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摘要 
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論文題目：利用蕉芋（Canna edulis Ker）澱粉為天然安定劑對冷藏優酪

乳品質及安定性之影響 

總頁數：94頁 

學校名稱：國立屏東科技大學                 系別：動物科學與畜產系 

畢業時間及摘要別：106 學年度第 1 學期碩士學位論文摘要 

研究生：巫曼                       指導教授：林美貞                  博士 

                                                      Lilik Eka Radiati  博士 

論文摘要內容： 

優酪乳於儲存期間易發生品質下降之問題，因此優酪乳於加工過程

中常以甲基纖維素鈉（Carboxymethyl cellulose, CMC）作為安定劑進行

添加，但CMC於人體會產生累積作用，導致腸道pH值下降及提升非消

化性微生物菌種含量。蕉芋（Canna edulis Ker）為生長於印度尼西亞之

塊莖作物，含有大量澱粉及抗氧化之特性，可做為加工食品之天然安定

劑；而蕉芋澱粉是由直鏈及支鏈澱粉所組成，可由乳酸菌進行分解利

用，並提供能量促進乳酸菌生長，且乳酸菌於發酵過程中產生之胞外多

糖（exopolysaccharide, EPS），具有提升發酵產品之黏度、改善質地及

降低凝析率等提升產品品質之作用。故本試驗旨在探討利用蕉芋

（Canna edulis Ker）澱粉為天然安定劑對冷藏優酪之理化性狀、微生物

性狀及感官品評之影響。本試驗設計將分為兩部分，試驗一將蕉芋澱粉/ 

CMC依比例混合後分成5組，比較不同添加比例對優酪乳品質之影響，

其中T0控制組為單一添加0.2％CMC；T1為混合添加0.15％CMC及0.25

％蕉芋澱粉；T2為混合添加0.1％CMC及0.05％蕉芋澱粉；T3為混合添



II 

 

加0.05％CMC及0.075％蕉芋澱粉；T4為單一添加0.1％蕉芋澱粉，試驗

二將各組優酪乳分別儲存於4℃冰箱1（D1）、7（D7）、14（D14）及

21（D21）天，比較四種不同儲存天數對優酪乳品質之影響。各組優酪

乳樣品將進行黏度、凝析率、沈殿物分析、pH值、滴定酸度、胞外多

醣、抗氧化活性、微生物檢測和感官品評等分析，研究結果之數據將透

過一般線性模式進行分析，在以鄧肯氏多變域法比較各組間差異性。試

驗一結果顯示，添加0.1％蕉芋澱粉（T4）之優酪乳於儲存第一天之黏

度、沈殿物含量和感官品評結果，與添加0.2％CMC之控制組（T0）結

果相似。試驗二結果顯示，添加0.1％蕉芋澱粉之優酪乳（T4），於儲存

期間之滴定酸度、黏度、胞外多糖產量、抗氧化活性及保加利亞乳桿菌

和適熱鏈球菌之存活率皆顯著較高，而pH值則顯著較低；添加0.1％

CMC和0.05％蕉芋澱粉之優酪乳（T2），於儲存21天期間之凝析率及沉

澱物含量則顯著較低。感官品評結果顯示，添加不同比例蕉芋澱粉之優

酪乳，除第一天之滑順感評分外，其餘項目之品評分數皆未達顯著差

異；添加不同比例蕉芋澱粉之優酪乳於儲存14天後，各組間顏色、腐臭

味、苦味及甜度皆無顯著差異，而酸味、滑順度和顆粒感則有顯著差

異。綜合上述，蕉芋澱粉可作為優酪乳之天然安定劑，同時具有高抗氧

化活性和高含量胞外多糖等相關潛在益處，且混合添加0.1％CMC和0.05

％蕉芋澱粉之優酪乳（T2），其理化性狀及微生物性狀等品質為最佳，

亦不影響優酪乳之感官評分。 

 

關鍵字：抗氧化活性、蕉芋、羧甲基纖維素鈉
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The Content of Abstract in This Thesis: 

The decreasing of yogurt drink quality will occur during storage. 

Stabilizer that usually used for maintaining the yogurt quality is a chemical 

compound namely carboxymethyl cellulose (CMC). CMC will be 

accumulated in human body with regular consumption, which will decrease 

the pH value of caecal and elevate the population of non-digested 

microorganism. Canna (Canna edulis Ker) can be used as a natural stabilizer, 

which is an Indonesian local tuber with high starch content and antioxidative 

properties. Canna starch is composed of amylose and amylopectin which are 

high energy source and will be degraded by lactic acid bacteria (LAB). LAB 

produce exopolysaccharide (EPS) that imparts highly desirable rheological 
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changes in the food matrix such as increase viscosity, improve texture, and 

reduce syneresis. The purpose of this study is to investigate the effect of 

Canna starch on physicochemical, microbiology, and sensory quality of 

yogurt drink during cold storage. The complete randomized factorial design 

will be used with two factor. The first factor was Canna starch/CMC levels 

divided into 5 groups in order to know the effectiveness canna starch to 

replace the used of CMC, T0 (0.2%CMC) as a control, T1 (0.15% CMC + 

0.025% canna), T2 (0.1% CMC + 0.05% canna), T3 (0.05% CMC + 0.075% 

canna), and T4 (0.1% Canna), respectively. The second factor was the storage 

time of yogurt drink divided into 4 groups that to determine the changes of 

yogurt drink quality during stored in the refrigerator at 4°C, D1 (1 days), D7 

(7 days), D14 (14 days), and D21 (21 days), respectively and. All samples 

were analyzed for viscosity, syneresis, sedimentable fraction, pH, titratable 

acidity, exopolysaccharides, antioxidant activity, microbiology, and sensory 

quality. Data obtained from the results of subsequent studies will be analyzed 

by GLM (General Linear Model) and followed by Duncan's multiple range 

test (DMRT). There were similar results between 0.1% Canna starch and 

0.2% CMC, as a control, in experiment 1 based on viscosity, sedimentable 

fraction, and sensory properties during 1
st
 storage day. The results of 

experiment 2 showed that the addition of 0.1% Canna starch significantly 

(p<0.05) increased TA, viscosity, EPS yield, antioxidant activity, maintained 

the viability of L. bulgaricus and S. thermophilus, while significantly 

(p<0.05) decreased the pH value. On the other hand, the combination of 0.1% 

CMC and 0.05% Canna starch significantly (p<0.05) reduced syneresis and 

the sedimentable fraction of yogurt drink during 21 days of storage. The 

addition of Canna starch had no significantly (p>0.05) effect on all sensory 

parameters except on smoothness of yogurt drink during 1
st
 storage day. The 

addition of Canna starch had no significantly (p>0.05) effect on the color, 

rancidity, bitterness, and sweetness, whereas had significantly (p<0.05) effect 

on the sourness, smoothness, and thickness over 14 days of storage. In 

conclusion, Canna starch could be used as a natural stabilizer with potential 
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health benefits related to high antioxidant activity and EPS value. The 

combination of 0.1% CMC and 0.05% Canna starch addition on yogurt drink 

manufacture showed the best physicochemical and microbiological quality 

without the decline of sensory properties. 

 

Key words : antioxidant activity, Canna edulis Ker, carboxymethyl cellulose 
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1. Introduction 

Yogurt market already provides many types of yogurt, including yogurt 

set, frozen yogurt, Greek yogurt, and yogurt drinks. Increasing the availability 

of various kinds of a yogurt drink with health benefits is expected to fulfill the 

increasing demand for yogurt in recent years. The benefits of yogurt were 

associated with its quality. A major problem for yogurt producers is the 

syneresis that occurs during storage (Samil, 2010). Storage and cooling will 

lead to the release of water (syneresis) that will affect to the protein 

dehydration and then decrease the end product quality (Tamime and 

Robinson, 2007). Enhancing and maintaining the desirable yogurt quality 

during storage such as texture, viscosity/consistency, appearance, and 

mouthfeel can be done with stabilizer addition. 

Addition of stabilizer has function to stabilize the interaction between 

proteins in the food matrix (Duboc and Mollet, 2001), increase protein 

hydration (Tamime and Robinson, 2007), and prevent instability of the 

aggregate and casein micelles precipitate below its isoelectric point, 4.6 of pH 

(Wu et al., 2013). The type of stabilizer that commonly used by producers is 

carboxymethyl cellulose (CMC) as synthetic hydrocolloid which added into 

the yogurt. However, CMC will be accumulated in the human body with 

regular consumption, which will decrease the pH value of caecal and elevate 

the population of non-digested microorganism (Jus´kiewicz, 2004). 

Recently, the consumer has changed to healthier lifestyles that decide 

to reduce the used of synthetic materials into their diets. Consumers are more 

interested in food with high nutritional value, low in fats, rich in bioactive 

compounds, and negative association with the risk of disease (Waijers et al., 

2007). Indonesia is a country that had great potential for producing Canna 

starch although it is not used optimally. In 2006, Indonesia produced 500 tons 
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in 2-harvests time, then processed into starch with the production capacity of 

approximately 50 tons per year, while the production would continuously 

increase 12.5% each year (Lestari, 2012). Canna as local Indonesian food 

source becomes one alternative in food diversification, and also can be 

processed into several products such as vermicelli noodles, cookies, crackers, 

and traditional product including cendol, porridge, and biscuits. Canna tubers 

(Canna edulis Ker) provided high starch and had potential antioxidative 

properties that could be used as an alternative natural stabilizer to replace the 

application of CMC. 

Canna starch contains 24.06% of amylose with the most useful function 

as a hydrocolloid that forms a gel after gelatination starch. In addition, There 

is 63.27% of amylopectin in Canna starch providing a high capability of water 

holding capacity and retrogradation. The combination of amylose and 

amylopectin led to an initial loss in viscosity with substantial effects on 

making a gel (Carolina, 2016). Amylose and amylopectin that composed in 

the Canna starch will become the source of energy and be degraded by lactic 

acid bacteria (LAB). LAB have the capability to produce the 

exopolysaccharide (EPS) that made the desired rheological changes of food 

matrix such as increasing viscosity, reducing syneresis, improving texture, 

and prolonging shelf-life (Wang, 2013). 

The minerals of Canna starch also become essential nutrient to increase 

the value of yogurt products. There are  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, and 75.00% water in 100 

g Canna edulis Ker (Indonesian Directorate of nutrition, 1981). The 

concentration of phosphorus, sodium, potassium, and magnesium are higher 

than the content of iron, calcium, and zinc. The existence of high levels 

antioxidants, flavonoids, and polyphenols was showed in Canna extracts 

(Mishra, 2011). 
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Therefore, the purpose of this study was to investigate the effects of 

replacing carboxymethyl cellulose (CMC) with Canna starch (Canna edulis 

Ker) as a natural stabilizer on physicochemical, microbiology, and sensory 

properties of yogurt drink during cold storage, in order to utilize the 

Indonesian native stabilizer for a functional yogurt drink product. 
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2. Literature Review 

2.1 Yogurt drink 

Yogurt is a fermented drink which is made from fresh milk or skimmed 

milk using lactic acid bacteria (LAB) as starters such as Lactobacillus 

bulgaricus and Streptococcus thermophilus with or without any additional 

food materials and permitted food additives. The accumulation of lactic acid 

caused a sour taste and specific flavor affected by acetone and acetoin as 

acetaldehyde components (Wresdiyatib et al., 2012). The diversification is 

needed to produce yogurt with lower sour taste, thinner texture, and easier to 

drink (Wresdiyatib et al., 2012). Drinking yogurt is a thinner product, which 

had a lower solids level than typical yogurt. Standard composition of 

fermented milk, yogurt, and kefir already showed in the codex alimentarius 

standard 243-2003 (Table 1) (Food and Agriculture Organization of the 

United Nations, 2011). The primary method of yogurt manufacturing 

processes is homogenization, heating or sterilization, inoculation, 

fermentation, cooling, and packaging. High-quality yogurt can be kept at the 

temperature between 2–6 °C for two weeks (Haryani et al., 2012). 

2.2 Carboxymethyl Cellulose (CMC) 

The selection of stabilizer depends on several aspects, such as functional 

properties and the optimum concentration. Carboxymethylcellulose (CMC) is 

commonly used in Asia because of the lower cost (Wu et al., 2013). CMC is 

made from the hydrocolloids and cellulose derivatives which have been used 

in the food industry as a stabilizer, thickener, suspension, and maintenance of 

water extensively (Mesbahi et al., 2010). 
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Table 1 Composition of yogurt and several milk product based on codex alimentarius standard 243-2003 

 

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 (% m/m)  less than 10% less than 15% less than 10% 

Titrable acidity, expressed as % 

lactic acid (% m/m) 
min. 0.3% min. 0.6% min. 0.6% 

Ethanol (% vol./w)     

Sum of microorganisms 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
 

(a) Protein content is 6.38 multiplied by the total Kjeldahl nitrogen determined. 

           (Food and Agriculture Organization of the United Nations, 2011) 
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The stability of acidified whole milk drinks containing 4% milk solids 

with 0-0.5% CMC was characterized by sedimentation measurements as 

shown in Table 2. It can be seen that a higher concentration of CMC results in 

a lower sedimentable fraction. Low quantities of sediment indicate good 

stability of milk proteins under acidic conditions (Wu, 2013). 

Table 2 Sedimentable fractions of acidified whole milk drinks stabilized by 

carboxymethylcellulose (CMC) at different concentrations and pH 

4.0 

CMC concentration (%)  Sedimentable fraction (%) 

0 10.80 ± 0.19 

0.1 9.64 ± 0.16 

0.2 4.96 ± 0.12 

0.3 4.75 ± 0.09 

0.4 2.71 ± 0.14 

0.5 2.63 ± 0.06 

(Wu et al., 2013) 

Hydrocolloids are used for liquid and semi-liquid food products with the 

several functions of texture modification, crystallization control, prevent 

syneresis, maintain the aromas and tastes, and increase physical stability. 

Hydrocolloids are low energy and will not metabolize in the human body 

(Kabirian et al., 2015). 

Hydrocolloid type and level are the most important factors in the 

production process of fermented dairy products. In the applications of yogurt-

based products, the hydrocolloid is not changed the natural flavor, and it will 

be effective at pH range 4.0–4.6 (Samil, 2010). 
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2.3 Canna starch (Canna edulis Ker) 

      
Figure 1 Canna tubers. 
Table 3 Classification of Canna edulis Ker 
Levels Name 

Kingdom Plantae 

Divisi Magnoliophyta 

Class Liliopsida 

Ordo Zingiberales 

Famili Cannaceae 

Genus Canna 

Spesies edulis Ker 

(Lestari et al., 2012) 

Table 4 Nutrition composition of 100 g canna 
Component Total 

Calorie (Kkal) 95 

Protein (g) 1.0 

Fat (g) 0.1 

Carbohydrate (g) 22.6 

Calsium (Mg) 21 

Phospor (Mg) 70 

Zink (Mg) 20 

Vitamin B1(Mg) 100 

Vitamin C (Mg) 10 

Water  (%) 75 

 (Indonesia Directorate of  Nutrition, 1981) 
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Table 5 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 

(Perez and Mary, 2005) 

 

Table 6 Starch composition of Indonesian native and modified Canna starch 
Sampel Total Starch 

(%dw) 

Amylose 

(%dw) 

Amylopectin 

(%dw) 

Red Canna Starch 87.33 24.06 63.27 

White Canna Starch 86.59 25.54 61.05 

Modified Red Canna 

Starch 

86.60 24.76 61.84 

Modified White Canna 

Starch 

86.07 26.24 59.83 

(Lestari et al., 2012) 
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Table 7 Chemical composition of Indonesian native and modified Canna starch 
Chemical  

composition 

(%dw) 

Sample 

Red White 

Red 

canna 

MRCS 3% 

AA 

MRCS 

4% AA 

MRCS 

5% AA 

White 

canna 

MWCS 3% 

AA 

MWCS 4% 

AA 

MWCS 

5% AA 

Water content 8.81 16.83 16.81 16.95 6.49 16.51 17.07 14.69 

Ash content 0.41 0.30 0.23 0.27 0.37 0.36 0.36 0.31 

Protein  0.89 0.86 0.98 1.16 0.45 0.50 0.69 0.58 

Fat 0.79 0.74 0.62 0.75 0.67 0.63 0.71 0.86 

Carbohydrate 97.88 98.10 98.17 97.82 98.53 98.51 98.25 98.25 

(Lestari et al., 2012) 
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Canna plant is originated from South America but has been familiar 

among Indonesian farmers. The existence of Canna in East Java region 

sufficiently abundant up to approximately 700 tons/year were cultivated in 

several areas, such as Trenggalek, Bojonegoro, Ngawi, Nganjuk, 

Banyuwangi, and Malang (Pangesthi, 2009). In the year of 2006, the 

production of 500 tons in 2-harvests time, can be processed into starch with 

the capacity of approximately 50 tons per year, while the production 

continuously increased 12.5% each year (Lestari et al., 2012). 

The dry rhizome of Canna contains 70–80% starches which are reported 

the most potential raw materials for industrial production. Some studies have 

been conducted on physiochemical properties and modification of Canna 

edulis starch (Wu et al., 2009). Canna starch contained the high concentration 

of phosphorus, sodium, potassium, magnesium, iron, calcium, and zinc (Table 

4). These compositions become nutritionally important to produced a 

functional yogurt product (Perez and Mary, 2005). The chemical composition 

of  Canna and Arrowroot starches included amylose and amylopectin is 

showed in Table 5 and for native Indonesian red and white Canna are showed 

in Table 6 and Table 7. 

2.3.1 Amylose 

Starch consists of two polysaccharides namely amylose and amylopectin. 

Amylose is essentially long linear chains composed of α-(1→4)-linked D-

glucose units with a few branches. Larger molecular weight and much shorter 

chains of α-(1→4)-linked D-glucan which is highly branched through 

additional α-(1→6)-linked D-glucose linkages could be found in amylopectin 

(Hizukuri, 1986). Most starches contain 20–30% amylose and 70–80% 

amylopectin, but the ratio is varied depending on the botanical source of the 

starch. 
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Amylose is considered to be present mainly in the amorphous areas of 

starch granules. Amylose is a polysaccharide that polymer composed of 

glucose as the monomer. Each monomer is connected with the 1,4-glycosidic 

bond. Amylose is a unbranched polymer which collaboration with 

amylopectin starch into constituent components. Heat process is made the 

amylose of starch or flour have solid effects. Native starches contain 20%-

30% of amylose, although several starches have higher amylose content 

(Sabaté, 2012). 

2.3.2 Amylopectin 

Amylopectin is a polysaccharide composed of α-glucose monomers. 

Amylopectin becomes one of the two constituent starch compounds, together 

with amylose. Although composed of the same monomer, amylopectin has 

more visible physical characteristics than amylose. Amylopectin is formed 

from glucose chains attached with 1,4-glycosidic bond, together with 

amylose. Nevertheless, the form of amylopectin branches, approximately 

every 20 chain glucose is bound with a 1,6-glycosidic bond (Bertoft and 

Koch, 2012). 

The both of amylopectin–amylopectin interactions and amylose-

amylopectin interactions are responsible for the changes in gel properties 

during long-term storage. The longer chains of amylopectin were important 

for gel formation. (Vamadevan et al., 2013). Starch in Canna composed of 

high amylopectin content about 86%, it can be used as stabilizers that increase 

the viscosity and stability, such as improve the structure of the gel, water 

holding capacity, and reduce the risk of syneresis (Asri and Rouf, 2013). 
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2.4 Raw Material of Yogurt 

 In manufacturing process of yogurt, raw materials play an essential role 

which significantly affects the quality of yogurt. The using of raw materials 

following the standards will result in the best quality of yogurt product. 

2.4.1 Milk 

Milk is a nutritious beverage obtained from various animals and 

consumed by humans. Most milk is derived from dairy cows, although milk 

from goats, buffalo, and reindeer also used in various parts of the world 

(Saleh, 2004). Raw milk must fulfill the standards of fresh milk according to 

the Indonesia National Standard (SNI) (Table 8). 

The most important nutritional components of milk were protein and fat. 

Milk is composed of essentials amino acids with the protein content ranged 

between 3-5 %, 3-8 % of fat, 65 kcal of energy, and the pH about 6.7. The 

fermentation process of yogurt has been increased the protein content. The 

activity of lactic acid bacteria on milk proteins of yogurt are made yogurt 

more or less curdled, easier to digested and decreased the allergenicity of milk 

proteins (Maheswari, 2008). 

The fat content of yogurt depended on the fat content of the raw milk, 

lactic acid has potentially to excretes lypase then converted into flavor and 

aroma components. Yogurts are divided into three groups based on their fat 

content, such as non-fat, low fat, and full-fat products which contained the fat 

between 0.1–0.5%, 1.5–3%, and 5–10%, respectively. The fat content of some 

cream yogurts is even higher. Yogurt with higher fat contents will result in the 

thicker and creamier texture (Abbas and Abdulkarim, 2010). 
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2.4.2 Lactic Acid Bacteria 

 The general lactic acid bacteria (LAB) usually used in the food 

industry, such as Streptococcus, Lactococcus, Lactobacillus, Leuconosloc, 

Pediococcus, and Bifidobacterium. Genera of these LAB are used extensively 

alone or in combination with other bacteria, and it plays a dominant role in 

the development of the fermented product texture. This characteristic is 

closely linked to the production of exopolysaccharides (Folkenberg, 2013). 

Furthermore, LAB strains synthesized short-chain fatty acids, vitamins, 

and exopolysaccharides (EPS) that are improved texture and viscosity of 

fermented milk (Shori and Ahmad, 2012). Lactic acid bacteria have a 

secondary lipolytic activity controlled by the lipase enzyme which is can 

liberated fatty acids into milk molecules (Sunarlim et al., 2007).  

Several health benefits of LAB already explained by Sule (2014) such as 

used for diarrhea and inflammatory bowel disease treatment and prevention, 

reduction in serum cholesterol and lactose intolerance, increased immune 

function and resistance to microbial infections, and potential role in cancer 

prevention. Starter cultures used in the manufacture of commercial fermented 

milk can be seen in Table 9. 

2.4.2.1 Lactobacilus bulgaricus 

Lactobacillus bulgaricus is important lactic acid bacteria for industrially 

used. L. bulgaricus is gram-positive, acid tolerant (relatively low pH 5.4-4.6), 

facultatively anaerobic, non-motile, non-spore-forming, and rod-shaped 

(Tufail and Hussain, 2011). 

 

 



14 

 

Lactobacillus bulgaricus will decreased the pH about 4.0, contributed to 

flavor, and produce of lactic acid, acetaldehyde, acetic acid, and diacetyl. L. 

bulgaricus become proteolytic in fermented milk which is contributed to the 

texture and aroma. L. bulgaricus releasing valine, histidine, and glycine 

required by S. thermophillus. Another important function of Lactobacillus 

bulgaricus is the ability to break down lactose enzymes in the body      

(Makinor et al., 2010). 

Table 8 Quality Requirement 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 (Penicillin, Tetracycline, 

Aminoglycoside, Makrolide)  

Negative 

Forgery test Negative 

Freezing point -0.520 s.d – 0.560 
o
C 

Peroxidase Test, Positif 

Maximum of metal contamination 

 

Lead (Pb) 0.02 µg/ ml 

Mercury (Hg) 0.03 µg/ ml 

Arsenic (As) 0.1 µg/ ml 

(Indonesia National Standard, 2011) 
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Table 9 Starter cultures used in the manufacture of commercial fermented milks 
Product Primary microorganisms Secondary/optional 

microorganism 

 

Incubation 

temperature and time 

Major 

function 

of culture 

Yogurt (a) - Lb.Delbrueckii 

subsp.bulgaricus 

- Strept.thermophilus 

- Lb.Acidophilus  

- Bifidobacterium 

longum/bifidum/infantis 

- Lb.casei/ lactis/rhamnosus/ 

43–45 °C / 2-5 

Hours 

- Acidity 

- Texture 

- Aroma 

- Flavor 

- Probiotic 

Cultured 

buttermilk 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)



16 

 

2.4.2.2 Streptococcus thermophilus 

S. thermophilus is homofermentative, lactose, sucrose, glucose, fructose 

fermented, and the primary production of L (+) lactic acid. The optimum 

temperature for the growth of S. thermophillus between 40-45°C but cannot 

grow at 20°C with the heat tolerance at 65 °C for 30 minutes.                          

S. thermophillus can form the acids, synthesize the formic acid, decrease the 

pH, and stimulate the growth of L. bulgaricus (Laurens, 2010). Streptococcus 

thermophilus contribution in fermented milk such as the rapid transformation 

of lactose milk in lactate, secretion of exopolysaccharides, synthesis of 

vitamins, and production of some flavor compounds such as acetaldehyde 

(Bennama et al., 2012). 

Streptococcus thermophilus also produced exopolysaccharides,                

it essential to the texture of fermented milk products and reduced fat in the 

dairy products. The ability of S. thermophilus is broken down the casein 

protein in dairy products, then converted them into small peptides and amino 

acids for the maturation of textures and flavors (Settachaimongkon et al., 

2014). 

2.5  Yogurt Quality 

The quality of yogurt is related to its physical, chemical, 

microbiological, and sensory properties. 

2.5.1 Physicochemical 

2.5.1.1 Viscosity 

Viscosity is described as the internal friction of a liquid or its ability to 

resist flow. The level of viscosity is an important parameter that can be used 

as an indicator of quality by the consumer. The viscosity of a product should 

be controlled in production and measured the consistently from day to day 

(Nussinovicht and Hirashima, 2014). 
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Figure 2 Complex viscosity (h*) of SYD samples at different concentrations 

of guar gum addition. Samples were stored at 4°C for a seven day 

period. Frequency at 1 Hz and shear stress 1.05 Pa using a stress 

sweep test at 20°C. 

 

Figure 3 Complex viscosity (h*) of SYD samples at different concentrations 

of locus bean gum addition. Samples were stored at 4°C for a seven-

day period. Frequency at 1 Hz and shear stress 1.05 Pa using a stress 

sweep test at 20°C. 

Day 0 () 

Day 3 () 

Day 7 (Δ) 

Day 0 () 

Day 3 () 

Day 7 (Δ) 

(Samil, 2010) 

(Samil, 2010) 
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Rheological parameters of stabilished yogurt drink (SYD) increased, 

with increasing galactomannan addition (Figure 2 and Figure 3). Although 

(h*) values for the samples of both gum additions are similar there is a 

consistent difference between their behavior at low and high concentrations. 

These measured parameters are higher for samples containing LBG up to a 

concentration of 0.1 g/ 100 g. However, at the levels of 0.14 and 0.2 g/ 100 g 

addition they are higher for GG. At day seven, samples with 0.2 g/ 100 g GG 

addition gave the h* values of 1.12 Pa, 2.21 Pa, and 0.34 Pas respectively 

whereas LBG addition could only achieve 0.86 Pa, 1.57 Pa and 0.29 Pa at the 

same concentration. 

Viscosity and shear thinning behavior is important in food applications 

that contributed to thickening. In the context of fermented dairy products, this 

attribute can be described as slimy and fluid. The viscosity characteristics of 

food products influence many aspects of the fluid performance during 

processing that affect the texture, flavor, and appearance of the products 

(Abbas and Abdulkarim, 2010). 

2.5.1.2 Syneresis 

The addition of the stabilizers showed a significant effect on syneresis 

(Figure 4), especially at 0.2 g/ 100 g, the amount of separation at day 3 was 

nil, and at day seven was reduced by 93% for both gums when compared to 

control. This trend is proved an increase in G′ values indicate increased gel 

strength and reducing shrinkage and syneresis. However, at lower levels of 

galactomannan addition, there is still some separation with an improvement of 

only 64% for GG and 57% for LBG at 0.1 g/ 100 g gum addition             

(Samil, 2010). 



19 

 

 

 Figure 4 Amount of syneresis measured during storage (mm). SYD samples at different concentrations (from L to R: 

control, 0.02, 0.06, 0.10, 0.14, 0.20 g/ 100 g) of GG and LBG additions. Samples were stored in centrifuge tubes 

(V =14 mL and r =15 mm) at 4°C for a seven-day period. 

(Samil, 2010) 
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2.5.1.3 Sedimentable fraction 

 The higher concentration of adding CMC in acidified whole milk 

drinks results in a lower sedimentable fraction. Low quantities of sediment 

indicate good stability of milk proteins under acidic conditions (Wu, 2013). 

During fermentation, casein becomes unstable and coagulates after reaching 

the isoelectric point of the casein (pH 4.6), and the casein formed a three-

dimensional protein network in which whey is entrapped. Milk heated at a 

temperature higher than 70 °C causes denaturation of whey protein. As a 

result, the disulfide bond is formed between κ-casein and denatured whey 

proteins (Damin et al., 2009). 

The complex micelle-bound and soluble whey protein or κ-casein 

complex show distinct properties in the yogurt gel. The formation of the 

different protein complexes at the various milk conditions before heat 

treatment may affect the textural properties of yogurt (Mahomud, 2017). 

2.5.1.4 pH 

The pH (Table 10) of the samples ranged from 4.10 to 4.26 units with 

the skim milk samples (4.22-4.26) showing higher values than the whole milk 

samples (4.10-4.18). This result effected by the slightly higher buffering 

capacity of the skim milk samples, which had a higher amount of non-fat milk 

solids. Higher amounts of non-fat milk solids also mean the presence of 

higher amounts of buffering salts, such as calcium phosphate and citrate 

(Gonzales et al., 2011). There was a consistent decrease in pH values from 

4.3 to 4.1 in all samples with galactomannan over the seven days, and it 

caused by lactic acid bacterial activity. Change in pH will not affect the 

viscosity behavior of galactomannans because of the neutral polymers  

(Samil, 2014). 



21 

 

Table 10 Chemical and Physical measurements of the peach-flavored yogurt beverages 

Treatments pH Titratable acidity           

(g L
-1

 of lactic acid) 

Viscosity  

(Pa.s) 

Skim Milk Control 4.22 14.4 0.48 

Skim Milk with Prebiotic 4.24 14.0 0.43 

Skim Milk with Synbiotic 4.26 14.6 0.41 

Whole Milk Control 4.10 13.6 0.28 

Whole Milk with Prebiotic 4.12 13.2 0.27 

Whole Milk with Synbiotic 4.18 13.6 0.26 

(Gonzalez et al., 2011) 
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2.5.1.5 Titratable acidity 

The titratable acidity (Table 10) of the samples ranged from 13.2 to      

14.6 g L
-1

. Generally, the skim milk samples had higher titratable acidity, 

which might be because of the presence of slightly higher amounts of milk 

protein as compared to whole milk samples. Proteins contribute to the 

‘apparent acidity’ in milk (Gonzales et al., 2011). 

Titration total acid in food is determined by acid-base titration to 

estimate the total concentration of acid. Most of the acid is an organic acid 

that affected the taste, color, microbial stability, and food quality. The total 

acid will increase during storage, and the highest increase occurred in yogurt 

that uses mixed cultures. The ambiance of acid in yogurt due to the 

metabolism of lactose by the lactic acid bacteria causing sourness and casein 

precipitation (Savitri et al., 2008). 

2.5.1.6 Exopolysaccharides (EPS) 

The fermentation process of milk into yogurt is produced 

exopolysaccharide and bioactive peptides that have beneficial health for 

stimulated the immune system. Exopolysaccharide also has antitumor activity, 

and prebiotic activity such as macrophages and lymphocytes                

(Zubaidah et al., 2008). 

Exopolysaccharide is a polysaccharide produced and excreted from 

microbes. Exopolysaccharide production occurs in stationary to death phase. 

EPS can be degraded by bacteria as a source of carbon for their enzyme 

production. Fermentation conditions, mineral supplementation of growth 

media, the interaction between strains, and fermentation technology were 

influenced factor of EPS production (Pham et al., 2000). 
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The strains of Streptococcus thermophilus zlw TM11 was isolated from 

traditional Chinese fermented dairy products resulted in the highest 

exopolysaccharide content (380 mg/ L) and viscosity (7716 mpa/ s)         

(Table 11). The results showed that strains producing higher 

exopolysaccharide contribute to the higher viscosity of fermented milk 

(Figure 5). The combination between Streptococcus thermophilus zlw TM11 

and Lactobacillus delbrueckii subsp. Bulgaricus 3 4.5 are namely SH-1 

resulted in lower syneresis (8.5%) (Figure 6) and better texture and sensory 

(Figure 7) than the samples fermented by YO-MIX 465 and YF-L711 as 

commercial starter cultures. SH-1 was produced higher exopolysaccharide 

that could be used as yogurt starter which can compare with the imported 

commercial starter culture (Han et al., 2016). 

Table 11 The content of exopolysaccharide and viscosity for different 

Streptococcus thermophilus fermented milk (values are means ± 

SD for 𝑛 = 3) 
Strains EPS (mg/ L) Viscosity (mPa/ s) 

zlwTM11 384 ± 22
a
 7716 ± 608.80

A
 

zlwB9-3 255 ± 43
b
 5960 ± 1716.77

B
 

zlwQ 175 ± 54
c
 4360 ± 685.85

C
 

zlw3 121 ± 5
de

 3562 ± 101.17
CD

 

zlw1703F 85 ± 34
fgh

 2722 ± 1084.76
EF

 

zlwSH94.5 45 ± 7
i
 1092 ± 43.27

G
 

Note : a, b, c, d, e, f, g, h, and i: values with different letters within the same 

column differ significantly (𝑝 < 0.05) for exopolysaccharide. A, B, C, 

D, E, F, and G: values with different letters within the same column 

differ significantly (𝑝 < 0.05) for viscosity 

(Modified from Han et al., 2016) 
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(Han et al., 2016) 

Figure 5 The concentration of exopolysaccharide in yogurt fermented by 

different starter culture. Mean values (𝑛 = 3)A, B, and treatments 

with different letters are different at 𝑝<0.05. 

 

 

 

 

 

 

 

 

 

 

 

(Han et al., 2016) 

Figure 6 The syneresis of yogurt fermented by different starter culture. There 

are no significant differences at 𝑝>0.05. Error bars indicate standard 

deviation. 
 

711 : YF-L711 

465 : YO-MIX 465 

SH-1: screened starter 

711 : YF-L711 

465 : YO-MIX 465 

SH-1: screened starter 
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Note : 711 : starter of YF-L711, 465 : starter of  YO-MIX 465, SH-1: 

screened starter 

(Han et al., 2016) 

Figure 7 Sensory value for different starter fermented milk. 

2.5.1.7 Antioxidant activity 

Antioxidants can stop the oxidative chain reaction by eliminating free 

radical intermediates. Deficiency or misbalance of these networks in the 

human body has been found to be linked with diseases like cancer, diabetes, 

and premature ageing. Many plants have been considered to be the primary 

source of antioxidant production (Misra, 2011). The fermentation of the milk 

with lactic acid bacteria resulted in a vast number of bioactive peptides and 

free amino acids with different biological activity, such as inhibition of the 

angiotensin-converting enzyme, immune activity and antioxidative activity 

(Pena et al., 2001). The combination between L. bulgaricus and                      

S. thermophillus was registered immediately after fermentation with a value 

of 52.44%. The lowest value of antioxidant value of both cultures was at the 

third day's storage with a value of 39.43%  (Table 12). 
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Table 12 The antioxidant activity of different microbiological culture in 

fermented milk 
Days L. bulgaricus +  

S. thermophillus 

L. casei L. acidophillus B. bifidus 

0 52.44 56.51 63.99 54.93 

1 45.43 49.39 58.77 52.13 

3 39.43 49.06 55.67 46.46 

5 43.01 47.61 49.48 44.03 

10 43.34 52.87 48.60 42.26 

15 47.42 54.55 52.63 45.31 

X
* 

45.18 51.67 54.86 47.52 

Note : * Average value without baseline for unfermented milk 

         (Modified from Tomovska et al., 2016) 

2.5.2 Microbiology 

2.5.2.1 Viabiltiy of Streptococcus thermophilus and Lactobacillus 

bulgaricus  during storage  

The viability evaluation of Streptococcus thermophilus and 

Lactobacillus bulgaricus of yogurt added with pectin during storage was 

observed by Arioui et al. (2016). During storage, the higher level of pectin 

added will effect to lower viability of both starter bacteria. Streptococcus 

thermophilus gradually decreased, and Lactobacillus bulgaricus increased 

then reduced during storage. 21 days of storage resulted in the lowest number 

of bacteia viability (Figure 8). 

2.5.2.2 Total yeast and mold 

Coliforms, yeast and molds counts were also carried out to check the 

hygienic-sanitary status of the samples. In yogurts, yeasts often grow slowly 

in conventional laboratory plating methods, about 10 CFU/ ml were detected 

after 16 hours of incubation (García et al., 2004). 
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Bakri et al. (2009) investigated the microbiology quality of traditional 

and modern manufacturing process of fruit yogurt in Khartoum State, Sudan. 

Manufacturing yogurt in traditional method had significantly (p<0.05) higher 

mean yeast and molds count than modern method. Yogurt manufacturers must 

give more attention to the hygienic practices in their production facilities to 

improve the microbial quality standards. The international standards of yeast 

and molds in yogurt is not more than 10
3
 CFU/ mL

-1
. 

2.5.3 Sensory properties 

Trained or untrained panelists could evaluate sensory properties 

including; flavor, mouthfeel, and color. Consumer testing could provide the 

most meaningful and reliable information on the textural quality and 

acceptability of yogurt (Jaworska et al., 2005).  

The higher level of pectin was improved the sensory quality of yogurt 

during 21
st
 days of cold storage (Figure 9). The addition of 0.6% pectin 

having better values of cohesiveness (14.62 sum of ranks), adhesiveness 

(16.50 sum of ranks), and taste (17.37 sum of ranks). Although, the controlled 

fermented milk (0% pectin) resulted in the very pleasant aftertaste. Whey 

exudation is in opposition to the increase of pectin rates added in the yogurt 

(p<0.01). Similar results showed by Everett et al. (2005) the addition of 

pectin to the yogurt improves whey exudation due to the absorption. 
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(Modified from Arioui et al., 2016) 

Figure 8  Evaluation of the number of Streptococcus thermophilus (A) and 

Lactobacillus bulgaricus (B) (CFU/ mL) of yogurt added with 

pectin. 

 

 

 

 

 

(Modified from Arioui et al., 2016) 

Figure 9 Evaluation of sensory properties of yogurt added with pectin during 

21
st
 days of cold storage at 4

o
C. 

(A) 

(B) 
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3. Materials and m\ethods 

3.1 Materials 

Raw milk was obtained from school farm of NPUST, with the average 

value of fat (%) = 3.53,  protein (%) = 3.26, solid non fat (%) = 8.87, density 

(kg/m
3
) = 1030.1,  negative result of sugar and alcoholic test, and total plate 

count 1x10
1 

CFU/ ml. Canna tubers were obtained from local farmers in 

Benjor Village, Tumpang District, Malang, Indonesia. The lactic acid bacteria 

starters that used for this experiment are Lactobacillus bulgaricus 12297 and 

Streptococcus thermophilus 14086. 

3.2 Methods 

3.2.1 Experiment 1 

3.2.1.1 Canna starch manufacturing 

Red canna tubers aged 5-10 months was obtained from Malang, 

Indonesia. Starch processing was referred to AOAC (1995) Canna tubers 

washed, cut, and treated with 7.5% saline solution for 1 hour in order to 

remove oxalate compounds. The pieces of Canna were crushed and mixed 

with water in the ratio 1:4, then squeezed using filter cloth until resulted solid 

fractions. The solid was added with 1:4 of water and then filtered. Canna 

starch was precipitated for 6 hours - 8 hours. The formed starch was dried at 

60
o
C for 6 hours, then milled and sieved with a 100 mesh. 
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3.2.1.2 Starter bacteria preparation 

Starter cultures Lactobacillus delbruieckii subsp. bulgaricus 12297 and 

Streptococcus salivarus subsp. thermophilus  14086 were used for this 

research from the Department of Animal Science, National Pingtung 

University of Science and Technology, Taiwan. Starter bacteria preparation 

were divided into 2 step that following the method by Tomovska et al. (2016). 

a) Bacterial propagation 

Several tubes containing 9.0 mL of MRS brooth (Merc KgaA, 

VM767861706; Darmstadt, Germany) and inoculation loop were autoclaved. 

The pure cultures of L. bulgaricus and S. thermophilus were propagated by 

transferring 1.0 ml of bacterial cultures into several tubes with inoculation 

loop then incubated at 37
0
C for 12-24 hours. 

b) Subculture starter preparation 

Skim milk dissolved in distiled water 10% (w/ v) (Fonterra Co., 

AN150016E1; Auckland, New Zealand) then pasteurized at 121
o
C for 15 

minutes and cooled at 45
o
C, inoculated 2% of yogurt starter into sterilized 

skim milk. Subsequently, it was incubated at 37°C for 12-24 hours until form 

coagulation. Starter cultures were ready for yogurt manufacturing process 

(Figure 10). 

 

 

 

(a)    (b)  

Figure 1 Propagation media of starter bacteria : MRS brooth (a) and skim 

milk (b). 
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3.2.1.3 Determine the Canna starch percentage level of the yogurt 

compared with CMC percentage 

Standard procedure of yogurt manufacturing process was used to 

determine the level addition of Canna starch that resulted similarity values 

compared to yogurt with CMC. Raw cow’s milk as raw material was mixed 

with 15% skim milk powder then divided into five groups were 0.2% CMC 

(as the control group), 0.1%  Canna starch, 0.2% Canna starch, 0.3% Canna 

starch, and 0.4% Canna starch as treatments group.  

After samples had been mixed thoroughly, raw milk was heated at 85°C 

for 30 min and cooled to 43°C. Pasteurize milk was inoculated with 2% of 

yogurt starter culture including S. thermophilus and L. bulgaricus were 

obtained from pure culture then mixed thoroughly. Samples were put into 200 

mL of sterilized bottle and incubated at 37°C for 22 h until pH 4.6 was 

reached. After fermentation, yogurt samples were added 10 g/ 100 ml (w/ v) 

sugar water with ratio 1:1, then stored and cooled in refrigerator at 4°C. 

Physicochemical and sensory properties will analyzed at 1
st 

days storage. The 

experiment 1 was replicated four times. The experimental design was shown 

in Table 13, while the procedure was presented in Figure 11. 

3.2.2 Experiment 2  

3.2.2.1 Determine the effects of replacing CMC with canna starch during 

storage 

Results of the best concentration in experiment 1 was used on 

experiment 2 in order to know the effectiveness canna starch to replace the  

used of CMC. Raw cow’s milk was mixed with 15% skim milk powder then 

divided into five groups were T0 (0.2% CMC), T1 (0.15% CMC + 0.025% 

Canna starch), T2 (0.1% CMC + 0.05% Canna starch), T3 (0.05% CMC + 

0.075% Canna starch), and T4 (0.1% Canna starch).   
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All samples had been mixed thoroughly, then pasturized at 85°C for 30 

minutes and cooled to 43°C. Pasteurize milk was inoculated with 2% of 

yogurt starter culture including S. thermophilus and L. bulgaricus then mixed 

thoroughly. Samples were put into 1000 mL of sterilized bottle and incubated 

at 37°C for 22 h until pH 4.6 was reached.  

After fermentation, yogurt samples were added 10 g/ 100 ml (w/ v) sugar 

water with ratio 1:1. Samples were divided into 100ml small cups then stored 

and cooled in refrigerator at 4°C for further analysis. Physicochemical, 

microbiology, antioxidant activity, and sensory properties were analyzed on 

1
st
, 7

th
, 14

th
, and 21

st
 storage days. The experimental design was shown in 

Table 14, while the procedure was presented in Figure 12. The complete 

experiment flow chart was showed in Figure 13. 

3.2.3 Viscosity 

Dynamic viscosity was measured using method of Kasinos et al. (2014) 

with modification. An amount of 80 g yogurt sample was inserted into a 

rotational viscometer (DV-II digital viscometer; Brookfield Engineering 

Laboratories, Inc., LR99102; Middleboro, MA, USA). All measurements 

were done at room temperature (24 + 1
0
C) using a number 2 spindle set to 60 

rpm. 

3.2.4 Syneresis 

Syneresis of each yogurt drink samples was measured using method of 

Wu et al. (2013). An amount of 20 g yogurt sample was placed into a 

centrifuge tube and centrifuged 1200 rpm at 4
o
C for 20 minutes (Hettich 

Centrifuger Universal 320R, Germany). The weight fraction of the 

supernatant recovered  (%v/w). 
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Table 1 The experimental design of experiment 1 

Treatment 
Replication 

1 2 3 4 

Control (0.2 % CMC) T0R1 T0R2 T0R3 T0R4 

T1 (0.1 % Canna) T1R1 T1R2 T1R3 T1R4 

T2 (0.2 % Canna) T2R1 T2R2 T2R2 T2R2 

T3 (0.3 % Canna) T3R1 T3R2 T3R3 T3R4 

T4 (0.4 % Canna) T4R1 T4R2 T4R3 T4R4 

 

Table 2 The experimental design of experiment 2 

Treatment 
Storage Day 

1 7 14 21 

T0 (0.2% CMC) 1 T0D1R1 T0D7R1 T0D14R1 T0D21R1 

2 T0D1R2 T0D7R2 T0D14R2 T0D21R2 

3 T0D1R3 T0D7R3 T0D14R3 T0D21R3 

T1 (0.15% CMC + 0.025% 

canna) 

1 T1D1R1 T1D7R1 T1D14R1 T1D21R1 

2 T1D1R2 T1D7R2 T1D14R2 T1D21R2 

3 T1D1R3 T1D7R3 T1D14R3 T1D21R3 

T2 (0.1% CMC + 0.05% 

canna) 

1 T2D1R1 T2D7R1 T2D14R1 T2D21R1 

2 T2D1R2 T2D7R2 T2D14R2 T2D21R2 

3 T2D1R3 T2D7R3 T2D14R3 T2D21R3 

T3 (0.05% CMC + 0.075% 

canna) 

1 T3D1R1 T3D7R1 T3D14R1 T3D21R1 

2 T3D1R2 T3D7R2 T3D14R2 T3D21R2 

3 T3D1R3 T3D7R3 T3D14R3 T3D21R3 

T4 (0.1% canna) 1 T4D1R1 T4D7R1 T4D14R1 T4D21R1 

2 T4D1R2 T4D7R2 T4D14R2 T4D21R2 

3 T4D1R3 T4D7R3 T4D14R3 T4D21R3 
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Figure 2 The procedure of experiment 1.

Pasteurized at 85
o
C for 30 Minutes 

Cooling the milk to 43
o
C 

Add Starter Culture (St & Lb) 2% 

Take into incubator at 37
o
C for 22 hours, until reach pH : 4.6 

Stored in Refrigerator (4
o
C) 

Physicochemical and sensory properties analysis 

Add Sugar Water with proportion 1:1 

Add 0.2% 

CMC 

Add 0.1% 

Canna 

Add 0.2% 

Canna 

 

Add 0.3% 

Canna 

 

Add 0.4% 

Canna 

 

15% Skim Milk Powder  

Red canna tubers 

Washed, cut, soaked in saline 

solution 7.5% for 1 hour 

crushed and extracted with a ratio 

of 4 : 1 (water : canna) 

squeezed using a filter cloth 

Solid extracted with a ratio of  

4 : 1 (water : canna) 

precipitated for 6 - 8 hours 

dried at 60
o
C for 6 hours 

milled and sieved with a 100 mesh 

Canna starch 

Fresh Milk 
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Figure 3 The procedure of experiment 2. 

 

 

 

 

 

 

Pasteurized at 85
o
C for 30 Minutes 

Cooling the milk to 43
o
C 

Add Starter Culture (St & Lb) 2% 

Take into incubator at 37
o
C for 22 hours 

Stored in refrigerator (4
o
C) 

Physicochemical, microbiology, and sensory properties analysis 

Add Sugar Water with proportion 1 : 1 

Add  

0.2% CMC 
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CMC +  
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CMC +  
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CMC +  
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Figure 4 Flowchart of the whole experiment. 
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3.2.5 Sedimentable fraction 

Sedimentable fraction in order to measure the stability was determined 

using method of Wu et al. (2013) An amount of 10 g yogurt sample was 

centrifuged at 4000 rpm at 25
o
C for 20 minutes (Hettich Centrifuger 

Universal 320R, Germany). The sedimentable fraction was calculated by the 

ratio of the weight of sediment to the weight of the sample. All measurements 

were performed in triplicate. 

3.2.6 pH 

The pH of yogurt sample was measured using a Suntex pH Meter SP-

2500 (Suntex Instruments Co., Ltd., New Taipei, Taiwan). The pH meter was 

calibrated with buffer standards of pH 4 and pH 7, rinsed thoroughly with 

destiled water before used on sample. An amount of 50 mL yogurt sample 

was placed in beaker glass then inserted to pH meter in auto mode and pH 

values was recorded in triplicate. 

3.2.7 Titratable acidity 

Titratable acidity of yogurt sample was measured according to Sabados 

et al. (1996) . An amount of 8.8 g yogurt sample mixed with 9 ml of destiled 

water. Added 0.5 ml phenolphthalein (1%) and used 0.1M sodium hydroxide 

(NaOH) to titrate. The acidity of yogurt samples expressed as % lactic acid is 

calculated as follow: 
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3.2.8 Exopolysaccharides 

Exopolysaccharides (EPS) were extracted according to the method of 

Dubois et al. (1956) with slight modifications. First step was protein 

precipitated, an amount of 10 g yogurt sample treated with 20% 

trichloroacetic acid, then centrifuged at 2500 rpm at 4°C for 30 minutes 

(Hettich Centrifuger Universal 320R, Germany). The supernatant collected 

after centrifugation was treated with 95% absolute ethylic alcohol (1: 3) and 

left overnight at 4°C then centrifuged again at 2500 rpm at 4°C for 30 

minutes. EPS precipitate was redissolved in distilled water and dialyzed with 

seamless cellulose tubing (Molecular Weight Cut Off of 13 kDa; Viskase 

Companies, Inc., USA) at 4
o
C for 24 hours against distilled water. The crude 

was diluted with distilled water to 50 mL in order to determine the EPS yield 

by phenol-sulphuric acid method. 

The quantitative determination of the EPS was made using the 

colorimetric phenolsulphuric method with glucose standard for total sugar 

dosage. The glucose standard curve was prepared, 100.0 mg glucose was 

dissolved in water to make 100 mL. Then 20, 30, 40, 50, 60, 70, 80,  and 90 

mg/ L glucose solution were made by diluting with distilled water to 2.0 mL, 

respectively. 1.0 mL of phenol solution 5% (v/ v) and 50 mL of sulphuric acid 

95 % (v/ v)
 
were added quickly and shake up. After 10 minutes

 
standing, then 

measured using WPA Spectrawave – S800 Diode Array Spectrophotometer 

(Biochrom, Ltd., England) set to 490 nm of absorbance. 2.0 mL of distilled 

water used as a blank in the same conduct. The standard curve was drawn 

with concentration of EPS as the horizontal axis and absorbance values as the 

vertical axis (Figure 14). 
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Figure 5 Glucose standard curve for EPS yield determination. 

For EPS yield determination, accurately 1000µL of EPS samples were 

added quickly with 1.0 mL of 5 % phenol solution and 5.0 mL of sulphuric 

acid 95 % (v/v) and shake up after 10 min standing, and then absorbance at 

490 nm was measured. The concentration of EPS was determined in triplicate 

and 2.0 mL distilled water used as blank. The EPS content of each sample 

was calculated by the standard curve. Flow chart of the EPS method is shown 

in Figure 15. 

3.2.9 Antioxidant activity 

Whey fraction of yogurt sample was prepared before continued to DPPH 

radical scavenging activity analysis. Whey fraction was obtained according to 

the method of Soleymanzadeh et al. (2016) with some modifications. An 

amount of 25 mL yogurt sample was placed into a centrifuge tube and 

centrifuged 9000 rpm at 4
o
C for 20 minutes (Eppendorf 5810R Multipurpose 

Centrifuges, Germany). The supernatant of sample was filtered on a 0.45 µm 

cellulose membrane filter (Toyo Roshi Kaisha, Ltd., A045A047A; Tokyo, 

Japan) using vacum pump (Gast DOA-P104-AA Diaphragm Vacuum, IDEX 

Corp., LR37697; Illinois, USA). 
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DPPH radical solution (0.002% w/ v) in 95% ethanol was prepared 

(Sigma-aldrich, STBF1771V; St Louis, USA). A volume of 3600 μL of 

DPPH in ethanol was added to 400 μL of whey fraction with the 

concentration of 1.0 mg/ mL
−1

. The mixture was vortexed and left to stand for 

30 min in the dark room. The reduction of the DPPH was determined using 

WPA Spectrawave – S800 Diode Array Spectrophotometer (Biochrom, Ltd., 

80300350; Cambridge, England) set to 517 nm of absorbance.  

Ethanol was used as a blank, while DPPH solution in ethanol served as 

control. Flow chart of the DPPH method is shown in Figure 16. The 

antioxidant activity was expressed as percentage of DPPH activity calculated 

as : 

               [
                                    

                
]       

Where :  

- Absorbance blank is the absorbance of the control sample (DPPH 

solution without whey fraction) 

- Absorbance sample is the absorbance of test sample (DPPH solution 

plus whey fraction). 

3.2.10 Microbiology  

Microbiology analysis divided into three parts of methode such as 

viability of Lactobacillus bulgaricus, viability of Streptococcus thermophilus, 

and total yeast and mold.  
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Enumeration of Lactobacillus bulgaricus using the pour plate method : 

Lactobacillus bulgaricus  was enumerated according to method of  Shori 

and Ahmad (2012). MRS agar was prepared by mixing MRS powder with 

water 62 g/ 1 L distilled water (Merc KgaA, Darmstadt, Germany). Agar was 

autoclaved followed by cooling to 45
0
C. 1.0 mL of yogurt diluted (10

-6
, 10

-7
, 

and 10
-8

) with sterilized NaCl was placed in a petri dish. Added 15 mL MRS 

agar then mixed by gently tilting and swirling the dish. The plates were left at 

room temperature until solid. Thereafter, the plates were inverted and placed 

in the incubator (37
0
C) for 48 hours. 

Enumeration of Streptococcus thermophilus using the pour plate method : 

Streptococcus thermophilus was calculated according to method of  

Shori and Ahmad (2012). M17 agar was prepared by mixing M17 powder 

with water 37.25 g/ 950 mL distilled water (Becton Dickinson Co., 2284923; 

Sparks, USA). Agar was autoclaved followed by cooling to 45
0
C then mixed 

with 50 mL of  10% w/ v sterilized lactose solution (Nacalai Tesque Inc., 

Kyoto, Japan). 1.0 mL of yogurt diluted (10
-6

, 10
-7

, and 10
-8

) with sterilized 

NaCl was placed in a petri dish. Added 15 mL M17 agar then mixed by gently 

tilting and swirling the dish. The plates were left at room temperature until 

solid. The plates were inverted and placed in the incubator (37
0
C) for 48 

hours. 
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Enumeration of yeast and mold using the pour plate method : 

Yeast and mold were calculated according to method of  Shori and 

Ahmad (2012). Potato Dextrose Agar (PDA) was prepared by mixing PDA 

powder with water 39 g/ 1 L distilled water (Merc KgaA, VM746630632; 

Darmstadt, Germany). Agar was autoclaved followed by cooling to 45
0
C. 1.0 

mL of yogurt diluted (10
-1

, 10
-2

, and 10
-3

) with sterilized NaCl was placed in a 

petri dish. Added 15 mL PDA agar then mixed by gently tilting and swirling 

the dish. The plates were left at room temperature until solid. The plates were 

inserted in the incubator (25
0
C) for 72 hours. 

 

Viability of  Lactobacillus bulgaricus, Streptococcus thermophilus, 

yeast, and mold were calculated  as follows : 

 

         
                                                    

                
 

*CFU = Colony Forming Unit 
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Figure 6  Exopolysaccharides assay. 
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Figure 7  DPPH (1,1-DipHenyl-2-picrylhydrazyl) assay. 
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3.2.11 Sensory properties 

Sensory properties analysis were divided into two different methods in 

each experiment : 

Sensory properties analysis method experiment 1: 

Experiment 1 used the method of Robinson and Itsaranuwat (2006) 15 

semi-trained panelist consist of 8 taiwanese female and 7 taiwanese male 

were selected. All of the panelist already passed the triangle sensory test, then 

trained with control sample (0.2% CMC). The evaluation was scored on 5 

point hedonic scale (1= very different,  2= different,  3= moderate, 4= similar, 

5= very similar). The score obtained according to appearance, flavour, taste, 

mouthfeel, and overall acceptabilty of all treatment groups compared with 

control sample. The complete sensory quality score sheet of experiment 1 was 

attached in appendix 1. 

Sensory properties analysis method experiment 2 : 

According to Tamjidi et al. (2012) 30 participants were randomly 

selected (15 female and 15 Male) identified themselves as taiwanese students. 

Their age range between 17 and 22 years old as untrained panelist for the 

sensory evaluation. The test was done on the 1
st 

 and 
14th 

days of storage. Each 

panelist was presented with 15 mL of yogurt samples, five groups treatment 

were labeled with three randomly code. The first group contained 0.2% CMC, 

second group contained 0.15% CMC + 0.025% canna, third group contained 

0.1% CMC + 0.05% canna, fourth group contained 0.05% CMC + 0.075% 

canna, and fifth group contained  1% canna. The evaluation was scored on 5 

point hedonic scale (1= dislike very much, 2 = dislike, 3= neither like or 

dislike, 4= like, 5= like very much) according to appearance (color), flavor 

(rancidty), taste (sour, sweet, and bitter), mouthfeel (smoothness and 

thickness), and overall accceptability. The complete sensory quality score 

sheet of experiment 2 was attached in appendix 2. 
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3.3  Statistical analysis  

Experimental design of the study used the completely randomized 

factorial design with two factor and three replications (5x4x3). The first factor 

was canna and CMC percentage levels divided into 5 group, T0 (0.2%CMC), 

T1 (0.15% CMC + 0.025% canna), T2 (0.1% CMC + 0.05% canna), T3 

(0.05% CMC + 0.075% canna), and T4 (0.1% Canna), respectively. The 

second factor was storage time of yogurt divided into 4 groups, D1 (1 days), 

D7 (7 days), D14 (14 days), and D21 (21 days), respectively.  

Experiment 1 

Data obtained from the results of subsequent studies analyzed by one 

way ANOVA and if there is any significant difference then continued by test 

using Duncan's Multiple Range Test (DMRT) at the 5% significance level (α 

= 0.05) with SPSS for Windows version 16. 

Experiment 2 

The data was analyzed by General Linear Model (GLM) in a windows-

based software package, SPSS for Windows version 16. If there is any 

significant difference then continued by test using Duncan's Multiple Range 

Test (DMRT) at the 5% significance level (α = 0.05). 
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4. Results and Discussion 

Results and discussion of this experiment were divided into 2 parts. 

Experiment 1 discussed the determination level of Canna starch compared 

with CMC in order to get the similar result on pH, titratable acidity, viscosity, 

syneresis, sedimentable fraction, and sensory properties. Experiment 2 

discussed the effect of replacing CMC with Canna starch on viscosity, 

syneresis, sedimentable fraction, pH, titratable acidity, exopolysaccharides, 

antioxidant activity, microbiology, and sensory quality during 1
st
, 7

th
, 14

th
, 

and 21
st
 storage days. 

4.1 Experiment 1 

Experiment 1 included the result of pH, titratable acidity, viscosity, 

syneresis, sedimentable fraction, and sensory properties of the different 

percentage level of Canna starch compared to CMC during 1
st
 days storage. 

4.1.1 The determination level of Canna starch compared with CMC 

pH value of all treatments in this experiment was adjusted to 4.6 before 

stored in the refrigerator. The common pH value in commercial yogurt is 

about 4.5± 0.1 that has the function for resulted pleasant product appearance 

and preserve the shelf life and mild flavor (Hui et al., 2007). During the 

fermentation process to reach 4.6 of pH value, the higher percentage level of 

Canna starch resulted in longer fermentation time than CMC (Figure 17). The 

addition of CMC 0.2% resulted in the shortest fermentation time with 22  

hours, while 0.4% addition of Canna starch resulted in the longest 

fermentation time about 28 hours. The slower reduction of pH values in 

Canna starch than CMC suggested that some components present in Canna 

starch may have an inhibitory effect toward the growth and metabolism of 

yogurt starter bacteria. 
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Note : Control (0.2%CMC), T1 (0.1 % Canna), T2 (0.2% Canna), T3 (0.3 % Canna), and 

T4 (0.4% Canna). 

Figure 1 Changes in pH values of yogurts during fermentation process with 

different percentage of Canna starch compared to CMC. 
 

 
Note : Control (0.2%CMC), T1 (0.1 % Canna), T2 (0.2% Canna), T3 (0.3 % Canna), and 

T4 (0.4% Canna). 

Figure 2 Changes in titratable acidity values of yogurts during fermentation 

process with different percentage of Canna starch compared to 

CMC. 
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The addition of plant extract to yogurt will affect to the slower pH 

reduction that caused by the high phenolic compound that increases the 

buffering capacity (Michael et al., 2010). The same conditions were showed 

on titratable acidity value (Figure 18), the addition of CMC 0.2% resulted in 

the highest titratable acidity values with 0.94 % at the end of the fermentation 

process, while 0.4% addition of Canna starch resulted in the lowest titratable 

acidity values with 0.90%. The higher percentage of Canna starch was 

produced lower titratable acidity value. The phenolic compound present in 

Canna starch has inhibited the growth of starter bacteria that affected to the 

total amount of lactic acid bacteria in yogurt product.  

Post-acidification analysis of pH, titratable acidity, viscosity, syneresis, 

sedimentable fraction, and sensory properties was done at 1
st
 day storage. 

Changes in pH and TA values of yogurt drink during storage are presented in 

Table 15. Yogurt with CMC and Canna starch showed no significant 

differences (p>0.05) in pH value over the 1
st
 day of storage. Titratable acidity 

(TA) values of the yogurt drink with the addition of 0.2 % CMC was 

significantly higher (p<0.05) than Canna starch on the 1
st
 day of storage. The 

addition of 0.2% CMC improved 0.94% of TA, higher percentage level of 

Canna starch resulted lower total acidity. The addition of stabilizer will inhibit 

the starter bacterial growth and metabolism that reduce the acid production 

and affected to the lower TA values of yogurt (Prasana et al., 2013). 

Changes in syneresis, viscosity, and sedimentable fraction values of 

yogurt drink during storage are presented in Table 16. Syneresis values and 

sedimentable fraction indicated a significant difference (P<0.05) between the 

yogurt drink with the addition of CMC and Canna starch. The addition of 

0.4% Canna starch reduced 29.43% of syneresis, and 0.64% of the 

sedimentable fraction, the higher percentage level of Canna starch resulted in 

lower syneresis and the sedimentable fraction. The similar result of syneresis 

was showed between 0.2% CMC and 0.2% Canna starch with value of 

31.70%  and 31.97%, respectively. The similar result of the sedimentable 
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fraction was showed between 0.2% CMC with 0.71%  and 0.1% Canna starch 

with 0.68%, respectively. 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).  

Viscosity values indicated a significant difference (p<0.05) between the 

yogurt drink with the addition of CMC and Canna starch. The addition of 

0.4% Canna starch improved 152.8 cP of viscosity, the higher percentage 

level of Canna starch resulted in higher viscosity. The similar result was 

showed between 0.2% CMC with 78.3 cP and 0.1% canna with 80.1 cP, 

respectively. The addition of Canna starch will increase the viscosity of the 

yogurt drink caused by amylopectin as the water-binding agent that increased 

the interactions between protein molecules in yogurt (Rauf and Sarbini, 

2013). 

Table 1 Postacidification pH and TA values of yogurt drink during 1
st
 storage 

day 

Treatment pH Titratable acidity (%) 

Control (0.2%CMC) 4.60 ± 0.01
 

0.94 ± 0.02
a 

T1 (0.1 % Canna starch) 4.59 ± 0.01
 

0.91 ± 0.01
b 

T2 (0.2 % Canna starch) 4.61 ± 0.01
 

0.92 ± 0.01
ab 

T3 (0.3 % Canna starch) 4.60 ± 0.02
 

0.91 ± 0.01
b 

T4 (0.4 % Canna starch) 4.61 ± 0.01
 

0.90 ± 0.01
b 

Note : Samples were stored at 4°C. Data followed by different lowercase letters are 

significantly different (p < 0.05). 
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Table 2  Syneresis, viscosity, and sedimentable fraction results during 1
st
 

storage day 
Treatment Syneresis (%) Viscosity (cP) Sedimentable 

fraction (%) 

Control (0.2%CMC) 31.70 ± 0.36
bc 

78.3 ± 0.60
a 

0.71 ± 0.02
c 

T1 (0.1 % Canna starch) 33.43 ± 1.03
d 

80.1 ± 0.65
a 

0.68 ± 0.01
bc 

T2 (0.2 % Canna starch) 31.97 ± 0.51
c 

98.9 ± 0.38
b 

0.66 ± 0.02
ab 

T3 (0.3 % Canna starch) 30.40 ± 0.56
ab 

121.3 ± 1.53
c 

0.66 ± 0.01
ab 

T4 (0.4 % Canna starch) 29.43 ± 0.97
a 

152.8 ± 2.02
d 

0.64 ± 0.03
a 

Note : Samples were stored at 4°C. Data followed by different lowercase letters are 

significantly different (p < 0.05). 

 

 

 

 

 

 

 

 

 

 

Note : T1 (0.1 % Canna starch), T2 (0.2% Canna starch), T3 (0.3 % Canna starch), and     

T4 (0.4% Canna starch). Samples were stored at 4
o
C ; 1—very  different to           

5—very similar. 

Figure 3 Radar diagram of yogurt sensory properties for different Canna 

starch percentage compared with control sample (0.2% CMC) 

during 1
st
 storage day. 
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The sensory quality test should be done to know the effect of adding 

Canna starch to the quality of the final product. The radar diagram of the 

seven sensory attributes for different Canna starch percentage compared with 

the control sample (0.2% CMC) during 1
st
 storage days is shown in Figure 19. 

The higher score of this test indicated the similarity quality compared with 

control according to color, acidic, sourness, sweetness, smoothness, thickness, 

and overall acceptability. The score was decreased by a higher percentage of 

canna in yogurt drink. Treatment of 0.1% canna was the highest score 

according to color (3.80 point), acidic (3.00 point), sweetness (2.87 point), 

smoothness (3.07 point), thickness (2.87 point), and overall acceptability 

(3.20 point). The sourness of yogurt drink with 0.2% canna was the highest 

with (3.00 point). 

Based on all data results of experiment 1, the addition of 0.1% Canna 

starch was showed similar results of viscosity, sedimentable fraction and 

sensory quality compared with 0.2% CMC as the control treatment. In 

addition, 0.1% Canna starch supplemented in yogurt drink resulted in the 

shortest time in pH reducing compared with the other group treatments that 

contain the higher level of Canna starch. However, the addition of 0.1% 

Canna starch was not enough for reducing syneresis of the yogurt drink. The 

combination of CMC and Canna starch may affect syneresis, therefore, mix 

addition of 0.1% Canna starch and CMC will be studied in   experiment 2. 

4.2 Experiment 2 

Experiment 2 included the result of pH, titratable acidity, viscosity, 

syneresis, sedimentable fraction, exopolysaccharides, antioxidant activity, 

microbiology, and sensory properties of the different combination percentage 

level of CMC and Canna starch during 1
st
, 7

th
, 14

th
, and 21

st 
days storage. 
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4.2.1 Milk acidification process of yogurt with different combination level 

of CMC and Canna starch 

Yogurt manufacturing process in experiment 2 was applied the same 

procedure to experiment 1. After heat treatment, milk was cooled then take 

into incubators with 37
o
C of temperature. The temperature around 37-45°C is 

the best growth condition for thermophilic lactic acid bacteria such as 

Streptococcus subsp. thermophilus and Lactobacillus delbrueckii subsp. 

bulgaricus. The decreasing pH from 6.7 to ≤ 4.6 during fermentation in 

yogurt results from the accumulation of lactic acid that converted from lactose 

by starter bacteria (Lee and Lucey, 2010). 

 

 

 

 

 

 

 

 

 
 

Note : T0 (0.2% CMC), T1 (0.15% CMC + 0.025% Canna starch), T2 (0.1% CMC + 

0.05% Canna starch), T3 (0.05% CMC + 0.075% Canna starch), and T4 (0.1% 

Canna starch). 

Figure 4 Changes in pH values of yogurts during fermentation process with 

different combination level of Canna starch and CMC. 
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Acidification process of all treatments were stopped when the pH 

reached 4.6 points (Figure 20). The shortest acidification process was found 

in 0.2% CMC as control treatment with 22 hours. While yogurt with 0.1% 

Canna starch resulted the longest time of acidification process about 24 hours. 

The results indicated that accumulation of organic acid in Canna starch 

suggest an increasing the buffering capacity which resisted the pH changes 

during fermentation. 

Formation of yogurt gels will occur during acidification process. 

According to Lucey and Lee (2004), physicochemical mechanisms for the 

formation of acid milk gels can be classified into three phase of pH changes, 

including first phase (6.7 to 6.0), the second phase (6.0 to 5.0), and third 

phase (<5.0). When the pH of milk decreased from 6.6 to 6.0, the net negative 

charge on casein micelles and electrostatic repulsion were decreased. In this 

phase, only a small amount of colloidal calcium phosphate (CCP) was 

solubilized that did not affect the change of casein micelles size. 

The reducing pH from 6.0 to 5.0 will affect to the decrease of casein 

micelles net negative charge and shrank of κ-casein. The casein micelles 

stability in milk was related to steric stabilization and the reduction of 

electrostatic repulsion. When the pH value decreases to less than 6.0, it will 

increase the CCP solubilization rate that makes casein micelles internal 

structure become weak. On the 5.0 of pH, CCP perfectly dissolved in casein 

micelles. The decreasing of casein net negative charge and electrostatic 

among casein molecules were done when pH close to 4.6 as isoelectric point 

of casein (Lee & Lucey, 2006). 
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4.2.2 Physicochemical characteristics of yogurt drink during storage 

4.2.2.1 pH and titratable acidity 

Changes in pH values of yogurt with the different combination level of 

CMC and Canna starch during storage resulted in pH values ranged from    

4.60 ± 0.01 to 4.35 ± 0.01. The different combination level addition of Canna 

starch and CMC showed significantly changed on pH values of yogurt drink 

(p<0.05). The addition of 0.1% Canna starch (T4) resulted in the lowest 

average pH values about 4.47 ± 0.01, while 0.15% CMC+0.025% Canna 

starch (T1) led the highest average pH values about 4.55 ± 0.01. Figure 21 

showed that pH values of all treatment group were significantly (p< 0.05) 

decreased during 21 days of storage. The average pH value of yogurt drink at 

1
st
 day was 4.60 and decreased by 4.56, 4.50, and 4.42 for 7

th
, 14

th
, and 21

st 

days, respectively. The results showed that post acidification continued during 

the storage period. 

Higher level addition of Canna starch resulted in lower pH values, and it 

indicated that Canna starch had become an energy source for metabolic 

activity of yogurt bacteria. Lactic acid is the most abundant component that 

produced by LAB during the fermentation process of milk into yogurt. Lactic 

acid (C3H6O3) readily dissociates into H
+
 and CH3CHOHCOO

-
 ions. Lactic 

acid produced by the LAB in yogurt was increasing H
+
 ion that resulted in the 

decreasing of pH values (Muniandy et al., 2017). Whereas Panesar and 

Chetan (2011) stated that residual carbohydrate utilization, the small amount 

of CO2, and formic acid from lactose might cause the decrease in pH during 

storage. 
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Note : T0 (0.2% CMC), T1 (0.15% CMC + 0.025% Canna), T2 (0.1% CMC + 0.05% 

Canna), T3 (0.05% CMC + 0.075% Canna), and T4 (0.1% Canna). Samples were 

stored at 4
o
C.  

Figure 5 Interaction between addition level of Canna starch and CMC on pH 

value during storage (p<0.05). Error bars represent standard 

deviation. 

 

 

 

 

 

 

 

 

 

Note : T0 (0.2% CMC), T1 (0.15% CMC + 0.025% Canna), T2 (0.1% CMC + 0.05% 

Canna), T3 (0.05% CMC + 0.075% Canna), and T4 (0.1% Canna). Samples were 

stored at 4
o
C.  

Figure 6 Interaction between addition level of Canna starch and CMC on 

titratable acidity value during storage (p<0.05). Error bars represent 

standard deviation. 
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Titratable acidity (TA) values as % lactic acid, significantly increased 

(p<0.05) during storage when Canna starch added into the yogurt samples 

(Figure 22). The TA values ranged from 0.97 ± 0.01 to 1.17 ± 0.01. The 

addition of 0.1% Canna starch (T4) resulted in the highest average TA values 

about 1.05 ± 0.01, while 0.2% CMC (T0) resulted in the lowest average TA 

values approximately 0.97 ± 0.01. During the 21
st
 day's storage period, adding 

higher concentrations of canna starch into yogurt samples resulted in a 

significant (p<0.05) increase of the TA average values 0.92 to 1.10, 

respectively. 

The higher TA of yogurt with Canna starch was related to the amylose 

and amylopectin that may improve the metabolism or growth of the starter 

cultures, causing a higher production of acids. The high values for TA agreed 

with results from Seo et al. (2009) the reducing in pH and increasing of 

titratable acidity were showed during 15 days of storage in cholesterol-

reduced yogurt samples added with stabilizer from nanopowder chitosan. A 

similar result obtained from cholesterol-reduced yogurt added with enriched 

primrose oil that decreases in pH and increase in titratable acidity when stored 

at 4
o
C for 15 days (Lee et al., 2007). 

There was a significant difference of interaction between treatment 

group and storage time (p<0.05) on pH and TA value. On the other hand, a 

significant decrease in pH and increase in TA value during 21 days of the 

storage will adversely affect the yogurt quality such as increase the syneresis 

rate, reduce the stability, and potentially for spoilage bacteria contamination. 

Fox et al. (2000) stated that syneresis rate directly related to the acidity and 

inversely related to pH. The more significant changes in pH and titratable 

acidity will affect to the faster post acidification that reduced the storage 

stability of yogurt product (Kim et al., 2012).  The decrease in pH influenced 

by interactions between yoghurt culture bacteria and spoilage microorganisms 

present in the product (Dzigbordi et al., 2013). 
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4.2.2.2 Syneresis 

Syneresis is closely related to casein micelle network condition. 

Syneresis value of yogurt drink with Canna starch was significantly lower 

(p<0.05) than yogurt drink with CMC during cold storage (Figure 23). In the 

group treatment 2 (T2), which was added with 0.1% CMC+0.05% Canna 

starch, syneresis rate decreased by 28.2% from 22.33 %  to 16.02 % on 7
th

 

days, increased by 15.3%  to 18.48 % on 14
th
 days, then gradually reduced by 

8.5 %  to 16.91 % on 21
st 

days, respectively. By comparison, in control, which 

was added with 0.2% CMC, syneresis rate decreased by 30% from 31.25 %  

to 21.88 % on 7
th
 days, increased by 25.9 % to 27.56 % on 14

th
 days, then 

reduced by 13.34 % to 23.89 % on 21
st
 days, respectively. Mainly, in all 

treatments were added Canna starch, the changes in syneresis values were 

found to be much lower compared to the control (Figure 25). 

The results indicated that Canna starch was adequate to reduce the 

syneresis during storage. Starch in Canna composed of high amylopectin 

content about 63.27% that have the capability of water holding capacity to 

reduce the risk of syneresis. According to Wu et al. (2001), water holding 

capacity reflected the ability of the protein to hold on water inside the yogurt 

structure. Amylopectin with longer chain length was stronger in gel-forming 

when amylose and amylopectin were mixed (Bertoft et al., 2016). 

The decreased syneresis during storage in this experiment is accepted 

with Ares et al. (2007) significantly result of sensory properties, texture 

quality, and syneresis rate were found when sweetened plain-stirred yogurt 

added with starch and gelatin. In addition, wheying-off will reduce the 

consumer preference of yogurt product, and it caused by the perception of 

something microbiologically wrong in the manufacturing process. Several 

kinds of the stabilizer such as starch, gelatin, and pectin should be added by 

the manufacturer to prevent wheying-off in yogurt product                                 

(Lee and Lucey, 2010). 
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There was a significant difference of interaction between treatment 

group on storage time (p<0.05), the addition of Canna starch with a different 

percentage will decrease the syneresis value of yogurt drink over 21
st
 storage 

days. Duncan Multiple Range Test (DMRT) at 5% significance level 

performed, yogurt drink added with the combination of 0.1% CMC and 

0.05% Canna starch with an average value 18.43±0.18% selected as the best 

treatment. 

4.2.2.3 Viscosity 

The viscosity of yogurt drink was significantly increased (p<0.05) with 

increasing concentrations levels of Canna starch added (Figure 24). The initial 

viscosity value of each treatment on 1
st
 storage day was 84.83 cP (T1), 89.00 

cP (T2), 87.17 cP (T3), and 81.68 cP (T4) respectively, as compared with 

control samples 77.17 cP. The viscosity value of all group with the 

combination of CMC and Canna starch was significantly increased after 14 

days storage. The value increased by 36.7% from 110.83 cP to 151.50 cP 

(T1), 29.5% from 119.33 cP to 154.50 cP (T2), 71.8% from 106.50 cP to 

183.00 cP (T3), and 90.9% from 109.83 cP to 209.67 cP (T4) respectively. 

However, at the end of the storage period, the viscosity value of T3  and T4 

were decreased to 169.50 cP and 203.33 cP.  
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Note : T0 (0.2% CMC), T1 (0.15% CMC + 0.025% Canna), T2 (0.1% CMC + 0.05% 

Canna), T3 (0.05% CMC + 0.075% Canna), and T4 (0.1% Canna). Samples were 

stored at 4
o
C.  

Figure 7 Interaction between addition level of Canna starch and CMC on 

syneresis value during storage (p<0.05). Error bars represent 

standard deviation. 
 

 

 

 

 

 

 

Note : T0 (0.2% CMC), T1 (0.15% CMC + 0.025% Canna), T2 (0.1% CMC + 0.05% 

Canna), T3 (0.05% CMC + 0.075% Canna), and T4 (0.1% Canna). Samples were 

stored at 4
o
C.  

Figure 8 Interaction between addition level of Canna starch and CMC on 

viscosity value during storage (p<0.05). Error bars represent 

standard deviation. 
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There was a significant difference of interaction between treatment 

group on storage time (p<0.05), the addition of Canna starch with a different 

percentage will increase the viscosity value of yogurt drink over 21
st 

storage 

days. The increasing viscosity value was related to the longer acidification 

process and lower final pH of yogurt drink during post acidification when the 

higher Canna starch was added. According to Beal et al. (1999), longer 

acidification time has resulted in highest viscosity, and it means that 

fermentation time had a positive effect on texture development. 

Postacidification has occurred during storage at 4°C which decreased the pH 

value that caused by the persistent metabolic activity of lactic acid bacteria. 

Storage period and final fermentation pH value resulted in the significant 

effect of the total bacteria, post acidification, and texture. The low finished 

pH and fermentation temperature produced the yogurt with the highest 

viscosity. 

The viscosity results in this experiment were similar to Ibrahim and 

Salah (2015) the addition of 0.5-1.5% modified starch significantly increased 

the viscosity and reduce the serum separation of camel’s milk yogurt, it 

caused by interactions between casein particles and modified starch. The 

polysaccharide-protein association might have more impact on the viscosity 

than the protein-protein interactions of nonropy yogurt (Tamime and 

Robinson, 2007). 
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Note: T0 (0.2% CMC), T1 (0.15% CMC + 0.025% Canna), T2 (0.1% CMC + 0.05% Canna), T3 (0.05% CMC + 0.075% Canna), and T4 (0.1% 

Canna). Samples were stored at 4
o
C.  

Figure 9 The changes of syneresis over 21 days of storage. 
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Table 3 Interaction between combination addition level of Canna starch and CMC on sedimentable fraction during storage 

Storage (Days) 
Sedimentable fraction (%) Mean storage 

times T0 T1 T2 T3 T4 

1 0.73 ± 0.03   0.73 ± 0.04   0.70 ± 0.01   0.67 ± 0.01   0.66 ± 0.01   0.70 ± 0.04
a
 

7 0.70 ± 0.02 0.66 ± 0.02 0.66 ± 0.02 0.67 ± 0.01 0.69 ± 0.02 0.67 ± 0.02
b
 

14 0.67 ± 0.01 0.65 ± 0.01 0.66 ± 0.01 0.66 ± 0.01 0.66 ± 0.01 0.66 ± 0.01
c
 

21 0.64 ± 0.01 0.63 ± 0.01 0.62 ± 0.04 0.63 ± 0.01 0.65 ± 0.01 0.63 ± 0.02
d
 

Mean treatment 0.69 ± 0.04
a 

0.67 ± 0.04
b 

0.66 ± 0.04
b 

0.66 ± 0.02
b 

0.67 ± 0.02
b 

 

Note : T0 (0.2% CMC), T1 (0.15% CMC + 0.025% Canna), T2 (0.1% CMC + 0.05% Canna), T3 (0.05% CMC + 0.075% Canna), and T4 (0.1% 

Canna). Samples were stored at 4
o
C. Mean in the same row and column with different superscripts differ significantly (p<0.05). 
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4.2.2.4 Sedimentable Fraction 

Table 17 showed the sedimentable fraction of yogurt with Canna starch 

and CMC added after 21 days of storage. On day 1, the 0.1% Canna starch 

(T4) showed the lowest sedimentable fraction value with 0.66%, which was 

significantly lower (p<0.05) than the others samples. Whereas, yogurt with 

the addition of  0.2% CMC (T0) and 0.15% CMC + 0.025% Canna starch 

(T1) with values 0.73% had the highest amount of sedimentable fraction, 

which was significantly higher (p<0.05) than the other samples. After 21 

days, 0.05% CMC + 0.075% Canna (T3) samples had the lowest 

sedimentable fraction of 0.62%, followed by T3 and T1, T0 and T4 samples 

with the value of 0.63%, 0.64%, and 0.65% respectively.  

The addition of Canna starch and CMC resulted in low quantities of 

sediment fraction, and it indicates the good stability of milk proteins under 

acidic conditions. The results were in agreement with Wu et al. (2013) the 

increasing level addition of CMC will increase the stability of acidified whole 

milk during storage. Whey separation and protein aggregation occurred when 

casein close to the isoelectric points, adding the stabilizer is one of the several 

ways to solve that problem. The unstable sample showed larger casein 

aggregates. However, the addition of higher CMC will reduce the 

sedimentation of yogurt drinks because of the casein micelles electrosorption 

(Wu et al., 2014).  

On the other hand, the decereasing of sedimentable fraction of yogurt 

samples that containing different combination level of Canna starch and CMC 

was related to the increase of the viscosity. The interaction between stabilizer 

and casein particles thus contributing a strong gel that improved the viscosity 

and maintain the protein stability. High molecular weight of starch was 

interacted with casein to form casein-starch system that increases the water-

bind capacity to improve the rheological properties of yogurt                 

(Damian et al., 2012). 
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There was a significant difference of interaction between treatment 

group on storage time (p<0.05), the addition of Canna starch with a different 

percentage will reduce the sedimentable value of yogurt drink over 21
st
 

storage days. Duncan Multiple Range Test (DMRT) at 5% significance level 

was performed, yogurt drink added with 0.1% CMC + 0.05% Canna starch 

and 0.05% CMC + 0.075% Canna starch with an average value 0.66% 

selected as the best treatment. 

4.2.2.5 Exopolysaccharide 

 

 

 

 

 

 

 

 

 

 

 

Note : T0 (0.2% CMC), T1 (0.15% CMC + 0.025% Canna), T2 (0.1% CMC + 0.05% 

Canna), T3 (0.05% CMC + 0.075% Canna), and T4 (0.1% Canna). Samples were 

stored at 4
o
C.  

Figure 10 Interaction between addition level of Canna starch and CMC on 

exopolysaccharides yield during storage (p<0.05). Error bars 

represent standard deviation. 
 

 

 

 

 

0

20

40

60

80

100

120

140

T0 T1 T2 T3 T4

E
x
o
p
o
ly

sa
cc

h
ar

id
es

 (
m

g
/ 

L
) 

Treatments 

Day 1

Day 7

Day 14

Day 21



20 

 

The changes in exopolysaccharides (EPS) over 21 days of storage was 

presented in Figure 26. The initial EPS yield of all treatment group resulted in 

similar value was 81.19 mg/ L (T0), 80.71 mg/ L (T1), 82.48 mg/ L (T2), 

80.92 mg/ L (T3), and 83.83 mg/ L (T4) respectively. Yogurts drink with the 

addition of Canna starch had significant increased (p<0.05) EPS yield on 7
th

 

and 14
th

 storage days. During 7
th
 storage days, EPS yield of the sample with 

Canna starch added was increased 17.85% (T1), 15.48% (T2), 21.12% (T3), 

and 19.39% (T4) were compared to control group that only increased 10.12%. 

While the highest EPS yield of all treatments were shown on 14 days. The 

value of each treatment were significantly increased with the higher Canna 

starch added that increased by 7.33 % to 95.96 mg/ L (T0), 7.90 % to 102.62 

mg/ L (T1), 9.73 % to 104.52 mg/ L (T2), 18.06 % to 115.71 mg/ L (T3), and 

25.16 % to 122.40 mg/ L (T4). However, at the end of storage days, there was 

not much change in comparison with 14 days for all treatment group. 

The higher EPS yield of the yogurt drink with Canna starch added was 

related to the high amount of LAB. The carbohydrate content of Canna starch 

has a positive correlation with LAB growth and metabolism. Starch is the 

primary storage of polysaccharide that will affect the carbohydrate 

fermentation capability of lactic acid bacteria for produced 

exopolysaccharides. Indonesian native Canna starch contained 97.88% of 

carbohydrate (Carolina and Ilmi, 2016). 
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According to Philippe and Beat (2001) EPS characteristics produced by 

LAB such as EPS yield, rheological properties, structure, and monosaccharide 

composition were varied depends on LAB strain. The several factors such as 

pH, fermentation time, temperature, and growth medium influence the EPS 

synthesized by LAB (Petry et al., 2000). Streptococcus thermophilus strains 

produce EPS from 50 to 350 mg/ L
-1

 with the optimum condition at 42°C and 

6.8 of pH (Zhang et al., 2011b) and 45
o
C of temperature and pH 6.2 for 

Lactobacillus strains (Aslim et al., 2005). EPS with acidic polysaccharides 

that produced by L. bulgaricus OLL1073R-1 in yogurt resulted in 

advantageous immunological such as cold prevalence reduction, influenza 

virus infections reduction, and enhancement the lymphocyte mitogenicity 

(Nishimura et al., 2013). 

There was a significant difference of interaction between treatment 

group on storage time (p<0.05), the addition of Canna starch with a different 

percentage level will increase the EPS yield of yogurt drink over 21
st
 storage 

days. The EPS yield was related to the yogurt drink stability during storage 

when the higher Canna starch was added, higher EPS yield will improve the 

viscosity and reduce the syneresis. Final product stability, mouthfeel, taste 

perception, and texture were significantly affected by EPS production 

(Feldmane et al., 2013). EPS called as biopolymers may have the capability to 

improve the fermented milk texture and consistency                                     

(Vaningelgem et al., 2004) and play an essential role of syneresis prevention 

(Grobben et al., 1996). The EPS yield, EPS structure and EPS interactions 

with caseins micelles directly effect to rheological characteristics of the 

product (Beal et al., 1999). 
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4.2.2.6 Antioxidants activity 

 

 

 

 

 

 

 

 

 

Note : T0 (0.2% CMC), T1 (0.15% CMC + 0.025% Canna), T2 (0.1% CMC + 0.05% 

Canna), T3 (0.05% CMC + 0.075% Canna), and T4 (0.1% Canna). Samples were 

stored at 4
o
C.  

Figure 11  Interaction between addition level of Canna starch and CMC on 

antioxidant activity (%DPPH) during storage (p<0.05). Error bars 

represent standard deviation. 

The antioxidant activity of yogurt drink with the different level of Canna 

starch and CMC addition is shown in Figure 27. The presence of Canna starch 

in yogurt drink showed significant different (p<0.05) in %DPPH value 

compared to yogurt with CMC over 21 days of storage. The antioxidant 

activity values ranged from 61.73% to 85.27%. The addition of 0.1% Canna 

starch (T4) resulted in the highest average antioxidant values 80.18%, while 

0.2% CMC (T0) led the lowest average antioxidant values about 70.69%. On 

the other hand, prolonged refrigerated storage significantly changed (p<0.05) 

%DPPH value. The %DPPH value at 21 storage days of all treatments was 

reduced to 10.1 % (T1), 12.1 % (T2), 11.4 % (T3), and 5.5% (T4) were 

compared to control group as the highest reducing value 25.2%.  
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Higher % DPPH indicated a great antioxidant activity of the product. 

DPPH measured indicated the ability of antioxidants to inhibit free radicals by 

donating a hydrogen atom. Antioxidant activity contributes to free radical 

scavenging nature to prevent atom hydrogenate (Sathisa et al., 2011). The 

higher antioxidant activity of yogurt drink with Canna starch was related to 

the phenolic compound of Canna starch. Phenolic content in the plant is the 

most influential factor to antioxidant activity (Ainsworth and Gillespie, 2007). 

Some papers were served the information about antioxidative properties of 

Canna edulis Ker. High levels of polyphenols, flavonoids, and antioxidants 

were showed on the Canna extracts in vitro assay. Study of Misra et al. (2011) 

observed that phenols and flavonoids of Canna extracts resulted in positive 

correlation with DPPH scavenging activity. Further research was conducted 

by Misra et al. (2012) Canna rhizome resulted high scavenging activity may 

affect by some polyphenolic compounds such as phenols, flavonoids, 

proanthocyanidins, and glycosides. Phenolic compounds of Canna edulis Ker 

such as salicylic acid ferulic acid, gallic acid, 1-caffeoylquinic acid, 3-

caffeoylquinic acid, 4-caffeoylquinic acid, and 5-caffeoylquinic already 

isolated (Zhang et al., 2011a).  

The other reason that made yogurt with Canna resulted in higher 

antioxidant activity is Canna starch could improve the lactic acid bacteria 

metabolic activity. The higher carbohydrate content (97.88%) in Indonesian 

native Canna starch (Carolina and Ilmi, 2016) resulted in higher lactic acid 

during fermentation. Initially, lactic acid bacteria applied in a traditional 

fermentation process that had several steps. First, starch was extracted and 

then hydrolyzed with enzymes into simple sugars. Lactic acid produced by 

lactic acid bacteria is derived from the fermentation process of glucose as 

simple sugars that resulted from hydrolysis (Datta and Henry, 2006). 

According to Shori (2013) metabolic activity of lactic acid bacteria plays an 

essential role in producing organic acids during fermentation and refrigerated 

storage. The amount organic acids and milk protein proteolysis could be the 



24 

 

other sources that affected antioxidant activities in yogurt product. Yogurts 

added with Canna starch showed the potential health benefits related to high 

antioxidant activity and bacterial viability. 

 The antioxidant activity result of this experiment showed a difference 

with previous research. According to Tomovska et al. (2016) the antioxidant 

activity resulted from the combination between L. bulgaricus and                   

S. thermophillus were ranged from 52.44% to 47.42% during 15 days of 

storage. The difference of the values for the antioxidant activity may also be 

dependent on the several factors such as the culture condition, raw material 

quality, and additional ingredients. Moreover, the conditions in the laboratory 

during the examinations such as where the fermentation takes place, 

sensitivity of instruments used and the sanitary conditions.  

There was a significant difference of interaction between treatment 

group on storage time (p<0.05), the addition of Canna starch with a different 

percentage has the ability to increase the antioxidant activity of yogurt drink 

over 21
st
 storage days. 
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4.2.3 Microbiological characteristics of yogurt drink during storage 

4.2.3.1 Viability of Lactobacillus bulgaricus and Streptococcus 

thermophilus. 

The results of L. bulgaricus viability in this experiments indicated that 

there was a significant difference (P<0.05) between the addition level of 

CMC and Canna starch (Figure 28). Total viability counts at the beginning of 

storage (8.21 ± 0.05 – 8.32 ± 0.03) log CFU/ mL and after 21 days of storage 

(7.51 ± 0.15 – 7.94 ± 0.31) log CFU/ mL, whereas increase was observed on 

7
th
 day (8.19 ± 0.26 – 8.66 ± 0.09) log CFU/ mL. The addition of  0.15% 

CMC + 0.025% Canna (T1) resulted the initial number of  8.23 ± 0.01 log 

CFU/ mL then significantly increased to 8.66 ± 0.09 log CFU/ mL after 7 

days. Nevertheless, the addition of 0.1% Canna (T4) showed the stable result 

compared to the other treatments group with the highest average viability 

values of 8.27 ± 0.26 log CFU/ mL over 21 storage day. The addition of 

Canna starch was provided high levels of L. bulgaricus over 21 days cold 

storage period. It may cause by antioxidative properties of Canna starch that 

has the capability to reduce the redox potential (Eh) of yogurt and improved 

the viability of L. bulgaricus.  

According to Ray (2004), when antioxidants such as cysteine or ascorbic 

acid were added, it will decrease the redox potential (Eh) of yogurt and 

increase the L. bulgaricus and S. thermophilus viability. Michael et al. (2010), 

hypothesized that plant extract (PE) as a low-cost antioxidant have the 

capability to decrease the redox potential (Eh), increase the longevity, and 

improve the viability of anaerobic bacteria such as L. bulgaricus in yogurt 

product. 
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On the other hand, carbohydrate content (97.88%) in Indonesian native 

Canna starch (Carolina and Ilmi, 2016) was affected the organic acid 

concentration of yogurt during storage. Shori (2013), stated that organic acids 

are the important factors of bacterial growth, when the level of organic acid 

was increased it will cause the reduction of Lactobacillus spp . The previous 

study by Shori and Ahmad (2012), explain that refrigerated storage of yogurt 

added with plant extract were significantly decreased the viable counts of 

Lactobacillus on 14
th

-day storage period. Chockchaisawasdee and Costas 

(2011) have explained the interaction between L. bulgaricus and S. 

thermophilus, several amino acids such as histidine, glycine, valine, 

isoleucine, and leucine were produced by L. bulgaricus to stimulate the 

growth of S. thermophilus. While S. thermophilus produced formic acid that 

has a function as the growth stimulation of L. bulgaricus. 

S. thermophilus viability was significantly (p<0.05) affected by the 

additional level of Canna starch and CMC, and storage time (Figure 29). 

Yogurt drink with the addition of 0.05% CMC + 0.075% Canna starch (T3) 

resulted in the highest S. thermophilus counts (8.50 ± 0.36) log CFU/ mL at 

the beginning of the storage period then slowly decreased. S. thermophilus 

counts of yogurt added with 0.1% Canna starch (T4) tended to increase until 

day 7 of storage with the value (8.43 ± 0.20) log CFU/ mL then gradually 

decreased. The different trend of S. thermophilus counts was showed in 

yogurt with 0.1% CMC+0.05% Canna starch (T2). The viability of                     

S. thermophilus decrease at 7 days then significant increase until 14 days 

(8.20 ± 0.05) log CFU/ mL, however significantly drop was happen at the end 

of storage (7.73 ± 0.15) log CFU/ mL.  
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Note : T0 (0.2% CMC), T1 (0.15% CMC + 0.025% Canna), T2 (0.1% CMC + 0.05% 

Canna), T3 (0.05% CMC + 0.075% Canna), and T4 (0.1% Canna). Samples were 

stored at 4
o
C.  

Figure 12 Interaction between addition level of Canna starch and CMC on     

L. bulgaricus viability during storage (p<0.05). Error bars represent 

standard deviation. 
 

 

 

 

 

 

 

Note : T0 (0.2% CMC), T1 (0.15% CMC + 0.025% Canna), T2 (0.1% CMC + 0.05% 

Canna), T3 (0.05% CMC + 0.075% Canna), and T4 (0.1% Canna). Samples were 

stored at 4
o
C.  

Figure 13 Interaction between addition level of Canna starch and CMC on     

S. thermophilus viability during storage (p<0.05). Error bars 

represent standard deviation. 
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The addition of Canna starch was presented sufficiently high levels of 

yogurt starter over 21 days cold storage period. It is hypothesized that Canna 

starch as complex carbohydrates was a good source for starter bacteria growth 

and metabolism. That is in agreement with Wang and Daun (2004), a 

potential source of prebiotic components was found in several complex 

carbohydrates such as sucrose, raffinose, stachyose, verbascose, 

oligosaccharides, and resistant starch. On the other hand, the chemical 

composition of Canna starch was also contributed to the starter bacteria 

viability, data from Indonesia Directorate of Nutrition (1981) showed that 

Canna starch contains the high concentration of sodium, phosphorus, 

magnesium, potassium, iron, zinc, and calcium. The addition of minerals, 

vitamins, and amino acids will stimulate the growth of starter cultures in milk 

(Zare et al., 2011). 

The experiment results are similar with Joung et al. (2016),                     

S. thermophilus viability of yogurt added with Korean traditional plant 

extracts showed to increase until 14 days of storage then decrease on the 28 

days as final storage time, S. thermophilus showed more sensitive to the 

amount of lactic acid during the storage. According to Robinson (2002),           

S. thermophilus growth and metabolism in yogurt were inhibited when stored 

over 3 and 4 weeks in cold temperature with pH condition around 4.3-4.5. 

The experiment results of all treatment group showed that 7
th
 and 14

th
 

storage days resulted the higher L. bulgaricus (LB) value than                         

S. thermophilus (ST). The ratio value of Lb and St during  7 days storage 

were (8.20 : 8.11) log CFU/ mL (T0), (8.66 : 8.25) log CFU/ mL (T1),                 

(8.19 : 8.14) log CFU/ mL (T2), (8.21 : 8.20) log CFU/ mL (T3), and (8.46 : 

8.43) log CFU/ mL (T4) respectively. Wherease 14 days storage resulted the 

ratio value of Lb and St (7.98 : 7.98) log CFU/ mL (T0), (8.29 : 8.09) log 

CFU/ mL (T1), (8.23 : 8.20) log CFU/ mL (T2), (8.18 : 8.14) log CFU/ mL 

(T3), and (8.35 : 8.31) log CFU/ mL (T4) respectively. 
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There was a significant difference of interaction between treatment 

group on storage time (p<0.05), the addition of Canna starch with a different 

percentage will maintain the L. bulgaricus and S. thermophilus viability of 

yogurt drink over 21
st 

storage days. Duncan Multiple Range Test (DMRT) at 

5% significance level performed, yogurt drink added with 0.1% Canna starch 

with an average value of  L. bulgaricus and S. thermophilus were 8.27 ± 0.26 

and 8.31 ± 0.12 log CFU/ mL selected as the best treatment. 

4.2.3.2 Yeast and mold counts 

All the yogurt samples showed no significant (p>0.05) difference in 

yeast and mold count (Table 18). Yeast and mold count of yogurt samples 

ranged from 0.00 to 2.40 log CFU/ mL. Yeast and mold were not detected at 

the beginning of storage until 7
th

 days, respectively. Yogurt with the addition 

of 0.1% Canna starch (T4) had the lowest average yeast and mold count, over 

21 storage days. However, the highest average yeast and mold count was 

showed by yogurt with the addition of 0.15% CMC + 0.025% Canna starch 

(T1). It can be seen clearly from Table 18 that the average counts of yeast and 

mold significantly increased (p<0.05) by 0.96 log CFU/ mL and 1.65 log 

CFU/ mL on 14 and 21 days of storage period, respectively.  

The yeast and mold results in this experiment were related to the higher 

syneresis rate and lower pH. The increasing of syneresis rate indicated the 

higher water activity that is become a potential growth condition for yeasts 

and molds. According to Fleet (1990), low pH has become the suitable 

conditions for the growth of yeasts that a major caused of spoilage of yogurt 

and fermented milk. According to Sengupta et al. (2013), the reduction in 

potential oxygen and increase in acidity during post acidification process 

could be presented suitable growth condition for yeasts and molds then 

directly affected to increase the yeasts and molds population. 
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On the other hands, the added sugar in the manufacturing process of 

yogurt drink of this experiment could cause the yogurt easier to contaminated 

by yeast during storage. Yeast in yogurt can ferment sucrose and lactose as 

the major carbohydrates presence under refrigerated conditions. The common 

yogurts contained lactose around 4%, and around 5 and 10% sucrose 

concentration for fruit and flavored yogurt (Suriyarachchi and Fleet, 1981). 

Sugar that added in this experiment contained glucose that could be fermented 

by yeast. According to Davis (1975) manufacturers sometimes use the invert 

sugar that contains glucose and fructose, while bacterial metabolism of 

lactose in milk may result in the small amounts of galactose. These three 

sugars, therefore, could also act as fermentable substrates for yeast growth. 

Lactose is commonly sugar that available in yogurt. Kluyveromyces 

marxianus var. lactis or K. marxianus var. Marxianus is several kinds of 

yeast that could ferment the lactose. Both of these yeast species were easier to 

grow on the surfaces of uncleaned dairy industry equipment. Therefore, 

preventing contamination from yeast and mold can be done with applying the 

high hygiene standards. It is recommended that yogurt sales on the market 

should have a yeast and molds count less than 10 cfu/ g
–1

. Some regulations 

already allowed the application of sorbic acid in yogurt product to prevent the 

growth of yeasts. Sorbic acid usually added as potassium sorbate with the 

level up to 300 mg/ kg
–1

 in fruit yogurt (Tamime, 2006). 

There was no significant difference of interaction between treatment 

group on storage time (p>0.05), it means that the addition of Canna starch 

with a different percentage level did not affect to the yeasts and molds count 

of yogurt drink over 21
st
 storage days. 
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Table 4 Interaction between combination addition level of Canna starch and CMC on yeast and mold count during storage 

Storage (Days) 
Yeast and mold counts (Log CFU/mL) Mean storage 

times T0 T1 T2 T3 T4 

1 ND ND ND ND ND 0.00 ± 0.00
a 

7 ND ND ND ND ND 0.00 ± 0.00
a
 

14 0.87 ± 0.75 1.26 ± 0.24 1.16 ± 0.28 1.16 ± 0.28 0.33 ± 0.58 0.96 ± 0.53
 b
 

21 2.08 ± 2.57 2.40 ± 1.53 1.06 ± 0.92 1.75 ± 1.74 0.97 ± 0.85 1.65 ± 1.51
c
 

Mean treatment 0.74 ± 1.45 0.92 ± 1.24 0.56 ± 0.71 0.73 ± 1.09 0.33 ± 0.60  

Note : T0 (0.2% CMC), T1 (0.15% CMC + 0.025% Canna), T2 (0.1% CMC + 0.05% Canna), T3 (0.05% CMC + 0.075% Canna), and T4 (0.1% 

Canna). Samples were stored at 4
o
C. Mean in the same row with different superscripts differ significantly (p>0.05). 
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Table 5 Sensory properties of  the yogurt drink with different combination addition level of Canna starch and CMC during 

1
st
 and 14

th
 days of storage. 

Group 
Appearance Flavor Taste Mouthfeel Overall 

aceptability Color Rancidity Sourness Bitternes Sweetness Smoothness Thickness 

1-d storage  

T0 3.47 ± 0.78
 

2.23 ± 1.14
 

2.17 ± 0.87
 

1.30 ± 0.65
 

2.53 ± 0.86
 

2.13 ± 0.73
a 

3.30 ± 0.79
 

3.40 ± 0.86
 

T1 3.43 ± 0.73
 

2.40 ± 1.07
 

2.33 ± 0.84
 

1.40 ± 0.77
 

2.37 ± 0.81
 

2.40 ± 0.81
ab 

3.33 ± 0.66
 

3.40 ± 0.77
 

T2 3.33 ± 0.61
 

2.43 ± 1.07
 

2.03 ± 1.00
 

1.23 ± 0.63
 

2.43 ± 0.97
 

2.93 ± 1.14
c 

3.03 ± 0.89
 

3.47 ± 0.73
 

T3 3.33 ± 0.80
 

2.23 ± 1.04
 

1.90 ± 0.84
 

1.20 ± 0.61
 

2.47 ± 0.68
 

2.83 ± 1.05
bc 

3.17 ± 0.75 3.60 ± 0.89
 

T4 3.57 ± 0.73
 

2.20 ± 0.85
 

2.20 ± 0.85
 

1.40 ± 0.77
 

2.20 ± 0.85
 

2.73 ± 0.94
bc 

3.03 ± 0.56
 

3.40 ± 0.77
 

14-d storage  

T0 3.23 ± 0.82
 

2.00 ± 0.95
 

2.30 ± 0.84
a 

1.17 ± 0.53
 

2.53 ± 0.63
 

2.37 ± 0.89
a 

3.57 ± 0.77
b 

3.30 ± 0.79
bc 

T1 3.27 ± 0.64
 

1.90 ± 1.12
 

2.27 ± 0.78
a 

1.13 ± 0.43
 

2.47 ± 0.68
 

2.07 ± 0.94
a 

3.70 ± 0.70
b 

3.57 ± 0.86
c 

T2 3.23 ± 0.68
 

2.20 ± 1.06
 

2.53 ± 0.97
ab 

1.27 ± 0.69
 

2.43 ± 0.82
 

3.57 ± 1.04bc 2.57 ± 0.82
a 

3.17 ± 0.95
abc 

T3 3.30 ± 0.95
 

1.83 ± 0.91
 

3.00 ± 1.60
bc 

1.27 ± 0.58
 

2.33 ± 0.88
 

3.60 ± 1.04
c 

2.53 ± 0.73
a
 2.87 ± 0.90

ab 

T4 3.47 ± 0.68
 

2.10 ± 1.09
 

3.23 ± 1.68
c 

1.30 ± 0.70
 

2.20 ± 0.85
 

3.07 ± 0.98
b 

2.40 ± 1.00
a 

2.77 ± 1.01
a 

Note : T0 (0.2% CMC), T1 (0.15% CMC + 0.025% canna), T2 (0.1% CMC + 0.05% canna), T3 (0.05% CMC + 0.075% canna), and T4 (0.1% 

Canna). Samples were stored at 4
o
C. Mean in the same column with different superscripts differ significantly (p<0.05). 
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4.2.4 Sensory properties of yogurt drink during storage 

The sensory properties of the different combination level of CMC and 

Canna starch added in yogurt samples stored at 4°C for 14 days are listed in 

Table 19. The color score at one day's storage was not significantly different 

(p>0.05). However, the color score was increased when the higher 

concentration (0.1%) of Canna starch was added into yogurt samples at 14 

days storage. The change is probably because of the light white as the original 

color of canna starch. The research by Schmidt et al. (2001) yogurt that added 

with wheat starches was changed to the thick texture, better flavor and bright 

color that pleasant for young consumers with an average age of 11–14-years-

old. According to Gonzalez et al. (2011) yogurt drink color was did not have 

a high impact on the consumer acceptability. 

The rancidity scores for the yogurt samples were not significantly 

(p>0.05) affected by the addition of Canna starch and CMC at the beginning 

of the storage period. The rancidity score of all treatments was decreased 

when samples stored until 14 days. These results indicate that the combination 

of Canna starch and CMC does not have a negative effect on rancidity in 

yogurt drink. Routray and Hari (2011) stated that acetoin, acetaldehyde, 

acetone, and diacetyl in addition to formic, acetic, propanoic acids, and 

butanoic were the component that essential for aromatic.                                      

High polyunsaturated fatty acids in the product will lead the oxidation that 

resulted in the undesirable fishy and rancid aroma. 
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The taste score showed there no significant (p>0.05) differences between 

all of the treatment groups at the initial day of the storage based on sourness, 

bitterness, and sweetness. Nevertheless, several changes have occurred at 14 

days of storage. The addition of Canna starch significant (p<0.05) increases 

the sourness score of the yogurt drink. The treatment group with the higher 

level of Canna starch resulted in higher sourness score. While the addition of  

0.1% Canna starch into yogurt sample resulted in the highest sourness score 

(3.23 point), it was possibly caused by the lower pH and higher acetaldehyde. 

The acidification process of lactic acid bacteria resulted in the acetaldehyde 

that affected the specific flavor of yogurt (Sahan et al., 2008). The traditional 

acidic and lower acidic yogurts sensory quality was observed and found that 

acidity is the main reason for resulted in the flavor difference                           

(Routray and Hari, 2011).  

The addition of Canna starch and CMC was not significantly (p>0.05) 

affect on the bitterness and sweetness of yogurt samples over 14 days storage 

period. That is in agreement with Barnes et al. (1991) increased the level 

addition of pectin from 1 to 4% was affected the sourness change but not for 

sweetness intensity, the percentage of sweetness and sourness in yogurt drink 

was related to consumer preference. On the other hand, bitterness was not felt 

by panelist when doing the sensory test; it indicated that the addition of Canna 

starch and CMC did not adverse effect on the taste over 14 days of storage. 

Tyrosine resulted from the proteolytic activity of lactic acid bacteria, and the 

higher tyrosine content will lead the bitterness taste of the yogurt (Guzel-

Seydim et al., 2005). The high proteolytic and lipolytic activities of yeast and 

mold will produce the off-flavor such as yeasty, fruity, musty, cheesy, and 

bitter (Temesgen, 2015). 
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According to the texture, results the addition of Canna starch and CMC 

in yogurt drink was significantly difference (p<0.05) on the smoothness and 

was not significantly difference (p>0.05) on the thickness at one days 

storage.Yogurt sample smoothness and thickness texture were significantly 

(p<0.05) changed over 14 days of storage. The addition of 0.1% Canna starch 

improved the smoothness and resulted in the most grainy texture.  This result 

is in agreement by Ares et al. (2007) the addition of starch was significantly 

increased the mouthfeel, viscosity, and creaminess of stirred yogurt. The 

application of higher thickener concentrations such as starch or gelatin in 

yogurt manufacturing process resulted in stronger structure and higher stable 

behavior. On the other hand, grainy texture formation in yogurt added with 

starch was related to pH and acidification rate. Reduce the graininess of 

yogurt could be done by choosing the right formulations and adjust the 

fermentation conditions (Williams et al., 2004) 

In conclusion, adding CMC and Canna starch into the yogurt drink was 

significantly (p<0.05)  influence the overall acceptability scores over 14
th

 

storage days. Based on all the sensory data obtained from the current study, it 

is suggested that the combination of 0.1% CMC + 0.05% Canna starch could 

be applied in the manufacturing process of yogurt drink for sensory properties 

improvement
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5. Conclusion 

Results of experiment 1 showed that all treatments had no significant 

differences in pH value. Addition of 0.4% Canna starch significantly 

improved viscosity, reduced syneresis and decreased sedimentable fraction. 

However, titration acidity was significantly increased with the addition of 

0.2% of Canna starch. There are similarities results between 0.1% Canna 

starch and 0.2% CMC as a control treatment based on viscosity, sedimentable 

fraction, and sensory properties during 1
st
 storage day. 

Results of experiment 2 showed that the addition of 0.1% Canna starch 

significantly (p<0.05) increased TA, viscosity, EPS yield, antioxidant activity, 

maintained the viability of L. bulgaricus and S. thermophilus, while 

significantly (p<0.05) decreased the pH value. In the other hand, the 

combination of 0.1% CMC and 0.05% Canna starch significantly (p<0.05) 

reduced syneresis and the sedimentable fraction of yogurt drink during 21
st
 

storage day. The addition of Canna starch had no significantly (p>0.05) effect 

on all sensory parameters except on smoothness of yogurt drink during 1
st
 

storage day. The addition of Canna starch had no significantly (p>0.05) effect 

on the color, rancidity, bitterness, and sweetness, whereas had significantly 

(p<0.05) effect on the sourness, smoothness, and thickness over 14 days of 

storage. 

To sum up, Canna starch has the potential as a natural stabilizer for 

producing functional yogurt drink with potential health benefits related to 

high antioxidant activity and EPS value. The combination of 0.1% CMC and 

0.05% Canna starch addition on yogurt drink manufacture showed the best 

physicochemical and microbiological quality without the decline of sensory 

properties. 
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