 to 8 and then it kept increasing significantly until day 12. 

In the case of the palm wine the amount of aldehyde content increased significantly from day 

4 to 6, it then decreased significantly from day 6 to day 8, a significant increment was again 

observed from day 8 to 10 followed by a significant drop in the aldehyde content in day 12. 

Similar fashioned result was observed by Uzochukwu et al. (1997) in natural fermentation of 

palm sap. 

      t-test between the TSS content of pure culture fermented and naturally fermented samples 

on respective days of fermentation showed that there was significant difference between 

samples in day-4, day-6, day-10 and day-12 while there was no significant difference 

between the samples in day-8 (Appendix D). 

 

Fig 4.9     Kinetics of aldehyde content during the course of fermentation 

    In the palm wine of Elaeis guineensis have been identified 11 carbonyls and acetaldehyde 

is the one of the most abundant carbonyl in palm wine (Uzochukwu et al., 1997). Borse et al. 

(2007) observed the maximum production of carbonyl compounds up to 2249.65 μg/l of wine 

with 5.17% ABV which is equivalent to 43.51 g per 100 l of absolute alcohol. The production 
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of aldehyde and other carbonyl compounds are the biochemical products of fermentation in 

expense of alcohol. 

4.5     Sensory analysis  

For the sensory analysis of the 12th day’s sample, 15 semi-trained panellists were selected. 

They were teaching staffs of CDFT, M. Tech. Final year’s students. The panellist were 

selected on the basis of their ability of distinguish the sensory parameters and they were well 

known about the characteristics of palm wine. Two type of sensory analysis was carried out 

namely 9 point hedonic rating and acceptability test. 

      In 9 point hedonic rating (Appendix A-II), panelists were asked to score the samples on 

their own perception of like and dislike of the samples. There were four sensory parameters 

namely color, aroma, taste and overall acceptance. Fig. 4.9 shows the mean sensory scores 

given by the panellists. Values on the top of the bars bearing similar superscript are not 

significantly different at 5% level of significance. Vertical error bars represent ± standard 

deviation of scores given by panelists. 

 

Fig 4.10     Mean sensory score for the color, aroma, taste and overall acceptance of samples. 

     In acceptability test (Appendix A-III), panellists were asked to tick the only one response 

parameter which is most preferred or noticeable to them and score the hedonic rating. For 

acceptability test clear, cloudy, bright, dark, pale and light were taken as response. Fruity, 

powerful, subtle, putrid and floral were taken as response parameter for aroma and sweet, 
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bitter, sour, salty and dry were taken as response parameters for taste. Table 4.5 shows the 

acceptability of sensory parameters by panellists. 

Table 4.5     Acceptability test table for color, aroma and taste of samples 

 

Response 

 

Response 

 

Response 

Color PCF NF Aroma PCF NF Taste PCF NF 

Clear 
2 

(13.3%) 

1 

(6.7%) 
Fruity 

7 

(46.7%) 

4 

(26.7%) 
Sweet 

11 

(84.6%) 

9 

(69.2%) 

Cloudy 
11 

(73.3) 

14 

(93.3%) 
Powerful 

3 

(20%) 

3 

(20%) 
Bitter 

1 

(7.7%) 

3 

(23.1%) 

Bright 0 0 Subtle 
2 

(13.3%) 

2 

(13.3%) 
Sour 

1 

(7.7%) 

1 

(7.7%) 

Dark 0 0 Putrid 0 
2 

(13.3%) 
Salty 0 0 

Pale 
1 

(6.7%) 
0 Floral 

1 

(6.7%) 
0 Dry 0 0 

Light 
1 

(6.7%) 
0 Other 

2 

(13.3%) 

4 

(26.7%) 
Other 0 0 

Other 0 0 

      

Total 
15 

(100% 

15 

(100%)  

15 

(100%) 

15 

(100%)  

13 

(100%) 

13 

(100%) 

Note: PCF: Pure culture fermentation and NF: Natural fermentation system 
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4.5.1     Color 

The mean sensory scores for color are 7.53 and 6.8 for pure cultured and natural fermentation 

systems respectively. There is significant difference between the mean sensory score for 

color. There were total 15 panelists for color, among them 13.3%, 73.3% 6.7% and 6.7% 

respondents were preferred for clear, cloudy, pale and light color of pure cultured sample. 

Whereas 6.7% panellists were noticed by clear color and remaining 93.3% were noticed by 

cloudy color for natural fermentation system. 

      From the hedonic sensory analysis and acceptability test it was seen that, significant 

numbers of panellists were more liked to pure cultured sample than mixed cultured. Color of 

pure cultured samples were very much liked by the panellists where as mixed cultured was 

slightly liked. It can be relate to the acceptability test. Most of the panellists noticed cloudy 

color in mixed cultured sample in comparing to pure cultured one. So we can say that the 

panellists were less like to like cloudy color of the palm wine. Most of the panellists were 

noticed to cloudy color of both samples, so we can conclude that the characteristic color of 

the palm wine is cloudy color which is moderately liked by the panellists. Similar 

characterization of the palm wine is given by several researchers (Adakaren et al., 2017; 

Atputharajah et al., 1986; Dhakal, 2007; Naknean et al., 2010; Rouniyar, 1994; Santiago-

Urbina and Ruíz-Terán, 2014; Shetty et al., 2017). 

     Naknean et al. (2010) analysed the turbidity of palm sap by measurement the 

transmittance value at 650 nm. They found that turbidity vary from 39.56% to 79.95%. In 

general, the presence of cell fragments has been found to be responsible for the immediate 

turbidity in fresh juice. Additionally, haze formation caused in turbidity of juice. The 

turbidity of palm sap depends greatly on its protein concentration and the polyphenol 

compounds. The complex between protein and polyphenol can be induced and therefore, a 

large colloid size or haze can be developed which might be responsible for cloudy appearance 

of palm wine (Siebert et al., 1996). The development of haze may result from interactions 

between sugars or metal ions, and proteins. In general the oxidative polymerization of 

polyphenols, with protein-polyphenol interactions being considered as the most frequent 

cause of haze formation in juice. The protein-phenol haze forms via hydrogen and/or 

hydrophobic interaction. The hydrogen bonds occur between the hydroxyl groups of 

polyphenols and the carbonyl oxygen in the peptide backbone, whereas the hydrophobic 

interactions are generated via attraction between the aromatic structure of polyphenols and 
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the nonpolar moiety in proteins (Katrine et al., 2006). Furthermore, microorganisims are also 

responsible for turbidity of palm sap. Uzochukwu et al. (1994) suggested that the 

microorganisms important for the fermentation of palm sap were mainly Saccharomyces 

yeasts and lactic acid bacteria. The lactic acid bacteria have been shown to be responsible for 

the consistency and soluble white colouration of palm sap through their production of gum 

likely dextrans in the early stage of fermentation in the beverage, which change the 

consistency and the colour from transparent to whitish. In addition, a heavy suspension of 

yeast and bacteria also gave a milky-white appearance. This phenomenon was also 

contributed to the increase in turbidity of palm sap. In pure cultured system there was lack of 

lactic acid bacteria that may be reason for the less whiteness of this sample. 

4.5.2     Aroma 

The mean sensory scores for aroma are 7.53 and 6.2 for pure cultured and natural 

fermentation systems respectively. There was significant difference between samples and the 

pure cultured sample was more liked by the respondents. There were 46.7%, 20%, 13.3%, 

6.7% and 13.3% of panellists were noticed by fruity, powerful, subtle, floral and other type of 

aroma respectively for pure cultured system. Similarly there were 26.7%, 20%,13.3%, 13.3% 

and 26.7% of panellist were responded to fruity, powerful, subtle, putrid and other type of 

aroma respectively for naturally fermented palm sample. Here the other type of aroma is 

characterized as those types of aroma noticed which are not recognized by the panellist in the 

given list of response. From the statistical analysis it was concluded that for pure culture 

fruity aroma was most noticed and was liked very much. Similarly for mixed cultured system 

panellists seems to be more confused to the aroma. Equal numbers of the panellists were 

noticed to the fruity aroma and unknown to aroma which is approximately half of that of pure 

cultured system. For natural fermentation, we can conclude that the aroma was fruity and 

powerful which was less liked. 

From the chemical analysis it was seen that there was very less ethyl acetate present in 

pure cultured system (i.e. 43.887 g per 100 l of absolute alcohol) in comparison with natural 

fermentation system (198.405 g per 100l absolute alcohol). Nwaiwu et al. (2016) analysed the 

principal aroma component of palm wine by APCI-MS analysis and reported that Ethyl 

acetate has the most intense aroma.  It has been noted that at each stage of palm wine 

fermentation members of the microbial consortium trade metabolites and the product of one 

organism becomes the substrate of the next such that yeasts ferment sugar to produce ethanol 
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and ethanol is fermented by acetic acid bacteria to yield acetic acid. Ethanol and acetic acid 

can combine to form ethyl acetate, which possibly caused depletion of ethanol and acetic acid 

and probably resulted in an increase in ethyl acetate aroma intensity. Naknean et al. (2010) 

and Shetty et al. (2017) reported that there are various types of yeast and bacteria involved in 

natural fermentation of palm sap to produce aromatic components. It is the reason behind the 

more aromatic components in mixed cultured system than that of pure cultured system. 

Uzochukwu et al. (1997) reported that ethyl esters in Rose wines have been correlated with 

the intensity of tree fruit aroma while they linked acetate esters with tropical fruity notes. 

These palm wine esters are thus expected to be responsible for its fruity bouquet. 

4.5.3     Taste 

The mean sensory scores for taste were 7.6 and 7.07 for pure cultured system and mixed 

cultured system respectively. There was no significant difference between the samples in 

term of taste. There were 84.6%, 7.7% and 6.7% of the respondents respond to sweet, bitter 

and sour taste of the pure cultured sample. Whereas there were 69.2%, 23.1% and 7.7% of 

the panellists noticed sweet, bitter and sour taste respectively for natural fermentation sample. 

From the statistical analysis, it can be concluded that the both samples were sweet in taste 

and were moderately liked by the panellists. 

     The sweet tastes of the samples were because of residual sugar present in the samples. 

Researchers suggested that the taste of the palm wine vary very much. The taste of the 

sample depends on several factors like residual sugar in sample, alcohol content, day of 

fermentation, aromatic components etc (Nanean et al., 2010). In this study the residual sugar 

was more likely to dominate the other factor for taste. Though there was no significant 

difference between the samples, pure cultured sample was slightly more liked by the 

respondents. It was because of the other factors like aromatic components, higher acid 

content etc. 

4.5.4     Overall acceptance 

The mean sensory scores for the overall acceptance were 7.6 and 7 for pure cultured and 

natural fermentation samples respectively. Statistical analysis showed that there is no 

significant difference between the samples though pure cultured samples was slightly more 

liked by the respondents. This slightly more likeness of pure cultured sample was might be 

governed by its attractive color and aroma. Danmadami et al. (2017) when perform the 
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burukutu production with pure culture of saccharomysis cerevisea isolated from palm wine 

and with starter culture, they also found the burukutu produced from pure culture was more 

liked by the respondent than with starter culture  

 

 
 

 

 

 



Part V 

Conclusions and recommendations 

5.1    Conclusions 

The palm wines were fermented with pure culture of Sachharomyces cerevisea and with 

natural fermentation starter culture. On the basis of the result obtained, following conclusions 

were made 

 The best age of the palm tree for tapping and collection of palm sap is middle aged 

palm tree (15-10 years old) and best collection time is early in the morning (before 6 

AM) with overnight tapping. 

 The physico-chemical properties of palm wine and volatile constituents of both pure 

culture and natural fermentation systems differ significantly during the course of 

fermentation. 

 Sensory analysis showed that, pure cultured fermentation is better than mixed cultured 

natural fermentation. 

 Palm wine can be characterized as cloudy in appearance, fruity in aroma and sweet in 

taste on the basis of acceptability test. 

5.2     Recommendations 

 Palm sap can be collected from the middle aged palm tree (10-15 years old) at early in 

the morning (before 6 AM) for good quality of sap. 

 Palm sap can be marketed by pasteurizing at 75oC for 25 minutes with suitable 

clarification. 

 

 

 

 



Part VI 

Summary 

Palm wine is alcoholic beverages that are made by fermenting the sugary sap from various 

palm plants. It is collected by tapping the top of the trunk by felling the palm tree and boring 

a hole into the trunk it is a cloudy whitish beverage with a sweet alcoholic taste and very 

short shelf life of only one day, the wine is consumed in a variety of flavors varying foam 

sweet unfermented to sour, fermented and vinegary there are many various of the products 

and no individuals method. The main objective of this thesis work is to find out the best age 

of the palm plant for the tapping and collection and to study the fermentation kinetics of pure 

culture using pure strain of Saccharomyces cerevisiae (SC-22) and spontaneous mixed 

culture fermentation and compare them.  

     To obtain the objective of the work, at first survey was carried out in the targeted area of 

sunsari and morang district. Then the trees were categorized as young age, middle age and 

old aged tree. For the selection of the best aged tree, tapping was started at 3 PM and TSS 

was analysed in 6 hours of interval for 24 hours. The palm sap obtained from the best aged 

tree was pasteurized for predetermined time-temperature profile and adequacy of 

pasteurization was carried out. Thus, pasteurized palm sap was taken to the laboratory of 

Central Department of Food Technology (CDFT), Dharan and pure yeast culture and mixed 

culture were inoculated in different vessel to allow fermentation until constant TSS was 

obtained. The palm wine is regularly analysed in 2 days interval for the kinetic study. 

     The best age of the palm tree was found to be middle age (15-40 years old). During the 

tapping and collecting the palm sap, overnight tapping and collection at early in morning was 

found to be best. The proximate analysis of fresh sap showed that, palm sap is very good 

source of sugar (upto 15%). Data on fermentation kinetics showed that there was vigorous 

utilization of sugar to produce alcohol and other volatiles in early days of fermentation i.e. 

upto 6 days. Later the alcohol content was found to be decrease and again increase and it was 

around 12% at end of 12 days on both fermentation systems. 

     Statistical analysis showed there was a significant difference in the physico-chemical and 

volatile constituents of the palm sap during the course of fermentation. But there was no 

significant on the palm wine fermented with pure culture and with mixed culture regarding 

the end product of the wine. The pH of the fermentation systems were changed significantly 
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from 4.9 to 4.2. similarly the total acidity of the saps were also increased significantly from 

1.075 and 1.15 to 4.25 and 4.2% for pure cultured and mixed cultured systems respectively. 

The ester and aldehydes were also changed significantly during the course of fermentation at 

5% level of significance. For pure cultured system ester was formed upto 182.297 g per 100 

litre of absolute alcohol at 8th day of fermentation later which was reduced to 43.887. For 

mixed cultured system ester was found to be reduced significantly for 6th and 8th days of 

fermentation and later significantly increased to 189.267 g per 100litre of absolute alcohol in 

10th days of fermentation. On 12th days of fermentation it was not changed significantly. 

Aldehyde content of pure cultured fermentation system was increased significantly upto 

58.025 g acetaldehyde per 100 litre of absolute alcohol in 6th days of fermentation, later it 

was decreased to 18.285 g in 12th day of fermentation. For mixed cultured system aldehyde 

content was increased significantly upto 48.592g in 10th days of fermentation which 

subsequently decreased to 19.485 g in 12th days of fermentation which is not significant with 

4th days of fermentation. 

      There was significant difference between these two systems in sensory analysis. Sensory 

analysis of the pure cultured palm wine and mixed cultured palm wine was carried out at day 

12 and the statistical analysis showed there was significant difference in samples and palm 

wine with pure culture fermentation was found to be better than palm wine with spontaneous 

mixed culture natural fermentation. Statistical analysis of the data obtained from acceptability 

test showed that the color of the palm wine was cloudy, fruity in aroma and sweet in taste 

which was moderately liked by the sensory panelists.  
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Appendices 

Appendix A-I 

Questionnaire 

General Questionnaire 

1. Name: 

2. Location: 

3. Age: 

4. Occupation: 

5. How long have you been harvesting toddy from palm tree? 

 

6. Is this a family occupation (if yes, how many generation)? 

 

7. Who do you usually get as your consumer? 

 

8. What are the possible adulterations in final product? 

 

9. What is the possible future for this product? What can be done to improve its status? 
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Research questionnaire 

1. How old is the palm tree for its first harvest? 

 

2. Till how old do keep harvesting the palm? 

 

3. Which aged group trees give the most desirable palm sap? 

 

4. Which is the most favourable time of tapping? 

 

5. How long does it take for alcoholic fermentation to start? 

 

6. What are the tools used for tapping? 

 

7. How long is tapping done? 

 

8. How long do you give rest to tree? 

 

9. What is the expected amount of palm sap per tapping? 

 

10. What is the desirable characteristics of good sap and toddy (color, flavor, aroma, taste) 
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Appendix A-II 

Specimen of Sensory Card Evaluation 

Sensory evaluation of Palm wine 

Name of panelist:……………………    Date…………………… 

Product name: Palm wine 

Please taste these given samples and check how much you like or dislike each one i.e. by 

your perception of individual parameters. Please give points for your like or dislike as given 

below, for each parameters. 

Parameters Samples 

A B 

Color   

Aroma   

Taste   

Overall acceptance   

Give points as follows: 

Like extremely: 9 Like slightly: 6 Dislike moderately: 3 

Like very much: 8 Neither Like nor dislike: 5 Dislike very much: 2 

Like moderately: 7 Dislike slightly: 4 Dislike extremely:1 

Comments:……………………………………………………………………………………

…………………………………………………………………………………………………

……………………………………………       

           Signature 
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Appendix A-III 

Acceptability of the Quality Attributes of Palm Wine in terms of Color, aroma and taste 

Please taste these given samples and give the response and tick the response parameter. 

In the given three specific parameters, please select only one of the various characters 

observed in response section. (preferred response is to be selected if more than one 

characteristics is observed) 

Color Response Aroma Response Taste Response 

Clear Fruity Sweet 

Cloudy Powerful Bitter 

Bright Subtle Sour 

Dark Putrid Salty 

Pale Floral Dry 

Light 
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Appendix A-IV 

Table A-1     Palms tapped for sweet sap. * Indicates that the palm is no longer tapped for 

sap. Palm species names follow the nomenclature of Palmweb [Palmweb (2013). 

Palmweb: Palms of the World Online. Published on the internet 

http://www.palmweb.org.Accessed on 28 Jan 2013]. 

Species Locale Tapping Reference(s) 

Acrocomia aculeate 
(Jacq.) Lodd. ex Mart 

Southern Mexico, 
Central America 

Destr. Balick, 1990; 

Sylvester et al., 2012 

Arenga pinnata 
(Wurmb) Merr. 

Indonesia, Malaysia, 
SE Asia, Philippines 

Nondestr. Miller, 1964; 

Siebert, 1999 

Arenga tremula 
(Blanco) Becc. 

Philippines Nondestr. Madulid, 1991 

Arenga wightii Griff. India Nondestr. Basu, 1991 

Attalea butyracea ( 
Mutis ex L.F.) Wess. 
Boer 

Colombia Destr. Bernal et al., 2010 

Attalea cohune Mart. Honduras Mexico Destr. Balick, 1990 

Attalea speciosa 
Mart. 

Brazil Destr. May et al., 1985 

Beccariophoenix 
madagascariensis* 

Madagascar - Decary,1964 

Borassus aethiopum 
Mart. 

Tropical Africa Destr. Sambou et al.,  2002 

Borassus akeassii 
Bayton 

West Africa Nondestr. Bayton et al., 2006; 

Yaméogo et al., 2008 

Borassus flabellifer 
L. 

India, SE Asia, 
Indonesia 

Nondestr. Fox, 1977; 

Davis and Johnson, 1987 

Borassus 
madagascariensis 

Madagascar Nondestr. Decary, 1964 
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Caryota cumingii 
Lodd. ex Mart.* 

Philippines Nondestr. Johnson, 1992 

Caryota mitis Lour. Philippines Nondestr. Johnson, 1992 

Caryota urens L. Sri Lanka, India Nondestr. Basu, 1991 

Cocos nucifera L. SE Asia, Africa Nondestr. Hodge, 1963; 

Kadere et al., 2004 

Copernicia prunifera 
(Mill.)* 

Brazil - Johnson, 1972 

Corypha 
umbraculifera L. 

SE Asia Nondestr. Fox, 1977 

Corypha utan Lam. Indonesia Nondestr. Mogea, 1991 

Dypsis nodifera 
Mart.* 

Madagascar - Decary, 1964 

Elaeis guineensis 
Jacq. 

Ghana, Ivory Coast, 
Nigeria, Madagascar 

Destr./ 
Nondestr. 

Onuche et al., 2012 

Hydriastele 
microcarpa (Scheff.) 

Indonesia Nondestr. Mogea, 1991 

Hyphaene coriacea 
Gaertn. 

Madagascar, SE 
Africa 

Destr. Decary, 1964; 

Cunningham,1990 

Hyphaene petersiana Namibia Destr. Sullivan et al., 1995 

Hyphaene thebaica  Eritrea, Yemen - Ogbazghi and Bein 2007 

Jubaea chilensis Chile Destr. González et al., 2009 

Mauritia flexuosa 
L.f.* 

Brazil Destr. Lévi-Strauss, 1952 

Nypa fruticans 
Wurmb 

Bangladsh, 
Philippines, 
Indonesia, Papua 
New Guinea 

Nondestr. Rasco, 2010 

Phoenix canariensis Canary Islands Nondestr. Quintero Lima, 1985 
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Chabaud 

Phoenix dactylifera 
L. 

North Africa Nondestr. Barreveld, 1993 

Phoenix reclinata 
Jacq. 

SE Africa Destr. Cunningham, 1990 

Phoenix sylvestris 
(L.) Roxb. 

India, Bangladesh Nondestr. Kamaluddin et al., 1998; 

Chowdhury et al., 2008 

Pseudophoenix 
ekmanii Burret 

Dominican Republic Destr. Zona, 2002; 

Namoff et al., 2011 

Pseudophoenix 
vinifera 

Haiti, Dominican 
Republic 

Destr Zona, 2002; 

Namoff et al., 2011 

Raphia africana 
Otedoh 

Nigeria Nondestr. Otedoh, 1982 

Raphia farinifera 
(Gaertn) 

Madagascar Destr. Decary, 1964 

Raphia hookeri West Africa Destr. Russell, 1963; 

Tuley, 1964 

Raphia sudanica West Africa Destr. Russell, 1963 

Raphia vinifera Nigeria Destr. Russell, 1963 

Sabal bermudana * Bermuda Nondestr. Hodge, 1960 

Source: Francisco-Ortega and Zona (2013) 
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Appendix A-V 

Production parameters of main tapped palm species 

Latin name Litres of sap/tree - Sugar % Age of first/last 

tapping (years) 

Frequency of tapping 

- Season - Duration 

 

Arenga 

pinnata or 

saccharifera 

3-6 l/day per peduncle (2 to 4 

can be tapped in a tree, each for 

1 to 4 months 

- 11 to 16.5% 

From 5-12 to 2 

to 5 years later 

Once to twice a day 

- 2 to 9 with average 5 

months 

 

Borassus 

aethiopium 

5 to 6 l/day 2 months/year 

through bruising and cutting 

bunches 

- Up to 20% 

- Twice to thrice 

4 to 6 months before 

death; 8 months if 

clayey or clay-silted 

soils 

 

Borassus 

flabellifer 

3l/day the first 3 months and 

1.5 the 3 last 

- 8 to 20% 

Borassus 

madagascariensis: 1l/day 

during one week 

20-30 to 50-60 

years 

Once or twice a day 

(night collection = 

twice the day 

collection) 

5 months, every 3rd 

year rested 

 

Caryota urens 5 to 27 l/day (up to 60) 

- 15-16% including 9.8 to 

13.6% sucrose 

10-15 to 2 -10 

years later [2] 

[14] (flowers 

only every 2-3 

years 

Twice a day 

3-6 months 
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Cocos 

nucifera 

1 to 1.5 l/day 

-16-22% sugar 

more than 20 

years 

Throughout the year  

Corypha elata 

or utan 

20l/day for 3-4 months 

- 17% sugar 

Flowers once 

when 20 - over 

100 years old 

and dies 

Twice daily  

Elaeis 

guineensis 

Felled tree: 3-4l/day 

- 14% 

6 to 10 or more 

years for felled 

tree technique 

 

Twice to three 

times/day 

-2 weeks to 4 months 

on felled trees 

 

Hyphaene 

thebaica 

Up to 4l/day - Up to 4 times/day; 

14-25 days and then 2.5 

year rest before next 

tapping 

 

Jubaea 

spectabilis 

-  Once/day 

- Several weeks 

 

Nypa fruticans 0.6 to 1.8l/day 

-14-15% 

4-5 to 55 

 

Once to twice (for high 

yielding trees) daily 

- 6 months (3 

months/tree between 

July & Dec.) 

 

Phoenix 

dactylifera 

19l/day from a notch in the 

stem 9l/night during 50 nights8-

10l/day 

40 to 50 years of 

production 

Twice daily 

- Autumn in 

Mediterranean regions; 
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- 10% Warm season, once 

every five years for 3 to 

4 months 

Phoenix 

reclinata 

Sap rich in sugar - -  

Phoenix 

sylvestris 

- 10 to 14% from 5-6 to 55 

years, optimum 

15-25 

 

Once daily 

-from Nov. to March 

with greater yields in 

mid winter 

 

Raphia 

hookeri 

2l/day Flowers once 

when 7-10 years 

old and dies 

Twice daily  

Source:     Dalibard (1999)



84 
 

Appendix B 

Table B.1     TSS content, relative humidity and temperature of sap collected from different 

aged trees 

Duration 

(hours) 
Temperature RH 

TSS content (oBx) 

Young aged Middle aged Old aged 

0 (3 PM) 31.1 70% 14.13 (0.3055)a 16.67 (0.4726)b 14 (0.3464)a 

6 (9 PM) 26.9 74% 11.4 (0.2)a 14.67 (0.1154)b 12.53 (0.1154)a 

15 (6 AM) 28.2 79% 6.67 (0.1154)a 12.47 (0.1154)b 11.53 (0.1154)b 

18 (9 AM) 32.2 77% 5.067 (0.3055)a 9.07 (0.2309)b 10.13 (0.1154)c 

24 (3PM) 34.7 75% 3.53 (0.1154)a 6.8 (0.2)b 9 (0)c 

*Values are mean of triplicate and values in the parentheses are the standard deviation of the 

triplicate values. Figures in the row bearing different alphabet in superscript are significantly 

different at p<0.05. 
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Table B.1     ANOVA table for the TSS from different aged trees 

Tests of Between-Subjects Effects 
Dependent Variable: TSS 

Source 

Type III 
Sum of 
Squares df Mean Square F Sig. 

Corrected 
Model 

604.791a 14 43.199 856.375 .000 

Intercept 4971.756 1 4971.756 98559.031 .000 
Age 126.199 2 63.100 1250.872 .000 
Duration 428.338 4 107.084 2122.819 .000 
Age * 
Duration 

50.254 8 6.282 124.529 .000 

Error 1.513 30 .050     
Total 5578.060 45       
Corrected 
Total 

606.304 44       

a. R Squared = .998 (Adjusted R Squared = .996) 

Table B.3     Post hoc (Tukey HSD) for the TSS of different aged trees 

Age N 

Subset 

1 2 3 
Young 15 8.16000     

Old 15   11.44000   
Middle 15     11.93333 
Sig.   1.000 1.000 1.000 
Means for groups in homogeneous subsets are displayed. 
 Based on observed means. 
 The error term is Mean Square(Error) = .050. 
a. Uses Harmonic Mean Sample Size = 15.000. 
b. Alpha = 0.05. 
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Table B.4     Post hoc (Tukey HSD) for the TSS content of palm sap at different duration of 

tapping. 

Duration N 

Subset 

1 2 3 4 5 
24 9 6.44444         

18 9   8.08889       
15 9     10.22222     
6 9       12.86667   
0 9         14.93333 

Sig.   1.000 1.000 1.000 1.000 1.000 
Means for groups in homogeneous subsets are displayed. 
 Based on observed means. 
 The error term is Mean Square(Error) = .050. 
a. Uses Harmonic Mean Sample Size = 9.000. 

b. Alpha = 0.05. 
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Appendix C 

ANNOVA for physico-chemical and distillate parameter 

Table C.1     One way ANOVA for TSS of pure culture fermented and naturally fermented 

palm wine. 

Sum of 
Squares Df 

Mean 
Square F Sig. 

Pure culture 
fermentation 

Between 
Groups 

426.556 6 71.093 7464.733 .000 

Within 
Groups 

.133 14 .010   

Total 426.690 20    

Natural 
fermentation 

Between 
Groups 

388.366 6 64.728 4854.571 .000 

Within 
Groups 

.187 14 .013   

Total 388.552 20    

Table C.2     Post hoc (Tukey HSD) test for TSS content for pure culture fermentation 

Days N 

Subset for alpha = 0.05 

1 2 3 4 5 6 

12 3 10.00000      

10 3  10.40000     

8 3  10.53333     

6 3   11.13333    

4 3    15.73333   

2 3     19.86667  

0 3      21.46667 

Sig.  1.000 .642 1.000 1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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Table C.3     Post hoc (Tukey HSD) test for TSS content for natural fermentation 

Days N 

Subset for alpha = 0.05 

1 2 3 4 5 6 

12 3 10.06667      

10 3 10.20000 10.20000     

8 3  10.40000 10.40000    

6 3   10.53333    

4 3    11.66667   

2 3     18.20000  

0 3      21.46667 

Sig.  .786 .392 .786 1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

Table C.4     One way ANOVA for reducing sugar content of pure culture fermented and 

naturally fermented palm wine. 

  
Sum of 
Squares Df 

Mean 
Square F Sig. 

Pure culture 
fermentation 

Between 
Groups 

3.076 6 .513 8.030 .001 

Within 
Groups 

.894 14 .064     

Total 3.970 20       

Natural 
fermentation 

Between 
Groups 

1.868 6 .311 65.057 .000 

Within 
Groups 

.067 14 .005     

Total 1.934 20       
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Table C.5     Post hoc (Tukey HSD) test for reducing sugar content for pure culture 

fermentation 

Days N 

Subset for alpha = 0.05 

1 2 

12 3 .20260   

10 3 .21677   

8 3 .22562   

6 3 .34430   

4 3 .72117 .72117 

0 3 .90143 .90143 

2 3   1.25233 

Sig.   .052 .206 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

Table C.6     Post hoc (Tukey HSD) test for reducing sugar content for natural fermentation 

Days N 

Subset for alpha = 0.05 

1 2 3 

10 3 .19517     

12 3 .19563     

8 3 .23180     

6 3 .25707 .25707   

4 3   .43537   

2 3     .82567 

0 3     .96667 

Sig.   .919 .079   .232 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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Table C.7     One way ANOVA for total titratable acidity of pure culture fermented and 

naturally fermented palm wine. 

  
Sum of 
Squares Df 

Mean 
Square F Sig. 

Pure culture 
fermentation 

Between 
Groups 

25.603 6 4.267 318.613 .000 

Within 
Groups 

.188 14 .013     

Total 25.790 20       

Natural 
fermentation 

Between 
Groups 

22.784 6 3.797 345.772 .000 

Within 
Groups 

.154 14 .011     

Total 22.938 20       

Table C.8     Post hoc (Tukey HSD) test for total titratable acidity content for pure culture 

fermentation 

Days N 

Subset for alpha = 0.05 

1 2 3 4 5 6 

0 3 1.07500           

2 3   1.77500         

4 3     2.85000       

6 3       3.55000     

8 3       3.82500 3.82500   

10 3         3.87500   

12 3           4.25000 

Sig.   1.000 1.000 1.000 .120 .998 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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Table C.9     Post hoc (Tukey HSD) test for titratable acidity content for natural fermentation 

Days N 

Subset for alpha = 0.05 

1 2 3 4 5 

0 3 1.15000         

2 3   2.37500       

4 3     3.40000     

6 3       3.82500   

8 3       3.95000 3.95000 

10 3       4.07500 4.07500 

12 3         4.20000 

Sig.   1.000 1.000 1.000 .117 .117 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

Table C.10     One way ANOVA for alcohol content of pure culture fermented and naturally 

fermented palm wine. 

  
Sum of 
Squares Df 

Mean 
Square F Sig. 

Pure culture 
fermentation 

Between 
Groups 

56.040 4 14.010 246.306 .000 

Within 
Groups 

.853 15 .057     

Total 56.893 19       

Natural 
fermentation 

Between 
Groups 

8.057 4 2.014 10.285 .000 

Within 
Groups 

2.938 15 .196     

Total 10.994 19       
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Table C.11     Post hoc (Tukey HSD) test for alcohol content for pure culture fermentation 

Days N 

Subset for alpha = 0.05 

1 2 3 

6 4 9.10750     

4 4 9.39250     

10 4   11.75500   

12 4   12.03250   

8 4     13.51750 

Sig.   .468 .493 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 4.000. 

Table C.12     Post hoc (Tukey HSD) test for alcohol content for natural fermentation 

Days N 

Subset for alpha = 0.05 

1 2 

10 4 11.16750   

4 4   12.42750 

12 4   12.42750 

6 4   12.63000 

8 4   13.07500 

Sig.   1.000 .283 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 4.000. 
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Table C.13     One way ANOVA for ester content of pure culture fermented and naturally 

fermented palm wine. 

  
Sum of 
Squares Df 

Mean 
Square F Sig. 

Pure culture 
fermentation 

Between 
Groups 

50291.787 4 12572.947 1139.977 .000 

Within 
Groups 

165.437 15 11.029     

Total 50457.223 19       

Natural 
fermentation 

Between 
Groups 

11744.466 4 2936.116 33.218 .000 

Within 
Groups 

1325.837 15 88.389     

Total 13070.303 19       

Table C.14     Post hoc (Tukey HSD) test for ester content for pure culture fermentation 

Days N 

Subset for alpha = 0.05 

1 2 3 4 5 

12 4 43.88750         

6 4   96.70750       

10 4     119.78250     

4 4       168.81250   

8 4         182.29750 

Sig.   1.000 1.000 1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 4.000. 
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Table C.15     Post hoc (Tukey HSD) test for ester content for natural fermentation 

Days N 

Subset for alpha = 0.05 

1 2 3 

6 4 133.31000     

8 4   161.83250   

10 4     189.26750 

4 4     191.53500 

12 4     198.40500 

Sig.   1.000 1.000 .652 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 4.000. 

Table C.16     One way ANOVA for aldehyde content of pure culture fermented (PCF) and 

naturally fermented (NF) palm wine. 

Sum of 
Squares df 

Mean 
Square F Sig. 

Pure culture 
fermentation 

Between 
Groups 

7456.311 4 1864.078 2149.829 .000 

Within 
Groups 

13.006 15 .867   

Total 7469.317 19    

Natural 
fermentation 

Between 
Groups 

4191.881 4 1047.970 122.045 .000 

Within 
Groups 

128.802 15 8.587   

Total 4320.683 19    

 

 

 

 



95 
 

Table C.17     Post hoc (Tukey HSD) test for aldehyde content for pure culture fermentation 

Days N 

Subset for alpha = 0.05 

1 2 3 4 

8 4 4.88250    

4 4  9.37750   

10 4  11.36250   

12 4   18.28500  

6 4    58.02500 

Sig.  1.000 .057 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 4.000. 

Table C.18     Post hoc (Tukey HSD) test for aldehyde content for natural fermentation 

Days N 

Subset for alpha = 0.05 

1 2 3 4 

8 4 5.05500    

4 4  15.14250   

12 4  19.48500 19.48500  

6 4   22.72500  

10 4    48.59250 

Sig.  1.000 .272 .540 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 4.000. 

 

 

 

 



96 
 

Appendix D 

T-Test for the pure culture fermentation and natural fermentation system during the course of 

fermentation 

Table D.1     T-test for TSS content of pure culture fermentation (PCF) and natural 

fermentation (NF) 

  

Paired Differences 

t df 

Sig. 
(2-
tailed
) Mean 

Std. 
Deviatio
n 

Std. 
Error 
Mean 

95% Confidence 
Interval of the 

Difference 

Lower Upper 
PCF0 - NF0 0.000000 .200000 .11547 -.496828 .496828 0.000 2 1.000 

PCF2 - NF2 1.666667 .115470 .06667 1.379823 1.953510 25.00 2 .002 

PCF4 - NF4 4.066667 .230940 .13333 3.492980 4.640354 30.50 2 .001 

PCF6 - NF6 .600000 .200000 .11547 .103172 1.096828 5.196 2 .035 

PCF8 - NF8 .133333 .230940 .13333 -.440354 .707020 1.000 2 .423 

PCF12 - NF12 -.066667 .115470 .06667 -.353510 .220177 -1.000 2 .423 

Note: The correlation and t- cannot be computed for day-10 because the standard error of 

difference is 0. 
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Table D.2     T-test for reducing sugar content of pure culture fermentation (PCF) and natural 

fermentation (NF) 

  

Paired Differences 

t df 

Sig. 
(2-
tailed) Mean 

Std. 
Deviati
on 

Std. 
Error 
Mean 

95% Confidence 
Interval of the 

Difference 

Lower Upper 
PCF0 - NF0 -.0652 .0304 .0176 -.140992 .01052 -3.705 2 .066 

PCF2 - NF2 .4266 .7402 .4273 -1.4122 2.2655 .998 2 .423 

PCF4 - NF4 .2858 .2598 .1500 -.359632 .9312 1.905 2 .197 

PCF6 - NF6 .0872 .0428 .0247 -.019105 .1935 3.530 2 .072 

PCF8 - NF8 -.0061 .0122 .0070 -.036609 .0242 -.873 2 .475 

PCF10 - 
NF10 

.0216 .0112 .0064 -.006325 .0495 3.328 2 .080 

PCF12 - 
NF12 

.0069 .01931 .0111 -.040993 .0549 .625 2 .596 

Table D.3     T-test for total titratable acidity content of pure culture fermentation (PCF) and 

natural fermentation (NF) 

  

Paired Differences 

t df 
Sig. (2-
tailed) Mean 

Std. 
Deviation 

Std. 
Error 
Mean 

95% Confidence 
Interval of the 

Difference 
Lower Upper 

PCF0 - 
NF0 

-.075000 .075000 .043301 -.261310 .111310 -1.732 2 .225 

PCF4 - 
NF4 

-.550000 .156125 .090139 -.937836 -.162164 -6.102 2 .026 

PCF6 - 
NF6 

-.275000 .043301 .025000 -.382566 -.167434 -11.000 2 .008 

PCF8 - 
NF8 

-.125000 .241091 .139194 -.723904 .473904 -.898 2 .464 

PCF10 
- NF10 

-.200000 .188746 .108972 -.668871 .268871 -1.835 2 .208 

PCF12 
- NF12 

.050000 .086603 .050000 -.165133 .265133 1.000 2 .423 

Note: The correlation and t- cannot be computed for day-2 because the standard error of 

difference is 0. 
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Table D.4     T-test for alcohol content of pure culture fermentation (PCF) and natural 

fermentation (NF) 

  

Paired Differences 

t df 

Sig. 
(2-

tailed) Mean 
Std. 

Deviation 

Std. 
Error 
Mean 

95% Confidence 
Interval of the 

Difference 

Lower Upper 
PCF4 - 
NF4 

-3.035 .123423 .061712 -3.231394 -2.838606 -49.180 3 .000 

PCF6 - 
NF6 

-3.522 
 

.546222 .273111 -4.391661 -2.653339 -12.898 3 .001 

PCF8 - 
NF8 

.4425 
 

.510971 .255486 -.370569 1.255569 1.732 3 .182 

PCF10 - 
NF10 

.5875 
 

.314788 .157394 .086602 1.088398 3.733 3 .034 

PCF12 - 
NF12 

-.39500 .190526 .095263 -.698169 -.091831 -4.146 3 .025 

Table D.5     T-test for ester content of pure culture fermentation (PCF) and natural 

fermentation (NF) 

  

Paired Differences 

t df 

Sig. 
(2-
tailed) Mean 

Std. 
Deviation 

Std. 
Error 
Mean 

95% Confidence 
Interval of the 

Difference 
Lower Upper 

PCF4 - 
NF4 

-22.722 9.2672 4.6336 -37.4687 -7.9762 -4.90 3 .016 

PCF6 - 
NF6 

-36.602 9.0777 4.5388 -51.0472 -22.1577 -8.06 3 .004 

PCF8 - 
NF8 

20.465 6.1672 3.0836 10.6515 30.2784 6.63 3 .007 

PCF10 - 
NF10 

-69.485 5.6501 2.8250 -78.4755 -60.4944 -24.59 3 .000 

PCF12 - 
NF12 

-154.51 5.3232 2.6616 -162.9880 -146.0469 -58.05 3 .000 
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Table D.6     T-test for aldehyde content of pure culture fermentation (PCF) and natural 

fermentation (NF) 

  

Paired Differences 

t df 

Sig. 
(2-
tailed) Mean 

Std. 
Deviation 

Std. 
Error 
Mean 

95% Confidence 
Interval of the 

Difference 

Lower Upper 
PCF4 - 
NF4 

-5.765 .7133 .3566 -6.9000 -4.6299 -16.164 3 .001 

PCF6 - 
NF6 

35.300 7.8554 3.9277 22.800 47.7998 8.987 3 .003 

PCF8 - 
NF8 

-.1725 .1992 .0996 -.4895 .1445 -1.732 3 .182 

PCF10 - 
NF10 

-37.230 2.4439 1.222 -41.1189 -33.3410 -30.466 3 .000 

PCF12 - 
NF12 

-1.200 .3117 .1558 -1.6960 -.7039 -7.698 3 .005 
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Appendix-E 

ANOVA for sensory  

Table D.1     Two way ANOVA (no blocking) for color     

Source of variation d.f. s.s. m.s. v.r. F pr. 

Samples 1 4.0333 4.0333 5.39 0.036 

Panelist 14 25.6667 1.8333 2.45 0.052 

Residual 14 10.4667 0.7476 

  

Total 29 40.1667 

   

Table D.2     Two way ANNOVA (no blocking) for aroma 

Source of variation d.f. s.s. m.s. v.r. F pr. 

Samples 1 13.3333 13.3333 13.66 0.002 

Panelist 14 52.4667 3.7476 3.84 0.008 

Residual 14 13.6667 0.9762 

  

Total 29 79.4667 
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Table D.3     Two way ANNOVA (no blocking) for taste 

Source of variation d.f. s.s. m.s. v.r. F pr. 

Samples 1 2.1333 2.1333 3.03 0.104 

Panelist 14 28.6667 2.0476 2.91 0.028 

Residual 14 9.8667 0.7048 

  

Total 29 40.6667 

   

 

Table D.4     Two way ANNOVA (no blocking) for overall acceptance 

Source of variation d.f. s.s. m.s. v.r. F pr. 

Samples 1 2.7 2.7 4.3 0.057 

Panelist 14 28.8 2.0571 3.27 0.017 

Residual 14 8.8 0.6286 

  

Total 29 40.3 
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Photo gallery 

 

 

 

 

Specially designed knife to slice the trunk 

Rope used to climb the tree 
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Farmer climbing the tree 

 

Slicing of the trunk 
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Fresh palm sap 

 

Pasteurization of fresh palm sap 
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Transportation of pasteurized fresh palm sap 

 

Analysis of palm wine in laboratory 


