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ABSTRACT 

 

 The purpose of this study was to determine the 

effect of canna starch as stabilizer on yogurt quality and 

storage time at the refrigerator temperature on syneresis, 

viscosity, and total plate count. The experimental design 

of the research was used completely randomized factorial 

design two factor : 5 treatments as first factor were used 

0% ; 0.5% ; 1% ; 1.5% and 2% concentration level of 

canna,3 storage time as second factor was done on 0 day 

; 7 day and 14 days with 3 replication (5x3x3). If there 

were any difference, then continued by using Duncan's 

Multiple Range Test (DMRT). Results of this research 

showed highly significant difference (P<0.01) between 

the percentage of addition canna powder on syneresis and 

viscosity, and showed significant difference (P<0.05) on 

total plate count (TPC). However there was no difference 

(P>0.05) between the storage time of canna starch on 
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syneresis, viscosity, and total plate count. addition of 

canna starch can maintain the yogurt quality with 

reducing syneresis (62.06±1.97), increasing viscosity 

(28.44±2.01), and inhibited bacteria growth (11.639 ± 

0.44) during the storage. Conclusion showed the two 

percent addition of canna starch showed the best result 

on syneresis 62.06% ,viscosity 28.44 Cp and total plate 

count 11.639 log10 CFU/ml . The 14th storage time 

showed the best result on syneresis 64.80 % ,viscosity 

16.20 Cp  and total bacteria 8.401 log10 CFU/ml in 7
th

 

days storage. Further research was needed more than 14 

days and organoleptic tests to determine the consumer 

acceptance. 

 

Keywords:stabilizer, syneresis,viscosity, total plate count 
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SUMMARY 

Yoghurt as milk fermented product has a good 

development for several years that affected by higher 

customer interest and its directly impact to increasing the 

yogurt production. However, the problems faced by 

producers was limitation of yogurt shelf life. During the 

storage, quality of yogurt will decrease. Addition of 

stabilizer is one of the technique that used to maintain the 

yogurt quality during storage.  

Research was conducted at the Animal Product 

Technology Laboratory of Animal Husbandy Faculty and 

Food Laboratory of Agriculture Technology Faculty, 

University of Brawijaya. Research was done for 2 

months starting December 29th , 2014 until February 

29th , 2015.  
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The purpose of this research was to determine the 

effect of starch in canna powder as a stabilizer to yogurt 

quality at the refrigerator temperature during the storage 

based on syneresis, viscosity, and total plate 

count.Advantage of the research was adding canna starch 

can be used as a natural stabilizer so that it can maintain 

the yogurt quality during storage at the refrigerator 

temperature. 

Research materials were milk as raw material, 

canna powder as stabilizer, and starter. The method of 

the research was experimental used completely 

randomized factorial design with two factor, first factor 

consist of the percentage level of adding the canna 

powder divided into 5group, T0(0%), T1(0,5%), T2(1%), 

T3(1,5%),and T4(2%), second factor consist of the 

storage time of yogurt was divided into 3 groups,         

D0 (0 days), D7 (7days), and D14 (14days) all of the 

treatment were done with 3 replication.Variable of this 

research were syneresis, viscosity, and total plate count. 

Data obtained from the results of subsequent studies 

analyzed by One way ANOVA If there was any 

difference, then continued by Duncan's Multiple Range 

Test (DMRT). 

Result of this research was adding of canna 

powder showed highly significant difference (P<0.01) 

between the percentage of addition canna powder, no 

difference (P> 0.05) to the storage time, and there was no 

difference interaction (P> 0.05) between two factors on 

yogurt drink syneresis. Adding of canna powder was 

reduced syneresis as well as water-binding agents. 

Average of yogurt drink syneresis level during the 14th 

days storage 62.06-74,12%. Adding of canna powder 
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showed highly significant difference (P<0.01) between 

the percentage of addition canna powder, no difference 

(P> 0.05) due to the storage time, and there was no 

difference interaction (P> 0.05) between two factors on 

yogurt drink viscosity. Adding of canna powder was 

increased the viscosity and increased the interactions 

between molecules in yogurt drink.Average of yogurt 

drink viscosity level during the 14th days storage 17.67 - 

28.44 Cp. Adding of canna powder showed significant 

difference (P<0.05) between the percentage of addition 

canna powder, no difference (P> 0.05) due to the storage 

time, and there was no difference interaction (P> 0.05) 

between two factors on yogurt drink total plate count. 

Adding of canna powder was reduce the total bacteria 

caused by pectin content in canna which can form a gel 

to bind water and to inhibit the growth of 

bacteria.Average of yogurt drink total plate count level 

during the 14th days storage 11,639 – 13,996 Log10 

CFU/ml. 

Conclusion of this research showed highly 

significant difference between the percentage of addition 

canna powder on syneresis and viscosity, and showed 

significant difference on total plate count. The best 

treatment was 2% addition of canna so the higher level 

addition of canna powder will result the better quality 

based on syneresis, viscosity and total plate count. 

Further research was needed on the yogurt drink quality 

during storage more than 14 days and organoleptic tests 

was needed to determine the effect of addition canna to 

costumer.acceptance.  
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CHAPTER I 

INTRODUCTION 

 

1.1 Background 

Milk is a high nutritious source of animal 

protein, its good to be consumed and very popular in 

the society. Complete nutritional content in milk was 

easily to be digested and absorbed to the body. Milk 

consumption level per capita in Indonesia is the 

lowest in Asian. Based on tempo data (2015), milk 

consumption level per capita reached 12 liters / year, 

compared to Malaysia (50.9 liters / year), India      

(47.1 liters / year), Singapore (44.5 liters / year),  

Thailand (33.7 liters / year) and Philiphine (13.7 

liters / year).Low consumption of milk was caused 

by a lack of awareness and the limitations of the 

variety dairy products. To increase milk 

consumption , the produsen should be innovative to 

make the dairy products more varied. To fulfill the 

desire of consumers about variations in dairy 

products it need application of technology of milk 

processing.with thus the quality and shelf life of milk 

can be improved.  

Milk is perishable food that easily to be 

spoiled by microorganisms, to prevent that problem, 

milk processing and preservation was needed , such 

as the making milk into yogurt. Yogurt have a better 

shelf life, and higher nutritional value than fresh 
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milk. Additionally, its appropriate for people with 

lactose intolerance (Marman, 2006). 

The development of consumer preference to 

yogurt directly impact to increasing the yogurt 

production. However, the problems faced by 

producers was limitation of yogurt shelf life. during 

storage, quality of yogurt will decrease and it 

showed  by following indicators: lower viscosity, 

higher syneresis and increasing the number of 

spoilage bacteria.To mantain the quality of yogurt, it 

must be storage in cold condition to inhibited the 

growth of spoilage and culture bacteria.  

Another technique to maintain the yogurt 

quality is the addition of stabilizer. Stabilizer have 

function to increase the viscosity of yogurt that can 

inhibit the growth of spoilage bacteria. Based on the 

texture, yogurt was divided into two types, liquid 

yogurt (yogurt drink) with low viscosity and yogurt 

set (thick yogurt) with high viscosity. The  good 

quality of thick yogurt should have a soft texture, no 

visible separation of whey, thick white cream color, 

natural taste and aroma of soft acid   (Lee and Lucey, 

2006).  

Natural thickener that needs to be added in 

the manufacturing process of yogurt to increase the 

viscosity are the starch (Foss, 2003). Starch as 

natural thickener or polysaccharide polymer 

consisting of D-glucopyranose by binding α-1,4 and 
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α-1,6 glycosidic. There are two types namely 

amylose, starch polymer is a linear polymer with the 

ability to form a gel after gelatination process of 

starch and amylopectin which is a branched polymer, 

a paste formed of amylopectin are sticky and elastic. 

The ratio of amylose and amylopectin in starch will 

affect the functional properties of the starch 

(Estiasih, 2006). 

One of natural thickening agent as starch 

source is canna plants (Canna edulis.Kerr) although 

it was local tubers that can’t be used optimally. 

Canna as a source of dietary fiber can improve the 

texture and have a good impact to our health, the 

amount of  edible tubers part is 68% with fiber and 

mineral content was higher than another tubers 

(Pangesthi, 2009).Canna contains quite high 

carbohydrates, nutritional content for every 100 

grams of canna, consists of 95.00 cal calories, 1.00 g 

protein, 0.11 g fat, 22.60 g carbohydrates, 21.00 g 

calcium, 70.00 g phosphorus , 1.90 mg iron, 0.10 mg 

vitamin B1, 10.00 mg vitamin C, 75.00 g water. 

(Indonesian Directorate of Nutrition,1981). The 

purpose of this research is to determine the effect of 

canna powder and storage time at refrigerator 

temperature on syneresis, viscosity, and total culture 

bacteria of the yogurt drink. 
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1.2 Research Problems : 

1. Are there any effects of addition canna starch on 

yogurt drink syneresis during the storage at 

refrigerator temperature ? 

2. Are there any effects of addition canna starch on 

yogurt drink viscosity during the storage at 

refrigerator temperature ? 

3. Are there any effects of addition canna starch on 

yogurt drink total plate count during the storage at 

refrigerator temperature ? 

1.3 Objectives of this study : 

1. Determine the effect of addition canna starch on 

yogurt drink syneresis during the storage at 

refrigerator temperature. 

2. Determine the effect of addition canna starch on 

yogurt drink viscosity during the storage at 

refrigerator temperature 

3. Determine the effect of addition canna starch on 

yogurt drink total plate count during the storage 

at refrigerator temperature 

1.4 Advantages of research : 

Adding canna starch can be used as a natural 

stabilizer so that it can maintain the yogurt quality 

during storage at the refrigerator temperature. 
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1.5 Conceptual Framework of the research : 

Milk as a perishable food has high nutrition 

that not only give beneficial to humans but also a 

suitable media for the growth of spoilage 

microorganisms. Therefore, fresh milk should receive 

treatment to extend the shelf life, and increase the 

economic value of milk. Processing that can be done 

is, make yogurt as milk fermentation (Widodo, 2002). 

The maximum shelf life of yogurt at room temperature 

only about one weeks, to extend the shelf life and 

maintain the quality of yogurt should be stored at 5°C 

temperature  (Sugiarto ,1997).   

Yogurt is a fermented product that derived 

from the use of Lactobacillus delbrueckii subsp. 

bulgaricus and Streptococcus salivarius subsp. 

thermophilus. Both types of bacteria are converting 

lactose (milk sugar) into lactic acid and various 

components of the aroma and flavor. Lactobacillus 

bulgaricus have main role in the formation of aroma, 

while Streptococcus thermophilus have main role in 

the formation of yogurt flavor (Abdillah, 2004) 

fermentation of a generic milk mix and forms a gel 

made up a bond of casein micelles. In this bond 

structure, there are empty spaces that are filled with a 

liquid phase that known whey. There are also slightly 

larger spaces that are occupied by starter bacteria. 

Trapped starter bacteria and whey within the casein 

bond provide the viscoelastic properties. During the 
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storage, the number of bacteria will be increased and 

make the loosen of the casein bond then affecting to 

decrease the viscosity. 

 Maintain the quality of yogurt need addition of 

thickening agent to increase the viscosity, common 

thickening agent is Carboxymethycellulose (CMC). 

Application of synthetic materials in yogurt process 

can be minimized and replaced by natural materials to 

reduce negative effects on the health  in the future. 

Example of natural thickening agent is a canna. The 

starch is produced of canna tubers consisting of D-

glucopyranose by binding α-1,4 and α-1,6 glycosidic. 

There are two types namely amylose and amyopectin. 

Amylose is a linear polymer with the ability to form a 

gel after gelatination starch and amylopectin which is 

a branched polymer, a paste is formed of amylopectin 

is sticky and elastic. Amylopectin has very high 

capability of water holding capacity as to increase the 

viscosity and  maintain the stability of yogurt. The 

ratio of amylose and amylopectin in starch will affect 

the functional properties of the starch. In canna tubers 

have amylose and amylopectin 18.6% of 81.4% 

(Estiasih, 2006). 

.  
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Figure 1.Conceptual Framewok of Research 

1.6 Hypothesis 

 Hypothesis 1   

H0 : Different percentage and storage time of canna 

starch can’t increase the viscosity of yogurt 

drink 

decreasing the 

viscosity 

Milk as 

Perishable 

food  

Fermentation : 

lactose -> lactic 

acid 

Storage 

maintain the stability and 

the quality 

Amylose (18,6%) 

 to form a gel after 

gelatination starch  

Yogurt 

Drink 

Characteristics Test 

 Physical  : Viscosity, Syneresis 

 Chemical : Total Plate Count 

forms a gel made up a bond 

of casein micelles 

number of bacteria increased  

and make the loosen 

 of the casein bond 

Adding Canna Starch 

as stabilizer 

Amylopectin (81,4%)  

high capability of 

water holding capacity 
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H1 : Different percentage and storage time of canna 

starch can increase the  viscosity of yogurt 

drink 

 Hypothesis 2  

H0 : Different percentage and storage time of canna 

starch can’t decrease the syneresis of yogurt 

drink 

H1 : Different percentage and storage time of canna 

starch can decrease the  viscosity of yogurt 

drink 

 Hypothesis 3   

H0 : Different percentage and storage time of canna 

starch can’t reduce the total bacteria of yogurt 

drink 

H1 : Different percentage and storage time of canna 

starch can reduce the total bacteria of yogurt 

drink 
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CHAPTER II 

LITERATURE REVIEW  

 

2.1 Yogurt 

Yogurt is a fermented drinks which is made 

from fresh milk or skimmed milk using indigenous 

lactic acid bacteria as a starter such as Lactobacillus 

bulgaricus and Streptococcus thermophilus with or 

without any additional food materials and permitted 

food additives. Yogurt as a viscous liquid drink with 

sour taste (from lactic acid accumulation) and spesific 

flavor (from acetaldehyde component, a small number 

diacetyl, aceton, acetoine, etc) is a result from activity 

of lactic acid bacteria in fermentation milk process 

(Wresdiyatib, Astawan, and Sulintaria, 2012). 

Yogurt have been manufactured from milk 

with or without compositional modification as limited 

by the provision These starter bacteria shall be viable, 

active and abundant in the product to the date of 

minimum durability. Yogurt was formed by  

Symbiotic cultures of Streptococcus thermophilus and 

Lactobacillus delbrueckii subsp. Bulgaricus (CODEX, 

2003). Standard composition of some types of 

fermented milk such as fermented milk, yogurt, and 

kefir already in the codex standart 2003 and can be 

seen in Table 1 

Producer have responded to the development 

of yogurt market by introducing many different types 
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of yogurt including low fat and no-fat, creamy, 

drinking, bio-yogurt, organic, baby, and frozen. 

Drinking yogurt is a thinner product, which has a 

lower solids level than typical yogurt. Some consumer 

are dislike about typical yogurt caused by too sour 

taste and thick texture, therefore it is necessary to 

diversify the product to make yogurt products are not 

too sour and thick so it is easy to drink (Wresdiyatib et 

al., 2012). 

Table 1 . Composition of yogurt and several milk product 

based on Codex Standart  

The basic method and manufacturing process 

for making yogurt are homogenization process, 

heating or sterilization, inoculation, fermentation, 

 
Fermented 

Milk 

Yogurt, Alternate 

Culture Yogurt and 

Acidophilus milk 

Kefir 

Milk protein
(a) 

(% m/m)  

min. 2.7% min. 2.7% min. 2.7% 

Milk fat (% )  less than 10% less than 15% less than 10% 

Titrable acidity, 

lactic acid, 

Ethanol (%)  

min. 0.3% min. 0.6% min. 0.6% 

Sum of micro 

organisms 

constituting the 

starter culture  

(cfu/g, in total) 

min. 10
7 

min. 10
7
 min. 10

7
 

Labelled 

microorganisms 

(cfu/g, total) 

min. 10
6
 min. 10

6
 

 

Yeasts (cfu/g)    min. 10
4
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cooling and packaging. In the past, traditional yogurt 

produced with a very simple method, but now the 

production process has involved the development of 

existing technologies (Haryani et al., 2012). 

Yogurt is a dairy product produced by the 

bacterial fermentation of milk.  Because of that, milk 

as the raw material of yogurt has potential media of 

the harmful organisms growth that can make the 

yogurt quality decreasing during the storage. High-

quality yogurt containing lactic acid bacteria kept at 

2–6 °C lasts at least a couple of weeks. Correct 

storage conditions, appropriate packaging and lactic 

acid bacteria themselves protect yogurt from spoiling. 

Although yogurt is a dairy product that keeps well, 

should take a look at the experied date before buying 

the product. If the temperature requirements in the 

storage chain have been violated, the fermentation 

process in the packed yogurt accelerates and the 

flavour and quality of the product decreases (Vahedi, 

2008). 

There are four benefits derived from the 

fermentation of milk is a natural preservative, 

improving nutritional value, flavor and texture to get 

the preferred and increase the variety of food. Yogurt 

is also used as a drink for the purpose of diet and 

medication. This is what makes yogurt favored by 

consumers from all arround the world (Sunarlim, 

Setiyanto, and Poeloengan, 2007). 
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2.2 Raw Material of Yogurt 

In the process of making yogurt, raw materials 

play a major role which greatly affects the quality of 

yogurt. with the use of raw materials in accordance 

with the standards will result in a good quality yogurt. 

2.2.1 Milk 

Milk is a nutritive beverage obtained from 

various animals and consumed by humans. Most milk 

is obtained from dairy cows, although milk from 

goats, buffalo, \and reindeer is also used in various 

parts of the world (Saleh, 2004) 

Milk protein is need for the organism growth, 

as a nutritious food protein. It contains all the esentials 

amino acids the human body needs in the appropriate 

quantities and composition. Yogurt process has been 

increasing the protein content, this being beneficial for 

consumers. Activity of lactic acid bacteria on yogurt 

proteins are more or less curdled, and so easier to 

digest. Compared with fresh milk, yogurt is digested 

more quickly. It is also important that the fermenting 

process decreases the allergenicity of milk proteins. 

(Maheswari, 2008). 

To get a good quality of yogurt products, raw 

milk must fulfill the standards of fresh milk, by the 

Indonesian National Standard (SNI, 2011) this 

standard specifies requirements for quality can be seen 

in Table 2. 
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Table 2 . Quality Requirment of fresh cow’s milk based 

on SNI  2011 
Content Quality Requirment 

Density (g/ml) 1,0270 

Fat (%) Min 3,0 

Solid Non Fat (%) Min 7,8 

Protein (%) Min 2,8 

Acidicy level 6,3-6,8 

Alcohol test (70%) v/v negative 

Max Microboiological 

contamination 

4x10
5 
Cfu/ml 

Antibiotic residue 

(penisilin,Tetrasiklin, 

Aminoglikosida, Makrolida)  

Negative 

Forgery Test Negative 

Freezing point -0,520 s.d - 0,560 
o
C 

Peroxidase Test, Positif 

Metal Contamination, max 

 

Timbal (Pb) 0,02 µg/ml 

Merkuri (Hg) 0,03 µg/ml 

Arsen (As) 0,1 µg/ml. 

Fat content of yogurt directly depends on the 

fat content of the raw material, lactid acid have 

potentialy to excrete lypase it can be converted into 

flavour aroma components. Yogurts are divided into 

three groups based on their fat content. First of all are 

the so-called low-fat products, the fat content of which 

is between 0.1–0.5%. The second group comprises 

milk yogurts with a fat content of 1.5–3%. This is the 

unrivalled best-selling product group. Dessert yogurts 

or yogurt desserts have more fat – around 5–10%. And 

the fat content of some cream yogurts is even higher. 

The more fat the product contains the thicker and 

creamier is its texture. (Abbas and Abdulkarim, 2010) 
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Protein and fat are the most important in milk. 

Milk protein content ranged between 3-5 percent, 

while the fat content ranges between 3-8 percent. The 

energy content is 65 kcal, and the pH of the milk is 

6.7. Average milk composition can be seen in figure 2 

as follows : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Diagram of Fresh Milk Composition (Agus, 

2007) 

Food fats in yogurt are important in terms of 

energy. The fatty acid composition of their lipids is 

diverse enough that it is biologically valuable.In 

addition, fatty acids give the product its special taste 

and a softness and smoothness that can feel in mouth 

(Wahyudi, 2006). 
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Vitamin, 

enzyme, 
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(0,85% ) 
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(3,45% ) 

Protein 

(3,45% ) 
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2.2.2 Lactic Acid Bacteria 

Lactic acid bacteria (LAB) is the category of 

the safe bacteria when added to food because it is not 

toxic, does not produce toxins and generally fulfill the 

Genereally Recognized As Safe (GRAS) status which 

microbes are not a health risk, even some types of 

bacteria are useful for health (Lourens and Viljoen, 

2011). 

Milk is a normal habitat of a number of lactic-

acid bacteria, which cause spontaneous souring of 

milk held at bacterial-growth temperatures for an 

appropriate length of time. Depending on the types of 

lactic-acid bacteria gaining entry from environmental 

sources (air, utensils, milking equipment, milking 

personnel, cows, feed), the sour milk attains a 

characteristic flavor and texture (Chandan, 2012). 

Among the lactic acid bacteria used in the food 

industry, there can be mentioned the general 

Streptococcus, Laclococcus, Laclobacillus, 

Leuconosloc, Pediococcus and Bifidobaclerium. 

Lactic acid bacteria of these genera are used 

extensively alone or in combination With other 

bacteria for the production of foodproducts, 

inparticular fermented products.  

In yogurt, psychrotrophic acid tolerant yeasts 

and moulds are critical for the shelf-life. Although the 

presence of some secondary metabolites, produced by 

Lactobacillus delbrueckii subsp. bulgaricus and 
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Streptococcus thermophilus, plays an important 

selective role on mould growth (Ndagijimana & 

Corsetti, 2008), Starter cultures used in the 

manufacture of commercial fermented milks can be 

seen in Table 3  

Table 3.Starter cultures used in the manufacture of 

commercial fermented milks 
Product Primary 

Microorganisms 

Secondary/opti

onal 

microorganism 

 

Incubation 

temperatur

e 

and time 

Major 

function 

of culture 

Yogurt 

(a) 

- Lb. Delbrueckii 

subsp.bulgaricus 

- Strept.thermophil

us 

- Lb.Acidophilus 

Bifidobacteriu

mlongum/ 

bifidum/infantis
Lb.casei/ 

lactis/rhamnosu

s/ 

43–45 

°C/2.5 

Hours 

- Acidity 

- Texture 

- Aroma, 

- flavor, 
- probiotic 

Cultured 
buttermil

k and 

sour 

cream (b) 

- Lc. lactis subsp. 
Lactis 

- Lc.lactis sub sp. 

Cremoris 

- Lc. lactis subsp. 
lactis 

var. Diacetylactis 

- Leuconostoc 
lactis 

- Leuconostoc 

mesenteroides 

subsp. 
Cremoris 

22 °C/12–14 
Hours 

- Acidity 
- Flavor 

- aroma 

Probiotic 

fermented 
milks (c) 

- Strept. 

Thermophilus 
- Lb. Acidophilus 

- Lb. casei , 

- Lc. lactis subsp. 

lactis/ cremoris 

22–37 °C/ 

37–40 °C/ 
8–14 hours 

- Acidity 

- flavor 
- probiotic 

Adapted from Josephsen and Jespersen
a)

(2004), Tamime and 

Robinson
b)

 (2007) and Chandan and Nauth 
c)
(2012). 

They are used in particular in the formulation 

of the ferments used for the production of fermented 

milks, for example yogurts. Certain of them play a 

dominant role in the development of the texture of the 

fermented product. This characteristic is closely 
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linked to the production of polysaccharides 

(Folkenberg, 2013). 

Lactic acid bacteria have a secondary lipolytic 

activity, which can break down fat milk into simpler 

chemical compounds. Lipolytic activity is controlled 

by the enzyme lipase which is owned by lactic acid 

bacteria that can liberate fatty acids into milk 

molecules  (Sunarlim et al, 2007). 

2.2.2.1 Lactobacilus bulgaricus 

The probiotic bacteria as a component of                   

“thermophillic” starter cultures, used in commercial 

fermented products today, are mainly members of the 

genera Lactobacillus and Bifidobacterium  (Tufail et 

al, 2011). 

      

Figure 3. Lactobacillus delbrueckii ssp. Bulgaricus   

                     (Texeira, 2014) 

Genus Lactobacillus consists of beneficial 

micro-bacteria that are usually present in the 

gastrointestinal tracts. Lactobacillus bulgaricus 

(binomial name Lactobacillus delbrueckii subsp. 
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bulgaricus) is one of several bacteria used for the 

production of yogurt.              L. bulgaricus are Gram 

positive, acid tolerant (relatively low pH 5.4-4.6), 

facultatively anaerobic, non-motile and non-

sporeforming, rod-shaped members of the industrially 

important lactic acid bacteria (Tufail and Hussain, 

2011). 

 Lactobacillus bulgaricus is an anaerobic 

bacteria. Lactobacillus bulgaricus is gram- positive. 

The Gram stain test shows differences in the cell walls 

of bacteria. Gram-positive bacteria have a thick 

peptidoglycan layer and a thin cell membrane. On the 

other hand, Gram-negative bacteria have thin layers of 

peptidoglycan and cell membrane and a layer of 

lipopolysaccharide. (Laurens, 2010). 

Lactobacillus bulgaricus is also catalase-

negative which means that this bacterium does not 

have the enzyme catalase in it. Catalase degrades 

hydrogen peroxide. Lactobcaillus bulgaricus  was 

Indole-negative. This means that L. bulgaricus does 

not have the ability to split indole from the amino 

acids. This bacterium is also Citrate- negative, 

meaning that it is not able to use solely Citrate for its 

carbon source. Lactobacillus bulgaricus does not have 

a flagella, making it non-motile. Non-motile bacteria 

cannot move. A flagella is like a tail on the end of the 

bacteria that makes it move (Texeira, 2014). 



19 

 

In yogurt manufacturing process Lactobacillus 

bulgaricus role is decreasing the pH about 4.0. In 

addition, Lactobacillus bulgaricus also contribute to 

flavor yogurt through the production of lactic acid, 

acetaldehyde, acetic acid, and diacetyl. in milk is more 

proteolytic which contribute to the texture and aroma 

of fermented milk products, namely by releasing 

valine, histidine, and glycine are required by S. 

thermophillus during growth. 

Lactobacillus delbrueckii ssp. bulgaricus (L. 

bulgaricus) a polysaccharide-producing lactic acid 

bacterial strain, has been confirmed by studies using 

mice to exhibit more marked effects on the immune 

system than other lactic acid bacteria. the daily intake 

of yogurt fermented with L. bulgaricus OLL1073R-1 

including its cell body and immunostimulatory 

polysaccharides is considered to induce the activation 

of biological defence mechanisms including natural 

killer cells and to exhibit infection-preventing effects 

against pathogens such as viruses. (Makinor, 

Ikegami,and Kum, 2010) 

The important uses of Lactobacillus 

bulgaricus is producing yogurt. It helps in this process 

by fermenting lactose. Another important function of 

Lactobacillus bulgaricus is its ability to break down 

special enzymes like lactose in the body. This 

breaking down of enzymes helps the digestive 
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process, especially for people who are lactose 

intolerant. (Makinor et al., 2010). 

  This helpful bacteria also helps other beneficial 

bacteria to grow which helps the immune system. It 

can also help to metabolize lipids and keep cholesterol 

levels at a healthy level. It can stop many infections in 

the body because of its antibiotic properties. It does 

this by producing acid which keeps out many bad 

bacteria. Another way it keeps bad bacteria from over 

populating is by clinging on the intestinal walls. If 

these "friendly" bacteria cover the walls, then the bad 

bacteria that cause diseases will not be able to live 

here. (Settachaimongkon and Nout, 2014). 

2.2.2.2  Streptococcus Thermophilus 

S. thermophilus bacteria shown in Figure 4 are 

round or ovoid (coccus) 0.7-0.9μm diameter, in pairs 

or form long chains, gram-positive, not tolerant of salt 

concentration more than 6.5%, haven’t spores, 

thermodynamic, and live in the near neutral 

atmosphere  with optimal pH for growth is 6.5. 

(Muchtadi and Tien, 2010). 

S. thermophilus bacteria can form the acids, 

thus decreasing the pH and synthesize the formic acid 

can stimulate the growth of L. bulgaricus. The 

optimum growth temperature of S. thermophillus 

between 40-45 °C but can not grow at temperatures 

below 53 °C and a temperature of 20°C and has a heat 
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tolerance at 65 °C for 30 minutes. S. thermophillus is 

homofermentatif, ferment lactose, sucrose, glucose, 

fructose, and the main production of L (+) lactic acid 

(Laurens, 2010) 

   

Figure 4.Streptoccous Thermophilus  (Texeira, 2014). 

Streptococcus thermophilus is one of the 

species that plays a great, interesting role for its 

contribution to the rapid transformation of lactose 

milk in lactate, the secretion of exopolysaccharides, 

synthesis of vitamins like folic acid, and production of 

some flavour compounds such as acetaldehyde 

(Bennama et al., 2012). 

Streptococcus thermophilus also produces 

exopolysaccharides. These are essential to the texture 

of fermented milk products and also to the production 

of reduced-fat dairy products that maintain similar 

characteristics to their full-fat counterparts. One of 

Streptococcus thermophilus unique abilities is that it 

can break down casein the protein in dairy products It 

reduces them into small peptides and amino acids that 
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are required for the maturation of textures and flavors. 

(Settachaimongkon et al., 2014). 

The cell structure of Streptococcus 

thermophilus allows the bacteria to endure elevated 

temperatures, such as the many industrial dairy 

fermentation processes that require high temperatures. 

Streptococcus thermophilus also lacks genes which 

contain surface proteins. This is important because 

harmful bacteria use these surface proteins to attach to 

mucosal tissues and hide from the body’s defensive 

actions. (Irkin and Eren, 2008). 

Ongoing research and experimentation have 

improved the Streptococcus thermophilus strain even 

beyond its natural beneficial state. This improved 

strain is responsible for the consistent taste and texture 

of many dairy products. It also provides stable 

fermentation and a resilience to bacteriophage. (Rotar 

and Semeniuc, 2014). 

2.3 Canna (Canna edulis Ker) 

Canna with the scientific name Canna edulis 

Ker, an upright plant that reaches 0,9- 1,8 m to 3 m. 

Tuber can reach a length of 60 cm, surrounded by 

traces of scales and thick fibrous roots. The form and 

content of the tuber diverse composition. In Indonesia 

canna varieties are cultivated there are red canna and 

white canna (Lingga, 2006). 
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Table 4. Clasification of canna (Suhartini, 2010). 
Levels Name 

Kingdom Plantae 

Divisi Magnoliophyta 

Class Liliopsida 

Ordo Zingiberales 

Famili Cannaceae 

Genus Canna 

Spesies edulis Ker 

Canna edulis, which contains abundant 

phenolic compounds with a higher nutritional quality 

than that of other rhizomes, is largely cultivated in 

South America, Taiwan, Vietnam, Thailand and 

China. The dry rhizome of C. edulis contains 70–80% 

starches which are reported for one of the most 

potential raw materials for industrial production. 

Some studies have been conducted on physiochemical 

properties and modification of Canna edulis starch 

(Zhang and WuWang
a
, 2009) 

 

   

Figure 5. Canna Tubers (Kementerian Pertanian, 2013) 

Canna generally known in the rural areas. 

Actually, this canna plant originally came from the 
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South America, but has long been familiar among our 

farmers. Canna is a type of plant tubers or rhizomes 

are widely used for consumption. The existence of 

canna in East Java region sufficiently abundant to ± 

700 tons / year) are scattered in various areas such as, 

Trenggalek, Bojonegoro, Ngawi, Nganjuk, 

Banyuwangi and Malang (Pangesthi, 2009), Nutrition 

Composition of 100 g canna can be seen in    Table 5. 

Table 5. Nutrition Composition of 100 g canna.  

Component Total 

Calorie (Kkal) 95 

Protein (gr) 1,0 

Fat (gr) 0,1 

Carbohydrate (gr) 22,6 

Calsium (Mg) 21 

Phospor (Mg) 70 

Zink (Mg) 20 

Vitamin B1(Mg) 100 

Vitamin C (Mg) 10 

Water  (gr) 75 

Edible Material 

(%) 
65 

Source : (Direktorat Gizi Departemen Kesehatan, 1981) 

Plant canna (Canna edulis) as local tubers that 

have not been used optimally proved to have 

advantages in terms of the amount of the edible tuber 

part as much as 68% with fiber and mineral content is 

higher than other tubers (Pangesthi, 2009). 
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Canna edulis Ker, belonging to the genus 

Canna (Cannceae), is largely cultivated in South 

America, Taiwan, Vietnam, Thailand and China. The 

dry rhizome of C. edulis contains 70-80 g/100 g 

starches. Some studies have been conducted on 

physiochemical properties and modification of C. 

edulis starch (Zhang and Wu Wang
b
, 2011). 

Chemical composition of Canna and 

Arrowroot starches included amylose and amylopectin 

has show in Table 6. 

Table 6.Chemical composition  of  Canna and Arrowroot 

starches. 

Parameter Canna Starch Arrowroot Starch 

Moisture (%) 18,17 15,34 

Crude Protein (%) 0,67 0,50 

Crude fat (%) 0,05 0,18 

Crude Fibre (%) 0,34 0,47 

Ash (%) 0,32 0,21 

Amylose (%) 13,77 15,21 

Amylopectin (%) 86,23 84,79 

Source : (Perez & Lares, 2005). 

Amylose is a polysaccharide, a polymer 

composed of glucose as the monomer. Each monomer 

is connected with 1,4-glycosidic bond. Amylose is an 

unbranched polymer which together with amylopectin 

starch into constituent components. In cooking 

process, the amylose have solid effects of starch or 

flour. (Sabaté, 2012). 
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Amylopectin is a polysaccharide composed of 

α-glucose monomers. Amylopectin become one of the 

two constituent compounds starch, together with 

amylose. Although composed of the same 

monomer,amylopectin different to amylose, which is 

visible from its physical characteristics.Structurally, 

amylopectin is formed from glucose chains attached 

with 1,4-glycosidic bond, together with amylose. 

Nevertheless, in the form of amylopectin branches 

(approximately every 20 chain glucose) with 1,6-

glycosidic bond (Bertoft and Koch, 2012). 

A way to increase the viscosity and stability of 

the yogurt is with the addition of stabilizers, such as 

starch and gelatin, which serves to increase the 

viscosity, improve the structure of the gel, improve 

water holding capacity and reduce the risk of 

syneresis. Use of starch in canna as a stabilizer yogurt 

because of high amylopectin content of about 86% 

(Asri and Rouf, 2013). 

2.4 Total Plate Count 

Quality of food is related to its physical, 

chemical, microbiological, and sensory properties. 

The microbiological quality can be roughly evaluated 

by analyzing the food for total plate count (TPC). In 

some foods, high TPC may indicate poor quality. 

Food which appears normal may have a high TPC, 
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indicating that the food is about to spoil. (Lahtinen 

and Gueimonde, 2005).  

Microbial populations at TPC contained in 

food products without showing certain types of 

microbes, so it can be used as a general overview of 

microbes in the food. Making yogurt drink, is 

expected to grow bacteria dominated by lactic acid 

bacteria (Rozi, Radiati, and Rosyidi, 2010)There are 

several approaches for counting bacteria, but 

predominant among them are the standard plate count 

(SPC) and Total Plate Count (TPC)  methods. These 

methods are used to estimate the number of live 

bacteria in sample. Because there are so many 

diferrent bacteria present in samples taken from the 

environment or from food (Brovko, 2007). 

Testing food for TPC involves homogenizing 

the sample, making serial dilutions of the 

homogenezid sample, plating on plate count agar, 

incubating plates aerobically at 35-37C for 48 hours, 

enumerating colonies on plates and calculating the 

CFU/ml or CFU/g of food. Although TPC is a quick 

and efficient method to obtain a generalized idea 

about the microbiological quality of food (Yousef and 

Carlstrom, 2003). 

Plates of the product sample are incubated at 

an optimal temperature usually for 2-5 days, when the 

number of formed colonies is counted and weighted 

by dilution factor. Presuming that each coloony has 
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been formed from one bacterial cell, the bacterial 

population in the original sample is measured as 

colony-forming units (CFU) per ml / gr. (Brovko, 

2007). 

The spoilage of acidic foods is most often due 

to contamination with aerobic acid-tolerant bacteria as 

well as yeasts and molds. Thus, enumeration of these 

microorganisms is an important aspect of evaluating 

the microbiological quality of acidic foods. However, 

the most frequently used analytical total plate count 

(TPC) method for enumeration ( Ferrati and Tavolaro, 

2005). 

2.5 Viscosity 

Viscosity is an important property of fluid 

foods. It is defined as the internal friction of a liquid 

or its ability to resist flow. Viscosity of a liquid is an 

important parameter as it can be used as an indicator 

of quality by the consumer, in some instances a 

thicker liquid being thought of as superior quality 

when compared to a thinner product.Viscosity is also 

a characteristic of the texture of food. This means that 

the viscosity of a product must be controlled and 

measured in production so that each batch is 

consistent from day to day. (Nussinovicht and 

Hirashima, 2014). 

Viscosity is a direct measurement of a fluid’s 

quality. It is important to be measured because a 



29 

 

change in viscosity can indicate a fundamental change 

in the material under test. Viscosity is often an 

extraordinarily sensitive measurement of another 

property such as solids content and crystal 

concentration (Abbas and Abdulkarim, 2010). 

Viscosity and shear thinning behaviour as well 

as elasticity are important in food applications. 

Viscosity contributes to thickening. It is the propertt 

of a product to resist deformation. In the context of 

fermented dairy products, this attribute can be 

described as slimy and fluid. (Abbas and Abdulkarim, 

2010). 

Shear-thinning as a rheological property (the 

decrease of viscosity with increasing shear rate) has 

been associated with the texture / consistency of a 

food product. For example, in a fluid food (e.g 

chocolate milk or drinking yogurt) the viscosity has to 

be high at zero-shear rate to prevent particle 

sedimentation, whereas during pouring and drinking 

(invoking higher shear rates) it is desirable that the 

viscosity decrease. (Mc Kenna, 2003). 

The viscosity characteristics of food products 

influence many aspects of the fluid performance 

during processing (pumpability, droplet breakup in 

spray drying, emulsion formation, flow into molds and 

formability) and the quality of liquid products 

(texture, flavour and appearance). Viscosity correlates 

with composition and molecular distribution, and 
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hence the characteristics of the material by 

determining viscosity, it is possible to quantify 

changes in flowing compositions with respect to time 

(Malinauskyte and Leskauskaite, 2013). 

2.6 Syneresis 

The rheology of yogurts or fresh fermented 

products generally describes and measures  the texture 

of the product and includes such terms as viscosity 

and firmness of the gel while syneresis refers to the 

tendency of the yogurt to whey-off during storage. 

The importance of rheology and susceptibility to 

syneresis of fermented milk products is that they both 

have major impacts on consumer perceptions of the 

final product quality (Vahedi, 2008). 

Factors that affect syneresis yogurt, among 

others, is the acidity and pH, and water holding 

capacity. Gelatin was able to form a peptide bond with 

casein and prevent hydrogen bonding between casein 

and lactic acid in acidic conditions, can lead to 

decreased water holding capacity and increasing 

syneresis (Tamime and Robinson, 1999). 

 The higher concentration of starch stabilizer is 

added, the resulting syneresis will be lower. A 

stabilizer that is reducing syneresis as well as water-

binding agents by increasing the hydrophilic of the 

protein,caused by the capacity of the high water 

holding capacity so as to reduce syneresis. (Setianto 

and Pramono, 2014). 
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CHAPTER III 

METHOD AND MATERIALS 

 

3.1 Time and Location 

Research was conducted at the Animal Product 

Technology Laboratory of Animal Husbandy Faculty 

and Food Laboratory of Agriculture Technology 

Faculty,University of Brawijaya. Research was done 

for 2 months starting December 29th , 2014 until 

February 29th , 2015. Preparation of yogurt, syneresis 

analysis and TPC analysis carried out in the Animal 

Product Technology Laboratory of Animal Husbandy 

Faculty, and for the viscosity analysis carried out in 

the Food Laboratory of Agriculture Technology 

Faculty,University of Brawijaya. 

3.2 Research Materials and Equipment 

3.2.1 Materials 

a. Milk 

Milk used as raw materials of yogurt 

manufacturing process was obtained from KUD 

of Junrejo Subdistrict, Batu City. Milk quality 

specification is 3.7% fat, 2.7% protein, 24.5 to 25 

of Density, Sugar Test negative, Alcoholic Test 

Negative , Total Plate Count 2 x 10
3 

b. Canna Powder 

Canna used as stabilizer was obtained from local 

farmers in Benjor Village, Tumpang Districk 
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c. Starter 

Starter that used for making yogurt were obtained 

from the “Rumah Yogurt” that owned by 

Mr.Purwadi and located in Junrejo district,  Batu 

city. The starter was include of Lactobacillus 

bulgaricus and Streptococcus thermophilus 

3.2.2 Equipment 

The equipment that used in this research is one 

set of equipment for the TPC (Total Plate Count) 

include wire loop, paper craft, autoclave, freezer, 

plastic covers, gloves, masks, alcohol, sterile room, 

Test Tube, shelves, petri dish, blue tip, micropipette, 

Erlenmeyer, scales, hot plate stirrer, glass beaker, and 

1 set of equipment for syneresis include testube, 

pipette, glass beaker, scales, and centrifuge 

3.3 Research Method  

The research method is divided into several stages. 

1. The process of making canna powder, the process 

was begin with cutting canna then take it in the 

oven 50 ° C, and milled . 

2. Pre research was done with the process of making 

yogurt with various levels addition are 1% - 5% 

of canna powder. The aim of this pre research to 

determine the percentage of appropriate and 

determine the maximum level for adding the 

canna powder, after pre research we have the 
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result that higher percentage level of canna will 

affect  to yogurt texture. 

3. Manufacturing process of yogurt drink have 

several step, first step is pasteurized milk at 

temperature of 72 degrees Celsius for 15 seconds, 

then the milk is adding canna as a treatment, the 

first group (X0) is not given additional canna 

powder the second group (X1) will be adding 

canna powder 0.5% of the total yogurt products, 

the third group (X2) will be will be adding canna 

powder 1% of the total yogurt products, the fourth 

group (X3) will be adding canna powder 1.5% of 

the total yogurt products, and the fifth group (X4) 

will be adding canna powder 2% of the total 

yogurt products, it can be written: 

X0 = Milk 

X1 = Milk + 0.5% canna powder 

X2 = Milk + 1% canna powder 

X3 = Milk + 1.5% canna powder 

X4 = Milk + 2% canna powder 

4. The addition of starter, milk pasteurization is done 

when the temperature reaches 40 degrees Celsius. 

5. Packaging, milk that has been mixed with the 

stabilizer and the starter is packed in plastic bottles 

that are labeled and sealed properly in order to 

obtain anaerobic conditions, for the purposes of 

fermentation. 
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Storage 

for 0 days   

Storage 
for 7 days 

Storage 
for 14 
days 

6. Incubation, after the packaged milk will be 

incubated at room temperature for 24 hours  then at 

refrigerator temperature + 5
o
C and provided 

treatment day 1, day 7 and day 14. In a structured 

method of research can be seen in Figure 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Method structured of the research 

The experimental design used in this research 

is completely randomized factorial design two factor 

that 3x3x5 treatment of various concentrations of 

canna in a variety of storage time. Combination 

treatment is shown in Table 7 
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Table 7. Research combination treatment . 

Treatment 
Replication 

1 2 3 

T0 

0 T0D0R1 T0D0R2 T0D0R3 

7 T0D7R1 T0D7R2 T0D7R3 

14 T0D14R1 T0D14R2 T0D14R3 

T1 

0 T1D0R1 T1D0R2 T1D0R3 

7 T1D7R1 T1D7R2 T1D7R3 

14 T1D14R1 T1D14R2 T1D14R3 

T2 

0 T2D0R1 T2D0R2 T2D0R3 

7 T2D7R1 T2D7R2 T2D7R3 

14 T2D14R1 T2D14R2 T2D14R3 

T3 

0 T3D0R1 T3D0R2 T3D0R3 

7 T3D7R1 T3D7R2 T3D7R3 

14 T3D14R1 T3D14R2 T3D14R3 

T4 

0 T4D0R1 T4D0R2 T4D0R3 

7 T4D7R1 T4D7R2 T4D7R3 

14 T4D14R1 T4D14R2 T4D14R3 

 

3.4 Variable  

The independent variable of this research is 

the difference of the addition concentration level of 

canna starch in yogurt drink. The dependent variable 

is the quality of yogurt drink based on syneresis, 

viscosity and total plate count and were tested on 0 

day, 7
th

 day, and 14
th

 day with storage at refrigerator 

temperatures (5 ° C) 

1. Syneresis 

Yogurt drink syneresis following the 

procedure by Kalab (2000) are listed in Appendix 1 

2. Viscosity 
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Yogurt drink Viscosity following the 

procedure by Sudarminto and susanto (1998) are 

listed in Appendix 2 

3. Total Plate Count 

Total Plate Count  following the procedure 

by Fardiaz (1993) are listed in Appendix 3 

3.5 Data Analysis  

Data obtained from the results of subsequent 

studies analyzed by One way ANOVA and if there is 

any difference then continued by test using Duncan's 

Multiple Range Test (DMRT) at the 5% significance 

level (α = 0.05).  
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CHAPTER IV 

RESULTS AND DISCUSSIONS 

 

4.1.General Description of Yogurt Drink With The 

Addition of Canna Powder 

The content of lactic acid bacteria in the yogurt 

drink has main role in the formation of yogurt drink 

texture and aroma. During the storage, bacteria will 

continue to grow and will decrase the quality of 

yogurt. To maintain the yogurt quality, is necessary to 

add a stabilizer. Canna starch can be used as an 

effective stabilizer in yogurt drink, but research are 

needed to determinet the effect of adding canna 

powder to yogurt quality based on syneresis, viscosity 

and total plate count 

4.2.Addition of Canna Powder on Yogurt Drink 

Syneresis   

Texture is one of the physical properties 

associated with the quality of yogurt, decreasing the 

quality of yogurt texture can be called as syneresis. 

Syneresis can be interpreted as the separation of whey 

protein (wheying-off), the emergence of whey on the 

surface of the gel, and commonly occurs during 

storage. 

Results analysis of variance showed highly 

significant difference (P<0.01,H1 accepted hypothesis 

1) among the percentage of addition canna powder 
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and there was no difference to the storage time of 

yogurt drink (P>0.05,H0 accepted hypothesis 

1).Average score of syneresis show Table 8, and more 

data about analysis of variance and Duncan's multiple 

range test (DMRT) results can be seen in Appendix 4. 

Table 8. Average score of yogurt drink syneresis (%) 

with various additional level canna powder and 

storage time 
Canna 

Level 

(%)  

Storage Time ( days ) 
Average 

(%) 0 7 14 

0 72.93 75.10 74.31 74.12
c
 ± 1.80 

0.5 68.05 66.05 65.18 66.43
b
 ± 1.81 

1 63.06 62.54 61.85 62.48
a
 ± 2.08 

1.5 62.99 62.08 61.69 62.25
a
 ± 1.29 

2 64.04 61.15 60.98 62.06
a
 ± 1.97 

Average 66.21 ± 4.91 65.39 ± 4.78 64.80 ± 5.24  

The interaction between percentage level 

addition of canna powder and the storage there was no 

significant difference on yogurt drink syneresis. 

although there was no interaction between the both 

factors, but from data presented can be seen that the 

quality still good, because start from 0 day until 14
th 

days, levels of syneresis decrease. 

 Average syneresis score of yogurt drink with the 

addition of canna powder during storage at the 

refrigerator. Data in Table 8 show the percentage level 

of canna powder  gives a different effect on the level 

of syneresis of each treatment. The lowest syneresis 

was at 2% and The highest syneresis was without the 
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addition of canna powder (0%). The average syneresis 

score consecutively by 62.06 ± 1.97 and 74.12 ± 1.80.  

Table 8 indicated a highly significant 

differences (P <0.01) between the yogurt drink 

without additional canna powder (P0) and yogurt 

drink was given additional canna powder (P1-P4). The 

result of the addition of canna powder in yogurt drink 

proven to reduce syneresis of yogurt drink. The 

addition of various percentages canna starch 

suppressed the syneresis of yogurt drink caused the 

canna starch could be able to binding water. Radi and 

Amiri (2009), the syneresis yogurt was negative 

correlation, it was meaning that the higher the 

concentration of stabilizer material that was added to 

the yogurt, the level of the lower syneresis occurs is 

caused by high water holding capacity to reduce 

syneresis. Princess and Rouf (2013), A stabilizer 

reduced syneresis as well as water-binding agents by 

increasing the hydrophilic of the protein. Hydrogen 

bonds between water molecules and proteins 

weakened and pores between the casein molecules 

loosened, so that it can be passed by the free water. 

Syneresis can be reduced by the addition of stabilizer 

was used to absorb the water. 

 Table 8 show there was no difference among 

storage time of yogurt drink to the syneresis (P> 0.05), 

its means the storage time in the refrigerator does not 

affect to the yogurt drink syneresis. Syneresis score of 
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yogurt drink before storage (H0) was 66.21 ± 4.91 and 

then decreased on 7 day of storage (H7) to 65.39 ± 

4.78 and 64.80 ± 5.24 after 14 days of storage (H14). 

Tamime and Robinson (1999), showed syneresis gel's 

ability to hold water during storage, Gelatin able to 

form a peptide bond with casein and prevent hydrogen 

bonding between casein and lactic acid in acidic 

conditions, can lead to decreased water holding 

capacity and increasing syneresis. Mawunyo and 

Kpodo (2014) protein gel is an important 

consideration in the manufacture of yogurt, because it 

relates to syneresis, which is caused by the intrinsic 

instability of gel which results in loss of water after 

some time of storage. Properties of canna starch gel 

has oportunity as well as water binding capability of 

protein to decrease syneresis 

The highest syneresis yogurt drink was stored 

for 0 days with an average score of 66.21 ± 4.91. The 

lowest syneresis in yogurt drink was stored for 14
th

 

days with an average value of 64.80 ± 5.24. it showed 

no difference syneresis among storage time at 

refrigerator temperature compared to the control 

(without storage). Yousef and Nateghi, (2013) the 

decrease syneresis may occur during storage in the 

refrigerator, it can be maintained by how much 

additional starch content that has the ability to absorb 

water. Decreased levels of syneresis caused by the 

amylose content of starch that can maintain the 
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stability of yogurt after the heating process occurs 

during the yogurt manufacturing process. 

(Amatayakul and Sherkat, 2006) when the starch was 

heated and then cooled, some of the water was still in 

the outer granules swell. Amylose held a close bond 

with the starch molecules on the surface of the starch 

grains. Most of the water on the cooked pasta are in 

cavities formed tissue and sediment grains of starch 

and amylose. When the gel was stored for a few days, 

the water will discharging, leakage of fluid and a gel 

of starch called as syneresis. 

The interaction between two factors there was 

no difference (P> 0.05), its mean, due to the addition 

of canna powder with a various percentage will affect 

the increasingly syneresis yogurt drink with or without 

storage. Syneresis yogurt drink would increase during 

the storage time, but the increasing syneresis can be 

prevented by the addition of canna starch that capable 

of binding water seepage due to the fermentation 

process. Amatayakul et al., (2006) Spontaneous whey 

syneresis or separation on the surface of the yogurt is 

considered as a defect. This problem can be reduced 

or eliminated by increasing 15% of milk solids or 

other alternative of stabilizer such as starch, gelatin or 

exopolysaccharide (EPS) it was recomended by 

consumer awareness on natural products. The use of 

syntetic stabilizers is restricted in some countries. 

Acording Folkenberg (2013) Different steps can be 



42 

 

taken to reduce syneresis as to increase the total solids 

by adding more protein or add thickening starch and 

gelatin 

 Duncan Multiple Range Test (DMRT) at 5% 

significance level was performed on the factor of 

additional percentage canna starch which higly 

significant difference to syneresis yogurt drink, the 

best treatment results are yogurt drink with the 

addition of 2% canna powder with an average value as 

the lowest syneresis   62.06 ± 1.97. 

4.3.Addition of Canna Powder on Yogurt Drink 

Viscosity 

Viscosity is the properties of the liquid 

material that provides increased strength to resist 

relative movement of layers. Viscosity is an important 

aspect of the overall quality and consumer acceptance 

of the yogurt quality. 

Results of analysis of variance showed highly 

significant difference (P <0.01, H1 accepted 

hypothesis 2) between the percentage of addition 

canna powder and there was no difference to the 

storage time of yogurt drink (P> 0.05, H0 accepted 

hypothesis 2). Average score of viscosity show in 

Table 9, and more data about analysis of variance and 

Duncan's Multiple Range Test (DMRT) results can be 

seen in Appendix 5 
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Table 9.Average score of Viscosity yogurt drink with a 

various additional level and storage time of canna 

powder 
Canna 

Level 

(%)  

Storage Time ( days ) 
Average 

(Cp) 0 7 14 

0 19.33 17.00 16.67 17.67
a
±1.73 

0.5 17.00 20.33 23.33 20.44
a
±1.51 

1 23.67 19.67 24.33 22.78
a
±1.64 

1.5 22.67 20.00 28.33 23.56
a
±1.94 

2 29.33 27.00 27.33 28.44
b
±2.01 

Average 12.2 ± 5.10 12.0 ± 4.48 16.2 ± 6.02  

The interaction between percentage addition 

level of canna and the storage there was no significant 

difference on yogurt drink viscosity. although there 

was no interaction between the both factors, but from 

data presented can be seen the yogurt quality still 

good because the average viscosity score was 

increased during the storage. 

Average viscosity score of yogurt drink with 

the addition of canna powder during storage at the 

refrigerator. Data in Table 9 show the percentage level 

of canna powder  gives a different effect on the level 

of viscosity of each treatment. The highest viscosity 

was at 2% and the lowest viscosity was without the 

addition of canna powder (0%). The average syneresis 

score consecutively decrease by 28.44 ± 2.01 and 

17.67 ± 1.7.  

Table 9 show a highly significant difference 

(P<0.01) in the yogurt drink without additional canna 

powder (P0) with yogurt drink with additional canna 
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powder (P1-P4) on yourt drink viscosity additions 

canna was proved to increase the value of the yogurt 

drink viscosity. The addition of canna powder in 

various percentages able to increase the viscosity of 

the yogurt drink because canna has starch which have 

a role in the water binding that can increasing the 

interactions between molecules in yogurt. Rauf and 

Sarbini (2013) a way to increase the viscosity and 

stability of the yogurt can be combined with the 

addition of stabilizing materials, such as starch and 

gelatin. The use of materials with different stabilizers 

into yogurt has differences water absorption capacity, 

gelatinization temperature, gel stability during storage, 

and its influence on sensory preferences 

During the storage, the level of viscosity 

yogurt drinks at refrigerator storage showed increase 

up to 14th day. the addition of canna powder there 

was no difference (P> 0.05) on viscosity, its mean that 

the refrigerator storage time does not affect the 

viscosity of the yogurt drink. The highest average 

viscosity of the yogurt drink during storage on 14th 

day about 16.2 ± 6.02. the lowest average viscosity of 

the yogurt drink during storage on 7th day with the 

average value of the viscosity is 12.0 ± 4.48. 

The incubation temperature during the storage 

can affect the viscosity and quality of the yogurt 

Mirela and Marijana (2008) Generally, the viscosity of 

yogurt drink is one important aspect of quality of 
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products. Viscosity and gel structure is influenced by 

several factors including the composition of the milk, 

casein concentration, incubation temperature, heat 

treatment of milk, acidity and type of starter. Shihata 

and Shah (2012) the increasing viscosity of the yogurt 

drink is caused by the addition of dissolved solids 

such as starch, however longer storage time will affect 

to lower viscosity due to bacterial starter continues to 

grow and produce proteolytic enzymes. According to 

Nilsson and Lyck (2006) the stability of the product 

can be determined by measuring the viscosity. 

Viscosity measurements can also be used to determine 

the optimal use of pectin concentrations, when the 

viscosity increased during storage. It can be proved 

that canna powder can increase the viscosity because 

it has a fairly high pectin content. 

Table 9, the viscosity average of the yogurt 

drink during storage at refrigerator temperature was 

increased. The average viscosity before storage (0 

days) was 12.2 ± 5.10 and then decreased on the 7th 

day storage about 12.0 ± 4.48 and the viscosity 

average was increased on 14th day storage score 16.2 

± 6.02.An increaseing and a decreasing viscosity on 

storage process at temperatures refrigator is possible. 

Simanjuntak and Ginter (2013) during storage, the 

amount of lactic acid bacteria and yogurt viscosity 

was increased to a certain time and then decreased. 
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However, different with  pH and total acid will always 

decrease during storage 

The interaction between two factors there was 

no difference (P> 0.05) its mean, due to the addition 

of canna powder with a various percentage will affect 

the decreasingly viscosity of yogurt drink with or 

without storage. Viscosity yogurt drinks will continue 

to decrease during the storage time, but it can be 

prevented by the addition of canna powder which has 

a high pectin content to form a gel in yoghut drink and 

have an impact on the increased viscosity. According 

Setianto and Pramod (2014) pectin useful in the 

formation of gel and a stabilizer and the acid condition 

of the yogurt drink cause the pectin to form a gel. 

Dhalmi (2011) the properties of pectin is soluble in 

water but when mixed with sugar and acid it will form 

a gel, caused by pectin was a reversible colloid. 

Added by Hartati (2005) Starch is a solid source that 

is amylopectin which has a large water absorption thus 

increasing the viscosity 

Duncan multiple test using Duncan Multiple 

Range Test (DMRT) at 5% significance level was 

performed on the factor of additional percentage 

canna starch which higly significant difference to 

yogurt drink viscosity, the best treatment results are 

yogurt drink with the addition of 2% canna powder 

with an average value as the highest  viscosity 28.44
b 

± 2.01 
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4.4.Addition of Canna Powder on Yogurt Drink Total 

Plate Count (TPC)   

Qualitative analysis in food microbiology is 

important to know the quality of food, Total Plate 

Count (TPC) is intended to indicate the number of 

microbes contained in a product by counting the 

bacterial colonies growth on agar media 

Results of analysis of variance showed 

significant differences(P<0.05,H1 accepted hypothesis 

3) among the percentage of addition canna powder 

and there was no difference to the storage time of 

yogurt drink (P> 0.05, H0 accepted hypothesis 3). 

Average score of total plate count show in Table 10, 

and more data about analysis of variance and Duncan's 

Multiple Range Test (DMRT) results can be seen in 

Appendix 6 

Table 10.Average score of yogurt drink Total Plate Count 

(Log
10

 CFU/ml) with a various additional level 

canna powder  and storage time  
Canna 

Level 

(%)  

Storage Time ( days ) 
Average 

(Log10 CFU/ml) 0 7 14 

0 10.420 8.491 9.081 13.996
c
 ± 1.45  

0.5 8.592 9.549 9.130 13.635
b
 ± 1.29 

1 8.413 8.649 9.466 13.264
a
 ± 0.91 

1.5 9.707 7.492 8.305 12.752
a
 ± 1.23 

2 7.778 7.826 7.675 11.639
a
 ± 0.44 

Average 8.982 ± 1.11 8.401 ± 1.16 8.731 ± 1.34  
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The average TPC of yogurt drink during 

storage at refrigerator temperature showed decreasing 

total bacterial of yogurt drink due to the effect 

addition various percentages levels of canna powder. 

Temperature and storage time influence the total 

bacteria of yogurt drink. The interaction between the 

addition level and storage time there was no difference 

(P> 0.05) to the total plate count yogurt drink. 

Average total plate count score of yogurt drink 

with the addition of canna powder during storage at 

the refrigerator. Data in Table 10 show the percentage 

level of canna powder  gives a different effect on the 

level of syneresis of each treatment. The lowest total 

plate count score was at 2% and The highest score was 

without the addition of canna powder (0%). The 

average syneresis score consecutively decrease by 

13,996 ± 1.45 and 11,639 ± 0.44.  

Table 10, the addition of canna powder reduce 

the total bacteria, the higher percentage increase canna 

powder was followed by decreasing total bacteria. The 

highest average total bacteria was the yogurt drink 

without additional canna powder with value of total 

bacteria 13,996 ± 1.45. The lowest average total 

bacteria of yogurt drink with the addition of 2% canna 

powder with an average score of total bacteria  

 Data in Table 10 show significant difference total 

plate count (P<0.05) between the yogurt drink without 

additional canna powder (P0) and yogurt drink with 
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additional canna powder (P1-P4). The decreasing of 

total bacteri of yogurt caused by the pectin content in 

canna which can form a gel to bind water and to 

inhibit the growth of bacteria. Lahtinen et al., (2005) 

Canna starch contains high amylopectin (86.23%) 

which, when heated in water to give a viscous texture 

through gelatinization process. Gelatinization of starch 

is starch granule swelling due increase in the volume 

of starch granules that occur in water at temperatures 

between 55 °C to 65°C. If the starch granules are 

heated in water, the thermal energy will cause 

hydrogen bonds was lost, and water come into the 

starch granule. Water continue to form hydrogen 

bonds with amylose and amylopectin. 

The addition of canna powder will be able to 

give effect to the total bacteria, the level of total 

bacteria yogurt drinks at refrigerator storage showed 

increase up to 14th day. the addition of canna powder 

there was no difference (P> 0.05) on total plate count, 

its mean that the refrigerator storage time does not 

affect the total bacteria of the yogurt drink. The lowest 

Average of total bacterial at refrigerator temperature 

on the 7th day storage with value of 8.401 ± 1.16. The 

highest average of total bacteria in yogurt drink on 

14th day storage with a value 8.731 ± 1.34. 

Increased total bacteria caused by increasing of 

nutrients in the medium during the storage. Arlistya 

(2008) The combination of Lactobacillus bulgaricus 
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with Streptococcus thermophillus provide better 

growth, this is because during the incubation period 

starter yogurt gives nutrient that serves as a stimulator 

for the growth of bacteria. Kusmajadi (2008) the level 

of concentration starter will be affect to hydrolize 

lactose at same time and same incubation temperature. 

Increasing concentrations of starter means an increase 

in the number of microorganism followed by an 

increase in activity and proliferation, then an increase 

of converting lactose into lactic acid. 

 Table 10, the average total bacteria yogurt drink 

was decreased at refrigerator and increased during 

storage. Average total bacteria before storage (day 0) 

was 8.982 ± 1.11 and then decreased on 7th day 

storage to 8.401 ± 1.16, and increase in 14th day 

storage with value 8.731 ± 1.34. An increaseing and a 

decreasing total bacteria on storage process at 

temperatures refrigator is possible, according to the 

statement Simanjuntak and Ginter (2013) during 

storage, the amount of lactic acid bacteria and yogurt 

viscosity was increased to a certain time and then 

decreased. However, different with  pH and total acid 

will always decrease during storage 

Analysis of variance (Appendix 7), the average 

total bacteria yogurt drink indicates the total bacteria 

ranged from 7 log
10

 CFU/ml equivalen with 1x10
7
 

CFU/ml to 11,176 log
10

 CFU/ml equivalen with 

1,5x10
11

, yogurt drink with the addition of canna 
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powder was categorized in good quality because it has 

filled the minimum standards of Indonesian National 

Standart (SNI,2009) for yogurt quality the amount of 

total vabteria at least 1x10
7
 CFU / ml. Total bacteria 

were obtained in yogurt drink with additional of canna 

powder was high category, it was caused by L. 

bulgaricus and S. thermophilus and probiotic bacteria 

to support each other and work together in the 

multiplication of cells, usually of bacterial growth is 

influenced by several factors such as the chemical 

composition of milk, the amount of starters, milk 

temperature, incubation time, a milk cooling and 

storage time (Jannah, 2014). The others factors that 

affect the quality of yogurt are culture and substrate. 

Starter cultures that are commonly used are 

Lactobacillus bulgaricus with optimum temperature 

42
o
C - 45

o
C and Streptococcus thermophillus with 

optimum temperature 38
o
C – 42

o
C. (Haryani and 

Aisha, 2012) 

The results showed that the increasing the total 

bacteria from yogurt drink storage in the refrigerator 

for 14 days can be suppressed by the addition of canna 

powder. The addition of canna powder resulted in 

decreasing bacteria on yogurt drink during storage 

Duncan Multiple Range Test (DMRT) at 5% 

significance level was performed on the factor of 

additional percentage canna starch which higly 

significant difference to yogurt drink total plate count, 
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the best treatment results are yogurt drink with the 

addition of 2% canna powder with an average value as 

the lowest total bacteria 11.639
a
 ± 0.44 
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CHAPTER V 

CONCLUSIONS AND SUGGESTIONS 

 

5.1 Conclusions 

Based on the results and discussions could be 

concluded : 

1. The two percent addition of canna starch 

represented, that can decreasing the syneresis 

(62.06±1.97), increasing the viscosity 

(28.44±2.01), and reducing the number of 

bacteria (11.639 ± 0.44). 

2. 14
th

 days storage time of yoghurt drink 

represented similar yogurt quality particulary on 

the lowest syneresis score 64.80 ± 5.24 and the 

highest viscosity score 16.2 ± 6.02, however  7
th 

days storage time has the lowest total bacteria 

score 8.401 ± 1.16. 

5.2 Suggestions 

Further research was needed on the yogurt 

drink quality during storage more than 14 days and 

organoleptic tests was needed to determine the effect 

of addition canna to consumer acceptance. 
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APPENDIX 

Appendix 1. Procedure of Yoghurt Drink Syneresis 

Test  (Kalab,2000) 

The syneresis test measures in yoghurt drink with the 

addition of canna starch include : 

1. Yoghurt weighed as much as 5 grams and then 

put into centrifuge tube 

2. The sample inserted into sentrifugator (DSC 108)  

3. The sample in a centrifuge at a speed of 2240, 

2560 and 2880 rpm for 10 minutes  

4. Whey separated and weighed   

5. Result of syneresis calculated by the formula  

 

Syneresis   
 

 
        

 

Note :    x = Weight of whey 

   y = Weight of sample 
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Appendix 2. Procedure of Yoghurt Drink Viscosity 

Test ( Susanto,1998) 

The viscosity test measures in yoghurt drink with the 

addition of canna starch include  : 

1. Prepared volume of 25 ml pipette and marked at 

10cm from the tip of the pipette  

2. Removable the pippete cover together with turn on 

the stopwatch  

3. Turn off the stopwatch simultaneously with the 

exhaustion of water from the limit mark 

4. Do repetitions for three times   

5. Put the sample to be tested into the pipette volume 

and do the same procedure three times  

6. Result of viscosity calculated by the formula :  

 

(
  

  
)  (

  

  
)  (

  

  
) 

Note : 

n1 and p1 = Viscosity and water density 

n2 and p2 = Measured Viscosity and water density 

t1  = Water flow time needed 

t2  = Liquid Flow time needed 

Liquid Density (g/ml) 

  
              (    )             (    )

              (  )
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Appendix 3. Procedure of Yoghurt Drink Total 

Plate Count Testing (Fardiaz, 1993) 

The total plate count test measures in yoghurt drink with 

the addition of canna starch include :  

1. The sample was diluted in sterile aquades water at a 

ratio of 1: 9. Dilution is done from 10
1
-10

9
, the first 

dilution of 0.1 ml of the diluted sample into 0.9 ml 

peptone, second dilution done with 0.1 ml of first 

dilution put into 0.9 ml peptone, third dilution and so 

on is done in the same way as the second dilution 

2. Plating was done with make 1000 ml of “Oxoid” 

Plate Count Agar. Procedure of making the PCA was 

17.5 grams dissolved in 1000 ml of aquadest, then 

the PCA solution was sterilized by autoclave at 121 ° 

C for 15 minutes 

3. Plating bacteria carried out with 1 ml sample of the 3 

lowest dilution 10
7
, 10

8
, 10

9
 put in a petri dish that 

already contains semi solid PCA ± 15 ml. Then, 

homogeneous the petri dish with moved about 

forming a number 8. Wait untill become a solid, and 

take into incubator with cup upside down and then 

incubated at the temperature of  39 ° C for 24 hours 

4. after incubated for 24 hours, it will be obtained 

bacterial colonies growing in a petri dish. Colonies 

that grow later recorded and calculated and analyzed 

according to the method of calculating the Standard 

Plate Count (SPC) 
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 Appendix 4. Data and Statistic Analysis of Syneresis 

Treatment 
Replication 

Total U Treatment Average 
 

1 2 3  

P0 

0 71,83 72,51 74,45 218,79 

667,04 

72,93 
74,12 ± 1.80 

 
7 73,13 75,08 77,10 225,31 75,10 

14 72,82 73,69 76,43 222,94 74,31 

P1 

0 67,04 67,24 69,87 204,15 

597,85 

68,05 

66.43 ± 1.81 7 65,65 65,24 67,27 198,16 66,05 

14 65,30 66,85 63,39 195,54 65,18 

P2 

0 60,06 64,48 64,64 189,18 

562,36 

63,06 

62.48 ± 2.08 7 60,16 61,83 65,64 187,63 62,54 

14 60,50 62,14 62,91 185,55 61,85 

P3 

0 63,55 62,64 62,77 188,96 

560,26 

62,99 
62.25 ± 1.29 

 
7 61,16 61,91 63,16 186,23 62,08 

14 60,24 60,85 63,98 185,07 61,69 

P4 

0 62,58 63,43 66,11 192,12 

558,52 

64,04 

62.06 ± 1.97 7 60,37 60,80 62,28 183,45 61,15 

14 59,29 62,05 61,61 182,95 60,98 

Total 963,68 980,74 1001,61 2946,03  982,01  

  H0 H7 H14    

U Storage  993,2 980,78 972,05    

Average   66,21 65,39 64,80    
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# Analysis of Variance :  
Correction Factor (CF) 

CF  
[∑ ∑ ∑ 

 
 

 
 ]

 

         
 

 
[                                  ] 

     
 

 
[       ] 

  
 

 
         

  
 

= 192868,7 
 
Sum of Square (SS): 
SS Total 

 [∑ ∑ ∑      
 
 

 
 ]

 
- CF 

 [     ]  [     ]  [     ]    [     ]     
= 5159,5 + 5257,7+ 5542,8 +......- CF 
= 193958,9 - 192868,7 
= 1090,1 
 
 
Sum of Square Group: 

SS Group   
∑[  ]

 

     
    

 
(      )  (      )  (       ) 

     
    

 

 
                              

  
 -     

= 192916,8 - 192868,7 
= 48,12 
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SS Treatment (A)  : 

 
[∑ ∑ ∑      

 
 

 
 ]

 

     
    

 
(      )  (      )  (      )   (      )   (      ) 

     
    

 

                                                   
 
 

    
= 193828- 192868,7 
= 959,2 
 
SS Storage time (B)  

 
∑ [∑ ∑      

 
 ]

  
 

     
 –    

 
(     )  (      )   (      ) 

     
 –    

 

 
                           

  
    

= 192883,8 - 192868,7 
= 15,1 
 
SS Interaction (AB)  

 
∑ ∑ [∑      ]

  
 

 
 

 
 –    – SS A – SS B 

 
(      )  (      )      (      ) 

 
        

      

 
                            

 
     – SS A – SS B 



68 

 

 
        

 
                       

= 27,8 
 
SS Error  = SS total – SS A – SS B – SS AB 
     = 1090,1-      -     – 27,8 

    = 88 
Anova Table 

Source of 
variation 

DF SS MS F calc F table 
note 

5% 1% 

Concentr
ation (A) 

4 959,2 239,8 73,575 2,689 4,0178 Highly 
Significant 

Storage 
time (B) 

2 15,1 7,55 2,316 3,315 5,3903 No 
Significant 

Interactio
n (AB) 

8 27,8 3,475 1,066 2,266 3,1726 No 
Significant 

Error 30 88 3,2593     

Total 44       
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Duncan Multiple Range Test: 

SE =  
        

 
 =  

      

 
 = 1,04 

P 2 3 4 

DDS (1%) 3,889 4,056 4,168 

SDS(1%) 4,045 4,218 4,334 

 

Treatment Mean 
value 

Notation 

P4 62,02 a 

P3 62,25 a 0,19    

P2 62,48 a 0,42 0,23   

P1 66,43     B 4,37 4,18 3,95  

P0 74,12        c 12,06 11,87 11,64 7,69 
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Treatment 
Replication 

Total U Treatment Average 
 

1 2 3  

P0 

0 18 21 19 58,00 

159,00 

 

19,33 

17.67±1.73 7 17 18 16 51,00 17,00 

14 18 17 15 50,00 16,67 

P1 

0 21 19 11 51,00 

182,00 

 

17,00 

20.44±1.51 7 22 20 19 61,00 20,33 

14 22 17 31 70,00 23,33 

P2 

0 22 24 25 71,00 

203,00 

 

23,67 

22.78±1.64 7 15 21 23 59,00 19,67 

14 22 24 27 73,00 24,33 

P3 

0 20 23 25 68,00 

213,00 

 

22,67 

23.56±1.94 7 23 20 17 60,00 20,00 

14 21 30 34 85,00 28,33 

P4 

0 28 33 27 88,00 

251,00 

 

29,33 

28.44±2.01 7 29 31 21 81,00 27,00 

14 25 33 24 82,00 27,33 

Total 323 351 334 1008  336,00  

  H0 H7 H14    

U Storage  336 312 360    

Average   22,4 20,8 24    

Appendix 5. Data and Statistic Analysis of viscosity 
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# Analysis of Variance :  
Correction Factor (CF) 

CF  
[∑ ∑ ∑ 

 
 

 
 ]

 

         
 

 
[                   ] 

     
 

 
[    ] 

  
 

 
       

  
 

= 22579,2 
 
Sum of Square (SS) : 
SS Total 

 [∑ ∑ ∑      
 
 

 
 ]

 
- CF 

 [  ]  [  ]  [  ]    [  ]     
= 324+ 441+361+......- CF 
= 23808 - 22579,2 
= 1228,8 
 
 
Sum of Square Group: 

SS Group  
∑[  ]

 

     
    

 
(   )  (   )  (   ) 

     
    

 
                      

  
 -  

= 22605,73 - 22579,2 
= 26,53 
 
SS Treatment (A)  : 

 
[∑ ∑ ∑      

 
 

 
 ]
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(   )  (   )  (   )   (   )   (   ) 

     
    

 

                                    
 
 

    
= 23109- 22579,2 
= 530,13 
 
SS Storage time (B)  

 
∑ [∑ ∑      

 
 ]

  
 

     
 – CF 

 
(   )  (   )   (   ) 

     
 – CF 

 
                      

  
    

= 22656 - 22579,2 
= 76,8 
 
SS Interaction (AB)  

 
∑ ∑ [∑      ]

  
 

 
 

 
 – CF – SS A – SS B 

 
(  )  (  )      (  ) 

 
              

 
                   

 
  CF – SS A – SS B 

 
     

 
                          

= 153 
 
SS Error = SS total – SS A – SS B – SS AB 
 = 1228,8 - 530,13 - 76,8 – 153 

= 468,87 
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Anova Table 

Source of 
variation 

DF SS MS F calc F table 
note 

5% 1% 

Concentr
ation (A) 

4 530,13 132,53 7,6298 2,6896 4,0178 Highly 
Significant 

Storage 
time (B) 

2 76,8 38,4 2,2107 3,3158 5,3903 No 
Significant 

Interactio
n (AB) 

8 153 19,13 1,1013 2,2661 3,1726 No 
Significant 

Error 30 468,87 17,37     

Total 44       

 

Duncan Multiple Range Test: 

SE =  
        

 
 =  

     

 
 = 2,40 

P 2 3 4 

DDS (1%) 3,889 4,056 4,168 

SDS(1%) 9,3336 9,7344 10,0032 

 

Treatment Mean 
value 

Notation 

P4 17.67 a 

P3 20.44 a 2,77    

P2 22.78 a 5,11 2,34   

P1 23.56 a 5,89 3,12 0,78  

P0 28.44    b 10,77 8 5,66 4,88 
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Treatment 
Replication 

Total U Treatment Average 
 

1 2 3  

P0 

0 10,255 10,322 10,681 31,259 
83,975 

 

10,42 
13,996 ± 1,45  

 
7 10,519 7,477 7,477 25,473 8,49 
14 7,699 10,699 8,845 27,243 9,08 

P1 

0 8,813 7,778 9,185 25,776 
81,813 

 

8,59 
13,635 ± 1,29 

 
7 11,176 8,699 8,771 28,646 9,55 
14 7,000 10,362 10,029 27,391 9,13 

P2 

0 7,845 8,580 8,813 25,238 
79,582 

 

8,41 
13,264 ± 0,91 

 
7 9,114 8,230 8,602 25,946 8,65 
14 11,083 8,591 8,724 28,398 9,47 

P3 

0 10,193 9,982 8,944 29,120 
76,513 

 

9,71 
12,752 ± 1,23 

 
7 7,000 7,477 8,000 22,477 7,49 
14 9,740 7,699 7,477 24,916 8,31 

P4 

0 7,000 7,954 8,380 23,334 

69,835 

7,78 

11,639 ± 0,44 7 8,000 7,477 8,000 23,477 7,83 
14 7,778 8,041 7,204 23,024 7,67 

Total 133,215 129,370 129,134 391,718  130,573  
  H0 H7 H14    

U Storage  134,727 126,019 130,972    

Average   8,982 8,401 8,731    

Appendix 6. Data and Statistic Analysis of total plate count (log
10

CFU/ml 
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# Analysis of Variance :  
Correction Factor (CF) 

CF  
[∑ ∑ ∑ 

 
 

 
 ]

 

         
 

 
[                                  ] 

     
 

 
[       ] 

  
 

 
        

  
 

= 3409,9 
 
Sum of Square (SS) : 
SS Total 

 [∑ ∑ ∑      
 
 

 
 ]

 
- CF 

 [      ]  [      ]  [      ] 

   [      ]     
= 105,17 + 106,55 + 114,09 +......- CF 
= 3473,58- 3409,9 
= 63,73 
 
 
Sum of Square Group : 

SS Group   
∑[  ]

 

     
    

 
(       )  (       )  (       ) 

     
    

 

 
                        

  
 -  CF 

= 3410,6- 3409,9 
= 0,7 
 
SS Treatment (A)  : 
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[∑ ∑ ∑      

 
 

 
 ]

 

     
    

 
(      )  (      )           (      )   (      ) 

     
    

 

                                              
 
 

    
= 3423,3- 3409,9 
= 13,45 
 
SS Storage time (B)  

 
∑ [∑ ∑      

 
 ]

  
 

     
 – CF 

 
(       )  (       )   (       ) 

     
 – CF 

 

 
                          

  
    

= 3412,4 - 3409,9 
= 2,5 
 
SS Interaction (AB)  

 
∑ ∑ [∑      ]

  
 

 
 

 
 – CF – SS A – SS B 

 
(      )  (      )      (      ) 

 
   

          

 
                         

 
  CF – SS A – SS B 

 
        

 
                    

= 14,1 
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SS Error = SS total – SS A – SS B – SS AB 
 = 63,73 -       -     – 14,1 

= 33,6 
 

Anova Table 

Source of 
variation 

DF SS MS F calc F table 
note 

5% 1% 

Concentr
ation (A) 

4 13,45 3,363 3,003 2,690 4,018 Significant 

Storage 
time (B) 

2 2,5 1,25 1,116 3,316 5,390 No 
Significant 

Interactio
n (AB) 

8 14,1 1,763 1,574 2,266 3,173 No 
Significant 

Error 30 33,6 1,12     

Total 44       

Duncan Multiple Range Test: 

SE =  
        

 
 =  

    

 
 = 0,61 

P 2 3 4 

DDS (5%) 2,888 3,035 3,131 

SDS(5%) 1,762 1,851 1,910 

 

Treatment Mean 
value 

Notation 

P4 11,639 a 

P3 12,752 a 1,113    

P2 13,264 a 1,625 0,512   

P1 13,635    b 1,996 0,883 0,371  

P0 13,996      c 2,357 1,244 0,732 0,361 
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