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ABSTRACT 

An experiment was conducted at the Faculty of Sustainable Agriculture' s Final Year 
Project laboratories in University Malaysia Sabah, Sandakan, Sabah to determine the 
selected nutritional content and proximate analysis of the Saanen goat's milk. The 
objective is to determine the selected nutritional content (lactose and calcium) and 
proximate analysis of the fresh goat milk from Saanen goat the reared in the Sandakan's 
farm and in the Desa Dairy Farm, Ranau. Independent-samples t-test was used and done 
under the statistical program SPSS, version 22. Fresh milk samples from Saanen goat in 
Desa Dairy Farm that brought from Desa Fresh Mart in Mile 4, Sandakan was used to 
compare with the Saanen goat from Az-Zahra Farm that reared in Sandakan in Mile 10 
(control). Parameters were included total solids/dry matter, moisture, ash, fat, protein, 
carbohydrates, lactose, and calcium and each of them were made in three replicates for 
each farm. From the result, although carbohydrates and lactose content in the Saanen 
goat milk from Desa Dairy Farm were higher than Az-Zahra Farm, they were no significant 
difference between them. However, the others nutrients (total solids/dry matter, 
moisture, ash, fat, protein, and calcium) had showed significant difference between the 
farms (p<0.05). Thus, the alternate hypothesis (HA) was accepted and the Desa Dairy 
Farm have the higher nutritional value for most of the nutrients except the ash content 
for its goat milk. Since the data analysed in this research were very limited, further in
depth research on the factors affecting the milk composition are recommended. For 
example, the different stage of lactation or the feeding management of the Saanen goat. 
Besides that, dairy goat farms with the easier access to their management system for 
the goats are also recommended for comparison. 
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PERBANDINGAN KANDUNGAN NUTRIENT SUSU DART KAMBING SAANEN 
ANTARA FARM SANDAKAN DAN DESA DAIRY FARM 

ABSTRAK 

Eksperimen dijalankan dalam makmal Projek Tahun Akhir di Fakulti Pertanian Lestari, 
Universiti Malaysia Sabah, Sandakan, Sabah untuk menentukan beberapa kandungan 
nutrient (laktosa dan kalsium) susu kambing Saanen dan analisis proksimat. Objektif 
kajian ini adalah untuk menentukan kandungan nutrient yang dipilih (kalsium dan laktosa) 
dan analisis proksimat dari kambing Saanen yang diternak di Sandakan dan di Desa Dairy 
Farm, Ranau. Ujian-T sample bebas telah digunakan dan dilakukan di bawah program 
statistik SPSS, versi 22. Sampel susu segar dari kambing Saanen di Desa Dairy Farm 
yang dibawa dari Desa Fresh Mart di Batu 4, Sandakan telah digunakan untuk 
membandingkan dengan kambing Saanen dari Az-Zahra Farm yang dipelihara di 
Sandakan di Batu 10 (kawalan). Parameter termasuk jumlah pepejal/berat kering, 
kelembapan, abu, lemak, protein, karbohidrat, laktosa, dan kalsium dan setiap 
parameter dibuat dalam tiga ulangan replikasi untuk setiap ladang. Berdasarkan 
keputusan, walaupun kandungan karbohidrat dan laktosa dalam susu kambing Saanen 
dari Desa Dairy Farm adalah lebih tinggi daripada Az-Zahra Farm, tiada perbezaan yang 
signifikan di antara kedua-dua ladang. Walau bagaimanpun, nutrien yang lain (jumlah 
pepejal / bahan kering, kelembapan, abu, lemak, protein dan kalsium) telah 
menunjukkan perbezaan yang signifikan di antara ladang-ladang (p<0.05). Oleh itu, 
hipotesis alternatif (HA) telah diterima dan Desa Dairy Farm mempunyai nilai pemakanan 
yang lebih tinggi bagi kebanyakan nutrient kecuali kandungan abu untuk susu kambing. 
Sejak data analisis dalam kajian ini adalah sangat terhad, penyelidikan yang mendalam 
berkenaan faktor-faktor yang akan mempengaruhi kandungan susu adalah disyorkan. 
Sebagai contoh, perbezaan dalam peringkat laktasi atau pengurusan pemakanan 
kambing Saanen. Selain itu, ladang tenusu kambing yang lebih mudah untuk 
pengaksesan sistem pengurusan kambing mereka adalah disyorkan untuk perbandingan. 

%li 



TABLE OF CONTENTS 

Content 
DECLARATION 
VERIFICATION 
ACKNOWLEDGEMENT 
ABSTRACT 
ABSTRAK 
TABLE OF CONTENTS 
LIST OF TABLES 
LIST OF FIGURES 
LIST OF SYMBOLS, UNITS AND ABBREVIATIONS 

CHAPTER 1 INTRODUCTION 
1.1 Background Study 
1.2 Justification 
1.3 Objectives 
1.4 Hypothesis 

CHAPTER 2 LITERATURE REVIEW 
2.1 Goat 

2.1.1 Dairy Goat 
a. Saanen Goat 

2.2 Az-Zahra Farm 
2.3 Desa Dairy Farm 
2.4 Chemical Composition of Milk 

2.4.1 Carbohydrates 
a. Lactose 

2.4.2 Fats 
2.4.3 Protein 
2.4.4 Mineral Content 

b. Calcium 

CHAPTER 3 METHODOLOGY 
3.1 Fresh Goat Milk Sample 
3.2 Determination of the Selected Nutritional Content and Proximate Analysis 

3.2.1 Total Solids/Dry Matter Content 
3.2.2 Moisture Content 
3.2.3 Ash Content 
3.2.4 Fat Content 
3.2.5 Protein Content 
3.2.6 Carbohydrates Content 
3.2.7 Lactose Content 
3.2.8 Calcium Content 

3.3 Experimental Design and Statistical Evaluation 

CHAPTER 4 RESULT 
4.1 Selected Nutritional Content and Proximate Analysis 

CHAPTER 5 DISCUSSION 
5.1 Selected Nutritional Content and Proximate Analysis 

Page 
ii 
iii 
iv 
v 
vi 
vii 
ix 
x 
xi 

1 
1 
2 
4 
4 

5 
5 
5 
7 
7 
8 
8 
9 

10 
13 
14 
15 
16 

17 
17 
17 
17 
18 
18 
18 
19 
20 
21 
22 
23 

24 
24 

27 
27 

VII 



CHAPTER 6 CONCLUSION AND RECOMMENDATION 

REFERENCES 
APPENDICES 

31 

32 
37 



LIST OF TABLES 

Table Page 

2.1 Average milk yields and lactation lengths of dairy goats 6 

2.2 Major constituents that exist in milk 8 

2.3 Gross milk composition (g/100g) in different species of mammals 9 

2.4 Chemical classification of carbohydrates 10 

2.5 Significance of lactose in milk and milk products and its uses 12 

2.6 Comparison of major protein composition (%) of goat milk with cow milk 14 

2.7 Minerals contents (in 100 g) of goat milk compare to cow and human milk 15 

4.1 Nutritional content comparison between fresh Saanen goat milk from 
Az-Zahra Farm and Desa Dairy Farm 25 

ix 



LIST OF FIGURES 

Figure 

2.1 Molecular structure of a-lactose 

2.2 Basic structure of lactulose 

4.1 Nutritional content comparison between fresh Saanen goat milk from 
Az-Zahra Farm and Desa Dairy Farm 

Page 

11 

11 

25 

X 



LIST OF SYMBOLS, UNITS AND ABBREVIATIONS 

< Less than 
> More than 
> More than or equal to 
AGS American Goat Society 
AOAC Association of Official Analytical Chemists 
Ca Calcium 
CI Confidence Interval 
G Chloride 
Cu Copper 
DM Dry Matter 
DP Degree of polymerisation 
DVS Department of Veterinary Service 
FAO Food and Agriculture Organization 
Fe Iron 
FSA Faculty of Sustainable Agriculture 
FSSAI Food Safety and Standards Authority of India 
I Iodine 
IDF International Dairy Federation 
IDFA International Dairy Foods Association 
K Potassium 
Mg Magnesium 
Na Sodium 
°C Degree Celcius 
P Phosphate 
PKE Palm Kernel Extract 
S. D Standard deviation 
S. N. F. Solid-not-fat 
SACN Scientific Advisory Committee on Nutrition 
Se Selenium 
T. S. Total solid 
UHT Ultra-high temperature processing 
UMS University Malaysia Sabah 
WHO World Health Organization 
Zn Zinc 

xi 



CHAPTER 1 

INTRODUCTION 

1.1 Background Study 

Saanen goat is one of the dairy breed goat that originated from Saanen Valley, 

Switzerland (Greenwood, 1997; Belanger and Bredesen, 2010). It is the largest breed 

among others dairy breed goat and they are well-known because of their calm, eager- 
to-please temperament (Amundson, 2013). 

In Malaysia, Saannen is the most common dairy goat breed that was imported 

since 1950's (Shanmugavelu and Nizamuddin, 2014). In 2009, Sarawak had imported a 
total of 115 dairy goats by the Agriculture Department, which comprising of various 
breed that include Saanen goats to meet the request of the local dairy goat producers. 
Saanen and other dairy goat breeds, such as Alpine, Anglo Nubian and Toggenburg are 

also kept at the Department of Veterinary Service (DVS) Infoternak Farm in Sungai Siput, 

Perak (DVS, 2013).. 

Milk is the product that secreted by the mammalian animals during lactation 

period, which particularly free from colostrum and can be consider as one of the food 

that well-known around the world (Ghatak and Bandyopadhyay, 2007). Generally, the 

major constituents of milk is water, where milk contain about 87% of water roughly 
(IDFA, 2009). Apart from water, the rest of the constituents are termed as total solid 
(T. S. ) and total solid after removing the fat which refer as solids-not-fat (S. N. F. ). Milk 

containing a lot of essential nutrients require for proper development and maintenance 

of the human body, such as proteins (include casein and other essential amino acids), 

carbohydrates (mainly lactose), vitamins (basically riboflavin, thiamine, vitamins A, B12 

and D), and minerals (calcium, phosphorus, sodium, potassium and other trace minerals) 
(Caprita et al., 2014). These nutritive components make milk become valued by a lot of 
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people around the world. Ayub et a/. (2007) described milk as the best and cheapest 
source of nutrition and an article of daily diet, which can be accept and used by all the 

age groups easily. To fulfil the market demand, a lot of milk products had also been 

produce, such as yogurt, cheese, ice-cream, milk powder, etc. 

International Dairy Federation (IDF) reported the demand of milk was increase 
from year to year. The average global per capita milk consumption in 2005 is 101.4 kg, 

which was then increase gradually to 107.9 kg in 2011 and estimated to have 109.1 kg 
in 2012 with the estimated population of 7.1 billion people in 2012. The world milk 
production is mainly derived from cow, buffaloes, goat, sheep and camel. In between 

these milk producers, cow contributes about 83% of the total world milk production, and 
followed by buffaloes, goat, sheep and camel with 13%, 2.4%, 1.3% and 0.4% 

respectively (IDF, 2013). Although the world milk production of goat is much 
lower compare to cow, but its production is still increasing gradually. In other words, it 

means the goat milk consumption and demand is rising continuously. 

In Malaysia, the indigenous goat breed is kambing Katjang goat (Horts, 1989). 

Katjang goat is primarily reared for meat and is known for its prolificacy and ability to 
breed all the year around. However, it's slow growth rate and low effective reproductive 

ability has result in the necessary for the import of breeding and slaughter goats from 

other countries. Although the population of goat in Malaysia has improved throughout 

the year (DVS, 2013), the production of the meat and milk still cannot cover the demand. 

The self-sufficient level of mutton (goat and sheep) and milk (goat and cow) in 2011 is 

only 11.3% and 5.0 % respectively (Shanmugavelu and Nizamuddin, 2014). For meat 

goat, the most popular imported goat breeds are Australian Feral Goat and Boer. For 
dairy goat, there is no local goat breed specifically reared for milk production. 

1.2 Justification 

Ghatak and Bandyopadhyay (2007) stated that, all the milk is not a uniform natural fluid, 

which will differ considerably in composition and also yield. There are a lot of factors 

which can cause the variation in the chemical composition of milk, such as species, breed, 

individuality of animal, stage of lactation, age, feeding, environment, udder health, 

milking interval and analytical procedure (Looper eta/., 2001; Haenlein, 2002; Park and 
Haenlein, 2006; Park etal., 2007; Ghatak and Bandyopadhyay, 2007; Park etal., 2013). 
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Regarding to the animal species, the composition and structure of milk fat in goat 
and cow is one of the most significant differences between them. With its smaller fat 

globules than cow, goat milk is called as the naturally homogenized milk. The protein 
content between cow and goat milk is fairly similar (Ghatak and Bandyopadhyay, 2007; 
Belanger and Bredesen, 2010). In term of minerals, the calcium, potassium, and 
magnesium content in goat milk is higher than in cow milk. Besides that, the study of 
Yangilar (2013) shows the lactose content of cow is slightly higher than goat. For ewe 
milk, it high solids content as compared to goat and cow has made it much suitable for 

processing into cheese and yogurt (Haenlein, 2002). 

For stage of lactation, the highest composition of protein and fat in milk is in the 

colostrum. The fat content in milk will decrease slowly during the first or second months 
of lactation where, it will then gradually rise up and peak at 250 days as milk production 
begins to decrease (Heinrichs eta/., 2005). The solid-not-fat, total protein, ash, calcium, 

phosphorus and chloride will decline during first week of lactation, then remain constant 

or rising slightly up to six months and then increases rapidly to the end of lactation 

period. 

With increasing age or parity of Holstein breed cattle, the milk protein content 
has typically reduce from 0.1 to 0.15 units over a period of five or more lactations (Looper 

et a/., 2001). Belanger and Bredesen (2010) proposed that, the wide variation of milk 
constituents in the result can also be caused by the different methods of analysis of a 
chemical component. For example, total solid in milk can be determined either using 
gravimetric or using formula, while for formula, this could become a limiting factor to 

produce accurate result. 

In this study, after receiving the Saanen goat's fresh milk from Az-Zahra Farm in 
Sandakan and Desa Dairy Farm in Ranau, both were analysed for the nutritional content, 

which include total solids/dry matter, moisture, ash, fat, protein, carbohydrates, lactose, 

and calcium in the Final Year Project's laboratories in the Faculty of Sustainable 

Agriculture (FSA). Since there is limited studies to compare the nutritional content of 
Saanen goat's milk in Sandakan farm with Saanen goat's milk in other distinct in Sabah, 

a comparative study was made by comparing the selected nutritional content and 
proximate analysis of fresh goat milk from Saanen goat that reared in the Az-Zahra Farm, 
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Sandakan and in the Desa Dairy Farm, Ranau, which will provide useful proximate 

analysis and nutritional status that can be used for future research. 

1.3 Objective 

This study is to determine the selected nutritional content (lactose and calcium) and 
proximate analysis of the fresh goat milk from Saanen goat the reared in the Sandakan's 

farm and in the Desa Dairy Farm, Ranau. 

1.4 Hypothesis 

Ho: There is no significant difference in the selected nutritional content (lactose and 
calcium) and proximate analysis of fresh goat milk from Saanen goat that reared in the 

Sandakan and in the Desa Dairy Farm, Ranau. 

HA: There is significant difference in the selected nutritional content (lactose and calcium) 

and proximate analysis of fresh goat milk from Saanen goat that reared in the Sandakan 

and in the Desa Dairy Farm, Ranau. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Goat 

Goat is considered to be the first domesticated ruminant (Bylund, 2015). They are 
originated from Asia and are now spread almost all over the world. Goat is one of the 

most versatile domestic ruminant which can adapt to various types of environment, such 
as arid and humid, tropical and cold, and desert and mountain condition (Silanikove, 
2000). 

In developing countries, goats as the small ruminant animal have its significant 

contribution, especially to the poor in the rural areas. It has been appropriately termed 

as "The Poor Man's Cow" (Iqbal et al. 2008; Pegler, 2008; Aziz, 2010; Bhattarai, 2012). 
The goat breeds can mainly classify according to their main purpose, which is meat, 
dairy or fibre (Belanger and Bredesen, 2010). Pollott and Wilson (2009) stated that small- 

scale farmer keep small ruminants for both subsistence and economic reasons and at 
the same time, they basically improve household livelihoods. 

2.1.1 Dairy Goat 

Dairy goat are those breeds of goat which reared mainly for their milk production. 
Compare to dairy cattle, rearing goats as dairy animals will has some benefits, which is 

more obvious to those resource-poor small farmers (Devendra, 2012). Their smaller size 

compare to other larger animals (cattle and buffalo) result in less space requirement and 
lower risk to damage and compact soils. Besides that, they are cheaper to buy and 

maintain, thus it is suitable for those farmer who does not have a lot of capital. Dairy 

goat can optimally use the extent resources in low-input systems and marginal 

environments compare to cattle. They have faster generation turnover and therefore can 



provide milk earlier than cattle. Besides that, goat milk is also a major source of nutrients 
for those nomadic societies and farmers in rural areas even though the production per 
individual animal is small (Iqbal et a/., 2008). 

Park and Haenlein (2006) reported that the levels of milk production from surveys 
in 46 countries around the world are given for 89 goat breeds. Among these breeds, four 
breeds had recognised as the high-yielding breeds, which are Alpine, Saanen, 

Toggenburg, and Nubian. 

Different from cow milk and human milk, goat milk has better digestibility, 

alkalinity, buffering capacity and certain therapeutic values in medicine and human 

nutrition (Park et al., 2007). The average milk yields and lactation length of dairy goats 

and their origin have been reported, which shows that the goat breeds that came from 

the Switzerland (Alpine, Appenzell, Saanen, and Toggenburg) have higher milk yield 

compare to others (Table 2.1). 

Table 2.1: Average milk yields and lactation lengths of dairy goats 

Country Breed Lactation length Yield (kg) 
(Days) 

Cyprus Damascus 210-300 460-560 
France Poitevine 230 440-600 
Greece Native 210-250 120-200 
India Barbari 150-230 110-200 

Beetal 182-210 190-210 
Jamnapari 170-270 200-230 

Israel Mamber 150-210 180-240 
Italy Garganica 190-210 180-250 

Girgentana 190-210 300-400 
Ionica 190-210 220-440 
Maltese 190-210 290-600 

Norway Nordic 250-300 600-700 
Portugal Serrana 210-270 300-400 
Spain Blanca Andaluza 198 400-450 

Blanca Celtiberica 200 400-450 
Canaria 210-300 600-700 
Guadarrama 210 440-660 
Malaguena 240-270 500-700 
Murciana-Granadina 210-304 500-730 

Switzerland Alpine, Chamoisee 265-290 600-820 
Appenzell 260-295 480-860 
Saanen 265-300 520-970 
Toggenburg 265-305 510-965 
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Table 2.1: Average milk yields and lactation lengths of dairy goats (continued) 

Country Breed Lactation length Yield (kg) 
(Days) 

Turkey Kilis 260-280 250-330 
U. S. A. La Mancha 270-305 720-800 

Nubian 270-305 690-780 
Oberhasli 270-305 540-730 

Source: Park and Haenlein, 2006. 

Malaysia has started utilising the imported breeds since 1950. Those breeds 

include Saanen, Alpine and Jamnapari. Shanmugavelu and Nizamuddin (2014), reported 

the population of dairy goats at present has only about 8,195 heads in Peninsular 

Malaysia. The majority of the dairy goats are reared in the southern state of Johor, which 

probably due to easier assess by the Singapore market. 

a. Saanen Goat 

In goat world, Saanen goat knowns as the Holsteins and on average, they produce the 

most milk of any of the dairy breeds. Saanen goat can produce almost 1,135 kg in 305 

days and its all-time milk record is 2,980 kg (Belanger and Bredesen, 2010). The 

American Goat Society (AGS) stated that Saanen hair is white to creamy white, where 

white is more preferable. Basically, Saanens will possess pointed and erect ear, and 

lightly structured head. The hair may be short and fine, although a fringe over the spine 

and thighs is often present. Greenwood (1997) stated that, Saanens does should weigh 

at least 64 kg, while the average height measured at the withers is about 81 cm and 94 

cm for does and bucks respectively. 

2.2 Az-Zahra Farm 

Az-Zahra Farm is one of the Sandakan dairy goat farm which is located at Kampung 

Sebait Padas Street, Mile 10, Sandakan. It situated on latitude 5° 58'N and longitude 

118902'E. Sandakan has a tropical wet climate with the average annual temperature of 

27°C (ClimaTemps. com, n. d. ). The average annual rainfall is 3,101.1 mm. The owner of 

the farm is Mrs. Raiha Binti Ab. Rahman. This farm started its business as a dairy goat 

farm on 2014, before that, it was focus on meat goat. There are rearing about 100 of 

Saanen goats and also some other breeds such as Alpine and Toggenburg. The goats 

are fed with palm leaves and also the supplement feed which were formulated by 
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themselves. The goat milks produced by the farm were not undergo homogenisation and 
pasteurisation process and not added any preservative. The storage temperature for the 
milk there are 4°C or below and is was recommended to consume the milk before two 
weeks (Nur Afini, 2016). 

2.3 Desa Dairy Farm 

Desa Dairy Farm is one of the subsidiaries of Desa Group of Companies and is located 

about 100km north of Kota Kinabalu, at the Mesilau Plateau, Kundasang, Ranau. 
Mesilau's climate is classified as warm and temperate with the average annual 
temperature of 16.7°C (Climate-Data. org, n. d. ). The average annual rainfall is 2,097 mm. 
The farm is established in 1978 under the support from the Ministry of Financial and is 

owned by Chief Minister of Sabah. The primary livestock that reared in the farm is the 
Holstein-Friesian cattle (imported from New Zealand). The temperate like climate make 
the place suitable for rearing these kinds of livestock. Desa Dairy Farm is famous not 
only because of their environment, but also their milk and milk products. Other than 
fresh milk, it also produce chocolate-flavoured milk, coffee-flavoured milk and various 
flavours of yogurt (Desa Group Of Companies, 2016). 

2.4 Chemical Composition of Milk 

Milk carries all the nutrients that necessary for the survival and initial growth of 
mammalian neonates (Husveth, 2011). Mehta (2015) stated that milk is a heterogeneous 

mixture which can be define as a complex chemical substances in which fat is emulsified 
as globules, major milk protein (casein), and some mineral contents in the colloidal state 
and lactose together with some minerals and soluble whey proteins in the form of true 

solution. Those components that present in milk will exist in different phases (Table 2.2). 

Table 2.2: Major constituents that exist in milk 
Compartment Major Constituents 

Aqueous phase Lactose, oligosaccharides, amino acids, urea, 
glucosamine, solution ash, Ca, Mg, P04, Na, K, CI21 C02, 
whey proteins (a-Iactalbumin and ß-lactoglobulin), 
lactoferrin, immunoglobulin, losozyme, serum albumin, 
B-vitamins, ascorbic acid. 

Colloidal dispersion Caseins (a-, ß- and K-), Ca, P04. 
Emulsion Fat globules, triacylglycerols, fat soluble vitamins, 

cholesterol esters. 

R 



Table 2.2: Major constituents that exist in milk (continued) 

Compartment Major Constituent 
Fat globule membrane Milk fat globule membrane protein, phospholipids, 

enzymes, trace minerals. 
Cells Macrophages, neutrophils, lymphocytes, epithelial cells, 

leukocytes. 
Source: Huitema, 2012. 

Huitema (2012) and Bylund (2015) stated although those components that 

present in the milk are basically the same, there still has a wide variation in the balance 

of components in milk from various species. The main characteristics of the milk 
composition have been compared with those of milk produced by other mammals (Table 
2.3). Determination of the chemical composition of food is important to reveal the 

nutritive value of the food. All of these nutrient constituents will have their difference 

analytical procedures. 

Table 2.3: Gross milk composition (g/100g) in different species of mammals 
Nutrient 
Water 
Lactose 

Fat 
Casein 
Whey 
Protein 

Goat 
86.7 
4.4 
4.5 
2.6 
0.6 

Buffalo Sheep Dairy Cattle Human 
82.2 82.0 87.3 87.1 
4.9 4.8 4.6 6.8 
7.8 7.6 4.4 4.6 
3.2 3.9 2.8 0.4 
0.6 0.7 0.6 0.7 

Ash 0.8 
Source: Bylund, 2015. 

2.4.1 Carbohydrates 

0.8 0.9 0.7 0.2 

Carbohydrates are one of the major source of energy in the diet, which include a range 

of compounds that contain carbon, hydrogen and oxygen (SACN, 2015). Food and 
Agriculture Organization/World Health Organization Expert Consultation. in 1997 

recommended the primary classification of carbohydrates is based on its chemistry, such 

as the character of individual monomers (e. g. monosaccharides), degree of 

polymerisation (DP) and type of linkage (a or ß) (FAO/WHO, 1998). This divides 

carbohydrates into three main groups, which are mono- and di-saccharides (DP 1-2), 

oligosaccharides (DP 3-9) and polysaccharides (DP >_10) (Table 2.4). 
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Table 2.4: Chemical classification of carbohydrates 

Class Sub-group Components 
Sugars (DP 1-2) Monosaccharides Glucose, fructose, 

galactose 
Disaccharides Sucrose, lactose, maltose 

Polyols (DP 1-2)* Erythritol, xylitol, 
mannitol, sorbitol 
Lactitol, isomalt, maltitol 

Oligosaccharides (DP 3-9) Malto-oligosaccharides Maltodextrins 
Non-digestible Raffinose, stachyose, 

oligosaccha rides fructo-oligosaccharides, 
vebascose 

Polysaccharides (DP >9) Starch Amylose, amylopectin, 
modified starches 

Non-starch Cellulose, hemicellulose, 
polysaccharides pectins, hydrocolloids 

(gums) 
* There are also less common oligo- polysaccharide forms. 

Source: SACN, 2015 

In the chemical composition of milk, the main component of carbohydrates in 

milk is lactose, while other carbohydrates such as glucose, galactose, hexosamine, sialic 

acid and oligosaccharides are still present in the milk but in trace amount (Ghatak and 
Bandyopadhyay, 2007). 

a. Lactose 

Lactose, also termed as milk sugar, is the major part of carbohydrate in the milk of most 

species (Hurley, 2010). Generally, lactose is found only in the mammary glands and milk 
(Husveth, 2011; Bylund, 2015). It is less sweet compare to other disaccharides such as 

sucrose, or monosaccharides (fructose or glucose). There has only about one-sixth the 

sweetness of cane sugar (sucrose). It is a disaccharides that composed of two 

monosaccharides, which are D-glucose and D-galactose (Ghatak and Bandyopadhyay, 

2007; Husveth, 2011; Bylund, 2015) that joined in a ß-1,4-glycosidic linkage (Hurley, 

2010) as shown in Figure 2.1. Although it has the same chemical formula as sucrose 
(C12H22011), it shows different molecular constitution. In chemical term, lactose is termed 

as 4-0-0-D-galactopyra nosy- D-g I ucopyra nose. 

There are two forms of lactose, which either a-form (a-glucose with ß-galactose) 

or 0-form (ß-glucose with ß-galactose). This is caused by a process called mutarotation, 
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where through the open-chain aldehyde form, the Cl atom of glucose can easily 
transform from a- to the ß-form and vice versa. These two isomeric forms are differ in 
their specific rotation to the polarised light. Huppertz and Kelly (2009) reported there 
have specific rotation of +89.4° and +35.00 for a-lactose and (3-lactose, respectively at 
20°C of water. All these forms of lactose will reach an optical rotation of +55.70 when 
equilibrium at 20°C with 37.3% of a-lactose and 62.7% ß-lactose. The ratio of a- to (S- 

will increase with the temperature but is independent of pH (Ghatak and Bandyopadhyay, 

2007). 

These is a compound which is the epimer of lactose that will exist in the heated 

milk (Heppell, 2002; Silveira et at., 2015) and termed as lactulose (4-0-ß-D- 

galactopyra nosy-D-fructose) (Figure 2.2). Lactulose represent about 10% of the total 
lactose found in heated milk. The quantity of lactulose is directly proportional to the 

intensity of the heat treatment applied (Silveira, 2002; Bylund, 2015) and this can also 
be used as the indicators of the quality of milk processing (Marales et. a/., 2000) to 
differentiate between pasteurized, ultra-high temperature processing (UHT) and 

sterilized milks. Ghatak and Bandyopadhyay (2007) claimed lactulose can help in 

promoting the growth of bifidobacterium and which are beneficial in the diet of human 

infants. This compound has been applied to treat those people with constipation, 

especially in elderly. 
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Figure 2.1: Molecular structure of Figure 2.2: Basic structure of 
n-lartncP lactulncP 

Source: Holles, 2007 Source: Silveira etat.., 2015 

One of the most important reactions that result from the interactions of protein 

(amino acid) and lactose (sugar) in milk and its products is the Maillard 

reaction/Browning reaction. In general, this reaction require the addition of heat 

(Huppertz and Kelly, 2009). The reactive carbonyl of the sugar interacts with the 
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