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Assessment of structure and sensory characteristics of reduced fat yoghurt
manufactured with carob bean gum polysaccharides
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Abstract

In recent years, since excess adiposity is thought to be responsible for the development of chronic diseases, many ingredients
have been developed for the specific purpose of fat replacement in functional dairy foods. Carob bean gum (CBG) is widely
used in food systems to modify quality attributes and shelf-life as thickening and gelling agents. Objective of this study was to
develop reduced fat (12%) and low fat (6%) yoghurt using CBG as a carbohydrate based fat replacer. The results revealed that
the addition of CBG increased the textural and sensory attributes of reduced fat yoghurts. In this present study, the textural
properties such as firmness, and stickiness of yoghurt samples were significantly higher in the low fat yoghurt (6%, T5) with
CBG, and yellowness index was increased in low fat (6%, T3 and T5) yoghurts. The addition of CBG to reduced fat and low fat
yoghurts (T4, T5) improved the sensory properties and acceptance index.

Keywords: yoghurt; carob bean gum polysaccharides; fat replacer.

Practical Application: Production of reduced fat milk products with carob bean gum polysaccharides.

1 Introduction

Human metabolism contains certain amounts of fat with
its energy content, essential fatty acid source, carrier for fat-
soluble vitamins and physiological effects throughout life. Milk
fats contribute to nutritional and functional properties of dairy
products such as palatability, smoothness, melting, oiling off,
shredability, appearance, plasticity and feeling of satiety (Delas,
2011; DeHond et al., 2018).

Fat-reduced or low-fat foods; refers to “foods that have a
lower fat content than the reference fat ratio” (Calorie Control
Council, 2002). Nowadays, health problems related to obesity,
diabetes mellitus, metabolic and coronary syndrome, hypertension,
cancer and neurological disorders syndrome have led to greater
consumer awareness for healthier fat-reduced foods (Brennan &
Tudorica, 2008). As a result, the demand for low-calorie foods
has increased and many researchers have been done especially
in dairy products to reduce the amount of fat in foods and
to develop new products with the use of oil-like substances
(Lim et al., 2010).

Given the rapidly growing world population, dairy product
that has an important place in human nutrition. Milk fat in
fermented dairy products; besides being a source of energy, also
plays a role in techno-functional characteristics such as textural,
flavour and aroma profile (Brennan & Tudorica, 2008; Ceylan
& Ozcan, 2020). However, reduction of fat in fermented dairy
products caused the bland, harder, and more rubbery/chewy
texture, colour and melting defects compared to its full-fat
system (Aryana & Haque, 2001; Dai et al., 2018). In order to
prevent defects caused by fat reduction in cheese; modification
of the production process, selection of suitable starter cultures,

auxiliaries and enzymes, use of fat substitutes are methods applied
(Brighenti et al., 2008; Janhoj et al., 2009; Lashkari et al., 2014;
Aydinol & Ozcan, 2018).

Fat replacers are used as fat substitutes, fat mimetics, and
their combinations. Carbohydrate based fat mimetics improve
the quality of the water phase, creating a creamy, smooth texture
and greasy feel. Dietary fibers can be given as an example of
carbohydrate-based fat imitations. In recent years, it has become
widespread to produce foods enriched with dietary fibers by the
use of cereals, vegetables, fruits and various herbal additives in
dairy products for the enhancement of therapeutic quality and
texture (Sandrou & Arvanitoyannis, 2000; Metzger & Kapoor,
2007).

Carob bean gum (CBG), known as locust bean gum
(LBG) is a neutral polysaccharide belonging to the group of
galactomannans, being extracted from the seeds endosperm of
the carob (locust) tree (Ceratonia siliqua) (Dionisio & Grenha,
2012). Carob gum is produced from carob tree plant, which
belongs to the Caesalpinioideae subfamily of the Leguminosae
family (Batal et al., 2013). Carob tree in Mediterranean countries,
mainly Spain, Italy, Cyprus, Morocco, Greece, Algeria, Turkey,
Israel and North Africa is also common. It is also grown in
different parts of South America and Asia (Barak & Mudgil,
2014). Carob seeds consist of about 80% galactomannan, the
rest are proteins, and other components (Bouzouita et al., 2007;
Bengoechea et al., 2008) and carob polysaccharides are widely
used in different therapeutic foods. The ground of endosperm is
used to produce CBG, as a food additive that is coded E-410. It is
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used as a thickener, stabilizer and fat replacer in dairy products
(Pollard et al., 2007).

Carob seeds contain high molecular weight (approximately
50-3,000 kDa) hydrocolloidal polysaccharides about 300-400 g kg*
of pure carob galactomannan (two units i.e galactose and
mannose) which consists of a linear chain of (1->4)-linked
-d-mannopyranosyl units with (1-6)-linked -d-galactopyranosyl
residues as side chains (Dakia et al., 2008; Moreira & Ferreira,
2008; Zhu et al., 2019).

Yoghurt is a nutraceutical milk product in the world. It is
sometimes produced by concentrating milk to approximately
23-28% total solids (w/v) by the method of ultrafiltration, reverse
osmosis, or direct reconstitution in the Eastern Mediterranean
countries. This study aims to develop reduced fat (12%) and low
fat (6%) yoghurt using CBG polysaccharides and assessment of
technological characteristics of reduced-fat yoghurt.

2 Materials and methods
2.1 Yoghurt manufacturing

Milk standardized to 18% (full-fat control yoghurt, Treatment
1, T1), 12% (reduced fat control yoghurt, T2) and 6% (low fat
control yoghurt, T3) fat ratio with homogenized and pasteurized
cream. 0.8% w/w CBG (Alfasol, Istanbul/Turkey) was added into
reduced fat (12%, T4) and low fat (6%, T5) milk and pasteurized
(85 °C). Cooled milk was inoculated with 3% yoghurt culture
consisting of Streptococcus thermophilus and Lactobacillus
delbrueckii subsp. bulgaricus (purchased from Clarici Sacco,
Italy) and incubated at 42 °C.

2.2 Methods

Textural characteristics were determined on TA-XT Plus
Texture Analyzer (Stable Micro Systems) using firmness and
stickiness parameters (Aydinol & Ozcan, 2018). Lactic acid profile
was determined by high-performance liquid chromatography
(HPLC) using the method modified by Canbulat & Ozcan
(2015). The colour properties L* (whiteness), and b* (intensity
of yellow to blue values) were determined by the method of
Pathare et al. (2013) using a Hunter Colour Instrument (MSEZ-
4500 L; Virginia 20190, USA). Yellowness index (YI) indicates
the degree of yellowness associated with processing conditions
and general product degradation by light, heat and chemical
exposure was calculated as follows (Equation 1):

Y1=142.86b"L! Q)

Sensory properties (appearance, thickness, odour, colour,
flavour, after taste, overall liking) of yoghurt samples were
analyzed by trained panelists using 5 point hedonic scale
(1=strongly disliked; 2=moderately/slightly disliked; 3=indifferent;
4=moderately/slightly liked; and 5=strongly liked). The acceptability
index (AI) of consumer preference was calculated according to
the equation AI (%) =Y*100/Z (Y= the average score obtained
for the product, and Z= maximum score given to the product)
(Silva et al., 2010; Kaaki et al., 2012).

The data were analysed by an analysis of variance (ANOVA)
using Statistica 9.2 software (StatSoft, Inc., Tulsa, OK, USA)
and differences were compared by the Tukey test at 5% and 1%
of significance.

3 Results and discussion

Texture represents rheological, structural and sensorial
properties, which affected with casein matrix density and fat
globules embedded within the protein matrix. Increasing casein
bond strength and density results in enhanced firmness of the
matrix of the food. Besides, fat has the significant role in milk
gel structure that improves the textural properties of fermented
products such as firmness, stickiness, cohesiveness, spreadability,
shininess, compactness, and creaminess (Rogers et al., 2010;
Kaaki et al., 2012; Ozcan, 2013).

Textural properties of the samples were shown in Figure 1.
Significant differences between reduced fat (12%) and low fat
(6%) yoghurt produced with CBG (P<0.01) were observed. In
this study firmness and stickiness properties of low fat (T5)
yoghurts with CBG samples were significantly higher due to the
emulsification property of CBG and new formation of milk gel.
In a general manner, neutral polysaccharide CBG is play roles
in food processing as thickening, gelling, emulsifying, hydrating
and suspending agents and as fiber-based fat mimetic (Rinaudo,
2008; Dionisio & Grenha, 2012). Lobato-Calleros et al. (2002)
explained using fat-replacers give rise to new structures and
matrix than whole milk gels due to the interactions between
the casein chains and the fat-replacers.

As a carbohydrate-based fat substitute, gums are widely used
to stabilize the structure, improve gel formation and nutraceutical
properties in the food matrix changing by reducing the fat
content (Simeone et al., 2004; Totosaus & Guemes-Vera, 2008;
Yilmaz-Ersan et al., 2018). Romeih et al. (2002) explained that
hardness of dairy products produced with hydrocolloid, as fat
mimetic was very similar to the full-fat products.

Stickiness values of samples were significantly affected by
fat reduction in reduced fat (T4) and low fat (T5) yoghurt with
CBG. Gunasekaran & Ak (2003) reported that the firmness of
fermented products reflects the solid to fat ratio, macrostructure,
heterogeneities of granules in fermented milk matrix. CBG
increased firmness while enhancing of stickiness and preventing
serum separation such as explained by Duboc & Mollet (2001).

The ratio of organic acids (especially lactic acid and acetic
acid) metabolites produced during normal metabolism of LAB
depending on fermentation type and medium conditions. The
rate of lactic acid production increases when the conditions
of the medium are favourable for the growth of the bacterium
(Alwazeer et al., 2020). Figure 2 shows the lactic acid profile of
yoghurt using CBG (p<0.01). During yoghurt fermentation, lactic
acid is produced with lactose consumption by the yoghurt bacteria,
Lactobacillus delbrueckii subsp. bulgaricus and Streptococcus
thermophilus (Leroy & De Vuyst, 2004; Ribeiro et al., 2019).
As a result, the acidity was increased while pH is decreased
in samples due to the interactions with hydrocolloid and milk
proteins. CBG is non-ionic, it is not affected by pH or ionic
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Figure 1. Textural properties of yoghurt samples using CBG, (a) Firmness; (b) Stickiness. T1: Full fat yoghurt (18%), T2: Reduced fat yoghurt
(12%), T3: Low fat yoghurt (6%), T4: Reduced fat yoghurt with CBG (12%), T5: Low fat yoghurt with CBG (6%).

1‘;000 135222 1§1
= Iy
g11000 10853" § N
-% \ 10200 ° ®T4
5 10000 \ BT5

.

" .

Figure 2. Lactic acid profile of yoghurt samples using CBG. T1: Full fat yoghurt (18%), T2: Reduced fat yoghurt (12%), T3: Low fat yoghurt (6%),
T4: Reduced fat yoghurt with CBG (12%), T5: Low fat yoghurt with CBG (6%).
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strength. So lactic acid amount was higher in T3 sample than
yoghurt with CBG.

Yellowness Index (YI) indicates the degree of yellowness
that changes in colour of yoghurt samples from clear or white
to yellow and is associated with b* (displays positive values for
yellowish colours with CIELAB coordinates) values (Barros et al.,
2020). Yellowness index (YI) is describes the. CBG occurs as a
white to yellow-white powder. YI values of yoghurt samples were
given Figure 3. In this study YI was increased in low fat (6%
yoghurts (T3 and T5)(p<0.01). Results were suggested that YI
was influenced based on the amount of yellowness-blueness, b*
when the absolute value of b* was increasing, YI of the samples
was increased (Jung & Sato, 2013).

~

The sensory properties of yoghurt were shown in Figure 4.
In the study sensory attributes were significantly affected by

fat reduction using CBG (p<0.01). Fat and protein content of
fermented products and degradation effect the changes in colour
(Sattar etal., 2015). Folkenberg & Martens (2003) stated that the
fat content of yoghurts affects important sensory parameters such
as odour, taste, and texture, so the changes formed as a result
of the activity of the fermentation culture and their additional
additives can replace the milk fat.

Acetaldehyde, acetoin and diacetyl are accepted as the
main sensory components contributing to yoghurt flavour
and consumer choice (Arslaner, 2020). This study established
a significant effect of colour and flavour of all yoghurt samples
affected by fat reduction. All sensory properties of 6% fat
yoghurts (T3) (appearance, thickness, odour, colour, aroma,
after taste and overall liking) had the lowest values in spite of
the fact that 18% and 12% fat yoghurts (T'1, and T2) had the
highest values (p<0.01).
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Figure 3. Yellowness index of yoghurt samples using CBG. T1: Full fat yoghurt (18%), T2: Reduced fat yoghurt (12%), T3: Low fat yoghurt (6%),
T4: Reduced fat yoghurt with CBG (12%), T5: Low fat yoghurt with CBG (6%).
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Figure 4. Sensory properties of yoghurt samples using CBG. T1: Full fat yoghurt (18%), T2: Reduced fat yoghurt (12%), T3: Low fat yoghurt
(6%), T4: Reduced fat yoghurt with CBG (12%), T5: Low fat yoghurt with CBG (6%).
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Figure 5. Acceptance index (AI) of yoghurt samples using CBG. T1: Full fat yoghurt (18%), T2: Reduced fat yoghurt (12%), T3: Low fat yoghurt
(6%), T4: Reduced fat yoghurt with CBG (12%), T5: Low fat yoghurt with CBG (6%).

Gums are polysaccharides of natural origin that increase
textural quality (viscosity, syneresis), flavour intensity and
flavour release of food products (Khaledabad et al., 2019).
These polysaccharides could be utilise of sensory properties
of dairy products by changing the rheological characteristics
(Fagan et al., 2006; Peng & Yao, 2017). The addition of CBG to
reduced fat (12%, T4) and low fat (6%, T5) yoghurts improved
the sensory properties enhancing gelation and curd structure
with desired flavour (Figure 4).

The low fat yoghurt produced without the CBG (T3), had
the lowest values, however, yoghurts with CBG (T4,T5) were
more favourable in terms of sensory properties (Figure 4). The
AT of yoghurt samples were shown in Figure 5. In relation to
the sensory properties, the Al value was found to be higher in
the reduced and low fat yoghurt (6 and 12% fat) samples with
CBG than in the samples without CBG (p<0.01).

4 Conclusion

Considering the rapidly increasing world population, dairy
products have an important place in the nutrition of individuals.
Milk fat is an essential ingredient that causes sensory perception
of biting and mouthfeel. Low fat dairy products are usually
characterized as having poor functional properties. Various
stabilizers could be used to improve the textural and sensory
properties of yoghurt. This study was carried out to reveal the
effects of carob bean gum on the technological properties of
yoghurts. Using of carbohydrate based fat replacer CBG in
yoghurt formulation could solve the problems associated with
enhancing technological properties. In conclusion, addition
of CBG to yoghurt milk improved the textural and sensorial
properties of reduced and low fat yoghurts. Moreover, dietary
fats are not just energy-rich components but also essential lipid
components. Therefore, it is important to remember that diets
with reduced fat can not be considered as a permanent treatment
for obesity and other diseases.
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