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Abstract 

This study aimed to determine the effect of heat and spice treatment on the level of saturation 

and oxidative stability of both fresh and rancid animal butter. The spices used were ginger, 

garlic, and Korarima. Two different ratios, 80% animal butter: 20% spices and 90% animal 

butter:10% spices were prepared from each butter treatment and various spices. The treatments 

were packaged in a transparent plastic jar. One group of the treatments stored at 25
o
C and the 

other group stored at 65
o
C to accelerate the oxidation for 3 days while samples were taken for 

analysis at 0, 36 and 72 hours of storage. Samples were examined for bromine value, Peroxide 

value, p-anisidine value, and free fatty acid value. At 65
o
C free fatty acid value ranged from 

1.22mg KOH/g - 3.44mg KOH/g and 1.72 mgKOH/g - 5.71mg KOH/g for fresh and rancid 

butter respectively after 72 hours while it ranges from 0.44 mgKOH/g - 0.94 mgKOH/g and 1.44 

mgKOH/g -4.61 mgKOH/g for fresh and rancid butter respectively after 72 hours at 25
o
C. Spice 

treated butter exhibited lower values of FFA and PV when compared to untreated (UCB) 

samples for both fresh and rancid butter, but it showed higher bromine and p-anisidine value at 

65
o
C. It was observed that bromine value of both the fresh and rancid decreased as storage days 

increased at 65
o
C. But the change for all values at 25

o
C is slow during storage time except for 

samples of Unclarified fresh butter (UCFB). Higher FFA, PV, p- Anisidine and totox values 

indicated the poor quality contributed by the type of butter and storage deterioration. 
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Chapter 1 
 

1. Introduction 

1.1 Background of the study 

During the past two decades, the relationship between diet and health has been widely studied 

and increasing numbers of consumers have been encouraged to improve their eating habits. 

Moreover, fat consumption particularly that of saturated fat, is still considered to be excessive. 

According to the American Heart Association (2004), the daily ingestion of lipids for individuals 

with normal blood cholesterol levels, should be no more than 30% of the total calorie intake, that 

of saturated fat no more than 10% of the total calorie intake and cholesterol intake below 300 

mg/day. 

The butter deteriorates by auto-oxidation of fat, what leads to flavor defects after 1 month to 2 

years under the cold storage conditions, depending on the temperature of storage, quality of 

original milk and the proceeding of processes involved in butter manufacturing. Generation of 

off flavors is accompanied with the formation of hydroperoxides which are harmful to human 

health. The process of fat oxidation can be prevented by adding natural or synthetic antioxidant 

substances. However, it was found that the artificial antioxidants, like BHT (butylated 

hydroxytoluene) or BHA (butylated hydroxyanisole) are not safe for human consumption (are 

suspected to have carcinogenic activity). On the other hand, increasing sensitivity of consumers 

to synthetic ingredients as well as their increasing awareness about the effect of diet on their 

health contributed to the increasing trend to use natural additives for the stabilization of fat-

containing foodstuffs. A safe guarding fat against oxidation is normally done by restricting the 

access of oxygen or adding antioxidants. Therefore, attention is focused on natural antioxidants 

(Walstra et al. (1999)). Spices and herbs are known to possess a great potential as the natural 



 

antioxidants in food. These antioxidants are polyphenol compounds (Helle & Grete, 1995; Yen, 

Chang, & Su, 2003), which are found in all plants and in all parts of the plants (tree bark, stalks, 

leaves, fruits, roots, flowers, pods and seeds) (Aruoma et al., 1995; Kim, Kim, Kim, & 

Heo,1997).  

Ginger and garlic are common spices in Ethiopia. They are a group of esoteric food adjuncts that 

have been in use for many years to enhance the sensory quality of foods. These spice ingredients 

impart characteristic flavor, aroma, or piquancy and color to foods. Several researches have 

documented the use of plant extracts or their essential oils as additives in food which 

demonstrated antioxidant properties (Banon et al., 2007; Capenter et al., 2007; Ifesan et al., 

2009; Ifesan et al., 2010). 

1.2 Statement of the problem  

Butter is the major food item used in every part of Ethiopia. It contains important nutrients such 

as fat, vitamin, cholesterol, and carotene. Animal butter is highly appreciated by the people of 

Ethiopia. However, in general, it has cholesterol, total lipid and saturated fatty acid. Lipids play 

an important role in food product quality, making them more desirable by improving the 

organoleptic properties of flavor, color and texture. On the other hand, the lipid components are 

susceptible to attack by molecular oxygen, resulting in lipid oxidation which in turn results in fat 

deterioration. 

Heat is the major factor that accelerates oxidation of fat. The fats of foods can be deteriorated by 

oxidation, especially affecting foods containing unsaturated fatty acids (British Department of 

Health, 1994). But the natural anti oxidants such as garlic, ginger and korarima can improve the 

oxidative stability of fats. In Ethiopia most rural and urban people treat butter commonly by heat 



 

and spice for a long shelf life and good flavor. Thus this study aimed to determine the effect of 

heat and spice treatment on the level of saturation (alteration in the level of multiple bonds) and 

oxidative stability of animal butter.  

1.3  Significance of the study 

It provides information/knowledge to the people/organization about the saturation level of 

different types of butter. It also provides an empirical data on the difference between raw, heat 

and spice treated animal butter. It will be the base for other researchers who want to work on 

similar study in the future. 

1.4 Objective of the study 

The first objective of this study was aimed at determining and comparing level of saturation and 

oxidative stability of fresh and rancid butter. The hypothesis underlying this objective was that 

rancid butters will share similar chemical properties particularly the level of saturation and 

oxidative stability with fresh butter. The second objective of this study was to determine the level 

of saturation and oxidative stability of each butter type(fresh and rancid) when treated with and 

without some selected natural antioxidants, considering the butter is fat comprised and which are 

susceptible to oxidative degradation. The hypothesis underlying this objective was that selected 

antioxidants will prevent the oxidative degradation of butter and thus result in extended shelf-life 

than untreated butter. 

 

 

 

 

 



 

Chapter 2 

1 Review of the Literature 

2.1 Butter fat 

One of the healthiest whole foods we can include in our diet is butter. Unfortunately, butter and 

dairy products are usually derived from cows that are confined indoors and fed grains. The diet 

of the cows used to produce butter can greatly influence its nutrient content (Hettinga, 2005) 

Butter is a dairy product made by churning fresh or fermented cream or milk. It is generally used 

as a spread and a condiment, as well as in cooking, such as baking, sauce making, and pan 

frying. (Jacob, 2011) 

Most frequently made from cows' milk, butter can also be manufactured from the milk of other 

mammals, including sheep, goats, buffalo, and yaks. Butter is a water-in-oil emulsion resulting 

from an inversion of the cream, an oil-in-water emulsion; the milk proteins are the emulsifiers. 

Butter remains a solid when refrigerated, but softens to a spreadable consistency at room 

temperature, and melts to a thin liquid consistency at 32–35 °C (90–95 °F). The density of butter 

is 911 g/L. It generally has a pale yellow color, but varies from deep yellow to nearly white. Its 

unmodified color is dependent on the animals' feed and is commonly manipulated with food 

colorings in the commercial manufacturing process, most commonly annatto or carotene. 

Unhomogenized milk and cream contain butterfat in microscopic globules. These globules are 

surrounded by membranes made of phospholipids (fatty acid emulsifiers) and proteins, which 

prevent the fat in milk from pooling together into a single mass. Butter is produced by agitating 

cream, which damages these membranes and allows the milk fats to conjoin, separating from the 

other parts of the cream. (Hettinga, 2005). 

 Butter is mainly a triglyceride (fat) derived from fatty acids such as myristic, palmitic, and oleic 

acids. (McGill, 1979; Gurr, 1992) 

http://en.wikipedia.org/wiki/Dairy_product
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http://en.wikipedia.org/wiki/Cream
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http://en.wikipedia.org/wiki/Spread_%28food%29
http://en.wikipedia.org/wiki/Condiment
http://en.wikipedia.org/wiki/Cooking
http://en.wikipedia.org/wiki/Frying
http://en.wikipedia.org/wiki/Cattle
http://en.wikipedia.org/wiki/Mammal
http://en.wikipedia.org/wiki/Sheep
http://en.wikipedia.org/wiki/Goat
http://en.wikipedia.org/wiki/Domestic_buffalo
http://en.wikipedia.org/wiki/Yak
http://en.wikipedia.org/wiki/Emulsion
http://en.wikipedia.org/wiki/Refrigerated
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http://en.wikipedia.org/wiki/Annatto
http://en.wikipedia.org/wiki/Carotene
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http://en.wikipedia.org/wiki/Butterfat
http://en.wikipedia.org/wiki/Microscopic
http://en.wikipedia.org/wiki/Phospholipid
http://en.wikipedia.org/wiki/Fatty_acid
http://en.wikipedia.org/wiki/Emulsifier
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Oleic_acid
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Figure 1   Triglyceride.   Source: htt//en.wikipedia.org/ wiki/file Triglyceride. Dairy. Butter.png. 

Commercial butter is about 80% butterfat and 15% water; traditionally made butter may have as 

little as 65% fats and 30% water. Butterfat is a mixture of triglyceride, a tri-ester derived from 

glycerol and three of any of several fatty acid groups. Butter becomes rancid when these chains 

break down into smaller components, like butyric acid and di-acetyl (Free encyclopedia, 2012). 

There is no such thing as a completely saturated or a completely unsaturated fat; every fat is a 

combination of both saturated and unsaturated fatty acids. Butter, beef suet, and tallow are about 

50% saturated, but all other animal fats are more unsaturated than they are saturated. Scientists 

now know that, except in rare individuals, dietary cholesterol does not influence blood 

cholesterol, and fat from ruminants (animals that chew their cud) contains valuable nutrients that 

maintain health and prevent disease. (Douma, 2008) 

It is important to remember that every cell in our body needs fat, and that dietary fat is a 

cornerstone of good health. Our brain and hormones rely on fat to function, and fat supports our 

immune system, fights disease, and protects our liver. Fat promotes clear skin and healthy hair, 

regulates our digestive system, and leaves us feeling sated after a meal. Fat is the body’s 

preferred fuel, providing us with more than twice the amount of energy as the same quantity of 

carbohydrates and protein. It helps the body absorb nutrients, calcium, and the fat-soluble 

vitamins A, D, E, and K. (Douma, 2008) 

http://en.wikipedia.org/wiki/Triglyceride
http://en.wikipedia.org/wiki/Ester
http://en.wikipedia.org/wiki/Glycerol
http://en.wikipedia.org/wiki/Fatty_acid
http://en.wikipedia.org/wiki/Rancidification
http://en.wikipedia.org/wiki/Butyric_acid
http://en.wikipedia.org/wiki/Diacetyl
http://en.wikipedia.org/wiki/File:TriglycerideDairyButter.png


 

Fat and protein are found together in nature because it’s the fat that helps us digest the protein. 

So, it makes good sense to eat a well-marbled steak, or a roast chicken with crispy skin. Because 

fat is digested slowly, eating it leaves us sated and less likely to snack between meals. When you 

eat a moderate amount of good fat, you’ll probably lose weight, but when you replace fat with 

sugar and carbohydrates, you’ll likely gain weight. 

Another group of fats, trans fats, is being increasingly scrutinized. These man-made fats are 

created when liquid or polyunsaturated fats are made solid by adding hydrogen. These fats are 

difficult for our body to process, so it stores them. They adversely affect our cholesterol levels by 

increasing bad cholesterol (LDL) and lowering good cholesterol (HDL), and they interfere with 

insulin production, promoting diabetes and obesity. As the dangers of these fats are being 

understood, efforts are underway to expose and remove them from our food. Food manufactures 

must declare their presence on food labels, and several cities have moved to ban them from 

restaurants – creating fierce debate in these communities. Caught up in this campaign against 

trans fat is conjugated linoleic acid (CLA), a natural trans fat found in butter and the fat from 

pasture-fed ruminants. This trans fat is beneficial to our health, credited with fighting cancer, and 

preventing weight gain and heart disease. (Douma, 2008) 

Humans have been eating butter and animal fat a lot longer than they have been abstaining from 

them.  Good animal fat, like butter, plays an essential role in maintaining our health, as do 

quality ingredients and moderate consumption. 

 

 



 

2.2 Oxidation of butter 

The susceptibility of butter to oxidative reactions has been investigated. Emmons et al.,1986 

showed that butter held frozen (-18 °C) and in the dark showed no evidence of oxidation after 1 

year of storage, but there was some loss of butter quality after 14 weeks storage in the dark at 5 

°C. However, stored butter in light, either in fluorescent in the cold (5 °C) or daylight at 22°C, 

evidence of lipid oxidation (cholesterol oxide production) was found.Their data showed that both 

singlet and free radical oxidation was occurring (Luby et al., 1986). 

Temperature has a big influence on shelf-life, as the rate of reaction of oxygen with fats roughly 

doubles for every 10
o
C increase in temperature (Rossel, 1989). 

Ambient shelf-lif test is very time consuming and thus not generally practical. So several 

accelerating methods used for testing oxidative stability of fats and oils. Schaal oven test is 

commonly used method which involves simply keeping a sample of oil or fat in a loosely sealed 

glass container in an oven at 60-65
o
C. (Rossel, 1989). 

Oxidative rancidity results from more complex lipid oxidation processes. The processes are 

generally considered to occur in three phases: an initiation or induction phase, a propagation 

phase, and a termination phase. In complex systems, the products of each of these phases will 

increase and decrease over time, making it difficult to quantitatively measure lipid oxidation. 

During the initiation phase, molecular oxygen combines with unsaturated fatty acids to produce 

hydroperoxides and free radicals, both of which are very reactive. For this phase to occur at any 

meaningful rate, some type of oxidative initiators must also be present, such as chemical 

oxidizers, transition metals (i.e., iron or copper), or enzymes (i.e., lipoxygenases). Heat and light 

also increase the rate of this and other phases of lipid oxidation. The reactive products of this 



 

initiation phase will, in turn, react with additional lipid molecules to form other reactive chemical 

species. The propagation of further oxidation by lipid oxidation products gives rise to the term 

"auto-oxidation" that is often used to refer to this process. In the final, termination phase of lipid 

oxidation, relatively unreactive compounds are formed including hydrocarbons, aldehydes, and 

ketones. (Yildiz, et al., 2002) 

In determining oxidative stability and quality of butter, the peroxide value reflecting the 

oxidation of fatty acids, the amount of free fatty acid and the degree of lipolysis are taken into 

consideration. The amount of free fatty acids (FFAs) in the medium is defined as the amount of 

KOH (mg) needed to neutralize FFAs in 1 g of butter. It is a measure of the degree of lipolysis. 

When the amount reaches 1.8 mg KOH/g fat, there is a perceptible off-flavour in butter. The 

relation between the amount of FFA and peroxide value against butter flavour was analyzed. 

Samples with FFAs exceeding 3.3 mg KOH/g fat were recognized as rancid or spoiled by 59% 

of the panelists. An off-flavour is also perceived in butter when peroxide values reach 2 meq O2/ 

kg fat. Interestingly, the acceptable value is set at 10 meq O2/ kg fat by the Food Regulations in 

Turkey. Atamer M (1993) 

2.3 Antioxidants 

     Spices and herbs are known to possess a great potential as the natural antioxidants in food. 

During the past few decades, the use of natural antioxidants and plant extracts have received 

increased interest due to the concerns about possible ill health effects generated by the use of 

synthetic antioxidants. The protective effects of antioxidants on products are generally 

determined by measuring several variables, including the induction period under normal storage 

conditions and oxidation accelerating conditions. Nothing can make the possibility of rancidity 



 

go away completely, but anti ‐oxidants are huge weapons in fighting on ickiness! Free radicals 

are constantly running around in the fat(butter), seeking out electrons to fill its valence shell. 

When we add an anti--‐oxidant, we provide that free radical with those electrons. The radical is 

content with ts electron shell and bothers us no more! (Abramovic and Abram, 2006; Kowalski, 

2007; Azizkhani and Zandi, 2009). 

Antioxidants can act as primary chain breaking oxidants, or as secondary preventative 

antioxidants. They act as chain breakers by donating hydrogen atoms (Gorden, 1990). Secondary 

antioxidants reduce the rate of chain initiation by various mechanisms such as scavenging 

oxygen, decompose hydroperoxides to non-radical species, binding to metal ions, absorb UV 

radiation or deactivate single oxygen (Gorden, 1990) 

The effectiveness of various antioxidants are generally determined under several conditions that 

include the induction period, normal storage conditions, and oxidation-accelerating conditions, 

such as high temperatures and airflow.  The usual parameters measured in determining the 

effectiveness of antioxidants include sensory characteristics, volatile headspace oxidation 

products, peroxide values, conjugated dienes and trienes, p-anisidine values, thiobarbituric acid 

reactive substances (TBARS), and fatty acid composition (Pokorny et al.,2001; Judde et al., 

2003; Abramovic and Abram, 2006; Azizkhani and Zandim, 2009; Kowalski,2007; Jennings, et 

al., 2009). But the bromine value or Iodine value can also be a good parameter of indication of 

lipid oxidation, since there is a decline in unsaturation during oxidation 

 

2.3.1 Ginger (Zingiber officinale) 

Ginger (Zingiber officinale) has been used as a spice for over 2000 years. Its roots and the 

obtained extracts contain polyphenol compounds (6-gingerol and its derivatives), which have a 



 

high antioxidant activity. Although the digestion stimulating effect of this spice became known a 

long time ago, the stimulating effect on peptic juices, such as gastric juice, bile, pancreatic and 

intestinal juices, was discovered later. Bile acids play a major role in the uptake of fats and each 

upset in the metabolism of fats would impede food digestion as a whole, because the fatty 

particles cover the other food elements and make them inaccessible for the action of the digestive 

enzymes. (Bartley & Jacobs, 2000) Lipase is the other key factor which plays a vital role in fat 

digestion. When ginger was included in animal diets, it was found that there was a considerable 

increase in the pancreatic and intestine lipase (Platel & Srinivasan, 2000). Ginger is an 

indispensable component of many food additives. With regard to antioxidant properties of 

ginger, it can be successfully used as a component of curry powder, sauces, ginger bread and 

ginger flavoured carbonated drinks and in preparation of dietaries for its aroma and flavour. 

Many authors discuss the chemical composition of ginger, but no toxic effect was found. The 

ginger extract has an antioxidant activity comparable with that of BHT in inhibiting the lipid 

peroxidation both at 37
o
C, and at a high temperature of 80

o
C. Most inhibited was the stage of 

formation of secondary products of the auto-oxidation of fats. (Stoilov, 2007) 

Ginger is commonly use in food as spice. The main components of ginger are 6-gingerol, 6-shogaol, 

8-gingerol and 10- gingerol and these constituents had exhibited strong antioxidative activity (Kim et al., 

2007) 

 

 

 

 

 

 



 

Table 1 Proximate Composition of ginger: (100g, edible portion) 

compositions      amount  compositions                amount  

Water 9.4 g      Iron 12 mg  

Food energy 347kcal      Magnesium 184 mg  

Protein  9.1g      Phosphorus 148 mg  

Fat   6.0g       Potassium 1342 mg  

Totalcarbohydrate  70.8g       Sodium 32 mg  

Fiber  5.9g        Zinc 5 mg  

Ash  4.8g        Niacin 5 mg  

Calcium  116mg        VitaminA 147 IU  

      
      
      
      

                                                                                                                                (Farrell, 1985) 

Several investigations in Japan reported that ginger or ginger extract added to lard or other foods 

showed reasonably strong antioxidant property (Saito et al., 1976). Ginger extract was effective 

in retarding the development of rancidity in salted pork patties and its effectiveness was directly 

related to the concentration (Lee et al., 1986). They concluded that extent of retardation of 

oxidation was proportionate to the amount of ginger extract added to the product. Shogaol and 

zingerone found in ginger exhibited strong antioxidant activates (Kikuzake and Nakatini, 1993) 

2.3.2 Garlic (Allium sativum) 

Garlic had been known for centuries before the Christian era. Its color is brownish yellow and its 

odor is pungent and disagreeable. It has since long been recognized all over the world as a 

valuable condiment for foods and a popular remedy for various diseases and physiological 



 

disorders. Pliny, Virgil and Hippocrates mentioned garlic as a treatment for a variety of ailments. 

However, not until the 1940’s did scientific evidence appear to establish that garlic indeed did 

possess antimicrobial medicinal properties (Cavallito and Bailey, 1944). 

 Garlic is indigenous to Ethiopia and is cultivated worldwide for the fleshy segments of its bulbs, 

which are used as a condiment. Antioxidant potential of garlic in vivo and in vitro has been 

proved (Jackson et al., 2002). In addition to its antioxidant activity, it has antimicrobial, 

antibacterial, antiviral, antifungal, antiprotozoal properties and beneficial effects on the 

cardiovascular and immune systems (Harris, Cottrell, Plummer, & Lloyd, 2001). Garlic is rich in 

selenium and organosulphur compounds, which have pronounced antioxidant activity (Yin, 

Hwang, & Chan, 2002 ;). Garlic has been a favorite additive in food for many years in various 

cultures. It is known that garlic (Allium sativum) possesses antimicrobial, antiprotozoal, 

antimutagenic, antiplatelet and antihyperlipidemic properties. Allicin, the extract of garlic, has 

been presumed to be a very strong antioxidant. Allicin gives garlic its characteristic ungent 

smell. Also, it contains vitamins and minerals and trace elements (selenium and germanium). 

(Lawson et.al., 1991) 

According to Unani and Ayurvedic system as practiced in India, garlic is carminative and is a 

gastric stimulant. In modern allopathy, it is being used in a number of patented medicines and 

other preparations (Pruthi, 1976). 

 

 

 

 

 



 

Table 2 Proximate Composition of garlic: (100g, edible portion) 

compositions                  amount  compositions                amount  

Water                 6.5g   Iron 

 

 

3mg 

 

 

 

Food energy                332 kcal  Magnesium 58mg  

Protein 

 

               16.8 g 

 

 Phosphorus 

 

     419 mg 

 

 

Fat 

  

               0.4g 

 

 Potassium 

 

    1101 mg 

 

 

Total 

carbohydrate 

 

               77.6g 

 

 Sodium 

 

26 mg 

 

 

Fiber 

 

               1.9g 

 

 Zinc 

 

     3 mg 

 

 

Ash 

 

                3.3 g 

 

 Other Vitamins 

 

       

Insignificant 

   

 

Calcium                 55g  -------------------         -----------

- 

 

      

      
      
      

                                                                                                                                (Farrell, 1985) 

The extracts of garlic is identified as allicin or diallyl thiosulphinic acid. The constituents of the 

oil are 60% diallyl disulfide, 20% diallyl trisulfide, 6% allyl propyl disulphide and smaller 

quantities of diethyl, polysulfide, allinn and allicin. The true garlic odor is said to be derived 

from the diallyl disulfide. Commercial undiluted oil of garlic has 200 times the strength of 

dedhyrated garlic or 900 times the strength of fresh garlic (Farrell, 1985). 

Garlic extract is also known as a food preservative (Krishanamurthy and Srinivasamurthy, 1956) 

and fresh garlic ground with meat prolongs the shelf life of fresh meat (Al-Delaimy and Barakat, 

1971). Garlic oil has been found to have potent antioxidant activities in various oils (Shahidi and 

Wanasundara, 1992). Garlic products have been suggested to be beneficial to human health 



 

(Dorant et al., 1993) by exerting antioxidant activity (Prasad et al.,1995). Consumption of garlic 

tablets (Kwai) has been reported to decrease the susceptibility of human low density lipoproteins 

to oxidation (Phelps and Harris, 1993). Aged garlic extract has recently been shown to protect 

vascular endothelial cells from H2O2-iducued oxidant injury (Yamasake et al., 1994). Garlic has 

been shown to reduce radicals generated by the Fenton reaction (Torok et al., 1994). 

2.3.3 Korarima(Aframomum Corrorima) 

 Korerima is a milder spice similar to coriander, and is also highly popular for stews. Korerima is 

considered one of the few spices native to Ethiopia, where it is found growing in southern rain 

forests. Korerima is said to aid the digestive tract, and to cure common colds and upper 

respiratory infections. Generally roasted over an open fire, the smoky aroma adds a distinct flavor to 

Berbere sauces, clarified butter and other chili blends. Also it is used in condiment spice blends with 

Kitfo- Ethiopian Style Steak Tartar(Jansen, 1981) 

Korarima (Aframomum corrorima) or the Ethiopian cardamom is a renowned spice and 

medicinal crop of the family Zingiberaceae native to Ethiopia. The dried fruits are part and 

parcel of the daily dishes of the Ethiopians. They are also used as a carminative, purgative and 

tonic in the traditional medicine (Jansen, 1981). korarima oil has similar chemical composition 

with that of its famous relative, the Indian cardamom (Elettaria cardamomum), except for its 

reduced content of terpinyl acetate, which is the major component in the latter (Sebsebe, 1993). 

Previously Ethiopia was well known for its considerable exports of korarima capsules to the 

world market, mainly as a substitute for the Indian cardamom.2 However, the supply has greatly 

fluctuated during the past few decades that the total annual korarima export has decreased to less 

than 60 tones in the years 1994 - 1998, fetching only some 2.1 million USD (Chanyalew, 1999) 

 



 

Korarima seed has a mild, sweet flavour and is less peppery or pungent than seed of 

Aframomum melegueta K.Schum(grain of paradise). The seeds contain essential oil which has a 

typical odour and is sometimes called ‘nutmeg-cardamom’ 

Korarima (Aframomum corrorima) seeds, pods, leaves, rhizomes and flowers are used in 

traditional medicine and as spices in southern Ethiopia. The extracts and essential oils of 

korarima are potentially used as good sources of antioxidants. (Eyob et al., 2008).   

 

 

 

 

 

 

 

 

 

 

 



 

 

                 Korarima with pod         Seeds of Korarima                 Powder of Korarima seeds 

 

                          Garlic                                                                   Garlic powder                                       

          

                      Ginger                                                                             Ginger powder  

                Figure 2.  The spices and their powders used for butter treatment  



 

2.4 Preparation of antioxidants 

There is a big difference between the preparation of synthetic antioxidants and natural 

antioxidants for application in food products and processing. Synthetic antioxidants are produced 

as pure substances of constant composition, and are applied as such or in well defined mixtures 

with other pure substances. Application is thus relatively easy, requiring no substantial 

modifications of the recipe and processing conditions. On the contrary, natural antioxidants are 

available from raw materials of variable composition. Both the content of active substances 

(usually a mixture of several compounds) and the content of various other compounds, either 

inactive or possessing negligible activities, depend on the plant variety, agro technology, climatic 

conditions, degree of ripeness, and many other factors. Their composition should be determined 

in every batch, and if necessary, the procedure of their preparation or application, and the amount 

added to food products should be adapted according to analytical results. (Akguel A and Ayar A, 

1993) 

Many food components possessing antioxidant activities are used in their natural form, such as 

spices. The preliminary processing of such food components may be drying (in case of leaves or 

stems), milling of dried material (such as seeds), or some other mechanical treatment. Several 

ground spices (added in the amount less than20%) were found to be active. (Akguel A and Ayar 

A, 1993) 

2.5 Determination of fat oxidation 

2.5.1 Para-anisidine value and Peroxide value 

Para-anisidine is a reagent that reacts with aldehydes to give products that absorb at 350nm. The 

p-anisidine value is defined as the absorbance of a solution resulting from the reaction of 1 g fat 

in isooctane solution (100 ml) with p-anisidine (0.25 % in glacial acetic acid). The products 



 

formed by reaction with unsaturated aldehydes (2-alkenals) absorb more strongly at this 

wavelength, and consequently the test is particularly sensitive to these oxidation products. 

Although the test does not distinguish between volatile and non-volatile products, the palate is 

generally more sensitive to unsaturated volatile aldehydes than to saturated volatile aldehydes, so 

the test is a reasonable way to assess secondary oxidation products. Measurements of p-anisidine 

value are commonly used together with peroxide value measurements in describing the total 

extent of oxidation by the Totox value, which equals the sum of the p-anisidine value plus twice 

the peroxide value. However, the Totox value is an empirical parameter since it corresponds to 

the addition of two parameters with different units.. Anisidine value is defined conventionally as 

the optical density measured at 350 nm, multiplied by 100 of the solution of 1g of fat in 100 ml 

of p-anisidine - acetic acid mixture. P-Anisidine number is correlated with the presence of 

aldehydes deriving from the second oxidation of fats. (Michael, nd) 

Peroxide value is one of the most widely used tests for oxidative rancidity; peroxide value is a 

measure of the concentration of peroxides and hydroperoxides formed in the initial stages of 

lipid oxidation. Milliequivalents of peroxide per kg of fat are measured by titration with iodide 

ion. Peroxide values are not static and care must be taken in handling and testing samples. It is 

difficult to provide a specific guideline relating peroxide value to rancidity. High peroxide values 

are a definite indication of a rancid fat, but moderate values may be the result of depletion of 

peroxides after reaching high concentrations. Oxidation reaction rates increase with temperature, 

and can increase more than twofold with every 10°C rise depending on the composition of the fat 

(Ihsan et al., 2002) 

The oxidative process of oils and fats is one of the main causes of the deterioration of the 

principal organoleptic and nutritional characteristics of foodstuffs. 



 

The complex oxidation process can be summarized into two phases: in the first one fat acids 

react with oxygen and determine odorless compounds as peroxides; during the second phase the 

peroxides degrade into many substances as volatile aldehydes, responsible of the rancid odour 

and flavour, and in a non-volatile portion. The primary oxidation products are normally 

measured with Peroxide Value test (PV) and the secondary products with p-Anisidine test. 

Anisidine value (AnV) represents the level of non-volatile aldehydes, primarily 2-alchene 

present in the fat. On the contrary other tests consider the volatile portion of aldehydes and, due 

to their intrinsic variable nature, bring to results that are less reliable. (Velasco and Dobarganes, 

2002) 

The oxidative status of a fat should be evaluated considering both its primary and secondary 

oxidation. In fact it can happen that a fat that has initially a high peroxide value, kept in stock for 

a long time in absence of oxygen, endures a secondary oxidative process that determines the 

decrease of peroxide value but the increase of anisidine value. Performing only the analysis of 

peroxide it can happen that fats that are not fresh or damaged, are used as ingredients without 

having the chance to evaluate the consequences of secondary oxidations. 

Generally, peroxide value indicates the actual oxidative status in fat matrix but anisidine value 

indicates its history from the oxidative point of you. That is the anisidine value test is used to 

assess the secondary oxidation of oil and fat, which is mainly aldehydes and ketones, and is 

therefore able to indicate the oxidation history of an oil or fat. These two values can be combined 

into the TOTOX number. Totox = AnV + (2 x PV) (Velasco and Dobarganes, 2002) 
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Figure 3. Possible reactions between p-anisidine reagent and malonaldehyde. 

 

 2.5.1.1 Mechanism of autoxidation in lipids 

Once the free radical is formed, the propagation stage begins with the addition of oxygen atoms 

to the free radical to form peroxide (a peroxyl radical: ROO·). Then the hydrogen removed from 

another unsaturated fatty acid attaches to the peroxide to form a hydroperoxide (ROOH). While 

the hydrogen is removed from the other unsaturated fatty acid, the unsaturated fatty acid forms a 

new free radical and the same procedure occurred in the first free radical is auto-catalytically 

repeated and thus this whole process is called autoxidation. Hydroperoxides can be also formed 

by the action of naturally occurring lipoxygenases on the polyunsaturated fatty acids before or 

during the extraction of oils (Pokorny et al., 2001).  

In the termination stage of oxidation, the autoxidation is ceased by the reaction of two radicals to 

form stable non-radical products such as ROOR (from peroxyl and alkyl radicals), RR (from two 

alkyl radicals), and ROOR + O2 (from two peroxyl radicals). 



 

With the presence of oxygen, lipid oxidation will be accelerated or delayed depending on the 

presence of pro- or anti-oxidants respectively. Lipid oxidation is facilitated under the high 

temperature and/or high water activity, and the presence of metals such as iron and copper, light, 

among others. (McWilliams, 2001; Damodaran et al., 2008). 

Initiation  X· + RH → R· + XH  

Propagation  R· + O2 → ROO ·  

                                                             ROO· + R’H → ROOH+R·  

Termination  ROO· + ROO· → ROOR +O2  

                                                               ROO· + R· → ROOR  

                                                               R· + R· → RR  

Figure 4 Mechanism of lipid autoxidation (Pokorny et al., 2001) 

2.5.1.2 Decomposition of hydroperoxides and rancidity  

Hydroperoxides formed during lipid oxidation are not directly responsible for off-aroma and thus 

rancidity (Damodaran et al., 2008). However, their further decomposition into alkoxyl radicals 

(RO·) which have high energy causes β-scission, the cleavage of aliphatic chain of fatty acids 

into low molecular weight compounds that are responsible for perceived rancidity (Damodaran et 

al., 2008). The low molecular weight compounds include volatile hydrocarbons, alcohols, and 

aldehydes and non-volatile alcohols and ketones. Volatile aldehydes are the most important 

contributor to off-aroma. Hexanal, heptanal, octanal, nonanal, decanal, trans-2-heptanal, trans-2-

nonenal, cis-2-decenal, trans,trans-2,4-nonadienal, trans-cis-2,4-decadenal are some examples 

of volatile aldehydes that can be found in oxidized lipids including Shea butter (Pokorny et al., 

2001; Bail et al., 2009). 

 



 

2.5.2 Bromine value 

Bromine value is the amount of bromine in grams absorbed by 100 grams of a sample. The 

number indicates the degree of unsaturation. The Bromine Number is useful as a measure of 

aliphatic unsaturation in fat and oil samples. It is determined by the electrochemical titration of 

the fat or oil samples with the bromine which insures the bromination of olefins. Unsaturated 

fatty acids in the oils and fats of butter will decolorize bromine water. The reaction is 

quantitative. 1 mole of C=C bonds will react with 1 mole of bromine, Br
2
, and will self-indicate 

during a titration. At low concentrations of bromine in water a number of species are present, but 

at high concentrations most of the bromine is present as molecular bromine. The fats and oils in 

butter are not miscible with bromine water, but they will decolorize it if sufficiently vigorous 

shaking is used during titrations. (Nigel Saunders, 2003). Bromine value measures the degree of 

unstauration in a fat or vegetable oil and determines the stability of oils to oxidation (Daintith, 

2008). Knowledge of the bromine value enables the combustion temperature of the oil to be 

evaluated (Roger et al., 2010). The low bromine value for animal butter may be an indication 

that the butter is rich in saturated fatty acids, which ensures stability against oxidation and 

rancidification of foods prepared with the butter (Goh, 1994). 

2.5.3 Free Fatty Acid Value 

The FFA determination measures the amount of hydrolytic activity that has occurred in the oil. 

Hydrolytic rancidity is generally caused by a combination of catalyst and moisture (Rossel, 

1994). The amount of FFA present is of importance, not only because it indicates hydrolytic 

activity, but also because FFA has a provident effect, the intensity of which is related to FFA 

concentration (Frega et al, 1999). 

 

http://en.wikipedia.org/wiki/Bromine
http://en.wikipedia.org/wiki/Aliphatic


 

Chapter 3 

3 Materials and methods 

3.1 Sample collection 

The representative butter samples (3Kg of fresh butter and 3Kg of rancid butter) were randomly 

purchased from local farmers, in Wolaita zone Humbo woreda (the place where I live). and 

similarly the spices (ginger, korarima and garlic) were purchased from the local market in 

wolaita zone Humbo woreda. The reason for the selection of Wolaita zone for sample collection 

was that to eliminate the contamination of butter with other foreign matters. All butter samples 

were then stored in the refrigerator until they were needed for analysis. 

3.2 Preparation of spices 

Ginger and garlic were washed with water. The raw ginger and garlic and the seeds of korarima 

were placed in the air oven at a temperature about 50
0
C for two hours to dry. Then ginger and 

garlic were chopped and returned to the oven for further drying. After drying, the spices (the 

peeled garlic, unpeeled ginger and the seeds of korarima) were grounded into powdered form. 

3.3 Preparation of clarified butter (CB) 

Making clarified butter was involved slowly heating 400g of fresh and 400g of rancid unsalted 

butter to 100°C and letting it boiled until the water vaporized. Once the bubbling was stopped, 

three layers were remained: whey protein, liquid fat, and casein particles. After the skin of whey 

protein removed, the fat was poured off, which is the clarified butter. 

3.4 Preparation of spice treated butter  

3.4.1 for fresh butter 

 1) 400g of unclarified fresh butter (UCFBC) 

 2) 400g of clarified fresh butter (CFB) 



 

 3) 400g of 10% Ginger treated fresh butter (10%GTFB) 

4) 400g of 20% Ginger treated fresh butter (20%GTFB) 

5) 400g of 10% Garlic treated fresh butter (10%GrTFB) 

6) 400g of 20% Garlic treated fresh butter (10%GrTFB) 

7) 400g of 10% korarima treated fresh butter (10%KTFB) 

8) 400g of 20% korarima treated fresh butter (20%KTFB) 

3.4.2 For Rancid butter 

The peroxide value and free fatty acid value of the butter were determined before the preparation 

of spice treated and clarified butter. The rancid butter was the one with off-flavor, peroxide value 

greater than 1.8meqO
2
/Kg fat and FFA value greater than or equal to 3.3 mg KOH/g fat. (Atamer 

and Sezgin, 1984). The samples were prepared as following 

1) 400g of unclarified rancid butter  (UCRB) 

2)  400g of clarified rancid butter (CRB) 

3) 400g of 10% Ginger treated rancid butter (10%GTRB) 

4) 400g of 20% Ginger treated rancid butter (20%GTRB) 

5)  400g of 10% Garlic treated rancid butter (10%GrTRB) 

6) 400g of 20% Garlic treated rancid butter (10%GrTRB) 

7) 400g of 10% korarima treated rancid butter (10%KTRB) 

8) 400g of 20% korarima treated rancid butter (20%KTRB) 

All the above mixture were then heated until it boils and a clear butter liquid was obtained (about 

30 min.), which indicates the doneness of the products. The temperature did not exceed 115
0
C 

and at which the bulgur starts to gather and precipitate at the bottom of the container. Anhydrous 

butter fat was decanted and filtered through a piece of cheesecloth, filled in plastic jars and left to 



 

solidify. Then from each of the above mixture 90g sample was stored at 25
0
C and 90g sample 

stored at 65
0
C. 

3.5 Chemicals and reagents 

All the chemicals and the reagents obtained from Food science and Nutrition Centre, Addis 

Ababa. The experiments were conducted in the laboratories of “Food Science and Nutrition 

center’’ 

Chemicals:-p-anisidine, potassium hydroxide, sodiumthiosalphate, Bromine water, starch, 

phenolphthalein indicator, distill water, ethanol, chloroform, isooctane, glacial acetic acid, 

potassium iodide, sodium hydroxide, ammonium hydroxide solution, ethyl alcohol, ethyl ether: 

petroleum ether solution. 

3.6 Laboratory analysis 

Each laboratory determination was carried out on thirteen separate samples (in triplicate) 

3.6.1 Determination of fat content of butter 

Before analysis both fresh and rancid butter were clarified and heated to constant weight. Five 

gram of butter samples were taken and ammonium hydroxide solution was added in to the butter 

sample and mixed thoroughly. After that ethyl alcohol was added and the mixture was shaken for 

1 minute. The fat was extracted from the butter sample three times using the mixture of ethyl 

ether: petroleum ether. After the extraction period the solvent were evaporated (Polish Standard, 

2005). Then the fat content of butter was calculated as  

% of fat = M3-M1 X 100 

                    M2-m1 

Where: 



 

M1= weight of the container 

M2= weight of the container plus crude fat 

M3= weight of the sample plus weight of the container 

3.6.2 Determination of moisture content 

Five grams of butter sample for both fresh and rancid butter were heated to constant weight in a 

vacuum oven at 102
o
c, for three hours. Then they were cooled in efficient desiccators, for 30 

minute and weighed. Constant weight was attained when successive 1 hour draying periods 

showed additional loss, 0.05%. (Polish Standard, 2005). The moisture content was determined 

using:         

% of moisture =   w1-w2   X100 

                  Sw 

3.6.3 Determination of pH value 

50g of butter sample was accurately measured and transferred to the test tube. Then the sample 

was warmed in order to liquefy. The MP511 lab PH meter was calibrated with two standard 

buffer solutions having PH of 4.00 and 7.00. Then the electrode of the PH meter was inserted 

into the warmed solution. Between each test, the electrodes rinsed with warm distill water.  

3.6.4 Determination of Bromine value 

0.5g of butter was weighed accurately in the conical flask and warmed gently to facilitate 

dissolution. Then 25ml of water added into the mixture whilst shaking the flask to disperse the 

butter and finally the mixture was titrated against 0.0625M bromine water until the bromine 

water retains its brown color. (Nigel Saunders, 2003)        



 

3.6.5 Peroxide value determination 

5g of butter was dissolved in 10ml chloroform in the Erlenmeyer flask and mixed with 15ml 

glacial acetic acid and 1ml saturated KI. Then the mixture were left in the dark at room 

temperature for 5 minutes. Then 75ml of distilled water was added and the mixture shaken 

vigorously. Finally 1ml of 1% starch solution was added and the resulting solution was titrated 

with 0.002N sodiumthiosalphate until the color become clear. The same procedures were 

followed for blank solution (without butter sample) preparation and determination (AOAC 

1990).  Then peroxide value was calculated as 

                                              PV = [(V1-V0) N]/M  

Where:    V1 is the amount of Na2S2O3 used for titration (ml),  

                V0 is the amount of Na2S2O3 used for the blank (ml)  

                N is the normality of Na2S2O3 and 

                M is the amount of sample (g). 

3.6.6 P-Anisidine Value and Totox Value determination 

1g sample of butter was dissolved in 25ml of isooctane, (test solution (a)). Then 5ml of test 

solution (a) was mixed with 1ml p-anisidine (0.25% in glacial acetic acid), (test solution (b)). To 

prepare the reference solution, 1.0 ml of a 2.5 g/l solution of p-anisidine in glacial acetic acid 

was added to 5.0 ml of isooctane, and the solution shaken well (IUPAC, 1987). Then the 

absorbance of both test solutions and reference solution were measured at 350 nm. The p-

anisidine value was calculated as 

                         P-anisidine value = 25(1.2A1-A2) 

                                                                 m 

 

where:- 



 

A1 = absorbance of test solution (b) at 350 nm, 

A2 = absorbance of test solution (a) at 350 nm, 

m = mass of the substance to be examined in test solution (a), in grams. 

Finally the totox value was calculated and which was equal to the sum of the p-anisidine value 

plus twice the peroxide value. 

3.6.7 Determination of Free Fatty Acid Value 

5g of butter and 30ml of ethanol were mixed in Erlenmeyer flask. Then few drops of 

phenolphthalein indicator were added and the mixture was warmed to promote dissolution. The 

solution was titrated with 0.1NKOH until the pink color was stable at least for 15 seconds. 

(AOCS International, 2005).  

3.7  Statistical analysis 

Each determination was carried out in triplicate and results were reproduced as an average value 

(mean ±standard deviations). Data was analyzed by using one way Analysis of Variance 

(ANOVA) SPSS version 15.0 model. Differences between treatments were determined by using 

Duncan
’
s multiple comparison tests. Statistical significance was set at P<0.05.  

 

 

 

 

 



 

Chapter 4 

4 Results and discussions 

The rancid butter is the one with off-flavor, peroxide value greater than 1.8meqO
2
/Kg fat and 

FFA value greater than or equal to 3.3 mg KOH/g fat(Atamer and Sezgin, 1984). But the values 

of each parameter for fresh animal butter were highly less than that of rancid butter except AnV, 

PH and moisture value.   

Table 3 Initial information of the Butter 

Parameters  Fresh butter Rancid butter 

Peroxide value 0.23±0.1 meqO2/Kg 2.2± 0.6meqO2/Kg 

Bromine value 29.88±0.7mg bromine/100gfat 29.5 ±0.6mg bromine/100g fat 

Free fatty acid value 0.65 ±0.1mgKOH/g fat 3.72± 0.6mgKOH/g fat 

P-anisidine value 0.33±0.1 4.6±0.1 

Totox-value 0.76±0.5 9±0.1 

Moisture content 23.6%±0.7 12.8%±0.5 

Fat content 75.4%±0.1 83.7%±0.1 

PH value 6.2±0.1 5.3±0.1 
The values are expressed in mean ± standard deviation. 

4.1 Moisture content  

High moisture content in fats and oils usually leads to increase in microbial load as well as lipid 

oxidation resulting in rancidity.  

Moisture contents of animal butter in this study were 23.6% and 12.8% in fresh and rancid 

butters respectively (Table 3). These values are comparable with the values reported by Food and 

Agriculture Organization of United Nations, 2011 in which it ranges from 12.7- 26. The moisture 

content of rancid butter was very less than fresh butter. This may be due to evaporation of some 

amount of moisture from the butter during the storage time. 

 

 



 

4.2 Free Fatty Acid, PH and peroxide value of butter 

In determining the storage stability and quality of butter, the peroxide value reflecting the 

oxidation of fatty acids, the amount of free fatty acids and the degree of lipolysis are taken into 

consideration. When the amount reaches 1.8mgKOH/g fat, there is a perceptible off flavor in 

butter. Sample with FFA value exceeding 3.3 mgKOH/g fat were recognized as rancid by 59% 

of the panelists. An off flavor is also perceived in butter when peroxide value reaches 2 

meqO2/Kg fat(Atamer and Sezgin, 1984).  

The peroxide values were 0.23 meqO2/Kg and 2.2 meqO2/Kg for the fresh and rancid butter 

respectively. The FFA values of fresh and rancid butter were 0.65 mgKOH/g and 3.72 mgKOH/g 

respectively. These values were comparable with the values reported by Atamer and Sezgin 

which ranges from 0 to 1.8 for peroxide value and 0 to 3.3 for free fatty acid value. Even though 

the FFA value and peroxide value of the respective butter showed that the rancid butter may be 

spoiled, when compared to the Turkey’s Food Regulations (10 meqO2/Kg of fat), it was in well 

acceptable amount. The pH value of a food is a direct function of the free hydrogen ions present 

in that food. Acids present in foods release these hydrogen ions, which give acid foods their 

distinct sour flavor. The pH value of fresh butter, 6.2 was higher than that of rancid butter, 5.3. 

Values were comparable with the values reported by Atamer and Sezgin which ranges from 4.1 

to 6.9. This may be because of the low free fatty acids in fresh butter than rancid butter. (Atamer 

and Sezgin, 1984). 

 

 

 

 

 



 

The Summary table of the analysis showing the oxidation took place after 72 hours 

The values are expressed in mean ± standard deviation. The samples with the different superscript in the same 

column is significantly different (at p< 0.05). 

UCFB = unclarified fresh butter, CFB = clarified fresh butter, 10%GTFB = 10% ginger treated fresh butter, 

20%GTFB = 20% ginger treated fresh butter, 10%GrTFB = 10% garlic treated fresh butter, 20%GrTFB = 20% 

garlic treated fresh butter, 10%KTFB = 10% korarima treated fresh butter, 20%KTFB 20% = korarima treated fresh 

butter, UCRB = unclarified rancid butter, CRB = clarified rancid butter, 10%GTRB = 10% garlic treated rancid 

butter, 20%GTRB = 20% ginger treated rancid butter, 10%GrTRB = 10% garlic treated rancid butter, 20%GrTRB = 

20% garlic treated rancid butter, 10%KTRB = 10% korarima treated rancid butter, 20%KTRB = 20% korarima 

treated rancid butter 

 

 

 

 

 

 

 

                             At 25 
o
C                              At 65 

o
C 

Treatment Bromine 

value 

Peroxide 

value 

P-

anisidine 

value 

FFA value Totox 

value 

Bromine 

value 

Peroxide 

value 

P-anisidine 

value 

FFA value Totox value 

UCFB 29.54±0.01
a
 0.33±0.01

a
 0.4±0.01

a
 0.94±0.06

a
 1.06±0.1

a
 7.89±0.01

a
 1.86±0.06

a
 6.8±0.006 3.44±0.06

a
 10.52±0.1

a
 

CFB 24.47±0.05
b
 0.25±0.06

b
 0.4±0.06

a
 0.49±0.01

b
 0.9±0.07

b
 15.32±0.06

b
 1.8±0.01b 5.4±0.001 1.76±0.01

b
 9±0.1

b
 

10%GTFB 24.47±0.01
b
 0.18±0.01

c
 0.3±0.01

b
 0.46±0.01

c
 0.66±0.1

c
 15.32±0.05b 0.8±0.06

c
 2.3±0.006 1.29±0.01

c
 3.9±0.1

c
 

20%GTFB 24.42±0.01
c
 0.18±0.06

c
 0.3±0.06

b
 0.44±0.01

d
 0.66±0.07

c
 23.76±0.05

c
 0.6±0.06

d
 2.6±0.006 1.26±0.01

d
 3.8±0.1

d
 

10%GrTFB 24.46±0.06
b
 0.18±0.06

c
 0.3±0.06

b
 0.45±0.06e 0.66±0.07

c
 23.79±0.01

d
 0.7±0.06

e
 2.5±0.001 1.31±0.06

e
 3.9±0.1

c
 

20%GrTFB 24.45±0.05
d
 0.19±0.06

d
 0.3±0.06

b
 0.45±0.06

e
 0.68±0.1

d
 23.77±0.05

e
 0.6±0.06

d
 2.6±0.001 1.22±0.06

f
 3.8±0.1

d
 

10%KTFB 24.42±0.01
e
 0.18±0.06

c
 0.3±0.06

b
 0.46±0.01

c
 0.66±0.07

c
 23.76±0.05

c
 0.6±0.06

d
 2.5±0.006 1.29±0.01

c
 3.7±0.07

e
 

20%KTFB 24.46±0.06
b
 0.18±0.06

c
 0.3±0.06

b
 0.44±0.01

d
 0.66±0.1

c
 23.79±0.01

d
 0.7±0.06

e
 2.6±0.001 1.26±0.01

d
 4±0.1

f
 

UCRB 29.47±0.01
f
 2.75±0.06

e
 4.8±0.06

c
 4.61±0.01

f
 10.3±0.1

e
 7.71±0.01

f
 4.46±0.06

f
 20.2±0.006 5.71±0.06

g
 29.12±0.07

g
 

CRB 25.9±0.005
g
 1.95±0.06

f
 4.5±0.06

d
 1.65±0.06

g
 8.4±0.07

f
 6.6±0.006

g
 2.89±0.01

g
 16.1±0.001 2.19±0.06

h
 21.88±0.07

h
 

10%GTRB 25.91±0.05
h
 1.85±0.06

g
 4.2±0.06

e
 1.63±0.01

h
 7.9±0.07

g
 25.22±0.01

h
 2.29±0.06

h
 9.2±0.006 1.76±0.06

b
 13.78±0.07

i
 

20%GTRB 25.89±0.05
i
 1.82±0.06

h
 4.2±0.06

e
 1.64±0.01

i
 7.84±0.1

h
 25.27±0.05

i
 2.25±0.06

i
 9.2±0.001 1.73±0.01

i
 13.7±0.1

j
 

10%GrTRB 25.91±0.06
h
 1.83±0.01

i
 4.3±0.01

f
 1.63±0.06

h
 7.96±0.1

i
 25.21±0.01

j
 2.18±0.06

j
 8.6±0.006 1.72±0.01

j
 12.96±0.07

k
 

20%GrTRB 25.90±0.06
g
 1.82±0.06

h
 4.3±0.06

f
 1.45±0.01

j
 7.94±0.07

j
 25.31±0.05

k
 2.17±0.05

k
 8.9±0.001 1.75±0.01

k
 13.24±0.1

l
 

10%KTRB 25.92±0.06
j
 1.83±0.01

i
 4.3±0.01

f
 1.63±0.06

h
 7.96±0.1

i
 25.21±0.01

j
 2.18±0.06

j
 10.1±0.006 1.72±0.01

j
 14.46±0.07

m
 

20%KTRB 25.90±0.06
g
 1.82±0.06

h
 4.4±0.06

g
 1.44±0.01

k
 8.04±0.07

k
 25.31±0.05

k
 2.17±0.057k 9.9±0.001 1.75±0.01

k
 14.24±0.1

n
 



 

4.3 Bromine value 

Table 4 shows the average value of each parameter of the butter oxidation after 72 hours storage 

time. It was observed that bromine value of all the heat and spice treated butter and untreated 

butter decreased very slowly as storage days increased for the samples stored at 25
o
c. But for 

samples stored at 65
o
c the bromine values were decreased amazingly. This was probably due to a 

higher oxidation took place at 65
o
C temperature. The treatment had effect on the amounts of 

bromine value. Reduction of bromine value might be an important measure of the decrease in 

unsaturated fats and thus resulted in rancidity of butter. Reduction of bromine value was due to 

oxidation of unsaturated fats and may get promoted by acceleration oxidation of fat with heat 

(Frega, Mozzon, & Lercker, 1999). Bromine value went on decreasing with the increase in 

storage period for all the samples, but no regular pattern of decrease could be observed (Table 5). 

Unclarified butter (UCB) exhibited the highest bromine value, UCFB =29.54and UCRB =29.5 at 

25
o
C after 72 hours storage time, while 20%GTFB and 10%KTFB were exhibited the least at 

25
o
C. After 72 hours storage time at 65

o
C, UCFB= 7.89 and CRB= 6.6 observed to have the least 

bromine value. The decreases were 3.8 fold for UCFB and 3.89 for CRB. This might be due to 

the higher amount of moisture content of UCFB butter and the higher content of hydroperoxides 

in CRB which may resulted in prooxidant effect and so that the butter was significantly oxidized. 

Garlic treated and Korarima treated butter samples were showed comparable bromine values in 

reverse proportions for fresh samples and in direct proportions for rancid butter. The increase in 

bromine value of all samples at 25
o
C was slow for both types of butter, but it is significantly 

increased for all samples at 65
o
C. Spice treated samples showed interesting resistance to the 

decrease in bromine value than untreated one after 2-3 days of storage at 65
o
C. The higher 

bromine value of butter means it was less exposed to the phenomenon of rancidification. 



 

Generally, 10%GrTFB and 20%KTFB for fresh butter samples and 20%GrTRB and 20%KTRB 

for rancid samples were showed the highest oxidative stability and so that had highest 

unsaturated fats.  

Table 5 Average Bromine Value of Butter during the storage time 

                           At 25 oC                                           At 65 oC 

Treatment                              Storage Time                            Storage Time 

0 36 72 0 36 72 

UCFB 29.87±0.01 29.63±0.006 29.54±0.01 30±0.005 16.3±0.005 7.89±0.01 

CFB 24.53±0.001 24.49±0.01 24.47±0.005 24.33±0.006 19.3±0.006 15.32±0.006 

10%GTFB 24..53±0.01 24.49±0.005 24.47±0.01 24.33±0.005 19.3±0.005 15.32±0.005 

20%GTFB 24.44±0.005 24.43±0.001 24.42±0.01 24.45±0.005 24.22±0.01 23.76±0.005 

10%GrTFB 24.48±0.01 24.46±0.006 24.46±0.006 24.47±0.01 24.18±0.005 23.79±0.01 

20%GrTFB 24.46±0.001 24.45±0.005 24.45±0.005 24.46±0.02 24.18±0.01 23.77±0.005 

10%KTFB 24.44±0.005 24.43±0.001 24.42±0.01 24.45±0.005 24.22±0.01 23.76±0.005 

20%KTFB 24.48±0.01 24.46±0.006 24.46±0.006 24.47±0.01 24.18±0.005 23.79±0.01 

UCRB 29.5±0.01 29.45±0.006 29.47±0.01 29.5±0.01 17±0.01 7.71±0.01 

CRB 25.93±0.006 25.91±0.01 25.9±0.005 25.68±0.006 19.8±0.006 6.6±0.006 

10%GTRB 25.92±0.01 25.92±0.005 25.91±0.005 25.92±0.005 25.34±0.005 25.22±0.01 

20%GTRB 25.91±0.005 25.89±0.01 25.89±0.005 25.91±0.01 25.32±0.01 25.27±0.005 

10%GrTRB 25.92±0.01 25.91±0.006 25.91±0.006 25.92±0.006 25.41±0.001 25.21±0.01 

20%GrTRB 25.91±0.001 25.91±0.006 25.90±0.006 25.91±0.006 25.39±0.006 25.31±0.005 

10%KTRB 25.92±0.01 25.91±0.006 25.92±0.006 25.92±0.006 25.41±0.001 25.21±0.01 

20%KTRB 25.91±0.001 25.91±0.006 25.90±0.006 25.91±0.006 25.38±0.006 25.31±0.005 

The values are expressed in mean ± standard deviation (at p< 0.05) 

UCFB = unclarified fresh butter, CFB = clarified fresh butter, 10%GTFB = 10% ginger treated fresh butter, 

20%GTFB = 20% ginger treated fresh butter, 10%GrTFB = 10% garlic treated fresh butter, 20%GrTFB = 20% 

garlic treated fresh butter, 10%KTFB = 10% korarima treated fresh butter, 20%KTFB 20% = korarima treated fresh 

butter, UCRB = unclarified rancid butter, CRB = clarified rancid butter, 10%GTRB = 10% garlic treated rancid 

butter, 20%GTRB = 20% ginger treated rancid butter, 10%GrTRB = 10% garlic treated rancid butter, 20%GrTRB = 

20% garlic treated rancid butter, 10%KTRB = 10% korarima treated rancid butter, 20%KTRB = 20% korarima 

treated rancid butter 

4.4 Peroxide value 

According to the data (Table 6), peroxide values continuously increase during the storage period 

in all of the butter samples. The highest values were produced by UCRB in the samples, 4.46 

meq O2/Kg fat at 65
o
C. This may be due to the higher initial peroxide value of this sample rather 

than indicating its oxidative stability. The same was true for the samples stored at 25
o
C. 



 

Christensen and Holmer reported similar results in their study in which they stated that the PV 

value of butter increases as storage time increase. The data reported in Table 6 shows the 

progress of butter oxidation during storage at 65
o
C. As in the case of fresh butter, peroxide 

values were very small at the onset of storage period, ranging from 0.16 to 0.23, which may 

indicate the good quality of the products. But the case was not true for rancid butter which ranges 

from 1.81 to 2.2. Furthermore, the heat treatment used during the preparation of clarified butter 

(CB) had little or no influence on PV. It was evident that the addition of the spices exhibited 

significant effect in depressing the progress of butter oxidation throughout storage period. 

Significant differences between the untreated butter and the other treatment in their PV were 

observed after 1 day of storage time. Peroxide value was in the range 0.6–0.8 meq/kg for spice 

treated fresh samples after storage up to 3 days at 65
o
C, while maximum values of PV for UCFB 

and CFB sample was 1.86meq/ kg and 1.8 meq/ kg respectively. But the peroxide value was in 

the range 2.17-2.29 meq/kg for spice treated rancid butter samples after storage up to 3 days at 

65
o
C, while maximum value of PV for UCRB sample was 4.46 meq/kg. At all stages, highest PV 

was observed for UCRB sample followed by CRB, 10%GTRB, 20%GTRB, 10%GrTRB, 

10%KTRB, 20%KTRB and 20%GrTRB respectively. Garlic treated butter at both the 

concentrations and ginger treated butter at 10% concentration for fresh and rancid sample stored 

at 65
o
C, controlled peroxide value appreciably; revealing good antioxidant efficacy in 

stabilization of butter. But in 20% concentration garlic was less effective than ginger for rancid 

butter stored at 65
o
C. A regular increase in PV as a function of storage time was observed for all 

the samples at all intervals. Initially, the difference in peroxide content of unclarified butter 

(UCB) and spice treated butter samples was not noticeable; it became significant (p < 0.05) just 

after heating up to one day. After the 3
rd

 day, there was a tremendous rise in PV of UCB sample. 



 

Peroxide content for all the spice treated samples also increased but this increase was very slow. 

Peroxide value of UCFB increased by 8.3 fold after 3 days at 65
o
C, which is extremely greater 

than that of UCRB which increased by 2 fold. Similarly, CFB increased by 8 fold while CRB 

increased by 1.3 fold. The peroxide values of animal butter samples are below the maximum 

acceptable value of 10 meq KOH/g set by the Codex Alimentarius Commission for groundnut 

seed oils (Abayeh et al.,1998). The low peroxide values could be an indication that the butter 

would not easily go rancid when properly stored in a container free from atmospheric oxygen 

and other contaminants 

Table 6 Average Peroxide Value of Butter during storage time 

                           At 25 oC                                           At 65 oC 

Treatment                              Storage Time                            Storage Time 

0 36 72 0 36 72 

UCFB 0.23±0.006 0.28±0.006 0.33±0.001 0.23±0.005 1.2±0.006 1.86±0.006 

CFB 0.22±0.006 0.24±0.01 0.25±0.006 0.22±0.006 1.2±0.01 1.8±0.01 

10%GTFB 0.18±0.006 0.19±0.006 0.18±0.01 0.18±0.006 0.3±0.01 0.8±0.006 

20%GTFB 0.16±0.006 0.17±0.01 0.18±0.006 0.16±0.006 0.21±0.006 0.6±0.006 

10%GrTFB 0.16±0.006 0.16±0.006 0.18±0.006 0.16±0.006 0.2±0.006 0.7±0.006 

20%GrTFB 0.16±0.006 0.18±0.006 0.19±0.006 0.16±0.006 0.21±0.006 0.6±0.006 

10%KTFB 0.16±0.006 0.17±0.01 0.18±0.006 0.16±0.006 0.21±0.006 0.6±0.006 

20%KTFB 0.16±0.006 0.16±0.006 0.18±0.006 0.16±0.006 0.2±0.006 0.7±0.006 

UCRB 2.2±0.006 2.45±0.006 2.75±0.006 2.2±0.006 3.49±0.006 4.46±0.006 

CRB 1.92±0.006 1.93±0.006 1.95±0.006 1.92±0.006 2.29±0.01 2.89±0.01 

10%GTRB 1.84±0.006 1.85±0.006 1.85±0.006 1.84±0.006 1.96±0.01 2.29±0.006 

20%GTRB 1.82±0.006 1.82±0.006 1.82±0.006 1.82±0.01 1.94±0.006 2.25±0.006 

10%GrTRB 1.82±0.006 1.82±0.006 1.83±0.01 1.82±0.006 1.94±0.01 2.18±0.006 

20%GrTRB 1.81±0.01 1.81±0.006 1.82±0.006 1.81±0.006 1.89±0.02 2.17±0.057 

10%KTRB 1.81±0.006 1.81±0.006 1.83±0.01 1.81±0.006 1.95±0.01 2.18±0.006 
20%KTRB 1.81±0.01 1.81±0.006 1.82±0.006 1.81±0.006 1.89±0.02 2.17±0.057 

The values are expressed in mean ± standard deviation (at p< 0.05) 

UCFB = unclarified fresh butter, CFB = clarified fresh butter, 10%GTFB = 10% ginger treated fresh butter, 

20%GTFB = 20% ginger treated fresh butter, 10%GrTFB = 10% garlic treated fresh butter, 20%GrTFB = 20% 

garlic treated fresh butter, 10%KTFB = 10% korarima treated fresh butter, 20%KTFB 20% = korarima treated fresh 

butter, UCRB = unclarified rancid butter, CRB = clarified rancid butter, 10%GTRB = 10% garlic treated rancid 

butter, 20%GTRB = 20% ginger treated rancid butter, 10%GrTRB = 10% garlic treated rancid butter, 20%GrTRB = 

20% garlic treated rancid butter, 10%KTRB = 10% korarima treated rancid butter, 20%KTRB = 20% korarima 

treated rancid butter 



 

4.5 Free Fatty Acid value 

The amounts of FFAs determined in butter samples during a storage period of 3 days are 

presented in Table 10. During storage time, the levels of FFAs in samples kept at 65
o
C 

temperatures were higher than in those stored at 25
o
C temperatures. The differences were found 

to be statistically significant at the level of P < 0.05. This was probably due to a higher lipolytic 

activity at 65
o
C temperature (Ahmet, 2010). The butter type had effect on the amounts of FFAs. 

However, the amounts increased during storage, and the differences were found to be significant 

between different storage times at 65
o
C (P < 0.05). Interaction of storage temperature with 

storage period was significant at a level of P < 0.05, and interaction of butter type with storage 

temperature was significant at a level of P < 0.05. Formation of free fatty acids might be an 

important measure of rancidity of foods. FFAs were formed due to hydrolysis of triglycerides 

and may get promoted by reaction of fat with moisture (Frega, Mozzon, & Lercker, 1999). FFA 

content went on increasing with the increase in storage period for all the samples, but no regular 

pattern of increase could be observed. UCB (UCFB and UCRB) exhibited the highest FFA in all 

storage time and storage temperature for both fresh and rancid samples, while 20%GTFB, 0.83, 

20%GrTFB, 0.83 and KTFB in both proportion, 0.83 exhibited least for fresh butter at 65
o
C. 

Garlic treated and Korarima treated butter have comparable. Fresh butter was not showed 

significant increase in FFA of treated samples at both storage temperature but, after 2-3 days of 

storage, an increase was observed for samples stored at 65
o
C. The lower the acid value of an oil, 

the fewer free fatty acids it contains which makes it less exposed to the phenomenon of 

rancidification (Roger et al., 2010). 

 

 



 

Table 7 Average Free Fatty Acid Value of Butter 

                           At 25 oC                                           At 65 oC 

Treatment                              Storage Time                            Storage Time 

0 36 72 0 36 72 

UCFB 0.65±0.01 0.81±0.01 0.94±0.06 0.65±0.01 2.42±0.006 3.44±0.006 

CFB 0.44±0.006 0.46±0.001 0.49±0.01 0.44±0.01 1.1±0.006 1.76±0.01 

10%GTFB 0.43±0.006 0.45±0.006 0.46±0.01 0.43±0.01 0.86±0.006 1.29±0.01 

20%GTFB 0.42±0.006 0.43±0.001 0.44±0.01 0.42±0.006 0.83±0.006 1.26±0.01 

10%GrTFB 0.43±0.006 0.44±0.006 0.45±0.06 0.43±0.01 0.84±0.01 1.31±0.006 

20%GrTFB 0.42±0.006 0.42±0.006 0.45±0.06 0.42±0.006 0.83±0.01 1.22±0.006 

10%KTFB 0.43±0.006 0.45±0.006 0.46±0.01 0.43±0.01 0.86±0.006 1.29±0.01 

20%KTFB 0.42±0.006 0.43±0.001 0.44±0.01 0.42±0.006 0.83±0.006 1.26±0.01 

UCRB 3.72±0.01 4.13±0.01 4.61±0.01 3.71±0.006 4.65±0.006 5.71±0.006 

CRB 1.46±0.006 1.56±0.006 1.65±0.06 1.46±0.01 1.75±0.01 2.19±0.006 

10%GTRB 1.43±0.006 1.52±0.006 1.63±0.01 1.43±0.006 1.51±0.006 1.76±0.006 

20%GTRB 1.44±0.006 1.53±0.006 1.64±0.01 1.44±0.005 1.48±0.006 1.73±0.01 

10%GrTRB 1.43±0.006 1.53±0.006 1.63±0.06 1.43±0.006 1.49±0.006 1.72±0.01 

20%GrTRB 1.44±0.006 1.44±0.01 1.45±0.01 1.44±0.005 1.49±0.01 1.75±0.01 

10%KTRB 1.43±0.006 1.54±0.006 1.63±0.06 1.43±0.006 1.48±0.006 1.72±0.01 

20%KTRB 1.44±0.006 1.44±0.01 1.44±0.01 1.44±0.005 1.49±0.01 1.75±0.01 
The values are expressed in mean ± standard deviation (at p< 0.05) 

UCFB = unclarified fresh butter, CFB = clarified fresh butter, 10%GTFB = 10% ginger treated fresh butter, 

20%GTFB = 20% ginger treated fresh butter, 10%GrTFB = 10% garlic treated fresh butter, 20%GrTFB = 20% 

garlic treated fresh butter, 10%KTFB = 10% korarima treated fresh butter, 20%KTFB 20% = korarima treated fresh 

butter, UCRB = unclarified rancid butter, CRB = clarified rancid butter, 10%GTRB = 10% garlic treated rancid 

butter, 20%GTRB = 20% ginger treated rancid butter, 10%GrTRB = 10% garlic treated rancid butter, 20%GrTRB = 

20% garlic treated rancid butter, 10%KTRB = 10% korarima treated rancid butter, 20%KTRB = 20% korarima 

treated rancid butter 

4.6 P-anisidine Value  

The amount of secondary oxidation products is expressed in the pAV. For a good quality fat/oil 

the pAV should be lower than 10 (Rossell, 1994). It is clear that all the fats had a pAV lower 

than 10 except the p-anisidine value of UCRB, 14.1 and CRB, 12.2 after 72 hours at 65
o
C But at 

25
o
C, all samples had p-anisidine value highly less than 10 

From the data, p-anisidine values were increased during the storage period in all of the butter 

samples at 65
o
C. The highest values were produced by UCRB followed by CRB and UCFB 

which are 14.1±0.7, 12.2±0.7 and5.8±0.7 respectively, which means that oxidative stability was 



 

lowest in this type of butter. But for the samples stored at 25
o
C room temperature it was very low 

and goes in the same way as the one stored at 65
o
C. The effects of butter type, storage 

temperature and storage times were found to be significant (at P < 0.05). Christensen and 

Holmer, 1996 reported similar results in their study which indicated the increase of p-anisidine 

value as a function of storage temperature and time. The results of the study was showed that the 

progress of butter oxidation during storage at 65
o
C. As in the case of fresh butter, p-anisidine 

values were very small at the beginning of the experiment. This may indicate the quality of the 

butter samples. Furthermore, the heat treatment used during the preparation of clarified butter 

(CB) had little or no influence on it. It was evident that the addition of the spices exhibited 

significant effect in depressing the progress of butter oxidation throughout storage period. 

Significant differences between the butter samples in their p-anisidine value were observed after 

72 hours of storage. P-anisidine value was in the range 1.3–5.8 for spice treated fresh samples 

after storage up to 72 hours at 65
o
C. But the p-anisidine value was in the range 4.6-14.1 for spice 

treated rancid butter samples after storage up to 3 days at 65
o
C, while maximum value of p-

anisidine value for UCRB sample was 14.1. At all stages, highest p-anisidine value was observed 

for UCRB sample followed by CRB, UCFB, 10%GTRB, 20%GTRB, CFB, 10%GrTRB, etc 

respectively. Spice treated butter at both the concentrations for fresh and rancid sample stored at 

65
o
C, controlled p-anisidine value appreciably when compared to un treated butter; revealing 

good oxidative stability of butter. But in both concentrations garlic is more effective than ginger 

for rancid butter stored at 65
o
C. A regular increase in p-anisidine value as a function of storage 

time was observed for all the samples at all intervals. Initially, the difference in p-anisidine value 

of unclarified butter (UCB) and spice treated butter samples was not noticeable; it became 

significant (p > 0.05) just after heating up to one day. After the 72 hours, there was a radical rise 



 

in p-anisidine value of UCRB and CRB samples. But having the higher p-anisidine value of 

UCRB and CRB could not indicate the better oxidative stability of that butter rather than it may 

be due to the higher initial value and more saturation of the butter. Some authors have indicated 

that anisidine values are comparable only within each oil type because the initial value varies 

among oil sources (Guillén and Cabo, 2002). P-anisidine value for all the spice treated samples 

also increased but this increase was gradual. The low p-anisidine value could be an indication of 

the effectiveness of spices in retarding the secondary product formation or that the fats or oils 

would not easily go rancid and also its good quality. 

 

 

 

 

 

 

 

 

 

 

 



 

Table 8 Average P-anisidine Value of Butter during storage time 

                           At 25 
o
C                                           At 65 

o
C 

Treatment                              Storage Time                            Storage Time 

0 36 72 0 36 72 

UCFB 0.42±0.001 0.38±0.006 0.4±0.001 0.4±0.006 5.2±0.001 6.8±0.006 

CFB 0.21±0.006 0.29±0.001 0.4±0.006 0.37±0.01 4.3±0.006 5.4±0.001 

10%GTFB 0.26±0.006 0.28±0.006 0.3±0.01 0.35±0.001 1.2±0.006 2.3±0.006 

20%GTFB 0.28±0.001 0.29±0.001 0.3±0.006 0.36±0.006 1.2±0.001 2.6±0.006 

10%GrTFB 0.28±0.006 0.29±0.001 0.3±0.006 0.35±0.001 1.3±0.006 2.5±0.001 

20%GrTFB 0.26±0.001 0.28±0.006 0.3±0.006 0.37±0.006 1.2±0.006 2.6±0.001 

10%KTFB 0.28±0.006 0.29±0.006 0.3±0.006 0.36±0.001 1.2±0.001 2.5±0.006 

20%KTFB 0.3±0.006 0.3±0.001 0.3±0.006 0.37±0.001 1.2±0.006 2.6±0.001 

UCRB 4.6±0.001 4.7±0.001 4.8±0.006 4.6±0.001 13.1±0.006 20.2±0.006 

CRB 4.5±0.001 4.5±0.001 4.5±0.006 4.5±0.001 11.8±0.001 16.1±0.001 

10%GTRB 4.2±0.006 4.2±0.001 4.2±0.006 4.2±0.006 4.8±0.006 9.2±0.006 

20%GTRB 4.0±0.001 4.1±0.006 4.2±0.006 4.0±0.001 4.9±0.006 9.2±0.001 

10%GrTRB 4.3±0.006 4.3±0.001 4.3±0.01 4.3±0.006 4.4±0.001 8.6±0.006 

20%GrTRB 4.1±0.001 4.2±0.006 4.3±0.006 4.1±0.001 4.2±0.001 8.9±0.001 

10%KTRB 4.1±0.006 4.2±0.001 4.3±0.01 4.1±0.006 5.1±0.006 10.1±0.006 

20%KTRB 4.1±0.006 4.3±0.006 4.4±0.006 4.1±0.006 4.7±0.001 9.9±0.001 

The values are expressed in mean ± standard deviation (at p< 0.05) 

UCFB = unclarified fresh butter, CFB = clarified fresh butter, 10%GTFB = 10% ginger treated fresh butter, 

20%GTFB = 20% ginger treated fresh butter, 10%GrTFB = 10% garlic treated fresh butter, 20%GrTFB = 20% 

garlic treated fresh butter, 10%KTFB = 10% korarima treated fresh butter, 20%KTFB 20% = korarima treated fresh 

butter, UCRB = unclarified rancid butter, CRB = clarified rancid butter, 10%GTRB = 10% garlic treated rancid 

butter, 20%GTRB = 20% ginger treated rancid butter, 10%GrTRB = 10% garlic treated rancid butter, 20%GrTRB = 

20% garlic treated rancid butter, 10%KTRB = 10% korarima treated rancid butter, 20%KTRB = 20% korarima 

treated rancid butter 

 

 

 

 

 

 

 



 

4.7 Totox value 

As p-anisidine values (Table 4), totox values were also high for UCRB (10.3 at 25
o
C and 29.12 

at 65
o
C) and CRB (8.4 at 25

o
C and 21.88 at 65

o
C). At 65

o
C, 10%GTFB and 10%GrTFB, 

20%GTFB and 20%GrTFB were not significantly different, but all the rests are significantly 

different (at p<0.05). But at 25
o
C, the difference between10%GTFB, 20%GTFB, 10%GrTFB, 

10%KTFB and 20%KTFB was not significant (at p <0.05) after 3 days. So generally totox value 

was a good indicator of oxidative stability of butter samples. 

Table 3 and 4 shows that the totox value of UCFB increased by 13.84 fold after 3 days at 65
o
C, 

which is extremely greater than that of UCRB which increased by 3.23 fold. Similarly, CFB 

increased by 11.11 fold while CRB increased by 2.62 fold (Table 4, 6 and 8). The low totox 

value could be an indication that the butter would not easily go rancid when properly stored in a 

container free from atmospheric oxygen and other contaminants. Generally, fresh butter samples 

were more susceptible to oxidation than rancid butter. This might be due to the more saturation 

of rancid butter than that of fresh butter samples. Because saturated fat has better resistance 

toward oxidation. Table 4 showed that 10%KTFB and 10%GrTRB were the first two oxidation 

stable samples for fresh and rancid butter respectively.  

 

 

 

 

 

 

 



 

Chapter 5 

5 Conclusions and recommendations 

5.1 Conclusion 

This study showed variation in the quality characteristics of animal butter samples. Some 

samples (UCFB and CFB from fresh butter and UCRB and CRB from rancid butter) showed 

very high levels of rancidity during storage time at 65
o
C, while 10%KTFB and 10%GrTRB, for 

fresh and rancid butter respectively showed the lowest levels of deterioration (Table 4). These 

results suggest that korarima treated and garlic treated butter has better oxidation resistance in 

the specified proportion so that decreased deterioration. Where as untreated raw butter was 

extreamely susceptible to oxidation. Relatively low relationship between moisture, free fatty 

acid, and peroxide value were found, which implies all the parameters should be considered 

collectively in quality control of animal butter.  

 While it was observed, the addition of natural antioxidants can delay the oxidation of 

animal butter and thus extend its shelf life. 

 The heat treatment used during the preparation of clarified butter (CB) had little or no 

influence on PV. 

 The clarified butter is more resistant to oxidation than that of raw butter. 

  Fresh butter is more susceptible to oxidation than rancid butter. 

 The fresh butter has more unsaturated fats than that of rancid butter. 

 Storage of butter for a long period of time results in rancidity or deterioration. 

 In the future the research should focus on how to treat butter for oxidative stability 

without the involvement of heat treatment for better oxidative stability. 

 



 

5.2 Recommendation 

 Butter should be clarified and treated with spices in order to have better oxidative 

stability and so that longer shelf-life. 

 Since heat treatment results in oxidation of butter fat, it is better to clarify butter within a 

few minutes and the temperature should be controlled.  

 Using rancid butter ( yebesele kibe) should be strongly avoided because it is more 

saturated and contains compounds which may harm our health, such as aldehyde 

compounds. 
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Appendix II Peroxide value of butter during 72 hours when accelerated at 65
o
C 

 

Appendix III Bromine value of butter during 72 hours when accelerated at 65
o
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Appendix IV FFA value of butter during 72 hours when accelerated at 65
o
C 

 

 

AppendixV P-anisidine value of butter during 72 hours when accelerated at 65
o
C 
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