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Abstract 

The present work is focused on the study of the effect of wood chips on the maturation of 

finger millet whiskey enriching its sensory and physiochemical properties. Finger millet 

whisky prepared was adjusted to ~55% v/v alcohol content by double distillation and the 3 

different types of wood chips (Quercus alba, Quercus lamellosa and Castnopsis indica)   

were used for maturation. With the help of Design Expert® V.11 an experimental design 

was prepared with time (0-4 months), Surface Area/Volume ratio (90-280 cm
2
/L) and 3 

different wooden chips as factor, 33 different trials were performed. The matured whiskies 

were then divided into 2 broad groups (with higher and lower amount of woods) resulting 

in 6 samples from 3 wood varieties along with 1 control (no wood incorporated). The 7 

samples were then subjected to a qualitative and semi-quantitative sensory trial to study 

the flavor profile of the maturated finger millet whiskey. Principal component analysis of 

frequency data for the nominated flavor attributes was performed.  

     The effect of factors on the responses (total phenol content, ester content, aldehyde 

content, color, methanol and fusel oil) were evaluated and 2 different solutions with 

desirability of 0.433 and 0.251 was found. „Smoky‟ and „woody‟ notes were among the 

observed flavor attributes followed „caramel‟, „spicy‟ and „grainy‟ notes. 3 blends of 

whiskies were prepared with each consisting only one type of oak chips used which was 

compared with the control in hedonic sensory trials. No significant differences (p>0.05) in 

flavor and aroma scores were found among the whiskies but whiskey matured with 

phalant (Q. lamellosa) chips scored significantly higher with respect to color, mouth feel 

and overall acceptance.  
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Part I 

Introduction 

1.1 Background 

Whiskey production method remains same on its basic principle (i.e. distilling from 

fermented cereals) even though there has been huge change in technology, quality and 

materials all around the globe. Scotland and Ireland was the ancestral route for the 

modernization of whiskey from the traditional method, the state and monasteries in order 

to shut down the private distillers applied taxation and set standards for whiskey 

production. Since then nations have started utilizing their local resources along with newer 

technologies to bring about change in the product (Bathgate, 2003). Among the various 

factors like grain type and processing, malting, distillation process the use of barrel is 

considered as the major source for the change during maturation. Maturation is simply 

process where freshly distilled spirit is poured and kept in various wooden vessels. But the 

complex reactions during this simple process produces various kinds of chemical 

compounds like phenolic compound, aldehydes, tannins, esters, alcohols, organic acids etc 

that give a wide range of amazing and unique sensation to enrich the drink. Over 1300 

volatile components have been identified in alcoholic beverages since the 1960s (Conner, 

2003).  

     Traditionally, oak aged spirits such as whiskey, dark rum, scotch and brandy are aged 

in white oak barrels of various species, Quercus alba (American oak) and Quercus robur 

(French oak) being the most common. Among the American oak species used alba is 

considered to be of the best quality (Jeffery, 2012). The trees from the fagaceae family are 

usually considered for woods used for aging. Various species of native oaks, chestnuts and 

beech trees are also found in Nepal which has the potential for spirit maturation and 

storage. The construction and maintenance of oak barrels is an expensive process. Cost 

may vary from the wood source, process, market demand and reputation of the barrel 

maker (World cooperage, 2011). 

     The big cost paid can be greatly reduced by application of oak alternatives which is oak 

wood in various simpler forms and sizes which includes oak stave, chips, cubes and 

powder. Thus oak chips citing as a popular form can add a significant amount of 
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characteristics in a small factor of cost of new barrels (Barrelbuilders, 2008). The principle 

is based on the notion of oak-in-spirit rather than spirit-in-oak. Oak alternatives also 

reduce the cost. Oak barrel also help reducing the cost associated with topping up and lost 

due to evaporation and work well in long lasting steel or glass tanks (Jackson, 2000). 

Nowadays the oak alternatives have been proved that it can compete with barrels for equal 

quality. Regarding oak influence on wines and spirits during maturation, it is important to 

realize that the flavors imparted  by oak are the result of  seasoning (claimed) and heat 

treatments (verified) on oak wood that allow complex modification of the major 

components of oak to occur (Sun, 2013). 

1.2     Statement of the problem 

Finger millet whiskey also known as rakshi has been produced in Nepal since historic 

period by various indigenous groups. It is used during festivals and other major events. In 

recent years it has also been excessively consumed by people of other ethnic groups. It is 

usually only produced at home scale level by the female representatives of the family 

(Kharel et al., 2009). It was ranked as the 41
st
 best beverage by CNN just 2 steps behind 

the legendary scotch whiskey describing its strong and thick flavor along with long and 

warming finish. Since it is an unaged distilled product it may be deficient of more flavors, 

aroma and color and contain more unwanted congeners. American distillers like Koval 

distilleries in Chicago, USA produces pure millet malt whiskies aged in American oak 

barrels at a good price and has been awarded for its distinct quality attributes. Whereas in 

a country like ours the production of finger millet fermented beverages are high in number 

but have quiet small market value compared to the foreign whiskies.  

     Oak barrels impart flavor, aroma, and color to spirits that are completely clear at the 

time of distillation, and lacking many of the most familiar and desirable sensory qualities 

of aged spirits. Freshly distilled whiskey may have some unpleasant characteristics that 

require maturation time to moderate some of their pungency and acquire many of the 

traditional flavors that are desirable in a mature product. As early as 1960 Russian 

researchers had begun to identify and establish the importance of some aromatic 

compounds found in oak aged spirits, and their relationship to oak lignin (Jeffery, 2012). 

     Various species of oak are found in Himalayan belt of Nepal from above 1000 m from 

sea level to 2500 m. Q. lamellosa (phalant, layered acorn oak), Q. semicarpofolia (khesru), 
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Q. lanata, Q. leucotricophora (banj, Himalayan white oak) and Q. glauca are among the 

common species of oak tree found in Nepal. Oak grows in temperate forests of Nepal 

where it gets the required atmosphere required. In most of the parts where it is grown like 

Tinjure area in eastern Himalayan of Nepal locals utilize them as Non-Timber-Forest-

Products (NTFPs). Beech trees like Castanopsis indica are found in abundance in the 

forests of Chuira and Mahabharat range of Nepal. Various species of from the fagaceae 

has been identified yet none of them have been studied intensely for use with any food 

material and less work has been done for its measurement (IUCN, 2010). Use of locally 

found wood chips can help study the maturation of the Nepalese finger millet whiskey and 

also the utilization of native trees. 

1.3    Objectives 

1.3.1     General objective 

To study various effect of wood chips in maturation of finger millet whiskey.  

1.3.2     Specific objectives 

1. To prepare freshly distilled finger millet spirit. 

2. To collect varieties of wood and prepare its chips. 

3. To optimize the maturation condition using response surface methodology. 

4. To conduct qualitative/semi-quantitative and hedonic sensory trials. 

5. To evaluate various chemical and sensory parameters. 

1.4      Significance of the study 

Finger millet is usually considered as poor man‟s cereal which can be utilized for 

alcoholic fermentation. It usually grows under harsh conditions in most parts of the rural 

hills and lower Himalayan belt of Nepal. The by-product can also be used as feed or 

manure in the fields. Thus, the utilization of fermented millet products becomes both a 

challenge and an opportunity to the people involved. Proper attention and studies is 

required for the encouragement in its production, promotion and development (Chandra et 

al., 2016) 

     Production of rakshi is an indigenous skill can be considered as human capital for 

sustaining livelihood among the marginal communities. Most of the fermented alcoholic 
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beverages produced at home scale like beer (jand) and whiskey (rakshi) is produced and 

controlled by women of the house which creates new possibilities for women 

empowerment income generating skills of the women can be utilized for improvement of 

the family‟s care and proper livelihood of the children since a higher amount of the cash in 

women‟s possession is seen to be spend on the family welfare. Expanding new horizons 

for the diversification and improvement of the products can give a good boost for the 

improvement in livelihood of the marginal community involved (Kharel et al., 2009). 

     Similar indigenous products in other developing nations have taken new heights. Sake 

and souja from Japan and Korea has taken international market by storm. Certain factories 

in Africa have stated producing sorghum based alcoholic products in large factory scale 

after years of studies, development and standardization of the products. Their studies and 

works can be taken as source of inspiration for upgrading the Nepalese indigenous 

fermented foods and beverages. Innovation and application of advance standardized 

techniques will be of great importance for the survival and growth of fermentation based 

cottage scale industries (Bano et al., 2015) 

     Preservation, transportation, aging and maturation of alcoholic liquors in wooden 

barrels were done by the Europeans since they started taking over the seas. The long 

stored liquors started enhancing distinct desirable flavors and aroma in the liquors. The 

moonshine whiskey was soon out trade when more and more people started aging their 

liquors in wooden barrel which later became a must for many alcoholic products. In recent 

year, the trend has spread among other alcoholic beverages in Asian and African 

communities. The outcome of the product has shown great positive responses by the 

alcoholic liquor consumers and critics all around the world (Conner et al., 2009) 

     Use of various wooden chips instead of barrel for aging shows similar extraction rate 

and changes to that of wooden barrel if the surface area per volume (SA/V) value is 

maintained. The rate of extraction can also be studied in shorter time. The modifications in 

the wood can attribute to effective changes in the final product for its promotion and 

further studies of the maturation of alcoholic beverage and the woods that can be used 

(Jeffery, 2012). 
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1.5     Limitations 

The present dissertation work had the following limitations: 

 Rakshi was prepared traditionally in home scale level with the help of local 

expertise using their commonly used raw materials instead in laboratory. 

 Woods from only 3 botanical species were chosen among numerous varieties on 

the basis of their availability, potentiality and botanical similarities. 

 Only chemical groups like phenols, esters, aldehydes and fusel oils were evaluated 

rather than specific compounds. 

 



 

 

Part II 

Literature review 

2.1     Millet 

Millet can be simply considered as cultivated grass that consists of small kernels and they 

have been grouped together as members of the family Poaceae but can belong to different 

tribes or even subfamilies. The word itself is derived from the French word “mille” which 

means “thousand”, which signifies that a handful of millet contains one thousand grains. 

The first recorded history of millet dates back to 10,300 years from present day at 

Northern China and Korea. Paleoethnobotanists believe that he the ancient cereal was of 

foxtail millet by studying the cultivation techniques and from remains of containers that 

stored them. Millet has also being mentioned in Yajurveda scripts, where it has been noted 

as priyangava (foxtail millet), aanava (barnyard millet) and shycamka (black finger 

millet). This indicates the consumption of millet was common in the Indian Bronze Age 

i.e. 4500 B.C. in the Indian subcontinent (Taylor and Emmabox, 2008; Crawford and 

Gary, 1992). 

     Taylor and Emmabux (2008) claim that confusion can be created trying study various 

millet related literature since different common names are used for the same species and 

even different proper name are in wide spread use, millet is referred as kodo in Nepal 

which is actually Eleucine coracana, whereas kodo millet which is common in India is 

Paspalum scrobiculatum. The general English name for some more commonly cultivated 

millet has been discussed in Table 2.1with its vernacular name and taxonomy. 

2.2     Introduction to finger millet 

Finger millet gets its name of its finger like projection structure. This millet species is 

cultivated in more than 25 countries in Africa. It has been grown in India in the last 4000 

years. Finger millet is highly adaptable to higher elevations. It however has a higher water 

requirement than most of other millets (Chandi and Annor, 2016). It is also known as 

bird‟s foot, corcana, ragi in India, and dagusha in Ethopia. It covers the total area of 8% of 

all cultivation area and 11% of the total production of millets in the whole world. Due to 

its wide adaptation to soil it is found from the tropical belt of Africa to the belts of 

Himalayas in Nepal (Oblina and Manyasa, 2002). 
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Table 2.1     The different millet species. 

Generally used 

English Other common vernacular Taxonomy  

Finger millet  Ragi, Wimbi Tribe Eragrostideae 

  
Eleucine coracana L. Gaertn 

Teff Tef, Teff grass  Tribe Paniceae 

  
Eragrostistef  (Zuccagni)  

Job‟s tears  Adlay, Adlay millet Tribe Andropogoneae 

 
Abyssinian lovegrass Coixlacryma-jobi L. 

White fonio Acha, Fonio millet, Hungry rice Tribe Paniceae 

  
Digitariaexilis (Kippist) Stapf 

Black fonio Black acha , Hungry rice  Tribe Paniceae 

  
DigitariaiburuaStapf 

Japanese millet  Japanese barnyard millet  Tribe Paniceae 

  

Echinochloaesculenta (A. 

Braun) H. Scholz 

Sawa millet  

Corn panic grass, Deccan grass, 

Jungle rice Tribe Paniceae 

  
Echinochloacolona L. 

Proso millet  

Common millet ,Broom millet 

,Panic millet Tribe Paniceae 

  

Panicum miliaceum L. subsp. 

Miliaceum 

Little millet  Blue panic, Sama Tribe Paniceae 

  
Panicum sumatrense Roth 

Kodo millet  

Creeping paspalum ,Ditch millet 

,Indian paspalum, Water couch Tribe Paniceae 

  
Paspalumscrobiculatum L. 

Foxtail millet  

Italian millet, Foxtail bristle grass, 

German mille, Hungarian millet Tribe Paniceae 

  

Setariaitalica L.. Beauv subsp. 

Italica 

Pearl millet  

Bulrush millet, Cattail millet 

Babala, Bajra/Bajira Tribe Paniceae 

  
Pennisetumglaucum 

Guinea millet False signal grass  Tribe Paniceae 

    Urochloadeflexa (Schumach.) 
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2.2.1      Physical properties of finger millet 

The physical and chemical composition of finger millet differs with respect to their source 

of origin and different varieties. Various researches can be found mostly in the African 

and Asian region since it is native to here. Many varieties of finger millet still haven‟t 

been studied to their full potential. Ramashia et al. (2017) described the following 

dimensional and physical properties of various finger millet species in comparison to pearl 

millet as control (Table 2.2). 

Table 2.2     Dimensional and physical properties of finger millet grain cultivars  

Dimensions (mm) Milky creamy  Brown Black Pearl millet* 

Length 
1.63 ± 0.01  1.67 ± 0.01  1.41 ± 0.00 3.85 ± 0.01 

Width 1.28 ± 0.01  1.47 ± 0.01  1.38 ± 0.01  2.40 ± 0.01 

Thickness 1.22 ± 0.01  1.35 ± 0.01  1.27 ± 0.01  2.31 ± 0.00 

G.M. diameter 1.36 ± 0.18  1.49 ± 0.13  1.35 ± 0.06 2.81 ± 0.71 

A.M. diameter 1.38 ± 0.22  1.50 ± 0.06  1.35 ± 0.07  2.85 ± 0.86 

1000 kernel weight  775.8 ± 5.27  496.8 ± 5.00  573.4 ± 7.17  176.8 ± 1.94 

Bulk density (kg/m
3
)  1158 ± 16.51  993.6 ± 11.44  1146.80 ± 16.4  354.6 ± 3.85 

True density (kg/m
3
)  1613.4± 48.02  1515. ± 34.8 1515.8± 35.33  1531.2± 42.72 

Porosity (%)   28.25± 2.47 32.41 ± 5.40  24.31 ± 2.10  76.83 ± 0.47 

Aspect ratio (%)  92.21 ± 0.83  88.3 ± 0.55  73.55 ± 0.23  87.81 ± 0.92 

Sphericity (%)  92.43 ± 0.15  83.21 ± 0.08  73.75 ± 0.10  64.17 ± 0.16 

Surface area (mm
2
)  5.81 ± 0.82 6.97 ± 0.94  5.73 ± 0.90  24.81 ± 1.41 

Volume (mm
3
)  0.86 ± 0.02  1.07 ± 0.06  0.82 ± 0.16  3.59 ± 1.12 

The mean ± standard deviation, n =20. *pearl millet as control 
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2.2.2     Chemical composition and nutritional properties of finger millet 

     Finger millet also have nutritional qualities superior than that of rice. Finger millet is 

especially valuable as it contains the amino acid methionine, which is lacking in starchy 

staples such as polished rice (Hiremath, 2012). The millet forms a major source of dietary 

carbohydrates for a large segment of population in the area of its cultivation.  

Table 2.3     Chemical compositions of finger millet 

Attributes 
GPU 

0025 

GE 

5016 
Juwain Okhle Kabre Dalle 

Reducing sugar as glucose 

(mg %) 

101.7 

(2.9) 

130.0 

(30.0) 

110.0 

(20.0) 

105.0 

(5.0) 

120.0 

(10.0) 

70.0 

(10.0) 

Glucose (mg %) 
50.8 

(5.9) 

67.7 

(1.5) 

46.8 

(3.2) 

86.7 

(2.9) 

47.0 

(4.2) 

28.7 

(0.2) 

Starch (%) 
72.93 

(3.54) 

71.32 

(1.85) 

79.86 

(0.18) 

72.88 

(2.16) 

71.88 

(3.07) 

72.60 

(2.52) 

Amylose (%)  
21.48 

(1.38) 

22.22 

(0.76) 

24.13 

(0.08) 

21.36 

(0.84) 

20.42 

(1.17) 

20.39 

(0.95) 

Amylopectin (%) 
51.45 

(2.16) 

49.11 

(1.09) 

55.72 

(0.11) 

51.52 

(1.32) 

51.46 

(2.58) 

52.21 

(1.57) 

Total phenolic as gallic 

acid (mg %) 

103.7 

(9.6) 

229.2 

(15.9) 

60.9 

(10.2) 

165.1 

(10.6) 

165.9 

(5.2) 

87.3 

(5.5) 

Total flavonoid as rutin 

(mg %) 

55.3 

(6.1) 

141.7 

(20.3) 

35.2 

(5.3) 

95.8 

(3.1) 

93.9 

(7.0) 

52.2 

(10.8) 

Tannin as tannic acid (mg 

%) 

227.1 

(14.4) 

566.0 

(11.9) 

169.9 

(20.1) 

373.3 

(12.1) 

374.9 

(6.5) 

245.7 

(16.5) 

Anti oxidant property (%) 
55.39 

(2.82) 

77.30 

(3.97) 

18.23 

(3.02) 

74.46 

(2.14) 

71.62 

(5.07) 

53.18 

(6.59) 

     The chemical composition of various varieties of finger millet found in Nepal as 

recorded by Karki and Kharel (2012) is given in the Table 2.3. The results in the Table are 

expressed in dry weight basis. Figures in the enclosed parenthesis are the standard 
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deviations. The six varieties used were GPU 0025, GE 5016, Juwain, Okhle, Kabre and 

Dalle. 

Table 2.4     Phenolic compounds of finger millet 

  Phenolic compounds Quantity (μg/g) 

 Phenolic acids 
Gentisic  4.5 

 

Vanillic 20 

 

Gallic 3.91–30.0 

 

Syringic 10.0–60.0 

 

Salicylic 5.12–413.0 

 

Protocatechuic 119.8–405.0 

 

p-hydroxybenzoic 6.3–370.0 

 

Caffeic 5.9–10.4 

 

Sinapic 11.0–24.8 

 

p-coumaric 1.81–41.1 

 

trans-cinnamic 35–100.0 

 

trans-ferulic 41–405.0 

 Flavonoids Quercetin 3 

 

catechingallocatechin, epicatechin, epigallocatechin, - 

 

taxifolin, vitexin, tricin, luteolin, myricetin, - 

Sources: Shahidi and Chandrasekara (2013); Hithamani and Srinivasan (2014) 

     Over the years, research interest in the millet has increased owing to its abundance of 

bioactive compounds. These compounds which include, among others, ferulic acid-rich 

arabinoxylans or feraxans, ferulic acid, caffeic acid, and quercetin have been associated 
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with certain health promoting properties and have been found bioaccessible in the grain. 

Following the recent interest in natural curative substances over their synthetic 

counterparts in the treatment of food dependent diseases, finger millet has shown potential 

nutraceutical effects. Some important health effects such as anti-diabetic, antioxidative, 

anti-inflammatory and antimicrobial properties have been reported in recent trials with the 

grain (Udeh et al., 2017). Various recent studies have been able to identify various 

phenolic compounds and flavonoids content in finger millet. Table 2.4 has summarized 

various compounds identified as phenolic acids and flavonoids, few were quantified but 

most of the flavonoids were only able to identified due their lower concentration (Shahidi 

and Chandrasekara, 2013; Hithamani and Srinivasan, 2014; Chethan and Malleshi, 2007). 

2.3     Traditional finger millet-based alcoholic beverages in Nepal 

In Nepal, the history of alcoholic beverages dates back to ancient times. These 

technologies were developed by ethnic groups while celebrating various festivals and 

settlement of marriage. The knowledge of home brewing has been passed on to 

generations but they are quite ignorant about the broad dimensions of microbial 

biochemistry or their complex mechanisms. In fact the exact nature of fermentation is still 

not fully known to them. Among the various fermented finger millet alcoholic beverages, 

jand, toongba, nigar and rakshi are the major alcoholic fermented liquor traditionally 

consumed in various parts of Nepal (Kharel et al., 2009). 

2.3.1     Jand 

Jand (also spelt jandh, jnar, jaanr, jnard) is a generic term that refers to sweet-sour cereal 

beer made from grains like finger millet (Eleusine coracana), rice (Oryza sativa), wheat 

(Triticum spp.), and maize (Zea mays) etc. by using murcha (Rai, 2006). It finds a very 

prominent place in Limbu and Rai culture in particular and among other ethnic groups in 

general. The tradition of offering jand to guests is a unique way of showing hospitality. It 

is also used in several festive occasions, ritual rites, settling disputes and appeasing deities. 

Jand is prepared by leaching out the readily extractable contents from the fermented mash 

with water (usually lukewarm). A strainer made of thin bamboo strips or perforated 

aluminum strainer is normally used for straining the liquor. This form of beverage is drunk 

in toongba (a small brass bowl) or deep aluminum mugs. The beverage is cloudy in 

appearance and has a very short shelf-life of about few hours (Rai, 1991). 
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     Finger millet (Eleusine coracana) is a traditionally important grain used in brewing 

millet beer in some cultures. It is also the base ingredient for the distilled liquor rakshi in 

Nepal and the indigenous alcoholic drink of the Sherpa, Tamang and Limbu people. Jand 

refers to the sweet-sour cereal beer made from grains like finger millet, rice, wheat 

(Triticum spp.), and maize (Zea mays) by using murcha. Jand finds a very prominent place 

in Limbu and Rai cultures in particular and among the ethnic groups in general. The 

tradition of offering jand to guests is a unique way of showing hospitality. Jand is also 

used in several festive occasions, rituals, and rites, settling disputes and appeasing deities. 

Jand is served in different forms. Strained jand is prepared by leaching out the readily 

extractable contents from the mash with water (usually lukewarm). A strainer made of thin 

bamboo strips or perforated aluminum strainer is normally used for straining the liquor. 

This form of beverage is drunk in lumbha (small brass bowl) or deep aluminum mugs until 

satiated .The beverage is cloudy in appearance and has a very short shelf life of about few 

hours. The shelf life of strained jand can be extended by pasteurization (Rai et al., 2006). 

KC et al, (2001) have listed the use of some 38 murcha plants in the east zones (Mechi 

and Koshi) of Nepal. Murcha serves as a source of microorganism (a mixture of 

saccharifying molds, fermentative yeast, and acidifying lactic acid bacteria derived from 

murcha plant for the fermentation). 

2.3.2.     Nigar 

Nigar is the clear liquid that spontaneously accumulates during prolonged anaerobic 

fermentation of jand. The product likens sake and is highly prized by the drinkers. Nigar  

can therefore be classified as cereal wine (Rai, 2006). 

2.3.3     Toongba 

Toongba is another variation of serving fermented finger millet. About 500 g of the 

fermented millet is transferred to a cylindrical bamboo or wooden barrel containing about 

one-fourth of hot water. The juice gradually and spontaneously gets extracted and after 

about 15 min, the extract is sucked in through a bamboo or metal pipe called peepa. The 

mash can be repeatedly steeped and sucked in to exhaust the extract. People say that a 

good quality toongba tastes slight bitter and has peppery sensation (Karki, 2011). 
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2.3.4    Rakshi 

Rakshi is an ethnic alcoholic drink with a characteristic aroma, distilled from the 

traditional fermented cereal beverage jand. Fermented masses of buckwheat, potato, cane 

and cassava roots are also distilled to get rakshi. Rakshi is a common term in Nepali 

meaning alcoholic drink. Rakshi has several other names in different ethnic communities 

such asarak (Tibetans, Bhutia,Drukpa, Sherpa), aarok (Lepcha), aaerak (Tamang), aayala 

(Newar), sijongwaaaara (Limbu), aarakha/hemma (Rai), paa (Gurung), rindho (Sunwar), 

dhise (Magar) etc. Rakshi (also spelt raksi, rukshi) is an unaged congeneric spirit obtained 

by pot distillation of the slurry of jand. The product likens whiskey and has highly varying 

alcohol content. Several researches have been done on rakshi production from different 

cereals using murchas well as pure culture isolated therefore, but there seems a lack of 

attention toward process development such as preparation of good starter culture, 

increasing efficiency of traditional distillation apparatus, and separation of feints and fore 

shots for improving the quality of rakshi (Rai et al., 2006). Traditionally rakshi is made by 

using murcha as starter culture as that in preparation of jand. 

2.3.4.1     Distillation of fermented mash 

Traditional fermented beverages prepared from cereals are distilled in a large cylindrical 

metallic vessel measuring 40 × 30 × 25 cm for 2–3 h continuously over firewood in an 

earthen oven. Above the main cylindrical vessel, a perforated container called a phunga is 

placed, inside of which a small metallic collector, locally called paini, is kept on an iron 

tripod, locally called odhan, to collect the distillate (rakshi). Another metallic vessel with 

cold water is placed above the phunga as condenser. The bottom of the condenser vessel is 

plasteredby mud with the tip of the phunga to prevent the vapors from escaping during 

distillation. Water is replaced three to five times after it is heated. Condensed rakshi is 

collected in a small metallic vessel (poini). Rakshi prepared after replacing the condensing 

water three times is known as teen pani rakshi; this contains a high amount of alcohol and 

is traditionally prepared for religious purposes. Rakshi prepared after replacing the 

condensing water five times is known as panch pani rakshi, which is a common alcoholic 

drink. The traditional distillation apparatus can distill 2–4 kg of jand to get 1–2 L of rakshi 

after replacing condensing water thrice. Rakshi is usually stored in bottles capped with a 

piece of dry corncob. Sometimes, petals of Rhododendron spp. are mixed during 
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distillation to give a distinct aroma to rakshi. This type of rakshi is commonly prepared in 

Rhododendron -growing regions of the Himalayas (Karki et al., 2016; Kharel et al., 2010).  

 

 

Fig. 2.1     The traditionally assembly for rakshi distillation (Kharel et al., 2010) 

2.3.4.2     Consumption pattern 

Rakshi is drunk directly without addition of water along with snacks like fried meat, 

soybeans and other curries. Traditionally only homemade spirits were drunk but with there 

is rapid increase in small scale distillers often termed as bhattis, where the commercial 

consumption of rakshi increases day by day. It is traditionally drunk by the matwali 

(alcohol drinkers), including non-Brahmin Nepali, Bhutia, Tibetans, Lepcha, Drukpa, etc. 

Rakshi is drunk in mountains and high hilly region by people to protect them from the 

cold. 

2.3.4.3     Economy 

Some people are economically dependent on rakshi, which is commonly available in 

liquor shops, restaurants, and hotels. The trade of rakshi is increasing in marginalized 

people. However the process for rakshi has not been mechanized and industrialized. 

Rakshi, produced in bhattis costs cheaper as compared to other distilled alcoholic 

beverages produced in large distilleries. 
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2.5     Chemical Composition of distilled indigenous cereal based beverages 

Bhandari (1997) made a comparative study on the raksi production from different cereals 

using murcha and pure culture (viz., Saccharomyces cerevisie, S. sake and Aspergillus 

oryzae) and reported the following composition in Table 2.5. 

Table 2.5     Chemical composition of the indigenous distillate 

 

Cereals 

 

Starter 

Alcohol     

(% v/m)* 

Methanol 

(g/100 L) 

Higher 

alcohol (%) 

Maize S. cerevisiae + A. oryzae 5.42 12.1 > 0.1 

Maize S.sake + A.oryzae 8.71 9.6 ,, 

Maize Murcha 12.05 2.4 ,, 

Finger millet S. cerevisiae + A. oryzae 1.86 24.3 ,, 

Finger millet S. sake + A. oryzae 7.48 19.4 ,, 

Finger millet Murcha 7.22 9.6 ,, 

Rice S. cerevisiae + A. oryzae 8.59 9.6 ,, 

Rice S. sake + A. oryzae 11.17 7.2 ,, 

Rice Murcha 10.01 Trace ,, 

* Alcohol content is expressed as ml/100 g fermented millet 

2.6     Whiskey and its maturation 

2.6.1     Brief history whiskey 

Almost all distilled alcoholic beverages have similar generic roots depending upon the 

various basic raw materials, whether fruits, grain or sugar. In the past, these distillates 

were regarded as having great powers with medicinal and mystical properties. The generic 

Latin name given to these distilled products was aqua vitae meaning the water of life. In 

other traditions, similar distillates from alternative sources of fermentable sugar were 

translated from Latin as l’eau de vies in France or aquavit in Scandinavia and so on. With 

its monastic roots from Ireland and Scotland, the distillation of whiskey has changed into a 
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global commercial enterprise across various continents. In the year 1494, the first record 

of a commercial transaction involving the supply of whiskey (sic. aqua vitae) was between 

the Benedictine monastery at Lindores Abbey in Fife and the Court of King James IV at 

Holyrood, Edinburgh. The practice of distilling soon passed on from the monasteries to the 

local people, a constant has been waged between the state and private distillers for control 

of a valuable commodity. The states usually extract excise duty (tax) on the distillers 

which played a significant role for the development of whiskey distilling. Since then 

various remarkable similarities can be found for the development of international brands 

and markets all around the globe.  

     Bathgate (2003) summarized the driver for these developments as; 

 Existing technology to produce the distilled product locally 

 A national demand to consume the distilled product 

 The drive and initiative of a few strong entrepreneurs to realize emerging 

commercial and export marketing opportunities 

 A commitment to supply and maintain a product of consistent high quality. 

     All these events lead in making of the big five countries as the largest international 

whiskey distilling countries which are Scotland, Ireland, the USA, Canada and Japan. 

Among them Scottish and Irish are the oldest and leading whiskies producers with malted 

whiskies being their main attraction. American and Canadian soil had good amount white 

oaks which lead in aging of various grain whiskies like bourbon. Japanese distillers are the 

recent in the race with great new innovation, ideas and implication Japanese whiskies have 

been rewarded all over the globe.  

     Ralph (1995) described six technical factors as main differentiation of American 

whiskies: 

1. Proportion of different cereal species in the mash bill 

2. Mashing technique 

3. Strain of yeast and yeasting technique 

4. Type of fermentation (controlled or uncontrolled) 

5. Type of distillation (single continuous or doublers) 

6. Cask type and maturation processing. 
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2.6.2     Maturation 

The various factors for any whiskey that are known to influence the final quality of the 

product include the water used, grain or malt type, extent of peating still type and 

distillation condition. However, the most important contributor is the oak container in 

which the whiskey maturation takes place. The time the spirit spends in the container 

major changes occur in its chemical composition and physical properties. It is in the stage 

the pungent, feinty aromas of the new distillate transform into the typical mellow 

characteristics of a mature whiskey and color of the spirit also changes, from virtually 

clear to golden brown (Bathgate, 2003). Whiskies before eighteenth and nineteenth 

centuries were probably drunk unmatured but since whisky production was seasonal and 

long travelling on ships evolved. The storage of this spirits used wooden barrels, the 

nature of which depends with the availability of suitable timber. When people started 

realizing the benefits the period of maturation became an adopted part of whiskey 

production. However, a wide range of variables can still influence the quality of the final 

product. The type of cask used, its method of manufacture, cask size, spirit used and even 

the climatic conditions during storage all affect the maturation process. 

     According to Philp (1986) maturation can be viewed as the specific combination of one 

type of distillate with any one type of cask leading to the development of a flavor profile 

relative to time. Various modern analytical methods are being used to identify an 

increasing number of reactions that take place during the maturation of whiskey. The 

overall flavor is a result of an interaction between a large numbers of different aromatic 

compounds many still unidentified. With a great variety in the wood and spirit the number 

of different reactions increases and so maturation can no longer be thought of a 

homogenous process with same reactions occurring.  

     Maturation is an overall mixture of different reactions and the nature and extent of each 

is determined by the type of cask used. Hence maturation has been classified into two 

broad sections, the initial section outlines the different reactions that have been identified 

and second relates the earlier reactions to different cask types (Conner et al., 2003).  

     During their study, the changes in the spirit during oak aging have been categorized by 

Nishimura and Matsuyama (1989) into 7 wide categories that describe all the major 

chemical reactions and changes that affect the final quality of the spirit thusly: 
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1) Direct extraction of wood components; 

2) Decomposition of the macromolecules forming the framework of wood, such as 

lignin, cellulose and hemicelluloses, followed by elution into the spirits; 

3) Reactions of wood components with components of the unaged distillates; 

4) Reactions involving only the extracted wood materials; 

5) Reactions involving only the distillate components; 

6) Evaporation of the low-boiling compounds through the wood of the cask; 

7) Formation of stable molecular clusters of ethanol and water. 

2.6.3     Maturation reactions 

Conner et al. (2003) separated the reactions that occur during maturation into additive and 

subtractive activities. The additive activity includes all reactions that help forming new 

aroma compounds and the subtractive activity includes reactions that alter or reduce 

constituents of new-made spirit. 

2.6.3.1     Additive activity 

Cask charring helps in breaking down the lignin and hemicelluloses polymers in the wood 

by combined actions of oxidation and hydrolysis generating higher level of color and 

extractives from the cask wood. Two methods have been proposed by Conner et al. (2003) 

for the degradation of lignin.  

1. This involves extraction of an ethanol–lignin complex by the spirit, which breaks 

down to form coniferyl and sinapyl alcohols. 

2. This involves similar reactions, which take place in the wood to produce aromatic 

aldehydes that are later extracted by the spirit. 

     Hemicelluloses usually degrades to give sugars such as glucose or xylose but they are 

in too little amount to impart any significance in the sugar level. Not all aroma compounds 

are formed by degradation of structural polymers, a number of aroma compounds already 

present in the oak wood e.g. oak lactone (coconut aroma) and eugenol (spicy, clove 

aroma) have been identified in matured spirits. The sensory importance of oak lactone is 
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complicated by the fact that two diastereo isomers are present in oak, each with a different 

sensory impact (Conner et al., 2009). . 

     Tannins are the next group of constituents extracted from oak during maturation which 

are include gallic and ellagic acids and the various complex combinations of these acids 

with sugars, which are known as gallo- and ellagitannins (e.g. vescalagin and castalagin). 

These compounds are generally non-volatile and have no aroma, but may play a role in 

modifying the mouth-feel and taste of mature whisky (Piggot, 2012). 

     Conner et al. (2003) also describes another potential source of aroma compounds in re 

fill casks or the reuse of cask which earlier have aged other liquors like borboun, red wine 

or brandy. The various combinations of depletion and migration from deeper in the stave 

wood slow the rate of extraction and consequently maturation. Eventually a point is 

reached where the cask fails to produce any sensory improvement, and it is then termed 

„exhausted‟. 

2.6.3.2    Subtractive activity 

Changes in distillate character during maturation may be the result of the loss or 

suppression of aroma compounds. This may involve: 

 Evaporation of low boiling point compounds through the cask 

Although evaporation occurs from all casks, it is not known how factors such as porosity 

and stave thickness affect its rate, and in turn spirit quality. Different warehouse 

conditions (temperature, humidity and the airflow round the cask) will also affect the 

evaporation rate and again mature quality. 

 Adsorption/degradation by charred surface of the cask 

The „active‟ carbon layer on the inner surface of the cask plays an important role in the 

removal of immature character from the maturing spirit. Experiments have shown that it 

promotes the oxidation of dimethyl sulphide (Fujii et. al., 1992) and may reduce the 

concentration of other sulphur compounds by a combination of adsorption and oxidation 

(Philp, 1986). Two mechanisms are possible for these reductions. It may be that char 

preferentially adsorbs these compounds, or chemical degradation may play the major role. 

The char may therefore act as an important reservoir for congeners that are released during 

the subsequent use of the cask. 
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 Chemical reactions resulting in a less volatile product  

Chemical reactions that alter distillate components include oxidation and acetal formation. 

Examples of oxidation include the formation of acetaldehyde and acetic acid from ethanol 

and the formation of dimethyl sulfoxide from dimethylsulfide (Fujii et al., 1992). The 

breakdown of sulphur compounds may also be enhanced by cask extractives, particularly 

hydrolysable tannins such as gallic and ellagic acids. Interaction between these tannins, 

dissolved oxygen and copper ions produces active oxygen and peroxide, which degrade 

sulphur compounds. 

 Masking of immature characters  

The immature character of a spirit may be masked in a number of ways. The first is a 

direct sensory interaction, where the presence of strong wood aromas lessens the impact of 

sulphury or feinty characters. Masking may also occur through changes in the whisky 

matrix that reduce the volatility of distillate components. The reduction in pH during 

maturation, which may be cask-dependent, affects the ionization state of weak bases and 

consequently, their volatility. 

     At spirit concentrations, ethanol exists as a micro emulsion in water. Whiskies consist 

mostly of ethanol and water, with flavour-active components maintained in the aqueous 

emulsion by ethanol. The aggregation of ethanol is affected by the presence of wood 

extractives, which increases the solubility of aroma compounds and consequently reduces 

their release into the headspace (Conner et al., 1999).  

     This effect, and the physicochemical changes, is consistent with an increase in large 

ethanol polymer hydrates in wood-matured spirits, which have a greater capacity for 

solubilizing aroma compounds. The wood extractives, particularly water-soluble 

components such as gallic acid, sugars and ionic components, compete with ethanol for 

water for hydration. This reduces ethanol solubility, and consequently increases the 

amount of ethanol available to solubilize other congeners such as esters (Piggott et al., 

1992). Therefore, this interaction is greatest in casks that generate high levels of 

extractives. 
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2.6.4 Wood types 

Traditionally, oak aged spirits such as whiskey, dark rum, scotch and brandy are aged in 

white oak barrels of various species, Quercus alba (American oak) and Quercus robur 

(French oak) being the most common. Among the American oak species used alba is 

considered to be of the best quality but at least ten other species are utilized including: Q. 

prinu, Q. bicolor, Q. muehlenbergii, Q. stellata, Q. macrocarpa, Q. lyrataand Q. durandii. 

Among European or French oaks roburis considered to be of the highest quality with Q. 

sessilis, Q. petraea and Q. sessiflora also commonly used (Jeffery, 2012). Use of local oak 

species like use Q. mongolica in Japan‟s whiskey manufacturing process has been of great 

significance in making Japan one of the five largest whiskey power houses. 

     Other features that are important in the consideration of woods for cooperage include 

flexibility of the wood and extractives content. White oak is suitably bendable for the 

shaping of the barrel bilge (the bulging center of the barrel shape). Many woods are brittle 

after seasoning making barrel shaping difficult or impossible. Oaks are of similar structure 

being composed of cellulose, lignin, and hemicelluloses. None of these structural 

polymers are either extracTable or soluble in their native forms. Only heartwood is used 

for barrel construction (Matsuyama and Nishimura 1989). 

     Various species of oak are found in Himalayan belt of Nepal from above 1000 m from 

sea level to 2500 m. Q.lamellosa (falant, layered acorn oak), Q. semicarpofolia (khesru), 

Q. lanata, Q. leucotricophora (banj oak, Himalayan white oak) and Q. glauca are among 

the common species of oak tree found in Nepal. Oak grows in temperate forests of Nepal 

where it gets the required atmosphere required. In most of the parts where it is grown like 

Tinjure area in eastern Himalayan of Nepal locals utilize them as Non-Timber-Forest-

Products (NTFPs). Various species of oak has been identified yet none of them have been 

studied intensely for use with any food material and less work has been done for its 

measurement (IUCN, 2010). 

2.6.4.1      Structure of wood 

Cellulose is a polymer of glucose. Wood hemicelluloses are polymers of pentoses and 

hexoses among other sugars and acids. They form polyoses which can consist of one unit 

(homopolymer) such as xylans or two or more units (heteropolymer) such as 
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glucomannans (glucose-mannose dimer). Lignin is a three dimensional, hydrophobic 

polymer structure that is highly branched. Its structural precursors (p-coumaric alcohol, 

synapyl alcohol, coniferyl alcohol among others) are assembled from glucose via the 

shikimic acid metabolic pathway. Polymerization is random and spontaneous leading to 

the uniquely heterogeneous nature of the lignin molecule, with no repeating structural base 

(Zimmerman, 1982). As lignin is formed it is forced to fill in the spaces between other 

structural elements of the cell wall where it lends strength and density (Singleton, 1974). 

Neither cellulose and hemicellulose, nor lignin has the ability to directly affect flavor or 

aroma of wine or spirits in their native forms as they are insoluble. The degradation of 

structural polymers during barrel production yields a large variety of flavor and aroma 

active components which are largely responsible for (Arapitsas et al., 2003).. 

     Heat treatment has always played an important role in the manufacture of casks for 

maturing distilled spirits. Two distinct methods of heating are used: toasting is a milder 

but more prolonged form of heat treatment, while charring is more rapid and involves 

heating the inner face of the cask with a gas burner until the inner face catches fire and 

becomes carbonized (Conner et al.,2003). Despite these differences, the objectives of the 

treatments are the same: 

 Degradation of wood polymers to yield flavor compounds 

 Destruction of resinous or unpleasant aroma compounds present in the wood 

 Production of a layer of „active‟ carbon on the inner surface of casks (charring 

only). 

2.6.5     Other maturation variables 

The type of cask used is regarded as the most dominant factor in maturation, but there are 

other variables that can also have influence in the mature qualities of the spirit. The most 

important of these factors can be regarded as maturation time but other factors such as fill 

strength, barrel size and ware house condition also a play a vital role (Conner et al., 2003). 

2.6.5.1     Maturation time 

Maturation time is an important variable in maturation of the distilled spirits. Long 

maturation time is a common practice among for producing high quality mature spirits, 

still the important chemical reaction that help generate the quality are mostly unidentified. 
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The major reason for not being able to conduct this kind of models in laboratory scale is 

no appreciable amount of activity may be observed in the experiment time given. Initially 

there is rapid extraction which is mainly due to rapid diffusion of free extractives from the 

cask wood. The steady increase thereafter is due to the release of further concentrations of 

hydrolysable tannins and lignin breakdown products through a combination of spirit 

hydrolysis and air oxidation. The evaporation of spirit, which increases the concentration 

of all non-volatile congeners, may also contribute to this steady increase. 

      The color change and cask extractives can provide easily measurable markers for 

additive reactions but no such markers have been followed for subtractive reactions. 

Evaporation takes place throughout the maturation period, and in Scotland this is 

accompanied by a decrease in strength. On prolonged maturation large reductions in spirit 

strength may occur (down to 50 % v/v), and this may affect the solubility of wood and 

distillate components. Consequently, the concentration of long chain ethyl esters, fats and 

ethanol lignin may decrease, and the concentration of sugars and hydrolysable tannins 

increase. Finally, the increase in the level of extractives and wood aromas with longer 

maturation could lead to both sensory and physicochemical masking of distillate aromas. 

2.6.5.2     Fill strength 

Distillates are filled into cask differently across various distillers but at constant strength 

for similar final spirit. Malt whiskies are diluted to 57% to 70% (v/v) whereas some grain 

whiskies are matured at higher rate up to 80% (v/v). Lower alcoholic strengths favour the 

extraction of water-soluble wood components, such as hydrolysable tannins, glycerol and 

sugars. Higher strength distillates extract more ethanol-soluble congeners, such as 

lactones. Overall, increasing the fill strength reduces the levels of colour, solids and 

volatile acids developed during maturation (Reazin, 1981). 

     Some wood/distillate reactions may be dependent upon the presence of water and 

therefore as spirit strength increases the water concentration will decrease and reaction 

rates will be slower, resulting in lower levels of congeners in the final product. One 

notable exception is ester formation, which remains constant over the maturation period 

and is not affected by fill strength. To control the extraction of wood components, casks 

are filled with distillates at empirically derived strengths. This strength rarely exceeds 80 

% (v/v), as strengths above this can lead to the extraction of excessive amounts of wood 



 

24 

 

lipids and ethanol lignins, which give filtration problems before bottling (Conner et al., 

2003). 

2.6.5.3     Warehouse type and environmental condition 

The traditional maturation warehouse was a stone-built single- or multi-storey building 

with slate roof on timber sarking. The bottom storey of the ware house had a cinder floor, 

with additional levels having wooden floors. Warehouses generally were constructed 

without damp courses, and humidity often depended on the surrounding soil type and 

water table. Casks were stored in „stows‟, usually two or three high, sitting on top of one 

another, with wooden runners between each layer. Large, centralized multi-storey 

warehouses have a basic construction of brick walls, concrete floors and insulated 

aluminium or asbestos roofs. Steel racking with wooden runners allows casks to be tightly 

packed on their sides in long parallel rows, and racking can extend to up to twelve rows 

high. More recently some warehouses have dispensed with racking, and casks are stored 

on their ends on pallets, stacked up to six high, for easy access using fork liftrucks 

(Conner et al., 2003) 

     Warehouse temperature and humidity can influence evaporative losses. Within a 

warehouse there is an inverse relationship between temperature and humidity. Under 

controlled climatic conditions, temperature and humidity have been shown to affect the 

relative rates at which ethanol and water are lost. A rise in temperatures increases the 

evaporation losses of both ethanol and water, while humidity influences the relative rate at 

which ethanol and water are lost. At high humidity more ethanol than water is lost and the 

strength is decreased; at low humidity more water than ethanol is lost and the strength 

increases (Philp, 1989). Application of these results to the ware- house environment is not 

straightforward, as conditions can vary on a seasonal, monthly and even daily basis. In 

Scotland, although the location of a warehouse affects the seasonal and monthly 

temperatures for maturation, this cannot be directly related to losses, owing to effect of 

other factors such as ventilation and insulation. There is a direct relationship between 

warehouse humidity and water loss during maturation. For large racked and palletized 

warehouses there are marked differences between top and bottom tiers. Consequently, for 

equivalent casks maturing the same spirit the alcoholic strength can decrease when 

matured at the bottom of the warehouse but increase when matured at the top. However, 
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total evaporative losses will be higher from the top tier. Humidity also explains 

international differences in strength changes (Piggot et al., 1992) 

2.7     Oak barrel alternatives 

The construction and maintenance of oak barrels is an expensive process. Cost may vary 

from the woo source, process, market demand and reputation of the barrel maker. 

American barrels of standard 225 L costs about US$ 300 whereas oak barrels of same size 

can double the costs up to US$ 700 and more (World cooperage, 2011). There is also a 

cost paid for storing spirits in barrels rather than large storage tanks which are 

maintenance and the larger storage space requirement. It has been estimated that a more 

than US$ 2 is minimally added in retail price if mature in barrel which is a significant 

amount of the final retail price (Maneul, 2002). 

     The big cost paid can be greatly reduced by application of oak alternatives which is oak 

wood in various simpler forms and sizes which includes oak stave, chips, cubes and 

powder. Thus oak chips citing as a popular form can add a significant amount of 

characteristics in a small factor of cost of new barrels (Barrelbuilers, 2008). The principle 

is based on the notion of oak-in-spirit rather than spirit-in-oak. Oak alternatives also 

reduce the cost. Oak barrel also help reducing the cost associated with topping up and lost 

due to evaporation and work well in long lasting steel or glass tanks (Jackson, 2000). 

     Aside from the benefits from costs of oak wood, in these new forms the alternatives 

significantly can improve productivity by reducing maturation time, which is achieved by 

increased ratio of surface area to volume (SA/V), since the entire surfaces are immersed 

instead of only the inner part of the barrel. Oak chips have the ability to impart oak flavors 

in a matter of weeks in compared to the years long barreling methods showing a similar 

intensity. However there is conflicting theories about the comparisons of oak barrels and 

oak chips. It is claimed that some of the oak alternatives are likely to bring a 

monochromatic, harsh profile; missing delicate mixture of aromatic compounds like that a 

matured rink usually can deliver. Nevertheless, it is unknown how true this can be or if it 

is just propaganda by the vested spirit and barrel interests (Sun, 2013). 

     The most common alternative is oak chips which come with a diversity of different 

factors including geographical origin, chips size and toasting level etc. All these factors 
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impact on spirit character differently and the diversity available gives many options for 

experimentation. The use of oak powder is less common than the use of chips but they 

serve as a very practical alternative when oak character is requiring at fermentation stage 

(Gawel, 2009). 

     Oak cubes are another alternative one study shows that the oak cubes are superior than 

oak chips due to standardized optimal shape and size and thus toasting level (Alexander, 

2008), factors that cannot be achieved by chips. Oak cubes replicate the complex flavors 

of a barrel better than chips because the cubes are able to have multiple toasting levels like 

barrel would. 

     Oak staves or planks are other useful technique. Oak character is imparted by wine 

through holding staves or planks vertically or by staking them at the bottom of tanks from 

where they can be easily withdraw at will, although these practices are a little more costly 

than using oak chips, some tasters believe they do not leave bitterness or harshness that 

oak ships may cause (Maneul, 2002), although it is difficult to see how this claim might be 

true. Equipped with other contemporary technologies like micro-oxygenation, these oak 

alternatives can yield a consistent good quality as the wine undergoes temperature 

controlled fermentation and maturation. 

     The use of alternatives is currently seen in many cheaper and mid-priced drinks 

especially wines mainly due to the reduced costs, but is still not favored by premium 

brands. The reason for this is probably one of image. Oak barrels in a cellar evoke an 

image that chips in a stainless steel barrel cannot match. Oak alternatives are even 

prohibited in the production of premium whiskies in some countries. The oak chips 

practice was just approved in recent years in Europe (2006) and the USA (1993) with 

many restrictions still imposed, probably because of vested commercial interests of 

industry participants e.g. barrels makers. However, nowadays the oak alternatives have 

been proved that it can compete with barrels for equal quality. Regarding Oak influence on 

wines and spirits during maturation, it is important to realize that the flavors imparted  by 

oak are the result of  seasoning (claimed) and heat treatments (verified) on oak wood that 

allow complex modification of the major components of oak to occur (Sun, 2013). 
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     Barrel making from oak or beech wood is not a practice followed in Nepal. It is also 

economically not viable to make wooden barrels just for the maturation of alcoholic 

beverages. So the use of oak alternatives is more use in country like ours. 

2.8     Prior studies: maturation of spirits using wood chips 

Granados et al.,(2002) used artificial techniques like using various oak wood spirals for 

various samples of traditionally aged rum. Analysis was based on the phenolic and furanic 

composition of each sample. There were found to be few statistical differences between 

samples, thus confirming the possibility of applying artificial aging techniques to obtain 

rum with phenolic and furanic characteristics that are similar to those of rum obtained by 

traditional methods. Arapitsas et al. (2003) studied on the artificial aging of wines using 

oak chips which was analysed for its contents of furfural, vanillin, guaiacol, oak lactone, 

eugenol and syringaldehyde. These wood-originated volatiles were released into the wine 

and their levels were measured by gas chromatography, at different time intervals, for 

fourteen days. The amounts measured were compared to those found in barrel-aged wine. 

Statistical analysis of the data indicated that syringaldehyde, primarily, and then vanillin, 

guaiacol and furfural can be used to discriminate artificially aged from barrel-aged wine. 

Two different sizes of oak chips were used for the study. 

     Camaraet al. (2005) studied the changes in composition of Madeira wines during 

ageing. Effect of the age in the volatile composition of Madeira wines made with Boal, 

Malvazia, Sercial and Verdelho varieties and aged in oak barrel during 1, 11 and 25 years 

old was been studied. The wines made with these varieties showed great differences in 

sugar content and small variations on pH and alcoholic degree. The results show that 

during ageing, the concentration of fatty acids ethyl esters, acetates and fatty acids 

decrease significantly contrarily to the great increase of ethyl esters of diprotic acids. 

There is a strong correlation between sotolon, 2-furfural, 5-methyl-2-furfural, 5-

hydroxymethyl- 2-furfural and 5-ethoxymethyl-2-furfural with wine ageing. These 

findings indicate that these compounds can be used as ageing wine markers. The sensory 

properties changed significantly after long periods of maturation. Batista de Aquino et al. 

(2005) used a method for simultaneous determination of 10 representative compounds in 

sugar cane spirits. The results showed satisfactory agreement between the spirits aged in 

barrels made from local woods (spirits from the small producers) and the spirits aged in 



 

28 

 

oak and balm barrels (export grade products) for all compounds excepting 5-HMF, 

indicating an inadequate re-utilization of the barrel. The low molecular weight phenolic 

compounds: gallic acid; vanillic acid; syringic acid; vanilin; syringaldehyde; 

coniferaldehyde; sinapaldehyde and coumarin; and the furanic aldehydes: 5-

hydroxymethyl-furfural and furfural were simultaneously quantified by high performance 

liquid chromatography with UV detection. 

     Mahajan (2008) studied flavor profile of wine with various oaks and locally found oak 

woods. The 12 woods used in this research, including American oak, were chosen on 

several criteria: botanical similarly to oak, exclusivity to New Zealand, and historical 

association with New Zealand. The flavors studied were 14 different tastes which were 

described, like „sweet oak‟, „toasty oak‟, „smoky‟, „vanilla‟, „butter-scotch‟, „buttery‟, 

„fruity‟, „soapy‟, „honey‟, „savoury‟, „yeasty‟, „nutty‟, „earthy‟, and „sappy‟. On the basis 

of liking and association with New Zealand, five woods and chosen toasting levels and the 

control were selected for hedonic trials (1 to 9 liking scale) with 180 consumers (age range 

and gender were identified) in six retail wine shops. The decreasing numerical of liking by 

treatment was totara (6.49), control, manuka, American oak, kahikatea, radiata pine (5.47), 

with an overall significant effect (P < 0.001) for treatment. Tukey‟s test revealed that only 

totara and the control treatments were outstanding (P < 0.05). Retail wine shop as a factor 

was marginally significant. Older consumers liked the wines more (P < 0.05), as did 

females (P < 0.001). There were no significant interactions between any of the factors. 

Because of the difficulties in sourcing totara, manuka appears to be the most viable 

alternative to oak as a wine flavouring in the New Zealand context.  

     Jeffery (2012) studied the aging of whiskey spirits in barrels of nontraditional volumes, 

comparing barrels of different volumes and aging the whiskies with oak chips. The 

traditional barrel for the aging of spirits ranges from 52-60 American gallons. Recent 

growth in the American craft distilled spirits industry has increased the use of reduced 

volume barrels ranging from 2-30 American gallons. These smaller barrels provide more 

rapid extraction and to some extent more rapid maturation. The study tracked extraction 

rates of 5 phenolic components from 2, 3, 5 and 10 gallon barrels confirming that 

extraction rate is tied to surface area to volume (SA/V) ratio. Extracts from oak spirals 

were examined and it was found that a variety of spirals may produce an extraction profile 
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that is comparable to a barrel extract and that almost complete extraction was achieved in 

10 days. 

     Extensive research has been performed on oak wood and oak aged spirits; however, the 

identity of the component(s) responsible for the “woody/incense” flavor attribute of age 

spirits was, prior to this unknown. Experiments were conducted in order to unambiguously 

identify a compound responsible for a “woody/incense” odor note in oak aged spirits. 

Genther (2014) did her work on identification of rotundone as an important contributor to 

the flavor of oak aged spirits. Results of her analyses revealed that the compound was 

most likely the sesquiterpene ketone 5-isopropenyl-3,8-dimethyl-3,4,5,6,7,8-hexahydro-

1(2H)-azulenone, or rotundone. Odor activity values (OAVs) demonstrated rotundone‟s 

importance to the overall flavor of bourbon. 

     Taloumi and Makris (2017) studied the accelerated Aging of the Traditional Greek 

Distillate Tsipouro Using Wooden Chips. For 30 days, leaching of polyphenols from the 

chips into the distillate was found to obey first-order kinetics, but no statistical differences 

were shown between the two treatments regarding the enrichment of the liquid in 

polyphenolic substances. The determination of the antioxidant activity demonstrated that 

aging with chestnut chips may provide Tsipouro with particularly strong radical 

scavenging and reducing effects, highlighting its importance as a material that could be 

used to turn distillates into foods with functional properties. Sanchez-Palomo et al. (2017) 

worked on the improvement of Verdejo white wines by contact with oak chips at different 

winemaking stages. Oak chips (7 g/L) were added at different stages of the winemaking 

process: during alcoholic fermentation (OCAF) and in the young wine (OCW). Higher 

alcohols, ethyl acetate, hexyl acetate, isoamyl acetates and ethyl esters of straight-chain 

fatty acids were present at higher concentrations in wines that had contact with oak chips 

during alcoholic fermentation when compared to control wines. The highest 

concentrations of benzene compounds, oak lactones and furanic compounds were found in 

both wines in contact with oak chips, particularly in OCW samples. Different sensorial 

profiles were obtained for the wines depending on the stage of the winemaking process at 

which the chips were added. They concluded that all wines investigated in the study can 

provide a viable alternative to traditional Verdejo wines.  
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     Martinez-Gil et al. (2018) compared effects of use local variety i.e. Colombian 

(Quercus humboldtii) oak chips with most common American (Q. alba) and European (Q. 

petraea) oak chips on the Volatile composition and sensory characteristics of Carménère 

wines. Some studies analyse the composition of the local oak, but no work found to study 

its use for maturation. The aim was to evaluate volatile composition of toasted Q. 

humboldtii oak chips and the wines treated with these chips. To evaluate its oenological 

potential Q. alba and Q. petraea had been included in the trial. Results indicated that oak 

chips and wines matured for 90 days with toasted Colombian chips exhibited higher 5-

methylfurfural, guaiacol, trans-isoeugenol and syringol concentrations than others, while 

the furfural and cis-β-methyl-γ-octalactone content was lower. Sensory analysis showed 

that the wines treated with Colombian oak presented more notes of smoked and less of 

coconut. This research has yielded useful results showing an interesting oenological 

potential of Q. humboldtii (Colombian) as an alternative species for coopering. 

     From all above studies we can see the need of use of local resources in upgrading our 

indigenous products for various importance of it in the society. Local resources in making 

indigenous distilled products like millet which is grown widely in the remote parts of our 

country can be utilized with our local oak woods found abundantly in the belt of 

Himalayas in making a more mature and flavorful, rakshi. 

2.9     Sensory analysis of whiskey 

The complexity in the sensory characteristics of whiskey makes it one of the leading 

categories of distilled beverages in the world, which is widely produced and accepted 

throughout the globe.  Sensory evaluation is the primary means of monitoring and 

controlling the flavor to ensure the whiskey has desired attribute. The sensory attributes of 

any whiskey is a result of compounds that originated from the raw materials and all the 

further modifications by the methods used in production and maturation (Jack, 1012). 

2.9.1    Whiskey composition and its sensory properties 

The 2 major constituent of any whiskey is water and alcohol which occupy more than 99% 

of the total volume with relative proportion varying which depends on the bottling 

strength.  Ethanol imparts the mouth feel a part from that these compounds have relatively 
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lower sensory impact than the remaining congeners which dictates the overall character 

and differentiates one whiskey from another (Aylott, 2003).  

      The sensory attributes of whiskey can be divided into aroma, taste, mouth feel, nasal 

effects and appearance (Jack, 2012): 

 Aroma is the most important category in the overall sensory character of a whiskey 

with 12 out of the 15 key flavor categories being aroma attributes in the Scotch 

Whiskey Flavour wheel. Aroma congeners develop naturally during the production 

and maturation of whiskey. Around two-third compounds that are responsible for 

certain types of aromas and their origin have been identified.   

 The taste sensations are due the presence of congeners that stimulate the taste buds 

on the surface of the tongue. The most important taste attributes are bitterness 

(mostly due to tannins) and sourness (if acidity increases). 

 Mouth feel and nasal effect like the burning sensations while smelling and tasting 

whiskey are mainly due to high level alcohol. 

 Appearance which includes clarity and color plays the major role in consumer 

acceptability. Color in whiskey is generally extracted from the wood during 

maturation.  

2.9.2    Methods for evaluating sensory properties 

Aroma is regarded as the most influential and important sensory category in terms of 

number of attributes and contribution to the complexity of the whiskey. So, sensory 

evaluation of whiskey often focuses on aroma sometimes sensory tests carried out only on 

the basis of smell of the product, this approach is known as „nosing‟. Nosing has several 

merits in dealing with products with high alcohol content like limiting the intake, 

preventing sensory fatigue and the product can be evaluated by several panelists at once. 

They are usually done at early stages of whiskey preparation since the spirit at this phase 

are quiet harsh. But only tasting a whiskey can give a complete idea about its full sensory 

character since they provide aspects of taste and mouth feel. Color and clarity can be 

measured instrumentally yet for a better idea for acceptance and likeness the description of 

the whiskey can also be evaluated (Jack, 2012). 
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2.9.3    Sample preparation and presentation 

The way a whiskey is prepared and presented depends largely on the kind of sensory test 

been carried out. For nosing tests the whiskey sample is usually diluted to 20-23 % abv 

with water in tulip-shaped glass covered with watch glass above which traps the aromas in 

the headspace. For tasting tests the alcohol can be diluted to reduce the burning effect of 

alcohol. But depending upon the situation and purpose of test it suggested that the sample 

should represent the manner in which is usually consumed which may be with or without 

water or other additions like ice or mixers. Formal sensory tests are carried out in 

dedicated sensory rooms, with conditions such as temperature, lighting and extraneous 

odours all being carefully controlled. In some cases tests may be carried out at the 

production site where less control over environmental factors is possible (Jack 2012). 

2.9.4     Types of sensory tests  

Different applications require different types of sensory tests. For monitoring consistency 

basic screening test can be carried out which involves comparing samples with a reference 

sample and evaluate samples for notes or atypical character.  For comparisons of samples 

difference tests like triangle, paired comparison and duo-trio tests are widely applied these 

tests are used to evaluate difference between samples usually before and after treatments. 

For detailed description of the product‟s sensory attribute evaluation like qualitative and 

quantitative description analysis are used. Descriptive analysis is probably the most 

important tool in sensory analysis for describing products and differences between 

products; however, alternative ways of capturing sensory differences between products, as 

free choice profile, flash analysis, sorting and napping are available for specific aims and 

needs. The table 2.6 reports the methods that can be applied in laboratory small-panel 

studies to obtain a perceptual map (Fig. 4.15 and Fig. 4.16). Here the average intensity 

scores are calculated across the panel which can be represented in form of a flavor profile 

(Fig. 4.17) and perceptual maps. This graphical representation can help identification of 

key attributes and their relative intensities (Monteleone, 2012).  Subjective sensory trials 

can also be performed for whiskey samples where information is collected on personal 

preferences, likes and dislikes. This is usually done one comparing the finished product 

rather than taking samples in between the production or maturation process.  
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Table 2.6     Sensory methods applied in laboratory to obtain a perceptual map 

Sensory response  Sensory method Statistical method     

Descriptive data 

Descriptive analysis 

(conventional profile) Principal Component Analysis (PCA) 

 

Free choice profile  

Flash analysis Generalized Procrustes Analysis (GPA) 

Similarity data Sorting Multidimentional Scaling (MDS) 

 

Projective map or nappe MDS, GPA, PCA, Multifactorial 

   Method Analysis (MFA)     



 

 

Part III 

Materials and methods 

3.1     Materials 

3.1.1     Finger millet and murcha 

Finger millet (Eleucine coracana) for the preparation of whiskey were purchased from the 

local market of Dharan sub-metropolitan city. The collected millet was sorted and cleaned 

for further use. Murcha was collected from native makers of Dhankuta district.  

3.1.2      Wood variety and sources 

For this research purpose, 3 different species of wood were used. All 3 of them are from 

the Fagaceae family of the plantae kingdom as shown in Table 3.1. Among them two are 

oak species which are American oak (Quercus alba) and layered acorn oak (Q. lamellosa) 

and beech wood from Indian chestnut tree (Castanopsis indica) which is found commonly 

in Nepal mostly along the Churia and Mahabharat range. The layered acorn oak was 

collected from Tinjure ridge which lies in the confluence of two eastern Nepali mountain 

districts Sankhuwasava and Tehrathum with help of locals who commonly know it as 

phalant. The chestnut variety was collected from around Khotang district. The American 

oak was purchased online and collected. The heart wood (central part of trunk) of the 

matured trees was collected of the locally available wood. 

Table 3.1     Oak varieties with their taxonomy sources 

Common name Local name Scientific name Sources 

American oak White oak Quercus alba Import 

Layered acorn oak Phalant, gogane, salshi Quercus lamellosa Tinjure range 

 

Banga, pharat, bongshet 

  Indian chestnut Dhalne katus, dhale katus 
Castanopsis indica 

Khotang 

  Banjh katus, chyakpal     
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3.1.3     Other materials  

The chemicals used during the chemical analysis were mostly from Merck Life Science 

Pvt. Ltd., India and Hi Media Laboratories, India. The phenol reagent (Folin-Ciocalteau 

solution) used was from Thermo Fisher Scientific India Pvt. Ltd. Jai 203 Electric balance 

was used for weight measurement. The glass wares used for maturation process (conical 

flask) and titration (burettes, beaker, pipette, round bottom flask) were borosilicate glass 

from Jain scientific glass works, India. The microprocessor UV-VIS spectrophotometer 

(single beam) was used for various analyses was of labtronics, model LT-291. 

3.2     Methods 

3.2.1     Experimental method 

The outline of the experimental approach is shown in Fig. 3.1. There were three main 

areas of work leading to an overall result, discussion and conclusion. Desired spirit and oak 

chips preparation was a major part of the study since they are the factors whose influence were 

evaluated in the treatments. Maturation conditions was determined and optimized by response 

surface methodology with factors time, oak chip type and its SA/V value. The sensory 

assessments were done in two parts, one a wide ranging largely qualitative assessments of 

finger millet whiskies prepared, subsequently narrowing to a four treatment hedonic trial.  

Finger millet                                                                    Oak wood 

↓                                                                                       ↓ 

                    Fermentation                                                              Chip preparation 

↓                                                                                        ↓ 

    Distillation                                                                    Drying/toasting 

↓                                                                                        ↓ 

55%ABV                                                                        Oak chips 

↓ 

Maturation of spirit with oak chips 

                Qualitative assessment                                                     Optimization 

         of whiskey (PCA)                                               (oak, SA/V and time) 

↓                                                                                       ↓ 

                Hedonic assessment                                                                RSM 

      (Sensory)                                                (Central composite design) 

↓ 

Evaluation of whiskey 

Data analysis 

Fig. 3.1     The outline of the experimental approach used 
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The detailed descriptions of the methods used are given in the following sections. 

3.2.1.1     Fermentation of finger millet 

Finger Millet (5 kg each batch) 

↓ 

Cleaning (several times with water) 

↓ 

Pounding/winnowing 

↓ 

Washing with squeezing 

↓ 

Cooking and steaming 

(until few grains start bursting indicating the completion of cooking) 

↓ 

Spreading (cooling) 

↓ 

Inoculation with murcha (~1g/100 g) 

↓ 

Fermentation (~3 weeks) 

↓ 

Jand 

Fig. 3.2     Preparation of finger millet jand (Kharel et al.) 

The purchased finger millet (Section 3.1.1) was used for making jand, the wash to be used 

for distillation as shown in the Fig. 3.2. The preparation was done at home scale level 

since all the indigenous tools required were easily available. The murcha collected was 

used as starter culture. Finger millet in batches of 5 kg each was purchased which was then 

cleaned with water 2-3 times. The cleaned finger millet was cooked until few grains 

started bursting. The cooked finger millet was then cooled by spreading it on bamboo mat. 

Around 50 grams of murcha was added in each batch of finger millet which was then kept 

in air tight container for fermentation for minimum of 3 weeks. 
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3.2.1.2     Distillation of the wash 

Finger millet mash (jand) was used as the raw material source for grain whiskey 

preparation. The primary distillation was done in the wash still by traditional method that 

is commonly practiced in the indigenous households of Nepal (Kharel et al.).  The 

traditionally formed finger millet spirit commonly known as Rakshi had 19.66±1.07~20 

v/v alcohol content that was taken to the laboratory of CDFT. The so produced rakshi was 

paanch pane (meaning the water for condensation was changed 5 times). The ABV of the 

distillate couldn‟t be increased efficiently by traditional method so secondary distillation 

was done, the spirit still for second distillation was set up in the laboratory (Plate 1). The 

final spirit (distillates) was then adjusted to ~55 % ABV. 

3.2.1.3    Oak chips preparation 

Dry wood that had been cut down few months ago was selected for the research purpose. 

The woods after being collected were soaked in water for up to 5-6 hr and again dried in 

the sun for 2-3 days. The wood collected from local sources was cut into small pieces with 

regular size among them which was done with help of electric wood cutter available. The 

consistency in size helps maintaining the surface area per volume (SA/V) ratio to be 

constant. The dimensions of the purchased oak variety was studied and noted. The 

common physical properties like moisture content and density of the wood chips was also 

calculted. Toasting of the woods was done on fire where it was toasted till a layer (2-6 

mm) was charred. 

3.2.1.4     Maturation of the distilled spirit 

The distillate (Section 3.2.1.2) was matured with the oak chips (Section 3.2.1.3) in conical 

flasks made from borosilicate glass (plate 5). The conical flask was then sealed with the 

help of aluminum foil, plastic pouches and thread. The maturation was done in a condition 

were it was not interrupted by sunlight and high fluctuation in temperature. Shaking of the 

flasks was done few times a week. Maturation was carried out at room temperature 

27±3°C from the mid of January till the end of May, 2019 in the lab of CDFT, Dharan.    

      



 

37 

 

Table 3.2     Experimental plan for response surface analysis (Format generated by Design 

Expert®V.11) 

    Factor 1 Factor 2 Factor 3     Responses     

Std Run A:SA/V B:time C:wood Phenol Ester Aldehyde Methanol Color 

    (cm
2
/L) (months)             

1 9 90 0 A.oak 

     7 23 185 0 A.oak 

     2 12 280 0 A.oak 

     5 30 90 2 A.oak 

     11 5 185 2 A.oak 

     10 10 185 2 A.oak 

     9 21 185 2 A.oak 

     6 33 280 2 A.oak 

     3 7 90 4 A.oak 

     8 2 185 4 A.oak 

     4 29 280 4 A.oak 

     12 24 90 0 Phalant 

     18 3 185 0 Phalant 

     13 32 280 0 Phalant 

     16 15 90 2 Phalant 

     20 16 185 2 Phalant 

     21 17 185 2 Phalant 

     22 25 185 2 Phalant 

     17 13 280 2 Phalant 

     14 6 90 4 Phalant 

     19 28 185 4 Phalant 

     15 19 280 4 Phalant 

     23 26 90 0 Katus 

     29 8 185 0 Katus 

     24 18 280 0 Katus 

     27 27 90 2 Katus 

     32 14 185 2 Katus 

     33 20 185 2 Katus 

     31 31 185 2 Katus 

     28 4 280 2 Katus 

     25 11 90 4 Katus 

     30 1 185 4 Katus 

     26 22 280 4 Katus           
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      For designing the experimental combinations; a face centered, 3 factors, 3 levels and 

33 runs experimental design was achieved using Design Expert® V.11. The factors used 

were time ranging from 0 to 4 months, the 3 varieties of oak and its SA/V ratio ranging 

from 90 to 280 cm
2
/L. The SA/V of the oak chips  used represents the similar SA/V of an 

average 50 gallons barrel (90 cm
2
/L) and 2 gallon barrel (280 cm

2
/L) (Jeffery, 2012). The 

responses used were total phenol content, total esters, aldehyde, methanol content and 

color. The details of the runs are given in the experimental plan (Table 3.2). 

3.2.2     Sensory evaluation 

The sensory outcomes of the experimental designs cannot be predicted. So the initial task 

was to explore the sensory outcomes by descriptive response. The work would identify the 

woods‟ potential to flavor the spirit in a distinctive and attractive ways.  

      

put "√" for 3 most liked and "X" for 3 most dislikes in the first table 

   put "√" for any described flavor observe, if new then write 

in others  

 

  

   
like most/dislike most flavor description         

Like/dislike Sample Caramel grainy fruity 

smokey 

bitter 

coconut, 

nutty woody spicy others 

         /  1                 

         /  2                 

         /  3                 

         /  4                 

         /  5                 

         /  6                 

         /  7                 

          

Comments 

………………………………………………………………………………

……………… 

   

        

……………… 

        

Sign. 

 

 

Fig. 3.3     Ballot for qualitative/ semi qualitative sensory analysis 

      The second work was then the conventional hedonic rating in the commercial 

environment in the city of Dharan and Kathmandu. The first assessment was a 

qualitative/semi-quantitative trial by people self-declared as discerning whiskey drinkers 
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or acknowledged scholars from Central Department of Food Technology, Dharan or 

personals as discerning by involvement in the distilling industry with possible expectation 

of some expert tasters. The total number of semi-expert analyst was 12 in number.      

      The 3 wood chips incorporated spirit and one non-wood incorporated control was set 

on trial for the panelists. The tasters were provided with an A-3 format sensory evaluation 

ballot sheet with described sensory parameters for different aroma, taste and mouth feel 

characteristics as shown in Fig. 3.3. The given characteristics were chosen as typical 

expressions used by whiskey tasters and critics. An additional column was also added as it 

may come in use if any attribute wouldn‟t be found in the designed questionnaire. After 

completing assessment of the 7 whiskies, the tasters were required to nominate the three 

whiskies, colors, taste and mouth feel, they liked most and the three they disliked the most. 

                      

Gender: M   F   

     

  

  

         

  

Age groups: <30   31-45   46+   

  

  

  How much do you like the product? 

    

  

  taste from left to right 

      

  

  for each sample , tick that best describes liking/disliking 

   

  

  

  
code 1 

 

code 2 

 

code 3 

 

code 4   

  

         

  

  like extremely   

 

  

 

  

 

    

  

         

  

  like moderately   

 

  

 

  

 

    

  

         

  

  neither like/ dislike   

 

  

 

  

 

    

  

         

  

  dislike moderately   

 

  

 

  

 

    

  

         

  

  dislike extremely   

 

  

 

  

 

    

  

         

  

  Comments…………………………………………………………………………………………… 

  

         

  

  

      

………………………   

              Sign.       

 

Fig. 3.4    Ballot for conventional hedonic sensory analysis 
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      The second evaluation was a conventional hedonic trial performed among un-trained 

but whiskey drinking panelists in the city of Dharan and Kathmandu as shown in Fig. 3.4. 

Three whiskies (one from each type of oak chips used) were assessed including the non-

wood control, requiring a total of 4 bottles with different codes and quality. The bottles 

which were displayed each were labeled with a random number coding for each whiskies.      

Unlike the initial tasting trials the order of presentation followed a pattern designed to 

ensure that each whiskey had the same frequency of exposure, and the same chance of 

following every other whiskey. The likings and dislikings were based on a five-point 

hedonic scale (5= like extremely, 1= dislike extremely), in which consumers had to write 

down to indicate choice. The evaluation method described by Ranganna (1986).The 

consumers were also to identify their gender, and age (in ranges). They were encouraged 

to make any comments. 

3.2.3    Analytical methods 

3.2.3.1    pH and acidity 

For acidity determination, 25 ml of sample was mixed with CO2-free distilled water and 

volume was made up to 250 ml with distilled water and filtered through filter paper. Total, 

fixed and volatile acidities were determined using 20 ml of the filtrate as per FSSAI 

(2015). 

3.2.3.2     Determination of color 

Color value was determined by spectrophometric method as per European Brewery 

Commission (EBC, 1998). 

3.2.3.3     Determination of ester content 

Total ester content was determined as per FSSAI (2015) with minor modifications. Briefly 

50 ml of the distillate was taken in a reflux flask and neutralized using 0.1 M NaOH and 

1% phenolphthalein indicator. After this, 5 ml of 0.1 M NaOH was added and condenser 

was connected. It was then refluxed for 1 h, cooled and titrated with 0.05 M H2SO4. 

Finally ester content was calculated using following expression: 
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 ster content (g ethyl acetate/   alcohol) 
V x 0.00   x 100 x 1000 x 2

  
 

Where, V = difference of titer value of std. H2SO4 used for blank 

           V1 = alcohol % by volume 

3.2.3.4     Determination of methanol and fusel oil content 

Methanol content was determined by chromotropic acid colorimetric method as per 

AOAC Official Method 958.04 (2005). Fusel oil content was determined by 

spectrophotometric method as per AOAC Official Method 959.05 (2005). Standard curve 

for fusel oil is presented in Appendix G. 

3.2.3.5    Determination of total aldehyde content 

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

slight modifications. Solution A, B, C and D was prepared as per followings: 

 Potassium metabisulphite (15 g) was mixed with 70 ml conc. HCl and diluted to 1 

L with distilled water. 

 Na2HPO4.12 H2O (188 g), 21 g NaOH and 4.5 g EDTA was dissolved in distilled 

water and dilute to 1 L with distilled water. 

 Conc. HCl (250 ml) was diluted to 1:1 with distilled water. 

 Boric acid (100 g) and 170 g NaOH was dissolved in distilled water and be diluted 

to 1 L with distilled water. 

     In 1000 ml conical flask 300 ml boiled and cooled water and 10 ml of solution A was 

taken. To this mixture 40 ml of the distillate was added, stopper placed, the flask swirled 

and allowed to stand for 15 min. After this, 10 ml of solution B was added, mixed by 

swirling and allowed to stand for further 5 min. Then 10 ml of solution C and 10 ml fresh 

0.2% starch solution was added, mixed by swirling and iodine (ca. 0.1 M) was added so 

that excess bisulphate will just destroy and color of the solution becomes faint blue. 

Finally 10 ml of solution D was added and the liberated bisulphate that was titrated with 

0.05 M iodine solution to the same faint blue end point. Total aldehyde as g acetaldehyde 

per 100 L alcohol was calculated using following expression: 
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Total aldehyde (g acetaldehyde 100   abs. alcohol)  
V x 0.0011 x 100 x 1000 x 2

  
⁄  

Where, V = difference in titer of blank and sample in ml of sodium thiosulphate solution      

            V1 = alcohol % volume 

3.2.3.6     Total phenol content 

Total phenol content was determined as per Sadasivam and Manickam (2008) with slight 

modifications. Briefly, 1 ml of filtered beer was mixed with 2 ml of distilled water and 

then 0.5 ml 0.5 N Folin-Ciocalteau reagent added. After standing for 3 min, 3 ml of 20% 

sodium carbonate solution was added. Then it was incubated at room temperature for 2 h 

to allow color development followed by measurement of resulting blue color at 760 nm in 

spectrophotometer using 10 mm cuvette. Finally total phenolic content was expressed as 

mg gallic acid equivalents (GAE) per L from standard curve (Appendix G) prepared using 

different concentrations of gallic acid. 

3.2.4     Statistical analysis of data 

For qualitative/semi-quantitative trials there were a total of 7 treatments. After the data 

collection, it was marshaled into an Excel® spread sheet and the frequency of the 3 most 

likes and dislikes was plotted. Principal component analysis (PCA) of a correlation matrix 

(IBM-SPSS V-20) was used to summarize panelist responses to 9 descriptors offered in 

the sensory ballot. Only 2 principal components were extracted according to the Kaiser 

criterion (Eigen value >1) as shown in Appendix F. The PCA plots (IBM-SPSS V-20) 

presented in this thesis can scale to portray the fraction of information contained in each 

dimension or principal component. Tukey‟s significant difference test (P < 0.05) was used 

as post-hoc test to compare individual whiskies‟ qualities means.  

     Also, Design expert®V.11 (by STAT-EASE Inc., USA) was used to analyze data other 

than sensory analysis data in optimization of the maturation. MS- Excel was also 

employed for the general graph and radar diagram construction. 

 

 



 

 

Part IV 

Results and discussions 

4.1     Preparation and evaluation of freshly distilled finger millet spirit 

     The freshly prepared spirit from the secondary distillation was adjusted at 55±0.2 v/v 

alcohol content. The initial physiochemical properties of the distilled spirit plays an 

important role in the maturation process as well as the various qualities in the final 

matured alcoholic beverage as raw material used also plays a vital role as the base factor 

for all the chemical and sensory attributes (Taloumi and Makris, 2017). For maturation of 

the distilled beverages usually alcohol content of 60±5% v/v is preferred but sometimes as 

high as 80% v/v is also used in some cases. The physiochemical properties of the spirit 

used for maturation are given in the Table 4.1.some of the freshly distilled spirit was kept 

in a different glass container and was used as control sample in chemical and sensory 

evaluation.  

Table 4.1    Physiochemical properties of freshly distilled finger millet spirit* 

Parameters Values* 

pH 4.76 (0.015) 

Acidity 

 a) Total acidity as tartaric acid (g/100 L alcohol) 8.058 (0.062) 

b) Fixed acid as tartaric acid (g/100 L alcohol) 1.079 (0.017) 

c) Volatile acids as acetic acid (g/100 L alcohol) 6.978 (0.063) 

Color (ASBC unit) 0.783 (0.025) 

Ester as ethyl acetate (g/100 L alcohol)             120.37 (1.342) 

Total phenolics (GAE g/100 L)   4.43 (0.525) 

Aldehyde as acetaldehyde (g/100 L alcohol) 6.997 (0.229) 

Methanol (%) 0.044 (0.0005) 

Fusel oil (g/100 L) 149.37 (0.025) 

*Values are the means of three determinations. Figures in parentheses are standard 

deviation. 
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4.2    Physical properties of the oak chips 

The chips used in this study were from 3 different botanical species namely Quercus alba, 

Q. lamellosa and Castanopsis indica. The physical properties of the oak barrels have a 

great influence on the final properties of the alcoholic beverage that has been matured. The 

general composition of oak wood and beech wood remain similar throughout various 

genus but there might be a difference in lignin contained which is the most vital part of 

wood that has the greatest impact by the barrel or chips. Toasting plays a major role in the 

release of various aromatic compounds like phenols, aldehydes and esters.  

     The American oak (Quercus alba) purchased was already toasted and ready to use, so 

its physical properties were initially tested. After the oaks chips were prepared (Section 

3.2.1.3), they were subjected to test for bulk density and total moisture content (Table 4.2). 

Moisture content was found in the range of 10.5% to 11.9% which was similar to the 

findings on different New Zealand woods by Mahajan (2008) in the range of 8.6% to 

11.1% moisture content. Martinez-Gil et al. reported a slightly higher density of the 

wooden staves 0.9 to 1 gm/cm
3
 that were used in the maturation of distillates with 

Colombian oak (Q. humobolatii). 

Table 4.2    Physical properties of oak chips 

Oak chips type Density (g/cm
3
)* Moisture content (%)* 

A.oak 0.779(0.037)
a
 11.9(0.14)

a
 

Phalant 0.799(0.062)
a
 10.51(0.35)

b
 

Katus 0.741(0.046)
a
 11.61(0.25)

a
 

*Values are the means of three determinations. Figures in parentheses are standard 

deviation. Figures in the column bearing different alphabet in superscript are significantly 

different at p<0.05. 

The study of the physical parameters can help to determine whether the wood can be used 

asto makes wooden staves that can be bend to make oak barrels. Showing similar 

properties to Amerian oak; phalant  and katus both have properties for barrel making, but 

still their chemical analysis will be required if the barrel made is used in food industry. 
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4.3     Optimization and evaluation of finger millet whiskey maturation  

Whiskey was matured in the laboratory as formulated by the experimental plan as shown 

in Table 4.3 with the help of Design Expert®. The prepared spirit (Section 4.1) was 

matured for 2-4 months with various proportions of varieties of wood chips (American 

oak, phalant and katus) and was analyzed for its physiochemical qualities (color, ester, 

aldehyde, phenol, methanol and fusel oil) and sensory attributes (Section 4.4). Numerical 

and graphical optimization was also done with the help of Design Expert® to find out the 

best solutions with the given factors.  

     During the maturation of whiskey, the amount of wood used and time taken will be of 

crucial importance from economical point of view. While setting up the goal in Design 

Expert®, the target for the SA/V ratio and time taken were to minimize. While for the 

responses the targets were to maximize for total phenol, ester and aldehyde content while 

the target point was set for the required color and both methanol and fusel oil were 

targeted to get minimized (Table 4.4). 
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Table 4.3     Responses of the experimental plan (from Section 3.2.1.4) 

  Factor 1 Factor 2 Factor 3     Responses*     

Run A:SA/V B:Time C:Wood 1 2 3 4 5 6 

  (cm
2
/L) (months)  (variety)  Phenol Ester Aldehyde Color Methanol Fusel oil 

11 90 0 A.oak 4.74 118.94 7.25 0.76 0.043 151.62 

25 185 0 A.oak 4.72 121.6 6.82 0.81 0.044 147.9 

12 280 0 A.oak 3.82 120.59 6.91 0.78 0.043 148.59 

31 90 2 A.oak 6.70 210.87 36.48 14.0 0.03 137.41 

2 185 2 A.oak 8.64 213.43 44.89 14.3 0.04 132.29 

22 185 2 A.oak 10.59 230.06 36.97 20.7 0.057 132.76 

30 185 2 A.oak 10.59 230.71 43.25 22.4 0.051 135.08 

9 280 2 A.oak 9.92 183.50 50.04 29.0 0.065 125.77 

4 90 4 A.oak 9.15 265.29 42.00 14.8 0.096 153.72 

8 185 4 A.oak 10.77 282.53 45.70 22.4 0.035 119.48 

17 280 4 A.oak 11.80 260.25 46.76 29.6 0.049 136.72 

16 90 0 Phalant 4.74 118.94 7.25 0.76 0.043 151.62 

26 185 0 Phalant 4.72 121.6 6.82 0.81 0.044 147.9 

28 280 0 Phalant 3.82 120.59 6.90 0.78 0.043 148.59 

33 90 2 Phalant 6.97 263.42 39.10 6.52 0.027 133.92 

7 185 2 Phalant 7.68 296.90 30.92 17.2 0.028 130.66 

14 185 2 Phalant 7.87 268.9 31.42 17.4 0.029 134.62 

32 185 2 Phalant 7.45 200.56 25.87 18.3 0.027 137.88 

15 280 2 Phalant 7.52 301.71 29.33 17.3 0.04 131.59 

29 90 4 Phalant 7.83 324.66 40.58 6.64 0.058 135.27 

5 185 4 Phalant 8.03 299.15 29.08 18.3 0.028 132.99 

10 280 4 Phalant 7.89 353.41 30.92 17.3 0.028 115.52 

13 90 0 Katus 4.74 118.94 7.25 0.76 0.043 151.62 

3 185 0 Katus 4.72 121.6 6.82 0.81 0.044 147.9 

21 280 0 Katus 3.82 120.59 6.90 0.78 0.043 148.59 

20 90 2 Katus 9.42 213.63 32.86 18.6 0.028 125.77 

18 185 2 Katus 9.53 244.67 48.93 25.7 0.031 120.64 

19 185 2 Katus 9.80 199.05 41.47 18.7 0.028 123.44 

24 185 2 Katus 9.51 249.76 45.78 15.5 0.035 122.51 

23 280 2 Katus 10.18 225.64 38.27 23.0 0.038 124.84 

6 90 4 Katus 9.40 244.85 32.64 18.6 0.040 125.07 

27 185 4 Katus 10.17 230.77 39.14 25.0 0.029 121.58 

1 280 4 Katus 10.68 289.16 36.14 23.8 0.035 114.12 

 

*the responses were measured in the following terms phenol: g of GAE /100 L abs. 

alcohol; Ester: g of ethyl acetate/100 L absolute alcohol; Total aldehydes: g of 

acetaldehyde/100 L abs. alcohol; color: ASBC unit; methanol: % v/v; fusel oil: g/100 L 
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The predicted data with maximum desirability and its overlay plot (Fig. 4.1 and 4.2) 

among various factors and physiochemical responses as generated with the help of Design  

expert® are: 

Table 4.4    Constraints for setting goal in Design expert® and its solutions 

Constraints 

   
Name Goal Lower limit Upper limit Importance 

Wood type  In range A.oak Katus + + + 

SA/V  Minimize 90 280  +++++ 

Time  Minimize 0 4  + + + + + 

Phenol  Maximize  3.823  11.804  + + + + + 

Ester  Maximize* 269  353.413  + + + + + 

Aldehyde  Maximize* 20  50.47  + + + + + 

Color In range*** 17  29  + + + + + 

Methanol  Minimize** 0.027  0.04  + + + + + 

Fusel oil  Minimize 114.126  153.723  + + + + + 

* the lower limit is set to the minimum level found among the whiskies 

** the upper limit is the maximum amount allowed  

*** the lower limit and upper limit were taken from whiskies of national 

distilleries(golden oak) and foreign distillery (Jack Daniels).  

Table 4.5     Selected treatments based on desirability with desired and expected response 

2 solutions found  

Number Wood type SA/V Time Desirability 

1 phalant 227.52 2.97 0.433 

2 katus 272.26 3.74 0.251 

The expected physiochemical responses from the above solutions are 

Number Phenol Ester Aldehyde Color Methanol Fusel oil 

1 8.42 313.86 34.72 19.17 0.028 125.36 

2 10.94 270.48 40.97 26.38 0.03 114.47 
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Fig. 4.1    Overlay plot for solution number 1 based on desirability 

The overlay plots (Fig. 4.1 and Fig. 4.2), graphically defines the location and desirability 

of the solutions with SA/V value in the X-axis and time matured in the Y-axis. Two 

different solutions were found from the constraints used (Table 4.5), the desirability of the 

two solutions were 0.433 and 0.251. In the initial solution, phalant was the wood choice 

selected with a SA/V value of 227.52 cm
2
/L and time duration of 2.97 months ~3months. 

The yield of ester, methanol and fusel oil was found to be higher in the initial solution, 

with other response‟s value being higher in the later. Katus was the choice of wood of the 

later solution with a longer time period of 3.74 months (app. 3 months 3 weeks) and 

higher SA/V value of 272.26. 

Design-Expert® Software

Factor Coding: Actual

Overlay Plot

phenol

ester

aldehyde

color

methanol

fusel oil

Design Points

X1 = A: SA/V

X2 = B: time

Actual Factor

C: oak type = phalant

90 128 166 204 242 280

0

1

2

3

4
Overlay Plot

X: A: SA/V (cm^2/L)

Y: B: time (months)

ester: 269

aldehyde: 20

color: 17

methanol: 0.04

methanol: 0.04

3

phenol:   8.4201 

ester:   308.784 

aldehyde:   35.2611 

color:   19.4099 

methanol:   0.0284324 

fusel oil:   125.369 

X1  227.519 

X2  2.97704 
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Fig. 4.2     Overlay plot for solution number 2 based on desirability 

4.3.1    Evaluation of the responses 

Although in most of the alcoholic beverage we consume it is mostly ethanol and water but 

the components that are present in trace amounts play a vital role in the final quality of the 

whiskey. The various chemical groups like phenolics, aldehyde, esters and alcohols (other 

than ethanol) consists of various aromatic compounds that help enriching the flavor, aroma 

and mouth feel of the whiskey (Conner et al 2003). The evaluation of the six responses 

used for the research purpose is discussed : 

4.3.1.1    Total phenol content 

The total amount and composition of the total phenol content is affected by the starting 

material and the maturation process if used. The distilled spirits that are aged in oak 

barrels usually contain low molecular weight phenolic compounds such as vanillin, 

syringyldehyde, scopoletin and acids like vanillic, gallic, syringic and ellagic acids. The 

presence of this compounds is attributed to lignin and ellagitannin fraction of the wood 

used (Shahidi and Naczk, 2004). 

Design-Expert® Software

Factor Coding: Actual

Overlay Plot

phenol

ester

aldehyde

color

methanol

fusel oil
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0

1

2

3

4
Overlay Plot

X: A: SA/V (cm^2/L)

Y: B: time (months)

ester: 269

aldehyde: 20

color: 17

methanol: 0.04

3

phenol:   10.9449 

ester:   270.478 

aldehyde:   40.9785 

color:   26.3816 

methanol:   0.030462 

fusel oil:   114.47 

X1  272.257 

X2  3.74608 
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     ANOVA for response 1(total phenol content) for surface quadratic and extra term 

model show that the model is significant (Table 4.6). P-values less than 0.05 indicate 

model terms are significant. In this case B, C, AB, BC, B² are significant model terms. 

Values greater than 0.1 indicate the model terms are not significant. 

Table 4.6    ANOVA for Response 1 (total phenol content) for surface quadratic and extra 

term model 

Source 

Sum of 

Squares df 

Mean 

Square F-value p-value   

Model 178.63 11 16.24 34.88 < 0.0001 Significant 

A-SA/V 1.84 1 1.84 3.95 0.0599   

B-time 116.95 1 116.95 251.18 < 0.0001   

C-oak 

type 17.93 2 8.96 19.25 < 0.0001   

AB 3.8 1 3.8 8.15 0.0095   

AC 2.47 2 1.23 2.65 0.0943   

BC 6 2 3 6.44 0.0066   

A² 1.65 1 1.65 3.54 0.074   

B² 22.64 1 22.64 48.63 < 0.0001   

Residual 9.78 21 0.4656       

Lack of 

Fit 7.1 15 0.4731 1.06 0.5072 

not 

significant 

Pure Error 2.68 6 0.4469       

Cor Total 188.41 32         

The Model F-value of 34.88 implies the model is significant. There is only a 0.01% 

chance that an F-value this large could occur due to noise.  

     The Lack of Fit F-value of 1.06 implies the Lack of Fit is not significant relative to the 

pure error. There is a 50.72% chance that a Lack of Fit F-value this large could occur due 

to noise. Non-significant lack of fit is good; we want the model to fit. 

     From the ANOVA Table we can observe that the type of wood used and time kept for 

maturation can significantly alter the amount of total phenol content in whiskies. This was 

expected since almost all studies regarded with use of wood for maturation has shown that 
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the longer we mature the alcoholic spirits with wood there will be an increment in the total 

phenol content. Taloumi and Markis (2017) used 4 different species of woods in tsipouro, 

the products were enriched with polyphenolic substances but a significant difference was 

observed in extraction of polyphenols among chips which was similar to this study. This 

finding was attributed to differences in structure of the wood originating from different 

botanic species and polyphenolic load on each wood. The combination of time and SA/V 

as also shown that it can affect the total phenol content significantly along with the 

combination of time and wood type used. The SA/V ratio from 90 to 280cm
2
/L had no 

significant effect on the total phenol content. 

     Total phenolics ranged from 6.70 to 11.80 (GAE g/100 L abs. alcohol) for the 

American oak used whiskey this range was found was similar to that American bourbon 

and Irish whiskey who also ranged from 4-12 and 3 to 14 g/100 L. Malted whiskies, 

scotch and cognacs usually have higher total phenol content most probably due to raw 

material used (Nyakanen and Suomalainen, 1993). The range for the other two whiskies 

were found to be from 6.974 to 8.036 g GAE/100 L for the Phalant used whiskey and 9.51 

to 10.17 g GAE/100L for katus wood chips used whiskey. The total phenol content was 

comparatively similar in case of whiskies aged with American oak and katus wood chips; 

which were also higher than that of the whiskey aged with phalant wood chips. 

     From the Fig. 4.3 we can see that there exists a relation between the SA/V ratio of the 

woods (average over) and the time taken for maturation during the short span of the study. 

From the plot we can observe that we can achieve a maximum of 11 g GAE/100 L alcohol 

of total phenol content. The higher amount of phenols can be achieved by increasing the 

SA/V ratio and time for maturation. Fig. 4.4 shows the relation of phenol with respect to 

time and SA/V ratio.  
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Fig. 4.3    Contour plot showing relation of the SA/V ratio and time during maturation 

average over of oak types as actual factor for response total phenol content 

     The equations of the quadratic model obtained from response surface for total phenols 

can be useful for researches. The final equations of the quadratic models are: 

Final Equation in Terms of Coded Factors 

Total phenol (GAE g/100L alc.)= +9.02+0.3198A+2.55B+ 0.49620C[1]-1.04C[2]+0.5625 

AB+0.5048AC[1] -0.3723AC[2] +0.5247BC[1] -0.8039BC[2] -0.4655A²-1.73B² 

The equation in terms of coded factors can be used to make predictions about the response 

for given levels of each factor. Code A represents SA/V value, B represents time taken in 

months and C represents type of wood used. By default, the high levels of the factors are 

coded as +1 and the low levels are coded as -1. The coded equation is useful for 

identifying the relative impact of the factors by comparing the factor coefficients. 
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Fig. 4.4     3-D- response surface curve of the interaction of SA/V ratio and time with 

average over of oak types as actual factor for the response phenol 

Final Equation in Terms of Actual Factors 

Since 3 different type of oak chips were used and all of them had their ownfinal equation 

in terms of actual factors: 

Oak type: American oak 

Total phenol (GAE g/100L alc.) = 

+2.43619+0.0218420*SA/V+2.71521*time+0.002961SA/V* time-0.000052 SA/V²-

0.431518 time² 

Oak type: Phalant 

Total phenol (GAE g/100L alc.) = +3.93484+0.012609 SA/V+2.05087 

time+0.002961*SA/V*time-0.000052 SA/V
2
-0.431518 time

2 

Oaktype: Katus 

Total phenol (GAE g/100L alc.) = +3.9722+0.015134 SA/V+2.5926 time +0.002961 

SA/V*time-0.000052 SA/V²-0.431518 time² 
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     The equation in terms of actual factors can be used to make predictions about the 

response for given levels of each factor. Here, the levels should be specified in the original 

units for each factor. This equation should not be used to determine the relative impact of 

each factor because the coefficients are scaled to accommodate the units of each factor and 

the intercept is not at the center of the design space. 

4.3.1.2    Total ester content 

Ester is numerically the largest group of flavor compounds in aged distilled products like 

whiskey, cognac and rum. The total ester content varies from 269 to 1010 g/100 L alcohol. 

Ethyl acetate is quantitatively most important of the ester fraction which accounts for more 

than 50% of the total esters content in matured alcoholic beverages (Reazin, 1983). Many 

short chain esters have fairly strong odors but are not included in the total ester content in 

the method we have applied, their occurrence needs to be investigated extensively. Total 

ester content value ranged from 230 to more 353 g/100 L abs. alcohol in the final matured 

whiskies in this research which was in the range of American whiskey 269-785 g/100 L 

alcohol but much lower than in the Scottish and whiskey which have recorded more ester 

content among the whiskies. 

     Time matured and oak type had significant effect on total ester content off the final 

matured whiskies. The effect of oak type with time also showed significant differences at 

p<0.05.Whiskey matured with phalant wood chips for 4 months showed highest ester 

content of 353 g/100 L alcohol; whiskies matured in oak chips had the lowest amount of 

total ester content in overall average (211.52 g/100 L alcohol). Ester content changed 

significantly from 0 to 2 months and again from 2 to 4 months     P-values less than 0.05 

indicate model terms are significant. In this case B, C, BC, B² are significant model terms. 

Values greater than 0.1 indicate the model terms are not significant. If there are many 

insignificant model terms (not counting those required to support hierarchy), model 

reduction may improve the model. 

The Model F-value of 22.34 implies the model is significant. There is only a 0.01% 

chance that an F-value this large could occur due to noise.  
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Table 4.7     ANOVA for Response 2 (ester content) for surface quadratic and extra term 

model 

Source 

Sum of 

Squares Df 

Mean 

Square F-value p-value   

Model 1.46E+05 11 13242.14 22.34 < 0.0001 Significant 

A-SA/V 510.9 1 510.9 0.862 0.3637   

B-time 1.20E+05 1 1.20E+05 201.63 < 0.0001   

C-oak 

type 10792.93 2 5396.47 9.1 0.0014   

AB 331.47 1 331.47 0.5592 0.4629   

AC 993.42 2 496.71 0.838 0.4465   

BC 4200.61 2 2100.3 3.54 0.0472   

A² 50.3 1 50.3 0.0849 0.7737   

B² 8967.09 1 8967.09 15.13 0.0008   

Residual 12447.17 21 592.72       

Lack of 

Fit 5783.6 15 385.57 0.3472 0.9549 

not 

significant 

Pure Error 6663.57 6 1110.6       

Cor Total 1.58E+05 32         

The Lack of Fit F-value of 0.35 implies the Lack of Fit is not significant relative to the 

pure error. There is a 95.49% chance that a Lack of Fit F-value this large could occur due 

to noise. Non-significant lack of fit is good; we want the model to fit. 

      However, the ester content of whiskey was not found to significantly change (at 5% 

level of significance) with the time-to-SA/V ratio during maturation. So, contour plots and 

3-D response curve will be giving not more information regarding the change due to SA/V 

ratio with time taken for maturation (Fig. 4.5 and 4.6). The final equations can be used for 

further researches and studies regarding change in ester content during maturation. 

Final Equation in Terms of Coded Factors 

Ester (g/100 L alcohol) = +234.49+5.33*A+81.48*B-13.73*C[1]+25.55*C[2]+5.26*AB-

10.46*AC[1]+6.12AC[2]-6.99*BC[1]+21.2BC[2]+2.57*A
2
-34.35*B

2 
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Final Equation in Terms of Actual Factors 

Oak type: American oak 

Ester (g/100 L alcohol)= +141.90- 0.214*SA/V+ 66.477*time + 0.0276*SA/V*time + 

0.00028*SA/V
2
- 8.5873*time

2
 

Oak type:phalant 

Ester (g/100 L alcohol)= +120.711 - 0.04028*SA/V+ 80.5730*time + 

0.027662*SA/V*time+ 0.00028*SA/V
2
-8.5873*time

2
 

Oak type:katus 

Ester (g/100 L alcohol) = +122.216 - 0.05908*SA/V+ 62.8703*time + 

0.027662*SA/V*time+ 0.000285*SA/V
2
-8.5875*time

2 

 

Fig. 4.5     Contour plot showing relation of the SA/V ratio and time (months) during 

maturation average over of oak types as actual factor for response total ester content 
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Fig. 4.6     3-D- response surface curve of the interaction of SA/V ratio and time with 

average over of oak types as actual factor for the response ester content 

4.3.1.3     Aldehyde content 

Acetyldehyde is frequently the major carbonyl compound in matured distilled beverages. 

It is generally upto 90% of total aldehyde content. It is easily distilled together with water 

and alcohol hence, found in almost all distilled spirits. Acetal may form which is 

reversible reaction when acetylaldehyde combines with ethanol. But in cases of strong 

spirits(40% abv and above) only small portion of total aldehyde combines with ethanol. 

Hence acetal formation doesn‟t reduce free accetylaldehyde content in strong spirits. 

      Amount of aldehyde in the final matured product is directly related with the 

degradation of lignin. The major factors that cause in change of the aldehyde contained are 

the type of cask used, alcoholysis of lignin and the spirits extraction rate from 

charred/uncharred cask cask. 

The Model F-value of 28.48 implies the model is significant. There is only a 0.01% 

chance that an F-value this large could occur due to noise.  
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Table 4.8     ANOVA for Response 3 (total aldehyde content) for surface quadratic and 

extra term model 

Source 

Sum of 

Squares Df 

Mean 

Square F-value p-value   

Model 7013.41 11 637.58 28.48 < 0.0001 Significant 

A-SA/V 2.54 1 2.54 0.1135 0.7395   

B-time 4356.3 1 4356.3 194.57 < 0.0001   

C-oak 

type 370.27 2 185.13 8.27 0.0022   

AB 0.0104 1 0.0104 0.0005 0.983   

AC 128.72 2 64.36 2.87 0.0788   

BC 105.9 2 52.95 2.36 0.1185   

A² 1.38 1 1.38 0.0618 0.8061   

B² 1875.36 1 1875.36 83.76 < 0.0001   

Residual 470.18 21 22.39       

Lack of 

Fit 388.21 15 25.88 1.89 0.2212 

not 

significant 

Pure Error 81.97 6 13.66       

Cor Total 7483.59 32         

The Lack of Fit F-value of 1.89 implies the Lack of Fit is not significant relative to the 

pure error. There is a 22.12% chance that a Lack of Fit F-value this large could occur due 

to noise. Non-significant lack of fit is good; we want the model to fit. 

     Amount of aldehyde in the final matured product is directly related with the 

degradation of lignin. The major factors that cause in change of the aldehyde contained are 

the type of cask used, alcoholysis of lignin and the spirits extraction rate from 

charred/uncharred cask cask. 

     There was significant difference (p<0.05) in the amount of aldehyde content due to the 

change in time and oak type and also due to their mixed effect (Table 4.8). But there was 

no significant effect due to the mixed effect of time and SA/V value or SA/V itself. Due to 

this the graphical plots (Fig. 4.7 and 4.8) can only give us results of least importance. The 

final equations may come in handy for further researches. 
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    P-values less than 0.05 indicate model terms are significant. In this case B, C, B² are 

significant model terms. Values greater than 0.1 indicate the model terms are not 

significant. If there are many insignificant model terms (not counting those required to 

support hierarchy), model reduction may improve the model. 

 

Fig.  4.7    Contour plot showing relation of the SA/V ratio and time during maturation 

average over of oak types as actual factor for response total aldehyde content 

Final equation in terms of coded factors 

Aldehyde (g/100 L alcohol)= +38.55 + 0.3757*A + 15.56*B + 3.63*C[1] - 4.45*C[2] -

0.0295*AB +2.62*AC[1] – 3.67 AC[2] +3.36*BC[1] – 2.29BC[2] – 0.4267*A
2
 – 

15.71*B
2 

Final equation in terms of actual factors 

Oak type: American oak 

Aldehyde (g/100 L alcohol)=+0.043360 +0.049344*SA/V+25.19392*time – 

0.000155*SA/V*time -0.000047*SA/V
2
- 3.92713*time

2
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Oak type:Phalant 

Aldehyde (g/100 L alcohol) =+9.86418 – 0.016891*SA/V+ 22.37025*time – 

0.000155*SA/V*time - 0.000047*SA/V
2
 - 3.92713*time

2
 

Oak type: Katus 

Aldehyde (g/100 L alcohol) = +4.71712 – 0.032823*SA/V+ 22.98292*time – 

0.000155*SA/V*time - 0.000047*SA/V
2
 - 3.92713*time

2 

 

 

Fig. 4.8     3-D- response surface curve of the interaction of SA/V ratio and time with 

average over of oak types as actual factor for the response aldehyde content 

4.3.1.4      Color 

Change in color was observed within few hours‟ incorporation of wood chips in spirit. 

There was a significant change in color due to all the factors. There was a highly 

significance change in color within the first two months of maturation but no significant 

change in the overall mean between the whiskey matured from 2 to 4 months was 

observed. Reazin (1983) claimed that the development of color was most rapid during the 
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early stages of the maturation. The rate of color development in the whiskey while 

maturating with wood decreases annually. As the maturation proceeds in the first fill cask, 

the color changes from colorless to light to deep yellow, the to amber and finally to 

reddish yellow which agrees well with the finding in this study. 

Table 4.9      ANOVA Table for Response 4 (color) for surface quadratic model 

Source 

Sum of 

Squares Df 

Mean 

Square F-value p-value   

Model 2705.06 11 245.91 25.2 < 0.0001 Significant 

A-SA/V 202.47 1 202.47 20.74 0.0002   

B-time 1587.47 1 1587.47 162.64 < 0.0001   

C-oak 

type 143.97 2 71.98 7.38 0.0037   

AB 75.35 1 75.35 7.72 0.0113   

AC 32.69 2 16.35 1.67 0.2114   

BC 67.08 2 33.54 3.44 0.0512   

A² 14.1 1 14.1 1.44 0.2428   

B² 494.99 1 494.99 50.71 < 0.0001   

Residual 204.97 21 9.76       

Lack of 

Fit 113.17 15 7.54 0.4931 0.875 

not 

significant 

Pure Error 91.8 6 15.3       

Cor Total 2910.03 32         

    The Lack of Fit F-value of 0.49 implies the Lack of Fit is not significant relative to the 

pure error. There is a 87.50% chance that a Lack of Fit F-value this large could occur due 

to noise. Non-significant lack of fit is good; we want the model to fit. 

     The Model F-value of 25.20 implies the model is significant. There is only a 0.01% 

chance that an F-value this large could occur due to noise. P-values less than 0.05 indicate 

model terms are significant. In this case A, B, C, AB, B² are significant model terms. 

Values greater than 0.1000 indicate the model terms are not significant.  
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Fig. 4.9    Contour plot showing relation of the SA/V ratio and time during maturation 

average over of oak types as actual factor for response color 

Color is the foremost thing that is noticed in the sensory attribute of the whisky, the range 

of in distilled spirit may range from colorless vodka to dark colored rum. Whiskies are 

usually preferred yellow gold color (malt whiskies) to dark oak color (American bourbon) 

.From the contour plot we can observe that color of various range can be achieved with 

various combination of time and SA/V. We can also observe from both the Fig. 4.9 and 

4.10 that there is always a growth in color although the rate of color change may seem to 

decrease. The range of color in this experiment was taken from both national and 

international distilleries. Golden oak (Himalayan Distillery; Parsa, Nepal) which recently 

has a good market among the local consumers was taken for comparison whereas, Jack 

Daniels (Jack Daniels Distillery; Tennessee, USA ) which is also a grain whiskey aged in 

charred barrel made from American oak (whose chips are also used in this research) was 

selected to be compared for color. Golden oak had a lower ASBC value and is almost of 

amber color whereas Jack Daniels had a higher ASBC value with dark sherry color. 

Martinez-Gil et al. (2018) utilized Q. humbolatii as an alternative for other commonly 
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used oak species. Significant difference in color intensities was observed with the different 

varieties of oak used. 

 

Fig. 4.10     3-D- response surface curve of the interaction of SA/V ratio and time with 

average over of oak types as actual factor for the response color 

Final Equation in Terms of Coded Factors 

Color = +19.15 A + 3.35 A+1.37 C[1] - 2.95 C[2]+2.51 AB + 1.52 AC [1] + 0.2311 

AC[2] 1.27 BC[1]-2.73 BC[2]-1.36 A
2
- 8.07B

2
 

Final Equation in Terms of Actual Factors 

Oak type: American oak 

Color= -7.98559+0.080795SA/V+10.96046time +0.013189SA/V* time-0.000151SA/V²-

2.01759 time² 

Oak type: Phalant 

Color= -5.799+0.6719 SA/V+8.96213time+0.013189SA/V* time-0.000151SA/V²-

2.01759 time² 
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Oak type: Katus 

Color = -1.59108+0.046304SA/V+11.05546time+0.01318SA/V* time-0.00015SA/V²-

2.01759 time² 

4.3.1.5    Methanol and fusel oil content 

Methanol is one of the volatile compounds that have attracted particular attention owing to 

its toxicity. It is, in fact, a neuro-toxic substance for humans, affecting the retina in 

particular, and various situations of intoxication by methanol have been detected 

associated with the consumption of adulterated alcoholic beverages with elevated contents 

of this alcohol. The origin of the methanol is connected to pectin degradation, and 

inadequate filtration of the must, allowing the presence of sugarcane pith in the 

fermentative process, although they did not differ from each other, but since it is partially 

soluble in water, the distillation of methanol starts in the head fraction and is exhausted at 

the start of the heart fraction (Paine, 2001). 

     The Lack of Fit F-value of 8.42 implies the Lack of Fit is significant. There is only a 

0.75% chance that a Lack of Fit F-value this large could occur due to noise. Significant 

lack of fit is bad ; we want the model to fit. 

     P-values less than 0.05 indicate model terms are significant. In this case C is significant 

model terms. Values greater than 0.1 indicate the model terms are not significant. If there 

are many insignificant model terms (not counting those required to support hierarchy), 

model reduction may improve the model. 

     There was no significant change in methanol content due to time or the change SA/V 

ratio but there was significant difference due to oak used. None of the mixed combination 

of factors had any significance change in the methanol content (Table 4.10). So, only 

contour plots (Fig. 4.11) was discussed, since 3-D plots do not give much usable 

information it is not discussed. Still the equations for methanol content due to the factors 

can be of importance. 
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Table 4.10     ANOVA for Response 5 (total methanol content) for surface quadratic and 

extra term model 

Source 

Sum of 

Squares df 

Mean 

Square F-value p-value   

Model 0.0037 11 0.0003 2.8 0.0204 significant 

A-SA/V 0.0001 1 0.0001 0.5352 0.4725   

B-time 8.89E-07 1 8.89E-07 0.0075 0.932   

C-oak 

type 0.0018 2 0.0009 7.41 0.0037   

AB 0.0006 1 0.0006 4.73 0.0512   

AC 0.0001 2 0 0.2729 0.7639   

BC 0.0006 2 0.0003 2.37 0.1182   

A² 0.0003 1 0.0003 2.7 0.115   

B² 0.0002 1 0.0002 1.33 0.2622   

Residual 0.0025 21 0.0001       

Lack of 

Fit 0.0024 15 0.0002 8.42 0.0075 significant 

Pure Error 0.0001 6 0       

Cor Total 0.0062 32         

The Model F-value of 2.80 implies the model is significant. There is only a 2.04% chance 

that an F-value this large could occur due to noise.  

Final Equation in Terms of Coded Factors 

Methanol (% v/v)=+0.0354-0.0019A+0.0002B+0.0104C[1]-0.0051C[2]-0.0069AB-

0.0015AC[1]-0.0012AC[2]+0.0079BC[1]-0.0031BC[2]+0.0065A²+0.0046B² 

Final Equation in Terms of Actual Factors 

Oak type: American oak 

Methanol (% v/v)=+0.0602230 + .000231SA/V+0.006155time-0.000036SA/V* 

time+7.21874E-07 SA/V²+0.001141time² 
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 Oak type: Phalant 

Methanol (% v/v) = +0.055039-0.000227SA/V+0.000688time-0.000036SA/V* 

time+7.21874E-07SA/V²+0.001141time² 

Oak type: Katus 

Methanol (% v/v) = +0.049162-0.000186SA/V- 0.00017 time-0.000036SA/V* 

time+7.21874E07SA/V²+0.001141time² 

Fig. 4.11    Contour plot showing relation of the SA/V ratio and time (months) during 

maturation average over of oak types as actual factor for response total methanol content 

     Fusel oils are present in almost all fermented alcoholic beverages by the catabolism of 

glucose and amino acids in the wort. 2-Methylbutanol and 3-methylbutanol, whose 

mixture is also commonly known as isoamyl alcohols, is the most abundant of the „minor‟ 

compounds of the distilled spirits that are synthesized by yeasts. With the use of various 

raw materials these compounds comprise of a total of 40%-70% of the total fusel alcohol 

fraction (Taloumi and Makris, 2015). From an aroma perspective, the threshold values for 

the fusel alcohols are rather high and therefore they tend not to contribute significantly to 
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the aroma characteristics in the final whiskey products. The term fusel oil refers to their 

malty and wort character (Reazin, 1983). 

     P-values less than 0.05 indicate model terms are significant. In this case A, B, C, B² are 

significant model terms. Values greater than 0.1 indicate the model terms are not 

significant. If there are many insignificant model terms (not counting those required to 

support hierarchy), model reduction may improve your model. 

Table 4.11     ANOVA for Response 6 (fusel oil content) for surface quadratic and extra 

term model 

Source 

Sum of 

Squares df 

Mean 

Square F-value p-value   

Model 3767.24 11 342.48 11.36 < 0.0001 significant 

A-SA/V 285.72 1 285.72 9.48 0.0057   

B-time 2002.54 1 2002.54 66.42 < 0.0001   

C-oak 

type 456.22 2 228.11 7.57 0.0034   

AB 124.07 1 124.07 4.12 0.0554   

AC 23.8 2 11.9 0.3946 0.6788   

BC 201.56 2 100.78 3.34 0.0549   

A² 28.9 1 28.9 0.9585 0.3387   

B² 530.52 1 530.52 17.6 0.0004   

Residual 633.16 21 30.15       

Lack of 

Fit 598.47 15 39.9 6.9 0.0127 significant 

Pure Error 34.69 6 5.78       

Cor Total 4400.4 32         

The Model F-value of 11.36 implies the model is significant. There is only a 0.01% 

chance that an F-value this large could occur due to noise.  

The Lack of Fit F-value of 6.90 implies the Lack of Fit is significant. There is only a 

1.27% chance that a Lack of Fit F-value this large could occur due to noise. Significant 

lack of fit is bad; we want the model to fit. 
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    All the factors independently had significant effect on the fusel oil content (Table 4.11) 

but none of their mixed combination had any significant effect (p<0.05). The further 

discussion on the contour plots and 3-D surface plots becomes of less importance. A 

decrease in fusel oil with increase in SA/V and time can be observed in the contour plot 

(Fig. 4.12) though not of significance it can help us understand the relation of fusel with 

time and SA/V. and the equations for fusel oil are also discussed below can also be of use.  

 

Fig. 4.12    Contour plot showing relation of the SA/V ratio and time (months) during 

maturation average over of oak types as actual factor for response fusel oil content 

Final Equation in Terms of Coded Factors 

Fusel oil=+129.17-3.98A-10.55B+3.52C [1] +1.63C [2]-3.22AB-1.30AC [1]-0.2012AC 

[2] +4.18BC [1]-0.1741BC [2] +1.95A²+8.35B² 

Final Equation in Terms of Actual Factors 

Oak type: American oak 

Fusel oil =+158.82339-0.101688SA/V-8.40654time-0.016924SA/V* 

time+0.000216SA/V²+2.08873time² 

Design-Expert® Software

Factor Coding: Actual

fusel oil

114.126 153.723

X1 = A: SA/V

X2 = B: time
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Oak type: Phalant 

Fusel oil = +159.157-0.090156SA/V-10.58487time-0.016924SA/V* 

time+0.000216SA/V²+2.08873time² 

Oak type: Katus 

Fusel oil = +152.9117- 0.07227 SA/V-12.50212time-0.016924SA/V* 

time+0.000216SA/V²+2.08873time² 

4.3.2    Effect of maturation factors on the distilled spirit 

Maturation is a complex phenomenon that cannot be simply explained by a single factor or 

few more. Its complexity increases with the change on the maturation condition. The 

major factors that have great influence on the maturation include the wood type used, its 

treatment (toasted or untoasted), the amount of oak wood that comes in contact with the 

spirit, time and keeping condition (temperature and relative humidity). All the woods used 

for this research purpose were toasted for the use in maturation. The temperature and 

relative humidity were assumed to be constant for all the whiskies, since they all were kept 

under the same condition. The factors that could affect the physiochemical properties and 

qualities of the matured whiskey like wood type used, its contact with the spirit and time 

are discussed in the following sections: 

4.3.2.1     Effect of the type of wood 

American oak (Q. alba) is among the most used wood variety for barrel making and 

maturation of whiskies all around the world. The constituents in the varieties of oak wood 

may differ from species to species that play a major role in giving the whiskey the desired 

extract and change during maturation. The ratio of cellulose, hemicelluloses and lignin 

content is one of the major factors alongside the treatment of the wood. As shown in Table 

4.12 the effect of all the 3 different botanical species along with the control was studied. 

     A significant increase (p<0.05) in the acidity was observed in the whiskies which were 

matured with oak chips. There was also a slight significant decrease in pH with the use of 

oak chips. The founds were similar to that of Sanchez-Palomo et al. (2016) who observed 

significant increase in total acidity and a decrease in pH with incorporation of different 

wood types in Verdejo wines. Camara et al. (2005) also reported significant increase in the 

acidity due to contact with wooden barrels in 4 different types of Madeira. The changes in 
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the pH and acidity can be correlated since increase in acidity usually results in decrease in 

pH. The drop of ABV from the control can be related to the use of wood which absorbs 

certain amount of alcohol and also increase in acidity increases the reaction between 

alcohol and acid to form other complex compounds that contribute the final character of 

the whiskey. 

Table 4.12     Physiochemical changes due to oak type 

        Acidity*   

Wood ABV* pH* Total**  Fixed**  Volatile**  

Control 54.46(1.13)
a
 4.7(0.07)

a
       8.05(0.75)

a
 1.20(0.27)

a
 6.85(0.23)

a
 

Oak 53.07(1.75)
ab

 4.45(0.06)
b
 47.97(14.35)

b
 7.49(2.55)

b
 40.48(11.88)

b
 

Phalant 51.67(2.24)
ab

 4.43(0.11)
b
 40.24(14.15)

b
 6.57(1.81)

b
 33.67(12.41)

b
 

Katus 53.14(1.08)
b
 4.42(0.12)

b
 53.34(8.82)

b
 7.43(1.75)

b
 45.9(7.51)

b
 

*Values are the overall means of whiskey with same type of wood used at different times 

and with different SA/V value. Figures in parentheses are standard deviation. Figures in 

the column bearing different alphabet in superscript are significantly different at p<0.05. 

** Total acidity as tartaric acid (g/100 L alcohol); fixed acid as tartaric acid (g/100 L 

alcohol); volatile acids as acetic acid (g/100 L alcohol). 

4.3.2.2     Effect of time 

Whiskey is sometimes aged in oak barrel up to 25-30 years for special kinds of whiskies 

and cognacs. Scotch whiskies and American bourbon require spending a minimum of 2 

years in charred barrels for their designation. Use of oak chips has shown accelerated 

extraction rate of the aromatic volatile components in the spirit. Whatever aging material 

is used, the longer we mature the whiskey the more complex and desirable changes occur 

in its physiochemical and sensory attributes. The overall averages of whiskies in given 

interval of time calculated as shown in Table 4.13.  

     There was a significant difference (p<0.05) in acidity and with change in time. There 

was drastic increase in average total, fixed and volatile acidity from beginning to the first 

2 months from 8.05±.06, 1.07±.01 and 6.97± .06 to 4.51 to 36.8±11.46, 5.41±1.22 and 

31.38±10.49 respectively. No significant change (p<0.05) occurred in volatile acidity but 
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there was significant increment in total and fixed acidity after 2 more months of 

maturation. Likewise the alcohol content and pH changed significantly (p<0.05) as shown 

in Table 4.6. The results are in contradict to that of Martinez-Gil et al. (201 ) who didn‟t 

notice a any significant changes in pH and volatile acidity with time the wood were 

infused but a similar change in total acidity were observed. Change in acidity can be 

linked to decrement in pH since they are interrelated, it may also be one of the major 

reason for change in alcohol content. 

Table 4.13    Physiochemical changes due to time 

        Acidity*   

Months ABV* pH* Total** Fixed** Volatile**  

0 55(0.2)
a
 4.76(0.015)

a
 8.05(0.06)

a
 1.07(0.01)

a
 6.97(0.06)

a
 

2 53.49(0.74)
ab

 4.51(0.04)
b
 36.8(11.46)

b
 5.41(1.22)

b
 31.38(10.49)

b
 

4 51.45(2.28)
b
 4.35(0.11)

c
 55.97(17.24)

c
 8.8(2.64)

c
 47.16(14.64)

b
 

*Values are the means of all the samples during the specific time. Figures in parentheses 

are standard deviation. Figures in the column bearing different alphabet in superscript are 

significantly different at p<0.05. 

** Total acidity as tartaric acid (g/100 L alcohol); fixed acid as tartaric acid (g/100 L 

alcohol); volatile acids as acetic acid (g/100 L alcohol). 

4.3.2.3    Effect due to Surface Area/Volume ratio 

The more the spirit in contact with the wood the more accelerated the maturation process. 

Barrels from size of 2 gallon to 6 gallon can be found in regular uses. But the common 

size of barrel used for bourbon making is of normally 50-52 US gallons which is later 

commonly used in scotch distilleries for aging scotch whiskey. Surface area per volume 

(SA/V) ratio has been mathematically modeled with gallon sizes ranging from 2 to 50 

gallon which have an app. Value of 280 to 90 cm
2
/ L respectively (Jeffery, 2012). 

Decrement in the barrel size can increase the surface area contact of the spirit contained. 

The Table 4.14 shows the overall averages of whiskies matured at different SA/V which 

was calculated where control was assumed to have 0 SA/V value since no wood was 

added to it. 

     There was a significant change in the use oak chips in the acidity and pH, but no 

significant difference (p<0.05) was observed due to change in the surface area per volume 
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ratio of chips. A slight decrease was observed when the SA/V was initially increased from 

90 to 185 cm
2
/L and it was then increased when SA/V was 280 cm

2
/L as shown in Table 

4.7. A similar reciprocal change was seen in the change of pH with increase in the SA/V 

ratio. No significant change in alcohol content was observed which doesn‟t agree with the 

literature. This may be mainly due to the use of chips in closed glass containers where 

there is minimal loss of alcohol due to evaporation which increases in the case of barrel 

use. From the ANOVA tables significant differences between the responses due to change 

of SA/V value from 90-280 cm
2
/L was observed. 

Table 4.14     Physiochemical changes due to SA/V ratio 

        Acidity*   

SA/V ABV* pH* Total** Fixed**  Volatile**  

0 54.46(1.13)
a
 4.7(0.07)

a
 8.05(0.07)

a
 1.2(0.27)

a
 6.85(0.23)

a
 

90 52.56(1.97)
a
 4.42(0.09)

b
 48.7(14.76)

b
 7.48(2.08)

b
 41.21(12.8)

b
 

185 52.94(0.92)
a
 4.47(0.08)

b
 44.98(13.51)

b
 6.68(1.94)

b
 38.3(11.88)

b
 

280 52.07(2.97)
a
 4.38(0.12)

b
 50.08(13.11)

b
 7.81(2.24)

b
 42.26(11.03)

b
 

*Values are the means of the 3 different wood types infused whiskey. Figures in 

parentheses are standard deviation. Figures in the column bearing different alphabet in 

superscript are significantly different at p<0.05. 

** Total acidity as tartaric acid (g/100 L alcohol); fixed acid as tartaric acid (g/100 L 

alcohol); volatile acids as acetic acid (g/100 L alcohol). 

4.4    Results for sensory analysis 

The finger millet whiskies prepared with incorporation of various woods were first 

subjected to various chemical changes like total phenol content, ester and aldehyde 

content, alcohol and acid content and color changes. As discussed earlier in Part III the 

matured whiskies were evaluated into two broad ways, in the beginning a qualitative/semi-

quantitative trial was done followed by a 5 point hedonic rating trial. The whiskies were 

kept in random order and compared with the control which had no wood incorporated. 

4.4.1     Selection of whiskies for sensory trials 

The initial trial for physiochemical analysis had numerous trials which were thinned to 7 

samples for qualitative and semi quantitative trials as shown in Fig. 4.13 and 4 samples for 
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hedonic trials as shown in Fig. 4.14. The seven samples used in the qualitative and semi 

quantitative trials were  

Sample 1: Matured finger millet whiskey with lower SA/V of A. oak chips 

Sample 2: Matured finger millet whiskey with higher SA/V of A. oak chips 

Sample 3: Matured finger millet whiskey with lower SA/V of phalant chips 

Sample 4: Matured finger millet whiskey with higher SA/V of phalant chips 

Sample 5: Matured finger millet whiskey with lower SA/V of katus chips 

Sample 6: Matured finger millet whiskey with higher SA/V of katus chips 

Sample 7: Matured finger millet whiskey control with no chips 

 

Fig. 4.13    Arrangement for qualitative/ semi-quantitative trials in the laboratory 
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For the hedonic trials the samples were further thinned to 4 samples since it was for the 

findings for simpler overall likings of the whiskey affected by the different botanical 

species of wood and the control was a obvious choice. The four samples used in the 

hedonic trials were 

Code 1: Overall blend of whiskey matured with A. oak chips 

Code 2: Overall blend of whiskey matured with phalant chips 

Code 3: Overall blend of whiskey matured with katus chips 

Code 4: Control with no chips 

 

Fig 4.14    The final 4 samples for hedonic trials 

4.4.2     Qualitative and semi quantitative trial 

The trials were conducted at the laboratory of Central Department of Food Technology. 12 

teachers and students (only from M-Tech faculty) were involved to perform the task of 

tasting and commenting of the seven treatments available. Flavor descriptions were told to 

be complicated to identify and even though the number was decreased to 7 the amount of 

whiskies to be consumed played their role for this complication. It was understandable that 

most of the panelists couldn‟t identify all flavors the whiskies had to offer because the 

panelists were only given one opportunity to describe the flavor. 
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     The panelists were also asked to select their 3 most liked whiskies in accordance to 

color, flavor/aroma, mouth feel and overall likings. The panelists were also encouraged to 

comment in the flavor along with they were asked if they could identify any other new 

flavor attribute. The likings of the whiskies could differ from panelists to panelists as their 

perspective towards whiskey (Mahajan, 2012). 

     After the sensory ballot was filled by the panelists all the data were entered in the data 

view section of SPSS statistics data editor, the same program was utilized to compute the 

total most liked and disliked results for each sample and color, flavor/aroma, mouth feel 

and overall liking. Among the 12 tasters, 9 included sample 4 in their most liked group in 

preference to color and aroma/flavor and 10 of them included the same sample as their 

most preferred group in context of mouth feel and overall likings. The sample was the 

whiskey aged with phalant wood chips with higher SA/V value i.e. high amount of wood 

contact between fingermillet whiskey and phalant wood chips. Though sample 5 and 6 

were preferred by 6 or more tasters in terms of color, they were least liked in terms of 

mouth feel and sample 6 was least liked in terms of aroma/flavor and overall acceptance. 

Both sample 5 and 6 were the whiskies treated with the katus wood chips. 

     Chi-square analysis of the selection frequencies for the most liked sample was highly 

significant (p<0.001), which was apparent from the sensory analysis. The 2 samples 

contributing to the most to the difference among most liked were; in color sample 4 (25%) 

and sample 5 (19.44%); in flavor/aroma sample 4 (25%) and sample1(19.44%); in mouth 

feel sample 4 (27.77) and sample 1 (22.22%)  and in overall acceptance sample 4 

(27.77%)  and sample 5 (19.44%). 

4.4.3      PCA of nominated flavor attributes 

     In the initial trial, all of the panelists were asked to tick one or more of the 8 boxes that 

describes the attributes that define the flavor description that is due to the wood and its 

SA/V value. In the Fig. 4.15 and 4.16, the frequency data has been transformed by 

principal component analysis (PCA).  

     Principal component analysis (PCA) is a technique for reducing a partially correlated 

symmetrical n-dimensional data set to an asymmetric set, such that new n-dimensions in 

the output convey different amounts of information. The first dimension conveys the most, 
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the second the next most etc., so often a two-dimensional PCA plot of the first two 

dimensions – called principal components 1 and 2 – can portray much of the important 

information previously buried in the original data set. The PCA plots presented in this 

thesis are scaled to portray the fraction of information contained in each dimension 

(principal component). Thus the two components represent 65% and 20% of the overall 

information so the ratio of the two axes is 65:20. 

 
 

Fig. 4.15    Principal component analysis of frequency data for descriptive attributes of  

6 wood treatments 1 control 

     In Fig. 4.15, 65.286% (~ 65%) of the information could be condensed into component 

1 and 19.646% (~20%) could be condensed into component 2. Hence these two 

components together can portray almost about 85% of the total information, showing there 

is extensive correlation between the flavor attributes; which means that a panelists ticking 

at the „smoky‟ box could also tend to tick at the „woody‟ flavor box.  Fig. 4.15 shows that 
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„smoky‟, „woody‟ and „caramel‟ flavor go along with one another. This signifies that when 

a sample was found to be „smoky‟ there was high chance that it could also be „woody‟ and 

„caramel‟ flavor.  

     Notes like „grainy‟, „nutty” and „fruity‟ were found to oppose the „smoky‟, „woody‟, 

„caramel‟ and „spicy‟ notes. However, Fig. 4.15 shows only the analysis of terms while 

Fig. 4.16 shows the analysis of terms with superimposed attribute data. To achieve this, 

the score plot was scaled by a factor to approximately match the loading plot. This 

superimposition plot shows the wood treatment most linked to the attribute. 

 

Fig. 4.16     Principal component analysis of frequency data for descriptive attributes of 6 

wood treatments and control, with loading and score plots superimposed. 

     In the above figure 4.16 we can see that „woody‟ and „spicy‟ flavor are associated with 

the samples with oak and katus incorporated whiskey samples and sample 4 (phalant 2). 

„Fruity‟ flavor is strongly related to control and sample 3 (whiskey with phalant wood 

chips with lower SA/V).  It can be concluded that sample 4 which lies all alone in the 
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quadrant where both principal component were positive is related to more flavor attributes 

than other samples. 

4.4.4     Flavor profile of matured whiskey 

For better comparison and understanding, the sensory attributes and the whiskies with 

various wood chips used is presented in the radar plot (Fig. 4.17). 

 

Fig. 4.17     Radar plot of flavor attributes for the matured finger millet whiskey 

     The first impressions in the plots are made by the „woody‟ and „smoky‟ attributes 

which are highly contributed by the whiskies that are using A.oak chips and katus wood 

chips. Whiskey aged with American oak chips had the most „smoky‟ and „woody‟ flavor 

followed by „spicy‟ and „caramelized‟ flavor with a hint „fruity‟ and „grainy flavor‟. The 
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layered acorn oak chips (phalant) which helped creating the most liked whiskey sample 

had a hint of almost all flavor along with that it had other flavors which were described to 

be vanillin like by one of the panelists in their comment section.  

     The flavor attribute that was most noticed were of „smoky‟ and „grainy‟ notes, followed 

by „woody‟, „spicy‟ and „caramel‟ flavor attributes and it had the highest notes of „nutty‟ 

flavor than all other whiskey. Whereas, the whiskey which were incorporated with katus 

wood chips were found having dominated by the „woody‟ and „smoky‟ , followed by 

„spicy‟ notes with hints of „caramel‟ notes. The control which had no wood used during its 

aging had high notes of „grainy‟ flavor along with „fruity‟ flavor‟ following right behind 

and hints of „nutty, flavor. Few panelists commented on liking the control in comparison 

to the locally available finger millet whiskey, this may be due to the multiple distillation 

that were done in the laboratory that helped reducing unwanted congeners.  

4.4.5     Analysis of the hedonic trials 

Fig. 4.18     Mean score of sensory parameters of the matured whiskies 

Bars with same letters for any sensory parameter are not significantly different at p>0.05. 

Hedonic trials were done after the qualitative/semi-quantitative trials were done. For the 

hedonic trials a total no. of 22 panelists was included from city of Dharan and Kathmandu 
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randomly. It was done among the self declared whiskey discerning people. Each wood 

type had one sample each and the fourth sample was the control aged without wood for the 

same amount of time as the other matured whiskey. 

      As shown in the Fig. 4.18 various type of wood used had different effect on the 

various sensory attributes. A significant difference in the mean scores of the hedonic 

rating was found in the color, mouth feel and overall rating of the whiskies. No significant 

difference was found in aroma and flavor among the various whiskies tasted by the 

panelists. 

Table 4.15     Mean sensory scores according to the panelists‟ age and whiskey type 

 Age  Sample Color* Flavor* Aroma* Mouth feel*    O. A.* 

21-30 years 1 3.8(1.13) 4.0(1.05) 4.1(1.1) 4.2(1.22) 3.9(0.99) 

 

2 3.7(1.16) 3.9(0.56) 4.0(0.66) 4.4(0.69) 4.2(0.63) 

 

3 3.9(0.74) 4.0(0.66) 3.8(0.78) 3.5(0.71) 3.8(0.63) 

 

4 2.8(1.13) 3.8(0.63) 4.0(0.82) 3.6(0.97) 3.7(0.67) 

31-45 years 1 3.66(1.21) 3.5(0.55) 3.83(0.41) 3.5(0.84) 3.83(0.98) 

 

2 4.33(1.21) 3.67(0.52) 3.83(0.41) 4.0(0.63) 4.0(0.63) 

 

3 3.5(0.55) 3.34(0.82) 3.67(0.51) 3.5(0.55) 3.67(0.52) 

 

4 2.5(.54) 3.34(1.03) 3.98(0.98) 3.0(0.89) 3.33(0.82) 

45 years above 1 3.33(0.51) 3.83(0.41) 4.0(0.63) 4.0(0.63) 4.0(0.63) 

 

2 4.5(0.54) 4.0(0.63) 3.83(0.75) 4.16(0.41) 4.16(0.41) 

 

3 3.67(0.81) 3.67(0.82) 3.5(0.54) 3.5(0.55) 3.83(0.75) 

  4 3.5(0.83) 3.5(0.55) 3.33(0.82) 3.33(0.52) 3.33(0.52) 

*Values are the means of more than three determinations. Figures in parentheses are 

standard deviation.  

     Table 4.15 shows the mean score averages of panelists on their view towards the 4 

different samples that evaluated on the basis of various sensory parameters and overall 

acceptance. The scores for the color of the whiskey ranged from 2.9 (sample D) to 4.09 

(sample B) which was significantly higher. Similar score were obtained by sample C 

(3.63) and sample A (3.72) used whiskies. The scores for flavor were found to 3.59, 3.72, 

3.81 and 3.86 of the Sample D, C, A and B respectively. The scores of aroma was found 

highest for the sample A which had average score of 4.0 and that sample B which  had 
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similar score of 3.91. Sample C and D had comparatively lower scored i.e. 3.68 and 3.59 

respectively. 

         Sample B had a significantly higher mean score in terms of mouth feel (4.22) than 

whiskey aged with sample C (3.5) and sample D (3.36). Sample A (3.95) had no 

significant difference with any of the whiskies in terms of mouth feel. The overall scores 

of all the wood included whiskies had no significant difference (p<0.05) between them 

and the control except for the sample B (4.14) whose mean was significantly higher to that 

of the control (3.5). 

     The age group and gender was also recorded during the time of the sensory trials. Out 

of the 22 panelists 10 panelists were aged below the age of 30 years old, 6 of them were 

aged between 31-45 years and the remaining 6 panelists were of more than 45 years. 

While comparing the mean scores between the age groups the only significantly different 

liking came in case of flavor, between the first and second age groups. The average 

hedonic scores according to age groups and their likings towards the different whiskies is 

given in the Table above. There was also no significant different group found in the 

combination of age and wood type groups. The various age group panelists had similar 

approach towards the wood and control samples while scoring, since each group had the 

same similar scores for each type of whiskey. Sample B (with phalant chips) was most 

liked in each group whereas sample D (the control) was the least liked in each group. 
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Part V 

Conclusions and recommendations 

5.1     Conclusions 

The present work is based on the principle that finger millet being  a cereal generally used 

to produce distilled beverage in Nepal can be used to prepare matured whiskey aging with 

various oak chips. Due to complexity and higher time consumption in the study only 3 

varieties of woods were incorporated for the maturation process. Due to which conclusions 

drawn from this may not to applicable to every kind of matured whiskey. Still the within 

given time frame and scope of the work the following conclusions can be drawn. 

1. Oak chips types, amount and maturation time all have significant effect on the 

physiochemical and sensory qualities of the finger millet whiskey. 

2.  2 solutions found were identified on the basis of constraints given for optimization 

with desirability of 0.433 and 0.251. The initial solution was the whiskey matured 

with phalant with a SA/V value of 227.52 cm
2
/L and time duration if 2.97 months 

(app. ~ 3 months) and the later was the whiskey matured with katus with a SA/V 

value of 272.26 cm 
2
/L and time duration 3.74 months (~ 3 months and 3 weeks). 

3. Smoky and woody notes were recognized to have the most influence in flavor 

profile of the matured finger millet whiskey followed by caramelized and spicy 

notes.  

4. Whiskey matured with phalant chips gives better sensory qualities (color, flavor, 

aroma, mouth feel and overall acceptance) of finger millet whiskey. 

5.2     Recommendations 

On the basis of the present work following recommendations can be drawn: 

1. Other types of wood chips can be studied in the maturation of whiskies that are 

prepared at home-scale level. 

2. Maturation of finger millet whiskies in around 3 months with phalant (Q. 

lamellosa) chips can result in producing a good quality whiskey with attributes to 

that of matured whiskies barreled in traditional oak barrels.  
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Part VI 

Summary 

With an assumption that locally found oak varieties can be useful for the preparation of 

maturated finger millet whiskey. An attempt was made to mature the finger millet whiskey 

in the laboratory using various varieties of the wood. Finger millet was purchased locally 

was fermented using the murcha and was initially distilled using traditional method. It was 

then taken to laboratory for secondary distillation and the ABV was maintained to ~55 % 

v/v alcohol. Various physio-chemical and sensory properties of the so prepared whiskey 

were evaluated. The finger millet whiskey was matured at 27°C for 4 months in the dry, 

dark and enclosed chamber. The wood types used were American oak (Quercus alba), 

layered acorn oak (commonly known as phalant) and Indian chestnut (commonly known 

as dhalne katus). The amount of wood to be used was calculated in terms of surface area/ 

volume ratio which were determined to be from 90 to 280 cm
2
/ L. 

     For the optimization of the of the finger millet whiskey the SA/V value, time and wood 

type were taken as factors whereas the responses were phenol, esters, aldehyde, color, 

methanol and fusel oil. With the help of Design Expert®V.11, 2 solutions were discovered 

with desirability of 0.433 and 0.251. The initial solution with higher desirability is of the 

matured finger millet whiskey (wood type: phalant, SA/V: 227.52 cm
2
/L and time: ~3 

months) and the later solution with lower desirability is of the finger millet whiskey 

matured (wood type: katus, SA/V: 272.26 cm
2
/L and time: ~3 months and 3 weeks), for 

almost 3 months and 3 weeks with incorporation of Indian chestnut wood chips. Use of 

wood in the maturation of whiskey had significant difference (p<0.05) compared to the 

control in terms of pH, acidity and the responses used in the optimization. 

     Initially qualitative/semi-quantitative sensory trials were performed for the 

identification of flavors in the maturated finger millet whiskey and control. The identified 

flavors among the matured whisky in terms of most noticed was identified as smoky, 

woody, caramelized, grainy, spicy, fruity and nutty notes. Phalant incorporated whiskey 

had a mixture of all the identified flavor attributes which increases the complexity in the 

flavor of the matured whiskey. From the hedonic trials it was found that the sensory scores 

were found higher for the whiskey matured with phalant chips.  
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Appendices 

Appendix A 

ANOVA Table and post hoc analysis of wood samples 

Table A-1     ANOVA Table for physical properties of oak chips variety 

  

Sum of 

Squares df 

Mean 

Square F Sig. 

Density*  

oak.type 

Between 

Groups 

(Combined) .005 2 .003 1.285 .343 

Within Groups .012 6 .002   

Total .017 8    

Moisture* 

oak.type 

Between 

Groups 

(Combined) 4.124 2 2.062 24.303 .001 

Within Groups 5.371 6 .095   

Total 9.496 8       

 

Table A-2    Tukey‟s Post-hoc analysis for moisture content in wood 

Oak.type Subset for alpha = 0.05 

1 2 

2. 10.5059  

3  11.6118 

1  11.9027 

Sig. 1.000 .413 
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Appendix B 

ANOVA Table and post hoc analysis of effect due to wood type on physiochemical 

changes and responses 

Table B-1    ANOVA Table for physiochemical changes due to wood type 

  

Sum of 

Squares Df 

Mean 

Square F Sig. 

total 

acidity  

*wood 

Between 

Groups 

(Combined) 7029.593 3 2343.198 17.281 .000 

Within Groups 3389.912 25 135.596   

Total 10419.505 28       

fixed 

acidity 

* wood 

Between 

Groups 

(Combined) 151.568 3 50.523 13.945 .000 

Within Groups 90.576 25 3.623   

Total 242.144 28    

volatile 

acidity 

* wood 

Between 

Groups 

(Combined) 5152.518 3 1717.506 17.442 .000 

Within Groups 2461.677 25 98.467   

Total 7614.195 28       

ABV * 

wood 

Between 

Groups 

(Combined) 24.923 3 8.308 2.953 .052 

Within Groups 70.341 25 2.814   

Total 95.264 28    

pH * 

wood 

Between 

Groups 

(Combined) .305 3 .102 9.674 .000 

Within Groups .262 25 .010   

Total .567 28       
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Table B-2      Tukey‟s Post-hoc analysis for changes due to wood type 

Total acidity 

Tukey HSD 

wood N Subset 

1 2 

no wood 5 8.0574  

phalant 8  40.2454 

oak 8  47.9760 

katus 8  53.3425 

Sig.  1.000 .181 

 

Fixed acidity 

Tukey HSD 

wood N Subset 

1 2 

no wood 5 1.2010  

phalant 8  6.5738 

katus 8  7.4345 

oak 8  7.4950 

Sig.  1.000 .804 

 

 

Volatile acidity 

Tukey HSD 

wood N Subset 

1 2 

no wood 5 6.8564  

phalant 8  33.6716 

oak 8  40.4810 

katus 8  45.9080 

Sig.  1.000 .125 
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pH 

Tukey HSD 

wood N Subset 

1 2 

katus 8 4.4263  

phalant 8 4.4356  

oak 8 4.4519  

no wood 5  4.7080 

Sig.  .966 1.000 

 

 

ABV 

Tukey HSD 

wood N Subset 

1 2 

phalant 8 51.6725  

oak 8 53.0725 53.0725 

katus 8 53.1488 53.1488 

no wood 5  54.4620 

Sig.  .375 .427 
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Table B-3     ANOVA Table for effect due to oak type on the responses 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

phenol * 

oak 

Between 

Groups 
(Combined) 18.033 2 9.016 1.588 .221 

Within Groups 170.354 30 5.678   

Total 188.386 32    

ester * oak 

Between 

Groups 
(Combined) 10799.096 2 5399.548 1.100 .346 

Within Groups 147265.180 30 4908.839   

Total 158064.277 32    

aldehyde * 

oak 

Between 

Groups 
(Combined) 367.232 2 183.616 .775 .470 

Within Groups 7111.202 30 237.040   

Total 7478.434 32    

color * oak 

Between 

Groups 
(Combined) 143.967 2 71.983 .781 .467 

Within Groups 2766.061 30 92.202   

Total 2910.028 32    

methanol * 

oak 

Between 

Groups 
(Combined) .002 2 .001 6.014 .006 

Within Groups .004 30 .000   

Total .006 32    

Fusel oil * 

oak 

Between 

Groups 
(Combined) 456.222 2 228.111 1.735 .194 

Within Groups 3944.182 30 131.473   

Total 4400.404 32    
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Table B-4    Tukey‟s post-hoc analysis effect due to oak type on the responses 

Methanol 

Tukey HSD 

oak N Subset 

1 2 

katus 11 .03628  

phalant 11 .03635  

A.oak 11  .05185 

Sig.  1.000 1.000 
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Appendix C 

ANOVA Table and post hoc analysis of effect due time on the physiochemical 

changes and responses 

Table C-1    ANOVA for effect of time on the physio-chemical properties 

  

Sum of 

Squares df 

Mean 

Square F Sig. 

total 

acidity 

* 

months 

Between 

Groups 

(Combined) 5770.331 2 2885.165 16.135 .000 

Within Groups 4649.174 26 178.814   

Total 10419.505 28       

fixed 

acidity 

* 

months 

Between 

Groups 

(Combined) 156.363 2 78.182 23.697 .000 

Within Groups 85.781 26 3.299   

Total 242.144 28    

volatile 

acidity 

* 

months 

Between 

Groups 

(Combined) 4030.488 2 2015.244 14.621 .000 

Within Groups 3583.708 26 137.835   

Total 7614.195 28       

ABV * 

months 

Between 

Groups 

(Combined) 39.740 2 19.870 9.304 .001 

Within Groups 55.524 26 2.136   

Total 95.264 28    

pH * 

months 

Between 

Groups 

(Combined) .430 2 .215 40.951 .000 

Within Groups .137 26 .005   

Total .567 28       
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Table C-2     Tukey‟s post-hoc analysis effect of time on the physio-chemical properties 

ABV 

 months N Subset for alpha = 0.05 

 1 2 

Tukey HSD
a,b

 

4.00 10 51.4540  

2.00 16 53.4950 53.4950 

.00 3  55.0000 

Sig.  .056 .192 

 

fixed acidity 

 months N Subset for alpha = 0.05 

 1 2 3 

Tukey HSD
a,b

 

.00 3 1.0797   

2.00 16  5.4190  

4.00 10   8.8088 

Sig.  1.000 1.000 1.000 

 

volatile acidity 

 months N Subset for alpha = 0.05 

 1 2 

Tukey HSD
a,b

 

.00 3 6.9783  

2.00 16  31.3861 

4.00 10  47.1655 

Sig.  1.000 .068 
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Table C 3     One way-ANOVA Table for effect due to time on the responses 

  

Sum of 

Squares Df 

Mean 

Square F Sig. 

phenol Between 

Groups 

144.950 2 72.475 50.055 .000 

Within 

Groups 

43.437 30 1.448   

Total 188.386 32    

ester Between 

Groups 

128737.073 2 ######## 65.845 .000 

Within 

Groups 

29327.204 30 977.573   

Total 158064.277 32    

aldehyde Between 

Groups 

6399.462 2 3199.731 88.966 .000 

Within 

Groups 

1078.972 30 35.966   

Total 7478.434 32    

color Between 

Groups 

2169.404 2 1084.702 43.937 .000 

Within 

Groups 

740.624 30 24.687   

Total 2910.028 32    

methanol Between 

Groups 

.000 2 .000 .835 .444 

Within 

Groups 

.006 30 .000   

Total .006 32    

Fusel oil Between 

Groups 

2646.974 2 1323.487 22.644 .000 

Within 

Groups 

1753.429 30 58.448   

Total 4400.404 32       
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Table C-4    Tukey‟s post-hoc analysis for effect due to time on the responses 

Phenol 

Tukey HSD 

time N Subset for alpha = 0.05 

1 2 

0 9 4.43011  

2 15  8.82914 

4 9  9.52789 

Sig.  1.000 .394 

 

ester 

Tukey HSD 

time N Subset for alpha = 0.05 

1 2 3 

0 9 120.40356   

2 15  235.52353  

4 9   283.34367 

Sig.  1.000 1.000 1.000 

 

Aldehyde 

Tukey HSD 

time N Subset for alpha = 0.05 

1 2 

0 9 7.01018  

4 9  38.11144 

2 15  38.37687 

Sig.  1.000 .994 
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Color 

Tukey HSD 

time N Subset for alpha = 0.05 

1 2 

0 9 .78333  

2 15  18.60800 

4 9  19.56556 

Sig.  1.000 .900 

 

 

Fusel oil 

Tukey HSD 

time N Subset for alpha = 0.05 

1 2 

4 9 128.27711  

2 15 129.94979  

0 9  149.37233 

Sig.  .873 1.000 
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Appendix D 

ANOVA Table and Tukey’s post hoc analysis of the physiochemical changes and 

responses due to change in SA/V ratio 

Table D-1     ANOVA Table for effect due to SA/V ratio on the physio-chemical changes 

  

Sum of 

Squares df 

Mean 

Square F Sig. 

total 

acidity 

* 

SA/V 

Between 

Groups 

(Combined) 6458.433 3 2152.811 13.587 .000 

Within Groups 3961.072 25 158.443   

Total 10419.505 28    

fixed 

acidity 

* 

SA/V 

Between 

Groups 

(Combined) 153.320 3 51.107 14.384 .000 

Within Groups 88.824 25 3.553   

Total 242.144 28       

volatile 

acidity 

* 

SA/V 

Between 

Groups 

(Combined) 4625.285 3 1541.762 12.896 .000 

Within Groups 2988.910 25 119.556   

Total 7614.195 28       

ABV * 

SA/V 

Between 

Groups 

(Combined) 16.889 3 5.630 1.796 .174 

Within Groups 78.374 25 3.135   

Total 95.264 28    

pH * 

SA/V 

Between 

Groups 

(Combined) .334 3 .111 11.946 .000 

Within Groups .233 25 .009   

Total .567 28       
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Table D-2    Tukey‟s post-hoc analysis for physiochemical changes due to SA/V ratio 

 

pH 

 SA/V N Subset for alpha = 0.05 

 1 2 

Tukey HSD
a,b

 

280.00 6 4.3833  

90.00 6 4.4258  

185.00 12 4.4713  

.00 5  4.7080 

Sig.  .375 1.000 

 

total acidity 

 SA/V N Subset for alpha = 0.05 

 1 2 

Tukey HSD
a,b

 

.00 5 8.0574  

185.00 12  44.9823 

90.00 6  48.7058 

280.00 6  50.0813 

Sig.  1.000 .884 

 

fixed acidity 

 SA/V N Subset for alpha = 0.05 

 1 2 

Tukey HSD
a,b

 

.00 5 1.2010  

185.00 12  6.6817 

90.00 6  7.4878 

280.00 6  7.8198 

Sig.  1.000 .700 
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volatile acidity 

 SA/V N Subset for alpha = 0.05 

 1 2 

Tukey HSD
a,b

 

.00 5 6.8564  

185.00 12  38.3007 

90.00 6  41.2180 

280.00 6  42.2615 

Sig.  1.000 .914 
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 Table D-2    One way-ANOVA Table for effect due to SA/Vratio on the responses 

  

Sum of 

Squares Df 

Mean 

Square F Sig. 

phenol Between 

Groups 

8.859 2 4.430 .740 .486 

Within 

Groups 

179.527 30 5.984   

Total 188.386 32    

ester Between 

Groups 

868.165 2 434.082 .083 .921 

Within 

Groups 

157196.112 30 5239.870   

Total 158064.277 32    

aldehyde Between 

Groups 

177.517 2 88.759 .365 .697 

Within 

Groups 

7300.917 30 243.364   

Total 7478.434 32    

color Between 

Groups 

303.511 2 151.756 1.747 .192 

Within 

Groups 

2606.517 30 86.884   

Total 2910.028 32    

methanol Between 

Groups 

.001 2 .000 1.474 .245 

Within 

Groups 

.006 30 .000   

Total .006 32    

Fuseloil Between 

Groups 

428.540 2 214.270 1.618 .215 

Within 

Groups 

3971.864 30 132.395   

Total 4400.404 32       
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Appendix E 

The results for Qualitative and semi-quantitative sensory trials 

1 of the 3 

most likes 
  

Sam

ple 

Flavor 

description 
      

Colo

r 

Flavo

r 

Mouth 

feel 

Ove

rall 

Num

ber 

Cara

mel 

Gra

iny 

Fru

ity 

Smoky/

bitter 

Coconut/

nutty 

Wo

ody 

Spi

cy 

Oth

ers 

5 7 8 6 1 2 3 1 6 1 7 4 0 

4 6 7 5 2 4 2 2 9 0 6 2 0 

5 5 5 4 3 2 4 1 2 2 0 1 1 

9 9 9 10 4 2 3 0 5 2 4 3 0 

7 6 3 7 5 2 2 0 5 0 8 4 0 

6 3 3 4 6 2 1 0 6 0 7 3 0 

0 0 1 0 7 0 6 0 1 1 0 0 2 

 

Fig. A-1   Overall result of Qualitative and semi-quantitative sensory trials 
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Appendix F 

Scree plot for the Eigen value factor  

 

Fig. A-2     Scree plot for Eigen value vs Component Number 
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Appendix F 

ANOVA Table and post-hoc analysis for sensory hedonic scores 

Table F-1   ANOVA Table of hedonic sensory means scores due to wood types 

 Sum of 

Squares 

Df Mean 

Square 

F Sig. 

Colour 

Between 

Groups 
16.182 3 5.394 6.034 .001 

Within Groups 75.091 84 .894   

Total 91.273 87    

Flavour 

Between 

Groups 
.955 3 .318 .614 .608 

Within Groups 43.545 84 .518   

Total 44.500 87    

Aroma 

Between 

Groups 
2.409 3 .803 1.408 .246 

Within Groups 47.909 84 .570   

Total 50.318 87    

Mouth feel 

Between 

Groups 
10.580 3 3.527 5.762 .001 

Within Groups 51.409 84 .612   

Total 61.989 87    

Over All 

Between 

Groups 
4.670 3 1.557 3.288 .025 

Within Groups 39.773 84 .473   

Total 44.443 87    
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Table F-2    Tukey‟s Post-hoc analysis hedonic sensory means scores due to wood types 

Color 

Tukey HSD 

WOOD.TYPE N Subset for alpha = 0.05 

1 2 

CONTROL 22 2.9091  

OAK 22 3.6364 3.6364 

KATUS 22  3.7273 

PHALANT 22  4.0909 

Sig.  .059 .387 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 22.000. 

 

Mouth feel 

Tukey HSD 

WOOD.TYPE N Subset for alpha = 0.05 

1 2 

CONTROL 22 3.3636  

KATUS 22 3.5000  

OAK 22 3.9545 3.9545 

PHALANT 22  4.2273 

Sig.  .066 .656 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 22.000. 
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Overall Acceptance 

Tukey HSD 

WOOD.TYPE N Subset for alpha = 0.05 

1 2 

CONTROL 22 3.5000  

KATUS 22 3.7727 3.7727 

OAK 22 3.9091 3.9091 

PHALANT 22  4.1364 

Sig.  .207 .303 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 22.000. 
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Table F-3     ANOVA Table for hedonic sensory scores based on the age of the panelists 

ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Colour 

Between 

Groups 
.873 2 .436 .410 .665 

Within Groups 90.400 85 1.064   

Total 91.273 87    

Flavour 

Between 

Groups 
3.267 2 1.633 3.367 .039 

Within Groups 41.233 85 .485   

Total 44.500 87    

Aroma 

Between 

Groups 
2.385 2 1.192 2.115 .127 

Within Groups 47.933 85 .564   

Total 50.318 87    

Mouth feel 

Between 

Groups 
2.714 2 1.357 1.946 .149 

Within Groups 59.275 85 .697   

Total 61.989 87    

Over All 

Between 

Groups 
.552 2 .276 .534 .588 

Within Groups 43.892 85 .516   

Total 44.443 87    
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Table F-4    Tukey‟s post hoc analysis for hedonic sensory scores based on the age of the 

panelists 

Flavor 

Tukey HSD 

age N Subset for alpha = 0.05 

1 2 

2.0 24 3.4583  

3.0 24 3.7500 3.7500 

1.0 40  3.9250 

Sig.  .269 .620 
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Appendix G 

Calibration curves 

1. Calibration curve for phenol content 

 

2. Calibration curve for higher alcohol content 
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Color Plates 

 

Plate-1     Assembled distillation set at the laboratory of CDFT 
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Plate-2     Toasting of wood chips 

 

 

Plate-3     The three different toasted wood chips 
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 Plate-4    Measurement of SA/V value in the lab. of CDFT 

 

Plate-5     Maturation of finger millet whiskey with various oak chips 
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Plate-6    Chemical evaluation of the samples 

 

Plate-7     Spectrophotometric evaluation of samples 


