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SENSORY ANALYSIS, INSTRUMENTAL ANALYSIS AND CONSUMERS’ 

ACCEPTANCE TOWARD MULTIFUNCTIONAL ICE CREAMS 

Ting-Ning Lin 

Dr. Ingolf Gruen, Dissertation Supervisor 

ABSTRACT 

The task of this study was to develop a multifunctional ice cream which can deliver 

multiple functional ingredients to consumers. Probiotic (Lactobacillus rhamnosus 

HN001), prebiotic (inulin), dietary fiber (digestive resistant maltodextrin), and 

antioxidant (aҫai) were chosen as the functional ingredients. Based on the result of our 

study, L. rhamnosus HN001 survived the ice cream making process and low storage 

temperature up to 6 months well (108 cfu/ mL) . Also, inulin (at 4% level) was shown to 

improve the smoothness and creaminess of ice cream samples. On the other hand, 

consumers preferred ice cream with 12% aҫai flavor over 10% and 8% acai containing 

ice cream. Hence, 12% of aҫai content was used subsequently to formulate 

multifunctional ice creams.  

A descriptive sensory analysis was carried out to investigate the effect of adding varying 

levels of dietary fiber (0%, 5%, 10% and 15%) to a multifunctional ice cream that 

contained fixed levels of antioxidants (12% of aҫai), prebiotics (4%) and probiotics (108 

cfu/ mL) on  sensory properties. The results showed that an increase in dietary fiber 

contents significantly increased the perception of gooeyness, gumminess, creaminess, 
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mouth coating, sweetness, sweetness aftertaste, and wood flavor aftertaste, but 

decreased the perception of hardness and iciness among the different ice cream 

samples. Based on a texture analysis, dietary fiber increased the overrun and viscosity, 

but decreased the melting rate of ice creams. The viscosity of ice cream samples was 

highly correlated to the textural sensory attributes. The antioxidant capacities of aҫai 

puree and multifunctional ice creams were 15.75 and 1.17 mM TEAC/ g sample, 

respectively. Also, the flavor profile of aҫai puree and multifunctional ice creams was 

determined. Twenty-one volatile compounds were identified and most of the identified 

volatile compounds were aldehydes, alcohols and alkenes. The flavor profile can be 

useful for formulating any aҫai-based food product.  

Consumers’ degree of liking for multifunctional ice creams was measured by a hedonic 

sensory study. The results indicated that consumers preferred 0% and 5% dietary fiber 

containing multifunctional ice creams. Also, labeling the ingredients as having potential 

health benefits negatively influenced consumers’ degree of liking.  

In conclusion, even though ice cream containing 5% dietary fiber showed some 

differences to the control ice cream in the descriptive and instrumental analyses, there 

was no significant difference in consumers’ preference. Therefore, an ice cream 

containing 5% of dietary fiber, 4% of prebiotic, 108 cfu/ mL of probiotic and 12% of aҫai 

can be considered an ideal formulation for a multifunctional ice cream. 
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CHAPTER 1 

INTRODUCTION 

While taste is still the most important aspect for consumers’ choice of food products, 

nowadays they also care about nutrition, ingredients and healthiness as well. To satisfy 

consumers’ demand, food companies started producing a variety of health-oriented 

food products over the past couple of decades. Dietary fiber (or “made with whole 

grain”), probiotics, prebiotics and antioxidants are among the main trends. Most 

functional foods are based on the addition of a single ingredient, and there are only a 

few multifunctional, i.e. multi-ingredient, food products on the market. Therefore, the 

objective of this study was to formulate a multifunctional food product which can 

deliver selected functional ingredients to consumers. Digestive resistant maltodextrin, 

inulin, Lactobacillus rhamnosus HN001, and aҫai were chosen as the source of dietary 

fiber, prebiotic, probiotic, and antioxidant, respectively, in this study. 

Ice cream is one of the most popular desserts in the United States. According to the 

International Dairy Foods Association (IDFA), 90 % of  U.S. families purchase ice cream, 

and the average ice cream consumption was about 19.1 quarts per person in 2009 (IDFA 

2012). Therefore, ice cream can be considered an ideal vehicle to deliver functional 

ingredients to consumers.   

Dietary fiber can be easily obtained from consuming vegetables, grains, fruits, and 

legumes. According to dietary guidelines, the recommended intake of dietary fiber is 14 



2 
 

g/1000 kcal. For healthy women and men, the recommended dietary fiber intakes are 

28 and 36 g/day, respectively (USDA 2010). However, the average intake of dietary fiber 

is only 15 grams per day for adults in America (USDA 2010). Many dietary fiber 

supplements and fiber-enriched food products have entered the market in order to 

provide different ways to increase dietary fiber intake because dietary fiber has been 

shown to prevent cardiovascular diseases (Mozaffarian and others 2003; Pereira and 

others 2004), and it has been hypothesized that dietary fiber might also help against 

colorectal cancer (Jacobs and others 2006; Wakai and others 2007). Moreover, high 

fiber intake helps to control diabetes, ameliorate breast cancer, and reduce obesity 

rates (Lairon and others 2005; Butt and others 2007; Timm and Slavin 2008).  

Probiotics are considered living organisms which “beneficially affect the host animal by 

improving its intestinal microbial balance” (Fuller 1989). Probiotics have the ability to 

improve lactose digestion, alleviate lactose intolerance symptoms and decrease 

incidences of diarrhea. Probiotics also have been claimed to have antitumor effects, 

lower cholesterol levels, improve irritable bowel syndrome, and to improve the immune 

response (de Roos and Katan 2000; Pereira and Gibson 2002; Kajander and others 2005; 

McFarland 2006).  

Prebiotics have been defined as “non-digestible food ingredients that beneficially affect 

the host by selectively stimulating the growth and/or activity of one or limited numbers 

of bacteria in the colon, and thus, improves the host’s health” (Gibson and Roberfroid 

1995). Rastall and Maitin (2002) also mention that prebiotics stimulate the growth of 
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probiotics and help probiotics to colonize. Prebiotics provide many benefits, such as 

having relatively low energy value, increasing stool volume, modulating colonic flora, 

preventing intestinal infection, modulating immune response, reducing cholesterol, and 

increasing mineral uptake (Coudray and others 1997; Kleesen and others 1997; 

Devereux and others 2003; Sharma and Ghosh 2006). Synbiotic food products are a   

new and booming area.  Synbiotic has been defined as “mixtures of probiotics and 

prebiotics that beneficially affect the host by improving the survival and implantation of 

live microbial dietary supplements in the gastrointestinal tract, by selectively stimulating 

the growth and/or by activating the metabolism of one or a limited number of health-

promoting bacteria, thus improving host welfare” (Gibson and Roberfroid 1995). The 

synergistic effects between probiotics and prebiotics contribute to higher health 

benefits of synbiotic food products.   

Açai is a native Amazon berry which grows on the açaizeiro tree. Açai contains many 

phenolic compounds, such as cyanidin 3-rutinoside, cyanidin 3-glucoside, cyanidin-3-

arabinoside, cyanidin-3-arabinosylarabinoside, ferulic acid, gallic acid, (+)-catechin, 

ellagic acid, vanillic acid, p-coumaric acid, etc. (Bobbio and others 2000; Gallori and 

others 2004; Pozo-Insfran and others 2004). The absorption and antiproliferative effects 

of phytochemical compounds from açai pulp and açai oil have been examined by 

Pacheco-Palencia and others (2008). Also, many research studies showed that the 

phytochemical compounds extracted from açai had high antioxidant capacity 

(Campanella and others 2006; Rodrigues and others 2006; Schauss and others 2006; 

Hassimotto and others 2005; Lichtenthaler and others 2005). 
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The task of this study was to formulate a multifunctional ice cream which can deliver 

functional ingredients (dietary fiber, probiotics, prebiotics, and antioxidant) to 

consumers. Also, consumers’ acceptance toward multifunctional ice creams was 

determined by a sensory hedonic test. The specific objectives of this study were: 

 To investigate the survival rate of probiotic (Lactobacillus rhamnosus HN001) 

during the ice cream making process and low temperature storage.  

 To investigate the effects of adding probiotic and prebiotic on the sensory 

properties of ice cream samples. 

 To determine consumers’ acceptance toward different concentration levels of 

aҫai-flavored ice creams.  

 To investigate the effect of adding varying levels of dietary fiber to a 

multifunctional ice cream that contained fixed levels of antioxidant, prebiotic 

and probiotic on the sensory properties and textural properties.  

 To determine the flavor profiles of aҫai puree and aҫai-flavored multifunctional 

ice creams by instrumental analysis (i.e. GC-MS). 

 To measure consumers’ degree of liking of multifunctional ice creams with 

varying levels of dietary fiber with and without being informed about the nature 

and potential health benefits of the ice creams. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Ice Cream 

Ice cream is a food product which contains water, air, milk fat, nonfat milk solids, flavors, 

sweeteners, stabilizers, and emulsifiers (Marshall and others 2003). According to U.S. 

Federal Regulation 21 CFR 135.110, ice cream is produced by freezing while stirring a 

pasteurized mix. It should contain no less than 10% of milk fat and no less than 10% of 

nonfat milk solid. Also, it should contain no less than 1.6 pounds of total solids per 

gallon, and the weight should be more than 4.5 pounds per gallon. According to the FDA 

standards, which follow the federal Nutrition Labeling and Education Act, regular ice 

cream should contain at least 10% milk fat, reduced fat ice cream contains at least 25% 

less total fat, light ice cream contains at least 50% less total fat or 33% less calories, low-

fat ice cream contains less than 3 grams of total fat per serving (half cup), and non-fat 

ice cream contains less than 0.5 grams of total fat per serving. Table 2.1 shows some 

examples of the composition of commercial ice creams and frozen desserts. 

There are some factors indicating that ice cream and frozen desserts have great 

potential to act as a food vehicle for functional ingredients. First of all, ice cream in itself 

is considered as a very nutritious food product. It contains a lot of nutrients, such as milk 

fat, proteins, vitamins, minerals. Also, ice cream can be easily colored and/or flavored. 

Therefore, if functional ingredients have any undesirable color or flavor, they can be 
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easily masked by adding any colorings or flavorings. Moreover, ice cream is a very 

popular dessert, which is widely consumed by the general population. According to the 

International Dairy Foods Association (IDFA), 90% of the U.S. families purchase ice 

cream, and the average ice cream consumption was about 19.1 quarts per person in 

2009 (IDFA 2012). People frequently reward themselves with sweet treats after a hard 

day, and also celebrate a good day with sweet treats. Since ice cream is considered as 

one of the most popular sweet treats in America, it can work as a good vehicle to deliver 

functional ingredients to the general population. The U.S. ice cream industry produced 

1.52 billion gallons of ice cream in 2009, 60.5% of which was regular ice cream (IDFA 

2012). This indicates that consumers still prefer regular ice cream over low-fat or nonfat 

ice creams. Therefore, regular ice cream was chosen as a vehicle to deliver the 

functional ingredients to consumers in this study.  

 

Table 2.1: Composition (%) of ice creams and frozen desserts (Marshall and others 2003) 

Product Milk fat Non-fat 
Milk Solids 

Sweeteners Stabilizer 
and 

Emulsifiers 

Total Solids 

Nonfat ice cream < 0.7 12 - 14 18 - 22 1.0 35 - 37 
Low-fat ice cream 2 - 4 12 - 14 18 - 21 0.8 35 - 38 
Light ice cream 5 - 6 11 - 12 18 - 20 0.5 35 - 38 
Reduced fat ice cream 7 - 9 10 - 11 18 - 19 0.4 36 - 39 
Soft-served ice cream (low fat) 3 - 4 12 - 14 13 - 16 0.4 29 - 31 
Economy ice cream 10 - 11 10 - 11 14 - 17 0.3 35 - 37 
Premium ice cream 14 - 16 7 - 8 13 - 17 0.3 40 - 41 
Superpremium ice cream 17 - 20 6 - 8 16 - 17 0.2 42 - 44 
Frozen yoghurt 3.3 - 6 8.3 - 13 16 - 20 0.5 30 - 33 
Low-fat frozen yoghurt 2 - 4 8.3 - 13 17- 21 0.6 29 - 32 
Nonfat frozen yoghurt < 0.7 8.3 - 14 17 - 21 0.6 28 - 31 
Sherbet 1 - 3 1 - 3 26 - 35 0.5 28 - 36 
Ice - - 26 - 35 0.5 26 - 35 

 



10 
 

2.2 Probiotics 

2.2.1 Definition & Criteria 

Probiotics are considered as living organisms which “beneficially affect the host animal 

by improving its intestinal microbial balance” (Fuller 1989). Guarner and Schaafsma 

(1998) mentioned that 107 cfu of living organisms per gram or per milliliter is considered 

a recommended amount of probiotics for consumption. These amounts of probiotics in 

foods are recommended to make sure sufficient amounts of probiotics reach the 

intestine after consumption, because the numbers get reduced significantly as the 

probiotics pass through the digestive system. For a microorganism to be considered a 

probiotics and an ideal candidate for incorporation into food products, there are some 

criteria that need to be fulfilled (Lee 2009; Kolida and Gibson 2011): 

 Safety: A probiotic can survive better or have higher implantation rate if it is 

isolated from the human gastrointestinal tract. Although there are some 

commercial probiotics, which are not isolated from the human GI tract, it is 

believed that probiotics are considered safer if they come from the human GI 

tract.  

 Resistance to the upper gut digestion: Probiotics need to resist the gastric acidity 

and bile acid before reaching the host’s intestine. 

 Beneficial to host well-being and health: Probiotics need to be able to adhere 

and grow in the host’s intestine. The growth of probiotics will provide some 

health benefits to the hosts, such as suppressing the growth of pathogenic 
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bacteria, improving lactose digestion,  decreasing the incidence of diarrhea, 

improving irritable bowel syndrome, improving immune response, lowering 

cholesterol levels, and exhibiting antitumor effects.  

 Feasibility: Probiotics must be able to be prepared on a large scale and remain 

viable. 

 Compatible with food matrix: Probiotics need to survive well in the food matrix. 

If fermentation is required, the food matrix should be able to support the growth 

of probiotics.  

 Stable during food processing and storage conditions: Probiotics should survive 

and remain  stable during food processing conditions (e.g. heating, freezing, and 

drying) and storage conditions (e.g. room temperature, refrigeration, and 

freezing). 

 No impact on taste: Probiotics should not negatively alter the texture and flavor 

of food products. 

 

2.2.2 Types & Health Benefits 

The main genera of probiotics are Lactobacillus and Bifidobacterium. Lactobacillus spp. 

is a 0.5-1.2 x 1.0-10.0 μm rod shape, gram positive, facultative anaerobic bacterium 

(Holt and others 1994), and its primary fermented end product is lactic acid (Tannock 

2004). It is naturally present in the human intestinal tract and vagina, and it is normally 

benign. On the other hand, Bifidobacterium is an irregular rod shape, gram positive, 
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non-motile, anaerobic microorganisms. Its size is around 0.5-1.3 x 1.5-8.0 μm. It is 

naturally present in human and mammals’ mouths, intestinal tracts, and vagina. Table 

2.2 shows the common probiotic species of Lactobacillus and Bifidobacterium. Many 

research studies have proven their probiotic properties and these microorganisms have 

been widely used in commercially available products, such as fermented milk (i.e. L. 

acidophilus), yoghurt (i.e. L. acidophilus), as well as in capsules (i.e. L. rhamnosus, B. 

longum, and B. bifidum).   

Besides Lactobacillus and Bifidobacterium, probiotics also include some yeasts such as 

Saccharomyces cerevisiae and Saccharomyces boulardii and some other bacteria, such 

as Escherichia coli Nissle. It has been reported that S. cerevisiae, S. boulardii, E. coli 

Nissle, Propionibacterium freudenreichii, and Bacillus cereus Toyoi have been mainly 

used in pharmaceutical applications, such as premature infant formula (Holzapfel and 

others 2001; Costalos and others 2003). 

There are many health benefits of consuming probiotics: It has been shown that 

probiotics provide  nutritional effects, such as producing water-soluble vitamins in the 

host’s colon (Deguchi and others 1985), increasing bioavailability of iron (Oda and 

others 1994), and improving lactose digestion (De Vres and others 2001). Also, some 

clinical trial data indicated that probiotics have the ability to prevent and to treat 

diarrhea cases (McFarland 2006; Szajewska and others 2006). Besides treating diarrhea 

cases (i.e. Rotavirus diarrhea, traveler’s diarrhea, antibiotic-related diarrhea, etc.), 

probiotics have been found to have the potential to treat irritable bowel syndrome. The 
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main symptoms of irritable bowel syndrome are abdominal pain, flatulence, diarrhea, 

and constipation. A mixture of L. rhamnosus, B. breve, and P. freudenreichii has been 

shown to significantly decrease irritable bowel syndrome (Kajander and others 2005). 

Similar results were found by Kim and others (2005) who found that a mixture of 

probiotics significantly decreased the irritable bowel syndrome more than a placebo did. 

Probiotics also have been shown to have potential to prevent postoperative infections. 

B. breve, L. casei, and L. plantarum have been used to treat patients who were 

recovering from surgery, and the results indicated that probiotics significantly decreased 

bacterial infection (Rayes and others 2002; Kanazawa and others 2005). Many studies 

also indicated that probiotics have the potential to decrease allergic diseases. For 

example, L. rhamnosus, L. reuteri, and B. longum significantly decreased atopic eczema, 

rhinorrhea, and nasal blockage after 6 weeks to half year of treatment with these 

probiotics (Kalliomaki and others 2001; Rosenfeldt and others 2004; Xiao and others 

2006). Moreover, it has been proposed that Lactobacillus may decrease the level of 

serum cholesterol by breaking down bile salts and thus retarding its reabsorption (De 

Smet and others 1998). Also, Lactobacillus can produce short-chain fatty acids, which 

may suppress the synthesis of hepatic cholesterol and the distribution of cholesterol in 

serum and liver (Pereira and Gibson 2002). Last but not least, probiotics have been 

indicated to have potential to bind with carcinogens and further decrease the 

occurrence of colon cancer (Hirayama and Rafter 1999; De Roos and Katan 2000). 
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Table 2.2: Probiotic strains (Senok and others 2005; Shah 2007). 

Probiotic genus Probiotic species 

Lactobacillus Lactobacillus acidophilus 

 Lactobacillus amylovorous 

 Lactobacillus casei 

 Lactobacillus crispatus 

 Lactobacillus delbrueckii subsp. Bulgaricus 

 Lactobacillus fermentum 

 Lactobacillus gasseri 

 Lactobacillus helveticus 

 Lactobacillus johnsonii 

 Lactobacillus lactis 

 Lactobacillus paracasei 

 Lactobacillus plantarum 

 Lactobacillus reuteri 

 Lactobacillus rhamnosus 

Bifidobacterium Bifidobacterium adolescentis 

 Bifidobacterium animalis 

 Bifidobacterium bifidum 

 Bifidobacterium breve 

 Bifidobacterium essensis 

 Bifidobacterium infantis 

 Bifidobacterium lactis 

 Bifidobacterium laterosporus 

 Bifidobacterium longum 

Other bacteria Bacillus cereus Toyoi 

 Enterococcus francium  

 Escherichia coli  Nissle 

 Propioniobacterium freudenreichii 

Yeasts Saccharomyces cerevisiae 

 Saccharomyces boulardii 
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2.2.3 Regulation & Safety 

In the United States, probiotics can be regulated under different product categories 

such as conventional foods for consumption by the general population, dietary 

supplements, medical foods, drugs, and feed additives (Lee 2009). One probiotic strain 

can be theoretically used in more than one regulatory category. It is mainly categorized 

by its intended use, formulation (i.e. pills, beverage, yoghurt, etc.), route of 

administration (conventional foods and dietary supplements must be orally consumed), 

targeted consumers (i.e. human, animal), and safety (if used in conventional foods, it 

must be a GRAS substance or an approved food additive) (Lee 2009). 

In general, it is believed that lactobacilli and bifidobacteria are low in pathogenic 

potential (Borriello and others 2003) and safe to consume by human.   To assure the 

safety of probiotics, a FAO/WHO working group (2002) recommends probiotics should 

be at least examined by the following tests: 

 Examination of antibiotic resistant patterns 

 Estimation of metabolic activities (e.g. production of D-lactate) 

 Estimation of side-effects through human studies 

 Monitoring epidemiological adverse incidents (post-market) 

 If the strain belongs to a mammalian toxin producing species, it must be 

examined for its toxin production 

 If the strain belongs to a hemolytic species, it must be examined for its potential 

of hemolytic activity 
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Table 2.3 shows some commercially available strains which are currently sold as 

probiotics in the United States and other parts of the world. Some of these strains may 

still require more comprehensive evaluations. Therefore, food companies or anyone 

who has the intention to use these strains need to review their efficacy and safety 

closely.   
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Table 2.3: Commercially available probiotic strains  

(Source: usprobiotics.org/products.asp) 

Strain Commercial Products Source 

L. acidophilus NCFM 
B. lactis HN019 (DR10) 
L. rhamnosus HN001 (DR20)  

Sold as ingredient  Danisco (Madison WI)  

Saccharomyces cerevisiae (boulardii)  Florastor  Biocodex (Creswell OR)  

B. infantis 35264  Align  Procter & Gamble (Mason OH)  

L. fermentum VRI003 (PCC)  Sold as ingredient  Probiomics (Eveleigh, Australia)  

L. rhamnosus R0011 
L. acidophilus R0052  

Sold as ingredient  Institut Rosell (Montreal, Canada)  

L. acidophilus LA5 
L. paracasei CRL 431  

Sold as ingredient  Chr. Hansen (Milwaukee WI)  

B. lactis Bb-12  Sold as ingredient  Chr. Hansen (Milwaukee WI)  

L. casei Shirota 
B. breve strain Yakult  

Yakult  Yakult (Tokyo, Japan)  

L. casei DN-114 001 ("L. casei 
Immunitas") 
 
B. animalis DN173 010 ("Bifidis 
regularis")  

DanActive fermented milk 
 
 
Activia yogurt  

Danone (Paris, France) 
 
 
Dannon (Tarrytown, NY)  

L. reuteri RC-14 
L. rhamnosus GR-1  

Femdophilus  

Chr. Hansens (Milwaukee WI) 
Urex Biotech (London, Ontario, 
Canada) 
Jarrow Formulas (Los Angeles, CA)  

L. johnsonii Lj-1 (same as NCC533 
and formerly L. acidophilus La-1)  

LC1  Nestlé (Lausanne, Switzerland)  

L. plantarum 299V 
Sold as ingredient; Good Belly juice 
product;  

Probi AB (Lund, Sweden); NextFoods 
(Boulder, Colorado)  

L. rhamnosus 271  Sold as ingredient  Probi AB (Lund, Sweden)  

L. reuteri ATCC 55730 ("Protectis")  
BioGaia Probiotic chewable tablets 
or drops  

Biogaia (Stockholm, Sweden)  

L. rhamnosus GG ("LGG")  Culturelle; Dannon Danimals  
Valio Dairy (Helsinki, Finland) 
The Dannon Company (Tarrytown, 
NY)  

L. rhamnosus LB21 
Lactococcus lactis L1A  

Sold as ingredient  Essum AB (Umeå, Sweden)  

L. salivarius UCC118     University College (Cork, Ireland)  

B. longum BB536  Sold as ingredient  
Morinaga Milk Industry Co., Ltd. 
(Zama-City, Japan)  

L. acidophilus LB  Sold as ingredient  Lacteol Laboratory (Houdan, France)  

L. paracasei F19  Sold as ingredient  Medipharm (Des Moines, Iowa)  

Lactobacillus paracasei 33 
Lactobacillus rhamnosus GM-020 
Lactobacillus paracasei GMNL-33  

Sold as Ingredient  GenMont Biotech (Taiwan)  

L. plantarum OM  Sold as Ingredient  
Bio-Energy Systems, Inc. (Kalispell, 
MT)  

Bacillus coagulans BC30  
Sustenex, Digestive Advantage and 
sold as ingredient  

Ganeden Biotech Inc., Cleveland, 
Ohio  

Streptococcus oralis KJ3 
Streptococcus uberis KJ2 
Streptococcus rattus JH145  

ProBiora3 
EvoraPlus  

Oragenics Inc. (Alachua FL)  

Lactobacilli rhamnosus PBO1 
Lactobacilli gasseri EB01  

EcoVag 
Bifodan (Denmark), 
www.ecovag.com  
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2.2.4 Factors Influencing the Viability of Probiotics in Food Products 

With the increasing number of health-conscious consumers, there are more and more 

food products with health claims on the market. Probiotics are one of the hottest 

functional ingredients. Food companies all over the world are trying to incorporate this 

functional ingredient into a variety of food products. In order to improve a host’s well-

being and health, probiotics need to survive after food processing. There are some 

factors which significantly influence the survival rate of probiotics in foods:  

The conditions in a food matrix and in the intestinal tract are very different. In the 

human intestinal tract, the temperature is around 37 – 39°C, the pH is normally closest 

to neutral, the oxygen level is low, and nutrients to support the growth of probiotics are 

always available. These conditions are quite different from most of the food products 

either during processing or storage. Therefore, it is important to choose a probiotic 

strain, which is compatible with the food matrix and can survive food processing 

conditions. In general, Lactobacillus is more robust than Bifidobacterium (Lee 2009).  L. 

acidophilus, L. johnsonii, L. rhamnosus, L. casei, L. paracasei, L. fermentum, L. reuterii, 

and L. plantarum are common probiotics which have been widely applied in many food 

products.   

Another important factor, which influences the survival rate of probiotics in food 

products, is their physiological state. If used in a dry food matrix (e.g. powdered infant 

formula) probiotics should be in a physiological quiescent state and dried. If used in a 

wet food matrix (e.g. yoghurt) the physiological state of probiotics can be the vegetative 
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state. This is mainly because probiotics can only survive well at low temperature storage 

in the vegetative state. On the other hand, probiotics can have longer shelf lives at room 

temperature if they are in the dried form and in a quiescent state. There are some 

methods to increase probiotics’ tolerance to environmental stresses such as exposing 

probiotics to sub-lethal stresses (e.g. starvation, low pH, heat, cold). Exposing probiotics 

to sub-lethal stresses can increase their tolerance to food processing conditions, storage 

conditions, and help them survive the human upper gut digestion (Ross and others 

2005).  

 If fermentation is required, the temperature that probiotics grow in is very critical. The 

optimum growth temperature for the probiotics ranges from 37°C to 43°C (Doleyres and 

Lacroix 2005). Temperature also plays an important role in the survival rate of probiotics 

during food processing and storage. Generally speaking, the lower the temperature, the 

better the survival rate of probiotics. If heating (e.g. pasteurization) is required during 

food processing, it will be better to incorporate probiotics into the food matrix after 

heating. In wet products (e.g. yoghurt), refrigeration is normally required to maintain a 

good survival rate of probiotics. However, in dry products (e.g. powdered infant 

formula), probiotics are normally in the quiescent state and can maintain stability up to 

12 months at room temperature (Lee 2009). On the other hand, freezing-thawing is 

another important factor which decreases the survival rate of probiotics. To avoid 

freezing damage of probiotics, cryoprotectants can be added into food products. 

Lactose, sucrose, milk powder, ascorbate, and monosodium glutamate are commonly 

used cryoprotectants (Mattila-Sandholm and others 2002). Repeated freeze-thaw cycles 



20 
 

create further damage to probiotics. This is normally happening in frozen yoghurts and 

probiotic ice creams. Therefore, maintaining consistent storage temperature, using 

cryoprotectants, exposing probiotics to pre-freezing stress, and choosing more freeze 

resistant strains is critical.  

Lactobacillus and Bifidobacterium metabolize carbohydrate into organic acids; therefore 

they are more resistant to low pH than other bacteria. In food matrices, Lactobacillus 

can survive well between the pH of 3.7 to 4.3 (Boylston and others 2004), but most of 

Bifidobacterium cannot survive well when the pH is below 4.6 (Ross and others 2005). It 

has been shown that adding metabolizable sugar can prevent a decrease of intracellular 

pH and thereby further increase the survival rate of probiotics in acidic food matrices 

(Corcoran and others 2005). 

Water activity plays an important role in the survival rate of probiotics in dry food 

products. Dried, quiescent probiotics can survive better if the water activity of the 

product is low. It has been indicated that dried, quiescent probiotics can survive well in 

dry food products at the water activity of 0.2-0.3 under room temperature storage (Lee 

2009). However, it is hard to reduce water activity to very low levels due to the 

expensive energy cost and negative impact on the food quality. Therefore, special 

moisture blocking packages, encapsulation of probiotics, or low temperature storage is 

a good approach.   

Lactobacillus and Bifidobacterium are facultative anaerobic and anaerobic 

microorganisms and oxygen is detrimental for their survival. Generally, Lactobacillus is 
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more resistant to oxygen than Bifidobacterium (Lee 2009). Some food processing steps, 

such as the whipping of ice cream to create overrun, will incorporate a lot of air into 

food products. Therefore, choosing a more oxygen resistant strain is important. Also, 

adding antioxidant ingredients, such as ascorbic acid and/or using oxygen blocking 

packages are good strategies to improve probiotics’ survival rate.  

It is important to choose a probiotic strain which is compatible with food matrices. 

Some ingredients in food matrices may be considered toxic to probiotics and decrease 

their viability. For example, antimicrobial preservatives, nitrates, salt, and organic acids 

may decrease the survival rate of probiotics at certain concentration levels (Arihara and 

others 1998; Boylston and others 2004). Therefore, it is important to monitor the 

interactions between probiotics and other ingredients when incorporating probiotics 

into new food products.  

Moreover, mechanical shear force is also critical to the viability of probiotics. 

Lactobacillus and Bifidobacterium are gram-positive bacteria which have thick cell walls. 

Therefore, they are more resistant to shear force compared to other bacteria (Lee 2009). 

However, in order to maintain the desirable viable number of probiotics in food 

products, excessive high speed shearing still needs to be avoided.  

These are the main factors which influence probiotics’ viability in food products. Despite 

these factors, some strategies still can be applied to improve the survival rate of 

probiotics in food products. For example, using microencapsulation techniques 

improves the survival rate of probiotics in frozen dairy desserts, chocolate bars, milk 
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powders, and unfermented milks (Shah and Ravula 2000; Siuta-Cruce and Goulet 2001; 

Truelstrup Hasen and others 2002). Also, it has been proven that adding antioxidant 

ingredients (e.g. ascorbic acid, cysteine) increased the survival rate of probiotics in 

yoghurt (Dave and Shah 1997). Therefore, it is feasible to add probiotics in a variety of 

food products. As long as the harmful factors are controlled, probiotics can work as an 

excellent functional ingredient and provide many health benefits to consumers. 

 

2.2.5 Lactobacillus rhamnosus HN001  

Lactobacillus rhamnosus HN001 was chosen as the source of probiotics in this study. It 

has been shown to have the resistance of acid, bile, and digestive enzymes. Also, it has 

immune modulating potential, ability to adhere to human gastrointestinal epithelial 

cells, and is safe for human consumption (Prasad and others 1998; Zhou and others 

2005a). Several toxicity experiments have been conducted to ensure the safety of 

consuming L. rhamnosus HN001, and the results indicated that the LD50 for mice is 

50g/kg/day and the acceptable consumption amount for humans is around 35 g dry 

bacteria/day for a healthy 70 kg adult (Shu and others 1999; Zhou and others 2000a, 

2000b; Zhou and others 2005b). Dekker and others (2009) confirmed the safety of L. 

rhamnosus HN001 specifically that it is safe and well tolerable in infants and did not 

negatively influence the normal growth of infants. Therefore, it was selected by the 

culture collection of New Zealand Dairy Research Institute for the usage as a probiotic. L. 
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rhamnosus HN001 has been marketed as HOWARU Rhamnosus by Danisco and L. 

rhamnosus DR20 by Fonterra.   

Health benefits of consuming L. rhamnosus HN001 have been supported by several in 

vitro and in vivo studies. L. rhamnosus HN001 has been shown to have the ability to 

balance the microflora in the human gut and increase the growth of good bacteria 

(Tannock and others 2000). Its ability to inhibit pathogenic bacteria has been shown by 

Gill and others (2001b), specifically that feeding L. rhamnosus HN001 to mice 

significantly increases the survival rate of hosts after a Salmonella Typhimurium 

infection. The results showed that while the control group only had a 4% survival rate, 

the probiotic group had a 90% of survival rate. Moreover, the immune modulating 

properties of L. rhamnosus HN001 include  that consumption of L. rhamnosus HN001 

significantly increased the cytotoxic activity of natural killer cells and leucocyte 

phagocytic activity (Gill and Rutherfurd 2001; Gill and others 2001a). However, similar to 

most other probiotics, these immune modulating properties will disappear if the subject 

stops consuming it.  

Because of its health benefits, L. rhamnosus HN001 has been widely used in formulating 

supplements, as well as dairy and non-dairy products. It is stable in most food matrices 

and can provide good fermentative flavors in fermented products. Therefore, it is a 

good candidate for providing a source of probiotics in food products.     
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2.3 Prebiotics  

2.3.1 Definition & Criteria 

Prebiotics have been defined as “a non-digestible food ingredient that beneficially 

affects the host by selectively stimulating the growth and/or activity of one or limited 

number of bacteria in the colon, and thus improves the host’s health” (Gibson and 

Roberfroid 1995). Rastall and Maitin (2002) also mentioned that prebiotics stimulate the 

growth of probiotics and help probiotics to colonize. In the latest definition prebiotics 

are described as “a selectively fermented ingredient that results in specific changes in 

the composition and/or activity of the GI microbiota, thus conferring benefit(s) upon 

host health” (Gibson and others 2010).   

To be able to consider an ingredient as a prebiotic and an ideal candidate for 

incorporation into foods, there are some criteria that have to be fulfilled (Crittenden 

and Playne 2009; Wang 2009; Kolida and Gibson 2011):  

 Resistance to the upper gut digestion: Prebiotics need to resist the gastric acidity, 

hydrolysis by mammalian enzymes, and gastrointestinal absorption before 

reaching the host’s colon. 

 Fermentable by intestinal microorganisms: Prebiotics need to be well fermented 

by beneficial bacteria and poorly fermented by pathogenic bacteria in the gut.  
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 Selectively stimulate the probiotics in the gut: Prebiotics need to have the ability 

to stimulate the growth and/or activate the metabolism of beneficial bacteria 

and further shift the colonic micro flora toward a healthier composition.  

 Beneficial to host well-being and health: Prebiotics normally contribute some 

health benefits to the host such as improving digestive health (e.g. increasing the 

beneficial bacteria in the gut, increasing the amount of stool, increasing the stool 

frequency), decreasing blood cholesterol levels, increasing the absorption of 

minerals, preventing/inhibiting colon cancer.   

 Stable during food processing and storage: Prebiotics should remain stable 

during different food processing conditions (e.g. heating, freezing, and drying) 

and storage conditions (e.g. room temperature, refrigeration, and freezing). 

 No impact on taste: Prebiotics should not negatively alter the texture and flavor 

of food products.  

 

2.3.2 Types & Health Benefits 

Prebiotics are mainly nondigestible oligosaccharides. Many research papers reported 

the prebiotic effects of several nondigestible oligosaccharides such as fructans 

(fructooligosaccharides and inulin), galactooligosaccharide, and lactulose (Boehm and 

others 2002; Kolida and others 2002; Bouhnik and others 2004; Roberfroid 2005). On 

the other hand, xylooligosaccharides, isomaltooligosaccharides, soybean 

oligosaccharides, and resistant starches have been shown to have the potential to be 
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considered as prebiotics (Hara and others 1997; Oku and Nakamura 2003; AI-Tamimi 

and others 2006; Bird and others 2007).  

Prebiotics can be produced by direct extraction, controlled hydrolysis, transglycosylation, 

or chemical processes (Crittenden and Playne 2009). For instance, inulin is mainly 

produced by direct extraction from chicory roots, and fructooligosaccharides are 

produced by controlled enzymatic hydrolysis of inulin. Transglycosylation is basically an 

enzymatic process to create oligosaccharides from disaccharides. For example, 

galactooligosaccharide is produced from lactose by transglycosylation. On the other 

hand, the chemical process, isomerization, has been used to produce lactulose from 

lactose. Commercially available prebiotics are mainly produced by the methods 

described above.  

Prebiotics not only provide the energy to support the growth of probiotics but also 

contribute a lot of health benefits to the host (Sharma and Ghosh 2006). For example, it 

has been shown that prebiotics can be used to treat constipation. Fernandez-Banares 

(2006) indicated that lactulose has a laxative effect and can be used to treat patients 

with chronic constipation   using a dosage between 10 to 20 g/day. Also, inulin has been 

shown to increase  stool frequency and stool weight (Kleesen and others 1997; 

Devereux and others 2003; Sharma and Ghosh 2006). Some animal studies indicated 

that prebiotics might have the ability to prevent the development of allergies and 

decrease inflammatory bowel disease (Nagura and others 2002; Cherbut and others 

2003; Hoentjen and others 2005). Prebiotics also have the ability to improve the 
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immune responses (Fukasawa and others 2007). Besides enhancing the immune 

responses, prebiotics might have the potential to protect against pathogenic bacteria 

such as Escherichia coli, Salmonella Enteriditis, and Salmonella Typhimurium (Bovee-

Oudenhoven and others 1997; Ozaslan and others 1997; Apanavicius and others 2007). 

This is mainly because the structures of prebiotics mimic binding sites for pathogens. 

Thus, prebiotics can act as soluble decoys to prevent pathogens from adhering to the 

intestinal epithelial cells. In addition, it also has been shown that prebiotics enhance the 

absorption of calcium and magnesium (Coudray and others 1997; Kruger and others 

2003) and reduce  serum cholesterol and triacylglyceride levels (Williams and Jackson 

2002; Vogt and others 2006) in both animal and human subjects. Last, but not the least, 

some studies indicated that prebiotics might have the potential to decrease mutagenic 

enzyme activities and further reduce colon cancer risk (Grubben and others 2001; Roller 

and others 2004).  

 

2.3.3 Safety 

Most of the prebiotics can be found in common foods such as wheat, garlic, leek, onion, 

asparagus, soybeans, chicory root, artichoke, and banana, etc. It has been widely 

accepted that most of the prebiotics are not toxic even at high dosage. The 

recommended effective dosage of prebiotics ranges from 10 to 15 grams per day for 

healthy adults. However, excessive intake (more than 15 g/day) of prebiotics may lead 
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to abdominal discomfort, flatulence, and osmotic diarrhea (Deguchi and others 1997; 

Saavedra and Tschernia 2002; Smith 2002).  

 

2.3.4 Prebiotics in Food Products 

Due to prebiotics’ fat mimetic characteristics and nutritional values, they have been 

widely used to improve  food quality and nutrition (Table 2.4) in many food products, 

such as yoghurts, desserts, beverages, breads, cakes, biscuits, soups, sauces, fillings, 

chocolates, confectionaries, meat products, dietetic products, and baby foods. For 

example, inulin and oligofructose have been used to improve the texture attributes in 

ice cream samples (Akalin and Erisir 2008; Karaca and others 2009). The results 

indicated that adding inulin and oligofructose at the 4% level significantly increase the 

overrun, firmness, and viscosity of ice cream samples, and also improve the meltdown 

properties. Similar results were found by El-Nagar and others (2002) who showed that 

adding inulin at the 5% level significantly increased the viscosity and slowed down the 

melting rate of yog-ice cream (a frozen dessert that was made by mixing half yogurt and 

half ice cream mix). Also, adding 5% of inulin into chocolate mousse can significantly 

increase the firmness and adhesiveness of samples (Cardarelli and others 2008a). 

Moreover, Aykan and others (2008) indicated that adding 5.7% of inulin to reduced-

calorie vanilla ice creams gave significantly better sensory scores than control ice cream. 

Cardarelli and others (2008b) also mentioned that consumers gave significantly higher 

overall acceptance scores to cheese samples which contained oligofructose.  
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Besides improving texture properties, prebiotics also have been shown to significantly 

increase the survival rate of probiotic in food matrices. For example, Akalin and Erisir 

(2008) indicated that adding inulin and oligofructose can significantly improve the 

survival rate of Lactobacillus acidophilus and Bifidobacterium lactis in ice cream samples. 

In addition to inulin, lactulose, raftilose, and Hi-maize have similar effects on the survival 

rate of L. casei, L. rhamnosus, L. zeae, and L. paracasei in fermented milk (Desai and 

others 2004). Moreover, Oliveira and others (2009) mentioned that inulin significantly 

stimulate the growth of S. thermophilus, L. bulgaricus, L. rhamnosus, L. acidophilus, and 

B. lactis in fermented milk, and the cell counts remained stable even after 7 days of 

storage at 4°C. A lot of similar studies have been conducted, and the results were all 

similar. Therefore, it has been concluded that adding prebiotics can significantly 

improve the survival rate of probiotics in food matrices such as fermented milk (Bruno 

and others 2002), yoghurt (Akalin and others 2004), cheese (Cardarelli and others 

2008b), ice cream (Akalin and Erisir 2008), mousse (Buriti and others 2010), etc. either 

during food processing or storage.      
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Table 2.4: Application of prebiotics in foods (Wang 2009). 

Applications Functional properties 

Yoghurt and desserts Sugar replacement, texture and mouthfeel, fiber, and prebiotics 

Beverages and drinks Sugar replacement, mouthfeel, foam stabilization, and prebiotics 

Breads and fillings Fat or sugar replacement, texture, fiber, and prebiotics 

Meat products Fat replacement, texture, stability and fiber 

Dietetic products Fat or sugar replacement, fiber, and prebiotics 

Cake and biscuits Sugar replacement, moisture retention, fiber, and prebiotics 

Chocolate Sugar replacement, heat resistance and fiber 

Sugar confectionary Sugar replacement, fiber, and prebiotics 

Soups and sauces Sugar replacement, and prebiotics 

Baby food Texture, body and mouthfeel, fiber, stability, and prebiotics 

 

2.3.5 Inulin & Oligofructose 

2.3.5.1 Natural Sources & Chemical Structure 

Inulin and oligofructose are the most widely used prebiotic sources in the food industry, 

and inulin was also chosen as the source of prebiotic in this study. Inulin and 

oligofructose are naturally present in many dietary foods such as wheat, garlic, onion, 

chicory root, Jerusalem artichoke, asparagus, leek, wheat, barley, rye, and banana 

(Moshfegh and others 1999). Van Loo and others (1995) stated that the average 

consumption of inulin and oligofructose from dietary foods is 1 – 4 g/day in the United 

States and 3 – 10 g/day in Europe. Moshfegh and others (1999) claimed that the average 

consumption of naturally occurring inulin and oligofructose are 2.6 g/day and 2.5 g/day, 
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respectively. Wheat (70%) and onion (25%) are the major natural food sources of inulin 

and oligofructose in the United States. 

Inulin and oligofructose are linear β (2→1) fructosyl-fructose linked poly- and 

oligosaccharides and have been classified as fructans (Figure 2.1). The chemical 

structure of inulin and oligofructose can be either GFn (glucopyranosyl-

(fructofuranosyl)n-1-fructose) or Fm (fructopyranosyl-(fructofuranosyl)m-2-fructose) where 

n and m represent the number of fructose units. Inulin and oligofructose are essentially 

identical with a small distinction made based on chain length. Inulin is a fructan with the 

chain length ranging from 2 to 60 units with an average of 12, and oligofructose 

contains less than 10 monosaccharide units. Oligofructose is a partial enzymatic 

hydrolysis product, and the degree of polymerization (DP) ranges from 2 to 8 with an 

average of 4 (Roberfroid 2005). Most of the commercially available inulin and 

oligofructose are either extracted from chicory root or synthesized from sucrose. 

Chicory root contains around 41.6 g/100g of inulin and 22.9 g/ 100g of oligofructose 

(Van Loo and others 1995). The inulin extraction process is very similar to extracting 

sugar from sugar beets. Chicory roots are sliced and washed, and then the inulin is 

extracted from the roots by hot water. The extracts are further purified and dried. The 

finished inulin powder normally has 90% of inulin and 10% of fructose, glucose, and 

sucrose (Niness 1999). Therefore, inulin powder normally has a neutral to slightly sweet 

taste.  Oligofructose is derived from inulin by the additional hydrolysis step after 

extraction. Inulase is used to break down inulin into short chain oligofructose. 

Oligofructose can be also synthesized from sucrose by transfructosylation. High 
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performance (HP) inulin is made by removing the oligomers and sugars. The degree of 

polymerization of HP inulin ranges from 11 to 60 with an average of 25. HP inulin can 

provide nearly twice the fat mimetic effect than regular inulin without influencing the 

sweetness of the original product (Niness 1999).   

 

Figure 2.1: The structure of inulin and oligofructose  

(Source: http://en.wikipedia.org/wiki/Inulin) 
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2.3.5.2 Nutritional Values & Health Benefits 

Inulin and oligofructose have been used to replace sugar or fat in many food products, 

such as cheeses, yoghurt, ice cream, confectionary, and baked goods. Inulin and 

oligofructose contain β (2→1) bonds, which cannot be metabolized by human digestive 

enzymes. Some research (Ellegard and others 1997; Knudsen and Hessov 1995; 

Rumessen and others 1990) indicated that the fermentation of inulin and oligofructose 

in the human gut can produce some short-chain fatty acids and lactate, and the 

metabolism of these compounds can provide 1.5 kcal/g of energy. Therefore, inulin and 

oligofructose have lower calorie values than regular carbohydrates and fats. As a result, 

inulin and oligofructose have been used for diabetic patients. It has been shown that 

inulin and oligofructose neither induces fluctuation of serum glucose nor stimulate the 

secretion of insulin and glucagon (Rumessen and others 1990). 

Inulin and oligofructose are considered dietary fiber. Their functionality has been 

proven by their ability to decrease fecal pH (Gibson and Roberfroid 1995) and increase 

stool weight (Gibson and others 1995) and frequency (Gibson and others 1995). These 

positive functionalities further improve a human’s health by preventing the chance of 

producing putrefactive substances in the human colon.  

Also, inulin and oligofructose have the ability to stimulate the growth/activity of 

intestinal microbiota and further benefit the host’s well-being and health, so they both 

have been considered as prebiotics. It has been shown that inulin and oligofructose can 

increase the number of Bifidobacterium in the intestinal microbiota, and further benefit 
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host health by suppressing the growth of undesirable bacteria (Djouzi and Andrieux 

1997; Gibson and others 1995; Gibson and Roberfroid 1995).  

It has also been shown that inulin and oligofructose can improve the absorption of 

calcium (Coudray and others 1997; Van den Heuvel and others 1999), reduce  serum 

triglyceride and LDL cholesterol levels (Delzenne and others 1993; Williams 1999), and 

may potentially prevent and inhibit the chances of colon cancer (Gallagher and others 

1996; Reddy and others 1997; Rowland and others 1998; Taper and others 1997).  

 

2.3.5.3 Functionalities in Food Products 

Inulin has a longer chain length than oligofructose, and therefore inulin has poorer 

solubility than oligofructose. Inulin can form inulin microcrystals in the solutes (e.g. milk, 

water, juice). The inulin microcrystals cannot be perceived by humans, but the 

interaction between inulin microcrystals and solutes can create perceivable creaminess 

and fat-like textures. Hence, inulin has been widely used to formulate low-fat food 

products, such as baked goods, fillings, dressing, spreads, frozen desserts, and dairy 

products (Niness 1999).  

On the other hand, oligofructose has better solubility than inulin, and it can provide 

around 30 to 50% of the sweetness of sugar. It is widely used to smoothen the 

sweetness profile when formulating low sugar food products with high intensity 

sweeteners (e.g. aspartame and acesulfame k). Also, oligofructose can provide very 
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similar functionalities as sugar in food products, such as depressing the freezing point in 

frozen desserts, providing crispness texture in hard baked goods, improving the 

mouthfeel in dairy products, and working as humectant in baked goods or nutritional 

bars (Niness 1999). Oligofructose can be used to not only partially replace the 

functionalities of sugar in most of the food products, but also give fewer calories and 

increase the fiber content without resulting in any undesirable change.  

Inulin and oligofructose have been widely used as functional ingredients to formulate a 

variety of food products, such as yoghurts, beverages, frozen desserts, soups, and meat 

products (Wang 2009). Their fat mimetic functionalities and nutritional value (i.e. 

dietary fiber, prebiotics) are the main reasons why they have become popular functional 

ingredients.  

 

2.4 Synbiotics  

Synbiotics have been defined as “mixtures of probiotics and prebiotics that beneficially 

affect the host by improving the survival and implantation of live microbial dietary 

supplements in the gastrointestinal tract, by selectively stimulating the growth and/or 

by activating the metabolism of one or a limited number of health-promoting bacteria, 

thus improving host welfare” (Gibson and Roberfroid 1995). Many studies indicated that 

synbiotics have higher beneficial effects on the host health than probiotic or prebiotic 

products alone (Rowland and others 1998; Schaafsma and others 1998; Gmeiner and 
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others 2000). Having both probiotic and prebiotic in a food product can certainly 

improve the survival rate of probiotic during storage and the passage through the 

intestinal tract. Akalin and Erisir (2008) indicated that adding inulin and oligofructose at 

the 4% level significantly improved the survival rates of Lactobacillus acidophilus and 

Bifidobacterium lactis. Also, prebiotics have been shown to sufficiently increase the 

implantation of probiotic bacteria in colonic microflora (Roberfroid and others 1998).  

Having probiotic and prebiotic in one product increases the cost of production, which 

might retard the development of new synbiotic products. However, with the increasing 

number of health-conscious consumers, many different probiotic and/or prebiotic 

fortified food products, such as yogurts, frozen yogurts, juices, smoothies, cheeses, 

cream cheeses, and cereals have come on the market already. Consumers are very 

aware of the relationship between diet and health, and therefore they have high 

standards when they are evaluating any new food product. It is not just about taste 

when consumers are choosing food products, nowadays. Consumers also care about 

nutrition, ingredients and healthiness as well. Also, they are interested in food products, 

which can provide added health benefits. Therefore, synbiotic food products will 

definitely have an upper hand over other novel food products.  
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2.5 Dietary Fiber 

2.5.1 Definition & Types of Dietary Fiber 

Dietary fiber is an important nutrient, which helps to maintain people’s health. Dietary 

fiber can be classified into two main categories: soluble and insoluble fiber. Both soluble 

and insoluble fiber cannot be digested in the human gastrointestinal system. Most of 

the soluble (viscous, prebiotic) fiber can be fermented by the microorganisms in human 

colon, but insoluble fiber cannot be utilized by human intestinal microorganisms. 

Insoluble fiber can absorb water while it moves through the human gastrointestinal 

system. Dietary fiber can be basically obtained from consuming vegetables, grains, fruits, 

and legumes. Table 2.5 lists some foods which have been considered as good sources of 

soluble and insoluble fiber.  

Table 2.5: Some example of natural food sources of soluble and insoluble fiber  

Soluble Fiber Insoluble fiber 

Oatmeal, oatbran 
Nuts and seeds 
Legumes 
Beans 
Dried peas 
Lentils 
Apples 
Pears 
Strawberries 
Blueberries 

Whole wheat bread 
Barley 
Couscous 
Brown rice 
Bulgur 
Whole grain breakfast cereals 
Wheat bran 
Seeds 
Carrots 
Cucumbers 
Zucchini 
Celery 
Tomatoes 

(Source: Harvard School of Public Health; http://www.hsph.harvard.edu/ nutritionsource/what-should-
you-eat/fiber-full-story/index.html) 
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Dietary fiber covers a variety of non-digestible poly- and oligosaccharides, which are 

associated with plants (Table 2.6). Due to chemical structure differences, there are no 

uniform recommendations on the quantitation method for dietary fiber. Nevertheless, 

there are many enzymatic-gravimetric AOAC methods that have been used to identify 

the soluble and insoluble dietary fiber contents or specific dietary fiber content. 

Scientists are still working on finding a general method, which would determine the 

dietary fiber content that corresponds with current definitions. 

 

Table 2.6: Constituents of dietary fiber (Raninen and others 2011). 

Polysaccharides and Resistant 
Oligosaccharides 
  Cellulose  
  Hemicellulose 
  Arabinoxylans 
  Arabinogalactans 
  Polyfructoses 
  Inulin 
  Oligofructans 
  Galactooligosaccharides 
  Gums 
  Mucilages 
  Pectins 
 
Lignin 
 
 

Analogous Carbohydrates 
  Indigestible dextrins 
  Resistant maltodextrins 
  Synthesized carbohydrates 
  Polydextrose 
  Methyl cellulose 
  Hydroxypropylmethyl cellulose 
  Resistant starches 
 
Associated Plant  Substances 
  Waxes 
  Phytate 
  Cutin 
  Saponins 
  Suberin 
  Tannins 
  Phenolic compounds 

 

In 1951, Dietary fiber was first mentioned by an Australian scientist, Eben Hipsley. He 

used dietary fiber to define cellulose, hemicelluloses, and lignin in food. In the 1970s, 

Dennis Burkitt and Hugh Trowell proposed “The dietary fiber hypothesis”, which pointed 
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out the relationship between lack of fiber and cardiovascular diseases and bowel-

related diseases. In 1976, Trowell and his colleagues further defined dietary fiber as 

“Dietary fiber consists of polysaccharides and lignin in plants that are resistant to 

hydrolysis by the digestive enzymes of humans”. This definition has been modified many 

times over the past 30 years (Raninen and others 2011), and there are three main 

definitions of dietary fiber (Table 2.7). These definitions were published by the American 

Association of Cereal Chemists (AACC), the Institute of Medicine of the National 

Academies (IOM), and the Codex Executive Committee (Codex). In general, dietary fiber 

is the portion of plants that are resistant to human digestive enzymes; this includes 

poly- and oligosaccharides and lignin. In addition to naturally occurring dietary fiber, 

isolated and synthetic fibers were included in the definitions of dietary fiber with the 

condition of possessing beneficial physiological effects such as improving laxation, 

decreasing blood cholesterol, decreasing blood glucose, fermentability by colonic 

microorganisms, improving immune functions, etc (Raninen and others 2011). 
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Table 2.7: Definitions of fiber from the American Association of Cereal Chemists (AACC), 

the Institute of Medicine of the National Academics (IOM), and the Codex Alimentarius 

Comission (Codex) (Raninen and others 2011). 

AACC (2001) IOM (2001) Codex (2009) 

Dietary fiber is the 
edible parts of plants or 
analogous 
carbohydrates that are 
resistant to digestion 
and absorption in the 
human small intestine 
with complete or partial 
fermentation in the 
large intestine. 
 
 
 
 
 
Dietary fiber includes 
polysaccharides, 
oligosaccharides, lignin, 
and associated plant 
substances. 
 
 
 
 
 
 
 
Dietary fibers promote 
beneficial physiological 
effects including 
laxation, and/or blood 
cholesterol attenuation, 
and/or blood glucose 
attenuation. 

Dietary fiber consists of 
nondigestible 
carbohydrates and 
lignin that are intrinsic 
and intact in plants. 
 
 
 
 
 
 
 
 
 
 
Added fiber consists of 
isolated, nondigestible 
carbohydrates that have 
beneficial physiological 
effects in humans. 
 
 
 
 
 
 
 
Total fiber is the sum of 
dietary fiber and added 
fiber. 

Dietary fiber means 
carbohydrate polymers 
with ten or  more 
monomeric units, which 
are not hydrolysed by 
the endogenous 
enzymes in the small 
intestine of humans and 
belong to the following 
categories: 
 
Edible carbohydrate 
polymers naturally 
occurring in the food as 
consumed. 
 
Carbohydrate polymers, 
which have been 
obtained from food raw 
material by physical, 
enzymatic or chemical 
means and which have 
been shown to have a 
physiological effect of 
benefit to health as 
demonstrated by 
generally accepted 
scientific evidence to 
competent authorities. 
 
Synthetic carbohydrate 
polymers which have 
been shown to have a 
physiological effect of 
benefit to health as 
demonstrated by 
generally accepted 
scientific evidence to 
competent authorities. 
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2.5.2 Health Benefits of Consuming Dietary Fiber 

According to the dietary guidelines for Americans, which was published by the U.S. 

Department of Agriculture and U.S. Department of Health and Human Services, the 

recommended intake of dietary fiber is 14 g/ 1000 kcal. For healthy women and men, 

the recommended dietary fiber intake is 28 g/day and 36 g/day based on 2000 kcal/day 

and 2600 kcal/day energy intake, respectively (USDA 2010). Dietary fiber provides 

numerous health benefits, such as decreasing cardiovascular diseases, gastrointestinal 

diseases, diabetes, and obesity. However, the average intake of dietary fiber is only 15 

grams per day for adults in America (USDA 2010). This is mainly due to an insufficient 

intake of whole-grain foods, fruits, and vegetables. Many fiber supplements and fiber-

enriched food products try to provide different ways to increase dietary fiber intake.  

Fiber has been shown to help prevent cardiovascular diseases. Consuming cereal and 

fruit as fiber sources significantly reduced the risk of coronary heart disease (Pereira and 

others 2004), and a diet that has higher percentages of fruits and vegetables but is 

lower in meats will reduce blood pressure (Miura and others 2004). In addition, Rimm 

and others (1996) indicated that the comparison of three different fiber sources (fruit, 

vegetable, and cereal) showed that cereal fiber was more correlated to reduction of 

myocardial infarction than the others. Also, cereal fiber significantly lowers the risk of 

incident cardiovascular diseases (stroke, ischemic heart disease death, nonfatal 

myocardial infarction) among elderly individuals (Mozaffarian and others 2003). 

Moreover, the connection between fiber intake and heart health has been widely 
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explored all over the world, and the results are very consistent. The results all showed 

that high fiber intake was inversely correlated with cardiovascular diseases in the US 

(Bazzano and others 2003), France (Lairon and others 2005), and The Netherlands 

(Streppel and others 2008).   

Fiber has been hypothesized to also help against colorectal cancer by modifying the gut 

bacteria flora, increasing the amount of stool, and speeding up the intestinal transit 

(Burkitt 1971). However, the research has yielded very diverse results. Some research 

articles indicate that high fiber intake does not reduce the risk of colorectal cancer. Park 

and others (2005) collected the data from thirteen prospective cohort studies, which 

included 725,628 men and women with observational periods between six and twenty 

years, and the results showed that there was no significant relationship between high 

fiber intake and reduced risk of colorectal cancer. Similar results were also found by 

Fuchs and others in 1999. On the other hand, Wakai and others (2007) indicated that 

increasing fiber intake lead to a decreasing trend in the risk of colorectal cancer among 

the Japanese population. Also, Jacobs and others (2006) showed that men may get 

more benefit from consuming fiber than women in reducing the risk of colorectal 

adenoma. Although the results from these research articles remain controversial, 

consuming fiber certainly gives some digestive health benefits, such as reducing 

constipation by its laxative effect. 

Dietary fiber decreases gastrointestinal diseases by decreasing transit time and 

increasing stool frequency and weight. Non-fermentable fiber provides a bulking effect 



43 
 

and significantly decreases the transit time and increases the stool weight (Bird and 

others 2008; Hengst and others 2009). On the other hand, fermentable fiber can 

stimulate the growth of microorganisms in the human intestinal tract. Fermentation 

decreases the fecal pH, and the decreased pH in the intestines improves the growth of 

some health promoting bacteria such as Bifidobacterium and Lactobacillus. These 

beneficial bacteria further improve the digestive health by protecting against 

pathogenic bacteria and decreasing inflammatory bowel diseases (Gill and others 2001a; 

McFarland 2006). 

High fiber intake helps not only to reduce the risk of heart diseases, digestive diseases 

and possibly colorectal cancer, but also helps in controlling diabetes, breast cancer and 

obesity. Some studies indicated that high fiber intake (guar gum) will reduce the 

increase of blood glucose levels after food consumption (Brenelli and others 1997; Butt 

and others 2007), thus it can help to control diabetes. It has been shown that breast 

cancer is strongly related to estrogen and related sex hormone levels in the human body. 

Consuming high levels of fiber may help to alter the sex hormone levels in the human 

body, thereby reducing the risk of breast cancer (Timm and Slavin 2008). Also, the 

physical characteristics of fiber can help to control weight. Fiber can work as bulking 

agents in many food products, and it can prolong the feeling of satiety. Lairon and 

others (2005) indicated that increasing the fiber intake could help to lower the Body 

Mass Index (BMI) value, and further control obesity.     

 



44 
 

2.5.3 Safety 

In general, consuming dietary fiber does not create any safety issues. However, if people 

suddenly increase their dietary fiber intake, it might lead to abdominal pain, bloating, 

diarrhea or constipation. Therefore, a gradual increase in dietary fiber intake is 

recommended. It allows the intestinal microorganisms to adjust to the changes and 

decreases any undesirable symptoms. Also, drinking a lot of water is always 

recommended with increasing dietary fiber intake. Excessive dietary fiber intake might 

be toxic to some subjects. Hillemeier (1995) indicated that for most people consuming 

more than 50 grams of dietary fiber per day might create some of the undesirable 

symptoms, which have been mentioned above, but for some sensitive subjects, 

excessive dietary fiber intake might make them suffer from intestinal obstruction, 

dehydration, and mineral deficiencies. 

 

2.5.4 Dietary Fiber in Food Products 

Based on these purported benefits of increased consumption of fiber, fiber supplements 

are widely consumed by the general population. Consumers can easily purchase fiber 

supplements in powder or tablet form in the supermarket. In addition to fiber 

supplements, more and more food products are made from fiber-rich ingredients than 

ever before. For example, replacing white bread with whole grain breads, refined 

cereals with high fiber cereals, white flour with whole wheat flour, and white rice with 
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brown or wild rice are currently the main trends in the food industry. In the 

confectionary market, Vere Chocolate of New York introduced a new line of 75% dark 

chocolate bars which contains high levels of antioxidants, fiber, and prebiotic (Cosgrove 

2008a). The nutrition bar market does not just emphasize protein any longer, instead 

the new generation of nutrition bars includes using organic ingredients, adding 

probiotics, and using dried vegetables and fruits as main ingredients (Wright 2008). In 

the beverage market, the Ardea Beverage Company recently renewed its Nutrisoda line 

by adding a blend of blueberry and watermelon flavored carbonated soft drink, which 

contains one gram of dietary fiber (Cosgrove 2008b), and Procter & Gamble Co.’s 

Metamucil Fiber Powdered Drink Mixes provide three grams of fiber per serving 

(Schofield 2008). Even though consuming fiber has many advantages and although there 

are already many food products on the market that are either made with high fiber 

ingredients or have fortified the fiber content, fiber-enriched ice cream is still absent 

from the list. In this study, fiber-enriched functional ice cream was formulated and 

consumers’ perceptions toward this multifunctional ice cream were evaluated. 

Fibersol®-2, a commercially available digestion resistant maltodextrin was chosen as the 

source of fiber.  

 

2.6 Aҫai 

Açai, which is also named assai, Euterpe oleracea Mart., manaca, and  South American 

plum (Alexandre and others 2004; Sangronis and others 2006), is a native Amazon berry 



46 
 

which grows on the açaizeiro tree. Açaizeiro is a multi-stemmed monoecious palm, and 

the açaizeiro tree can reach up to thirty meters in height. The mature açai fruit is purple 

in color and round-shaped with 1 to 1.5 centimeter in diameter. Açai skin is thin and 

fibrous, and under the skin is a thin layer of edible fruit pulp, whereas the seed 

contributes most of the fruit’s size (Pozo-Insfran and others 2004). It is not eaten in 

fresh form but usually macerated with water, and seeds are separated from the fruit 

pulp. The thick, purple colored aҫai pulp can be consumed directly or further frozen or 

freeze-dried for other uses (Pacheco-Palencia and others 2007). The aҫai pulp has a 

creamy texture, greasy mouthfeel, and a hint of nutty flavor. Aҫai is widely used in 

making beverages, ice creams, jellies, and pies in northern South America. In the U.S., 

aҫai has been formulated into a variety of products, such as tablets, powders, energy 

drinks, juices, smoothies, and sorbets.  

 

2.6.1 Nutritional Content & Antioxidant Capacity of Aҫai 

One hundred grams of freeze-dried aҫai powder provides 533.9 calories, 32.5 grams 

total fat (consisting of 24.1% palmitic acid, 56.2% oleic acid, and 12.5% linoleic acid), 

52.2 grams of total carbohydrate, which includes 44.2 grams of dietary fiber, and 8.1 

grams of protein. It also contains some vitamins and minerals such as vitamin A, calcium, 

and iron (Schauss and others 2006). Aҫai is a nutritious fruit and a rich source of 

antioxidants.  
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There have been many research studies done on the identification of the phytochemical 

compounds in açai. The major phytochemical components in aҫai are polyphenols, 

specifically anthocyanins and flavonoids. The predominant anthocyanins in aҫai are 

cyanidin-3-rutinoside and cyanidin-3-glucoside, and the amounts range from 193 – 

241.8 mg gallic acid equivalents (GAE)/100g and 11.1 – 117 mg GAE/100g, respectively 

(Gallori and others 2004; Pacheco-Palencia and others 2009; Ribeiro and others 2010). 

Other phytochemical compounds were found in minor quantities (Table 2.8). For 

example, cyanidin-3-arabinoside has been isolated from frozen extracts of açai palm 

(Euterpe oleracea Mart.), and the level of total anthocyanins in the peel is 263 mg/100 g 

(Bobbio and others 2000). The total amount of anthocyanins in the pulp is 0.5 mg/g and 

the other flavonoids are 3.5 mg/g base on a dried pulp weight basis. Also, Pozo-Insfran 

and others (2004) identified that the major polyphenolics found in açai are ferrulic acid 

followed by epicatechin, p-hydroxybenzoic acid, gallic acid, (+)-catechin, and vanillic acid 

in the range of 17 to 212 mg/L Fresh Pulp.  

 

Table 2.8: Major secondary metabolites found in aҫai (Heinrich and others 2011). 

Anthocyanins Flavonoids Others 

Cyanidin-3-rutinoside 
Cyanidin-3-glucoside 
Cyanidin-3-arabinoside 
Cyanidin-3-sambubioside 
Peonidin-3-glucoside 
Pelargonidin-3-glucoside 

Homo-orientin 
Orientin 
Isovitexin 
(+)-Catechin 
(-)-Epicatechin 
Proanthocyanidins 

Protocatechuic acid 
p-Hydroxybenzoic acid 
Vanillic acid 
Ferulic acid 
Syringic acid 
Resveratrol 
Gallic acid 
Benzoic acid 
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The antioxidant capacity of aҫai was determined by using oxygen radical absorbance 

capacity (ORAC) assay, total oxidant scavenging capacity (TOSC), radical-scavenging 

capacity (ABTS), ferric reducing antioxidant power (FRAP), the 2,2-diphenyl-1-

picrylhydrazil assay (DPPH), and beta-carotene bleaching. The results all indicated that 

aҫai has excellent antioxidant capacity against free radicals and compares well with 

other high antioxidant fruits, such as blueberry, grape, and cranberry (Campanella and 

others 2006; Rodrigues and others 2006; Schauss and others 2006; Hassimotto and 

others 2005; Lichtenthaler and others 2005). The antiproliferative effects of 

phytochemical compounds from açai pulp and açai oil have been examined by Pacheco-

Palencia and others (2008). The results indicated that polyphenolic mixtures from açai 

pulp and açai oil inhibited HT-29 colon carcinoma cells’ proliferation up to 90.7%. Similar 

results were found by Hogan and others (2010) who showed that aҫai significantly 

inhibited the proliferation of C-6 rat brain glioma, but it did not have any 

antiproliferative activity toward MDA 468 breast cancer cell. Ribeiro and others (2010) 

conducted an in vivo study to evaluate the antiproliferative activity of aҫai pulp on mice 

which were prior treated with doxorubicin (DXR) to induce DNA damage in their liver 

and kidney cells. Mice were fed different levels (3.33 – 16.67 g/kg body weight) of aҫai 

pulp, and the results indicated that aҫai pulp protected against the DXR-induced DNA 

damages even at low dosage levels. Moreover, one clinical trial showed that consuming 

aҫai juice can significantly increase serum antioxidant levels both at 1 and 2 hours after 

consumption (Jensen and others 2008). Despite the fact that most of the in vivo and in 

vitro studies concluded that aҫai has high antioxidant and antiproliferative activities, 
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more research studies, such as clinical trials and epidemiological studies  need to be 

done.   

 

2.6.2 Application of Aҫai in Food Products  

The interest in applying aҫai to dietary supplements or food products has dramatically 

increased since 2004. In Brazil, aҫai export sales are around US $45 million per year. 

About 1000 tons of aҫai pulp is exported each month, and it is mainly exported to the 

United States, Japan, Italy, and Holland (Heinrich and others 2011). Its high antioxidant 

capacity and potential health benefits appeal to health-oriented consumers. Therefore, 

many food companies try to incorporate this health promoting functional ingredient 

into food products. Currently, aҫai is sold in a variety of forms such as tablet, powder, 

juice, smoothies, sorbet, and frozen puree in the United States. It also has high potential 

as a functional ingredient in dairy products or desserts.  

Some research studies have been working on using aҫai in dairy products. For example, 

Coisson and others (2005) applied açai as a functional ingredient in yoghurt. The results 

indicated that there were no sensorical differences between adding aҫai juice at 10% 

(w/w) level into yoghurt and commercial yoghurt which was flavored with bilberry. 

Therefore, the authors suggested that aҫai is a potential functional ingredient for 

flavoring and coloring of yoghurt. Also, Espirito Santo and others (2010) evaluated the 

feasibility of adding aҫai pulp to probiotic enriched yoghurt. The results indicated that 

aҫai pulp significantly increased the cell counts of Lactobacillus acidophilus L10, 
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Bifidobacterium animalis ssp. lactis B104, and Bifidobacterium longum B105 after four 

weeks of cold storage. In other words, aҫai pulp positively influenced the probiotic 

survival rate in yoghurt, hence it can be used as a functional ingredient to increase the 

nutritional level and antioxidant benefits of yoghurt.   

North America’s consumer acceptance toward aҫai-based products was determined by 

Menezes and others (2011).  Seven different commercially available aҫai-based products, 

one energy drink, three juices, one sorbet, and two smoothies, were evaluated by 155 

consumers. The results indicated that 83.9% of the consumers had heard about aҫai and 

55.5% of them had tasted aҫai products before. Also, 87.1% of consumers realized that 

aҫai contains high antioxidants. Consumers gave a significantly higher overall liking score 

for sorbets than any other product, and it was confirmed that overall liking was mainly 

driven by the flavor and aftertaste of the products. The results also mentioned that 

taste is more important than functionality when consumers evaluate a novel functional 

food product. Therefore, choosing an attractive food carrier is an important issue when 

incorporating a new functional ingredient into existing food products. Menezes and 

others (2011) also mentioned that there is a potential market for aҫai-based products in 

the United States, and the potential buyers are female, young or old, food neophilic, 

and health-conscious consumers.     
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Abstract 

The effect of adding inulin on the sensory characteristics and survival rates of 

Lactobacillus rhamnosus HN001 in synbiotic ice cream during the ice cream making 

process and storage were studied. The sensory characteristics of control, probiotic, 

prebiotic, and synbiotic ice creams were evaluated by twelve trained panelists. The 

sensory results indicated that probiotic ice cream was significantly more icy than the 

control, prebiotic, and synbiotic ice creams. Also, probiotic ice cream was less smooth 

and less creamy than prebiotic ice cream. Moreover, synbiotic ice cream had 

significantly higher scores on sourness and sourness aftertaste than control ice cream. 

Survival rate results showed that the viable number of L. rhamnosus HN001 was not 

influenced by the ice cream making process (i.e. mixing, freezing, and hardening steps). 

However, storage time (up to 180 days) and temperature (-20°C and -40°C) significantly 

influenced the survival rates of L. rhamnosus HN001. The viable number of L. rhamnosus 

HN001 had significantly decreased by day 150 when being stored at -20°C. Also, the 

viable number was significantly lower when the ice cream was stored at -20°C than at     

-40°C when stored over 180 days. Nevertheless, although the viable numbers for L. 

rhamnosus HN001 decreased during the storage, a level of 108 cfu/g, which is higher 

than the minimum level of 106 - 107 cfu/g for the ice cream to be considered a probiotic 

food product, was still maintained.  

Key words: Inulin, Lactobacillus rhamnosus HN001, sensory, survival rate, synbiotic ice 

cream 
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Introduction 

Most consumers are very aware of the association between food and health, leading 

many of them to make healthier food choices. Due to consumers’ demand, there is a 

growing number of health-oriented food products on the market. Ice cream, among the 

most popular desserts in the U.S., was chosen as the vehicle to deliver functional 

ingredients in this study.  

Probiotics occupy around 65% of the functional food market all-over the world (Agrawal 

2005), and they are widely used as functional ingredients in dairy products. Probiotics 

are considered as living organisms which “beneficially affect the host animal by 

improving its intestinal microbial balance” (Fuller 1989). Guarner and Schaafsma (1998) 

mentioned that 107 cfu of living organisms per gram or per milliliter is considered a 

recommended amount of probiotics for consumption. Also, Robinson (1987) mentioned 

that the minimum level of probiotics in food products should be 106 cfu/g or the daily 

intake should reach 108 cfu. These recommendations are used to make sure sufficient 

amounts of probiotics reach the intestine after consumption, because the numbers get 

reduced significantly as the probiotics pass through the digestive system.  

Lactic acid bacteria (LAB) are the predominant type of probiotics in food products. 

Lactobacillus spp. is a 0.5-1.2 x 1.0-10.0 μm rod shape gram positive facultative 

anaerobic bacterium (Holt and others 1994), and its primary fermentation end product 

is lactic acid (Tannock 2004). LAB can be widely found in human and animal intestinal 

tracts. There are many health benefits of consuming probiotics. Sanders (1999) 
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indicated that probiotics have the ability to improve lactose digestion and further 

alleviate lactose intolerance symptoms, and they also have the ability to decrease the 

incidence of diarrhea. In addition, probiotics have been claimed to have antitumor 

effects, lower cholesterol levels, improve irritable bowel syndrome, and improve the 

immune response (Sharma and Ghosh 2006; Lee and others 1999; Goldin and others 

1996).  

Prebiotics have been defined as “selectively fermented ingredients that allow specific 

changes, both in the composition and/or activity in the gastrointestinal microbiota that 

confers benefits upon host well-being and health” (Gibson and others 2004). To be able 

to benefit the host’s well-being and health, there are some criteria to evaluate the 

potential of a food ingredient as prebiotics, specifically resistance to upper gut digestion, 

fermentation by intestinal microorganisms, benefits to the host’s well-being, selective 

stimulation of probiotics, and stability during food processing and storage (Wang 2009). 

Inulin and oligofructose are the most widely used prebiotic sources in the food industry, 

especially in dairy products. They have the ability to improve the creaminess, mouthfeel, 

and fat-like texture in low-fat food products and can also smooth the sweetness 

perception when formulating foods with low sugar content and high intensity 

sweeteners (Niness 1999).  

Food products which contain both probiotics and prebiotics are called synbiotics. Many 

studies have focused on incorporating probiotics and prebiotics into food products such 

as fermented milks, yoghurts, frozen yoghurts, juices, smoothies, cheeses, cream 



68 
 

cheeses, and cereals (Cruz and others 2009a, 2009b; Lamsal and Faubion 2009; Lourens-

Hattingh and Viljoen 2001; Ozer and others 2009; Sanchez and others 2009), but 

information on making non-fermented synbiotic ice cream is still lacking. Consumers’ 

acceptance toward newly developed food products is the biggest challenge of 

formulating food products with functional ingredients. Therefore, it’s important to 

assess changes in sensory attributes when adding functional ingredients. Also, the 

viability of probiotics might decrease during ice cream formulation, ice cream 

production, low temperature storage, and melting. During these stages, probiotics are 

under environmental stresses, such as osmotic effects from sugar, pH, oxygen, freezing, 

and mechanical shearing (Mohammadi and others 2011). To be able to benefit a host’s 

well-being and health, it is critical to assure probiotics survive the manufacturing 

process and maintain a desirable level before consumption by consumers. Hence, the 

objectives of this study were: 1) to monitor the survival of Lactobacillus rhamnosus 

HN001 during the ice cream making process; 2) to evaluate the survival rate of 

Lactobacillus rhamnosus HN001 during 6 months of storage at -20°C and -40°C; and 3) to 

determine the differences of sensory attributes among control, probiotic, prebiotic and 

synbiotic ice creams by descriptive sensory analysis.  
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Materials & Methods 

Preparation of Probiotics for Ice Cream Manufacture 

Initially three different probiotics were considered for use in this study, namely 

Bifidobacterium lactis HN019, Lactobacillus acidophilus NCFM, and Lactobacillus 

rhamnosus HN001 (Danisco, New Century, Kans., U.S.A.). It was decided to not persue 

the use of Bifidobacterium lactis HN019 because it did not grow well in the MRS broth 

used for culturing the probiotics because it was sensitive to oxygen. We decided on 

using Lactobacillus rhamnosus HN001, based on the reason that although the 

Lactobacillus acidophilus NCFM grew almost as well as the Lactobacillus rhamnosus 

HN001, Lactobacillus acidophilus NCFM for optimal growth needs cysteine, which would 

have to be added, and lead to an increment of the cost of the research and the final 

product. 

Lactobacillus rhamnosus HN001 was grown in 20 mL of MRS broth (Becton, Dickinson 

and Company, Sparks, Md., U.S.A.) for 24 hours at 37°C in an anaerobic incubator. In 

order to have sufficient amounts of probiotic in the final ice cream product, 20 mL of 

Lactobacillus rhamnosus HN001 was transferred into 1000 mL MRS broth and incubated 

for another 24 hours at 37°C in an anaerobic incubator. Cells were harvested by 

centrifugation at 4360 x g for 20 minutes at 4°C, washed twice with sterilized D.I. water 

and re-suspended in 350 mL of 2% nonfat dry milk solution (Dairy America, Inc., Calif., 

U.S.A.). Then, the 350 mL of probiotic nonfat dry milk solution was mixed into 7000 mL 

of 2% nonfat dry milk solution. After mixing, the 7000 mL of probiotic nonfat dry milk 
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solution was incubated for 24 hours at 37°C in an anaerobic incubator. After 24 hours of 

incubation, the probiotic nonfat dry milk solution was filtered through cheesecloth to 

remove any residual large nonfat dry milk particles. Cells were harvested by centrifuging 

at 4360 x g for 20 minutes at 4°C and re-suspended into ice cream mix immediately 

before making the ice cream. Probiotics were prepared fresh every day. 

Probiotic Ice Cream Manufacture 

One liter of Prairie Farms’ (Carlinville, Ill., U.S.A.) 5% vanilla white ice cream mix and one 

liter of 12% white ice cream mix were poured into a 1-gallon bucket to use as the base 

ice cream mix. Harvested cell pellets were re-suspended in the base ice cream mix to 

give an initial probiotic count of 109 cfu/mL and poured into a small freezer (Taylor 121-

27, Rockton, Ill., U.S.A.). The probiotic ice cream mix was further mixed for 2 minutes in 

the small freezer (mixing step). The small freezer froze the probiotic ice cream mix into 

soft serve ice cream after 15 min of starting the freezing function (freezing step). Ice 

creams were packed in 118 mL Styrofoam containers with lids and placed in a -40°C 

freezer for hardening (hardening step). After 24 hours of hardening, half the amount of 

ice creams remained in storage at -40°C and the other half was stored in a -20°C freezer 

for up to 6 mo (storing step). The entire procedure was triplicated.  

Probiotic Counts of Ice Cream Samples 

Probiotic counts were measured at each step of the process, i.e. mixing, freezing, 

hardening and storing.  During storage, probiotic counts were measured on d 7, 30, 60, 
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90, 120 and 180. All measurements were duplicated. Ten grams of the ice cream sample 

was diluted with 90 mL of 0.1% peptone water (Fisher Scientific, St. Louis, Mo., U.S.A.), 

and then a series of 1:10 dilutions was performed. The dilutions were plated in MRS 

agar (Becton, Dickinson and Company) and incubated at 37°C in an anaerobic incubator 

for 48 hours. The viability of the probiotic was expressed as the log10 counts at a certain 

step or time point.   

Preparation of Ice Cream Samples for Sensory Evaluation 

Four different ice creams were used in this experiment: control ice cream (no probiotic 

or prebiotic), probiotic ice cream, prebiotic ice cream and synbiotic ice cream (contains 

both probiotics and prebiotics). All ice creams were manufactured in the Dairy Pilot 

Plant of the Food Science department at the University of Missouri. Table 3.1 shows the 

formulations of each ice cream mix, and a batch was a ten gallon mix of each 

formulation. Each formulation was manufactured in triplicate.  

All dry ingredients (nonfat dry milk, sugar, and stabilizer) were mixed with wet 

ingredients (skim milk and cream) in the mixing vat and the mix was pasteurized at 

82.2°C for 25 s (Processing Machinery and Supply Co., Philadelphia, Pa. U.S.A.). Then, 

the mix went through a two stage homogenizer (APV-Gaulin GmbH, Philadelphia, Pa., 

U.S.A.) at 2000 psi and 500 psi, respectively. The pasteurized ice cream mixes were 

cooled down to room temperature and then stored at 4°C overnight for aging.  

Each of the aged ice cream mixes was poured into a 1-gallon bucket and further mixed 

with probiotics and/or prebiotics. Table 3.2 shows the formulations of four different ice 
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creams. Oligo-fiber instant inulin and oligo-fiber XL inulin (Cargill, Wayzata, Minn., U.S.A.) 

were used as the source of prebiotics, and Lactobacillus rhamnosus HN001 was used as 

the source of the probiotic. Lactobacillus rhamnosus HN001 (Danisco) was grown and 

prepared as described above. A small freezer (Taylor 121-27) was used to freeze the 

mixes to soft serve ice creams. Ice creams were packed in 118 mL Styrofoam containers 

with lids and stored at -40°C freezer for hardening. Ice creams were transferred into a    

-20°C freezer one day before sensory evaluation.  

Sensory Evaluation 

Four different ice cream samples, shown in Table 3.2, were evaluated by twelve trained 

panelists. The panelists were all volunteers and students at University of Missouri, and 

all signed a consent form (Appendix 1) after being informed what he/she would 

experience as a panelist. Twelve panelists were recruited and ballot-trained for five 1-h 

training sessions. The sensory attributes and references were pre-decided by the panel 

leader but modifications were made after collecting feedback from panelists. Six 

texture-related and eight flavor-related attributes with their associated references were 

used in this study. The attributes, definition of the attributes and references are shown 

in Table 3.3. Panelists were trained to use the 15 cm unstructured line scales anchored 

with low intensity=0 and high intensity=15 (Appendix 2) and references to express the 

intensity of each attribute in the ice cream samples. Four ice cream samples, 

commercial vanilla ice creams, and commercial low-fat vanilla ice creams were used as 

training samples.  
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A pretest, using the Compusense five 4.6 program, determined panelists’ ability to 

express their perceptions by using provided references and to check panelists’ ability to 

replicate their judgments. Also, the pretest allowed panelists to gain experiences and 

get used to using a computerized test before the actual tests. Four ice cream samples 

were randomly evaluated by panelists in duplicate. Inconsistent panelists were asked to 

participate in additional training sessions.   

For the actual tests, four ice cream samples (control ice cream, prebiotic ice cream, 

probiotic ice cream and synbiotic ice cream) were randomly evaluated by 12 panelists in 

triplicate. Ice cream samples were transfered from a -40°C freezer to a -20°C freezer one 

day before the actual tests. The actual tests were performed using Compusense five 4.6 

in white-lit individual sensory booths.  

Statistical Analysis 

Data were analyzed using SAS 9.3. Analysis of variance (ANOVA) was used for data from 

the survival of probiotics and the sensory analysis. Proc MIXED was used for all analyses 

of variance. The mean separation was conducted using Fisher’s least significant 

difference (LSD) test at a significance level of 5%. The survival of probiotics during the 

ice cream making process (mixing, freezing, and hardening) was designed as a 

randomized complete block design (RCBD), and rep*treatment was used as an error 

term. Also, a factorial arrangement (2 x 7) was set up to determine the influence of 

storage temperature (2), and storage time (7) on probiotics’ survival during low 

temperature storage. The denominator of the F-test was replication with temperature 
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and time. Moreover, a factorial arrangement (2 x 2) was set up to determine the effect 

of adding probiotics (2), and prebiotics (2) on the sensory properties. The denominator 

of the F-test was replication with probiotics and prebiotics. Principal component analysis 

(PCA) was performed on the covariance matrix for all sensory attributes.  

 

Results & Discussion 

Survival of Probiotics 

The viable cell counts of probiotic, Lactobacillus rhamnosus HN001, in ice cream were 

analyzed for the ice cream making process and during 180 days of storage. The ice 

creams were stored at two different temperatures (-40°C and -20°C). The initial cell 

counts of L. rhamnosus HN001 were at 109 cfu/mL. After mixing, freezing, and hardening, 

the log10 cell counts of L. rhamnosus HN001 were at 9.17 ± 0.49, 8.99 ± 0.49, and 9.02 ± 

0.49, respectively. Statistical analysis showed there were no significant reductions and 

no differences in cell counts between mixing and freezing (p= 0.1827), mixing and 

hardening (p= 0.2676), and freezing and hardening (p= 0.7625). These results indicate 

that L. rhamnosus HN001 is resistant to mixing, freezing, mechanical shearing, and air 

incorporation (overrun). Other studies also reported that Lactobacillus acidophilus, 

Lactobacillus johnsonii, Bifidobacterium longum, Bifidobacterium lactis, and 

Bifidobacterium bifidum were quite resistant to the ice cream production process 

(Christiansen and others 1996; Hagen and Narvhus 1999; Alamprese and others 2002; 
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Heenan and others 2004; Favaro-Trindade and others 2006). In most cases, the viable 

cell counts of probiotics will decrease after freezing. This is mainly due to the injury of 

cell walls or membranes by the external or internal ice crystal formation, by the 

condensation of solutes, by the dehydration of cells, or by the temperature shock (Gill 

2006; Akin and others 2007). The size of the intracellular ice crystals significantly 

influences survival rates of probiotics. Fast freezing will produce smaller ice crystals, and 

is therefore more desirable for making ice cream with probiotics (Gill 2006). The 

mechanical shearing might also damage cells and cause the decline of viable cell counts. 

Homayouni and others (2008) indicated that the actual freezing caused more cell death 

than the subsequent low temperature storage because cell death was mainly due to  ice 

crystal formation and the shearing of the freezer blades against the cylinder wall. 

Moreover, most of the probiotics are anaerobic bacteria, so incorporating excess oxygen 

into the food, such as in ice cream, may cause cell death. Anaerobic bacteria are lacking 

the electron transport chain and catalase to reduce oxygen to water, so toxic 

metabolites (e.g. hydrogen peroxides, superoxide anions) will accumulate in the cell and 

cause cell death (Cruz and others 2007). Therefore, it is very critical to select a probiotic 

strain which can survive the ice cream making conditions.  

The result also indicated that the viable cell counts did not significantly decrease from 

the point of the hardening step through d7 of storage at -20°C (p=0.4037) and -40°C 

(p=0.4901), respectively. For the storing step, no interaction effect between time and 

temperature was observed (p=0.5097). However, the main effects of storage time 

(p=0.0154) and storage temperature (p=0.0058) both significantly influenced the 
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survival rate of L. rhamnosus HN001 (Table 3.4). The viable cell counts of L. rhamnosus 

HN001 had decreased significantly by d 150 when stored at -20°C. Also, the cell count 

was significantly lower at -20°C than at -40°C after storing for 180 days. Based on the 

results, L. rhamnosus HN001 survives better at a storage temperature of -40°C than at    

-20°C. This might mainly be due to the fact that the -20°C storage group went through 

the temperature fluctuation from -40°C to -20°C whereas the -40°C storage group did 

not, because all ice cream samples were hardened at -40°C and then divided into two 

storage groups: -40°C and -20°C. Even though a significant decrease was observed, the 

cell counts of L. rhamnosus HN001 still remained at levels above 108 cfu/g at the end of 

the storage period. Similar results were reported for viable cell counts of Lactobacillus 

acidophilus, Lactobacillus reuteri, Lactobacillus gasseri, Lactobacillus rhamnosus, 

Bifidobacterium animalis and Bifidobacterium bifidum which significantly decreased 

after 12 – 17 wk  of frozen storage  (-18°C to -29°C). However, these studies also showed 

that the viable cell counts of these probiotics remained above the recommended 

amount of 106 cfu/g (Hekmat and McMahon 1992; Akin 2005; Favaro-Trindade and 

others 2007; Akalin and Erisir 2008). Since L. rhamnosus HN001 can survive under the 

ice cream making process and low temperature of storage, it is a good probiotic 

candidate for making probiotic ice cream.   

Descriptive Sensory Analysis 

When formulating existing food products with new ingredients, it is important to retain 

or even improve the sensory quality of the new product. If a new food product fails to 
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appeal to consumers, it will not be considered a successful new product. Therefore, 

using sensory methods to monitor the potential changes of sensory attributes is very 

critical. Descriptive sensory analysis was used in this study to determine changes in 

sensory attributes in the ice cream samples. Four different kinds of plain ice creams 

(control, probiotic, prebiotic, and synbiotic ice creams) were evaluated by 12 trained 

panelists. Inulin and L. rhamnosus HN001 were used as the sources of prebiotic and 

probiotic, respectively. The results are presented in Table 3.5.  The results show that 

there were no significant differences for the attributes of melting rate, firmness, mouth 

coating, sweetness, milky flavor, cooked flavor, sweetness aftertaste, milky flavor 

aftertaste, and cooked flavor aftertaste. However, significant differences (p< 0.05) were 

found for the attributes of iciness, smoothness, creaminess, sourness, and sourness 

aftertaste. Specifically, the results indicate that probiotic ice cream was significantly 

more icy than the control (p= 0.0042), prebiotic (p= 0.0040), and synbiotic (p= 0.0069) 

ice creams. To avoid cell damage, probiotics were added to the freezing barrel right 

before freezing. Therefore, one theoretical reason might be that probiotics were not 

properly dispersed in the ice cream mix. The icy perception might be due to the uneven 

dispersion of probiotics in the ice cream. If this were the case then panelists would 

possibly have described it as sandiness rather than iciness, but since that term was not 

provided, panelists may have “dumped” the sandiness perception into the iciness 

category. More importantly, it has been stated that an addition of solutes in water 

significantly accelerates the heterogeneous nucleation process (Marshall and others 

2003). Therefore, the presence of probiotics might promote an ice crystal nucleation, 
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which is the reason ice creams that contained probiotics were perceived more icy by the 

panelists. Another possibility for the difference in iciness between probiotic and 

synbiotic ice cream might be that inulin has the ability to retard ice crystal formation by 

reducing the water molecule mobility (Soukoulis and others 2009). Inulin forms a gel-

like structure, which restricts free water moving from the bulk aqueous phase to the ice 

crystal surface, hence it limits the growth of ice crystals. On the other hand, inulin can 

form microcrystals which cannot be perceived by humans but have the ability to smooth 

the texture of ice creams (Niness 1999). Therefore, even though synbiotic ice cream also 

contained probiotics, it was not considered as icy as probiotic ice cream. 

The results also indicated that probiotic ice cream was not as smooth as the control (p= 

0.0167) and prebiotic (p= 0.0061) ice creams, but it did not significantly differ from 

synbiotic ice cream (p= 0.0687). The inseparable probiotic-nonfat dry milk particles, 

which would be present in the probiotic and the synbiotic ice creams, might be the main 

reason to cause the less smooth texture of probiotic and synbiotic ice cream. However, 

since synbiotic ice cream also contains inulin, which smoothes the texture of ice cream, 

synbiotic ice cream did not significantly differ from any of the other three ice creams in 

smoothness. This result confirmed Niness’s (1999) statement that the interaction 

between inulin and solutes (milk and/or water) can provide a smooth creamy texture. 

Therefore, inulin had been used in many food products such as baked goods, fillings, 

dressings, dairy products, and frozen desserts to improve the fat-like texture.  
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On the aspect of creaminess, probiotic ice cream was significantly less creamy than 

prebiotic (p= 0.0078) ice cream, but there were no significant differences between 

probiotic ice cream and control (p= 0.1114) and synbiotic (p= 0.1462) ice creams. The 

results indicated that adding inulin significantly increased the creaminess of ice cream. 

Inulin had been used as a fat replacer in many food products (e.g. cookies, muffins, 

cakes, cheesecakes, ice creams, sausages) to improve the fat-like texture (Devereux and 

others 2003). Some studies reported that inulin increased the creaminess, chewiness, 

viscosity, and overrun in low-fat ice cream samples (Schaller-Povolny and Smith 1999; 

Akalin and Erisir 2008; Aykan and others 2008; Karaca and others 2009). It also 

improved the melting profile of low-fat ice creams and retarded the ice crystal 

formation in ice cream samples (El-Nagar and others 2002; Akin and others 2007; 

Soukoulis and others 2009). Aykan and others (2008) also stated that adding inulin into 

reduced-fat vanilla ice cream can improve the texture profile and sensory acceptances.  

Moreover, synbiotic ice cream had a significantly more sour flavor than control (p= 

0.0220) and prebiotic (p= 0.0234) ice creams, but synbiotic ice cream did not 

significantly differ in sourness from probiotic ice cream (p= 0.3713). Similar results were 

found for the sour aftertaste, synbiotic ice cream had a stronger sour aftertaste than the 

control (p= 0.0285) ice cream, but it did not significantly differ from probiotic (p= 0.3373) 

and prebiotic (0.0618) ice creams. Lactobacilli metabolize lactose to lactic acid, and in 

preliminary studies where the probiotics were grown entirely on NFDM without 

“preconcentration” on MRS broth, we observed considerable sourness. It is very likely 

that the inseparable probiotic-nonfat dry milk particles might contain the sourness 
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flavor from fermentation and cause the slight sourness and sour aftertaste in the ice 

cream samples containing probiotics. However, the sourness and sour aftertaste can be 

easily masked by adding fruit flavors to ice creams. Also, instead of growing probiotic in 

2% non-fat dry milk solutions, using commercial freeze dry probiotic powders could 

avoid the sourness and sour aftertaste from probiotics.  

Covariance matrix was used in principal component analysis (PCA) to analyze the 

descriptive sensory data. Although PCA is not commonly run on less than six samples, 

we ran it to see if there were some major trends in the data. The eigenvalues of the 

covariance matrix showed that PC1 explained 76.46% of the variance in the data set, 

PC2 explained 19.89%, and PC3 explained 3.65% (Figure 3.1). The first-axis (PC1) was 

dominated by smoothness, creaminess, mouth coating, iciness, sweetness, sweetness 

aftertaste, and milky flavor aftertaste. The second-axis (PC2) was controlled by melting 

rate, firmness, sourness, sourness aftertaste, and milky flavor. Smoothness, creaminess, 

and mouth coating were positively correlated with one another but negatively 

correlated to iciness. Also, firmness and melting rate were positively correlated with 

each other. Moreover, all of the flavor attributes were positively correlated to its 

corresponding aftertaste.    

Control and prebiotic ice creams were very similar. Both ice creams had a pronounced 

milky flavor, and panelists considered them to be smooth, creamy, with a high mouth 

coating effect. On the other hand, probiotic ice cream was icy in texture, and synbiotic 

ice cream had a higher melting rate and was firmer in texture. It also had pronounced 
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sourness, sourness aftertaste, and cooked flavor aftertaste. Overall, panelists could 

differentiate among samples, and prebiotic ice cream was very close to control ice 

cream in the sensory attributes. 

 

Conclusion 

The results of our study showed that L. rhamnosus HN001 was suitable for making 

probiotic ice cream, because it can survive the harsh ice cream making process and the 

low storage temperature.  Even though L. rhamnosus HN001 gave slight sourness and a 

sour aftertaste to ice cream samples, they can be easily masked by flavoring with any 

kind of fruit flavor. Inulin improved smoothness and creaminess to ice cream samples, 

which off-set some of the negative effects of the probiotics on iciness. Therefore, the 

combination of L. rhamnosus HN001 and inulin are ideal probiotic and prebiotic 

candidates for making a synbiotic ice cream.  
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Table 3.1: Formulations of ice cream mixes which were used to make probiotic, 
prebiotic, synbiotic, and control ice creams (per 100 grams basis).  

                            Product 

          Ingredient 
Control Probiotic Prebiotic Synbiotic 

Nonfat dry milk a 

(0.8% fat; 95.4% nonfat milk solid) 
4.41 4.41 5.13 5.13 

Sugar b 15.00 15.00 15.79 15.79 

Stabilizer c 0.60 0.60 0.63 0.63 

Skim milk d 

(0% fat; 8.1% nonfat milk solid) 
52.31 52.31 49.32 49.32 

Cream e 

(36% fat; 5.6% nonfat milk solid) 
27.68 27.68 29.13 29.13 

Total fat content (%) 10.00 10.00 10.53 10.53 

Total nonfat milk solids (%) 9.99 9.99 10.52 10.52 

Total solids (%) 35.59 35.59 37.47 37.47 

a Nonfat dry milk (Dairy America, Fresno, Calif., U.S.A.): Spray process grade A nonfat dry 
milk  

b Sugar (C & H Sugar Company, Crockett, Calif., U.S.A.): Granulated Cane Sugar 

c Stabilizer (Danisco, New Century, Kans., U.S.A.): Grindsted® IcePro 2511 SH 

d Skim milk (Prairie Farms Dairy, Carlinville, Ill., U.S.A.) 

e Cream (Prairie Farms Dairy, Carlinville, Ill., U.S.A.): Heavy whipping cream 
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Table 3.2: Formulations of four ice cream samples (probiotic, prebiotic, synbiotic, and 
control ice creams) (per 100 grams basis) 

                       Product 
Ingredient 

Control Probiotic Prebiotic Synbiotic 

Ice cream mix a 100 100 96 96 

Prebiotic b --- --- 4 4 

Probiotic c --- 1.97x1010 ± 1.90x109 --- 1.97x1010 ± 2.30x109 

Total fat content (%) 10 10 10.11 10.11 

Total nonfat milk solid (%) 9.99 9.99 10.10 10.10 

Total solid (%) 35.59 35.59 39.97 39.97 

--- Not present in the ice cream samples.  

V Present in the ice cream samples.  

a Ice cream mix: For the formulations and contents of ice cream mixes see Table 1.  

b Prebiotic (Cargill, Wayzata, Minn., U.S.A.): mixture of oliggo-fiber instant inulin and 
oligo-fiber XL inulin (50/50; wt/wt). 

c Probiotic (Danisco USA, New Century, Kans., U.S.A.): HOWARU® rhamnosus = 
Lactobacillus rhamnosus HN001 
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Table 3.3: Sensory attributes, definitions of sensory attributes and references for the descriptive panelists 

 Attribute Definition Reference
*
 

Te
xt

u
re

 

Melting rate The seconds to completely melt a spoonful of ice cream while 
rubbing it gently against the roof of the mouth with the 
tongue 

 

Iciness Perception of crystal-like particles in the sample. The 
measurement need to be taken right after sample has been 
placed in the mouth 

Ref 12= Iciness ice cream sample 
a
 

Smoothness Smoothness/grittiness (sand grains texture) is perceived after 
compress sample against the roof of the mouth 

Ref 3= Raymundo’s homestyle classic caramel flan; Ref 12= Jello 
original vanilla pudding 

Firmness The force required to compress the sample between the 
tongue and the roof of the mouth. 

Ref 3= Mori-Nu soft tofu; Ref 12= Nasoya organic extra firm tofu 

Creaminess Degree of fat-like, full-body liquids after melting in mouth Ref 3= 10% cream + 90% whole milk; Ref 7.5= 35% cream + 65% 
whole milk; Ref 12= 60% cream + 40 % whole milk 

Mouth coating Degree of fatty mouth or coated mouth after tasting Same as creaminess 

Fl
av

o
r 

Sweetness The intensity of sweetness (sucrose-like) Ref 3= 5% sugar solution; Ref 7.5= 7.5% sugar solution; Ref 12= 
15% sugar solution  

Milky flavor The intensity of whole milk flavor Ref 3= 50% milk solution; Ref 7.5= 75% milk solution; Ref 12= 100% 
milk solution 

b
   

Cooked flavor Aromatics reminiscent of heated or processed dairy products, 
similar to evaporated or sweetened condensed milk 

Ref 3= whole milk; Ref 7.5= 7.5% evaporated milk + 92.5% whole 
milk; Ref 12= 15% evaporated milk + 85% whole milk 

Sourness The intensity of sourness Ref 3= whole milk; Ref 7.5= 5% cultured butter milk + 95% whole 
milk; Ref 12= 10% cultured butter milk + 90% whole milk 

A
ft

e
rt

as
te

 Sweetness aftertaste The intensity of sweetness after tasting Same as sweetness 

Milky flavor aftertaste The intensity of whole milk flavor after tasting Same as milky flavor 
Cooked flavor aftertaste The intensity of cooked flavor after tasting  Same as cooked flavor 

Sour aftertaste The intensity of sourness after tasting Same as sourness 

* Ref 3, 7.5 and 12 are the references represent the intensity of 3, 7.5 and 12 on a 15 cm unstructured scale line anchored with low intensity=0 and high 
intensity= 15. 

a
 Iciness ice cream was made by control ice cream mix and whole milk at 1:1 (v/v) ratio.  

b 
100% milk solution was made by dissolving 3 tablespoons of Nestle Instant Dry Whole Milk into 1 cup of water 

8
4 
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Table 3.4: Log10 counts (mean ± standard error) of Lactobacillus rhamnosus HN001 in ice cream during 180 days of storage. 

  Day of storage 

Steps Temperature Day 7 Day 30 Day 60 Day 90 Day 120 Day 150 Day 180 

Storage 
-40 °C x8.72 ± 0.25

a
 x8.72 ± 0.25

a
 x8.78 ± 0.25

a
 x8.76 ± 0.25

a
 x8.78 ± 0.25

a
 x8.68 ± 0.25

a
 x8.65 ± 0.25

a
 

-20 °C x8.73 ± 0.25
a
 x8.71 ± 0.25

a
 x8.73 ± 0.25

a
 x8.63 ± 0.25

a
 x8.64 ± 0.25

a
 x8.58 ± 0.25

b
 y8.47 ± 0.25

b
 

xy same letter within the same column indicates no significant difference at P ≤ 0.05. 

ab same letter within the same row indicates no significant difference at P ≤ 0.05. 

 

 

 

 

 

 

 

 

 

8
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Table 3.5: Mean ± Standard Error of sensory attributes of ice creams containing probiotic, prebiotic, synbiotic, and control (means sharing the 
same letter do not differ at P < 0.05). 

 Texture 

Melting Rate Iciness Smoothness Firmness Creaminess Mouth Coating 

Control 7.99 ± 0.41 3.55 ± 0.49
a
 8.63 ± 0.34

b
 6.43 ± 0.53 8.56 ± 0.30

ab
 7.83 ± 0.29 

Probiotic 7.99 ± 0.41 6.27 ± 0.49
b
 7.19 ± 0.34

a
 7.07 ± 0.53 7.82 ± 0.30

a
 7.29 ± 0.29 

Prebiotic 7.91 ± 0.41 3.53 ± 0.49
a
 8.96 ± 0.34

b
 6.70 ± 0.53 9.29 ± 0.30

b
 8.19 ± 0.29 

Synbiotic 8.82 ± 0.41 3.78 ± 0.49
a
 8.20 ± 0.34

ab
 7.53 ± 0.53 8.49 ± 0.30

ab
 7.53 ± 0.29 

 

 Flavor Flavor Aftertaste 

 Sweetness Milky Flavor Cooked Flavor Sourness Sweetness Af Milky Af Cooked Af Sour Af 

Control 9.64 ± 0.25 8.74 ± 0.29 6.26 ± 0.31 1.74 ± 0.26
a
 8.55 ± 0.29 7.91 ± 0.37 5.27 ± 0.33 1.32 ± 0.21

a
 

Probiotic 9.08 ± 0.25 8.59 ± 0.29 6.52 ± 0.31 2.43 ± 0.26
ab

 8.33 ± 0.29 7.58 ± 0.37 5.34 ± 0.33 1.82 ± 0.21
ab

 

Prebiotic 9.61 ± 0.25 8.91 ± 0.29 5.91 ± 0.31 1.75 ± 0.26
a
 8.70 ± 0.29 8.01 ± 0.37 5.01 ± 0.33 1.47 ± 0.21

ab
 

Synbiotic 9.74 ± 0.25 8.49 ± 0.29 6.48 ± 0.31 2.77 ± 0.26
b
 8.63 ± 0.29 7.85 ± 0.37 5.49 ± 0.33 2.13 ± 0.21

b
 

 

8
6 
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Figure3.1: Principal component analysis (PCA) of four different ice cream samples 
(control, probiotic, prebiotic, and synbiotic ice creams) with sensory attributes on PC1 
and PC2. 

MEL Melting rate SWT Sweetness SWA Sweetness aftertaste 

ICY Iciness  MLK Milky flavor MLA Milky flavor aftertaste 

SMT Smoothness COK Cooked flavor COA Cooked flavor aftertaste 

FRM Firmness SOR Sourness SOA Sourness aftertaste 

CRM Creaminess Ctr Control Pro Probiotic 

MOC Mouth coating Syn Synbiotic Pre Prebiotic 
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Abstract 

Consumers are making healthier food choices. To satisfy consumers’ demand, food 

companies have started producing healthier food products, but there are only few 

multifunctional food products on the market. Ice cream is one of the most popular 

desserts in the U.S., so it is an ideal base for adding functional ingredients. The objective 

of this study was to create a multifunctional ice cream to deliver the health benefits 

encompassed by four functional components (dietary fiber, probiotics, prebiotics, and 

antioxidants). Descriptive analysis was used to determine the effects of adding varying 

levels of dietary fiber (0, 5, 10, and 15%) into multifunctional ice creams containing fixed 

levels of probiotics (108 cfu/mL), prebiotics (4%), and aҫai (12%). The results indicated 

that an increase in dietary fiber content significantly increased the perception of 

gooeyness, gumminess, creaminess, mouth coating, sweetness, sweetness aftertaste, 

and wood flavor aftertaste, but decreased the perception of hardness and iciness. Also, 

dietary fiber increased the overrun and viscosity, but decreased the melting rate of ice 

creams. Moreover, there was no significant difference between 0% and 5% dietary fiber 

added ice creams for consumers’ degree of liking, but consumers disliked the ice creams 

with 10% and 15% added fiber. In conclusion, even though 5% ice cream showed some 

differences from 0% ice cream for the descriptive and instrumental analyses, there was 

no significant difference in consumers’ preference. Therefore, 5% fiber-enriched 

multifunctional ice cream was considered the ideal formulation.  

Key words: Ice cream, Dietary fiber, Aҫai, Probiotic, Prebiotic 
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Introduction 

Due to the increased health-consciousness of the U.S. consumers, more and more food 

companies start producing health-oriented food products. Consumers expect that food 

should provide more than just basic nutrition. Dietary fiber (or “made with whole 

grain”), probiotics, prebiotics and antioxidants are among the main trends. However, 

most functional foods are single ingredient based, and there are only a few 

multifunctional food products on the market. This study is aimed at formulating a 

multifunctional ice cream to deliver health benefits encompassed by the following four 

functional components. 

Dietary fiber, an important nutrient for maintaining people’s health, is commonly 

obtained from consuming vegetables, grains, fruits, and legumes. According to the 

dietary guidelines for Americans, which was published by U.S. Department of 

Agriculture and U.S. Department of Health and Human Services, the recommended 

intake of dietary fiber is 14 g/1000 kcal. For healthy women and men, the 

recommended dietary fiber intake is 28 g/day and 36 g/day based on 2000 kcal/day and 

2600 kcal/day energy intake, respectively (USDA and HHS 2010). However, the average 

intake of dietary fiber is only 15 grams per day for adults in America (USDA and HHS 

2010). This is mainly due to insufficient intake of whole-grain foods, fruits, and 

vegetables. Dietary fiber has been shown to prevent cardiovascular diseases 

(Mozaffarian and others 2003; Pereira and others 2004), and it has been hypothesized 

that fiber might also help against colorectal cancer (Jacobs and others 2006; Wakai and 
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others 2007). Moreover, high fiber intake helps to control diabetes, ameliorate breast 

cancer, and reduces obesity rates (Lairon and others 2005; Butt and others 2007; Timm 

and Slavin 2008).  

Probiotics are considered living organisms which “beneficially affect the host animal by 

improving its intestinal microbial balance” (Fuller 1989). Sanders (1999) showed that 

probiotics have the ability to improve lactose digestion and alleviate lactose intolerance 

symptoms. Probiotics also have the ability to decrease incidences of diarrhea and have 

been claimed to have antitumor effects, lower cholesterol levels, improve irritable 

bowel syndrome, and to improve the immune response (de Roos and Katan 2000; 

Pereira and Gibson 2002; Kajander and others 2005; McFarland 2006). Prebiotics have 

been defined as “non-digestible food ingredients that beneficially affect the host by 

selectively stimulating the growth and/or activity of one or a limited number of bacteria 

in the colon, and thus improves the host’s health” (Gibson and Roberfroid 1995). Rastall 

and Maitin (2002) also mention that prebiotics stimulate the growth of probiotics and 

help probiotics to colonize. Prebiotics have been shown to provide many benefits, such 

as having a relatively low energy value, increasing stool volume, modulating colonic 

flora, preventing intestinal infection, modulating immune response, reducing 

cholesterol, and increasing mineral uptake (Coudray and others 1997; Kleesen and 

others 1997; Devereux and others 2003; Sharma and Ghosh 2006). A new segment of 

functional products, synbiotic foods have become a booming area.  Synbiotic has been 

defined as “mixtures of probiotics and prebiotics that beneficially affect the host by 

improving the survival and implantation of live microbial dietary supplements in the 
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gastrointestinal tract, by selectively stimulating the growth and/or by activating the 

metabolism of one or a limited number of health-promoting bacteria, thus improving 

the host’s welfare” (Gibson and Roberfroid 1995). The synergistic effects between 

probiotics and prebiotics contribute to higher health benefits of synbiotic food products.   

Açai is a native Amazon berry which grows on the açaizeiro tree. Açai contains many 

phenolic compounds, such as cyanidin-3-rutinoside, cyanidin-3-glucoside, cyanidin-3-

arabinoside, cyanidin-3-arabinosylarabinoside, ferulic acid, gallic acid, (+)-catechin, 

ellagic acid, vanillic acid, p-coumaric acid, etc. (Bobbio and others 2000; Gallori and 

others 2004; Pozo-Insfran and others 2004). The absorption and antiproliferative effects 

of phytochemical compounds from açai pulp and açai oil have been examined by 

Pacheco-Palencia and others (2008), and there are many studies showing that the 

phytochemical compounds in açai have a high antioxidant capacity (Campanella and 

others 2006; Rodrigues and others 2006; Schauss and others 2006; Hassimotto and 

others 2005; Lichtenthaler and others 2005). 

The objectives of this study were  

1) to determine consumers’ acceptance toward different concentration levels of aҫai-

flavored ice creams. The preferred concentration level was then used in formulating 

aҫai-flavored multifunctional ice creams  

2) to investigate the effect of adding varying levels of dietary fiber to a multifunctional 

ice cream that contains fixed levels of antioxidant (aҫai), prebiotics and probiotics on the 

sensory properties and texture characteristics  
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3) to determine consumers’ acceptance toward fiber-enriched multifunctional ice 

creams.   

 

Materials & Methods 

Aҫai-flavored Ice Creams 

A preliminary experiment was conducted beforehand; three different concentrations of 

aҫai (5, 10, and 15%) were added into sweetened whole milk (with 15% sugar) and 

evaluated by consumers. The result indicated that 10% was the most favorable 

concentration level among three different levels. Thus, in this study, the amount of the 

aҫai addition was ranged from more than 5% but less than 15%. Three different 

concentration levels of aҫai (8%, 10%, and 12%) were used to flavor ice creams. Ice 

cream samples were manufactured in the Dairy Pilot Plant of the Food Science 

department at the University of Missouri. Table 4.1 shows the formulations of each ice 

cream mix, and a ten gallon mix was prepared as a batch for each formulation, which 

was manufactured in triplicate.  

All dry ingredients (nonfat dry milk, sugar and stabilizer) were mixed with wet 

ingredients (skim milk and cream) in the mixing vat, and the mix was pasteurized at 

82.2°C for 25 seconds (Processing Machinery and Supply Co., Philadelphia, Penn., U.S.A.). 

Then, the mix went through a two stage homogenizer (APV-Gaulin GmbH, Philadelphia, 
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Penn., U.S.A.) at 2000 psi and 500 psi, respectively. The pasteurized ice cream mixes 

were cooled down to room temperature, and then stored at 4°C overnight for aging.  

Each of the aged ice cream mix was poured into a one gallon bucket and further mixed 

with aҫai puree (iTi Tropicals, Lawrenceville, N.J., U.S.A.). Table 4.2 shows the 

formulations of three different ice creams. A small freezer (Taylor, Rockton, ll., U.S.A.) 

was used to freeze the mixes to soft serve ice creams. Ice creams were packed in 118 mL 

Styrofoam containers with lids and stored at -40°C for hardening. Ice creams were 

transferred into a -20°C freezer one day before sensory evaluation.  

Consumers’ Acceptance Toward Aҫai-flavored Ice Creams 

Three different aҫai-flavored ice creams (8%, 10%, and 12%) were evaluated by 

consumers. Consumers were recruited through e-mail and flyers. Most of the 

consumers were students at the University of Missouri. In total 179 consumers, 79 

males and 100 females, participated in this study, and the mean age was 24 years (with 

the range from 18 to 62 years old).  Consumers were asked to taste each sample and 

give their degree of liking for each sample  using a 9-point hedonic scale (1= dislike 

extremely; 2= dislike very much; 3= dislike moderately; 4= dislike slightly; 5= neither like 

nor dislike; 6= like slightly; 7= like moderately; 8= like very much; 9= like extremely). 

Each consumer received three different aҫai-flavored ice creams in random order, and 

the ice creams were marked with 3-digit random numbers. The sensory test was 

performed by using the Compusense five 4.6 program in sensory booths with white light.   
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Fiber-enriched Multifunctional Ice Creams 

A preliminary experiment for added fiber was conducted; four different fiber-enriched 

vanilla ice creams (0, 5, 10, and 20%) were evaluated by consumers. The result indicated 

that consumers significantly disliked the 20% fiber-enriched ice cream and did not 

distinguish the rest. Therefore, in this study, the amount of fiber added ranged from 0 to 

20% but not beyond 20%. Four different fiber-enriched multifunctional ice creams were 

prepared in the Dairy Pilot Plant of the Food Science department at the University of 

Missouri. Ice cream samples contained fixed level of probiotics, prebiotics (4%), and aҫai 

(12%), and different levels of dietary fiber (0%, 5%, 10%, and 15%). Table 4.3 shows the 

formulations of each ice cream mix, and each batch for each formulation was based on 

ten gallons of mix. Each formulation was manufactured in triplicate, and the 

manufacture was identical to that described above.   

Table 4.4 shows the formulations of the four different ice creams. Oligo-fiber instant 

inulin and oligo-fiber XL inulin (Cargill, Wayzata, Minn., U.S.A.) were used as the source 

of prebiotics, Lactobacillus rhamnosus HN001 (Danisco, New Century, Kans., U.S.A.) was 

used as the source of probiotics, aҫai (iTi Tropicals) was used as coloring, flavoring, and 

the source of antioxidant, and Fibersol®-2 (Archer Daniels Midland Company, Decatur, 

Ill., U.S.A.) was used as the source of dietary fiber. Lactobacillus rhamnosus HN001 was 

grown and prepared as described in Chapter 3. A small freezer (Taylor) was used to 

freeze the mixes to soft serve ice cream. Ice creams were packed in 118 mL Styrofoam 
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containers with lids and stored at -40°C for hardening. Ice creams were transferred into 

a -20°C freezer one day before sensory evaluation.  

Descriptive Sensory Analysis on Fiber-enriched Multifunctional Ice Creams 

The four different ice cream samples were evaluated by nine trained panelists. The 

panelists were all volunteers and students at the University of Missouri. Panelists were 

recruited and ballot-trained for eight 1-hour training sessions. The sensory attributes 

and references were pre-decided by the panel leader, but modifications were made 

after collecting feedback from panelists. Eight texture-related and fourteen flavor-

related attributes with their associated references were used in this study. The 

attributes, definition of the attributes, and references are shown in Table 4.5. Panelists 

were trained to be able to use the 15 cm unstructured line scales, anchored with low 

intensity=0 and high intensity=15, and the references to express the intensity of each 

attribute in the ice cream samples. Four ice cream samples, aҫai-flavored ice creams, 

commercial vanilla ice creams, and commercial low-fat vanilla ice creams were used as 

training samples.  

A pretest, using the Compusense five 4.6 program, determined panelists’ ability to 

express their perceptions by using provided references and to check panelists’ ability to 

replicate their judgments. Also, the pretest allowed panelists to gain experiences and 

get used to using a computerized test before the actual tests. Four ice cream samples 

were randomly evaluated by panelists in duplicate. Inconsistent panelists were asked to 

participate in additional training sessions.   
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For the actual tests, four ice cream samples (0%, 5%, 10%, and 15% fiber-enriched 

multifunctional ice creams) were randomly evaluated by 9 panelists in triplicate. Ice 

cream samples were transfer from the -40°C freezer to a -20°C freezer one day before 

the actual tests.  

Texture Analyses of Fiber-enriched Multifunctional Ice Creams 

The texture characteristics of four fiber-enriched multifunctional ice creams (0%, 5%, 

10%, and 15%) were determined by measuring their overrun, hardness, viscosity, and 

rate of melt. Each measurement was done in triplicate.  

Overrun. The overrun of each ice cream sample was determined by the following 

equation: 

          
                                     

                           
       

A 118 mL Styrofoam container was used as the standardized volume to measure the 

overrun of each sample.   

Hardness. The hardness of ice cream samples was measured using a texture analyzer 

(TA-HDi, Texture Technologies Corp., Scarsdale, N.Y., U.S.A.)  equipped with a 5 kg load 

cell and a 4.75 mm diameter puncture probe. The penetration speed of the probe was 1 

mm/s to a distance of 10 mm. Ice cream samples were stored at -20°C before analysis, 

and the probe was soaked in ice cold water before and between each measurement. 
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The hardness of each sample was determined by its peak compression force (N) during 

the penetration.    

Viscosity. The viscosity of the melted ice cream samples was determined at 6°C by using 

a Haake RS100 (Haake Buchler Instruments, Paramus, N.J., U.S.A.). Around 3 mL of 

melted ice cream sample was placed on the metal plate of the device. The distance 

between plate and the spinning spindle was set for 0.140 mm, and the shear rate was 

set for 75  s-1. The viscosity (cP) was measured every 0.6 seconds for 60 seconds, and the 

average value was used for statistical analysis.  

Rate of Melt. Melting rate was determined by weighing out and placing 120 grams of ice 

cream onto a wire mesh (36 holes/cm2), which was suspended over a cup. The amount 

of ice cream drained into the cup was measured at 26 ± 0.5°C every 10 minutes. The 

melting profiles were plotted by the ratio of the weight of drained ice cream to the 

original weight versus time. The data, which were collected during the constant draining 

period, were also used to determine the overall rate of melt for each ice cream sample.  

Consumers’ Acceptance Toward Fiber-enriched Multifunctional Ice Creams 

Four different fiber-enriched multifunctional ice creams (0%, 5%, 10%, and 15%) were 

evaluated by consumers. Consumers were recruited through e-mail and flyers. Most of 

the consumers were students at the University of Missouri. A total of 196 consumers, 86 

males and 110 females, participated in this study, and the mean age was 28 years 

(ranging from 18 to 70 years). Two different kinds of ice cream labels (Appendix 3) were 

used in this study. One label listed the functional ingredients, (informed group), while 
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the other ice cream label only indicated the flavor of the ice creams (uninformed group). 

Consumers who participated on d 1 and d 2 were assigned to the uninformed group, 

and consumers who participated on d 3 and d 4 were assigned to the informed group. 

One ice cream label and four different fiber-enriched multifunctional ice creams were 

given to the consumers, and they were asked to taste each sample and give their degree 

of liking for each sample by using a 9-point hedonic scale (1= dislike extremely; 2= 

dislike very much; 3= dislike moderately; 4= dislike slightly; 5= neither like nor dislike; 6= 

like slightly; 7= like moderately; 8= like very much; 9= like extremely). Consumers’ 

acceptance toward different concentration levels of fiber-enriched multifunctional ice 

creams were carried out by asking their general liking for ice cream,  followed by their 

degree of liking specifically for appearance, flavor, and texture, and overall liking on 

each ice cream sample. Then, consumers were asked to rate the degree of liking of aҫai-

flavored ice cream by comparing with their favorite ice cream flavor. The exact question 

was “If you were to rate your favorite ice cream flavor as an 8 (like very much), how 

would you rate aҫai-flavored ice cream?” Each consumer received four different fiber-

enriched multifunctional ice creams in random orders and the ice creams were coded 

with 3-digit random numbers.   

Statistical Analysis 

Data was analyzed by SAS 9.3 version. Analysis of variance (ANOVA) was used to analyze 

both sensory and instrumental data. Proc MIXED was used for all analyses of variance 

except descriptive sensory data which was analyzed by Proc GLM command. The mean 
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separation was conducted using Fisher’s least significant difference (LSD) test at a 

significance level of 5%. Consumers’ liking toward different percentages of aҫai-flavored 

ice creams was designed as a randomized complete block design (RCBD). Also, the 

descriptive sensory analysis of fiber-enriched multifunctional ice creams was designed 

as a RCBD, and rep*treatment was used as the error term. Principal component analysis 

(PCA) was performed on the covariance matrix for descriptive sensory data. Texture 

analysis of fiber-enriched multifunctional ice creams was designed as a RCBD, and 

rep*treatment was used as the error term. Pearson correlation coefficients were used 

to determine the relationships between sensory data and instrumental data. Moreover, 

consumers’ liking among fiber-enriched multifunctional ice creams was designed as a 

split-plot design. The main plot was the ice cream label (informed vs. uninformed), and 

the denominator of the main plot was judge with label. On the other hand, the sub-plot 

was the treatment and label*treatment was used as residual error term. 

 

Results & Discussion 

Consumers’ Acceptance Toward Aҫai-flavored Ice Creams 

Consumers’ acceptance toward different concentration levels of aҫai-flavored ice 

creams (Figure 4.1) indicated that there were only slight differences (p= 0.0557) among 

consumers’ degree of liking toward 8%, 10%, and 12% aҫai-flavored ice creams. Based 

on the mean score, consumers preferred 12% aҫai-flavored ice cream (mean= 6.53) 
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more than 10% (mean= 6.45) followed by the 8% (mean= 6.23) açai-flavored ice cream. 

Aҫai is one of the booming super-fruits in the United States. Its high antioxidant 

contents appeals to health-oriented consumers. Therefore, many aҫai-based products 

such as tablets, powders, juices, smoothies, sorbets, and frozen purees are available in 

the United States. Menezes and others (2011) conducted a preference sensory study to 

determine North American consumers’ degree of liking among seven commercially 

available aҫai-based food products (1 energy drink, 3 juices, 1 sorbet, and 2 smoothies). 

The results indicated that consumers preferred sorbet and smoothies over aҫai 

beverages. Also, 83.9% of the participants had heard of aҫai and 55% had tasted it 

before. Authors also suggested that women and health-conscious consumers are the 

promising market segment in North America. Unlike most of the berries, aҫai has a 

unique flavor and a different mouthfeel. It is important to measure consumers’ 

acceptance toward different aҫai concentration levels when incorporating it into food 

products. According to some research studies (Sabbe and others 2009a, 2009b), 

consumers had higher degree of liking for low aҫai content juices (4% and 5%) than for 

high aҫai content juices (15%, 20%, and 40%).  According to the open-ended questions, 

participants mentioned that aҫai juices, which contained high aҫai levels had a darker 

purple-brownish color, and the dark color negatively influenced participants’ overall 

liking. Also, participants indicated that high aҫai content juices had higher viscosity, 

more granular particles, and an oily appearance, which also negatively influenced their 

degree of liking. Moreover, participants described low aҫai content juices had a sweeter 

and more pleasant odor than high aҫai content juices. These defects might be easily 
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masked by using aҫai in other foods, such as dairy products. Coisson and others (2005) 

tried to incorporate aҫai into yoghurt. The results indicated that aҫai-flavored yoghurt 

did not have any significant sensory differences from other commercially available 

berry-flavored yoghurt at the 10% (w/w) level. Also, aҫai can significantly improve the 

viability of Lactobacillus acidophilus L10, Bifidobacterium animalis ssp. lactis B104, and 

Bifidobacterium longum B105 at 7% (w/w) level in yoghurt (Espirito Santo and others 

2010). These results imply that aҫai has high potential as a functional ingredient in dairy 

products or desserts.  

In this study, aҫai was used for flavoring, coloring, and as the source of the antioxidant. 

Because higher percentages of aҫai may contribute greater potential health benefits to 

consumers, and consumers preferred the 12% açai-flavored ice cream over the 10% and 

8% ice creams, aҫai was used at the 12% level in the second part of the study to 

formulate fiber-enriched multifunctional ice cream.  

Descriptive Analysis on Fiber-enriched Multifunctional Ice Creams 

Even though consumers have a better understanding about the impact of food on their 

health, and they are willing to make healthier choices when purchasing food products, 

taste is still the key when consumers make their decision on purchasing novel food 

products. Therefore, a descriptive sensory analysis was used to determine the sensory 

quality of fiber-enriched multifunctional ice creams. Four different kinds of fiber-

enriched multifunctional ice creams (0%, 5%, 10%, and 15% of dietary fiber) which 

contained fixed levels of probiotic (108 cfu/mL), prebiotic (4%), and aҫai (12%) were 
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evaluated by 9 trained panelists. The evaluations of ice cream samples were based on 

eight texture related attributes (gooeyness, hardness, melting rate, iciness, sandiness, 

gumminess, creaminess, and mouth coating) and fourteen flavor related attributes 

(sweetness, milky flavor, cooked flavor, sourness, bread-like flavor, wood flavor, berry 

flavor, sweetness aftertaste, milky flavor aftertaste, cooked flavor aftertaste, sourness 

aftertaste, bread-like flavor aftertaste, wood flavor aftertaste, and berry flavor 

aftertaste). The results (Table 4.6) showed that varying levels of dietary fiber 

significantly increased ice creams’ gooeyness (p < 0.0001), gumminess (p < 0.0001), 

creaminess (p < 0.0001), mouth coating (p < 0.0001), sweetness (p = 0.0564), sweetness 

aftertaste (p = 0.0021), and wood flavor aftertaste (p = 0.0327), but decreased hardness 

(p= 0.0003) and iciness (p= 0.0055). In general, adding varying levels of dietary fiber 

significantly influenced the texture perceptions of ice creams and the flavor perceptions 

only to a smaller extent. 

Many previous studies showed that dietary fiber has fat mimetic functionalities. For 

example, Roland and others (1999) indicated that using dietary fiber as a fat replacer 

significantly improved the sensory perception of iciness, stickiness, and meltability of 

low fat ice cream samples. Aykan and others (2008) also indicated that adding dietary 

fiber significantly improved the appearance, texture, and taste of reduced-calorie vanilla 

ice creams. Moreover, the fat mimetic functionalities of dietary fiber provided a better 

melting profile and viscosity to low fat ice cream samples (El-Nagar and others 2002; 

Akin and others 2007; Akalin and Erisir 2008). These results were confirmed by our 

study that dietary fiber provided fat-like perceptions to fiber-enriched multifunctional 
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ice creams. The results indicated that the addition of varying dietary fiber significantly 

increased the creaminess and mouth coating in ice cream samples. The 15% fiber-

enriched ice cream (mean= 10.33) was the most creamy sample followed by 10% 

(mean= 9.76), 5% (mean= 8.56), and 0% (mean= 7.18). Similar results were found for 

mouth coating; the 15% had the highest degree of mouth coating (mean= 10.11) 

followed by 10% (mean= 9.11), 5% (mean= 7.51), and 0% (mean= 5.90). Also, the 

addition of dietary fiber significantly decreased the iciness of ice creams. Control ice 

cream (0%; mean= 5.29) was significantly more icy than 5% (mean= 3.82), 10% (mean= 

3.45), and 15% (mean= 3.09) ice creams. Similar results were found by Schaller-Povolny 

and Smith (1999) who showed that incorporating inulin into reduced fat ice creams can 

significantly decrease the iciness of ice cream samples. 

Dietary fiber can interact with the liquid part of the ice cream mix and form a gel-like 

network. The gel-like network significantly increases the viscosity of ice cream samples 

(El-Nagar and others 2002; Akalin and Erisir 2008; Karaca and others 2009). These 

findings were confirmed by our results that high percentages of dietary fiber, 15% 

(mean= 9.48) and 10% (mean= 8.91) ice creams were more gooey than 5% (mean= 6.93) 

and 0% (mean= 4.29) ice creams regarding scoop-ability. Similar characteristics were 

found when participants tasted samples, i.e. ice creams with a high percentage of 

dietary fiber (15% (mean= 10.00) and 10% (mean= 9.52)) were more gummy than 5% ice 

cream (mean= 6.69) or 0% ice cream (mean= 4.44) due to the gel-like network, which 

also made ice creams softer for scooping. Control ice cream (0%; mean= 8.41) was the 
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hardest and followed by 5% (mean= 7.33) and 10% (mean= 6.76), and the 15% ice cream 

(mean= 6.06) was the softest.  

In addition to the changes in texture attributes, adding dietary fiber slightly (p = 0.0564) 

influenced the sweetness of ice cream samples. High percentage of dietary fiber ice 

creams (10% (mean= 9.57) and 15% (mean= 9.41)) were slightly sweeter than 0% ice 

cream (mean= 8.74). However, there was no significant difference between 0% and 5% 

(mean= 9.11) ice creams.  Similar results were found in sweetness aftertaste, i.e. high 

percentages of dietary fiber contents, 15% (mean= 8.61) and 10% (mean= 8.37), gave 

significantly sweeter aftertaste than 5% ice cream (mean= 8.09) followed by 0% ice 

cream (mean= 7.53). The sweeter perceptions might be directly contributed by the 

dietary fiber. According to the information provided by the supplier of the dietary fiber, 

the digestion resistant maltodextrin provides a hint of sweetness (< 10% of sucrose at a 

30% of addition). Therefore, 15% and 10% fiber-enriched multifunctional ice creams 

were slightly sweeter and a greater sweetness aftertaste. Other dietary fibers also have 

been shown to give some degree of sweetness. For example, oligofructose has 30 to 

50% of sweetness of sugar. It has been widely used in formulating low sugar content 

food products because it can smooth the sharp sweetness perception from artificial 

sweeteners (Niness 1999).  

Moreover, adding dietary fiber significantly increased the wood flavor aftertaste. Many 

dietary fibers can provide fat-like functionalities in reduced fat food products. For 

example, inulin and oligofructose were used to improve the texture quality in low fat ice 
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cream samples (Akalin and Erisir 2008; Karaca and others 2009).  Also, dietary fiber has 

the ability to improve the flavor profile and control flavor release from low fat ice 

creams (Loeb 2004). Since hydrophobic compounds are retained well in higher fat 

content systems compared to hydrophilic compounds, the volatile compounds which 

contributed to the wood flavor might be hydrophilic compounds, causing a slightly 

higher release from the 15%-fiber ice cream than the control. However, because 

hydrophilic volatile compounds are not greatly influenced by different fat levels (Bauer 

and others 1997), the difference between the 15% (mean= 5.16) and the 0% (mean= 

4.62) ice creams was small.  

Covariance matrix was used in principal component analysis (PCA) to analyze the 

descriptive sensory data. Although PCA is not commonly run on less than six samples, 

we ran it to see if there were some major trends in the data. The eigenvalues of the 

covariance matrix showed that PC1 explained 96.16% of the variance in the data set, 

PC2 explained 2.66%, and PC3 explained 1.18% (Figure 4.2). This indicated that PC1 

accounted for almost the entire variance in this descriptive sensory data set. The first-

axis (PC1) was dominated by gooeyness, gumminess, creaminess, mouth coating, 

sweetness, milky flavor, wood flavor, sweetness aftertaste, milky flavor aftertaste, 

hardness, and iciness. On the other hand, the second-axis (PC2) was controlled by 

sandiness, sourness, berry flavor, berry flavor aftertaste, bread-like flavor, and melting 

rate. Gooeyness, gumminess, creaminess, and mouth coating were positively correlated 

with one another but negatively correlated to hardness, iciness, and melting rate. Seven 

flavor attributes (sweetness, milky flavor, cooked flavor, sourness, bread-like flavor, 
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wood flavor, and berry flavor) were all positively correlated to their aftertastes except 

sourness.  

The 0% ice cream was very different from the 10% and 15% ice creams. It was hard and 

icy, whereas the 10% and 15% ice creams were gooey, gummy, and creamy and 

exhibited a high degree of mouth coating. Also, 10% and 15% ice creams had 

pronounced sweetness, milky flavor, cooked flavor, wood flavor, berry flavor, and their 

corresponding aftertastes. On the other hand, 0% ice cream was plain in the aspect of 

flavors when compared to 10% and 15% ice creams. The 5% ice cream was right in the 

middle. Overall, panelists differentiated between the ice cream samples, and the 5% ice 

cream was more similar to the control than to the 10% and 15% ice creams.   

Texture Analyses on Fiber-enriched Multifunctional Ice Creams 

The texture characteristics of the four different fiber-enriched multifunctional ice 

creams (0, 5, 10, and 15%) were determined by measuring hardness, overrun, viscosity, 

and melting rate (Table 4.7). The hardness data (appendix 4) are not discussed here due 

to the large variations within treatments and within the same sample. The main reason 

that caused the large variation is the nature of ice cream samples. Ice cream is heat 

sensitive, and the hardness of ice cream samples dramatically changes with 

temperature. Therefore, it is very difficult to measure the hardness of ice cream samples. 

Also, we noticed that the hardness of ice cream samples was normally measured on 

larger sizes (i.e. 180 mL or 1.89 L) (Roland and others 1999; Prindiville and others 2000). 

However, in our study, the amount used for measuring hardness was only 50 mL. The 
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smaller sample size made the ice cream samples more sensitive to the heat. Therefore, 

large variations were observed for hardness in this work.   

The 5% fiber-enriched multifunctional ice cream (mean= 41.20%) had significantly (p= 

0.0413) higher overrun than the 0% ice cream (mean= 38.54%). Previous studies showed 

that dietary fibers (i.e. inulin and oligofructose) increase air incorporation into ice 

creams (Akin and others 2007; Akalin and Erisir 2008). However, the overrun of the 10% 

and 15% fiber-enriched ice creams was not higher than that of the 5% ice cream, which 

could be due to their higher solid contents. The 10% and 15% fiber-enriched ice creams 

had 50.97% and 55.98% of total solids, which was higher than that in the 5% ice cream 

(45.98%). According to Aykan and others (2008), high solid contents reduce the overrun 

of ice creams. Although dietary fiber helps to incorporate air into ice cream and 

increases the overrun, the high solid content cancels this effect. Therefore, the overruns 

of 10% and 15% fiber-enriched ice creams were not significantly higher than that of the 

0% ice cream.  

Adding dietary fiber also significantly (p= 0.0027) increased the viscosity of the ice 

cream samples. The 15% fiber-enriched multifunctional ice cream (mean= 2312.07) was 

significantly more viscous than the 10% (mean= 1154.24), 5% (mean= 685.44), and 0% 

(mean= 890.87) ice creams. Interactions between dietary fiber and the liquid part of the 

ice cream mix increases the viscosity of the final ice cream product. Similar results, that 

dietary fibers significantly increased the viscosity of ice creams due to its hygroscopic 

characteristic, were observed in previous studies (El-Nagar and others 2002; Akalin and 
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Erisir 2008; Karaca and others 2009).  Specifically, most dietary fibers have a high water 

binding capacity and can form a gel-like network, which increases viscosity of the matrix. 

Moreover, adding dietary fiber significantly (p= 0.0174) decreased the melting rate 

among ice cream samples. The 15% ice cream (mean= 1.30 % min-1) melted significantly 

slower than the 0% (mean= 1.64) and 5% (mean= 1.85) ice creams. Similar studies 

previously showed that the meltdown stability of ice creams was enhanced by the 

dietary fiber addition (El-Nagar and others 2002; Akin and others 2007). The already 

mentioned stable, gel-like networks are responsible for retarding the melting rate of ice 

cream samples. Because dietary fiber significantly increases viscosity and enhances the 

meltdown stability of ice creams, it works as a stabilizer in ice creams.  

Relationships between Sensory and Texture Analyses 

The relationships between sensory textural attributes (gooeyness, hardness, melting 

rate, iciness, sandiness, gumminess, creaminess, and mouth coating) and instrumental 

data (overrun, viscosity, and melting rate) of four fiber-enriched multifunctional ice 

creams were determined by Pearson Correlation Coefficients (Table 4.8). The result 

indicated that only viscosity was correlated to sensory textural attributes. Viscosity was 

positively correlated to gooeyness, gumminess, creaminess, and mouth coating. On the 

other hand, viscosity was negatively correlated to hardness and iciness. Previous 

findings were similar to our results showing that dietary fiber improved the fat-based 

texture characteristics, such as increased creaminess and mouth coating and decreased 

hardness of ice cream samples.  
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Consumers’ Acceptance Toward Fiber-enriched Multifunctional Ice Creams 

The four fiber-enriched multifunctional ice creams were evaluated by 196 consumers. 

Two labels, which provided different levels of information about the ice creams, were 

used in this study to measure consumers’ degree of liking toward the ice cream samples. 

There were no significant differences between the group that was informed about the 

potential health benefits of the ice creams and the uninformed group for their general 

liking of the ice creams. However, there was a significant difference (p= 0.0339) 

between the two groups when they were asked to compare the aҫai-flavored ice cream 

to their favorite ice cream flavor (Table 4.9). Consumers in the informed group gave 

lower scores (mean= 5.79) than consumers who were in the uninformed group (mean= 

5.97). It seems that the information (lists of functional ingredients and potential health 

benefits) negatively influenced consumers’ perceptions toward ice cream samples. 

Similar results were found by Wansink and Park (2002), who showed that ingredient 

labeling negatively influenced consumers’ perceptions of the nutrition bar. Consumers 

perceived the bars as less tasty and worse in appearance when an ingredient label was 

provided even if the samples were identical. Also, children significantly disliked 

chocolate chip cookies labeled to contain vegetables compared to regular-labeled 

chocolate chip cookies (Pope and Wolf 2012). Therefore, it was concluded that health 

claims and ingredient labeling have a moderate but mostly negative influence on 

consumers’ perceptions toward food products (Lahteenmaki and others 2010). The 

purported reasons for these findings are very complex. The relationship between 

consumers’ perceptions and either health claim or ingredient labeling might be 
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moderated by consumers’ familiarity toward specific food ingredients, consumers’ 

degree of food neophobia, consumers’ nutritional knowledge, and consumers’ degree of 

health-consciousness. Therefore, more experiments are needed to determine the 

relationship between ingredient labeling and consumers’ perceptions toward fiber-

enriched multifunctional ice creams. On the other hand, providing information about 

functional ingredients and potential health benefits seems to encourage selected people 

to give extremely high liking scores (Figure 4.3). To be more specific, consumers who are 

more health-conscious, less food neophobic, more familiar with these functional 

ingredients or have higher nutritional knowledge give higher liking scores. On the other 

hand, people who are taste-conscious, more food neophobic, less familiar with 

functional ingredients or have a lower nutritional knowledge might lower their liking 

scores for ice creams that are labeled with health information.  

Consumers’ acceptance toward the four fiber-enriched multifunctional ice creams was 

measured by asking their degree of liking for appearance, flavor, texture, and overall 

liking. While there was no group effect (informed vs. uninformed) for appearance and 

flavor, there was a treatment effect for both (Table 4.10). Consumers significantly (p< 

0.0001) preferred the appearance of the control (mean= 5.86) and the 5% (mean= 5.75) 

ice creams over the 15% ice cream (mean= 5.45). Similar results were found for flavor; 

i.e. consumers significantly (p < 0.0001) preferred 0% (mean= 6.52) and 5% (mean= 6.45) 

ice creams over 10% (mean= 6.05) and 15% (mean= 5.93) ice creams. Based on the PCA 

analysis, 5% fiber-enriched ice cream was similar to the control in flavor characteristics, 

whereas the 10% and 15% ice creams were very different. The 10% and 15% ice creams 
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had higher intensity of sweetness, milky flavor, cooked flavor, wood flavor, and their 

corresponding aftertastes. On the other hand, 0% and 5% ice creams had lower 

intensities on those flavor attributes. Therefore, it can be concluded that consumers 

disliked the ice cream samples that had a stronger flavor profile.  

Significant group (p= 0.0444) and treatment effects (p< 0.0001) were for texture (Table 

4.11). Uninformed consumers gave significantly higher liking scores for the texture of ice 

cream samples than consumers who were in the informed group. Again, this might 

indicate that information about the functional ingredients and potential health benefits 

negatively influenced consumers’ degree of liking. For the treatment effect, consumers 

significantly preferred the texture of 0% (mean= 6.42) and 5% (mean= 6.24) ice creams 

over 10% ice cream (mean= 5.66) and 15% ice cream (mean= 5.06). In the descriptive 

analysis, the 5% fiber-enriched ice cream was similar to the 0% ice cream but both 

differed from the 10% and 15% ice creams in texture characteristics, i.e. 10% and 15% 

ice creams were considered more gooey, gummy, creamy, and had higher mouth 

coating than 0% and 5% ice creams.  

In regard to overall liking of the ice creams, there was a significant interaction effect (p= 

0.0411) (Table 4.12). Consumers in the uninformed group gave significantly higher 

scores for 0% (mean= 6.69) and 5% (mean= 6.46) ice creams, followed by the consumers 

who were in the informed group who also preferred the 0% (mean= 6.25) and 5% 

(mean= 6.11) ice creams over the other two. As observed for flavor and texture, 

information about the nature of the ice cream samples negatively influenced consumers’ 



116 
 

perceptions. On the other hand, consumers in the uninformed group (mean= 5.47) gave 

lower scores than consumers in the informed group (mean= 5.66) for the 15% ice cream.  

Considering that 15% ice cream had a very different texture than the control ice cream 

(0%), it is possible that knowing about the functional ingredients and potential health 

benefits increased consumers’ acceptance. Consumers seemed willing to compensate 

taste for health for the extreme case. 

 

Conclusion 

The results of this study showed that consumers preferred 12% aҫai-flavored ice cream 

over 10% and 8%. Therefore, 12% of aҫai content was used in formulating fiber-enriched 

multifunctional ice creams. Descriptive sensory analysis showed that an increase in 

dietary fiber contents significantly increased the perception of gooeyness, gumminess, 

creaminess, mouth coating, sweetness, sweetness aftertaste, and wood flavor aftertaste, 

but decreased the perception of hardness and iciness among fiber-enriched (0%, 5%, 

10%, and 15%) multifunctional ice creams. Principal component analysis (PCA) showed 

that 0% ice cream was similar to 5% ice cream, but very different from 10% and 15% ice 

creams in both flavor and texture aspects. Also, dietary fiber increased overrun and 

viscosity, but decreased the melting rate of ice creams. The viscosity of ice cream 

samples was highly correlated to textural sensory attributes. Moreover, consumers’ 

degree of liking of 0% ice cream was very similar to 5% ice cream. In contrast, 

consumers’ significantly disliked 10% and 15% ice creams compared to 0% ice cream. 
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Ingredient labeling and potential health benefits negatively influenced consumers’ 

degree of liking among ice cream samples. In conclusion, even though 5% ice cream 

showed some differences from 0% ice cream in the descriptive and instrumental 

analyses, there was no significant difference in consumers’ preference. Therefore, 5% 

fiber-enriched multifunctional ice cream can be considered an ideal formulation for 

providing potential health benefits. 
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Table 4.1: Formulations of ice cream mixes which were used to make aҫai-flavored ice 

creams (per 100 grams basis). 

                            Product 

          Ingredient 
8% 10% 12% 

Nonfat dry milk a 

(0.8% fat; 95.4% nonfat milk solid) 
5.54 5.87 6.21 

Sugar b 16.30 16.67 17.05 

Stabilizer c 0.65 0.67 0.68 

Skim milk d 

(0% fat; 8.1% nonfat milk solid) 
47.41 46.05 44.61 

Cream e 

(36% fat; 5.6% nonfat milk solid) 
30.08 30.75 31.44 

Total fat content (%) 10.87 11.12 11.37 

Total nonfat milk solids (%) 10.81 11.05 11.30 

Total solids (%) 38.63 39.51 40.40 

a Nonfat dry milk (Dairy America, Fresno, Calif., U.S.A.): Spray process grade A nonfat dry 
milk  

b Sugar (C & H Sugar Company, Crockett, Calif., U.S.A.): Granulated Cane Sugar 

c Stabilizer (Danisco, New Century, Kans., U.S.A.): Grindsted® IcePro 2511 SH 

d Skim milk (Prairie Farms Dairy, Carlinville, Ill., U.S.A.) 

e Cream (Prairie Farms Dairy, Carlinville, Ill., U.S.A.): Heavy whipping cream 
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Table 4.2: Formulations of three aҫai-flavored ice creams (per 100 grams basis) 

                       Product 
Ingredient 

8% 10% 12% 

Ice cream mix a 92.00 90.00 88.00 

Aҫai b 8.00 10.00 12.00 

Total fat content (%) 10.00 10.01 10.01 

Total nonfat milk solid (%) 9.95 9.95 9.94 

Total solid (%) 36.50 36.76 36.99 
a Ice cream mix: The formulations and contents of ice cream mixes see Table 4.1.  

b Aҫai (iTi Tropicals, Lawrenceville, N.J., U.S.A.): Frozen aҫai puree (12% solids). 
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Table 4.3: Formulations of ice cream mixes which were used to make fiber-enriched 
multifunctional ice creams (per 100 grams basis).  

                            Product 

          Ingredient 
0% 5% 10% 15% 

Nonfat dry milk a 

(0.8% fat; 95.4% nonfat milk solid) 
6.94 7.97 9.12 10.45 

Sugar b 17.86 18.99 20.27 21.74 

Stabilizer c 0.71 0.76 0.81 0.87 

Skim milk d 

(0% fat; 8.1% nonfat milk solid) 
41.55 37.28 32.43 26.88 

Cream e 

(36% fat; 5.6% nonfat milk solid) 
32.93 35.00 37.36 40.05 

Total fat content (%) 11.91 12.66 13.52 14.50 

Total nonfat milk solids (%) 11.83 12.58 13.42 14.39 

Total solids (%) 42.31 44.99 48.02 51.5 

a Nonfat dry milk (Dairy America, Fresno, Calif., U.S.A.): Spray process grade A nonfat dry 
milk  

b Sugar (C & H Sugar Company, Crockett, Calif., U.S.A.): Granulated Cane Sugar 

c Stabilizer (Danisco, New Century, Kans., U.S.A.): Grindsted® IcePro 2511 SH 

d Skim milk (Prairie Farms Dairy, Carlinville, Ill., U.S.A.) 

e Cream (Prairie Farms Dairy, Carlinville, Ill., U.S.A.): Heavy whipping cream 
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Table 4.4: Formulations of four fiber-enriched multifunctional ice creams (per 100 grams 
basis) 

                       Product 
Ingredient 

0% 5% 10% 15% 

Ice cream mix a 84.00 79.00 74.00 69.00 

Prebiotic b 4.00 4.00 4.00 4.00 

Probiotic c 1.98x1010 ± 1.92x109 2.02x1010 ± 1.61x109 1.98x1010 ± 9.49x108 2.07x1010 ± 3.31x109 

Aҫai d 12.00 12.00 12.00 12.00 

Dietary fiber e 0 5.00 10.00 15.00 

Total fat content (%) 10.00 10.00 10.00 10.00 

Total nonfat milk solid (%) 9.94 9.94 9.93 9.93 

Total solid (%) 40.98 45.98 50.97 55.98 

V Present in the ice cream samples.  

a Ice cream mix: The formulations and contents of ice cream mixes see Table 4.3.  

b Prebiotic (Cargill, Wayzata, Minn., U.S.A.): mixture of oliggo-fiber instant inulin and 
oligo-fiber XL inulin (50/50; wt/wt). 

c Probiotic (Danisco USA, New Century, Kans., U.S.A.): HOWARU® rhamnosus = 
Lactobacillus rhamnosus HN001. 

d Aҫai (iTi Tropicals, Lawrenceville, N.J., U.S.A.): Frozen aҫai puree (12% solids). 

e Dietary fiber (Archer Daniels Midland Company, Decatur, Ill., U.S.A.): Fibersol®-2 
digestion resistant maltodextrin 
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Table 4.5: Sensory attributes, definitions of sensory attributes and references for the descriptive panelists. 

 Attribute Definition Reference
*
 

Sc
o

o
p

-

ab
ili

ty
 

Gooeyness The ice cream holds together, resembles caramel/taffy during 
scooping 

Ref 3= regular ice cream; Ref 12= gooeyness ice cream sample 
a
 

Hardness The resistance of ice cream to scoop Ref 3= soft serve ice cream; Ref 12= ice cream stored at -40 °C 
freezer (can’t be scooped) 

Te
xt

u
re

 

Melting rate The seconds to completely melt a spoonful of ice cream while 
rubbing it gently against the roof of the mouth with the 
tongue 

 

Iciness Perception of crystal-like particles in the sample. The 
measurement need to be taken right after sample has been 
placed in the mouth 

Ref 3= regular ice cream; Ref 12= iciness ice cream sample 
b
 

Sandiness Grittiness (sand grain texture) is perceived after rubbing 
sample against the roof of the mouth. Sandiness might come 
from both lactose crystal and aҫai 

Ref 3= regular ice cream; Ref 12= sandiness ice cream sample 
c
 

Gumminess The perception of stickiness (like gum) between tongue and 
roof of mouth when rubbing sample against the roof of the 
mouth 

Ref 3= regular ice cream; Ref 12= Gumminess ice cream sample 
d
 

Creaminess Degree of fat-like, full-body liquids after melting in mouth Ref 3= 10% cream + 90% whole milk; Ref12= 60% cream + 40 % 
whole milk 

Mouth coating Degree of fatty mouth or coated mouth after tasting Same as creaminess 

Fl
av

o
r 

Sweetness The intensity of sweetness (sucrose-like) Ref 3= 5% sugar solution; Ref 12= 15% sugar solution  

Milky flavor The intensity of whole milk flavor Ref 3= 50% milk solution; Ref 12= 100% milk solution 
e
   

Cooked flavor Aromatics reminiscent of heated or processed dairy products, 
similar to evaporated or sweetened condensed milk 

Ref 3= whole milk; Ref 12= 15% evaporated milk + 85% whole milk 

Sourness The intensity of sourness Ref 3= whole milk; Ref 12= 10% sour milk + 90% whole milk 

Bread-like flavor The intensity of yeast bread flavor with a hint of almond Ref 3= 6.25 ppm bread-like flavored milk; Ref 12= 30 ppm bread-
like flavored milk 

f
 

Wood flavor The intensity of wood flavor as reference Ref 3= 25 ppm wood flavored milk; Ref 12= 50 ppm wood flavored 
milk 

g
 

Berry flavor The intensity of mixed berry flavor as reference Ref 3= 1 ppm berry flavored milk; Ref 12= 15 ppm berry flavored 
milk 

h
 

1
2

2 
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Table 4.5: Sensory attributes, definitions of sensory attributes and references for the descriptive panelists (cont.). 

A
ft

e
rt

as
te

 

Sweetness aftertaste The intensity of sweetness after tasting Same as sweetness 

Milky flavor aftertaste The intensity of whole milk flavor after tasting Same as milky flavor 
Cooked flavor aftertaste The intensity of cooked flavor after tasting  Same as cooked flavor 

Sourness aftertaste The intensity of sourness after tasting Same as sourness 

Bread-like aftertaste The intensity of bread-like flavor after tasting Same as bread-like flavor 

Wood flavor aftertaste The intensity of wood flavor after tasting Same as wood flavor 

Berry flavor aftertaste The intensity of berry flavor after tasting Same as berry flavor 

* Ref 3 and 12 are the references represent the intensity of 3 and 12 on a 15 cm unstructured scale line anchored with low intensity=0 and high intensity= 15. 

ad
 Gooeyness and gumminess ice cream were made by adding 20 grams of fiber into 80 grams of control ice cream mix. 

b
 Iciness ice cream was made by control ice cream mix and whole milk at 1:1 (v/v) ratio.  

c
 Sandiness ice cream was made by adding 0.5 grams of lactose powder into 95.5 grams of control ice cream mix. 

e 
100% milk solution was made by dissolving 3 tablespoons of Nestle Instant Dry Whole Milk into 1 cup of water. 

f
 Bread-like flavored milk was made by dissolving different amount of 5-methyl furfural (Bedoukian, Danbury, Conn., U.S.A.) into whole milk. 

g
 Wood flavored milk was made by dissolving different amount of Geranic acid (Bedoukian, Danbury, Conn., U.S.A.) into whole milk. 

h
 Berry flavored milk was made by dissolving different amount of Nat Berry (Firmenich, Plainsboro, N.J., U.S.A.) into whole milk.   
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Table 4.6: Mean values (± standard error) of attributes for the multifunctional ice creams containing fixed level of probiotic, 

prebiotic, and aҫai and different levels of dietary fiber (mean sharing the same letter do not differ at p ≤ 0.05).  

 Scoop-ability Texture 

Gooeyness Hardness Melting rate Iciness Sandiness Gumminess Creaminess Mouth coating 

0% Fiber 4.29 ± 0.27c 8.41 ± 0.17a 14.59 ± 0.51 5.29 ± 0.27a 6.39 ± 0.36 4.44 ± 0.31c 7.18 ± 0.15d 5.90 ± 0.25d 
5% Fiber 6.93 ± 0.27b 7.33 ± 0.17b 13.98 ± 0.51 3.82 ± 0.27b 7.43 ± 0.36 6.69 ± 0.31b 8.56 ± 0.15c 7.51 ± 0.25c 

10% Fiber 8.91 ± 0.27a 6.76 ± 0.17b 12.76 ± 0.51 3.45 ± 0.27b 7.68 ± 0.36 9.52 ± 0.31a 9.76 ± 0.15b 9.11 ± 0.25b 
15% Fiber 9.48 ± 0.27a 6.06 ± 0.17c 13.57 ± 0.51 3.09 ± 0.27b 6.62 ± 0.36 10.00 ± 0.31a 10.33 ± 0.15a 10.11 ± 0.25a 

 

 Flavor 

Sweetness Milky flavor Cooked flavor Sourness Bread-like flavor Wood flavor Berry flavor 

0% Fiber 8.74 ± 0.17b 7.54 ± 0.27 6.03 ± 0.20 2.64 ± 0.05 5.96 ± 0.11 5.21 ± 0.16 4.66 ± 0.13 
5% Fiber 9.11 ± 0.17ab 7.93 ± 0.27 6.27 ± 0.20 2.61 ± 0.05 6.21 ± 0.11 5.53 ± 0.16 4.66 ± 0.13 

10% Fiber 9.57 ± 0.17a 8.22 ± 0.27 6.20 ± 0.20 2.65 ± 0.05 6.44 ± 0.11 5.59 ± 0.16 4.81 ± 0.13 
15% Fiber 9.41 ± 0.17a 8.13 ± 0.27 6.36 ± 0.20 2.61 ± 0.05 6.22 ± 0.11 5.71 ± 0.16 4.65 ± 0.13 

 

 Flavor Aftertaste 

Sweetness Milky flavor Cooked flavor Sourness Bread-like flavor Wood flavor Berry flavor 

0% Fiber 7.53 ± 0.11c 6.87 ± 0.23 5.27 ± 0.18 2.32 ± 0.11 5.46 ± 0.09 4.62 ± 0.10b 3.87 ± 0.12 
5% Fiber 8.09 ± 0.11b 7.20 ± 0.23 5.67 ± 0.18 2.27 ± 0.11 5.69 ± 0.09 5.06 ± 0.10a 3.84 ± 0.12 

10% Fiber 8.37 ± 0.11ab 7.33 ± 0.23 5.34 ± 0.18 2.49 ± 0.11 5.51 ± 0.09 4.94 ± 0.10ab 4.07 ± 0.12 
15% Fiber 8.61 ± 0.11a 7.39 ± 0.23 5.59 ± 0.18 2.58 ± 0.11 5.59 ± 0.09 5.16 ± 0.10a 3.93 ± 0.12 
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Table 4.7: The overrun, viscosity, and melting rate of multifunctional ice creams which 

contain fixed levels of probiotic, prebiotic, and aҫai and different levels of dietary fiber 

(mean sharing the same letter do not differ at p ≤ 0.05). 

 Overrun (%) Viscosity (cP) Melting rate (% min-1) 

0% Fiber 38.54 ± 0.54b 890.87 ± 179.53b 1.64 ± 0.11ab 
5% Fiber 41.20 ± 0.54a 685.44 ± 179.53b 1.85 ± 0.11a 

10% Fiber 39.11 ± 0.54b 1154.24 ± 179.53b 1.52 ± 0.11bc 
15% Fiber 38.74 ± 0.54b 2312.07 ± 179.53a 1.30 ± 0.11c 
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Table 4.8: Correlation coefficients between sensory textural attributes and instrumental data of four fiber-enriched multifunctional 

ice creams.  

 Overrun Viscosity Melting rate 

 Correlation 
Coefficients 

p-value Correlation 
Coefficients 

p-value Correlation 
Coefficients 

p-value 

Gooeyness -0.06753 0.8348  0.60539 0.0370* -0.41461 0.1802 
Hardness  0.06842 0.8327 -0.61712 0.0325*  0.31720 0.3151 

Melting rate  0.05398 0.8677 -0.11606 0.7195 -0.10090 0.7550 
Iciness -0.14609 0.6505 -0.57773 0.0491*  0.20876 0.5150 

Sandiness  0.38572 0.2156 -0.22364 0.4847  0.35284 0.2606 
Gumminess -0.12713 0.6938  0.64204 0.0244* -0.47915 0.1150 
Creaminess -0.02452 0.9397  0.63586 0.0263* -0.45890 0.1335 

Mouth coating -0.09837 0.7610  0.71436 0.0090* -0.53484 0.0732 

*Correlations with p-value equal to or less than 0.05 were considered significant 
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Table 4.9: Consumers’ general liking on ice creams and the comparison between their 

favorite ice cream flavor (score as 8= like very much) with Aҫai-flavored ice cream by 

using a 9 point bipolar hedonic scale. (means sharing the same letter do not differ at p < 

0.05).  

 General liking Compare to favorite 

Group 1 7.85 5.97a 
Group 2 7.92 5.79b 

(Group 1: no information about functional ingredients and potential health benefits of ice creams. Group 

2: having information about the functional ingredients and potential health benefits of ice creams.) 
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Table 4.10: Consumers’ degree of liking of multifunctional ice creams with varying levels 

of fiber. Assessed in aspects of appearance and flavor by using 9-point bipolar hedonic 

scales. (means sharing the same letter within the same column do not differ at p< 0.05). 

Sample Appearance Flavor 

0% Fiber 5.86 ± 0.11a 6.52 ± 0.11a 
5% Fiber 5.75 ± 0.11ab 6.45 ± 0.11a 

10% Fiber 5.58 ± 0.11bc 6.05 ± 0.11b 
15% Fiber 5.45 ± 0.11c 5.93 ± 0.11b 
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Table 4.11: Consumers’ degree of liking of multifunctional ice creams with varying levels 

of fiber. Assessed in aspect of texture by using 9-point bipolar hedonic scales. Significant 

treatment (p< 0.0001) and group effects (p= 0.0444) were found in aspect of texture. 

Consumers who in group 1 (6.03) gave significantly higher liking score than consumers 

who in group 2 (5.66). (means sharing the same letter within the same column do not 

differ at p < 0.05). 

Sample All Group 1 Group 2 

0% Fiber 6.42 ± 0.13a 6.71 ± 0.17 6.12 ± 0.19 
5% Fiber 6.24 ± 0.13a 6.45 ± 0.17 6.03 ± 0.19 

10% Fiber 5.66 ± 0.13b 5.83 ± 0.17 5.49 ± 0.19 
15% Fiber 5.06 ± 0.13c 5.12 ± 0.17 5.00 ± 0.19 

(Group 1: no information about functional ingredients and potential health benefits of ice creams. Group 

2: having information about the functional ingredients and potential health benefits of ice creams.) 
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Table 4.12: Consumers’ degree of liking of multifunctional ice creams with varying levels 

of fiber. Assessed by overall perceptions using 9-point bipolar hedonic scales. (means 

sharing the same letter in the table do not differ at p< 0.05). 

Sample Group 1 Group 2 

0% Fiber 6.69 ± 0.15a 6.25 ± 0.16bc 
5% Fiber 6.46 ± 0.15ab 6.11 ± 0.16bc 

10% Fiber 6.02 ± 0.15cd 5.71 ± 0.16de 
15% Fiber 5.47 ± 0.15e 5.66 ± 0.16de 

(Group 1: no information about functional ingredients and potential health benefits of ice creams. Group 

2: having information about the functional ingredients and potential health benefits of ice creams.) 
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Figure 4.1: Consumers’ acceptance toward different concentration levels of aҫai-

flavored ice creams. 
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Figure 4.2: Principal component analysis (PCA) of four fiber-enriched multifunctional ice 

creams with sensory attributes on PC1 and PC2. 

GOO Gooeyness SWT Sweetness  SWA Sweetness aftertaste 

HRD Hardness MLK Milky flavor  MLA Milky flavor aftertaste 

MEL Melting rate COK Cooked flavor  COA  Cooked flavor aftertaste 

ICY Iciness  SOR Sourness  SOA  Sourness aftertaste 

SAD Sandiness BRD Bread-like flavor BRA Bread-like flavor aftertaste 

GUM Gumminess WOD Wood flavor  WOA Wood flavor aftertaste 

CRM Creaminess BER Berry flavor  BEA Berry flavor aftertaste 

MOC Mouth coating 0 0% ice cream  5 5% ice cream 

   10 10% ice cream  15 15% ice cream 
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Figure 4.3: Consumers’ rating percentage of aҫai-flavored ice cream when comparing 

against their favorite ice cream flavor (which has score 8 out of 9). (Group 1: no 

information about functional ingredients and potential health benefits of ice creams. 

Group 2: having information about the functional ingredients and potential health 

benefits of ice creams). 
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Abstract 

Aҫai (Euterpe oleracea Mart.) is a palm fruit widely grown in the Northern part of South 

America. Aҫai has drawn a lot of attention because of its antioxidant capacity and 

phytochemical composition. However, the flavor profile of aҫai has not been 

investigated yet. The objective of this study was to determine the flavor profiles and 

antioxidant capacity of aҫai puree and aҫai-flavored multifunctional ice creams, 

containing varying dietary fiber (0, 5, 10, and 15%), probiotics (108 cfu/ mL), and 

prebiotics (4%), in addition to aҫai (12%), using headspace-solid-phase microextraction 

(SPME) coupled with GC/MS. The results showed that (Z)-2-pentenol, hexanal, hexenal 

isomers, (Z)-3-hexenol, 2-hexenol, styrene, heptanal, benzaldehyde, benzyl alcohol, 

octenol, octanal, 2-octenal, octanol, nonanal and isocaryophyllene were present in both 

aҫai puree and aҫai-flavored multifunctional ice creams. Heptanone, 4-decyne and 

undecanone were only found in ice cream samples but not in the puree, while α-

copaene, 2,4-hexadienal and (Z)-linalool oxide were only present in the puree. This 

study shows the flavor profile of aҫai, which will become useful for formulating aҫai 

flavorings and aҫai-flavored products. Also, the antioxidant capacities of aҫai puree and 

aҫai-flavored multifunctional ice creams were determined by DPPH and TEAC methods. 

The results indicated that the antioxidant capacities of aҫai were 4.28 (DPPH) and 15.75 

(TEAC) mM TEAC/ g sample, respectively. Moreover, the addition of dietary fiber did not 

influence the antioxidant capacity of aҫai-flavored ice creams.  

Key words: Aҫai, Flavor profile, GC-MS, DPPH, TEAC  
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Introduction 

Açai,also named assai, Euterpe oleracea Mart., and manaca (Alexandre and others 2004; 

Sangronis and others 2006), is a native Amazon berry which grows on the açaizeiro tree. 

The mature açai fruit is purple in color and round-shaped with 1 to 1.5 centimeters in 

diameter. Açai has a thin fibrous skin, and under the skin is a thin layer of edible fruit 

pulp, while the seed contributes most of the fruit’s size (Pozo-Insfran and others 2004). 

It is not eaten in fresh form, but usually macerated with water and the seed is separated 

from the fruit pulp. The thick, purple color aҫai pulp can be consumed directly or further 

frozen or freeze-dried for other uses (Pacheco-Palencia and others 2007). The aҫai pulp 

has a creamy texture, greasy mouthfeel, and a hint of nutty flavor.  

Many research studies have identified the phytochemical compounds in açai. The major 

phytochemical components in aҫai are polyphenols, especially anthocyanins and 

flavonoids. The predominant anthocyanins in aҫai are cyanidin-3-rutinoside and 

cyanidin-3-glucoside, and the amount is 193 – 241.8 mg gallic acid equivalents (GAE)/ 

100g and 11.1 – 117 mg GAE/ 100g, respectively (Gallori and others 2004; Pacheco-

Palencia and others 2009; Ribeiro and others 2010). Also, Pozo-Insfran and others (2004) 

identified that the major polyphenolics found in açai are ferrulic acid followed by 

epicatechin, p-hydroxybenzoic acid, gallic acid, (+)-catechin, and vanillic acid in the 

range from 17 to 212 mg/L.  

The antioxidant capacity of aҫai was determined by using oxygen radical absorbance 

capacity (ORAC) assay, total oxidant scavenging capacity (TOSC), radical-scavenging 
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capacity (ABTS), ferric reducing antioxidant power (FRAP), the 2, 2-dipheynyl-1-

picrylhydrazil assay (DPPH), and beta-carotene bleaching. The results all indicated that 

aҫai has excellent antioxidant capacity against oxidants/free radicals, which is 

comparable to that of other high antioxidant fruits such as blueberry, grape, and 

cranberry (Campanella and others 2006; Rodrigues and others 2006; Schauss and others 

2006; Hassimotto and others 2005; Lichtenthaler and others 2005).  

Interest in applying aҫai to dietary supplements or food products has dramatically 

increased since 2004. Its high antioxidant capacity appeals to health-oriented 

consumers. Therefore, many food companies try to incorporate this health promoting 

functional ingredient into food products. Currently, aҫai is sold in a variety of forms, 

such as tablets, powders, juices, smoothies, sorbets, and frozen purees in the United 

States. It also has high potential as a functional ingredient in dairy products or desserts. 

Some research studies have been working on using aҫai in dairy products, such as 

yoghurt (Coisson and others 2005; Espirito Santo and others 2010).  

North Americans’ acceptance toward aҫai-based products was determined by Menezes 

and others (2011). The results indicated that 83.9% of the consumers had heard about 

aҫai and 55.5% of them had tasted aҫai products before. Also, 87.1% of consumers 

realized that aҫai is high in antioxidants. Also, participants indicated that taste is more 

important to them than functionality when they evaluate a novel functional food 

product. Therefore, choosing an attractive food carrier is an important issue when 

incorporating new functional ingredients into existing food products.  
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There are some factors that indicate that ice cream has great potential as a vehicle for 

functional ingredients. Ice cream in itself is considered a very nutritious food. It contains 

numerous nutrients, such as milk fat, proteins, vitamins, and minerals. Also, ice cream 

can be easily colored and flavored. Moreover, ice cream is a very popular dessert which 

is widely consumed by the general population. According to the International Dairy 

Foods Association (IDFA), 90% of U.S. families purchase ice cream, and the average ice 

cream consumption was about 19.1 quarts per person in 2009 (IDFA 2012). The U.S. ice 

cream industry produced 1.52 billion gallons of ice cream in 2009, and 60.5% of it was 

regular ice cream (IDFA 2012), indicating that consumers still prefer regular ice cream 

over low-fat or nonfat ice creams. Therefore, regular ice cream was chosen for this 

study.  

The flavor profile of aҫai has not been investigated yet, and the effect of applying açai in 

a food on its flavor profile, as well as on its antioxidant capacity, is equally unknown.  

Therefore, the objective of this study was to determine the flavor profile and 

antioxidant capacity of aҫai puree and aҫai-flavored multifunctional ice creams.  

 

Materials & Methods 

Manufacturing of Multifunctional Ice Creams 

Four different kinds of Aҫai-flavored multifunctional ice creams were prepared in the 

dairy pilot plant of the food science department at the University of Missouri. All aҫai-
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flavored multifunctional ice creams contained fixed levels of probiotics (around 108 

cfu/mL of Lactobacillus rhamnosus HN001 in the final product), prebiotics (4% inulin), 

aҫai (12% Aҫai), and different levels of dietary fiber (0, 5, 10, and 15% of fiber). Table 5.1 

shows the formulations of each ice cream mix, and a batch consisted of a ten gallon mix.  

Each formulation was manufactured in triplicate. All dry ingredients (nonfat dry milk, 

sugar, and stabilizer) were mixed with wet ingredients (skim milk and cream) in the 

mixing vat and the mix was pasteurized at 82.2°C for 25 seconds (Processing Machinery 

and Supply Co., Philadelphia, Pa., U.S.A.). Then, the mix went through a two-stage 

homogenizer (APV-Gaulin GmbH, Philadelphia, Pa., U.S.A.) at 2000 psi and 500 psi, 

respectively. The pasteurized ice cream mixes were cooled down to room temperature, 

and then stored at 4°C overnight for aging.  

Each of the aged ice cream mixes was poured into a one-gallon bucket and further 

mixed with probiotic, prebiotic, Aҫai, and dietary fiber. Table 5.2 shows the formulations 

of the four different ice creams. Lactobacillus rhamnosus HN001 (Danisco, New Century, 

Kans., U.S.A.) was used as the source of probiotic, and oligo-fiber instant inulin and 

oligo-fiber XL inulin (Cargill, Wayzata, Minn., U.S.A.) were used as the sources of 

prebiotics. Aҫai puree (iTi Tropicals, Lawrenceville, N.J., U.S.A.) and Fibersol®-2 (Archer 

Daniels Midland Company, Decatur, Ill., U.S.A.) were used as the sources of antioxidant 

and fiber. A small freezer (Taylor, Rockton, Ill., U.S.A.) was used to freeze the mixes to 

soft serve ice creams. Ice creams were packed in 118 mL Styrofoam containers with lids 

and stored at -40°C for hardening. Ice creams were transferred into a -20°C freezer one 

day before analysis.  



144 
 

Sample Preparation for Flavor Analysis 

Five grams of aҫai puree and aҫai-flavored multifunctional ice cream samples were 

individually weighed into 10-mL headspace sample vials (Supelco, Bellefonte, Pa., U.S.A.), 

and 1 mL of 4 N potassium chloride (Fisher Scientific, St. Louis, Mo., U.S.A.) was added 

into each sample vial. Then, sample vials were immediately sealed with aluminum seals 

and septa (Supelco, Bellefonte, Pa., U.S.A.). The sample vials were equilibrated at 45°C 

for 5 hours under stirring. After equilibration, a DVB/ Carboxen/ PDMS Stableflex fiber 

(Supelco, Bellefonte, Pa., U.S.A.) was introduced into the sealed sample vial, and the 

fiber absorbed the volatile compounds for 1 hour at 45°C. Then, the SPME fiber was 

exposed to 260°C for 5 minutes to desorb the volatile compounds in the GC injector port. 

Each kind of ice cream was extracted in triplicate.  

Flavor Profile Analysis 

The extraction of volatile compounds from aҫai puree and aҫai-flavored multifunctional 

ice creams was performed by a SPME fiber (DVB/Carboxen/PDMS Stableflex fiber). 

Before extraction, the SPME fiber was preconditioned in the 260°C injection port for 2 

hours. Analysis of flavor profile was carried out using Varian STAR 3400 CX gas 

chromatograph connected to a Varian Saturn 2000 GC/MS mass spectrometric detector 

(Varian, Walnut Creek, Calif., U.S.A.) in the electron impact ionization mode at 70 eV, 

the mass range was m/z 41-350. Volatile compounds were separated by a ZB-5 capillary 

column (5%-Phenyl- 95%- Dimethylpolysiloxane; 30 m length, 0.25 mm i.d., 0.25 μm film 

thickness; Phenomenex, Torrance, Calif., U.S.A.). The initial oven temperature of 40°C  
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was increased to 85°C after 5 min at the rate of 3°C/min, then increased to 221°C at the 

rate of 8°C/min, and then raised to 250°C at the rate of 10°C/min, and finally  held at 

250°C for 4 minutes. One run took 44 minutes at a pressure of 10 psi with a helium 

(Praxair, Danbury, Conn., U.S.A.) flow rate of 1 mL/min.  Three replicates of each ice 

cream sample and the aҫai puree used to manufacture the ice creams were analyzed 

twice by GC-MS. The volatile compounds were identified by their Kovats retention 

indices and mass spectra (NIST 1992, Wiley 5, and literature data). Kovats retention 

indices were determined by a series of normal n-alkanes, C7-C20 (Sigma-Aldrich, St. Louis, 

Mo., U.S.A.). Positive identification was based on good matches of Kovats retention 

indices and mass spectra.  Since absolute quantitation was not needed, comparison of 

relative amounts between treatments were estimated by peak area count, and the % of 

total area count was used for comparison only, based on relevant and identified peaks. 

In fact, using relative quantitation based on peak area contribution to the total is 

advantageous for treatment comparison purposes, because such comparisons can be 

made without having to consider the dilution effect when aҫai puree is added to the ice 

cream. 

Sample Preparation for Antioxidant Capacity Analyses 

The aҫai puree and multifunctional ice cream samples were prepared as described by 

Belscak and others (2009) with some modifications. Two grams of aҫai puree (Sambazon, 

Lawrenceville, N.J., U.S.A.) and multifunctional ice creams were weighed out and mixed 

with 5 mL of 70% methanol (Fisher Scientific, Fair Lawn, NJ) for extraction. The samples 
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were extracted two times for 30 min in an ultrasonic bath (Fisher Scientific FS20, 

Pittsburgh, Pa., U.S.A.). After each extraction, the mixture was centrifuged at 1157 x g 

for 10 min and the supernatant was filtered through a Whatman #1 filter paper. The 

extracts were combined in a 10-mL volumetric flask and filled up to 10 mL by adding 

70% methanol. The extracts were further centrifuged at 10414 x g for 10 min and the 

supernatants were collected in a test tube individually and stored in a freezer at -18°C 

before analyzing. 

DPPH Radical Scavenging Assay 

Antioxidant capacity of aҫai puree and multifunctional ice creams was measured by 

DPPH (2,2-diphenyl-1-picrylhydrazyl; Sigma-Aldrich, St. Louis, Mo., U.S.A.) radical 

scavenging assay as described by Brand-Williams and others (1995) with some 

modifications. One hundred μL of aҫai puree extract was mixed with 3.9 mL of 60 μM 

DPPH methanol solution, and 100 μL of multifunctional ice cream extract was mixed 

with 3.9 mL of 20 μM DPPH methanol solution. The mixtures were reacted for 25 

minutes at room temperature in the dark. Then, the antioxidant capacity of samples 

were determined by measuring the decreased of absorbance at 515 nm by using a 

spectrophotometer (Varian Cary 50Bio UV-Visible Spectrophotometer, Agilent 

Technologies, Santa Clara, Calif., U.S.A.). The antioxidant capacity of samples were 

expressed as “mM TEAC/ g sample” by using Trolox (6-hydroxy-2,5,7,8-

tetramethychroman-2-carboxylic acid; Sigma-Aldrich, St. Louis, Mo., U.S.A.) as the 
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standard. The standard curve of Trolox was made by dissolving Trolox in 95% ethanol 

(Fisher Scientific, Fair Lawn, N.J., U.S.A.) at the concentration levels of 40-1100 μM.  

Trolox Equivalent Antioxidant Capacity (TEAC) 

Trolox equivalent antioxidant capacity determines the antioxidant capacity of 

antioxidants by its scavenging ability toward ABTS•+ as described by Awika and others 

(2003) with some modifications. ABTS•+ was generated from ABTS salt, 8 mM of ABTS 

(2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid); Sigma-Aldrich, St. Louis, Mo., 

U.S.A.) was reacted with 3 mM of potassium persulfate (Sigma-Aldrich, St. Louis, Mo., 

U.S.A.) in D.I. water. The mixture was reacted for 12-16 h at room temperature in the 

dark. The ABTS•+ solution was prepared fresh one day before measurement. One 

hundred μL of extract was added to 1.9 mL of ABTS•+ solution. The decrease in 

absorbance was measured after 6 min at 734 nm by using a spectrophotometer. The 

antioxidant capacity of samples was expressed as “mM TEAC/ g sample” by using Trolox 

as the standard. The standard curve of Trolox was made by dissolving Trolox in 95% 

ethanol at the concentration levels of 50-400 μM. 

Statistical Analysis 

Data were analyzed using SAS 9.3. Analysis of variance (ANOVA) was used to analyze 

both flavor profile (relative % of total area counts) and antioxidant capacity data. Proc 

GLM was used for flavor profile data and Proc MIXED was used for antioxidant capacity 

data. The mean separation was conducted using Fisher’s least significant difference (LSD) 
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test at a significance level of 5%. The flavor profile and antioxidant capacity of aҫai-

flavored multifunctional ice creams were designed as a randomized complete block 

design (RCBD), and rep*treatment was used as an error term for both data.  

 

Results & Discussion 

Flavor Profile of Aҫai Puree and Aҫai-flavored Multifunctional Ice creams 

The flavor profile of aҫai puree and aҫai-flavored multifunctional ice creams, which 

contained varying levels of dietary fiber (0, 5, 10, and 15%), were determined by GC-MS. 

Twenty-one volatile compounds were identified either in the puree or in the ice cream 

samples (Table 5.3). (Z)-linalool oxide, 2, 4-hexadienal, and α-copaene were only found 

in puree but not in ice creams. (Z)-linalool oxide and 2, 4-hexadienal have been found in 

various fruits and nuts such as apricot, tomato, and roasted peanuts. These flavor 

chemicals also have been used in baked goods and frozen desserts to enhance the flavor 

profile of the products (Burdock 1995).  (Z)-linalool oxide gives a sweet woody and floral 

notes, 2, 4-hexadienal gives fresh green, floral, and citrus notes, and α-copaene gives 

woody and spice notes (Burdock 1995; Acree and Arn 2004). The contribution or relative 

peak percentage (%) of these three volatile compounds was relatively low in aҫai puree. 

Therefore, when mixing aҫai into an ice cream matrix, these compounds might be held 

by other components (i.e. milk fat) in the ice cream matrix which may have prevented 

them from being released into the headspace.    
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On the other hand, 2-heptanone, 4-decyne, and undecanone were only found in ice 

cream samples. The 2-heptanone has been found in clove essential oil, cinnamon, and 

rancid coconut oil, and it has been used in variety of food products such as baked goods, 

oils, and frozen dairy (Burdock 1995). Undecanone can be isolated from natural oils, and 

it has been used in many food categories such as baked goods, frozen dairy, and 

beverages (Burdock 1995). The 2-heptanone gives banana, spice, and soap-like aroma, 

and undecanone gives orange, fresh, green aroma (Burdock 1995; Acree and Arn 2004). 

However, there is no information available about 4-decyne as a flavor chemical. 

Considering that they were not present in the açai, these volatile compounds might 

have been contributed from any of the other ingredients (i.e. probiotic, prebiotic, 

dietary fiber, non-fat dry milk, etc.) to the multifunctional ice creams. It has been 

reported that 2-heptanone and undecanone are derivatives from milk after processing 

(Burdock 1995), and they are widely found in processed dairy products (i.e. butter, 

cheese).  

The relative percentage of each volatile compound is presented in Table 5.4. The main 

compounds found in aҫai puree were hexanal, hexenal isomers, (Z)-3-hexenol, and 

benzaldehyde. These compounds represented around 83% of aҫai puree’s volatile 

fraction based on the headspace SPME extraction. Also, hexanal, hexenal isomers, (Z)-3-

hexenol, 2-heptanone, heptanal, benzaldehyde, and 4-decyne represented around 82% 

of ice cream samples’ volatile fraction. (Z)-2-penten-1-ol, hexanal, hexenal isomers, (Z)-

3-hexenol, 2-hexenol, styrene, heptanal, benzaldehyde, octenol, octanal, benzyl alcohol, 

2-octenal, octanol, nonanal, and isocaryophyllene were found in both aҫai puree and 
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aҫai-flavored multifunctional ice creams. Most of these compounds belong to the 

chemical classes of aldehydes, alcohols, and alkenes. These compounds are naturally 

presented in many different kinds of fruits (e.g. orange, raspberry, bilberry), nuts (e.g. 

almond and roasted peanuts), teas (e.g. jasmine tea), or herbs (e.g. clove) (Burdock 

1995). Also, most of these compounds give green, flora, citrus, spice, or woody notes 

and had been widely applied in baked goods, frozen dairy products, juices, candies, 

beverages, puddings, meat products, and chewing gums (Burdock 1995).  

The relative percentages of peak areas of (Z)-2-penten-1-ol, 2-octenal, octanol, and 

nonanal were very similar in aҫai puree and aҫai-flavored ice creams. The relative 

percentages of these compounds were low (around 0.3 – 4.2%) but stable. It seemed 

that milk fat and dietary fiber, which has fat mimetic characteristics, did not influence 

the release of these four compounds into headspace. On the other hand, the relative 

percentages of peak areas of hexenal isomers, (Z)-3-hexenol, 2-hexenol, styrene, 

benzaldehyde, benzyl alcohol, and isocaryophyllene were higher in aҫai puree than aҫai-

flavored ice creams. These compounds are either insoluble in water or only slightly 

soluble in water. Aҫai puree contained around 5% of fat, which was lower than the ice 

cream samples (10% milk fat + varying levels of dietary fiber). Thus, these compounds 

might be partially trapped in the milk fat or fat-like structure contributed by the dietary 

fiber, resulting in a decrease in the relative percentages of peak areas in ice cream 

samples. In contrast, the relative percentages of peak areas of hexanal, heptanal, 

octenol, and octanal were higher in aҫai-flavored multifunctional ice creams than aҫai 

puree. These compounds are common oxidized flavor compounds of milk (Burdock 
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1995). Therefore, it is reasonable that we found higher percentages of these compounds 

in ice cream samples than in the puree. Also, the sugar content (15%) in ice cream 

samples might have a salting-out effect and cause an increase in volatility for these 

flavor compounds (Naknean and Meenune 2010).   

The chromatographic profiles of the majority ice cream samples were very similar. The 

amount of each volatile found in the four different ice cream samples was not 

significantly different except hexenal isomers. In other words, different percentages of 

dietary fiber did not influence the release of most of the volatile compounds into 

headspace.  

Hexenal isomers are naturally occurring in tea oil, citronella, and olive oil, and they are 

well-known volatiles from oxidation processes in oils (Burdock 1995; Aprea and others 

2006; Davis and McEwan 2007). The relative percentage of the area count of hexenal 

isomers was almost three times higher in aҫai puree than in ice cream samples, which 

indicates that the composition of ice creams (i.e. milk fat, milk protein, sugar, dietary 

fiber) played an important role in preventing the release of hexenal isomers into the 

headspace. Many research studies indicated that the present of fat, protein, and 

carbohydrates (especially polysaccharides) decreased the volatility of volatile 

compounds (Kuhn and others 2006; Naknean and Meenune 2010). The decreased  

volatility is mainly due to the interactions between food matrices and flavor compounds, 

such as covalent bonding, hydrogen bonding, hydrophobic bonding, and physical 

binding (Kuhn and others 2006; Naknean and Meenune 2010). On the other hand, the 
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percentage of hexenal isomers released from ice cream samples was slightly (p=0.0564) 

influenced by the dietary fiber content. The 15% ice cream had the highest value (9.18%) 

followed by 5% (8.36%), 10% (8.05%), and 0% (6.36%) ice creams. This indicated that the 

fat-like structure which was formed by dietary fiber did not retard the diffusion rate of 

hexenal isomers. In contrast, the increased solid contents (from dietary fiber) might 

have a salting-out effect for the hexenal isomers. Hence, 15% ice cream had higher 

values than the others.  

Overall, headspace SPME combined with GC-MS was used to identify 21 volatile 

compounds, which contributed to the flavor profile of aҫai puree and aҫai-flavored 

multifunctional ice creams. Most of the compounds were aldehydes, alcohols, and 

alkenes. Fruits normally contain dozens to hundreds of flavor compounds. For example, 

it has been reported that there are more than 360 flavor compounds that have been 

identified in strawberry (Latrasse 1991). Acids (i.e. acetic acid, propionic acid), esters (i.e. 

isobutyl acetate, butyl acetate, ethyl acetate), alcohols (i.e. butanol), aldehydes (i.e. 

butanal), and ketones (i.e. α-ionone) are common flavor compounds in many fruits 

(Burdock 1995). These flavor compounds give fruity flavors (i.e. sour, sweet, fruit, apple, 

pear, pineapple, banana notes) to fruits (Acree and Arn 2004). However, these 

compounds are absent from aҫai. This explains why aҫai is usually not described as 

having a fruity flavor but a more nutty or chocolate-like flavor. Only 21 compounds were 

identified in this initial aroma profile analysis because either the aҫai flavor profile might 

not be very complex, or headspace SPME is too limiting because it can only extract the 

volatile compounds released into the headspace, and açai’s flavor profile may include 
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numerous chemicals that have limited volatility. Also, the competition between 

different compounds for absorption to the fiber coating might limit the number of 

compounds extracted from the samples (Roberts and others 2000), i.e. a few major 

volatile compounds might occupy the majority of binding sites on the SPME fiber and 

outcompeting other volatile compounds. Therefore, using other extraction methods, 

such as distillation or solvent extraction might help to obtain more flavor compounds 

from aҫai puree and aҫai-flavored multifunctional ice creams.  

Antioxidant Capacity of Aҫai Puree and Aҫai-flavored Multifunctional Ice 

Creams 

The antioxidant capacity of aҫai puree and aҫai-flavored multifunctional ice creams was 

determined by DPPH Radical Scavenging Assay (DPPH) and Trolox Equivalent Antioxidant 

Capacity (TEAC). The antioxidant capacity of samples was expressed as “mM TEAC/ g 

sample” for both methods. Based on the results of the DPPH and TEAC methods, the 

antioxidant capacities of aҫai puree were 4.28 and 15.75 mM TEAC/ g sample, 

respectively. Similar results were found by Seeram and others (2008) who showed that 

the antioxidant capacity of commercially available aҫai juices were around 11.4 – 16.2 

mM TEAC/ g sample. The DPPH method gave lower values than the TEAC method, most 

likely because DPPH is more suitable for measuring lipophilic antioxidants, whereas the 

TEAC method is capable of measuring both lipophilic and hydrophilic antioxidants.  The 

DPPH compound can only be dissolved in organic solvents (Karadag and others 2009), 

and if the extracts contain any water, the results might be affected. Therefore, the DPPH 
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method is not ideal for measuring hydrophilic antioxidants or any aqueous extracts. 

Even though there are some drawbacks to using the DPPH method, it is still a widely 

used method to measure antioxidant capacity because its method is simple, rapid, and 

only requires a UV spectrophotometer. In the TEAC method, the ABTS•+ can be dissolved 

in both aqueous and organic solvents, and antioxidant capacities of both lipophilic and 

hydrophilic compounds can be easily measured without any interference (Karadag and 

others 2009). In this study, aҫai puree and aҫai-flavored multifunctional ice creams were 

extracted using 70% methanol. Since the majority of antioxidants in aҫai are considered 

more hydrophilic than lipophilic, the TEAC method gave higher values than the DPPH 

method. 

The antioxidant capacities of aҫai puree were around 10-13 times higher than that of 

aҫai-flavored ice cream samples for both DPPH and TEAC assays. The reason for this 

difference is mainly because the aҫai-flavored multifunctional ice creams only contained 

12% of aҫai. The antioxidant capacities of aҫai-flavored multifunctional ice creams were 

around 0.33 and 1.17 mM TEAC/ g sample based on DPPH and TEAC, respectively (Table 

5.5). Also, there were no significant differences in antioxidant capacities among the 

different ice cream samples for either assay, indicating that the percentage of dietary 

fiber content did not influence antioxidant capacity. Dietary fiber has fat mimetic 

characteristics, and it has been used in low-fat food products to improve the texture 

profile (Niness 1999). However, most of the antioxidant compounds (i.e. polyphenols) in 

aҫai are more hydrophilic compounds, so neither the fat (from ice cream) nor the 

dietary fiber (fat mimetic characteristic) trap antioxidant compounds during extraction.  



155 
 

It is important to choose an attractive food carrier when incorporating new functional 

ingredients into food products. If consumers like the food product itself, there is a 

higher possibility that consumers will consume the food product that is fortified with 

other functional ingredients. In North America, consumers significantly preferred aҫai 

sorbet over aҫai-based beverages (Menezes and others 2011). Aҫai has its unique taste 

and flavor. According to some studies (Sabbe and others 2009a, 2009b), consumers 

disliked juices with a high aҫai content (15-40%). Consumers mentioned that juices with 

high aҫai content had a very dark color, higher viscosity, more granular particles, and an 

oily appearance, which negatively influenced their degree of liking. These drawbacks can 

be easily masked by applying aҫai into other food products, such as ice cream. Ice cream 

has nice dairy flavors, which can mask the unique flavors from aҫai. Also, ice cream has a 

natural mouthfeel and creaminess, which can decrease the negative textural 

perceptions from aҫai. Hence, even though the antioxidant capacity of aҫai-flavored ice 

creams were lower than that in commercially available aҫai juice, aҫai-flavored ice 

creams can still be considered  a good vehicle to deliver açai’s health functionalities to 

consumers.  

 

Conclusion 

Only twenty-one volatile compounds were identified in aҫai puree and aҫai-flavored 

multifunctional ice creams, many of which belonged to the chemical classes of 

aldehydes, alcohols and alkenes. These results suggest that the high fat content of the 
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puree, the milk fat in the ice cream and potential interactions in the ice cream matrix 

may have played important roles in releasing volatile compounds into headspace. On 

the other hand, different levels of dietary fiber in the ice cream samples did not 

significantly influence the release of volatile compounds into the headspace. These 

results might be useful for formulating any aҫai-based food product. In future studies, 

applying different extraction methods such as distillation or solvent extraction might 

help to develop a more comprehensive flavor profile of aҫai.  

The antioxidant capacity of aҫai puree was similar to that of aҫai-flavored beverages and 

antioxidant activity was present in the multifunctional ice creams that were flavored 

with the açai puree. Dietary fiber did not significantly influence the antioxidant capacity 

of the aҫai-flavored ice creams. TEAC is a better method to measure the antioxidant 

capacity in aҫai puree and aҫai-flavored multifunctional ice creams.  

Using ice cream as a food product for fortification with functional ingredients, such as 

açai, is advantageous because it is not only a product that is very much liked but it also 

ameliorates some of the problems of açai, such as flavor and mouthfeel issues observed 

in beverages. Hence, aҫai-flavored ice creams can be considered a good vehicle to 

deliver healthy functionalities to consumers. 
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Table 5.1: Formulations of ice cream mixes which were used to make multifunctional ice 
creams (per 100 grams basis).  

                            Product 

          Ingredient 
0% Fiber 5% Fiber 10% Fiber 15% Fiber 

Nonfat dry milk a 

(0.8% fat; 95.4% nonfat milk solid) 
6.94 7.97 9.12 10.45 

Sugar b 17.86 18.99 20.27 21.74 

Stabilizer c 0.71 0.76 0.81 0.87 

Skim milk d 

(0% fat; 8.1% nonfat milk solid) 
41.55 37.28 32.43 26.88 

Cream e 

(36% fat; 5.6% nonfat milk solid) 
32.93 35.00 37.36 40.05 

Total fat content (%) 11.91 12.66 13.52 14.50 

Total nonfat milk solids (%) 11.83 12.58 13.42 14.39 

Total solids (%) 42.31 44.99 48.02 51.50 

a Nonfat dry milk (Dairy America, Fresno, Calif., U.S.A.): Spray process grade A nonfat dry 
milk  

b Sugar (C & H Sugar Company, Crockett, Calif., U.S.A.): Granulated Cane Sugar 

c Stabilizer (Danisco, New Century, Kans., U.S.A.S): Grindsted® IcePro 2511 SH 

d Skim milk (Prairie Farms Dairy, Carlinville, Ill., U.S.A.) 

e Cream (Prairie Farms Dairy, Carlinville, Ill., U.S.A.): Heavy whipping cream 
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Table 5.2: Formulations of four multifunctional ice cream samples (per 100 grams basis). 

                       Product 
Ingredient 

0% Fiber 5% Fiber 10% Fiber 15% Fiber 

Ice cream mix a 84 79 74 69 

Prebiotic b 4 4 4 4 

Probiotic c 1.90x1010 ± 1.36x109 1.73x1010 ± 7.07x108 1.97x1010 ± 3.68x109 2.13x1010 ± 2.86x109 

Aҫai d 12 12 12 12 

Fiber e 0 5 10 15 

Total fat content (%) 10.00 10.00 10.00 10.00 

Total nonfat milk solid (%) 9.94 9.94 9.93 9.93 

Total solid (%) 40.98 45.98 50.97 55.98 
a Ice cream mix: The formulations and contents of ice cream mixes see Table 5.1.  

b Prebiotic (Cargill, Wayzata, Minn., U.S.A.): mixture of oliggo-fiber instant inulin and 
oligo-fiber XL inulin (50/50; wt/wt). 

c Probiotic (Danisco USA, New Century, Kans., U.S.A.): HOWARU® rhamnosus = 
Lactobacillus rhamnosus HN001 

d Aҫai (Sambazon, Lawrenceville, N.J., U.S.A.): 12% solids organic frozen Aҫai puree  

e Fiber (Archer Daniels Midland Company, Decatur, Ill., U.S.A.): Fibersol®-2 
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Table 5.3: Volatile compounds identified in aҫai puree and aҫai-flavored multifunctional ice 

creams with varying levels of dietary fiber contents (0, 5, 10, and 15%). 

Compound RI RI range CAS# Note 

(Z)-2-penten-1-ol* 767 754-756 1576-95-0 Green, plastic, rubber 

Hexanal* 801 795-798 66-25-1 Grass, tallow, fat 

Hexenal isomers* 856 845-847  Fat, rancid, green, apple 

(Z)-3-hexenol* 858 850-851 928-96-1 Grass 

2-hexenol* 880 863-865 928-94-9 Leaf, green, wine, fruit 

Styrene* 893 883-884 100-42-5 Sweet, balsamic, gasoline 

2-heptanone* 895 887-888 110-43-0 Soap, banana, spice 

Heptanal* 903 899-900 111-71-7 Fat, citrus, rancid 

2,4-hexadienal* 910 906-907 4488-48-6 Green 

Benzaldehyde* 960 951-953 100-52-7 Almond, burnt sugar 

Octenol* 982 978-979 3391-86-4 Mushroom, earth 

Octanal* 1006 1000-1001 124-13-0 Fat, soap, lemon, green 

4-Decyne**  1022-1023 2384-86-3  

Benzyl alcohol* 1039 1029-1030 100-5-6 Sweet, flower 

2-octenal* 1060 1054-1056 2548-87-0 Green, nut, fat 

(Z)-linalool oxide* 1070 1068 5989-33-3 Flower, wood, earth 

Octanol* 1072 1070-1071 111-87-5 Chemical, burnt, herb 

Nonanal* 1104 1100-1102 124-19-6 Fat, citrus, green 

Undecanone* 1296 1287-1292 112-12-9 Orange, fresh, green 

α-copaene* 1377 1375 3856-25-5 Wood, spice 

Isocaryophyllene* 1438 1415-1420 87-44-5 Wood, turpentine 

* Identified by agreement with the Kovats Retention Index and mass spectra;  

** Tentatively identified only by mass spectrum 
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Table 5.4: The relative percentage of peak area for each identified volatile compound which 

were extracted from aҫai puree and aҫai-flavored multifunctional ice creams with varying levels 

of dietary fiber contents (0, 5, 10, 15%). 

Compound Puree 0% 5% 10% 15% 

(Z)-2-penten-1-ol 0.66±0.01 1.06±0.40 0.65±0.21 0.77±0.20 0.56±0.15 

Hexanal 7.91±0.18 26.83±2.17 26.85±2.68 27.44±2.66 25.42±1.02 

Hexenal isomers 23.14±0.70 6.36±0.73 8.36±0.77 8.05±1.49 9.18±0.46 

(Z)-3-hexenol 25.12±1.14 10.64±1.86 12.52±0.85 13.51±2.07 13.95±1.35 

2-hexenol 1.76±0.03 0.40±0.12 0.55±0.13 0.58±0.12 0.54±0.14 

Styrene 1.24±0.11 0.15±0.16 0.03±0.08 0.13±0.13 0 

2-heptanone 0 13.49±0.83 14.54±0.87 15.57±0.83 15.72±0.47 

Heptanal 0.81±0.04 4.66±0.23 4.29±0.41 4.43±0.39 3.98±0.19 

2,4-hexadienal 0.89±0.14 0 0 0 0 

Benzaldehyde 26.74±1.07 13.11±0.61 13.52±1.76 11.49±1.50 13.01±1.20 

Octenol 0.55±0.08 2.54±0.40 2.19±0.29 1.49±0.46 1.69±0.33 

Octanal 0.40±0.10 2.98±0.65 2.44±0.36 2.37±0.29 2.17±0.14 

4-Decyne 0 6.46±0.84 6.09±0.63 6.96±2.35 6.52±1.28 

Benzyl alcohol 1.92±0.39 1.96±2.73 0.17±0.14 0.15±0.34 0.21±0.33 

2-octenal 0.95±0.12 1.13±0.37 0.91±0.34 0.85±0.19 0.73±0.21 

(Z)-linalool oxide 1.50±0.23 0 0 0 0 

Octanol 1.71±0.40 2.95±0.82 1.92±0.81 1.41±0.56 1.77±0.44 

Nonanal 2.78±0.26 3.99±0.19 3.51±0.19 3.17±0.72 3.23±0.25 

Undecanone 0 0.97±0.10 1.09±0.14 1.17±0.22 0.97±0.39 

α-copaene 0.44±0.01 0 0 0 0 

Isocaryophyllene 1.48±0.06 0.33±0.07 0.35±0.18 0.45±0.26 0.34±0.08 
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Table 5.5: Antioxidant capacity (mM TEAC/ g sample) of aҫai-flavored multifunctional ice creams 

(least squares means ± standard error) determined by Trolox Equivalent Antioxidant Capacity 

(TEAC) and DPPH Radical Scavenging Assay (DPPH).  

Sample TEAC DPPH 

0% Dietary Fiber 1.15 ± 0.02 0.39 ± 0.03 
5% Dietary Fiber 1.18 ± 0.02 0.32 ± 0.03 

10% Dietary Fiber 1.17 ± 0.02 0.33 ± 0.03 
15% Dietary Fiber 1.15 ± 0.02 0.32 ± 0.03 
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CHAPTER 6 

CONCLUSIONS 

The purpose of this study was to develop an ice cream product which can deliver 

multiple functional ingredients to consumers. Probiotics (Lactobacillus rhamnosus 

HN001), prebiotic (inulin), dietary fiber (digestive resistant maltodextrin), and 

antioxidants (aҫai) were chosen as the functional ingredients. The probiotic survival rate 

during manufacturing and storage was determined. Descriptive sensory analyses were 

carried out to evaluate the influence of functional ingredients on ice cream samples. 

Textural analyses and flavor profile analysis were performed to investigate the 

differences between control ice cream and experimental ice creams. Last but not the 

least, consumers’ degree of liking toward multifunctional ice creams was determined by 

conducting a hedonic sensory analysis.  

Based on the results of our study, L. rhamnosus HN001 can survive well (108 cfu/ mL) 

under the harsh ice cream making process and the low storage temperature up to 6 

months. Even though L. rhamnosus HN001 gave slight sourness and sourness aftertaste 

to ice cream samples, it was not considered to be a problem after adding flavors to ice 

creams. Inulin (at 4% level) was shown to improve the smoothness and creaminess of 

ice cream samples. These results showed that L. rhamnosus HN001 and inulin are ideal 

probiotic and prebiotic candidates for making non-fermented synbiotic ice cream. 

Therefore, these two ingredients were used to formulate multifunctional ice creams. 

Consumers’ acceptances toward different concentration levels of aҫai-flavored ice 
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creams were measured using a hedonic test. The results indicated that consumers’ 

preferred 12% aҫai-flavored ice cream more than 10% and 8%. Hence, a 12% of aҫai 

content was further used to formulate multifunctional ice creams.  

A descriptive sensory analysis was carried out to investigate the effect of adding varying 

levels of dietary fiber (0%, 5%, 10% and 15%) to a multifunctional ice cream that 

contained fixed levels of antioxidant (aҫai), prebiotic and probiotic on the sensory 

properties. The results showed that an increase in dietary fiber contents significantly 

increased the perceptions of gooeyness, gumminess, creaminess, mouth coating, 

sweetness, sweetness aftertaste, and wood flavor aftertaste, but decreased the 

perceptions of hardness and iciness among different ice cream samples. Principal 

component analysis (PCA) showed that 0% ice cream was similar to 5% ice cream, but 

very different from 10% and 15% ice creams in both flavor and texture aspects.  

Overrun, melting rate and viscosity of multifunctional ice creams were measured. The 

results indicated that dietary fiber increased the overrun and viscosity, but decreased 

the melting rate of ice creams. The viscosity of ice cream samples was highly correlated 

to textural sensory attributes. Also, the antioxidant capacities of aҫai puree and 

multifunctional ice creams were measured by DPPH and TEAC methods. The results 

indicated that TEAC is a better method to measure the antioxidant capacities for aҫai 

puree and multifunctional ice creams. Based on the results of the TEAC method, the 

antioxidant capacities of aҫai puree and multifunctional ice creams were 15.75 and 1.17 

mM TEAC/ g sample, respectively. Moreover, the flavor profile of aҫai puree and 
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multifunctional ice creams were determined by using headspace solid-phase 

microextraction coupled with GC-MS. Twenty-one volatile compounds were identified in 

aҫai puree and multifunctional ice creams. Most of the identified volatile compounds 

are aldehydes, alcohols and alkenes. The flavor profile is useful for formulating any aҫai-

based food product.  

Moreover, consumers’ degrees of liking among multifunctional ice creams were 

measured by a hedonic sensory study. Consumers received four different 

multifunctional ice creams which were labeled with one of two different kinds of ice 

cream labels. One ice cream label listed the functional ingredients which were added to 

the ice creams samples with an explanation of the potential health benefit (informed 

group), and the other ice cream label only indicated the flavor of the ice creams 

(uninformed group). The result indicated that consumers preferred 0% and 5% 

multifunctional ice creams over the 10% and 15% fiber ice creams. Also, the Ingredient 

labeling and potential health benefits negatively influenced consumers’ degree of liking 

among ice cream samples. In conclusion, even though 5% ice cream differed from 0% ice 

cream in some of the descriptive and instrumental analyses, there was no significant 

difference in consumers’ preference. Therefore, ice cream which contained 5% of 

dietary fiber, 4% of prebiotic, 108 cfu/ mL of probiotic and 12% of aҫai can be considered 

an ideal formulation to make multifunctional ice cream.   

Based on these research results, it is possible to design a likable multifunctional ice 

cream which targeted on intestinal health. The multifunctional ice cream would provide 
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consumers a healthier/smart snack option. This could also broadcast an idea that 

healthy snacking does not have to be unpalatable or boring as long as consumers pay 

more attention on the serving size and have moderate eating habit. Ice cream is a very 

nutrious food product which can keep up the energy levels, and the functional 

ingredients in ice cream further provide consumers extra health benefits.     

In future studies, applying different extraction methods such as distillation or solvent 

extraction might help to identify a more comprehensive flavor profile of aҫai puree and 

multifunctional ice creams. Also, using more than one GC column can help to confirm 

the volatile compounds. Moreover, consumers’ acceptance of novel functional food 

product is a very interesting area to study. Besides the taste of the food product, 

consumers’ degree of food neophobia, degree of familiarity toward the functional 

ingredients, degree of health-conscious, and consumers’ nutritional knowledge levels 

might significantly influence their choice.   
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Appendix 1. Consent form 

I, (Name______________________), (Date_________________) consent to participate in this research 
project and understand the following: 
 
PROJECT BACKGROUND:  This project involves gathering data on probiotic and/or prebiotic ice creams.  
The data will be collected for analysis and may be published.  You must be at least 18 years of age to 
participate. 
PURPOSE: The purpose of this study is to determine the effects of adding probiotic and prebiotic on the 
sensory properties. 
VOLUNTARY:   The survey is entirely voluntary. You may refuse to answer any question or choose to 
withdraw from participation at any time without any penalty or loss of benefits to which you are 
otherwise entitled.      
WHAT DO YOU DO?   All participants of the sensory panel will attend 5 training sessions to become 
familiar with the methodology. The training session will take approximately 1 hour. Then, all participants 
will attend 2 pre-tests and 3 actual-tests. 
BENEFITS:  Your participation in this research project will enrich the information base.  U.S. consumers 
enjoy the safest and most varied food supply in the world, in large part because of the great 
achievements of the food science research.  Ice cream is one of the most favorite desserts for many 
Americans and might therefore be a good vehicle to provide additional nutritional benefits to the 
American population. 
RISKS:  The expected risks are none other than those encountered in normal daily food consumption. All 
products have either been prepared under sanitary conditions or are commercially available products 
bought in a grocery store. If you know that you are allergic to dairy products (e.g. whey proteins or lactose 
intolerance), you may NOT participate in this study. 
CONFIDENTIALITY:  Your confidentiality will be maintained in that a participant’s name will not appear on 
the ballot or in the published study itself.  The data will only be reported in aggregate form. Score sheets 
will be stored for a period of three years in a locked file cabinet in the principal investigators office and 
then destroyed.  
INJURY:  It is not the policy of the University of Missouri to compensate human subjects in the event the 
research results in injury.  The University of Missouri does have medical, professional and general liability 
self-insurance coverage for any injury caused by the negligence of its faculty and staff.  Within the 
limitations of the laws of the State of Missouri, the University of Missouri will also provide facilities and 
medical attention to subjects who suffer injuries while participating in the research projects of the 
University of Missouri.  In the event you have suffered injury as the result of participating in this research 
project, you are to immediately contact the Campus Institutional Review Board Compliance Officer at 
(573) 882-9585 and the Risk Management Officer at (573) 882-3735 to review the matter and provide you 
further information.  This statement is not to be construed as an admission of liability. 
 Thank you for your assistance in developing new ice cream products. Although great strides have 
been made in the instrumental analysis of foods, the development of new foods still requires the human 
sensory response and feedback.  Your efforts are greatly appreciated.  If you have any questions regarding 
the study, please contact Dr. Ingolf Gruen at (572) 882-6746.  If you have questions regarding your rights 
as a participant in research, please feel free to contact the Campus Institutional Review Board at (573) 
882-9585. 
 
Please keep one copy of this consent form for your records! 
 
 
Date:                                                                       Signature of Participant:______________________________ 
 
 
                                                                                  Signature of Dr. Ingolf Gruen:_________________________ 
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Appendix 2. Ballot training scale 

DIRECTIONS 
1. Put a “vertical line” in the appropriate place that best reflects your feelings about this 

sample.  
2. Please masticate a piece of cracker and then rinse your mouth with water in between 

samples. 
 
 
 
RATE of MELT __________sec. 
 
TEXTURE 
 
Iciness 
Low                                                                                                                                                              High 

    

    
 
Smoothness 
Low                                                                                                                                                              High 

    

    
 
Firmness 
Low                                                                                                                                                              High 

    

    
 
Creaminess 
Low                                                                                                                                                              High 

    

    
 
Mouth coating 
Low                                                                                                                                                              High 

    

    
 
 
 
FLAVOR 
 
Sweetness 
Low                                                                                                                                                              High 
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Milky flavor 
Low                                                                                                                                                              High 

    

    
 
 
Cooked flavor 
Low                                                                                                                                                              High 

    

    
 
Sour flavor 
Low                                                                                                                                                              High 

    

    
 
 
 
AFTERTASTE 
 
Sweetness aftertaste 
Low                                                                                                                                                              High 

    

    
 
Milky flavor aftertaste 
Low                                                                                                                                                              High 

    

    
 
Cooked flavor aftertaste 
Low                                                                                                                                                              High 

    

    
 
Sour flavor aftertaste 
Low                                                                                                                                                              High 
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Appendix 3: Ice cream labeling for consumers’ acceptance toward fiber-enriched 

multifunctional ice creams.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tiger 
 

Multifunctional Ice Cream 

 Fiber, probiotic, prebiotic: help to improve 
digestive health 

 Açai: good source of antioxidant 
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Appendix 4: Hardness of four fiber-enriched multifunctional ice creams. 

Sample Rep Sub Value  Sample Rep Sub Value 

0 1 1 12.12  10 1 1 12.46 

0 1 2 17.07  10 1 2 20.14 

0 1 3 13.04  10 1 3 21.65 

0 2 1 42.35  10 2 1 17.36 

0 2 2 36.76  10 2 2 26.24 

0 2 3 55.90  10 2 3 21.93 

0 3 1 15.14  10 3 1 30.98 

0 3 2 35.84  10 3 2 22.68 

0 3 3 36.49  10 3 3 24.75 

5 1 1 16.83  15 1 1 13.76 

5 1 2 17.49  15 1 2 15.80 

5 1 3 16.05  15 1 3 9.72 

5 2 1 25.23  15 2 1 15.64 

5 2 2 23.12  15 2 2 19.73 

5 2 3 25.64  15 2 3 11.21 

5 3 1 31.65  15 3 1 33.64 

5 3 2 30.51  15 3 2 27.58 

5 3 3 30.92  15 3 3 28.73 
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Appendix 5: The relative percentage of peak area for each identified volatile compound which were extracted from aҫai puree and aҫai-flavored 

multifunctional ice creams with varying levels of dietary fiber contents (0, 5, 10, 15%). 

Sample Puree 0% 5% 

Replication 1 1 1 1 2 2 3 3 1 1 2 2 3 3 

Sub-sampling 1 2 1 2 1 2 1 2 1 2 1 2 1 2 

Compound Relative % of peak area 

(Z)-2-penten-1-ol 0.68 0.65 0.97 1.35 0.34 1.33 0.82 1.49 0.87 0.95 0.38 0.68 0.61 0.42 

Hexanal 8.09 7.73 25.83 27.12 29.34 27.91 27.17 22.60 22.49 30.68 25.92 29.58 26.60 25.85 

Hexenal isomers 23.84 22.44 5.79 7.18 5.25 6.92 6.11 6.67 8.66 7.76 8.82 7.54 7.69 9.69 

(Z)-3-hexenol 26.26 23.98 8.64 13.30 9.41 12.52 9.92 9.55 11.92 11.77 11.50 12.70 13.63 13.57 

2-hexenol 1.79 1.73 0.41 0.29 0.57 0.24 0.35 0.54 0.53 0.52 0.49 0.70 0.73 0.34 

Styrene 1.13 1.35 0.38 0.19 - - - 0.35 - 0.21 - - - - 

2-heptanone - -  12.66 12.93 14.36 14.71 13.43 12.39 13.70 16.21 14.21 14.79 13.64 14.71 

Heptanal 0.77 0.85 4.84 4.15 4.98 4.54 4.79 4.48 4.29 4.98 4.53 3.66 3.98 4.32 

2,4-hexadienal 0.75 1.03 0.00 - - - - - - - - - - - 

Benzaldehyde 25.67 27.81 14.22 12.15 12.85 12.90 13.60 12.48 17.10 11.96 14.04 11.88 13.06 13.05 

Octenol 0.62 0.47 2.79 1.89 2.91 1.99 2.88 2.68 2.60 1.83 2.48 1.96 2.32 1.96 

Octanal 0.30 0.50 3.40 2.25 3.87 2.06 3.46 2.74 2.73 1.96 2.91 2.54 2.54 1.98 

4-Decyne - - 6.96 5.55 5.01 7.01 6.52 7.51 7.06 5.08 5.92 6.63 5.81 6.04 

Benzyl alcohol 2.31 1.52 3.01 0.13 0.11 0.43 0.44 7.63 0.38 0.20 0.26 0.19 - - 

2-octenal 0.83 1.07 1.62 0.91 1.28 0.82 1.50 0.61 0.49 0.48 1.22 0.78 1.32 1.17 

(Z)-linalool oxide 1.27 1.72 - - - - - - - - - - - - 

Octanol 1.31 2.11 3.22 2.17 4.06 1.61 3.58 2.98 1.76 0.67 2.45 1.26 3.16 2.20 

Nonanal 2.52 3.04 3.91 3.57 4.17 3.82 4.11 4.21 3.77 3.22 3.60 3.36 3.66 3.47 

Undecanone - - 0.97 1.06 1.05 0.83 1.04 0.84 1.24 1.04 0.85 1.20 1.00 1.23 

α-copaene 0.43 0.45 - - - - - - - - - - - - 

Isocaryophyllene 1.42 1.55 0.38 0.25 0.45 0.34 0.30 0.25 0.39 0.49 0.42 0.55 0.26 - 

 

 

 

 

1
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Appendix 5: The relative percentage of peak area for each identified volatile compound which were extracted from aҫai puree and aҫai-flavored 

multifunctional ice creams with varying levels of dietary fiber contents (0, 5, 10, 15%) (Cont.).  

Sample 10% 15% 

Replication 1 1 2 2 3 3 1 1 2 2 3 3 

Sub-sampling 1 2 1 2 1 2 1 2 1 2 1 2 

Compound Relative % of peak area 

(Z)-2-penten-1-ol 0.67 0.55 0.97 1.10 0.60 0.75 0.49 0.56 0.88 0.58 0.44 0.44 

Hexanal 26.16 23.80 31.69 29.80 27.76 25.45 23.55 25.66 25.93 25.74 24.81 26.83 

Hexenal isomers 6.11 10.64 6.98 7.78 7.53 9.24 9.37 9.39 8.64 9.85 9.34 8.53 

(Z)-3-hexenol 10.92 14.11 12.22 13.98 12.39 17.44 12.75 15.83 12.97 15.86 12.94 13.33 

2-hexenol 0.54 0.51 0.46 0.66 0.52 0.80 0.62 0.44 0.47 0.34 0.60 0.78 

Styrene - - - 0.28 0.22 0.28 - - - - - - 

2-heptanone 15.21 16.60 15.21 15.92 16.37 14.12 15.59 16.24 15.10 15.43 15.53 16.45 

Heptanal 4.27 4.05 4.90 4.47 4.95 3.93 4.27 3.98 3.97 4.06 3.63 3.95 

2,4-hexadienal - - - - - - - - - - - - 

Benzaldehyde 10.56 14.31 10.03 10.60 12.61 10.85 12.49 13.29 15.08 13.18 13.01 11.02 

Octenol 2.00 1.06 1.91 0.72 1.71 1.54 1.82 1.19 2.18 1.35 1.86 1.73 

Octanal 2.70 2.11 2.57 2.43 2.52 1.88 2.42 1.99 2.20 2.09 2.23 2.08 

4-Decyne 12.06 6.72 6.34 6.05 4.97 5.63 7.57 5.37 5.25 5.26 7.21 8.44 

Benzyl alcohol 0.92 - - - - - - - - - 0.88 0.40 

2-octenal 0.94 0.54 0.76 0.75 1.15 0.97 1.14 0.48 0.56 0.66 0.84 0.72 

(Z)-linalool oxide - - - - - - - - - - - - 

Octanol 1.93 0.83 1.55 0.50 2.06 1.60 2.34 1.16 1.80 1.38 2.33 1.65 

Nonanal 3.58 1.66 3.33 3.24 3.25 3.96 3.58 3.29 3.50 2.97 2.91 3.13 

Undecanone 1.15 1.51 0.82 1.34 1.10 1.11 1.53 0.89 1.11 0.99 1.06 0.23 

α-copaene - - - - - - - - - - - - 

Isocaryophyllene 0.30 1.01 0.25 0.38 0.30 0.44 0.47 0.24 0.36 0.27 0.38 0.30 

 

 

 

 

1
7

5 

 



176 
 

Appendix 6: SAS code 

Probiotic survival data 

options ls=100 ps=70; 

data one; 

input Sample$      Rep$      A1      A2      B1      B2; 

cards; 

proc print; 

data two; set one; 

cnt=A1; r1=1; r2=1; output; 

cnt=A2; r1=1; r2=2; output; 

cnt=B1; r1=2; r2=1; output; 

cnt=B2; r1=2; r2=2; output; 

proc mixed;  

class sample rep r1 r2; 

model cnt=sample; 

random rep rep*sample rep(sample r1); 

lsmeans sample/pdiff; 

run; 

data one; 

input Time      Temp$      Rep$      A1      A2      B1      B2; 

cards; 

proc print; 

data two; set one; 

cnt=A1; r1=1; r2=1; output; 

cnt=A2; r1=1; r2=2; output; 

cnt=B1; r1=2; r2=1; output; 
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cnt=B2; r1=2; r2=2; output; 

proc mixed; class time temp rep r1 r2; 

model cnt=temp|time; 

random rep rep(temp time) rep(temp time r1); 

lsmeans temp|time/pdiff; 

run; 

 

Descriptive analysis of probiotic, prebiotic, synbiotic, and control ice creams 

options ls=100 ps=70; 

data one;  

infile 'e:\07_DATA ANALYSIS\objective1.csv' dsd firstobs=2 missover; 

input Judge Rep trt$ Melt Icy Smooth Firm Cream Mouth Sweet Milky Cook Sour 
SweetAf MilkyAf CookAf SourAf; 

if trt='Control' then do; pre=0; pro=0; end; 

if trt='Pre' then do; pre=1; pro=0; end; 

if trt='Pro' then do; pre=0; pro=1; end; 

if trt='Plus' then do; pre=1; pro=1; end; 

proc print; 

proc mixed;  

class rep pre pro; 

model melt=pre|pro; 

random rep rep(pre pro); 

lsmeans pre|pro/pdiff; 

run; 

options ls=100 ps=70; 

data one; infile 'c:\Users\Desktop\Syn.csv' dsd firstobs=2 missover; 
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input Judge Rep trt$ Melt Icy Smooth Firm Cream Mouth Sweet Milky Cook Sour 
SweetAf MilkyAf CookAf SourAf; 

title1 'Cov-PCA for Ice Creams'; 

data icecream; set one; 

proc sort; by trt; 

proc means noprint; by trt; 

var Melt Icy Smooth Firm Cream Mouth Sweet Milky Cook Sour SweetAf MilkyAf CookAf 
SourAf;  

output out=icecream mean= Melt Icy Smooth Firm Cream Mouth Sweet Milky Cook Sour 
SweetAf MilkyAf CookAf SourAf; 

proc print; 

proc factor data=icecream scree score cov outstat=stuff rotate=none method=prin 
mineigen=0.01; 

 var  Melt Icy Smooth Firm Cream Mouth Sweet Milky Cook Sour SweetAf MilkyAf 
CookAf SourAf; 

proc score data =icecream scores=stuff out=scores; 

 var  Melt Icy Smooth Firm Cream Mouth Sweet Milky Cook Sour SweetAf MilkyAf 
CookAf SourAf; 

proc print data=scores; 

run; 

 

Aҫai-liking 

data one; 

input eight ten twelve; 

con=_n_; 

cards; 

proc print; 

run; 

data two; set one; 
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score=eight; trt=8; output; 

score=ten; trt=10; output; 

score=twelve; trt=12; output; 

proc mixed; 

class con trt; 

model score= con trt; 

lsmeans trt/ pdiff; 

run; 

 

Descriptive analysis of fiber-enriched multifunctional ice creams  

options ls=100 ps=70; 

data one; infile 'c:\Users\Desktop\descriptive01.csv' dsd firstobs=2 missover; 

input Judge trt Rep  Gooey Hard Melt Icy Sandy Gummy Creamy MouthC Sweet Milk 
Cook Sour Bread  Wood Berry SweetAf MilkAf CookAf SourAf BreadAf WoodAf BerryAf; 

proc print; 

proc glm; class rep trt judge; 

model Gooey Hard Melt Icy Sandy Gummy Creamy MouthC Sweet Milk Cook Sour Bread  
Wood Berry SweetAf MilkAf CookAf SourAf BreadAf WoodAf BerryAf=rep trt rep*trt; 

test h=rep trt e=rep*trt; 

means trt/lsd lines e=rep*trt; 

lsmeans trt/s p e=rep*trt; 

run; 

options ls=100 ps=70; 

data one; infile 'c:\Users\Desktop\descriptive01.csv' dsd firstobs=2 missover; 

input Judge trt Rep  Gooey Hard Melt Icy Sandy Gummy Creamy MouthC Sweet Milk 
Cook Sour Bread  Wood Berry SweetAf MilkAf CookAf SourAf BreadAf WoodAf BerryAf; 

title1 'Cov-PCA for Ice Creams'; 
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data icecream; set one; 

proc sort; by trt; 

proc means noprint; by trt; 

var  Gooey Hard Melt Icy Sandy Gummy Creamy MouthC Sweet Milk Cook 

Sour Bread  Wood Berry SweetAf MilkAf CookAf SourAf BreadAf WoodAf BerryAf; 

output out=icecream mean= Gooey Hard Melt Icy Sandy Gummy Creamy MouthC Sweet 
Milk Cook Sour Bread  Wood Berry SweetAf MilkAf CookAf SourAf BreadAf WoodAf 
BerryAf; 

proc print; 

proc factor data=icecream scree score cov outstat=stuff rotate=none method=prin 
mineigen=0.01; 

 var  Gooey Hard Melt Icy Sandy Gummy Creamy MouthC Sweet Milk Cook Sour Bread  
Wood Berry SweetAf MilkAf CookAf SourAf BreadAf WoodAf BerryAf; 

proc score data =icecream scores=stuff out=scores; 

 var  Gooey Hard Melt Icy Sandy Gummy Creamy MouthC Sweet Milk Cook Sour Bread  
Wood Berry SweetAf MilkAf CookAf SourAf BreadAf WoodAf BerryAf; 

proc print data=scores; 

run; 

 

Texture analysis 

options ls=100 ps=70; 

data one; 

input trt Rep  Value1; 

cards; 

proc print; 

proc mixed; class trt rep; 

model value1=trt; 

random rep rep*trt; 
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lsmeans trt/pdiff; 

run; 

 

Correlation coefficient between textural sensory attributes and texture analysis 

options ls=100 ps=70; 

data one; infile 'c:\Users\Desktop\descriptive01.csv' dsd firstobs=2 missover; 

input Judge trt Rep  Gooey Hard Melt Icy Sandy Gummy Creamy MouthC Sweet Milk 
Cook Sour Bread  Wood Berry SweetAf MilkAf CookAf SourAf BreadAf WoodAf BerryAf; 

proc print; 

proc sort; by trt rep; 

proc means noprint; by trt rep; 

var Gooey Hard Melt Icy Sandy Gummy Creamy MouthC Sweet Milk Cook Sour Bread  
Wood Berry SweetAf MilkAf CookAf SourAf BreadAf WoodAf BerryAf; 

output out=new1 mean=Gooey Hard Melt Icy Sandy Gummy Creamy MouthC Sweet 
Milk Cook Sour Bread  Wood Berry SweetAf MilkAf CookAf SourAf BreadAf WoodAf 
BerryAf; 

data two; 

input trt Rep  O V M; 

cards; 

proc print; 

proc glm; 

class trt rep; 

model O V M = trt rep; 

means trt rep/lsd; 

means trt; 

lsmeans trt/pdiff; 

proc sort; by trt rep; 

proc means noprint; by trt rep; 
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var O V M; 

output out=new2 mean=O V M; 

data all; merge new1 new2; 

proc print; 

proc corr; 

var O V M; 

with Gooey Hard Melt Icy Sandy Gummy Creamy MouthC Sweet Milk Cook 

Sour Bread  Wood Berry SweetAf MilkAf CookAf SourAf BreadAf WoodAf BerryAf; 

run; 

 

Consumers’ liking among fiber-enriched multifunctional ice creams 

options ls=100 ps=70; 

data one; infile 'c:\Users\Desktop\liking.csv' dsd firstobs=2 missover; 

input judge grp $ gl a1-a4 f1-f4 t1-t4 o1-o4 rank; 

proc ttest cochran; 

class grp; 

var gl rank; 

proc freq; 

tables rank; 

data two; set one; 

a=a1; f=f1; t=t1; o=o1; trt=1; output; 

a=a2; f=f2; t=t2; o=o2; trt=2; output; 

a=a3; f=f3; t=t3; o=o3; trt=3; output; 

a=a4; f=f4; t=t4; o=o4; trt=4; output; 

proc mixed ; class judge grp trt; 

model a=grp|trt; 
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random judge(grp); 

lsmeans grp|trt/pdiff; 

 

Flavor profile of aҫai-flavored ice creams 

options ls=100 ps=70; 

data one; infile 'c:\Users\Desktop\Flavor_Final.csv' dsd firstobs=2 missover; 

input trt$ rep sub x1-x21; 

proc print; 

proc glm;  

class trt; 

model x1-x21=rep trt rep*trt; 

test h=trt e=rep*trt; 

means trt/lsd lines e=rep*trt; 

lsmeans trt/s p e=rep*trt; 

run; 

 

Antioxidant capacity of aҫai-flavored ice creams 

options ls=100 ps=70; 

data one; 

input trt Rep  Sub  Value1; 

proc print; 

proc mixed; class trt rep; 

model value1=trt; 

random rep rep*trt; 

lsmeans trt/pdiff; 

run; 
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