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3. RESULT AND DISCUSSION 

 

3.1. Literature Review on the Development of Fat Replacer 

In the early 1990s, reducing fat and calorie content was one of the biggest challenges for 

the food industry and became the leading research and development priority among food 

processors (Brown, 2005). The common problem for this research was reduced fat content 

in food product will produce less palatability in sensorial properties as fat has functional 

properties for texture, flavor, and mouthfeel (Sandrou & Arvanitoyannis, 2000). Types of 

fat replacers are many due the researchers develop it in many ways to meet consumer 

expectation for a low-calorie product with palatability. But commonly, fat replacers are 

grouped into fat substitutes and fat mimetic. 

 

Fat substitutes (often called as fat-based replacers) are either chemically synthesized or 

enzymatically modified from conventional fats and oils which theoretically can replace 

the fat in food on the one-to-one or gram-to-gram basis (Akoh, 1998; Ognean et al., 2006). 

Commonly they are stable at cooking and frying temperatures. Therefore, they were used 

for snack production like chips and other frying products. Example of fat substitutes is 

olestra, caprenin, salatrim, benefat etc.  

 

Fat mimetic or often called as carbohydrate or protein-based replacers that cannot replace 

fat on a one-to-one or gram-to-gram basis like fat substitutes but chemically or physically 

modified to mimic fat functional properties in food. They are not suitable for frying as fat 

mimetic bind excessive water and denature/ caramelized in high temperature (Akoh, 

1998). Common fat mimetic are gums, maltodextrose, cellulose, simple and β glucan 

(Ognean et al., 2006). 

 

In 1998, Akoh wrote a  review which summarizes various fat replacers present at that 

time. It seems researchers at that time did many experiments from various ingredients that 

can be modified either chemically, enzymatically or physically to found fat replacers 

which can mimic fat properties in food. It is proven by long-listed kind of fat replacers. 

However, there was no single ideal fat replacer in that time that can fully take the role of 
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fat in food. Future research was expected to answer how water can affect the use of fat 

replacer, produce safer and cheaper fat replacers. 

 

For the period 2002 – 2009, researchers were concentrated on assessing textural and 

rheological properties of modified products quantitatively. Zoulias et al., (2002) measure 

textural properties of cookies using a texture analyzer then assessed with mathematical 

modeling. Fat replacers used are common ingredients such as polydextrose, dairytrim, 

simplesse and raftiline. In 2003, Brien & Mueller have evaluated the rheological 

properties of wheat bread that were used inulin powder, inulin gel, and simplesse as a fat 

replacer. The result shows that form of fat replacer was the matter for its rheological 

properties. Wheat bread made with powder had lower loaf volume and higher hardness 

value. This is due to small amount of powder was too sparsely dispersed in flour and 

unable to form a gel structure, while simplesse showing an unsatisfactory result.  

 

In 2005, Laneuville et al's  experiment was not only focused with comparing rheological 

properties of one and other kind fat replacers but try to find the formulation of modified 

fat replacer known as whey protein isolate- xanthan gum complexes which is the 

combination of protein and carbohydrate –based fat replacer. The result was satisfactory 

with the note of the amount of  WPXC (Whey Protein isolate- Xanthan Complexes) and 

moisture in the formulation is the key point. During this period, researchers were trying 

to invent a new formulation of fat replacers by combining some ingredients. Until 2009, 

Karaca et al.,  suggest doing fat replacers blending to optimize food's quality.  

 

Starting 2010, the research seems to focus on consumer preferences in choosing reduced-

fat foods and as a functional food (Bravacz, 2012; Lim et al., 2010; Perrea et al., 2015). 

A decade passed as the growth of science and technology made consumers expectation 

toward food products become higher. Consumers demand added value products. It made 

researchers develop their experiments to also focus on nutritional value. This statement 

supported by Alejandre et al., (2016) who use linseed oil gelled emulsion as the fat 

replacer in dry fermented sausages. Further development of fat replacer was used dietary 

fiber (Rodríguez-García et al., 2012) and modified emulsifiers (Martínez-cervera et al., 

2015; Turabi et al., 2008).  
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Dietary fiber is planted polysaccharides and lignin that can not be hydrolyzed by digestive 

enzymes due to its resistance (Peng & Yao, 2017). Rodríguez-García et al., (2012) used 

inulin as fat replacers for sponge cake formulation. Inulin is a prebiotic nondigestible 

polysaccharide with a variable number of fructose molecules that have the ability to act 

as fat without adversely affecting flavor (Guardeño et al, 2013; Karaca et al., 2009; 

Zoulias et al., 2002). Long chain inulin act as fat replacer based on its capacity to form 

micro crystals, which interact with each other, thereby small aggregates formed that may 

agglomerate into a gel network (Rodríguez-García et al., 2012). Fat itself act as a reservoir 

for many flavor compound by releasing them slowly (Laneuville et al., 2005). Emulsifier 

has hydrophilic and lipophilic properties that enable it to stabilize the interface between 

fat and water droplets through hydrogen bonding. In formulation, emulsifiers can replace 

fat up to 50% (Akoh, 1998) and other properties such as to stabilize, to control syneresis, 

to carry flavor, to control rheology and others (Ognean et al., 2006) 

 

In recent year, a new method is discovered to create sensorial properties similar with the 

use of fat in food products.  Rovers et al., (2016) found the potential of microbubbles as 

a fat replacer and texture modifiers. They compared the sensory evaluation of model food 

systems that contained micro bubbles, emulsion droplets or no added colloidal structures. 

Unfortunately, the result of their study shows that the use of microbubbles gives the less 

satisfactory result compare with the use of emulsion.  

 

Seeing how far the development has been done to invent various kinds of fat replacers, to 

assess the textural and rheological properties, to modify the kind of fat replacers by 

blending, to assess consumer responses to meet the demand, to use dietary fiber and 

recently modify the molecular shape of food, still the acceptance of Indonesia market 

toward this product is still low and the commercial products of fat replacers are still not 

well-known. Therefore, gap analysis is needed to identify the cause of the unpopularity 

of fat replacer in spite of the intensive development. 

 

3.2. Literature Review on Sensory Evaluation 

Table 3 shows the summary of products that use fat replacers in their formulation and its 

sensory evaluation compared to the original formulation. The researchers related to the 
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use of fat replacers formulation were taken from 2002 – 2016 from various sources and 

not limited by demography. Most of the fat replacers researchers coming from the USA 

and Europe as the high prevalence of obesity have taken place since a couple decades 

ago.   

 

Table 1. Sensory evaluation of some products that use fat replacer compares with original 

product formulation. 
Product Fat Replacers Sensory Evaluation References 

Muffin Cellulose ether 

emulsions 

 Significantly higher number of larger 

bubbles than original formulation 

 Higher hardness value than butter and oil 

muffins than original formulation 

(Martínez-

cervera et al., 

2015) 

Inulin  Replacement of baking fat by inulin-water 

mixture up to 50% is possible in muffin even 

though it significantly affected batter 

flowability 

(Zahn et al., 

2010) 

Cake polydextrose  Increase average pore size within crumb 

 Polydextrose substitution in high-ratio cake 

system resulted in a less stable batter 

(Kocer, 2007) 

Sesame oil  Lower volume than original formulation and 

increase in hardness 

(Sowmya et 

al., 2009) 

WPXC (Whey 

Protein isolate-

Xanthan gum 

Complexes) 

 A satisfactory result can be obtained by 

giving adequate level of WPXC in the 

sample and maintaining moisture 

(Laneuville et 

al., 2005) 

Sponge cake Inulin  Statistically, replacement of fat up to 70% 

did not differ significantly and in an 

acceptable range as compared to original 

formulations. 

(Rodríguez-

García et al., 

2012) 

Rice cake Xanthan gum + 

emulsifier blend 

(PurawaveTM) 

 Increased the apparent viscosity of cake 

batter and prevent collapse 

(Turabi et al., 

2008) 

HPMC (Hydroxy 

Propyl Methyl 

Cellulose) 

 Volume collapse and low consistency index 

Wheat bread Inulin powder Higher hardness value than without fat 

replacer formulation 

(Brien & 

Mueller, 

2003) Inulin gel Most effective results within concentration 

2.5% 

Simplesse  Low volume and higher hardness value than 

fat replacer formulation 
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Biscuit/cookies Polydextrose Based on the sensory score of 9-point hedonic 

scale, there is no significant difference for all 

sensorial attributes. However, control biscuit 

showed higher values than the optimized 

biscuits 

(Aggarwal et 

al., 2016) 

The replacement of fat in cookies result in high 

value of hardness and brittleness 

(Zoulias et al., 

2002) 

Maltodextrin Overall, reduction of fat in biscuit formulation 

made the resultant dough become hard and 

increase its cohesiveness. Although in present 

study achieve significant improvement in 

texture, it was challenging to achieve other 

functionalities of fat, such as flavor, taste, and 

lubricity to the product. 

(Sudha et al., 

2007) 

Ice cream Inulin The sensory characteristic’s score and 

appearance are lower than control ice cream. 

(Karaca et al., 

2009) 

White sauce Inulin 

 

Sauces made with inulin have lower scores in 

appearance than those made with oil 

(Guardeño et 

al., 2013) 

Dry fermented 

sausage 

Linseed oil gelled 

emulsion 

Panelist reported unpleasant notes found in the 

taste of modified product that made significant 

differences statistically 

(Alejandre et 

al., 2016) 

 

From table 1 we know that almost all sensory evaluation of the products that used fat 

replacers had a lower score than control product (without any fat replacement). Some 

products from those researches claims that with certain formulation, their sensory 

evaluation was acceptable by panelist such as muffin (Zahn et al., 2010), wheat bread 

(Brien & Mueller, 2003), rice cakes (Turabi et al., 2008), biscuit (Aggarwal et al., 2016) 

and dry fermented sausage (Alejandre et al., 2016). With those certain formulations, it 

can be concluded that full replacement of fat in food with good sensory properties had 

not yet been achieved by the researcher. With the partial replacement of fat, the food 

product can be categorized as reduced/ low-fat products.  

 

In muffin, inulin-water mixtures significantly affect batter flowability and higher value 

in moisture content but replacement up to 50% baking fat by inulin is possible (Zahn et 

al., 2010). High moisture content is caused by inulin as carbohydrate-based fat replacer 

has a high water binding capacity that requires a high amount of water in the batter. On 
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ice cream, the property of inulin as fat replacer is based on the ability to stabilize the 

structure of aqueous phase that creates an improved "creaminess" (Karaca et al., 2009). 

In yogurt, inulin molecules could interfere with the protein matrix formation and be 

responsible for lower firmness (Guardeño et al., 2013). Starch granule swelling is limited 

by the interaction of inulin and starch polymers, it caused by the inulin capacity to bind 

water that could hinder the proper development of protein-amylopectin matrix in the 

continuous phase. Bayarri et al., (2011) explain that long chain inulin can be used to 

structure low-fat foods and act as fat mimetics based on its capacity to form microcrystals 

which interact with each other, thereby forming small aggregates that block a great 

amount of water and ultimately may agglomerate into a gel network. 

 

In cake, to reach optimum formulation, the ingredient proportions plays important role in 

order to create appropriate interactions to yield, as the low-fat product with good texture 

and melting profiles to achieve a satisfactory viscosity (Laneuville et al., 2005). During 

the heating stage, fat crystals are known to stabilize the air – water interface in cake batter 

(Kocer, 2007). Low specific gravity is desired in cake batter since it indicates that more 

air is incorporated into the batter (Turabi et al., 2008). The use of sesame oil in cake batter 

as fat replacer was decreasing water retention that made the viscosity become lower and 

higher specific gravity results in lower volume and increase hardness in texture (Sowmya 

et al., 2009). Low viscosity made bubbles lost to the atmosphere during baking because 

of they are easily rising in the batter (Turabi et al., 2008). 

 

The reduction in fat beyond 30 – 40% resulted in higher hardness, firmness and breaking 

strength of cookies (Aggarwal et al., 2016). When the fat in biscuit formulation is 

reduced, the resultant dough becomes hard and increase its cohesiveness (Sudha et al., 

2007). In spite of significant improvement achieved in dough and biscuit texture, trying 

to achieve the other functionalities of fat in soft dough biscuit formulations such as flavor, 

taste, lubricity to the product was a challenge. Zoulias et al., (2002) used four types of 

fatmimetics – polydextrose, maltodextrin, inulin and a blend of microparticulate whey 

protein and emulsifiers- to partially replace fat in sugar-free cookies. They achieved a fat 

replacement up to 50% using inulin, maltodextrin or a blend of whey protein with the 

emulsifier, however, the resulting cookies were hard, brittle and did not expand properly 
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after baking. Based on this review, it can be concluded that consumers' worries about 

sensory of products that use fat replacers are proven. It is known that the original 

formulation's sensory score still higher than modifying formulation. 

 

3.3. Literature Review of Food Safety and Long-term Effect  

One of the factors that may influence the consumer to not consume food with fat replacer 

formulation is due to the safety and long term effect. They are concerned that the fat 

replacer may bring harm toward health since it was modified food product. The issue of 

food safety can be divided into a health issue, chemical usage issue and novel processing 

issue. Health issues are the risk associated with poor dietary choices such as high fat, 

sugar and cholesterol foods resulting in knowing the risk as negative health outcomes 

(obesity, diabetes, dental caries). Chemical issues are talking about food additives, 

artificial colors, pesticide residues, hormones in poultry & meat, irradiation, 

preservatives, nitrites in the cured meat while novel processing is talking about the newest 

method to process the food (Brewer & Rojas, 2008).  

 

Consumers seem to be worried about chemical issues since fat replacers categorized as 

food additives. Actually, this issue already exists toward olestra and salatrim, which were 

suspected to cause gastrointestinal symptoms. In the end, those issues are not proven and 

they receive FDA approval and recognition as GRAS (Generally Recognize as Safe) 

(Akoh, 1998). Olestra itself is known to be compatible with conventional waste treatment 

as it is shown has very low inherent toxicity to a wide range of aquatic and terrestrial 

species and will neither bioaccumulate nor environmental assessment (Allgood, McAvoy, 

& Woltering, 1997). When the fat replacers are assessed per ingredient’s source such as 

maltodextrin, gums, inulin or other dietary fiber or neither chemically nor physically 

modified to mimic fat properties in food, they are food constituents that far from food 

safety issues. Therefore, the consumer should not have any worry regarding the safety of 

fat replacer. 

 

3.4. Market Survey 

A market survey was done by comparing the price between the product that reduces their 

fat content with their respective regular products. In Indonesia, products that use fat 
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replacer in its formulation and state in their label were rarely found. The commonly 

available product is low/ reduced fat formulation product. The price shown in table 2 

might have little differences in some store, but the price in this table is the lowest price 

found.  

 

Table 2. Price comparison of low fat products with original formulation products 
Product  Low fat product’s 

brand 

Price of low-fat 

product (IDR) 

Price of regular 

product (IDR) 

Regular product’s 

brand 

Pancake 

premix 

Orgran 375 g 68.600 17.300 Pondan 250 g 

Dry noodle TropicanaSlim 64 g 9.925 2.290 IndoMie goreng rasa 

Iga Penyet 85 g 

Milk  WRP on the go 

strawberry 200 ml 

11.850 4.400 Ultramilk strawberry 

250 ml 

Frisian Flag low fat 

vanilla 225 ml 

5.250 3.500 Ultramilk full cream 

200 ml 

TropicanaSlim low fat 

500 g 

134.075   

Slim&Fit diet milk 324 

g 

87.547   

WRP powder milk 250 

g 

55.190   

 

Price is suspected as one of the factors that made Indonesian consumer chose low-fat 

products in the market. As seen in table 2, the price of low-fat products is higher than the 

regular one. Those low-fat products are more expensive that makes people hesitant to buy 

them when the other substitute products with cheaper price are available. Consumers will 

assess the benefits they receive by considering the product quality and price before their 

final decision in purchasing in order to get satisfaction (Slater, 1997).  

 

Even purchase intention and behavior were influenced by attitude since it has a basic 

psychological function (Jean-Louis, 2011), the price still becomes the main consideration 

for Indonesian consumers since it related to their purchasing power. As Dorotha (2013) 

explains that consumer purchase decision was influenced by age, gender, and income. It 

is concluded that the price of low-fat products is not affordable for some consumers even 

they have a positive attitude toward those products. 

 

3.5. Survey on Health Consciousness of Consumers 

The table below shows the statistical summary of the questionnaire survey from health 

consciousness scale adopted from Hong (2009). As it is known, products with fat 
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replacers formulation is demanded by health conscious consumer. To confirm that 

consumers in Semarang may categorized into health conscious consumer and have 

positive attitude toward it, this survey need to be done. The respondents of this survey 

were those who lived in Semarang, Indonesia age between 20 – 24 years old. Demography 

of the respondents can be seen in table 3. 

 

Table 3. Respondents Demography 

Gender     ∑ Occupation             ∑ Student                                          ∑ 

Male 89 Student 216 Food Technology 

Psychology 

Medical 

Engineer 

Linguistic 

Economic and bussiness 

Law and politic 

Others 

70 

46 

25 

17 

7 

38 

6 

7 

Female 173 Employee 35 

Total       262 Entrepreuner 3 

Freelance 4 

Others 4 

 

 

Respondents were asked to choose their preference in answering each statement in 7- 

scale between totally agree (1) to totally disagree (7) with midpoint 4.0 that stand for 

neither agree nor disagree preference. This online survey was open for 14 days through 

social media broadcast and in the end, total complete responses that can be analyzed were 

262. Though according to responses needed to reach 95 % confidence level, the number 

of responses supposed to be 387. Since this survey is done to give brief description about 

potential consumer in Semarang according their attitude toward health, the data with 262 

respondents still can be used for analysis moreover the standard deviation of the results 

is not high in range which means the variability of the data is not high, therefore the data 

still can be population representative (Barde, & Barde., 2012). As the standard deviation 

mostly 1 in value, it means with that range the value of respondents answer are still not 

surpass the midpoint, it made the responses still in positive area. 
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Table 4. Item Statistic 
  Mean SD N 

F
ac

to
r 

1
 

Saya sangat sadar diri terhadap kesehatan saya 2.36 0.89 262 

Secara umum saya memperhatikan kata hati saya terkait dengan kesehatan 

saya 

2.6 0.83 262 

Saya sering memikirkan kondisi kesehatan saya 2.54 0.97 262 

Saya peduli dengan kondisi kesehatan saya sepanjang waktu 2.81 1.02 262 

F
ac

to
r 

2
 

 

Selama menjalankan aktivitas sehari – hari saya memperhatikan kondisi fisik 

saya 

2.87 1.04 262 

Saya bertanggungjawab akan kondisi kesehatan saya 2.19 0.91 262 

Kesehatan yang baik disebabkan oleh partisipasi aktif saya dalam menjaganya 2.22 0.87 262 

Saya hanya khawatir akan kesehatan saya ketika sakit (R) 3.5 1.49 262 

F
ac

to
r 

3
 

  

Hidup tanpa sakit penyakit sangat penting bagi saya 2.29 1.14 262 

Kesehatan saya tergantung dengan seberapa baik saya menjaganya 2.27 0.91 262 

Penting bagi saya untuk hidup sesehat mungkin 2.28 0.96 262 

 

Table 4 showed the results of the survey statistics with overall mean are below 4.0. 

Measure by mean of overall responses which score between range 2 (agree) -3 (somewhat 

agree), it can be concluded that the respondents are health-conscious enough or  has a 

good attitude toward health except for statement 8 which question was reverse-coded. 

With the mean number below 4.0 for statement 8, the response tends to be biased toward 

the negative direction. Questions in factor 1 are to measure self-health awareness or the 

tendency of consumers’ focus toward one’s health. Those questions mostly derived from 

Gould’s (1998) items. Gould (1998) proposes that health-conscious individuals are those 

who aware then likely to pay and reflecting their own health condition, as well as being 

responsible and either motivated to improve or maintain their health given the high level 

of health value. Based on the result, respondents tend to positive direction from somewhat 

agree to agree which represent the awareness of their health condition.  

 

Factor 2 showed personal responsibility which may define health consciousness. Previous 

studies have shown personal responsibility as one of the dimension in health 

consciousness (Hong, 2009). As health-conscious persons feel that they have more 

responsibility to take care of their health, they also actively participate in online and/ or 

offline health communities in addition to engaging in preventive and health-maintaining 

behaviors in their daily lives. Based on the result, it can be concluded that respondents 
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agree in being responsible for their personal health. Therefore, it can be concluded that 

respondents are most likely to pertain their personal responsibility. 

 

Factor 3 is about health motivation. Dutta-Bergman (2004a) defined health consciousness 

as consumers' intrinsic motivation to maintain good health as well as their responsibility 

to reflect health behavior. Based on the result, respondents tend to agree or somewhat 

agree with the statement that reflects their health motivation. From this item statistics, the 

conclusion is respondents who are age 20 – 24 years old in Semarang, Central Java can 

be called as health-conscious.  

 

Additional questions were given in an online questionnaire to know about the current 

condition of health-information availability in society. As it is known based on the 

respondent's answer we knew that health information was accessible (see figure 5). When 

people notice the availability of health information source, it can be indicated that the 

society is health-conscious (Kaynak & Ek, 2014). 

 

Figure 5. Accessibility of health information 
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Figure 6. Necessity of lowering fat daily intake 

 

When the respondents were asked about their interest in food products that use fat replacer 

in order to reduce their fat intake, the majority of them gave the positive response (Graph. 

2). Based on this data, we see the potential market for this kind of product in society, 

supported by their attitude toward fat intake in the diet. 

 

Figure 7. The interest toward a product that uses fat replacer 

 

From questionnaire results, it can be concluded that Semarang society is health-conscious 

enough and put interest in fat replacer's product. As from the statement in factor 1, 2 and 

3 the responses are prefer to agree which reflect their attitude toward self-health 

awareness,personal responsibility and health motivation. However, in Indonesia market, 
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the availability of this kind of product is limited and can't be found in Semarang, Central 

Java. Thus the alternative product available was only reduced or low-fat product. Even 

so, few respondents reject this product for the reason of sensory, food safety and price 

concerns. Those three reasons are identified as the gap exists in current studies between 

consumer attitudes and availability of food products formulated with fat replacers. Those 

gap were discussed in early point of discussion with method of literature review as it were 

suspected as the variables that may responsible in the delay of fat replacers technology 

researches done in Indonesia, especially in Semarang.  

After all, fat replacers already pass many development and change in researchers focus 

on them in this two decades but mostly researches done in developed country. As it is 

suspected that the issue of food safety and sensorial properties became major factor which 

may influence consumer’s preference and consideration in purchasing food products with 

fat replacers formulation, the safety issues are not proven by analyses through literature 

review but the sensorial properties are different case. As the sensorial properties score of 

modified products is lower than the formulation using full fat. However with certain 

formulation, the satisfaction result of certain products still achievable. 

 

It is confirmed that Semarang consumers may be categorized into health conscious 

consumer. They prefer to buy low calorie food products to maintain their daily energy 

intake goal while still want satisfaction from tasty food (Brien & Mueller, 2003). 

However, if the price of fat replacers products are more expensive until become these 

unaffordable for society, people tend to put it in less priority in their buying motives of 

such products and not to mention, most of the respondents were students with certain 

budget. According to Riskesdas (2013), Central Java is not included in province where 

the prevalence in obesity is above nation score, so it might be a factor that caused the 

need to trim calorie intake from fat consumption is not the urgency for now. But, from 

the survey the data obtain that all of the man respondents answer that they need to trim 

their fat calorie intake while woman respondents has vary answer. Around 81% woman 

respondents state that they are need to trim their fat calorie intake, 14% state that they 

dont need and the rest of them answers they dont know. Even if the urgency to lowering 

fat daily intake is still low, but most of the respondents show the need of it. 


