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ABSTRACT
Yogurt has been recognized as a healthy food. Nutritional value of yogurt can be
increased with the addition of aloe vera juice (AVJ) and inulin. People are interested in
consuming products without artificial ingredients and with high content of bioactive
compounds. The aims of this study were to develop a functional plain yogurt enhanced with
inulin and AVJ, to evaluate the physicochemical properties, the enumeration of Streptococcus
thermophilus and Lactobacillus bulgaricus, inulin content, and consumer acceptability. Six
treatments were evaluated at day 1, 7, 14 and 30 at 4°C. Treatments were prepared using 2%
fat milk, ABY culture, 5 and 15% of AVJ, and 1.5 % of inulin. Yogurts were analysed for
syneresis, pH, color, titratable acidity (TA), viscosity, inulin content, enumeration of starter
cultures. A consumer test was also conducted. Triplicate experiments were conducted, data
were analyzed at α= 0.05 using a factorial arrangement with repeated measures in time. Results
show pH decreased and TA increased over time. Addition of inulin and increase levels of AVJ
decreased pH and TA. Luminosity (L*) was reduced significantly (P<0.05) in treatments with
AVJ. Treatments with 15% AVJ and inulin decreased a* and increased b* values significantly
(P<0.05). ΔΕ* was less than 3 in all treatments. Syneresis increased and viscosity decreased
significantly (P<0.05) over time. Treatments with 15% of AVJ and inulin was significantly
higher for syneresis and lower in viscosity (P<0.05) than the other treatments. Streptococcus
thermophilus counts increased (P<0.05) over time with values higher than 109 CFU/g.
Lactobacillus bulgaricus counts decreased at day 14 and increased significantly at day 30 with
values higher than 106 CFU/g. Inulin content decreased over time. The treatment with 15%
AVJ had the lowest inulin content. For sensory evaluation, treatments had significantly lower
sensory scores. Purchase intent increased after the consumers are made aware of the health
benefits. The study demonstrated that use high concentration of AVJ in combination with inulin
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negatively affect important properties in yogurt; however, yogurt can be fortified with inulin
and low concentrations of AVJ to provide health benefits.
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CHAPTER 1. INTRODUCTION
Fermented milk products represent an important component of functional foods.
Several studies have been conducted to develop different kinds of fermented dairy products
with the incorporation of probiotics to give them an added value (Panesar 2011). Yogurt is a
popular fermented dairy product. It has been considerate as a healthy food due to the beneficial
action of its viable bacteria. Those bacteria can compete with other bacteria like pathogenic
bacteria for nutrients and space in the gastrointestinal system. (Tamine and Robinson, 1985).
The main strains used in yogurt starter cultures are Streptococcus thermophilus and
Lactobacillus bulgaricus. Yogurt contains different natural compounds with a high nutritional
value such as vitamins (mainly B12, riboflavin and vitamin D); also, it contains proteins,
peptides, and minerals (principally calcium, phosphorus, and potassium). Because of its
nutritional value, yogurt is considered a foodstuff for daily consumption (Singh et al., 2012).
Worldwide, yogurt has been considerated as the second most popular snack for children (Han et
al., 2016).
Of the many bioactive compounds that can be added to yogurt, probiotics is the most
widely used. The most common commercially available probiotics are species of the genera
Bifidobacterium and Lactobacillus, and other species such as Streptococcus (Gueimonde et al.,
2011). Probiotics can improve human health when there is an ingestion of those. Other
functional ingredients can be used to enrich yogurt. They can originate from nondairy and dairy
sources. Among those functional ingredients are different types of fibers such as inulin,
ingredients like phytosterols, peptides, β-glucans from various sources, vitamins, and
polysaccharides (Ozer and Kirmaci, 2010). Aloe Vera has been used in traditional medicine
for several thousand years. The attribution of several positive effects in aloe vera motivated the
food industry to use aloe extracts as a supplement for functional foods (Newton 2004). Nell
2004, reported the use of aloe vera in functional and nutritive foods especially in dairy sectors
1

and beverages. The main functional component in aloe vera is the polysaccharide acemannan
(Salah et al., 2017). This component is the responsible of the beneficial properties attributed to
Aloe Vera, these properties include the reduction in blood glucose, blood pressure and the
improvement of lipid profile in diabetic patients, among many others (Fuentes et al.,
2017). Aloe vera has been used in yogurt, since aloe has shown a good viability of probiotic
cultures (Panesar and Shinde, 2012).
Another important functional ingredient used in yogurt are prebiotics. This term
refers to selectively fermented ingredients which result in specific changes in composition
and/or the activity of gastrointestinal flora (Abreu-Abreu 2012). When prebiotics are
consumed, they provide a beneficial physiological effect on the host, they stimulate the
favorable growth or metabolism of beneficial bacteria (Sanders et al., 2007). Prebiotics such
as inulin have been found to stimulate absorption and retention of several minerals, particularly
magnesium, calcium, and iron (Iannitti and Palmieri, 2010). Inulin belongs to a group called
fructans, a type of carbohydrate. This prebiotic improves the survival and activity of the storage
of other probiotics such as Lactobacillus acidophilus (Kaplan and Hutkins, 2003)
and Bifidobacterium spp. (Alkalin et al., 2004). Plain yogurt enhanced with different
concentrations of aloe vera (0, 5 and 15%) and inulin (0 and 1.5%) were manufactured to
determine the influence and effect of inulin and aloe vera in the chemical and physical
characteristics of yogurt during 30 days of storage at 4 ºC. The quantification of inulin content
and the enumeration of Streptococcus thermophilus and Lactobacillus bulgaricus were
conducted to determine the effects of these functional ingredients in the starter cultures and
determine the acceptability of this functional yogurt. The main objective of this research was
to develop a functional plain stirred yogurt enhanced with inulin and aloe vera.

2

CHAPTER 2. LITERATURE REVIEW
2.1 Fermented dairy products
2.1.1 Definition
Fermented milk has an important role in human nutrition. Fermented dairy products are
nutritious because starter cultures predigest fats, carbohydrates, and proteins; therefore,
improving the digestibility and absorption in the intestinal tract (Shahani 1979). Lactic acid
bacteria are the main player during milk fermentation converting lactose to lactic acid. The
most common lactic acid bacteria (LAB) used are species belonging to the genera
Lactobacillus, Streptococcus, Leuconostoc, Enterococcus and Lactococccus (Quigley et al.,
2011). LAB used in dairy fermentation are divided into two groups: mesophilic and
thermophilic lactic acid bacteria. Mesophilic have an optimum growth temperature between
20ºC and 30ºC. Western and northern European countries use mesophilic bacteria in their
fermented products. Thermophilic bacteria have their optimum growth between 30ºC and 45º.
Sub-tropical countries use this bacteria for traditional fermented products (Wouters et al.,
2001).
Fermented milk products represent an important component of functional foods. Much
research has been conducted to develop different kinds of fermented dairy products with the
incorporation of probiotics to give them an added value (Panesar 2011). Other health benefits
from dairy products come from several nutrients that are present in milk. Other bioactive
components are produced by probiotic bacteria during the fermentation process. Some of those
nutrients and bioactive compounds are vitamins, proteins, bioactive peptides, fatty acids and
oligosaccharides (Ebringer et al., 2008).
There are multiple fermented dairy products in which diverse microorganisms are
involved like: curd, yogurt, cultured buttermilk, lassi, acidophilus milk, Bulgarian buttermilk,
koumiss, kefir, Leben, cheese, and others (Panesar 2011). During fermentation, physical and
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chemical changes occur in dairy products due to the growth and fermentative activities of LAB
used as a starter culture (Koutinas 2017).
2.1.2 Yogurt
It is a popular and recognized fermented dairy product. Yogurt is an important
nutritional and healthy source. It has been considered as a healthy food due to the beneficial
action of its viable bacteria. Those bacteria can compete with bacteria, like pathogenic bacteria,
for nutrients and space in the gastrointestinal tract for maintaining this section of our body
(Tamine and Robinson, 1985).
The main strains used as starter cultures are Streptococcus thermophilus and
Lactobacillus bulgaricus. During milk fermentation, yogurt gel is formed. Milk is usually
heated at 85 ºC for 30 min, causing the denaturation of whey proteins interacting and cross
linking with ƙ-casein. As the pH approaches 4.6 by the production of lactic acid from
Streptococcus thermophilus and Lactobacillus bulgaricus, there is increased casein-casein
attraction.
Yogurt can be stirred or set. Stirred yogurt is the result of a mechanical effect such as
shearing after fermentation. The set yogurt usually is fermented in a pack, obtaining a firmer
structure than the stirred yogurt (Loveday et al., 2013). Other kinds of yogurt are plain yogurt,
fruit-flavored yogurt (it could be in blended forms or with fruit on the bottom), whipped yogurt,
granola topped yogurt, frozen yogurt, drinkable yogurt, and Greek yogurt. Those yogurts can
have different fat contents (nonfat, low fat and regular fat) (Cassel 2014). According to the US
Code of Federal Regulations in 21CFR131.206 and 21CFR131.203, nonfat yogurt contains less
than 0.5% milkfat and low-fat yogurt between 0.5% and 2% milkfat. In recent years, people
have increased the demand for low-calorie products increasing their consumption. That
increased consumption may reduce the risk of type 2 diabetes. Consumption of 4 servings/d of
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low-fat dairy milk and yogurt products for 6 months may improve insulin resistance without
negatively impacting bodyweight or lipid status (Rideout et al., 2013).
2.1.3 Market of yogurt
In the world, yogurt has been the second most popular snack for children (Han et
al., 2016). Several trends are growing within cultured dairy markets especially with yogurt.
The per capita consumption of yogurt in pounds per person has increased every year from 2000
to 2015. In 2015, the consumption was 14.4 pounds per person. In 2016, consumption
decreased a bit to 13.7 pounds per person (USDA 2017).
Manufacturers are increasing the production of clean labels or less processed products.
Sugar content is decreasing. Cultured products are becoming more popular and functional by
the usage of probiotics A report from Chicago-based Mintel shows that spoonable yogurt had
the most sector sales in the market with a value of $8.2 billion in 2016. This kind of yogurt
represents 90% of all yogurts consumed and is expected that the sales will continually grow to
$10 billion by 2021 (Kennedy 2017).
2.1.4 Health benefits of yogurt
Yogurt is widely consumed because of its beneficial effects, playing an important role
in human health (Loveday et al., 2013). Yogurt contains different natural compounds with a
high nutritional value such as vitamins (mainly B12, riboflavin and vitamin D). It also contains
proteins, peptides, and minerals (principally calcium, phosphorus, and potassium). Because of
this high nutritional value, yogurt is considered a foodstuff for daily consumption (Singh et al.,
2012). There are different bioactive compounds that can be added to yogurt, specifically
probiotics. However, there are other functional ingredients that can be used to enrich yogurt.
These ingredients can be non-dairy and dairy sources, such as different types of fibers acting
as prebiotics, phytosterols, peptides, β-glucans, polysaccharides, and vitamins (Ozer and
Kirmaci, 2010).
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2.2 Probiotics
Dairy products with probiotics can be considered “functional foods” because they
demonstrate and confer certain health benefits on the host beyond basic nutritional functions
when administrated in adequate amounts (FAO-WHO 2006). The most common commercially
available probiotics are species of the genera Bifidobacterium and Lactobacillus, and other
species such as Streptococcus (Gueimonde et al., 2011). Probiotics can improve human health
when there is an ingestion of those, by inhibiting the growth of harmful bacteria. Also, they
provide protection against pathogenic microorganisms in the intestine by producing known
antimicrobial substances like hydrogen peroxide, organic acids, diacetyl, bacteriocins, and
short chain fatty acids (Salminen 1999). Likewise, probiotic bacteria can induce mucosal
regeneration by increasing the numbers of cells in the villi and increasing mitosis rate in the
small intestine (Banasaz et al., 2002).
Streptococcus thermophilus and Lactobacillus bulgaricus are considered probiotics
since they can help to lessen the symptoms of lactose intolerance (Gill and Guarner, 2005).
However, Streptococcus thermophilus and lactobacillus bulgaricus are not bile- resistant or
acid-tolerant and thus cannot survive under gastro intestinal conditions (Del campo et al.,
2005). The term bio-yogurt is for some yogurt products that have been reformulated to include
species of Bifidobacterium and strains of L. acidophilus also known as AB cultures which are
added with the yogurt starter culture. The bio-yogurt contains live probiotic microorganisms,
claiming to be beneficial for human health (Koutinas 2017). The minimal amount suggested
for probiotic bacteria in dairy products is 106 CFU/g/day. The high dosage is required to
compensate the loss of cells during the passage through the gastrointestinal tract (Granato et
al., 2010). In the U.S., refrigerated yogurts displaying the “Live and Active Cultures” seal on
the containers should have ≥ 8 log CFU/g yogurt bacteria at the time of manufacture (NYA,
2009).
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2.2.1 Streptococcus thermophilus
Streptococcus thermophilus is gram-positive bacteria that is gram catalase negative. It
is a small cocci in pair with long chains between 0.7 - 0.9 µm. It is a facultative anaerobe and
its fermentation is homofermentative. Its optimum pH for growth is 6.5. This bacteria is
identified among the lactic acid bacteria by its high-temperature tolerance, it can resist
temperatures like 60 ºC for 30 minutes.
S. thermophilus can ferment in glucose, fructose, lactose and sucrose (Hui 2007).
During yogurt fermentation, S. thermophilus grows optimally between 37 - 45 ºC and
hydrolyzes lactose via β-galactosidase. This bacteria requires a complex of amino acids to grow
and is nutritionally fastidious (Driessen, Kingma, and Stadhouders, 1982). S. thermophilus is
of commercial interest because it builds up the texture in yogurt due to the secretation of
exopolysaccharides (Delorme, 2008 and Broadbent et al., 2003).
2.2.3 Lactobacillus delbrueckii subsp. bulgaricus
Lactobacillus bulgaricus is a gram-positive bacteria that is catalase negative. L.
bulgaricus is long, straight sided rods singly paired or in short chains about 0.5 - 0.9 × 2 -9 µm.
It is facultative anaerobic with the optimum temperature for growth between 40 - 45 ºC. Also,
L. bulgaricus is homofermentative and ferments glucose, fructose and lactose (Hui 2007).
This bacteria is considered one of the most important economically of the
heterogeneous group of LAB in yogurt production (Heller 2001). L. bulgaricus is highly
recognized because its competent proteolytic system consisting of peptidases and extracellular
proteinase (Khalid and Marth, 1990).
2.2.4 Synergistic interactions between S. thermophilus and L. bulgaricus
During the processing of yogurt, there is a positive interaction between Streptococcus
thermophilus and Lactobacillus bulgaricus. The interaction of the two strains change the
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physicochemical properties and the aroma compounds in yogurt, these changes differ when
each single strain is used separately (Sieuwerts et al., 2010).
Streptococcus thermophilus and Lactobacillus bulgaricus have a symbiotic relationship
during the processing of yogurt. During yogurt fermentation, Streptococcus thermophilus
grows faster at the beginning of yogurt fermentation by the use of the essential amino acids
produced by Lactobacillus bulgaricus. Due to this action, S. thermophilus produces lactic acid,
reducing the pH and allowing the growth of L. bulgaricus. Also, the production of formic acid
and carbon dioxide from lactose by Streptococcus thermophilus stimulates the growth of
Lactobacillus bulgaricus (Driessen et al., 1982). S. thermophilus is inhibited around pH of 4.24.4. L. bulgaricus tolerates pH of 3.5 - 3.8 (Hamann and Marth 1983).
S. thermophilus declines when the yogurt fermentation increases, but L. bulgaricus
continues to reduce the pH producing amounts of lactic acid. The distinctive yogurt flavor
arises by the interaction of these two bacteria producing acetaldehyde. S. thermophilus
produces acetaldehyde by its metabolism but is less active at normal fermentation than L.
bulgaricus (Davis et al., 1971).
Another important compound in yogurt is folic acid. S. thermophilus is responsible for
the production of this compound, but the level of the folic acid depends on the L. bulgaricus
strain. The L. bulgaricus strain uses and degrades folic acid during its growth (Rao et al., 1984).
Considering this, it is essential to determine the optimal combination of these strains. By not
having an adequate combination, it can affect the organoleptic and physical acceptability of the
yogurt. Furthermore, it can decrease the concentration of folic acid.
2.2.5 Lactobacillus acidophilus
Lactobacillus acidophilus is a gram-positive and non-spore forming and nonflagellated rod. It is a microaerophilic bacteria, meaning it requires oxygen to growth but at a
lower concentration. It grows best under modified atmospheric conditions and is a
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homofermentative bacteria (Kurman and Rasic 1991). The growth of L. acidophilus may occur
at 45 ºC, but the optimum growth is between 35- 40 ºC (Marshall and Cole 1983).
According to Modler 1990, it is considered a probiotic bacteria. It has been used in
fermented dairy products such as yogurt. L. acidophilus provides various therapeutic benefits
such as reduction in the level of cholesterol, prevention of cancer, management of gut flora,
stimulating host immune mechanism, and enhancing nutrient bioavailability (Sandine
1979). Lactobacillus acidophilus help to inhibit Campylobacter jejuni and Salmonella
typhimurium due this probiotic produces the bacteriocin CH5 (Lee and Salminen, 2008).
Although L. acidophilus tolerates acidity, studies have shown a decrease in their number under
acidic condition (Conway et al., 1987). The growth of this probiotic bacteria ceases below pH
4.0. Hydrogen peroxide produced by Lactobacillus bulgaricus also affects the growth of this
bacteria (Shah 1997).
2.2.6 Bifidobacterium animalis ssp. lactis BB-12
Bifidobacteria are gram- positive actynomycetes. They grow strictly under anaerobic
conditions and are branched rod-shaped bacteria. Bifidobacteria are found naturally in the
human’s gut and other mammals (Parche et al., 2007). There are around 30 species of
Bifidobacterium, perhaps the most studied probiotic is Bifidobacterium animalis ssp. lactis
BB-12 (Garrigues et al., 2010). According to Libera et al., 2015, Bifidobacterium animalis can
be used as a health promoting starter culture. Products using this bacteria may be considered
as a potential functional food.
2.3 Aloe vera
2.3.1 Definition and properties
The aloe vera plant has been used in traditional medicine for several thousand years.
Its applications have been recorded in ancient cultures like India, Egypt, Greece, Rome and
China (Ahlawat and Khatkar 2011). Actually, the aloe vera industry is flourishing, and the gel
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is used in many products such as fresh gel, juice and other formulations for health, medicinal
and cosmetic purpose (Eshun and He 2004). The beneficial effects of aloe vera have motivated
the food industry to start using the aloe extracts as a supplement for functional foods (Newton
2004).
Aloe vera juice is composed approximately of 99% water (Hamman 2008). The
remainder is vital ingredients include vitamins, minerals, amino acids, polysaccharides,
enzymes, plant steroids, saponins, lignin, anthraquinones, and salicylic acid (Keerthi et al.,
2017). The polysaccharides contain glucomannans, mannans, and pectins of different
molecular weights and are responsible for its biological activities in vivo, as well as, in vitro
(Yaron 1993).
Some of the most common health benefits from aloe vera products include
immunomodulatory activity, digestive aid, anti-diabetic activity, oral/gum health, antiinflammatory, cholesterol/triglyceride reduction, antioxidant protection, and detoxification
(Gruenwald 2009; Eshun 2004). Aloe vera also is related to pharmacological actions that
include anti-inflammatory, antiproliferation, antimicrobial activity laxative and blood glucose
lowering effects (Reynolds and Dweck 1999).
2.3.2 Acemannan
The main functional component in aloe vera is acemannan (Salah et al., 2017). It helps
in the reduction of blood glucose, blood pressure and the improvement of lipid profile in
diabetic patients, among many others (Minjares et. al., 2017).
Acemannan storage polysaccharide is located within the protoplast of the
parenchymatous cells of the aloe vera gel (not a component of the cell walls) (Femenia et al.,
1999). Acemannan is mainly composed of a glucose and mannose chain with β-(1-4) bounds
and galactose branching (Pellizoni et al., 2011). The molecular weight of acemannan
compound is around 40 - 50 kDa (Talmadge et al., 2004).
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Figure 1. The structure of acemannan
2.3.3 Aloe vera in fermented milk products
Aloe vera can provide health advantages when it is used in food. Nell 2004, reported
the use of aloe vera in functional and nutritive foods especially in dairy sectors and beverages.
Aloe vera has been used in yogurt and has shown a good viability with probiotic cultures
(Panesar and Shinde, 2012). According to Azari et al., 2017, the high concentrations of aloe
vera in yogurt had a negative effect in the viscosity of the same. The aloe vera can make up a
fragile coagulum due to the aloe containing a high number of polyphenols which are highly
reactive. The use of aloe gel in yogurt maintain an acceptable range of L. acidophilus and
Bifidobacterium lactis BB-12 between 106 - 10 7 CFU/g (Azari et al., 2017). According to
Michael et al., 2010, when increasing the concentration of aloe vera gel in fermented products
like yogurt, it can increase syneresis. This is due to the aloe vera decreasing the colloidal
stability of casein micelles, therefore, increasing yogurt syneresis. Previous studies reported
that syneresis increase over time owing to the decrease of pH and increase of acidity (Fox et
al., 2000).
Dahi is a fermented milk product consumed in South-Asian countries. It is prepared
using mixed strains of mesophilic lactic acid bacteria. By applying aloe vera juice in dahi, it
decreases pH values and increases probiotics counts. According to Hussain et al., 2016, the
addition of aloe vera into dahi increases the physiological and nutritional virtues. However, the
usage of this functional ingredient in fermented milk products can affect different attributes
such as texture and sensory attributes and affect consumer’s acceptance.
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Cultured buttermilk is a dairy beverage with a therapeutic and high nutritive value.
According to Mudgil et al., 2016, the fortification of cultured buttermilk with aloe vera
improves nutritive qualities by increasing vitamin C, dietary fiber, iron, desirable sensory
characteristics, and physicochemical properties. The aloe vera added to cultured buttermilk
does not affect the acidity nor the pH of the product. When the concentrations of aloe vera juice
are increased, the phase separation decreases, and the viscosity increases proportionally.
Another fermented dairy product is Lassi. This product is made out of cow’s milk and
has a sour taste. Lassi is the left-over liquid after the extraction of butter from dahi. A distinct
method to prepare Lassi is by blending yogurt with water, salt, and species. The addition of
aloe vera in Lassi affected some physicochemical characteristics decreasing pH but increasing
titratable acidity; and decreasing viscosity but increasing consumers’ acceptability (Singh et
al., 2012). Functional foods present and give valuable promises for developments in human
nutrition. They can contribute by improving the food quality and consumer's health. Bioactive
fermented milk products such as yogurt have many nutraceutical and nutritional values for
consumers.
2.4 Prebiotics
2.4.1 Definition and health benefits
The term prebiotics refers to selectively fermented ingredients which result in specific
changes in composition and/or the activity of gastrointestinal flora (Abreu-Abreu 2012). When
prebiotics are consumed, they provide a beneficial physiological effect on the host. Prebiotics
stimulate the metabolism and growth of beneficial bacteria (Sanders et al., 2007).
A food ingredient can be prebiotic if it resists gastric acidity of the stomach, bile salts
and other hydrolyzing enzymes in the intestine. The absorption of the same should not occur
in the upper gastrointestinal tract. It must be easily fermentable by the intestinal microflora.
The prebiotics selectively stimulate the growth or activity of intestinal bacteria potentially
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associated with health and well-being (Gibson et al., 2004). Some common prebiotics include
fructooligosaccharides, galactooligosaccharides (GOS), xylooligosaccharides pyrodextrins,
inulin, isomaltooligosaccharides, lactulose, soy-derived, oligosaccharides (Oliveira and
Gonzales, 2016).
Prebiotics such as inulin, oligofructose, glucooligosaccharide, and galactooligosaccharide have been found to stimulate absorption and retention of several minerals,
particularly magnesium, calcium, and iron (Iannitti and Palmieri, 2010). Prebiotics reduce the
prevalence and duration of infectious and antibiotic-associated diarrhea. They also reduce the
inflammation and symptoms associated with inflammatory bowel disease, exert protective
effects to prevent colon cancer and lower some risk factors for cardiovascular disease.
Prebiotics promote satiety and are related to weight loss and prevent obesity (Slavin 2013).
2.5.2 Interaction with probiotics
Prebiotics and probiotics can be mixed together, forming a symbiotic system (Iannitti
and Palmieri, 2010). When prebiotics and probiotics are mixed at the same time, the prebiotic
can be used to increase intestinal survival of the probiotic organism. In other words, the
prebiotics stimulates the growth and/or activity of the beneficial bacteria (Sanderson et al.,
2012). Prebiotics can transit through the stomach and small intestines undigested because
humans do not have the intestinal enzymes needed to digest them. They make their way intact
to the colon, where they will be bacterially fermented, along with the unabsorbed nutrients.
Particularly, prebiotics provide energy and simple sugars to the host through the gut microbiota
(Shigwedha et al., 2014).
2.4.2 Inulin
Inulin belongs a group of carbohydrates called fructans. This carbohydrate is a polymer
of fructose units (2-60 fructose units) built with β (2,1) linked fructosyl (Modzelewska and
Klebukowska, 2009). Two species are currently used by the food industry to produce inulin.
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These are Chicory root (Cichorium intybus) and Jerusalem artichoke (Helianthus tuberosas)
(Debruyn et al., 1992). Inulin can be digested by human enzymes by virtue of the β-21 fructosyl link, but inulin can be fermented by the beneficial bacteria present in the colon
(Mudannayake et al., 2015). Inulin has a variety of uses acting as a replacement for sugar, fat,
texturizing agent, and low-calorie bulking agent. Also, it acts as a soluble and fermentable
dietary fiber. In dairy products it is adapt for its prebiotic properties (Tungland and Meyer,
2002). Inulin is characterized by its biochemical and physiological features to provide and
maintain a healthy gastrointestinal function (Robertfroid et al., 2011).
According Watson et al., 2013, some probiotic lactobacilli such as Lactobacillus
bulgaricus, Lactobacillus rhamnosus GG®, Lactobacillus plantarum can not degrade inulin.
However, some strains of Lactobacillus paracasei subsp paracasei and Lactobacillus casei can
digest this prebiotic. Inulin improves the survival and activity during the storage of other
probiotics such as Lactobacillus acidophilus (Kaplan and Hutkins, 2003) and Bifidobacterium
spp. (Alkalin et al., 2004). According to Alves et al., 2013, inulin does not affect the viability
and favourable interaction with probiotics, which can be an advantage. Inulin will be degraded
in the intestinal tract by probiotic bacteria, modulating in a positive way the composition of the
consumer’s intestinal microflora.

Figure 2. Inulin structure
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2.4.3 Effects of inulin in yogurt
Prebiotics have different effects on the physical, chemical and microbial characteristics
of dairy products. Inulin is a prebiotic that has been used in yogurt. Aryana et al., 2007, reported
that the use of inulin with short, medium and long chains affects yogurt properties. The chains
influence the physical, chemical and microbial properties, decreasing pH and resulting higher
scores in flavour. The chain length does not affect viscosity, color, and product
appearance. Ibrahin et al., 2004, reported that the curd tension and viscosity increased with
inulin addition, but decreased syneresis. Guven et al., 2005, found that the whey separation
increased in yogurt using different concentrations of Inulin with fat-free milk. Oliveira et al.,
2012, reported that the time required for yogurt fermentation is shorter than without inulin
usage. This prebiotic increases the levels of volatile compounds, acetic and lactic acid. Inulin
causes many effects on the physical properties of yogurt. According to Paseephol et al., 2008,
yogurts containing inulin have lower of firmness, viscosity, yield stress and loss modulus
values. This is a result of the molecules of inulin being dispersed among the casein micelles,
thus interfering with the protein matrix formation resulting in a weak gel structure.
Akin et al., 2006, used inulin to evaluate its effect in probiotic ice-cream. The addition
of inulin improved viscosity and did not have any effect on sensory characteristics. Inulin
stimulated the growth and improved the viability of Bifidobacterium lactis and Lactobacillus
acidophilus but reduced the counts of Lactobacillus bulgaricus while maintaining counts of
Streptococcus thermophilus.
Inulin has been used in sheep milk yogurts. According to Balthazar et al., 2016, they
did not find significant difference in the enumeration of Lactobacillus bulgaricus and
Streptococcus thermophilus in treatments with and without inulin. Counts decreased 1 to 2
cycles in both bacteria overtime. Due to inulin addition, lower post acidification was observed.
Different inulin levels did not affect the fatty acids content in yogurt.
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CHAPTER 3. MATERIALS AND METHODS
3.1 Experimental design
Functional stirred plain yogurt was manufactured using different concentrations of aloe
vera juice with micro pulp at 0, 5 and 15%, with the incorporation of inulin at the rate of 0 and
1.5%. Six treatments were evaluated: PY = plain yogurt used like a control, YA5 = yogurt with
5% of aloe vera, YA15 = yogurt with 15% of aloe Vera, YI = yogurt with inulin, YIA5 = yogurt
with inulin and 5% of aloe vera, YIA15 = yogurt with inulin and 15% of aloe vera.
Streptococcus thermophilus counts, Lactobacillus bulgaricus (including Lactobacillus
acidophilus) counts, pH, titratable acidity, viscosity, color, syneresis and determination of
inulin content were analyzed at days 1, 7,14 and 30 after manufacture and were conducted three
replications of each treatment. The experimental design was factorial arrangements with
repeated measures over time. Sensory evaluation was conducted three days after manufacture.
3.2 Yogurt manufacture
All utensils, equipment and containers were sanitized before use with Chlorilizer plus
(Afco Industries Inc, Alexandria, LA). Six treatments were manufactured following different
formulations according Table 1. Ingredients information is shown in Table 2. For yogurt
manufacture, the 2% fat milk was preheated at 45 ± 2 ºC. The dry ingredients (non-fat dry milk
and / or inulin) were added to the milk and the mix was stirred vigorously to ensure efficient
dissolution of the powders. The mix was heated treated at 85 ± 2 ºC for 30 minutes. This time
was measured from the time the milk reached the required temperature. Aloe vera juice was
then added to the mix and blended. The mix was cooled to a fermentation temperature at 43 ±
1 ºC in ice bath while it was stirred slowly with a spoon. For the inoculation, starter culture
FD-DVS was made by adding 50 unit of FD-DVS to 500 g of pasteurized milk (85 ± 2 ºC for
30 minutes) and cooled to fermentation temperature (43 ± 1 ºC). The mixture was agitated
gently until the culture was dissolved. From this dilution, 6 ml was added to 3 liters of tempered
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milk. Inoculated yogurt mix was placed in 8 L stainless steel containers and incubated at 40 ±
1 ºC, until pH 4.55 was reached. The yogurts were placed in a cooler and stored overnight at 4
ºC. Yogurt was stirred manually using a spoon following 43 full manual rotations around the
container. The finished plain stirred yogurt was packed in polypropylene containers (Airlite
Plastics Co, Omaha, NE), filled approximately with 170 g of yogurt using a lid of high-density
polyethylene, containers were labeled with the manufacture day (1, 7, 14 and 30). Samples
were refrigerated at 4 ºC. Each container was removed from the cooler only at the time of
analysis.
Table 1. Yogurt mix formulation
Treatments
PY
YA5 YA15
YI
YIA5
YIA15
Milk (Kg)
3
2.85
2.55
3
2.85
2.55
NFDM (g)
2% / 0.5% 60
60
60
15
15
15
Aloe Vera (g)
5% / 15%
150
450
150
450
Inulin (g)
1.5%
45
45
45
Culture (ml)
6
6
6
6
6
6
PY = plain yogurt (Control), YA5 = yogurt with 5% of aloe vera, YA15 = yogurt with 15% of
aloe Vera, YI = yogurt with inulin, YIA5 = yogurt with inulin and 5% of aloe vera, YIA15 =
yogurt with inulin and 15% of aloe vera.
Ingredient

Addition
Rate

Table 2. Ingredients information
Name
Milk

Non-fat Dry Milk

Aloe Vera Juice
Inulin

Starter Culture

Description
Reduced fat 2% fat milk

Company
Great Value ®
((Walmart, Bentonville,
AK)
Extra Grade Spray Process Pasteurized
Associate Milk
Producers Inc (New
Ulm, MN)
Organic Aloe Vera Juice with Micro Pulp, Dynamic Health
Unflavored
(Brooklyn, NY)
Chicory root inulin powder (FOS), soluble Jetsu™ Health and
organic inulin fiber prebiotic supplement, Beauty (Valley Cottage,
unflavored
NY)
FD-DVS ABY-3 Probio-Tec:
Chr. Hansen ® (New
Thermophilic lactic acid culture. Contains Berlin, WI)
the documented probiotic strains BB-12®
and LA-5®.
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3.3 Quantification of inulin content using HPLC
Inulin content was analyzed at day 1,7,14 and 30 after yogurt manufacture. The
extraction of inulin was done for the treatments following this procedure: 10g of yogurt were
weighed in an Erlenmeyer flask, 30 ml of distilled water were added using a graduated cylinder
and both were boiled for 10 min. Proteins were precipitated by addition of 5 ml Carrez I reagent
(K4Fe(CN)6 × 3H2O, using 15g/100 ml) (Sigma-Aldrich, St. Louis, MO) and 5 ml Carrez II
reagent (Zn (CH3COO)2 × 2H2O, using 30 g/ 100 ml) (Sigma-Aldrich, St. Louis, MO). The
sample was filtered through a 0.45µm membrane filter (Pall Corporation, New York), and
transferred to a 50 ml volumetric flask and made up to the mark with deionized water. Each
sample were passed through a cellulose acetate filter with pore size 0.2 (VWR international,
Radnor, PA) using a 60 ml syringe (Becton, Dickinson and Co., Sparks, MD), before injection
into the HPLC column. For inulin quantification, a HPLC-RID method was performed with
some modifications (Petkova and Denev, 2013). The HPLC separation was carried out on a
Shodex® Sugar SP0810 (Phenomenex Company, Torrance, CA), with Pb2+ a guard column
(50 × 92 mm i.d) (Sigma-Aldrich, St. Louis, MO), and (300 mm × 8.0 mm i.d.) analytical
column at 30 ºC. The mobile phase was Milli-Q water.
3.4 Titratable acidity
The titratable acidity was analyzed at days 1,7,14 and 30. It was determined using 9 g
of yogurt with 9 ml of distilled water and 0.5 ml of phenolphthalein. Samples were titrated with
0.1 N NaOH until to get a slight pink for 30 seconds and, the volume of 0.1 N NaOH used was
recorded.
3.5 pH
The pH was measured at days 1,7,14 and 30 by using an Thermo Orion 3 Star pH
Benchtop Meter (Fisher Scientific, Instruments, Pittsburgh, PA), it was calibrated using pH
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4.00 and 7.00 buffer solutions (Thermo Fisher Scientific, Beverly, MA) before reading the
samples.
3.6 Syneresis
10 g of each sample was weighted and then centrifuged in an AccuSpin™ 400 (Fisher
Scientific, Instruments, Pittsburgh, PA) at 5,000 rpm for 20 min. The clear supernatant was
weighted (Guinee et al. 1995). The ratio was expressed following this formula:
(Weight of the clear supernatant / Initial weight of the sample) × 100 = Syneresis (%)
3.7 Color
The L*a*b* values were determined using a Minolta CM 508d hand-held
spectrophotometer (Minolta Co., Ltd, Japan). It was standardized with white and black tiles.
On average, five values were taken per replication. Total color differences (ΔΕ*) were
calculated as follows:
ΔΕ* = (ΔL*)2 + (Δa*)2 + (Δb*)2
Where ΔL* = L*treatment – L*references, Δa* * = a*treatment – a*references, and Δb* * = b*treatment –
b*references. (references = day 0 values)
3.8 Viscosity
Viscosity was measured at day 1, 7, 14, and 30 by using a Brookfield DV-II viscometer
(Brookfield Engineering Lab Inc., Stoughton, MA) Samples were measured at 5 ± 2 ºC, with a
helipath stand mounted with a T-C spindle was used at 30 rpm. The data were acquired using
Wingather® software (Brookfield Engineering Lab Inc., Stoughton, MA). One hundred points
were averaged per sample per replication (Aryana 2003).
3.9 Phosphate and magnesium chloride dilution water
1.25 ml of stock phosphate solution and 5 ml of stock magnesium chloride solution
were added to 1 L of distilled water. This solution was dispensed in 99 ml dilution bottles and
autoclaved at 121 ºC for 15 minutes.
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3.10 Enumeration of Streptococcus thermophilus
Streptococcus thermophilus agar was prepared using: to 1 L of distilled water the
following ingredients were weighted: 10 g of sucrose (Amresco, Solon, OH), 2 g of K2HPO4
(Fisher Scientific, Fair Lawn, NJ), 5 g of Bacto yeast extract and 10 g of Bacto Tryptone
(Becton, Dickinson and Co., Sparks, MD) using individual plastic weighing boats. Distilled
water was transferred from the graduated cylinder to a 2L Erlenmeyer flask. The mix was
stirred to dissolve the ingredients. To reduce the pH to 6.8 ± 0.1, 1 N HCl was added. Then, 12
g of agar (Fisher Scientific, Fair Lawn, NJ) were added to the medium and 6 ml of 0.5%
bromocresol purple were added (Fisher Scientific, Fair Lawn, NJ). The media was heated to
boiling and it was autoclaved at 121 ºC for 15 minutes (Dave and Shah 1996). Growth of
Streptococcus thermophilus was measured at days 1,7,14 and 30. 11 g of yogurt sample were
diluted with 99 ml of sterilized MgCl2 KOH, getting different dilution. Then, 1 ml of each
diluted sample was pipetted into petri dishes and then the media was aseptically poured into
the petri dish. Petri dishes were aerobically incubated at 37 ºC for 24 h. To enumerate the
colonies a Quebec Darkfield Colony Counter (Leica Inc., Buffalo, NY) was used.
3.11 Enumeration of Lactobacillus bulgaricus (including Lactobacillus acidophilus)
The Lactobacillus bulgaricus agar was prepared using: for 1 liter of distilled water use
15 g of agar (Fisher Scientific, Fair Lawn, NJ) and 55 g of Lactobacilli MRS broth powder
(Becton, Dickinson and Co., Sparks, MD). The pH was adjusted to 5.2 ± 0.1 using 1 N HCl.
The media was heated to boiling with agitation. Then, the media was autoclaved at 121 ºC for
15 minutes (Tharmaraj and Shah 2003). Growth of Lactobacillus bulgaricus, (Including
Lactobacillus acidophilus) was measured at days 1,7,14 and 30. 11 g of yogurt sample were
diluted to serial dilutions with 99 ml of sterilized MgCl2 KOH. 1 ml of each diluted sample was
pipetted into petri dishes and then the media was aseptically poured into the petri dish. Petri
dishes were placed in a BBL GasPaks (BBL, Becton, Dickinson and Co., Cockeysville, MD)
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and then they were incubated anaerobically at 43 ºC for 72 h. to enumerate the colonies a
Quebec Darkfield Colony Counter (Leica Inc., Buffalo, NY) was used.
3.12 Sensory evaluation
Sensory evaluation was conducted by the School of Nutrition and Food Science with
160 random participants, including faculty, students and staff at Louisiana State University.
The research protocol for use of human subjects for this study was approved (IRB # HE18-3)
by the Louisiana State University Agricultural Center Institutional Review Board (Appendix
A). Six treatments were evaluated (PY, YA5, YA15, YI, YIA5, YIA15). They were packed
after fermentation in 2 oz. clear plastic cups. After three fermentation days of the yogurts, three
treatments were given to participants following a randomized incomplete block design.
Different codes with 3-digit random numbers for each treatment were used (631 for PY, 542
for YI, 893 for YA5, 104 for YIA5, 735 for YA15 and 326 for YIA15).
All sample evaluation was performed in partitioned sensory booths. Participants were
instructed do not talk to others during the evaluation and instructed to evaluate the product and
check the space that best reflects their feeling about the product. Between samples, they were
required to rinse their palate with water and a non-salted cracker. Approximately 1 oz. per
treatment was given to each participant. Different spoons were used to evaluate each sample.
The evaluation forms consisted of a 9-point rating scale, with 1 = dislike extremely and 9 =
like extremely, to evaluate aroma, overall appearance/color, sourness, mouthfeel (viscosity),
overall taste, overall liking. Sourness and mouthfeel viscosity were evaluated using a 3-point
Just-About-Right (JAR) scale (not enough, just about right and Too much) (Stone and Sidel
1993). Other questions were used to evaluate purchase intent of the products and acceptability
(Appendix B).
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3.13 Statistical analysis
Experiment was replicated three times. Means and standard deviations were reported.
Data were analyzed as a factorial arrangement with repeated measures over time using Proc
Mixed of SAS (Version 9.4 SAS® Institute Inc., Cary, NC) software. Differences of least
square means were used to determine significant differences at P < 0.05 for main effects (inulin,
aloe vera and day) and interaction effect (inulin*aloe vera, inulin*aloe vera*day) withTukey’s
adjustment to evaluate significant differences (P < 0.05). The results for sensory evaluation
was subjected to ANOVA using the SAS® 9.4 software. Significant differences between
means were determined at α = 0.05 using Tukey’s adjustment. The McNemar’s test (Fleiss and
Everitt 1971; Stone and Sidel 1993; Sae-Eaw et al., 2007) was used to determine the
significance differences in purchase intent before and after.
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CHAPTER 4. RESULTS AND DISCUSSION
4.1 pH
pH is an indicator of the presence of lactic acid and organic acids, it is an important
factor to assure the quality of yogurt (Azari-Anpar 2016). The results of this study listed in
Table 4 show that there was no significant difference (P < 0.05) in the interaction of
inulin*aloe*day. This means that treatments were not affected by time. However, there was a
significant difference (P < 0.05) in the main effects inulin, aloe vera, day and the interaction of
inulin and aloe. The pH of the functional plain yogurt as influenced by the addition of inulin
and different concentrations of aloe vera is shown in Figure 3.
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Figure 3. pH of yogurt for 30 days storage
Table 3. Probability > F (Pr > F) of main effects for pH in yogurt
Effect
Inulin
Aloe
Inulin*Aloe (Treatment)
Day
Inulin*Aloe*Day

Pr > F
<.0001
<.0001
0.0007
<.0001
0.4799
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Table 4 shows that there was an effect on pH over time. Recent studies found that pH
decreases during the shelf life of yogurt due the activity of lactic acid bacteria, producing lactic
acid from lactose. Also, others organic acids are formed from the residual enzymes produced
by starters during fermentation (Damin et al., 2009; Christopher et al., 2009). In addition, Table
4 shows that the concentration of inulin and aloe vera significantly reduces the pH. The addition
of inulin in yogurt decreases the pH. Bacteria degrade inulin and stimulate the metabolism of
the probiotic bacteria thus accelerating the fermentation in the yogurt. The interaction between
prebiotic and probiotic was positive (Aryana et al., 2007; Donkor et al., 2007; Guven et al.,
2005). Also, it was found that the addition of different concentration of aloe vera juice in
fermented dairy products decreases pH. This could be due to the presence of the prebiotic
polysaccharides and other nutrients that might sustain the metabolic activity of lactic acid
bacteria or by the natural acidity of the aloe vera juice, it was 4.21 (Basannavar et al., 2014;
Hussain et al., 2016; Boghani et al., 2012; Hussain et al., 2015).
Table 4. Means for pH in yogurt as influenced by concentration of inulin, aloe vera, treatment
and day.
Effect

Description
Value
0%
4.47 ± 0.05A
Inulin
1.5 %
4.42 ± 0.04B
0%
4.47 ± 0.05A
Aloe Vera
5%
4.45 ± 0.03B
15%
4.42 ± 0.04C
PY
4.50 ± 0.05A
YI
4.44 ± 0.03C
YA5
4.47 ± 0.03B
Inulin*Aloe (Treatment)
YIA5
4.43 ± 0.04C
YA15
4.44 ± 0.04C
YIA15
4.40 ± 0.04D
1
4.47 ± 0.06A
7
4.44 ± 0.04B
Day
14
4.43 ± 0.04BC
30
4.42 ± 0.03C
ABCD
Means ± Standard Deviation with different letter within the table according the main
effect are significantly different (P<0.05). PY = plain yogurt, YA5 = yogurt with 5% of aloe
vera, YA15 = yogurt with 15% of aloe Vera, YI = yogurt with inulin, YIA5 = yogurt with
inulin and 5% of aloe vera, YIA15 = yogurt with inulin and 15% of aloe vera.
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4.2 Titratable acidity
Titratable acidity values are due to lactose fermentation by yogurt lactic acid bacteria
(Paseephol et al., 2008). The effect of the addition of inulin and aloe vera in plain yogurt is
shown in figure 4. The effects of inulin, aloe, day and the interaction of inulin*aloe were
significantly different (P<0.05), while the interaction between inulin*aloe*day was not
significant different (P>0.05) (Table 5).
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Figure 4. Titratable acidity of yogurt for 30 days storage
Table 5. Probability > F (Pr > F) of main effects for titratable acidity in yogurt
Effect
Inulin
Aloe
Inulin*Aloe (Treatment)
Day
Inulin*Aloe*Day

Pr > F
<.0001
<.0001
<.0001
0.0028
0.7867

Table 6 shows that titratable acidity increased significantly over time. There was
significant difference (P<0.05) among days 7, 14 and 30. Some studies have found the highest
value in titratable acidity after day 15. This could be attributed to the utilization of residual
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carbohydrates by viable microorganisms and the production of lactic acid (Guven et al., 2005;
Panesar and Shinde 2012). The addition of inulin significantly decreased (P<0.05) titratable
acidity, due to the proportional rate of non-fat dry milk powder and inulin in yogurt. Low
concentration of non-fat dry milk may decrease nutrients available for bacteria (Ramchandran
and shah 2008; Kavas and Bakirci 2014). Increased levels of aloe vera juice in yogurt
significantly decreased (P<0.05) the percent lactic acid. These results are in agreement with
Azari-Anpar et al., 2016. Increasing levels of aloe vera may decrease lactose levels and milk
proteins available for lactic acid bacteria to produce lactic acid. For these reasons, the
interaction of inulin with aloe vera decreases titratable acidity. The decrease is lower than the
other treatments when the concentration of aloe vera mixed with inulin is increased.
Table 6. Means for titratable acidity in yogurt as influenced by concentration of inulin, aloe
vera, treatment and day.
Effect

Description
Value
0%
1.09 ± 0.04A
Inulin
1.5 %
0.98 ± 0.05B
0%
1.09 ± 0.04A
Aloe Vera
5%
1.05 ± 0.06B
15%
0.98 ± 0.05C
PY
1.13 ± 0.02A
YI
1.04 ± 0.01C
YA5
1.11 ± 0.02B
Inulin*Aloe (Treatment)
YIA5
0.98 ± 0.02D
YA15
1.04 ± 0.01C
YIA15
0.93 ± 0.02E
1
1.03 ± 0.06B
7
1.03 ± 0.07B
Day
14
1.04 ± 0.07A
30
1.04 ± 0.07A
ABC
Means ± Standard Deviation with different letter within the table according the main effect
are significantly different (P<0.05). PY = plain yogurt, YA5 = yogurt with 5% of aloe vera,
YA15 = yogurt with 15% of aloe Vera, YI = yogurt with inulin, YIA5 = yogurt with inulin and
5% of aloe vera, YIA15 = yogurt with inulin and 15% of aloe vera.
4.3 Color
The effect of the addition of inulin and aloe vera in yogurt after 30 days of storage on
L* values (Lightness- darkness) is shown in Figure 4. The main effects of aloe, day and the
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interaction of inulin*aloe were significantly different (P<0.05). The effect of inulin and the
interaction between inulin*aloe*day was not significantly different (P>0.05) (Table 7),
demonstrating L* values of treatments were not affected by time.
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Figure 5. L* in yogurt storage by 30 days
Table 7. Probability > F (Pr > F) of main effects for color (L*, a*, b*) in yogurt
Effect
Inulin
Aloe
Inulin*Aloe (Treatment)
Day
Inulin*Aloe*Day

L*
0.2504
<.0001
0.0218
0.0357
0.6099

Pr > F
a*
<.0001
<.0001
<.0001
<.0001
0.0017

b*
0.9492
<.0001
<.0001
<.0001
0.0001

Table 8 shows that the addition of aloe vera juice significantly decreased (P<0.05) L*
values. Lower L* values in treatments with 5 and 15% aloe vera, and the interaction of aloe
with inulin had a loss of lightness compared to the control. This may be due the color of aloe
vera juice (Hussain et al., 2015). L* values significantly decreased at day 7. L* values were
stable at days 14 and 30 (Table 8).
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a* values are shown in figure 6. Inulin an aloe vera affected a* (red-green axis) values
after 30 days of storage. The main effects of inulin, aloe, day, the interaction of inulin*aloe and
the interaction between inulin*aloe*day were significantly different (P<0.05) (Table 7). Table
9 shows the interaction of inulin and aloe vera significantly decreased (P<0.05) a* values.
Treatments with 5% of aloe vera juice with inulin, and 15% aloe vera juice with inulin obtained
lower values which decreased over time. Values were negative, estimating that a* values were
in the green color space. Those changes may be attributed to the pale green color of aloe vera
juice (Aryana et al., 2007; Hussain et al., 2015; Paseephol et al., 2008).
Yogurt enhanced with inulin and aloe vera after 30 days of storage had an effect in b*
(yellow-blue) values as shown in Figure 7. For b* values, the main effects of aloe, day, the
interaction of inulin*aloe and the interaction between inulin*aloe*day were significantly
different (P<0.05). The effect inulin was not significant (Table 7). Table 10 shows the
interaction of inulin with 15% of aloe vera juice was significant (P<0.05). Values increased
over time. All the b* values were positive therefore they were found in the yellow color space.
Table 8. Means for L* in yogurt as influenced by concentration of inulin, aloe vera, treatment
and day.
Effect

Description
Value
0%
93.80 ± 1.57A
Aloe Vera
5%
92.47 ± 1.60B
15%
91.90 ± 1.43C
PY
94.15 ± 1.76A
YI
93.46 ± 1.29AB
YA5
92.44 ± 1.58C
Inulin*Aloe (Treatment)
YIA5
92.51 ± 1.65BC
YA15
91.92 ± 1.55C
YIA15
91.87 ± 1.32C
1
93.11 ± 1.96A
7
92.31 ± 1.67B
Day
14
92.78 ± 1.37AB
30
92.68 ± 1.80AB
ABC
Means ± Standard Deviation with different letter within the table according the main effect
are significantly different (P<0.05). PY = plain yogurt, YA5 = yogurt with 5% of aloe vera,
YA15 = yogurt with 15% of aloe Vera, YI = yogurt with inulin, YIA5 = yogurt with inulin and
5% of aloe vera, YIA15 = yogurt with inulin and 15% of aloe vera.
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Table 9. Means for a* in yogurt
Days

Treatment

1
7
14
30
AB
A
AB
PY
-1.62 ± 0.05
-1.57 ± 0.04
-1.61 ± 0.03
-1.61 ± 0.05AB
YI
-1.54 ± 0.31A
-1.66 ± 0.05ABC
-1.70 ± 0.04BCD
-1.71 ± 0.04BCD
AB
A
AB
YA5
-1.60 ± 0.10
-1.56 ± 0.07
-1.63 ± 0.11
-1.74 ± 0.06CD
YIA5
-1.67 ± 0.09ABC
-1.66 ± 0.06ABC
-1.72 ± 0.08CD
-1.93 ± 0.27D
A
AB
ABCD
YA15
-1.55 ± 0.07
-1.62 ± 0.07
-1.76 ± 0.09
-1.69 ± 0.11ABCD
YIA15
-1.84 ± 0.18CD
-1.89 ± 0.12CD
-2.20 ± 0.19E
-2.53 ± 0.49F
ABCDEF
Means ± Standard Deviation with different letter within the table are significantly
different (P<0.05). PY = plain yogurt, YA5 = yogurt with 5% of aloe vera, YA15 = yogurt with
15% of aloe Vera, YI = yogurt with inulin, YIA5 = yogurt with inulin and 5% of aloe vera,
YIA15 = yogurt with inulin and 15% of aloe vera.
Table 10. Means for b* in yogurt
Day
1
7
14
30
CD
CD
CD
PY
11.31 ± 0.25
11.22 ± 0.16
11.20 ± 0.20
11.18 ± 0.19CD
CD
D
CD
YI
10.99 ± 0.26
10.92 ± 0.20
10.98 ± 0.29
10.96 ± 0.22CD
YA5
11.23 ± 0.28CD 11.11 ± 0.19CD 11.22 ± 0.12CD 11.59 ± 0.23BC
YIA5
10.83 ± 0.28D
10.80 ± 0.21D
10.88 ± 0.36D
11.35 ± 0.72CD
CD
CD
CD
YA15
11.03 ± 0.22
11.19 ± 0.22
11.33 ± 0.32
11.12 ± 0.43CD
YIA15
11.29 ± 0.37CD 11.27 ± 0.35CD 11.76 ± 0.44B
12.74 ± 1.13A
ABCD
Means ± Standard Deviation with different letter within the table are significantly
different (P<0.05). PY = plain yogurt, YA5 = yogurt with 5% of aloe vera, YA15 = yogurt with
15% of aloe Vera, YI = yogurt with inulin, YIA5 = yogurt with inulin and 5% of aloe vera,
YIA15 = yogurt with inulin and 15% of aloe vera.
Treatment
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Figure 6. a* in yogurt storage by 30 days
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Figure 7. b* in yogurt storage by 30 days
The ΔΕ* values increased during storage time, but significant changes were not
detected. ΔΕ* values in the treatment with 15% aloe vera and inulin increased at day 30. The
slight increase in ΔΕ* for YI15A may be due to an increase in b* values and decrease in a*
values. These changes may be due to the whey release in yogurt over time (Estrada 2011). All
the ΔΕ* values were less than 3.0 (Table 11); therefore, they cannot be easily detected by the
human eye (Caner, 2005).
Table 11. Total color differences of yogurts during 30 days of storage
Storage time
Day 1 - Day 7
Day 7 -Day 14
Day 14 - Day 30
AB
AB
PY
1.49 ± 1.13
1.58 ± 1.29
2.20 ± 1.65AB
AB
B
YI
1.43 ± 0.79
1.11 ± 0.59
1.19 ± 0.52AB
YA5
1.68 ± 0.76AB
0.84 ± 0.53AB
1.30 ± 1.16AB
AB
AB
YIA5
1.75 ± 1.18
0.97 ± 0.70
1.51 ± 0.79AB
YA15
1.58 ± 0.78AB
0.96 ± 0.60AB
1.70 ± 1.04AB
YIA15
0.90 ± 0.55B
1.29 ± 0.51AB
2.71 ± 0.37A
AB
Means ± Standard Deviation across the same row are significantly different (P<0.05). PY =
plain yogurt, YA5 = yogurt with 5% of aloe vera, YA15 = yogurt with 15% of aloe Vera, YI =
yogurt with inulin, YIA5 = yogurt with inulin and 5% of aloe vera, YIA15 = yogurt with inulin
and 15% of aloe vera.
Treatment
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4.4 Syneresis
Syneresis is the serum liberated by the product. Whey separation is a very important
defect in yogurt (Guven et al., 2005). In some cases, syneresis has a direct relationship with
pH and titratable acidity; the decrease of pH and an increase of titratable acidity results in an
increase of whey separation (Azari-Anpar et al., 2017). Syneresis in yogurt enhanced with
inulin and aloe vera storage by day 30 is shown in Figure 8. The main effects of inulin, aloe,
day and the interaction of inulin*aloe were significantly different (P<0.05), while the
interaction between inulin*aloe*day was not significant (P>0.05) meaning the treatments were
not affected by time (Table 12).
Table 12. Probability > F (Pr > F) of main effects for syneresis in yogurt

% Whey Loss

Effect
Inulin
Aloe
Inulin*Aloe (Treatment)
Time
Inulin*Aloe*Time

Pr > F
<.0001
<.0001
0.0158
<.0001
0.7048

78
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74
72
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68
66
64
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56
54
52
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YI
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YIA5
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1
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14
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Figure 8. Syneresis of yogurt for 30 days storage

31

Table 13 shows a significant effect (P<0.05) on syneresis over time. Syneresis increased
from day 1 to day 7 and stayed constant until day 30. The increase of whey loss is due to starter
culture growth and release of proteolytic enzymes in fermented milk, resulting in breakdown
the protein network. (Shihata and Shah, 2002; Adriana and McGrew, 2007). The addition of
inulin had a significant effect (P<0.05) on syneresis causing it to increase. Inulin could have
interfered with the development of a 3-dimensional structure of casein resulting in a weaker
gel decreasing the capacity of retaining water (Paseephol et al., 2008). Increasing the levels of
aloe vera juice in yogurt significantly increased (P<0.05) syneresis. This may be due to a direct
relationship between the low pH (Table 4) and syneresis in yogurt. Low pH decreases colloidal
stability of casein micelles and increases yogurt syneresis (Fox et al., 2000; Guven et al., 2005).
The high-water content in aloe vera juice, could also play a factor. The interaction of 15% of
aloe vera and inulin had the highest whey loss.
Table 13. Means for syneresis in yogurt as influenced by concentration of inulin, aloe vera,
treatment and day
Effect

Description
Value
0%
63.84 ± 2.89B
Inulin
1.5 %
65.58 ± 3.62A
0%
62.59 ± 2.01C
Aloe Vera
5%
63.77 ± 2.71B
15%
67.78 ± 2.87A
PY
61.81 ± 1.73D
YI
63.37 ± 1.99C
YA5
63.36 ± 2.48C
Inulin*Aloe (Treatment)
YIA5
64.18 ± 2.90C
YA15
66.36 ± 2.33B
YIA15
69.20 ± 2.66A
1
63.05 ± 3.22B
7
64.95 ± 3.78A
Day
14
65.13 ± 3.11A
30
65.73 ± 2.82A
ABCD
Means ± Standard Deviation with different letter within the table according the main
effect are significantly different (P<0.05). PY = plain yogurt, YA5 = yogurt with 5% of aloe
vera, YA15 = yogurt with 15% of aloe Vera, YI = yogurt with inulin, YIA5 = yogurt with
inulin and 5% of aloe vera, YIA15 = yogurt with inulin and 15% of aloe vera.
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4.5 Viscosity
The curd stability of yogurt is one of the most important physical properties. There are
different factors which have an influence on curd stability. These can be: acidity of yogurt,
total solid and protein content, homogenization, activity of starter culture and storage
temperature (Guven et al., 2005). The effect of inulin and aloe vera on viscosity after 30 days
of storage is shown in figure 9. The main effects inulin, aloe, day and the interaction of
inulin*aloe were significantly different (P<0.05). The interaction between inulin*aloe*day was
not significant different (P>0.05) (Table 14).
Table 14. Probability > F (Pr > F) of main effects for viscosity in yogurt
Effect
Inulin
Aloe
Inulin*Aloe (Treatment)
Day
Inulin*Aloe*Day

Pr > F
<.0001
<.0001
0.0005
0.0203
0.9083
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2000
1
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Figure 9. Viscosity of yogurt for 30 days storage
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Table 15 shows viscosity to decrease significantly (P<0.05) over time. The decrease in
pH in yogurt could have influenced the decreasing viscosity. As pH decreases, the distance
from the isoelectric point of casein (4.6) increases; therefore, reducing stability of this protein
and reducing curd stability (Bylund 1995).
Addition of inulin significantly decreased (P<0.05) viscosity, due to inulin being
dispersed within casein micelles, interfering with the formation of protein matrix and resulting
in a weak gel (Passephol et al., 2008). In addition, there was a decrease in viscosity when 15%
of aloe vera juice was added to the yogurt. The aloe vera juice has a high moisture content and
makes up a fragile coagulum in yogurt (Singh et al., 2012; Azari-Anpar et al., 2017). Therefore,
the interaction of inulin and 15% aloe vera juice decreases viscosity significantly (P<0.05).
Table 15. Means for viscosity (cPs) in yogurt as influenced by concentration of inulin, aloe
vera, treatment and day
Effect

Description
Value
0%
9270.84 ± 1795.63A
Inulin
1.5 %
7890.87 ± 1615.56B
0%
8832.67 ± 1392.55A
Aloe Vera
5%
9202.77 ± 2002.53A
15%
7707.12 ± 1749.55B
PY
9116.69 ± 1305.52AB
YI
8548.65 ± 1436.47B
YA5
9771.66 ± 2415.60A
Inulin*Aloe (Treatment)
YIA5
8633.89 ± 1278.25B
YA15
8924.17 ± 1382.60AB
YIA15
6490.08 ± 1118.34C
1
9021.58 ± 1866.84A
7
8584.76 ± 1694.87AB
Day
14
8580.53 ± 1709.00AB
30
8136.55 ± 2010.37B
AB
Means ± Standard Deviation with different letter within the table according the main effect
are significantly different (P<0.05). PY = plain yogurt, YA5 = yogurt with 5% of aloe vera,
YA15 = yogurt with 15% of aloe Vera, YI = yogurt with inulin, YIA5 = yogurt with inulin and
5% of aloe vera, YIA15 = yogurt with inulin and 15% of aloe vera.
4.6 Streptococcus thermophilus and Lactobacillus bulgaricus
Streptococcus thermophilus and Lactobacillus bulgaricus counts in yogurt enhanced
with inulin and aloe vera after 30 days of storage are shown in Figure 10 and Figure 11
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respectively. The main effect of day in both bacteria was significantly different (P<0.05). The
effects inulin, aloe vera and the interaction between inulin*aloe and inulin*aloe*day were not
significant different (P>0.05) in S. thermophilus and L. bulgaricus (Table 16).
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Figure 10. Streptococcus thermophilus counts in yogurt for 30 days storage
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Figure 11. Lactobacillus bulgaricus counts in yogurt for 30 days storage
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Table 16. Probability > F (Pr > F) of main effects for the growth of Streptococcus
thermophilus and Lactobacillus bulgaricus in yogurt
Effect
Inulin
Aloe
Inulin*Aloe (Treatment)
Day
Inulin*Aloe*Day

S. thermophilus
0.2269
0.9877
0.8851
<.0001
0.9453

Pr > F
L. bulgaricus
0.5389
0.4429
0.7332
<.0001
0.9827

Table 17 shows, Streptococcus thermophilus count in yogurt enhanced with inulin and
aloe vera increased over time. Counts were stable at day 1 and 7, but there were significant
increases (P<0.05) at days 14 and 30. These results correlate with Srisuvor et al., 2013, who
found Streptococcus thermophilus to increase in number over time. Lactobacillus bulgaricus
counts had a significant effect over time (P<0.05). Counts were stable at days 1 and 7 but then
decreased significantly (P<0.05) at day 14 and increased at day 30 (P<0.05). Therefore, counts
of this probiotic bacteria was unstable. The viability of Streptococcus thermophilus was higher
than Lactobacillus bulgaricus (Figure 10 and Figure 11) (Passephol and sherkat, 2009). Several
researches have reported that low numbers of Lactobacillus bulgaricus could help to improve
the viability of probiotics bacteria due to L. bulgaricus reducing post acidification (Holcomb
& Frank, 1991; Shah, 1995). These probiotics bacteria should be present in the food product in
minimal amounts of 106 CFU /g / day (Figure 10 and Figure 11). High dosages are required to
compensate the loss of cells during the passage through the gastro intestinal tract (Granato et
al., 2010). The addition of inulin did not have a significant effect (P>0.05) on improving the
viability of Streptococcus thermophilus and Lactobacillus bulgaricus (Table 16) due to L.
bulgaricus inability to degrade inulin. In addition, inulin was no shown to influence S.
thermophilus and L. bulgaricus during cold storage (Paseephol et al., 2008; Karimi et al., 2015;
Kanjan and Hongpattarakere, 2017).
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Table 17. Means for the growth of Streptococcus thermophilus and Lactobacillus bulgaricus
in yogurt as influenced by day
Day
S. thermophilus (Log CFU/g)
L. bulgaricus (Log CFU/g)
B
1
9.03 ± 0.30
7.21 ± 0.70A
B
7
8.94 ± 0.23
7.40 ± 0.91A
A
14
9.28 ± 0.12
6.43 ± 0.37B
30
9.24 ± 0.07A
6.97 ± 1.28A
AB
Means ± Standard Deviation with different letter within the table are significantly different
(P<0.05)
4.6 Inulin quantification
Inulin has a variety of uses such as a replacement for sugar, fat, texturizing agent, lowcalorie bulking agent. It is used as a soluble and fermentable dietary fiber, and in dairy products
for its prebiotic properties. Inulin improves the survival and activity during the storage of other
probiotics such as Lactobacillus acidophilus and Bifidobacterium spp. (Alkalin et al., 2004;
Tungland and Meyer, 2002; Kaplan and Hutkins, 2003). Quantification of inulin was conducted
after yogurt manufacture using a standard curve of inulin (Figure 12), which was prepared by
injecting different volumes (5, 25 and 50 µl) of the inulin standard and running a lineal
regression in excel. Obtaining the equation: y=4976.4x – 1058.9. The standard curve showed
a good fit by linear regression (R2 = 0.9992).
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Figure 12. Standard curve for inulin
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Inulin content in yogurt was analysed for 30 days. The content of inulin in yogurts
enhanced with this prebiotic is shown in Figure 13. The main effects of day and treatment were
significantly different (P<0.05), while the interaction treatment*day was not significantly
different (P>0.05) (Table 18).
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Figure 13. Inulin content in yogurt storage by 30 days
Table 18. Probability > F (Pr > F) of main effects for inulin content in yogurt
Effect
Treatment
Day
Inulin*Aloe*Day

Pr > F
0.0010
<.0001
0.8668

Inulin content decreased significantly (P<0.05) over time, with the lowest concentration
at day 30 (Table 19). This may be due this prebiotic providing additional nutrients to stimulate
culture growth. Concentrations of 1.5% are enough to stimulate the viability of probiotic
microorganisms. Inulin also helps to protect probiotics cells from acid injury (Makras et al.,
2005; Ariana et al., 2007; Desai et al., 2004). The microorganism able to ferment inulin is
Bifidobacterium. It has demonstrated the highest ability to degrade inulin (Rossi et al., 2005).
Inulin is an excellent subtract to promote and stimulate the viability of this bacteria (Akalin et
al., 2004, Bruno et al., 2002, Shin et al., 2000). Wiele et al., 2007, found inulin to help increase
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the survival of Lactobacillus acidophilus during storage. The significant decrease of inulin
content (P<0.05) in yogurts enhanced with 15% aloe vera may be attributed to the low pH. pH
is an important factor in inulin hydrolysis (Blecker et al., 2002). The range of inulin content in
yogurt without aloe vera was 5.86 to 5.06 mg/g yogurt. Yogurt with 5% of aloe vera juice had
an inulin range from 5.79 to 4.73 mg/g yogurt. Yogurt with 15% aloe vera juice had inulin
ranges from 5.61 to 4.39 mg/g yogurt (Figure 13). The most effective inulin level to reduce
cholesterol, serum triglyceride and LDL-cholesterol in the blood was found to be 8-10 g per
day (Abrams et al., 2005; Canzi et al., 1995; Williams, 1999). 15-20 g per day was found to be
effective in relieving constipation (Gibson et al., 1995). Inulin behaves as dietary fiber, and
according U.S. FDA, 2013, the daily intake of total dietary fiber should be 25 g/day.
Table 19. Means for inulin content in yogurt
Effect

Description
Value
YI
5.46 ± 0.38A
Treatment
YIA5
5.28 ± 0.51A
YIA15
4.91 ± 0.62B
1
5.75 ± 0.25A
7
5.40 ± 0.45AB
Day
14
4.99 ± 0.46BC
30
4.73 ± 0.41C
AB
Means ± Standard Deviation with different letter within the table according the main effect
are significantly different (P<0.05). YI = yogurt with 1.5% inulin, YIA5 = yogurt with 1.5%
inulin and 5% of aloe vera, YIA15 = yogurt with 1.5% inulin and 15% of aloe vera.
4.7 Sensory evaluation
A consumer acceptability study was conducted using a 9-point hedonic scale. Table 20
shows scores for each parameter evaluated by the consumer. The acceptability of overall
appearance/color in the treatments was reduced significantly (P<0.05) by the incorporation of
15% aloe vera juice with inulin. The significant changes may be due to the pale green color of
aloe vera juice and high-water content resulting in a soft gel (Hussain et al., 2015). Sensory
scores for aroma and overall taste in treatments without aloe vera juices were significantly
higher (P<0.05) than treatments with aloe vera. There was a significant difference in the scores
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of aroma and overall taste (P<0.05) in samples with 5% aloe vera and samples with 15% aloe
vera and inulin. All the aroma scores were higher than 5. While scores for overall taste were
lower than 5, representing dislike from the consumers.
For mouthfeel (viscosity), sensory scores decreased significantly (P<0.05) when the
concentration of aloe vera increased. The lowest score for mouthfeel (viscosity) (P<0.05) was
for samples with 15% aloe vera juice. Consumers were able to detect the effect of aloe and
inulin in yogurt on decreasing values of viscosity (Table 15). Hence, results indicated that
higher levels of addition of aloe vera juice decreased sensory scores for overall taste, aroma
and mouthfeel (viscosity) (Singh et al., 2012; Guven, 2005; Panesar and Shinde 2011; and
Hussain et al., 2012). Consumers were able to perceive the acidity and low pH in the treatment
with 15% of aloe vera juice and inulin (Table 4), significantly (P<0.05) decreasing the sensory
score for sourness in this treatment. Sensory scores for overall liking have a direct effect on the
acceptability of the samples (Figure 14).
There was a significant difference (P<0.05) in samples with and without aloe vera.
Increasing the concentration of aloe vera juice in yogurt significantly decreased the sensory
scores of overall liking in the treatments and reduced the acceptability by the consumers.
Samples without aloe vera juice had a higher acceptability by the consumers (Figure 14).
Table 20. Consumer acceptability scores£ of functional plain yogurt enhanced with inulin and
aloe vera
TRT
PY
YI
YA5
YIA5
YA15
YIA15

Overall
Appareance /
Color
6.57 ± 1.70A
6.50 ± 1.46A
6.36 ± 1.61A
6.46 ± 1.46A
6.31 ± 1.52A
5.70 ± 1.91B

Aroma

Overall Taste

Sourness

Mouthfeel
(Viscosity)

Overall
Liking

6.44 ± 1.95A
6.44 ± 1.53A
5.82 ± 1.78B
5.68 ± 1.64BC
5.52 ± 1.56BC
5.18 ± 1.72C

4.48 ± 2.34A
4.90 ± 2.10A
3.71 ± 1.98B
3.69 ± 1.97BC
3.28 ± 1.88BC
2.95 ± 1.86C

4.84 ± 2.14A
4.97 ± 1.88 A
4.38 ± 1.96AB
4.54 ± 1.91AB
4.11 ± 1.86BC
3.92 ± 1.75C

6.33 ± 1.99A
5.68 ± 1.91AB
5.24 ± 1.91B
5.29 ± 1.87B
3.93 ± 1.99C
3.43 ± 1.71C

4.80 ± 2.28A
4.95 ± 2.11A
3.81 ± 1.99B
3.92 ± 1.98B
3.42 ± 1.86BC
3.04 ± 1.76C

£

Mean from responses based on 9 -point hedonic scale. ABC Means ± Standard Deviation values
with different letter in the same column are significantly different (P>0.05). TRT = Treatment.
PY = plain yogurt, YA5 = yogurt with 5% of aloe vera, YA15 = yogurt with 15% of aloe Vera,
YI = yogurt with inulin, YIA5 = yogurt with inulin and 5% of aloe vera, YIA15 = yogurt with
inulin and 15% of aloe vera.
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Figure 14. Frequency for acceptability of yogurt
Table 21. Purchase intent before and after of functional plain yogurt enhanced with inulin and
aloe vera
Treatment
PIb (%)€
PIa (%)€
PY
28.75
60
YI
32.50
66.25
YA5
18.75
43.75
YIA5
20
41.25
YA15
15
36.25
YIA15
10
26.25
€
Statistically significant p-values in bold print (P<0.05) based on McNemar Exact probability
from 80 consumers responses. PY = plain yogurt, YA5 = yogurt with 5% of aloe vera, YA15
= yogurt with 15% of aloe Vera, YI = yogurt with inulin, YIA5 = yogurt with inulin and 5%
of aloe vera, YIA15 = yogurt with inulin and 15% of aloe vera. PIb = Purchase intent before,
Pia = Purchase intent after.
The purchase intent of yogurt samples more than doubled across all treatments when
consumers were made aware that (Table 21 the yogurts were enhanced with inulin and/or aloe
vera and contained beneficial bacterial that provides gut health benefits. According to a study
conducted by Allgeyer et al., 2010, when the consumers have knowledge about health benefits
of probiotics/prebiotic yogurts, the preference to consume this kind of products increases.
Approximately 37% of consumers reported consuming yogurts with prebiotics several times a
month, while 42% reported consuming probiotic yogurt. Stanton et al., 2001 reported that one
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trend for people is to consume functional foods because of increasing awareness of Americans
about the benefits of functional ingredients such as probiotics and prebiotics. The market
demand for prebiotics was $2.3 billion in 2012. It is estimated to reach $4.5 billion in the year
2018 (Transparency Market Research, 2015).
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CHAPTER 5. CONCLUSION
This study aimed to develop a functional stirred plain yogurt enhanced with inulin and
aloe vera juice (AVJ) and to evaluate its characteristics while measuring the growth of
Lactobacillus bulgaricus and Streptococcus thermophilus during 30 days of refrigerated
storage. A consumer acceptability study also conducted. The results from this study show that
pH was affected by the interaction of inulin and AVJ. Inulin and concentrations of AVJ
decreased pH. Titratable acidity was reduced with the addition of inulin and the increase of
AVJ. The interaction of those compounds decreases titratable acidity compared to the control.
Therefore, treatments with 15% AVJ and inulin had the lowest pH and titratable acidity
compared to the other treatments. pH decreased, and titratable acidity increased over time.
Syneresis increased with inulin addition and with the increase in aloe vera juice. The interaction
of inulin and aloe vera increases whey loss in yogurt. Viscosity showed the lowest value in
treatment with 15% of AVJ and inulin. Viscosity and synereses were affected over time.
Syneresis increased and viscosity decreased. Addition of aloe vera decreased L*. Treatment
with 15% AVJ and inulin decreased a* values and increased b* values. Counts of Streptococcus
thermophilus and Lactobacillus bulgaricus increased over time, showing addition of inulin and
aloe vera do not affect its viability. All the treatments were higher than 109 and 106 CFU/g
respectively. Both bacteria were present with higher counts than the minimal amounts 106
CFU/g / day required to provide health benefits. Inulin content in yogurt decreased over time.
The lowest amount of inulin was detected in treatment with 15% AVJ and inulin. Syneresis,
viscosity, pH, titratable acidity, inulin content, L*, and counts of S. thermophilus and L.
bulgaricus did not have significant differences in the interaction between treatment and day,
meaning they were not affected by time. For consumer acceptability, the sensory scores for
aroma, overall taste and overall liking were higher in treatments without AVJ. Increasing
concentration of aloe vera juice decreased sensory scores. Treatments with aloe vera at 15%
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and with inulin received the lowest scores in overall appearance/color, sourness, mouthfeel
(viscosity) and overall liking. Purchase intent was found to increase after consumers were
aware of the health benefits of aloe vera, probiotics and inulin.
Further studies are needed to improve the flavor. Also, use a natural gum to improve
viscosity and reduce syneresis in treatments with high percentage of aloe vera juice should be
done. Enumeration of probiotic bacteria Lactobacillus acidophilus and Bifidobacterium
animalis subsp. Lactis, using its specific media should be conducted. Quantification of
acemannan in yogurt with added aloe vera should be also investigated.

44

REFERENCES
Abrams, S.A., I.J. Griffin, K.M. Hawthorne, L. Liang, S.K. Gunn, G. Darlington, and K.J. Ellis.
2005. A combination of prebiotic short- and long-chain inulin-type fructans enhances
calcium absorption and bone mineralization in young adolescents. The American
Journal of Clinical Nutrition. 82:471–476.
Abreu-Abreu, A. 2012. Prebióticos, probióticos y simbióticos. Revista de Gastroenterología
de México. 77:26–28.
Ahlawat, K.S., and B.S. Khatkar. 2011. Processing, food applications and safety of aloe vera
products: a review. Journal of Food Science and Technology. 48:525–533.
Akalin, A.S., S. Fenderya, and N. Akbulut. 2004. Viability and activity of bifidobacteria in
yoghurt containing fructooligosaccharide during refrigerated storage. International
Journal of Food Science and Technology. 39:613–621.
Akın, M., M. Akın, and Z. Kırmacı. 2007. Effects of inulin and sugar levels on the viability of
yogurt and probiotic bacteria and the physical and sensory characteristics in probiotic
ice-cream. Food Chemistry. 104:93–99.
Allgeyer, L., M. Miller, and S.-Y. Lee. 2010. Drivers of Liking for Yogurt Drinks with
Prebiotics and Probiotics. Journal of Food Science. 75.
Alves, L.L., N.S.P.S. Richards, P. Mattanna, D.F. Andrade, A.P.S. Rezer, L.I.G. Milani, A.G.
Cruz, and J.A.F. Faria. 2012. Cream cheese as a symbiotic food carrier using
Bifidobacterium animalis Bb-12 and Lactobacillus acidophilus La-5 and inulin.
International Journal of Dairy Technology. 66:63–69.
Aryana, K.J. 2003. Folic acid fortified fat-free plain set yoghurt. International Journal of Dairy
Technology. 56:219–222.
Aryana, K., S. Plauche, R. Rao, P. Mcgrew, and N. Shah. 2007. Fat-Free Plain Yogurt
Manufactured with Inulins of Various Chain Lengths and Lactobacillus acidophilus.
Journal of Food Science. 72.
Azari-Anpar, M., H. Payeinmahali, A.D. Garmakhany, and A.S. Mahounak. 2017.
Physicochemical, microbial, antioxidant, and sensory properties of probiotic stirred
yoghurt enriched with Aloe vera foliar gel. Journal of Food Processing and
Preservation. 41.
Balthazar, C., C.C. Júnior, J. Moraes, M. Costa, R. Raices, R. Franco, A. Cruz, and A. Silva.
2016. Physicochemical evaluation of sheep milk yogurts containing different levels of
inulin. Journal of Dairy Science. 99:4160–4168.
Banasaz, M., E. Norin, R. Holma, and T. Midtvedt. 2002. Increased Enterocyte Production in
Gnotobiotic Rats Mono-Associated with Lactobacillus rhamnosus GG. Applied and
Environmental Microbiology. 68:3031–3034.

45

Basannavar, S., R. Pothuraju, and R.K. Sharma. 2014. Effect of Aloe vera (Aloe barbadensis
Miller) on survivability, extent of proteolysis and ACE inhibition of potential probiotic
cultures in fermented milk. Journal of the Science of Food and Agriculture. 94:2712–
2717.
Blecker, C., C. Fougnies, J. C. Van Herck, J. P. Chevalier, and M. Paquot. 2002. Kinetic
study of the acid hydrolysis of various oligofructose samples. Journal of Agricultural and Food
Chemistry. 50:1602–1607.
Boghani, A.H., A. Raheem, and S. I. Hashmi. 2012. Development and Storage Studies of
Blended Papaya-Aloe vera Ready to Serve (RTS) Beverage. Food Processing
Technology. 3:10.
Bruno, F., W. Lankaputhra, and N. Shah. 2002. Growth, Viability and Activity of
Bifidobacterium spp. in Skim Milk Containing Prebiotics. Journal of Food Science.
67:2740–2744.
Bylund G.1995. Dairy processing handbook. Lund, Sweden: Tetra Pak. Processing Systems
AB.
Cassel

D. 2014. 2014 Flavor trends: Yogurt’s fruitful
www.foodprocessing.com/articles/2014/flavor-trends-yogurt/.

union.

http://

CFR (Code of Federal Regulations). 2017b. 21CFR131.203: Low-fat yogurt. Accessed
December.27,2017.https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSear
ch.cfm?fr=131.203.
CFR (Code of Federal Regulations). 2017c. 21CFR131.206: Non-fat yogurt. Accessed
December.27,2017.https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSear
ch.cfm?fr=131.206.
Caner C. 2005. The effect of edible eggshell coatings on egg quality and consumer perception.
J Sci Food Agric 85: 1897–1902.
Canzi, E., F.B. Brighenti, M.C. Casiraghi, E. Del Puppo, and A. Ferrari. 1995. Prolonged
consumption of inulin in ready-to-eat breakfast cereals: effects on intestinal ecosystem,
bowel habits and lipid metabolism. In COST 92, Workshop. Dietary Fibre and
Fermentation in the Colon, Helsinki. Luxembourg: Office for Official Publications of
the European Communities. 280-284.
Conway, P., S. Gorbach, and B. Goldin. 1987. Survival of Lactic Acid Bacteria in the Human
Stomach and Adhesion to Intestinal Cells. Journal of Dairy Science. 70:1–12.
Christopher, M.D., V.P. Reddy and K. Venkateswarlu.2009. Viability during storage of two
Bifidobacterium bifidum strains in set and stirred flavoured yoghurts containing whey
protein concentrate. Nat. Prod. Rad. 8: 25-31.
Damin, M.R., M. R. Alcantara, A.P. Nunes and M.N. Oliveira. 2009. “Effects of ilk
supplementation with skim milk powder whey protein concentrate and sodium

46

caseinate on acidification kinetics, rheological properties and structure of non-fat
stirred yogurt”. LWT-Food Science and Technology 42: 1744-1750.
Dave, R., and N. Shah. 1996. Evaluation of Media for Selective Enumeration of Streptococcus
thermophilus, Lactobacillus delbrueckii ssp. bulgaricus, Lactobacillus acidophilus,
and Bifidobacteria. Journal of Dairy Science. 79:1529–1536.
Davis, J.G., T.R. Ashton, and M. McCaskill. 1971. Enumeration and viability of Lactobacillus
bulgaricus and Streptococcus thermophilus in yogurt. Dairy Industry. 36:569–573.
Debruyin, A., A. P. Alvar, P. Sandra, and L. Leenherr. 1992. Isolation and identification of βD-fructofuranosyl-(2,1)-D-fructose, a product of the enzymatic hydrolysis of the inulin
from Cichorium intybus. Carbohydrate Res. 235: 303-308.
Delikanli, B., and T. Ozcan. 2016. Improving the Textural Properties of Yogurt Fortified with
Milk Proteins. Journal of Food Processing and Preservation. 41.
Desai, A.R., I.B. Powell, and N.P. Shah. 2006. Survival and Activity of Probiotic Lactobacilli
in Skim Milk Containing Prebiotics. Journal of Food Science. 69.
Donkor, O., S. Nilmini, P. Stolic, T. Vasiljevic, and N. Shah. 2007. Survival and activity of
selected probiotic organisms in set-type yoghurt during cold storage. International
Dairy Journal. 17:657–665.
Driessen, F.M., F. Kingma, and J. Steadhouders. 1982. Evidence that Lactobacillus bulgaricus
in yoghurt is stimulated by carbon dioxide produced by Streptococcus
thermophilus. Netherlands Milk and Dairy Journal. 36:135–144.
Ebringer, L., M. Ferenčík, and J. Krajčovič. 2008. Beneficial health effects of milk and
fermented dairy products — Review. Folia Microbiologica. 53:378–394.
Eshun, K., and Q. He. 2004. Aloe Vera: A Valuable Ingredient for the Food, Pharmaceutical
and Cosmetic Industries—A Review. Critical Reviews in Food Science and Nutrition.
44:91–96.
Estrada D. 2011. Production and Processing of a functional yogurt fortified with
microencapsulated omega-3 and vitamin E.
FAO-WHO.2006. “Probiotics in food. Health and nutritional properties and guidelines for
339 evaluations”. FAO Food and Nutritional Paper 85.
Femenia, A., E.S. Sánchez, S. Simal, and C. Rosselló. 1999. Compositional features of
polysaccharides from Aloe vera (Aloe barbadensis Miller) plant tissues. Carbohydrate
Polymers. 39:109–117.
Fleiss, J.L., and B.S. Everitt. 1971. Comparing The Marginal Totals Of Square Contingency
Tables. British Journal of Mathematical and Statistical Psychology. 24:117–123.
Fox, P.F., T.P. Guinee, T.M. Cogan, and P.L.H. McSweeney. 2000. Fundamentals of cheese
science. Springer, Boston.
47

Garrigues, C., E. Johansen, and M.B. Pedersen. 2010. Complete Genome Sequence of
Bifidobacterium animalis subsp. lactis BB-12, a Widely Consumed Probiotic
Strain. Journal of Bacteriology. 192:2467–2468.
Gibson, G.R., E.R. Beatty, X. Wang, and J.H. Cummings. 1995. Selective stimulation of
bifidobacteria in the human colon by oligofructose and inulin. Gastroenterology.
108:975–982.
Gibson, G.R., H.M. Probert, J.V. Loo, R.A. Rastall, and M.B. Roberfroid. 2004. Dietary
modulation of the human colonic microbiota: updating the concept of
prebiotics. Nutrition Research Reviews. 17:259.
Gill, H.S. 2004. Probiotics and human health: a clinical perspective. Postgraduate Medical
Journal. 80:516–526.
Gruenwald, J. 2009. Novel botanical ingredients for beverages. Clinics in Dermatology.
27:210–216.
Gueimonde, M., C.D.L.R.- Gavilán, and B. Sánchez. 2011. Stability of Lactic Acid Bacteria in
Foods and Supplements. Lactic Acid Bacteria. 361–383.
Guinee T. P., C. G. Mullins, W. Reville, and M. Cotor. 1995. ‘Physical properties of stirredcurd un-sweetened yoghurts stabilized with different dairy ingredients’
Milchwissenschaft. 50:196-200.
Guven, M., K. Yasar, O.B. Karaca, and A.A. Hayaloglu. 2005. The effect of inulin as a fat
replacer on the quality of set-type low-fat yogurt manufacture. International Journal of
Dairy Technology. 58:180–184.
Han, X., Z. Yang, X. Jing, P. Yu, Y. Zhang, H. Yi, and L. Zhang. 2016. Improvement of the
Texture of Yogurt by Use of Exopolysaccharide Producing Lactic Acid Bacteria.
BioMed Research International. 2016:1–6.
Hamann, W.T., and E.H. Marth. 1984. Survival of Streptococcus thermophilus and
Lactobacillus bulgaricus in Commercial and Experimental Yogurts. Journal of Food
Protection. 47:781–786.
Hamman, J. 2008. Composition and Applications of Aloe vera Leaf Gel. Molecules. 13:1599–
1616.
Holcomb, J. E., and J.F. Frank. 1991. Viability of Lactobacillus acidophilus and
Bifidobacterium bifidum in soft serve frozen yoghurt. Cultured Dairy Products Journal.
26: 4–5.
Hussain, S.A., G.R. Patil, V. Yadav, R.R.B. Singh, and A.K. Singh. 2016. Ingredient
formulation effects on physico-chemical, sensory, textural properties and probiotic
count of Aloe vera probiotic dahi. LWT - Food Science and Technology. 65:371–380.

48

Hussain, S.A., G.R. Patil, V. Yadav, R.R.B. Singh, and A.K. Singh. 2015. Effect of storage on
sensory quality, pH, wheyinh-off and probiotic count of lassi supplemented with Aloe
barbadensis Miller juice. Indian Journal Dairy Science. 68: 2.
Iannitti, T., and B. Palmieri. 2010. Therapeutical use of probiotic formulations in clinical
practice. Clinical Nutrition. 29:701–725.
Ibrahim, G.A., N.S. Mehanna, D.A.G. El-Rab, M. H. Abd El-Salam, A.M. Kholif, S.M. Abdou,
S. El-Shibiny. 2004. Preparation and properties of set fermented milk containing inulin
and different probiotics. 9th Egyptian Conference for Dairy Science and Technology;
2004 Oct 9-11; Cairo, Egypt: Egyptian Society of Dairy Science. p 117–32.
Kanjan, P., and T. Hongpattarakere. 2017. Prebiotic efficacy and mechanism of inulin
combined with inulin-degrading Lactobacillus paracasei I321 in competition with
Salmonella. Carbohydrate Polymers. 169:236–244.
Kaplan, H., and R.W. Hutkins. 2003. Metabolism of Fructooligosaccharides by Lactobacillus
paracasei 1195. Applied and Environmental Microbiology. 69:2217–2222.
Karimi, R., M.H. Azizi, M. Ghasemlou, and M. Vaziri. 2015. Application of inulin in cheese
as prebiotic, fat replacer and texturizer: A review. Carbohydrate Polymers. 119:85–
100.
Kavaz, A., and I. Bakirci. 2014. Influence of inulin and demineralised whey powder addition
on the organic acid profiles of probiotic yoghurts. International Journal of Dairy
Technology. 67:577–583.
Kennedy, S.M. 2017. Cultured dairy strives to be more 'au naturel'. Dairy Foods.
Koutinas, A. 2017. Fermented Dairy Products. Current Developments in Biotechnology and
Bioengineering. 3–24.
Kurman, J.A., J. L. Rasic. 1991. The health potential of products containing bifidobacteria. In
Robinson RK. Therapeutic Properties of Fermented Milks. Elsevier Apllied Food
Sciences, London. Pp 117-158.
Lee, W. J., and Lucey, J. A. 2004. Structure and physical properties of yogurt gels: effect of
inoculation rate and incubation temperature. Journal Of Dairy Science, 87(10), 31533164.
Lee, Y.K., and S Salminen. 2008. “Handbook of probiotics”, second edition. John Wiley &
Sons. Hoboken. NJ: 441-3.
Libera, J., M. Karwowska, D.M. Stasiak, and Z.J. Dolatowski. 2015. Microbiological and
physicochemical properties of dry-cured neck inoculated with probiotic of
Bifidobacterium animalis ssp. lactis BB-12. International Journal of Food Science &
Technology. 50:1560–1566.

49

Loveday, S.M., A. Sarkar, and H. Singh. 2013. Innovative yoghurts: Novel processing
technologies for improving acid milk gel texture. Trends in Food Science &
Technology. 33:5–20.
Makras, L., G.V. Acker, and L.D. Vuyst. 2005. Lactobacillus paracasei subsp. paracasei
8700:2 Degrades Inulin-Type Fructans Exhibiting Different Degrees of
Polymerization. Applied and Environmental Microbiology. 71:6531–6537.
Marshall, V.M., and W.M. Cole. 1983. Threonine aldolase and alcohol dehydrogenase
activities in Lactobacillus bulgaricus and Lactobacillus acidophilus and their
contribution to flavour production in fermented milks. Journal of Dairy Research.
50:375-379.
Meyer, D., and B. Tungland. 2002. Non-Digestible Oligosaccharides and Polysaccharides:
Their Physiological Effects and Health Implications. Advanced Dietary Fibre
Technology. 3:453–470.
Michael, M., R.K. Phebus, and K.A. Schmidt. 2010. Impact of a plant extract on the viability
of Lactobacillus delbrueckii ssp. bulgaricus and Streptococcus thermophilus in non-fat
yogurt. International Dairy Journal. 20:665–672.
Minjares-Fuentes, R., V.M. Rodríguez-González, R.F. González-Laredo, V. Eim, M.R.
González-Centeno, and A. Femenia. 2017. Effect of different drying procedures on the
bioactive polysaccharide acemannan from Aloe vera (Aloe barbadensis
Miller). Carbohydrate Polymers. 168:327–336.
Modler, H., R. Mckellar, and M. Yaguchi. 1990. Bifidobacteria and Bifidogenic Factors.
Canadian Institute of Food Science and Technology Journal. 23:29–41.
Modzelewska-Kapituła, M., J. Kłobukowski, L. Kłębukowska, and D. Wiśniewska-Pantak.
2018. The influence of feeding diets containing white cheese, produced with prebiotics
and the potentially probiotic Lactobacillus plantarum strain, on the gastrointestinal
microflora of rats. Czech Journal of Food Sciences. 28:139–145.
Mudannayake, D.C., K.M. Wimalasiri, K.F. Silva, and S. Ajlouni. 2015. Comparison of
Properties of New Sources of Partially Purified Inulin to Those of Commercially Pure
Chicory Inulin. Journal of Food Science. 80.
Mudgil, D., S. Barak, and P. Darji. 2016. Development and characterization of functional
cultured buttermilk utilizing Aloe vera juice. Food Bioscience. 15:105–109.
Neall, B. 2004. Aloe's new role in functional foods. Food Review. 31(2):24-25.
Newton, L.E. 2004. “Aloes in habitat,” in Aloes. The genus Aloe, T. Reynolds. 38:19-30.
NYA (National Yogurt Association). 2009. Retrieved on 18th November 2009 from.
http://aboutyogurt.com/index.asp?bid=5.

50

Oliveira, R.P.D.S., P. Perego, M.N.D. Oliveira, and A. Converti. 2012. Growth, organic acids
profile and sugar metabolism of Bifidobacterium lactis in co-culture with Streptococcus
thermophilus: The inulin effect. Food Research International. 48:21–27.
Olveira, G., and I. González-Molero. 2016. Actualización de probióticos, prebióticos y
simbióticos en nutrición clínica. Endocrinología y Nutrición. 63:482–494.
Özer, B.H., and H.A. Kirmaci. 2010. Functional milks and dairy beverages. International
Journal of Dairy Technology. 63:1–15.
Panesar, P.S. 2011. Fermented Dairy Products: Starter Cultures and Potential Nutritional
Benefits. Food and Nutrition Sciences. 02:47–51.
Panesar, P.S., and C. Shinde. 2012. Effect of Storage on Syneresis, pH, Lactobacillus
acidophilus Count, Bifidobacterium bifidum Count of Aloe vera Fortified Probiotic
Yoghurt. Current Research in Dairy Sciences. 4:17–23.
Parche, S., J. Amon, I. Jankovic, E. Rezzonico, M. Beleut, H. Barutçu, I. Schendel, M.P. Eddy,
A. Burkovski, F. Arigoni, and F. Titgemeyer. 2006. Sugar Transport Systems
of Bifidobacterium longum NCC2705. Journal of Molecular Microbiology and
Biotechnology. 12:9–19.
Paseephol, T., D.M. Small, and F. Sherkat. 2008. Rheology And Texture Of Set Yogurt As
Affected By Inulin Addition. Journal of Texture Studies. 39:617–634.
Pellizzoni, M., L. Lucini, and G.P. Molinari. 2011. Stability of the main Aloe fractions and
Aloe-based. Agrochimica.1:5.
Perrin, S., C. Fougnies, J.P. Grill, H. Jacobs, and F. Schneider. 2002. Fermentation of chicory
fructo-oligosaccharides in mixtures of different degrees of polymerization by three
strains of bifidobacteria. Canadian Journal of Microbiology. 48:759–763.
Rao, D., A. Reddy, S. Pulusani, and P. Cornwell. 1984. Biosynthesis and Utilization of Folic
Acid and Vitamin B12 by Lactic Cultures in Skim Milk. Journal of Dairy Science.
67:1169–1174.
Reynolds, T., and A. Dweck. 1999. Aloe vera leaf gel: a review update. Journal of
Ethnopharmacology. 68:3–37.
Rideout, T.C., C.P.F. Marinangeli, H. Martin, R.W. Browne, and C.B. Rempel. 2013.
Consumption of low-fat dairy foods for 6 months improves insulin resistance without
adversely affecting lipids or bodyweight in healthy adults: a randomized free-living
cross-over study. Nutrition Journal. 12.
Roberfroid, M., G.R. Gibson, L. Hoyles, A.L. McCartney, R. Rastall, I. Rowland, D. Wolvers,
B. Watzl, H. Szajewska, B. Stahl, F. Guarner, F. Respondek, K. Whelan, V. Coxam,
M.-J. Davicco, L. Léotoing, Y. Wittrant, N.M. Delzenne, P.D. Cani, A.M. Neyrinck,
and A. Meheust. 2010. Prebiotic effects: metabolic and health benefits. British Journal
of Nutrition. Cambridge Core.

51

Rossi, M., C. Corradini, A. Amaretti, M. Nicolini, A. Pompei, S. Zanoni .2005. Fermentation
of fructooligosaccharides and inulin by bifidobacteria: A comparative study of pure and
fecal cultures. Applied and Environmental Microbiology.71: 6150–6158.
Salah, F., Y.E. Ghoul, A. Mahdhi, H. Majdoub, N. Jarroux, and F. Sakli. 2017. Effect of the
deacetylation degree on the antibacterial and antibiofilm activity of acemannan from
Aloe vera. Industrial Crops and Products. 103:13–18.
Sanderson, S.L., C.G. Ruaux, and J. Larsen. 2012. Nutritional Strategies in Gastrointestinal
Disease. Canine and Feline Gastroenterology. 409–428
Sanders, M.E., G. R. Gibson, H.S. Gill, and F. Guarner. 2007. Probiotics: their potential to
impact human health. Council for Agricultural Science and Technology. Issue Paper.
36:1-20.
Sandine, W.E. 1979. Roles of Lactobacillus in the Intestinal Tract. Journal of Food Protection.
42:259–262.
Shah, N. P.1995. Survival of Lactobacillus acidophilus and Bifidobacterium bifidum in
commercial yoghurt.
Shah, N.P. 1997. Bifidobacteria: Characteristics and potential for application in fermented milk
products. Milchwissenschaft 52(1):16-20.
Shihata, A., and N. Shah. 2002. Influence of addition of proteolytic strains of Lactobacillus
delbrueckii subsp. bulgaricus to commercial ABT starter cultures on texture of yoghurt,
exopolysaccharide production and survival of bacteria. International Dairy Journal.
12:765–772.
Slavin, J. 2013. Fiber and Prebiotics: Mechanisms and Health Benefits. Nutrients. 5:1417–
1435.
Sae-Eaw, A., P. Chompreeda, W. Prinyawiwatkul, V. Haruthaithanasan, T. Suwonsichon, J.
Saidu, and Z. Xu. 2007. Acceptance and Purchase Intent of US Consumers for
Nonwheat Rice Butter Cakes. Journal of Food Science. 72.
Salminen, S., A. Ouwehand, Y. Benno, and Y. Lee. 1999. Probiotics: how should they be
defined? Trends in Food Science & Technology. 10:107–110.
Shahani, K.M., and R.C. Chandan. 1979. Nutritional and Healthful Aspects of Cultured and
Culture-Containing Dairy Foods. Journal of Dairy Science. 62:1685–1694.
Shigwedha, N., L. Zhang, L. Sichel, L. Jia, P. Gong, W. Liu, S. Wang, S. Zhang, X. Han, and
W. Gao. 2014. More than a Few LAB Alleviate Common Allergies: Impact of
Paraprobiotics in Comparison to Probiotical Live Cells. Journal of Biosciences and
Medicines. 02:56–64.
Shin, H.-S., J.-H. Lee, J. Pestka, and Z. Ustunol. 2000. Growth and Viability of Commercial
Bifidobacterium spp in Skim Milk Containing Oligosaccharides and Inulin. Journal of
Food Science. 65:884–887.
52

Singh, T.P., S. Kumari, and S. Sethi. 2012. Development of Lassi Containing aloe vera juice
and its quality characteristics. Journal of Dairying Foods and Home Sciences. 31(1):1.
Srikanth, K., S. Kartikeyan, and S.S. Kumar. 2017. Effect of Aloe vera juice incorporation on
textural and sensory characteristics of fresh peda. Asian Journal of Dairy and Food
Research. 36: 492.
Srisuvor, N., N. Chinprahast, C. Prakitchaiwattana, and S. Subhimaros. 2013. Effects of inulin
and polydextrose on physicochemical and sensory properties of low-fat set yoghurt
with probiotic-cultured banana purée. LWT - Food Science and Technology. 51:30–36.
Stanton, C., G. Gardiner, H. Meehan, K. Collins, G. Fitzgerald, P.B. Lynch, and R.P. Ross.
2001. Market potential for probiotics. The American Journal of Clinical Nutrition. 73.
Stone, H., and J.L. Sidel. 1993. Introduction to Sensory Evaluation. Sensory Evaluation
Practices. 1–17.
Quigley, L., O. Osullivan, T.P. Beresford, R.P. Ross, G.F. Fitzgerald, and P.D. Cotter. 2011.
Molecular approaches to analysing the microbial composition of raw milk and raw milk
cheese. International Journal of Food Microbiology. 150:81–94.
Talmadge, J., J. Chavez, L. Jacobs, C. Munger, T. Chinnah, J.T. Chow, D. Williamson, and K.
Yates. 2004. Fractionation of Aloe vera L. inner gel, purification and molecular
profiling of activity. International Immunopharmacology. 4:1757–1773.
Tharmaraj, N., and N. Shah. 2003. Selective Enumeration of Lactobacillus delbrueckii ssp.
bulgaricus, Streptococcus thermophilus, Lactobacillus acidophilus, Bifidobacteria,
Lactobacillus casei, Lactobacillus rhamnosus, and Propionibacteria. Journal of Dairy
Science. 86:2288–2296.
Transparency Market Research. 2015. Prebiotic ingredients market FOS, GOS, MOS, Inulin
for food and beverages, Dietary supplements and Animal Feed-Global Industry
Analysis,
Market
Size,
Share,
Trends,
and
Forecast
2012-2018.
http://www.transparencymarketresearch.com/prebiotics-market.html.

U.S. Food and Drug Administration (U.S. FDA). 2013. Guidance for Industry: A Food
Labelling Guide (14. Appendix F: Calculate the Percent Daily Value for the
Appropriate Nutrients).
USDA. 2017. United States: Per Capita Consumption of Major Food Commodities, 2000-2016.
Economic
Research
Service.
http://www.nass.usda.gov/nh/P128-P166SpecialFeatures.pdf
Wacher-Rodarte, C., M.V. Galvan, A. Farres, F. Gallardo, V.M.E. Marshall, and M. GarciaGaribay. 1993. Yogurt production from reconstituted skim milk powders using
different polymer and non-polymer forming starter cultures. Journal of Dairy Research.
60:247.

53

Watson, D., M.O. Motherway, M. Schoterman, R.J.V. Neerven, A. Nauta, and D.V. Sinderen.
2013. Selective carbohydrate utilization by lactobacilli and bifidobacteria. Journal of
Applied Microbiology. 114:1132–1146.
Wiele, T.V.D., N. Boon, S. Possemiers, H. Jacobs, and W. Verstraete. 2007. Inulin-type
fructans of longer degree of polymerization exert more pronounced in vitro prebiotic
effects. Journal of Applied Microbiology. 102.
Williams, C. M. 1999. Effects of inulin on lipid parameters in humans. Journal of Nutrition.
7:1471–1473.
Wouters, J.T., E.H. Ayad, J. Hugenholtz, and G. Smit. 2002. Microbes from raw milk for
fermented dairy products. International Dairy Journal. 12:91–109.
Yaron, A. 1993. Characterization ofAloe vera gel before and after auto degradation, and
stabilization of the natural fresh gel. Phytotherapy Research. 7:11-13.

54

APPENDIX
APPENDIX A. Research consent form

55

APPENDIX B. Hedonic scale for consumer acceptance

56

VITA
Janny Melissa Mendoza Mencia was born in April 1990 in Tegucigalpa, Honduras. She
received her bachelor’s degree of Science in Food Agroindustry in Zamorano Pan-American
Agricultural School, Honduras, in December 2014. She decided to enter in the Department of
Animal Science at Louisiana State University in August 2015 where she is currently a
candidate for a master’s degree in Animal, Dairy and Poultry Science with a concentration in
dairy sciences. She will receive her degree in May 2018.

57

