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ABSTRACT: Whey dangke fermentation producing lactic acid as a food additive can overcome 

environmental pollution caused by whey dangke; however, its high water content causes a short shelf-

life product and makes distribution difficult. Drying fermented products requires additional ingredients 

to overcome stickiness issue in the dryer. This research aimed to examine the use of carrageenan as 

drying aids at 4, 6, 8, and 10% levels and drying time of 23, 24, and 25 hours in the production of 

fermented whey powder in drying oven. The quality parameters of the fermented whey dangke powder 

included yield, water content, solubility, and protein and lactose contents. The results showed that the 

fermented whey dangke powder had a yield of 33.15-49.20%; water content of 2.30-9.07%; solubility 

of 94.0-99.0%; protein content of 9,70-13,92%; and lactose content of 7.92-15.58%. Carrageenan level 

has a very significant effect (P<0.01) on yield, water content, and lactose content, and it also has a 

significant effect (P<0.05) on protein content, while drying time has a significant effect (P<0.05) on 

lactose content. The use of carrageenan at 8% level and 24-hour drying time is the most optimal 

treatment to produce the best physicochemical characteristics of fermented whey dangke powder.  
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INTRODUCTION 

Whey is commonly known as a 

yellowish green clear liquid obtained from 

filtering the curd after the casein clumping 

process in cheese production. It is one of the 

main issues in the milk processing industry 

because of its high production volume and 

high organic matter content; in addition, it 

has a biochemical oxygen demand (BOD) 

value of around 30-50 g/L and chemical 

oxygen demand (COD) value of around 60-

80 g/L. The high values of whey BOD and 

COD are mainly due to the lactose 

component (Domingues et al., 1999), and it 

can be used as a carbon source in the 

fermentation process as it contains lactose 

and various other nutrients that are essential 

for the growth of microorganisms. 

Similar to other cheese processing 

businesses, the dangke industry in Enrekang 

district also produces large amounts of 

whey and have not been utilized in which 

most of this is discharged into rivers causing 

pollution problems for the environment. 

The number of dangke businesses in 2004 

was 117 and increased in 2011 reaching up 

to 396 businesses (Disnakin, 2012). In 

general, every 1 kilogram of cheese 

produced will obtain around 9 liters of 

whey. If it is assumed that the dangke 

processing business in Enrekang produces 

at least 1 kg of dangke every day, the whey 

production can reach up to 3,564 L/day. 

Whey dangke fermentation to produce 

lactic acid is an effective process to reduce 

the environmental problem of pollution, and 

at the same time produce products with 

economic values. Whey dangke 

fermentation in liquid raises several 

problems, including: storage requires 

freezer, short shelf-life due to high water 

content allowing mold to grow. Besides, 

product quality is unstable, distribution 

requires special packaging and handling, 

and its application as a food additive can 

affect the quality of organoleptic products 

as it must be used in large quantities. The 

processing of whey dangke fermentation 

from liquid to powder is expected to 

increase its shelf-life, stability of product 

quality, ease of packaging and handling, and 

its application in food in small quantities. 

Drying materials that have high levels 

of sugar and organic acids, like whey 

dangke fermentation, will encounter several 

obstacles such as stickiness in the dryer, 

agglomeration, and clumping which cause 

operational problems and low yield (Kha et 

al., 2010). This condition is caused by the 

presence of low molecular weights of sugar 

and acid having low glass transition 

temperature (Jittanit et al., 2010). To 

overcome the stickiness problem, high 

molecular weight additives can be added. 

Drying aids commonly used include various 

types of polysaccharides and proteins, 

including maltodextrin, starch, Arabic gum, 

and carrageenan (Fernandes et al., 2014). 

Krishnaiah et al. (2012) have reported the 

use of κ-carrageenan and maltodextrin as 

binding agents in the encapsulation process 

of Morinda citrifolia L. extract with a spray 

dryer. The effect of using a combination of 

κ-carrageenan (κC) and sodium 

carboxymethyl cellulose (NaCMC) as a 

coating agent on antioxidant activity and 

physicochemical characteristics of spray-

dried Clinacanthus leaf powder was 

reported by Karim et al. (2017). The use of 

carrageenan as drying aids in drying 

fermented products has not been widely 

reported. This research aimed to assess the 

usage levels of carrageenan as drying aids 

and determine the best drying time in 

producing fermented whey dangke powder 

with a drying oven in accordance with the 

most optimum physicochemical 

characteristics of fermented whey dangke 

powder. 

 

MATERIALS AND METHODS 

Materials 
The samples of whey dangke were 

obtained from a dangke producer in 

Makassar, South Sulawesi, and were stored 

at 4oC before usage. The lactic acid bacterial 
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culture used was Lactobacillus casei 

obtained from Pusat Antar Universitas 

(PAU) Gadjah Mada University, 

Yogyakarta.   

Preparation of Starter Culture  

 Bacterial culture from NA media to be 

tilted was taken by one ose, then inoculated 

into 10 ml of MRS broth media (Merck), 

and incubated at 37oC for 24 hours. 

Afterwards, 5 mL of inoculum was taken 

and grown in 100 mL of MRS broth media 

sterilized by autoclave at 121oC for 10 

minutes. Subsequently, the inoculum was 

incubated at 37oC for 8 hours, and was ready 

to use as a starter culture. 

Preparation of Fermented Whey Dangke  

 As much as 250 mL of filtered whey 

dangke was put into 1000 mL of Erlenmeyer 

tube, and yeast extract (Merck) was added  

by 4% (w/v). The medium of whey dangke 

was pasteurized in water bath for 1 hour at 

65oC. After the medium cooled down, it was 

inoculated aseptically by Lactobacillus 

casei bacteria by 4% (v/v), and it was 

incubated at 41oC for 96 hours. Fermented 

whey dangke was stored in a refrigerator for 

24 hours before being dried.  

Preparation of Fermented Whey Dangke     
 As much as 250 mL of the filtered 

fermented whey dangke was taken and 

added with Tween 80 by 1.5% (v/v). The 

mixture was homogenized by blender in 

medium speed for five minutes, and 

carrageenan was added in accordance with 

the treatment and re-homogenized for five 

minutes. The mixture was poured into a tray 

with a size of 22,5 x 22,5 x 1 cm3, and then 

it was dried with 0,5 mm thickness by using 

oven (GFL 7106) at 70o C. After drying time 

had been achieved based on the treatment, 

the dried sheet of fermented why dangke 

was grinded by using a medium speed 

blender for three minutes and for another 

three minutes in high speed. Rough 

fermented whey dangke powder was 

filtered by 80 mesh strainer, and the filtered 

fermented whey dangke was packed in 

polyethylene plastics and stored in a 

refrigerator until the parameter 

measurement was conducted.       

Analysis of Fermented Whey Dangke 

Quality 

Yield 

 Yield was calculated as a ratio of the 

material weight before drying to that of the 

resulting powder expressed in a percentage. 

Solubility 

 One gram of powder was dissolved in 

100 mL aquades, and the solution was 

centrifuged for 10 minutes at 1500 rpm. As 

much as 25 mL supernatant was placed in 

porcelain cups and dried in an oven at 105oC 

for 5 hours. The dry weight was calculated 

based on AOAC (1995), and the solubility 

was calculated as a percentage difference in 

weights before and after drying.  

Proximate Analysis  

 The moisture content of the fermented 

whey dangke powder was measured by 

Oven method (AOAC, 1995), and the 

protein content was measured by Kjeldhal 

method (AOAC, 1995). Meanwhile the 

lactose content was measured by the 

Fermentation method (SNI, 1992), and 

moisture, protein, and lactose contents of 

fermented whey dangke were measured 

before and after the drying process. 

Statistical Analysis  

 This research was conducted 

experimentally by using a Completely 

Randomized Design (CRD) Factorial 

Pattern of two factors repeated three times, 

and the results were stated as mean values ± 

SD (Standard Deviation). The first factor 

treatment was carrageenan levels of 4%, 

6%, 8%, and 10% calculated based on the 

volume of whey fermentation (w/v). The 

second factor treatment was drying time i.e. 

23, 24, and 25 hours. The data were 

processed in two-way ANOVA by using 

SPSS 16.0 program. The average value of 

the parameters that had different 

superscripts showed significant differences 

at the level of 5% (P<0.05) and 1% (P<0.01) 

obtained from the Duncan difference test 

results. 
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RESULTS AND DISCUSSION 

Yield 

 Yield is a parameter closely related to 

the economic value of the product in which 

the higher the yield, the more efficient the 

production process. The highest yield 

obtained in this research was 48.40% which 

is higher than the results reported by 

Mulyani, Yulistiani, and Nopriyanti (2014) 

for passion fruit juice powder products i.e. 

18.28% using a combination of Dextrin 

50% and Tween 80 0.15% as drying aids. 

This can be related to the lactose 

components in whey which protect the loss 

of solid product components during the 

drying process. Lohiya and Avari (2016) 

stated that lactose is a protecting material 

which can be used in drying probiotic 

suspension. Compared with other kinds of 

sugar, lactose has high glass transition 

temperature (Tg), as argued by Jayasundera 

et al. (2009) that the values of Tg in lactose, 

maltose, sucrose, glucose, and fructose were 

101°C, 87°C, 62°C, 31°C, and 16°C 

respectively. The level of carrageenan 

addition had a very significant effect 

(P<0.01) on the yield of fermented whey 

dangke powder, while the drying time and 

interaction of both had no significant effect. 

Increased product yield started to be evident 

at the level of 8% carrageenan addition, and 

continued to increase at 10% (Table 1).  

This was caused by an increase in 

total solids as the level of carrageenan 

addition increased; hence, besides 

functioning to accelerate the rate of water 

evaporation, carrageenan can also be a 

filler. The results obtained imply that 

carrageenan can change the surface 

adhesiveness of materials containing 

organic acids, or in this case lactic acid in 

order to facilitate drying and reduce the 

adhesiveness of the product during the 

drying process with hot air. Chegini and 

Ghobadian (2007) stated that drying aids are 

important in the production of juice powder 

with high sugar and acid levels as these 

components have low Tg. Karim et al. 

(2017) also reported that increased levels of 

carrageenan combined with sodium 

carboxymethyl cellulose as a coating agent 

in producing spray-dried Clinacanthus 

Nutans leaf extract powder could increase 

the yield of encapsulated powder.

 

Table 1. Yield of fermented whey dangke powder at various levels of carrageenan and drying 

time (%) 

Drying time 

(Hours) 

Levels of carrageenan (%) 
Average 

4 6 8 10 

23 36,55±3,32 36,75±6,15 42,75±0,64 48,05±2,19 41,03±5,80 

24 33,15±3,46 38,80±2,12 43,05±1,63 49,20±2,12 41,05±6,54 

25 33,20±3,11 35,25±6,15 43,95±1,48 48,40±1,27 40,20±7,18 

Average 34,30±3,10a 36,93±4,31a 43,25±1,17b 48,55±1,57c  

Note: a-cDifferent letter in the same row indicates significantly different (Duncan test, P<0.01) 

 

Moisture Content  
 Moisture content is an indicator of 

drying adequacy in a powdered product and 

can determine the shelf-life, especially on 

product damage due to microbial growth. 

The level of carrageenan addition had a very 

significant effect (P<0.01) on the water 

content of the fermented whey dangke 

powder, while the drying time and 

interaction of both had no significant effect 

(Table 2). The results showed that 

increasing the level of carrageenan up to 8% 

could reduce the moisture content of 

powdered whey, whereas if the level of 

carrageenan was increased up to 10%, the 

moisture content was relatively stagnant. 

The decrease in product moisture content 

and the increase of carrageenan level 

increases were caused by the carrageenan’s 

ability to increase the total solids and reduce 
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the moisture content of the ingredients. The 

increase in total solids resulted in a 

repulsive force between negative charges 

along the carrageenan polymer chain; i.e. 

the sulfate group causing the molecular 

chains to stiffen, and the solution to thicken 

(Santoso et al., 2013). The relatively 

constant moisture content value of 

fermented whey dangke at 10% carrageenan 

level was occurred probably because the 

moisture content of the product had reached 

constant values. Various rules specify that 

the moisture content of powdered products 

must be below 5% to maintain product 

stability during storage. The results 

indicated that the addition of 8% 

carrageenan level could produce a product 

with water content of 4.57%. 

 

Table 2. Moisture content of fermented whey dangke powder at various levels of carrageenan 

and drying time (%) 

Drying time 

(Hours) 

Levels of carrageenan (%) 
Average 

4 6 8 10 

23 9,07±1,22 7,58±2,49 4,51±0,78 3,74±1,69 6,22±2,65 

24 6,99±2,34 4,58±1,97 4,63±1,46 5,09±0,13 5,32±1,66 

25 7,60±2,74 6,76±0,31 4,59±2,01 2,30±0,90 5,31±2,57 

Average 7,89±1,95a 6,31±1,99ab 4,57±1,17bc 3,71±1,51c  

Note: a-cDifferent letter in the same row indicates significantly different (Duncan test, P<0.01) 

 

 The average moisture content value of 

fermented whey dangke powder produced 

in this research was 5.62%. This value is 

lower compared with the results reported by 

Pratama et al. (2017) i.e. 6.44-8.04% in 

yogurt powder, which also utilized 

carrageenan as drying aids. This is probably 

due to the use of higher drying temperatures 

so that the heat transfer between material 

and air is greater. Sulaksono et al. (2013) 

stated that the moisture content of dried 

yogurt powder with 20% maltodextrin level 

and at 52oC was 10.3%. This shows that the 

use of carrageenan as a drying aid of 

fermented whey is more effective than that 

of maltodextrin. Similarly, preliminary 

research has shown that the use of 

maltodextrin by 20% has not been able to 

produce dried fermented whey.  

In addition to the role of thickener, 

carrageenan and maltodextrin can also 

function as a water binder, thereby reducing 

the availability of free water in products that 

can complicate the process of water 

evaporation during heating. Carrageenan 

may have lower water-binding ability than 

maltodextrin. The lower ability of the 

carrageenan to bind water causes the 

hydrogen bonding to water breaks and 

releases more water from the material, 

which is then evaporated during the drying 

process. 

 An increase in drying time from 23 to 

25 hours tended to produce whey powder 

with a slightly decreased moisture content, 

although it was not statistically and 

significantly different. This might happend 

because an increase in drying time would 

increase the duration of heat transfer 

between the material and the medium. An 

increase in drying time after reaching 23 

hours was no longer effective in reducing 

the moisture content of the ingredients. This 

was likely due to the fact that most of the 

water left in the material was bound making 

it difficult to evaporate.    

Solubility  

 Solubility is expressed as the 

percentage of powder that is completely 

soluble in water. The results showed that the 

level of carrageenan addition, drying time 

and interaction of both did not significantly 

affect the solubility of fermented whey 

dangke powder. Table 3 shows that the level 

of product solubility tended to increase as 

the levels of carrageenan and drying time 
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increase. This could be attributed to the 

moisture content of whey dangke powder 

which decreased as the levels of 

carrageenan and drying time increased. 

Materials with low moisture content have 

more pores for water absorption, so that the 

materials will be more easily dispersed in 

water. Quek, Chok, and Swedlund (2007) 

state that solubility is negatively correlated 

with powder moisture content in which the 

lower the powder moisture content, the 

higher the solubility level. Materials with 

high moisture content have large particles 

causing each other to be adhesive making it 

difficult to spread in water (Straatsma et al., 

1999). 

 

Table 3.  Solubility of fermented whey dangke powder at various levels of carrageenan and 

drying time (%) 

Drying time 

(Hours) 

Levels of carrageenan (%) 
Average 

4 6 8 10 

23 96,00±0,00 98,00±0,00 96,00±0,00 98,00±0,00 97,00±1,07 

24 96,00±0,00 94,00±0,00 98,00±2,83 97,00±4,24 96,25±2,49 

25 98,00±0,00 96,00±2,82 99,00±1,41 98,00±2,83 97,75±1,98 

Average 96,67±1,03 96,00±2,19 97,67±1,97 97,67±2,34  

 The obtained solubility level ranged 

from 96.0% to 98.0%. This value is higher 

than that of pomegranate juice powder of 

92% by using maltodextrin, or 8% Arabic 

gum as a drying aid (Yousefi, Emam-

Djomeh, and Mousavi, 2011). The higher 

solubility level of fermented whey dangke 

powder was probably due to the lactose 

sugar helping to absorb water so that the 

powder dissolved more easily. Similar 

notion was reported by Agustini (2018) in 

mango powder with 20% sucrose sugar as 

drying aids resulted in a solubility index 

from 97.73% to 98.90%.       

Protein Content  
 Protein content becomes a 

consideration on whether fermented whey 

dangke powder has the potential to be used 

as a nutritional enhancing additive for 

human food products. The level of 

carrageenan addition had a significant effect 

(P<0.05) on the content of fermented whey 

protein powder while the drying time and 

the interaction of both did not have a 

significant effect. Table 4 shows that the 

addition of carrageenan at 8% level 

significantly reduced the protein content of 

fermented whey dangke powder compared 

with at 4% level. Meanwhile, if the 

carrageenan level is increased by 10%, the 

protein content does not change. As the 

carrageenan level increases, a decrease in 

protein content will increase the total 

carbohydrate of powder which has an effect 

of decreasing the protein content of the 

product. 

 A decrease in protein content as the 

drying aid level increases has also been 

reported by several researchers. Patil, 

Chauhan, and Singh (2014) stated that an 

increase in maltodextrin level of 7% to 12% 

in drying guavas would reduce the protein 

content of the product, from 4% to 3%. One 

cause of reduced protein content in 

powdered products is the maillard reaction 

process between the protein amine group 

and the reduced sugar carbonyl group 

causing lysine to degrade (Damodaran, 

1996).  

 The average protein content of 

fermented whey dangke powder was 

12.04%, indicating an increase compared 

with the liquid product, which was 2.34%. 

The same thing was reported by Hardy and 

Jideani (2018) stating that the protein 

content of Bogor soy milk flour is higher 

than that of Bogor soy milk i.e. 0.9% to 

7.6%. The increase was due to the liquid 

form of the product in which the moisture 

content was high resulting in lower 
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nutritional value. Shretsha et al. (2007) 

explained that the rapid reduction of 

moisture content in a spray-dried milk 

solution resulted in various components of 

milk (fat, protein, minerals) being 

concentrated.  

 This was caused by the migration of 

milk components to the surface replacing 

the water phase, and this explained the 

increased levels of protein in powdered milk 

products. Increased drying time from 24 to 

25 hours tendsed to produce whey powder 

with a constant protein content. This shows 

that the level of drying aids has more 

influence on the protein content of the 

product than on the drying time factor if the 

product moisture content has reached an 

equilibrium level. Heat treatment can cause 

protein destruction of food products 

because heat damages hydrogen bonds and 

non-polar hydrophobic bonds. High 

temperatures can increase kinetic energy, so 

that the movement or vibration of protein 

molecules is faster and will damage the 

bonds of molecules, and milk proteins will 

undergo denaturation and coagulation 

during the drying process (Damasceno et 

al., 2008).      

 

Table 4. Protein content of fermented why dangke powder at various levels of carrageenan 

and drying time (%) 

Drying time 

(Hours) 

Levels of carrageenan (%) 
Average 

4 6 8 10 

23 13,75±2,85 13,12±3,34 10,82±0,97 9,70±0,35 11,84±2,45 

24 13,92±1,50 12,84±2,18 11,20±1,08 10,54±1,85 12,12±1,92 

25 13,58±1,74 12,78±2,00 11,52±2,18 10,71±1,37 12,15±1,83 

Average 13,75±1,64a 12,91±2,00ab 11,18±1,21bc 10,32±1,15c  

Note: a-cDifferent letter in the same row indicates significantly different (Duncan test, P<0.05) 

 

Table 5. The lactose content of fermented whey dangke powder at various levels of carrageenan 

and drying time (%) 

Drying time 

(Hours) 

Levels of carrageenan (%) 
Average 

4 6 8 10 

23 15,58±0,66 14,26±0,40 11,98±2,69 9,49±1,72 12,83±2,77a 

24 13,91±1,09 11,10±0,11 9,82±1,57 7,92±0,16 10,69±2,44b 

25 11,30±1,25 10,66±1,10 10,49±1,07 9,03±0,08 10,37±1,16b 

Average 13,60±2,09a 12,00±1,83b 10,76±1,77b 8,81±1,06c  

Note: a-cDifferent letter in the same row or column indicates significantly different (Duncan test, 

P<0.01) 

 

Lactose Content  
 Lactose is a carbohydrate form of 

disaccharide found in milk, and it is avoided 

by some people with lactose intolerance as 

it can cause digestive disorders. The average 

lactose content of whey dangke powder 

obtained was 12.30% which means there 

was an increase of 2.35% in liquid form. 

This is caused by the concentrated lactose as 
a result of decreased water content of the 

product. The results in Table 5 show that the 

increasing level of carrageenan addition and 

drying time significantly (P<0.01) 

decreased the lactose content of fermented 

whey powder, while the interaction of both 

had no significant effect. Decreased lactose 

content started at 6% carrageenan level, and 

continued at 10% level. A decrease in sugar 

content of the product with an increase in 

drying aid level was also reported by Patil et 
al. (2014) in which maltodextrin was used 

in producing guava flour. Similar to protein, 
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the decrease in lactose content of fermented 

whey powder may be due to the decrease in 

water content as the carrageenan level 

increases.  

The lactose powder content of 

fermented whey dangke at 23 hour drying 

time was significantly higher (P<0.01) 

compared to 24 and 25 hour drying time, 

whereas the lactose powder contents 

between 24 and 25 hours were the same 

(Table 5). This means that lactose loss was 

greater as the drying time of whey 

increased. This was probably because 

lactose was in the evaporating water during 

the drying process. Lactose is a disaccharide 

that dissolves easily in water at hot 

temperature. 

 

CONCLUSION  

 Fermented whey dangke powder can 

be produced with a drying oven at 70oC with 

carrageenan as the supporting material. The 

level of carrageenan and drying time to 

produce optimum quality of fermented 

whey dangke powder is 8% and at 24 hours 

when observed from the physicochemical 

characteristics of the product.   
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