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Abstract

Yogurt, one of the fermented dairy products, is one of 
the foods consumed daily in many countries. In recent 
years, many studies have been carried out to increase 
the nutritional value of yogurt. In this study, a produ-
ct favored by consumers has been developed by ad-
ding carob molasses pulp (CMP), which is rich in an-
tioxidant components and dietary fiber, to yogurt. For 
this purpose, the effect of adding different amounts 
of carob molasses pulp (CMP) to yogurt on the phy-
sical, chemical and sensory properties of yogurt was 
investigated. As a result of the yogurt production, it 
was determined that the pH of the samples decreased 
(p<0.05) due to the increasing use of CMP, while the 
total titratable acidity increased (p>0.05). According to 
the results of color analysis, L* and a * values decre-
ased (p<0.05) and b* values increased (p>0.05) in the 
samples compared to those with and without CMP. 
Depending on the use of CMP, significant increases 
were observed in the antioxidant capacity and total 
phenolic substance amounts of the samples and it was 
determined that CMP provided functionality to the 
final product (3.16 - 5.86 µmol Trolox/100 g and 8.07 
- 14.07 mg GAE) /100 g ). According to the results of 
the sensory analysis, the samples enriched with 0.75% 
CMP by the panelists in terms of color and appearan-
ce, smell, taste, texture and consistency (with a spoon), 
structure and consistency (in the mouth) and general 
acceptability received the highest score.
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Abstract 

Carob is one of the most important plant sources 
of dietary fiber, which is essential for human 
health and must be consumed daily. Carob 
molasses (pekmez) obtained from carob fruit 
contains many beneficial components for 
health. Although the molasses pulp that comes 
out as waste in the production of molasses 
contains a large amount of fiber, it is not 
evaluated. In this study; purification, drying and 
grinding of the crude carob fiber (CCF) from 
raw molasses pulp was carried out. The 
obtained CCF flour was added to the bread. 
After baking bread, the effects of the addition of 
1 to 5 % CCF flour on chemicals (moisture, ash 
and protein) and also textural (hardness, color) 
and sensory properties (acceptability, taste, 
softness, appearance) of the bread samples were 
investigated. The results showed that the 
addition of CCF up to 4 % into the bread dough 
had no significant effect compared with the 
control group on these properties. Therefore, a 
brad formulation can be developed which is a 
fibrous bakery product with reduced fat for 
health and which has better sensory 
appreciation.  
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INTRODUCTION

In the agriculture-food sector, the dairy industry 
has an important place in the world (1). Yogurt 
is the most consumed and preferred fermented 
fresh dairy products in many countries (2). Ac-
cording to the Turkish Standards 1330 (2006), yo-
gurt is produced by the pasteurization of cow’s 
milk, sheep’s milk, buffalo milk, goat’s milk or 
their mixtures, or whether pasteurized milk is 
homogenized with the addition of milk powder 
when necessary, Lactobacillus delbrueckeii subsp. 
bulgaricus and Streptococcusthermophilus are defi-
ned as the product obtained after addition of yo-
gurt culture and appropriate processing (3). The-
se cultures produce lactic acid from lactose by 
fermentation, lowering the pH of the milk from 
6.3-6.5 to below 4.6, providing the characteristic 
taste and odor of yogurt, and providing stability 
and viscosity to the final product by forming 
curd firmness (4). A rapid increase in yogurt 
consumption has been detected in our country 
and in the world, and this increase is associated 
with health benefits and functional properties of 
yogurt such as reducing cholesterol, protecting 
against cancer, immunological stimulation and 
improving gastrointestinal functions (5). In ad-
dition, yogurt is an important source of nutrients 
such as protein, fat and minerals for children and 
adults (6). It has been determined in studies that 
adding natural food additives with functional 
effects to the yogurt formulation improves the 
technological, nutritional and sensory properties 
of the final product (7, 8, 9).

Carob (Ceratonia siliqua L.) is a perennial herb 
belonging to the Leguminoseae family (10). It is 
reported that Anatolia and Cyprus are within the 
borders of the home country of this plant and it 
finds wide growing areas, especially in semi-a-
rid areas in the eastern and southern parts of 
the Mediterranean coastline (11). When the che-
mical composition of carob is examined, it has 
91-92% total dry matter and 62-67% total soluble 
dry matter (12). Sucrose (34-42%), fructose (10-
12%) and glucose (7-10%) constitute a significant 
part of the water-soluble dry matter (13). The 
amounts of crude fiber and total mineral con-
tent vary between 4.6-6.2% and 2-3%. There is a 
high level of potassium in the mineral substance. 

In addition, carob fruit contains glutamic acid 
(12.14-12.38 g/100g), alanine (11.15-11.39 g/100g) 
and aspartic acid (10.76-10.96 g/100g). The total 
phenolics (13.51 mg GAE/g dry weight), pro-
anthocyanidin (0.36 mg GAE/g dry weight), 
gallotannins 0.41 CE/g dry weight, total antioxi-
dant activity 145-211 µmol Trolox/g dry weight 
(12.35). Carob is used in many areas of the food 
industry due to its rich nutritional composition 
and functional properties (14). Carob flour, carob 
gum (locust bean gum), carob molasses and pulp 
are among these products (15).

One of the important tastes of Turkish culture, 
molasses is produced by evaporation of the ext-
ract obtained by the extraction of carob fruit with 
water by traditional and industrial methods, up 
to 70% brix (16, 17). In the production of carob 
molasses, the part that comes out as waste after 
extraction is called carob molasses pulp (CMP) 
(14). CMP contains bioactive components signi-
ficant for health (18). Since carob molasses pulp 
has rich in dietary fiber, vitamins, minerals, an-
tioxidants and phenolic components, it is added 
into food formulations and has an enriching ef-
fect on the nutritional and functional properties 
of the final products (18, 19, 20).

The aim of this study is to produce yogurt rich 
in nutritional properties. For this purpose, it is 
aimed to examine the effects of different concent-
rations of natural carob molasses pulp (0.25%, 
0.50% and 0.75%) on the physicochemical, func-
tional and sensory properties of yogurt. 

MATERIALS AND METHODS

Raw Materials

Raw CMP was obtained from the company (Ata-
şeri A.Ş.) that produces carob molasses in Mer-
sin. Firstly, CMP was dried (48°C, 9 hours) and 
then ground with a laboratory mill. After grin-
ding, the pore diameter was sieved to obtain 100 
µm CMP flour.

Yogurt Production

The flow chart of the yogurt production process 
is given in the figure 1.
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YOGURT CHEMICAL ANALYSIS

pH and total titratable acidity analysis

The pH analyses of yogurt samples with CMP 
and without CMP were measured with a digital 
pH meter (Ohaus, ST 300) immediately after the 
yogurts were removed from +4˚C, and the pH 
electrode was washed with pure and immersed 
in the yogurt samples (21).

Titratable acidity of yogurt samples with CMP 
and without CMP were calculated as % lactic 
acid. Samples weighing 10 g were added to 10 
mL of distilled water and homogenized. The pH 
probe was immersed in the sample 20 and titra-
ted with 0.1 N sodium hydroxide until the pH 
reached 8.1 (21).

Antioxidant activity analysis

Antioxidant potential analysis was detected by 
the DPPH method. The analysis was carried out 
using DPPH (1,1-diphenyl-2-picrylhydrazil ra-
dical), which can measure the ability to inhibit 
free radicals, and according to the measurement 
results of the reaction in methanol against time 
at 515 nm in the UV-VIS spectrophotometer (22). 
The antioxidant value of the extracts is expressed 
as gram Trolox equivalents per 100 g CMP dry 

weight (gTE 100 gDW-1). 

Total phenolic compounds

Total phenolic compounds were determined 
according to the Folin-Ciocalteau method desc-
ribed by Singleton and Orthofer (23) with some 
modifications. Firstly, the extraction of the yo-
gurt samples was carried out. Briefly, a sample 
of 1.0 g was weighed and homogenized with 
10 mL of the solvent extraction solution (met-
hanol/distilled water; 80:20 v/v) 80% methanol 
and centrifuged at 4500 g for 15 minutes, filtered 
with cellulose filter paper and used for analysis. 
Prepared sample extracts and Folin-Ciocalteau 
reagent were used. 0.2 mL of extract was mixed 
with 1.5 mL of Folin-Ciocalteu reagent (reagent: 
water mixture 1:10 v/v), respectively, and kept in 
the dark for 5 minutes. Then, 1.5 mL of saturated 
sodium carbonate solution and 4 mL of distilled 
water were added, and the mixture was kept in 
the dark for about 1 hour at room conditions and 
its absorbance was measured at 765 nm in a UV-
VIS spectrophotometer. The results were evalu-
ated by calculating the phenolic content over the 
gallic acid equivalent. 

Raw CMP was obtained from the company (Ataşeri A.Ş.) that produces carob molasses in 
Mersin. Firstly, CMP was dried (48°C, 9 hours) and then ground with a laboratory mill. After 
grinding, the pore diameter was sieved to obtain 100 µm CMP flour. 

 
Yogurt Production 
The flow chart of the yogurt production process is given in the figure 1. 
 
 
 
 
 
 
Figure 1: Yogurt production flow chart. 
 

 
*Commercial yogurt culture label information is indicated that St. thermophilus and Lactobacillus delbrueckii ssp. 
bulgaricus (L. bulgaricus) 

 

Yogurt Chemical Analysis 
pH and total titratable acidity analysis 

The pH analyses of yogurt samples with CMP and without CMP were measured with a digital 
pH meter (Ohaus, ST 300) immediately after the yogurts were removed from +4˚C, and the pH 
electrode was washed with pure and immersed in the yogurt samples (21). 
Titratable acidity of yogurt samples with CMP and without CMP were calculated as % lactic 
acid. Samples weighing 10 g were added to 10 mL of distilled water and homogenized. The pH 

Raw milk

Heat treatment (85±3ᵒC, 15 minutes)

Cooling (45±2ᵒC)

Addition of CMP(0%-Control, 0.25%, 0.5%, 
0.75%)

Addition of commercial yogurt culture* (20 g)

Incubation (43±2ᵒC, pH 4.3)

Cooling and storage (4ᵒC)

Figure 1. Yogurt production flow chart.

*Commercial yogurt culture label information is indicated that St. thermophilus and Lactobacillus delbrueckii ssp. 
bulgaricus (L. bulgaricus)
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Color Analysis

Color analysis of yogurt samples with CMP and 
without CMP (PCE, CSM1) were performed with 
a colorimeter. After the device was calibrated, 
the samples were placed in a suitable container 
for solid samples and studied in three parallels 
and L* (lightness), b* (blueness-yellowness) and 
a *(greenness-redness) characteristics were de-
termined (24).

Sensory Evaluation

In sensory evaluation of yogurt samples with 
CMP and without CMP were produced with 
the use of CMP in different proportions, scoring 
analysis was performed with the help of a 5-po-
int scale for each predetermined feature, and the 
result was shown in the spider web diagram (25). 
The sensory analysis was carried out by a pane-
list group consisting of 11 academic staff from 
Toros University. Evaluators rated the yogurts 
between 1 (very bad) and 5 (very good). Pane-
lists were also given water to clean their mouths 
before and after tasting each sample.

Statistical Analysis

The findings obtained from the analysis results 
were evaluated statistically using the SPSS

(Version 20, IBM, USA) program. ANOVA was 
used to compare the means of the obtained

data, and the confidence level was set to 95%.

RESULTS

pH and Total Titratable Acidity Values of Yo-
gurt

The pH values of yogurt samples with CMP and 

without CMP are given in Table 1. As seen in 
Table 1, the pH varied between 3.77- 3.87, and 
it was obtained that the addition of CMP dec-
reased the pH values of the yogurts compared 
to the control group (p<0.05). In our research, it 
was concluded that the addition of CMP to the 
yogurt formulation activates the metabolic acti-
vities of probiotic bacteria and improves the aci-
dity development of the final product (26). In the 
studies investigating the effect of carob products 
(flour, extract) on pH of yogurt, it was stated that 
the pH values were in the range of  3.52-4.97, res-
pectively (21, 27, 28). The pH values measured in 
our study are similar to the literature. The total 
acidity in yogurt samples varied between 0.98% 
(control)-1.03% (CMP75). As the CMP usage rate 
increased in the samples, the acidity increased 
and this increase was found to be statistically in-
significant (p>0.05). When the literature studies 
were examined, it was seen that the titration aci-
dity of yogurt samples enriched with carob mo-
lasses at different concentrations increased and 
this situation was associated with rapid protein 
degradation (27, 29).

Total Phenolic Compounds and Antioxidant 
Activity of Yogurts

The total phenolic content of the yogurt samples 
was given in Table 2. It was concluded that CMP 
added to yogurts significantly increased the total 
phenolic content of samples (p<0.05). The highest 
phenolic content values were obtained as 1.03 
mg GAE/100 g (CMP75) while the lowest pheno-
lic content value was 0.88 mg GAE/100 g (Cont-
rol). Functional yogurt was produced due to inc-
reased use of CMP in the samples and it was seen 
that the total phenolic content increased. Carob 
pod contains a significant amount of polyphe-

Table 1. pH and total titrable acidity of yogurts 

 

Results 
 

 pH and Total Titratable Acidity Values of Yogurt 
The pH values of yogurt samples with CMP and without CMP are given in Table 1. As seen in 
Table 1, the pH varied between 3.77- 3.87, and it was obtained that the addition of CMP 
decreased the pH values of the yogurts compared to the control group (p<0.05). In our research, 
it was concluded that the addition of CMP to the yogurt formulation activates the metabolic 
activities of probiotic bacteria and improves the acidity development of the final product (26). 
In the studies investigating the effect of carob products (flour, extract) on pH of yogurt, it was 
stated that the pH values were in the range of  3.52-4.97, respectively (21, 27, 28). The pH 
values measured in our study are similar to the literature. The total acidity in yogurt samples 
varied between 0.98% (control)-1.03% (CMP75). As the CMP usage rate increased in the 
samples, the acidity increased and this increase was found to be statistically insignificant 
(p>0.05). When the literature studies were examined, it was seen that the titration acidity of 
yogurt samples enriched with carob molasses at different concentrations increased and this 
situation was associated with rapid protein degradation (27, 29). 
 
Table 1: pH and total titrable acidity of yogurts  

Sample Number CMP % pH Total Titrable 
Acidity (%) 

Control 0 4.21±0.01a 0.98±0.01a 

CMP25 0.25 4.11±0.01b 1.00±0.02a 

CMP50 0.50 4.09±0.01b 1.01±0.02a 

CMP75 0.75 4.06±0.58b 1.03±0.04a 
 
Different superscripts are statistically different in the same column (𝑝𝑝𝑝𝑝< 0.05). 
 
 
Total Phenolic Compounds and Antioxidant Activity of Yogurts 
The total phenolic content of the yogurt samples was given in Table 2. It was concluded that 
CMP added to yogurts significantly increased the total phenolic content of samples (p<0.05). 
The highest phenolic content values were obtained as 1.03 mg GAE/100 g (CMP75) while the 
lowest phenolic content value was 0.88 mg GAE/100 g (Control). Functional yogurt was 
produced due to increased use of CMP in the samples and it was seen that the total phenolic 
content increased. Carob pod contains a significant amount of polyphenolic compounds (30). 
The phenolic compounds found in the carob pod are in different subcategories, including 
phenolic acids (gallic acid, ferulic acid), flavonoids (catechin, epicatechin, myricetin, quercetin) 
and tannins (digalloyl-glucose, trigalloyl-glucose and tannic acid) (31). Polyphenols can protect 
cellular components from oxidative damage and reduce the risk of various degenerative 
diseases (32). For this reason, carob and derived products (powder, syrup, pod) are called 
functional compounds and are used for enrichment of products (33). Likewise, Kulcan et al. 
(34) reported that total phenolic compounds of yogurt enriched with additional 12% (w/w) 
carob extract was 643.46 mg GAE/kg-1246.78 mg GAE/kg, respectively. In another study the 
effect of carob flour (0-4%) on total phenolic content of yogurts was investigated. The 

Different superscripts are statistically different in the same column (𝑝< 0.05).
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nolic compounds (30). The phenolic compounds 
found in the carob pod are in different subca-
tegories, including phenolic acids (gallic acid, 
ferulic acid), flavonoids (catechin, epicatechin, 
myricetin, quercetin) and tannins (digalloyl-glu-
cose, trigalloyl-glucose and tannic acid) (31). Pol-
yphenols can protect cellular components from 
oxidative damage and reduce the risk of various 
degenerative diseases (32). For this reason, carob 
and derived products (powder, syrup, pod) are 
called functional compounds and are used for 
enrichment of products (33). Likewise, Kulcan et 
al. (34) reported that total phenolic compounds 
of yogurt enriched with additional 12% (w/w) 
carob extract was 643.46 mg GAE/kg-1246.78 
mg GAE/kg, respectively. In another study the 
effect of carob flour (0-4%) on total phenolic con-
tent of yogurts was investigated. The researchers 
measured the phenolic content of the samples as 
27.94 -309.12 µg GAE/g, respectively (21). Accor-
ding to the results, it was determined that carob 
flour increased the phenolic substance content of 
yogurt and added functionality to final product.

The antioxidant activity of the yogurt samples 
was given in Table 2. It was concluded that CMP 
added to yogurts significantly increased the an-
tioxidant activity of samples (p<0.05). The hig-
hest antioxidant activity values were obtained 
as 3.87 µmol Trolox/100 g (CMP75) while the 
lowest antioxidant activity value was 3.77 µmol 
Trolox/100 g (Control). Srour et al. (35) obtained 
carob-based milk enriched with carob powders. 
They reported that the antioxidant activity valu-
es of the samples varied between 3.5-12.2 mmol 
Trolox equivalent/kg, respectively. Radia et al. 
(21) similar to our study, it was reported that the 
antioxidant capacity values of yogurts that were 
enriched with carob extract (0-4%) were incre-

ased. The high antioxidant activity observed in 
yogurt samples may have resulted from the reac-
tion between the phenolic compounds provided 
by carob and organic acids formed as a result of 
fermentation.

Color Measurement of Yogurts

Color characteristics of foods directly affect con-
sumer preference and appreciation. The color 
values (L*, a*, b*) of the yogurt samples enric-
hed with CMP were given in Table 3. The use 
of CMP in increasing concentration decreased 
the lightness (L*) and redness (a*) but increased 
yellowness (b*) of the yogurt samples (p <  0.05). 
As a result, brown yogurts were obtained. The 
change in color parameters (L*, a*, b*) compa-
red to the control group is explained by the ef-
fect of color pigments in CMP (28). Similar to 
our research, functional yogurt production was 
carried out using 2% carob powder (36). Resear-
chers have found that carob powder affects the 
color properties of yogurt, resulting in reduced 
clarity and intensification of redness and yel-
lowness. Additionally, Scibisz et al. (37) stated 
that process temperature, acidity, water activity, 
light exposure and fermentation can affect the 
pigment content and cause color change in yo-
gurt. In this context, the use of CMP caused color 
changes in the texture compared to the control 
group in our research.

Table 2. The total phenolic compounds and antioxidant activity  of yogurts

researchers measured the phenolic content of the samples as 27.94 -309.12 μg GAE/g, 
respectively (21). According to the results, it was determined that carob flour increased the 
phenolic substance content of yogurt and added functionality to final product. 
 
Table 2: The total phenolic compounds and antioxidant activity  of yogurts 

Sample 
Number 

CMP % Total phenolic compounds 
(mg GAE/ 100 g) 

Antioxidant activity (µmol 
Trolox/100 g) 

Control 0 0.88±0.01c 3.77±0.58d 

CMP25 0.25 1.00±0.02b 3.81±0.08c 

CMP50 0.50 1.01±0.02b 3.83±0.01b 

CMP75 0.75 1.03±0.04a 3.87±0.05a 
 
Different superscripts are statistically different in the same column (𝑝𝑝𝑝𝑝< 0.05). 
 
The antioxidant activity of the yogurt samples was given in Table 2. It was concluded that CMP 
added to yogurts significantly increased the antioxidant activity of samples (p<0.05). The 
highest antioxidant activity values were obtained as 3.87 µmol Trolox/100 g (CMP75) while 
the lowest antioxidant activity value was 3.77 µmol Trolox/100 g (Control). Srour et al. (35) 
obtained carob-based milk enriched with carob powders. They reported that the antioxidant 
activity values of the samples varied between 3.5-12.2 mmol Trolox equivalent/kg, 
respectively. Radia et al. (21) similar to our study, it was reported that the antioxidant capacity 
values of yogurts that were enriched with carob extract (0-4%) were increased. The high 
antioxidant activity observed in yogurt samples may have resulted from the reaction between 
the phenolic compounds provided by carob and organic acids formed as a result of fermentation. 
 
Color Measurement of Yogurts 
 
Color characteristics of foods directly affect consumer preference and appreciation. The color 
values (L*, a*, b*) of the yogurt samples enriched with CMP were given in Table 3. The use 
of CMP in increasing concentration decreased the lightness (L*) and redness (a*) but increased 
yellowness (b*) of the yogurt samples (p < 0.05). As a result, brown yogurts were obtained. The 
change in color parameters (L*, a*, b*) compared to the control group is explained by the effect 
of color pigments in CMP (28). Similar to our research, functional yogurt production was 
carried out using 2% carob powder (36). Researchers have found that carob powder affects the 
color properties of yogurt, resulting in reduced clarity and intensification of redness and 
yellowness. Additionally, Scibisz et al. (37) stated that process temperature, acidity, water 
activity, light exposure and fermentation can affect the pigment content and cause color change 
in yogurt. In this context, the use of CMP caused color changes in the texture compared to the 
control group in our research. 
 
 
 
 
 
 
 
 

Different superscripts are statistically different in the same column (𝑝< 0.05).
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Sensory Properties of Yogurt

Sensory evaluation is one of the best ways to eva-
luate and accept the final product among consu-
mers  (38). The scores of hedonic sensorial quali-
ties of yogurts in terms of color and appearance, 
texture and consistency (with spoon), texture 
and consistency (in mouth), taste, and overall ac-
ceptability were presented in Table 4. As seen in 
Table 4, it was concluded that the yogurt samples 
enriched with CMP were not statistically diffe-
rent from the control sample. The use of increa-
sed CMP significantly affected only the color and 
appearance of yogurts (p <0.05). In our study, it 
was observed that the use of CMP in yogurt im-
proved the color and appearance properties and 
was liked by the panelists (p<0.05). This is thou-
ght to be due to the unique color characteristic 
of carob. When the sensory analysis results were 
evaluated in general, the usage of CMP (0.25-
0.75%) in yogurt improved the sensory proper-
ties of the product and received high scores from 
the panelists.

DISCUSSION AND CONCLUSION

In this study, the effect of CMP, which contains 
phenolic compounds and antioxidant capacity 
as well as high dietary fiber, on the physicoche-
mical, functional and sensory properties of yo-
gurt was investigated. With the usage of CMP 
in increasing concentrations in yogurt,  slight 
decrease in the pH value and  partial increase in 
the acidity level were observed, which resulted 
in an increase in its probiotic properties. In addi-
tion, due to the fact that CMP contains bioactive 
components such as polyphenolic compounds, 
yogurt has high antioxidant capacity and nut-
ritional fiber content. Thus, yogurt has become 
more beneficial for human health. The yogurts 
with CMP added were not different from the 
control sample in terms of sensory properties ex-
cept color and appearance. Considering the fact 
that addition of CMP does not adversely affect 
the sensory properties of yogurts and taking into 
account of the high consumer taste, it has been 
concluded that the usage of CMP from 0.25% to 
0.75% is appropriate. As a result, it has been reve-
aled that CMP is an alternative component in the 

Table 3. Color parametres of yogurts

 
 
Table 3: Color parametres of yogurts 

Sample 
Number 

CMP % L* a* b* 

Control 0 82.23±0.51a 6.83±0.01a 9.81±0.03d 

CMP25 0.25 65.71±0.59b 5.16±0.03b 10.21±0.02c 

CMP50 0.50 61.68±0.58c 4.72±0.05c 10.81±0.02b 

CMP75 0.75 60.44±0.51d 3.36±0.04d 11.59±0.01a 
 
Different superscripts are statistically different in the same column(𝑝𝑝𝑝𝑝< 0.05). 
 
 
Sensory Properties of Yogurt 
 
Sensory evaluation is one of the best ways to evaluate and accept the final product among 
consumers  (38). The scores of hedonic sensorial qualities of yogurts in terms of color and 
appearance, texture and consistency (with spoon), texture and consistency (in mouth), taste, and 
overall acceptability were presented in Table 4. As seen in Table 4, it was concluded that the 
yogurt samples enriched with CMP were not statistically different from the control sample. The 
use of increased CMP significantly affected only the color and appearance of yogurts (p <0.05). 
In our study, it was observed that the use of CMP in yogurt improved the color and appearance 
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production of functional yogurt and it has im-
proving effect on the physicochemical and sen-
sory properties of yogurt. Additionally, in our 
study, CMP that was discarded as animal feed or 
waste was evaluated and it was seen through the 
conducted analyses that it increased the quality 
of the final product. Therefore, it may be used as 
a component of CMP yogurt in the food industry 
for increasing the health benefits and economic 
value of products. It may also open the doors to 
new opportunities for farmers.

REFERENCES

1. Gillespie, S., & Van Den Bold, M. (2017). Agri-
culture, food systems, and nutrition: meeting the 
challenge. Global Challenges, 1(3), 1600002. https://
doi.org/10.1002/gch2.201600002

2. Kosiciarova, I., Nagyova, L., & Holiencinova, M. 
(2017). Consumer behavior on Slovak yogurt and 
fermented milk products market. Acta Universi-
tatis Agriculturae et Silviculturae Mendelianae Bru-
nensis, 65(6), 1967-1978. https://doi.org/10.11118/
actaun201765061967

3. Anonymous, (2006). Yogurt standard. (TS 1330). 
Turkish standards ınstitute. Necatibey Cad. 112. 
Bakanlıklar, Ankara, Turkey.

4. Kavaz, A. (2006). Ticari probiyotik kültür ile üreti-
len muzlu yoğurtların depolama süresince çeşitli ni-
teliklerinin incelenmesi (Publication No. 181479) 
[Master’s thesis, Atatürk University]. YOK Thesis 
Center.

5. Wolf, I.V., Venica, C. I., & Perotti, M. C. (2015). Ef-
fect of reduction of lactose in yogurts by addition 
of b-galactosidase enzyme on volatile compound 
profile and quality parameters. International Jour-
nal of Food Science & Technology, 50, 1076-1082. htt-
ps://doi.org/10.1111/ijfs.12745

6. Bibiana, I., Joseph, S., & Juliusi, A. (2014). Physi-
cochemical, microbiological and sensory evalua-
tion of yogurt sold in Makurdi metropolis. African 
Journal of Food Science and Technology, 5, 129-135. 
http:/dx.doi.org/10.14303/ajfst.2014.052

7. Arslan, S., & Bayrakçi, S. (2016). Physicochemical, 
functional, and sensory properties of yogurts con-

taining persimmon. Turkish Journal of Agriculture 
and Forestry, 40, 68-74. http:/dx.doi.org/10.3906/
tar-1406-150

8. Moreira, T. C., Silva, A.T., Fagundes, C., Ferreira, 
S. M. R., Candido, L. M. B., & Passos, M. (2017). 
Elaboration of yogurt with reduced level of lac-
tose added of carob (Ceratonia siliqua L.). FoodS-
cience and Technology, 76, 326-329. https://doi.or-
g/10.1016/j.lwt.2016.08.033

9. Siva Kumar, S., Balasubramanya, B. V., Jayaraj 
Rao, K., Heartwin Amala Dhas, P., & Surendra 
Nath, B. (2017). Effect of flaxseed oil and flour 
on sensory, physicochemical and fatty acid pro-
file of the fruit yogurt. Journal of Food Science and 
Technology, 54(2), 368-378. https://doi.org/10.1007/
s13197-016-2471-x

10. Gioxari, A., Amerikanou, C., Nestoridi, I., Gour-
gari, E., Pratsinis, H., Kalogeropoulos, N., & Ka-
liora, A. C. (2022). Carob: A sustainable oppor-
tunity for metabolic health. Foods, 11(14), 2154.
https://doi.org/10.3390/foods11142154

11. Maza, M. P., Zamora, R., Alaiz, M., Hidalgo, F. 
J., Millán, F., & Vioque, E. (1989). Carob bean 
germ seed (Ceratonia siliqua): study of the oil and 
proteins. Journal of the Science of Food and Agri-
culture, 46(4), 495-502. https://doi.org/10.1002/
jsfa.2740460411

12. Ayaz, F. A., Torun, H., Ayaz, S. E. M. A., Correia, 
P. J., Alaiz, M., Sanz, C., & Strnad, M. (2007). De-
termination of chemical composition of Anatolian 
carob pod (Ceratonia siliqua L.): sugars, amino and 
organic acids, minerals and phenolic compounds. 
Journal of Food Quality, 30(6), 1040-1055.https://
doi.org/10.1111/j.1745-4557.2007.00176.x

13. Ilgın, M., Germec, M., & Turhan, I. (2020). Inu-
linase production and mathematical modeling 
from carob extract by using Aspergillus niger. 
Biotechnology Progress, 36(1), e2919. https://doi.
org/10.1002/btpr.2919

14. Rodriguez-Solana, R., Romano, A., & Moreno-Ro-
jas, J. M. (2021). Carob pulp: A nutritional and 
functional by-product worldwide spread in the 
formulation of different food products and beve-
rages. A Review. Processes, 9(7), 1146.https://doi.
org/10.3390/pr9071146

15. Loullis, A., & Pinakoulaki, E. (2018). Carob as co-
coa substitute: a review on composition, health 
benefits and food applications. European Food 
Research and Technology, 244, 959-977. https://doi.
org/10.1007/s00217-017-3018-8

16. Kocaman, M., & Kocaman, E. M. (2014). The im-



18

Öncel & Özdemir

portance of cultural and gastronomic tourism in 
local economic development: Zile sample. Inter-
national Journal of Economics and Financial Issues, 
4(4), 735-744.

17. Tüzün, S., İsa, B. A. Ş., Karakavuk, E., Sanyü-
rek, N. K., & Benzer, F. (2020). Çeşitli pekmez 
türlerinde farklı yöntemlerle tespit edilen 
antioksidan aktivitelerin karşılaştırılması. Turkısh 
Journal of Agrıcultural and Natural Scıences, 7(2), 
323-330. https://doi.org/10.30910/turkjans.725782

18. Özdemir, Y., Öncel, B., & İlhan, S. (2022). 
Functional wafer cream fortified with carob 
molasses pulp flour. Acta Alimentaria, 51(4), 514-
522. https://doi.org/10.1556/066.2022.00136

19. Demirbas, H., & Cetinkaya, N. (2020). Determi-
nation of chemical composition, in-vitro digesti-
bility, phenolic compounds and antioxidant ac-
tivity of carob pulp. Manas Journal of Agriculture 
Veterinary and Life Sciences, 10(2), 103–109.

20. Farag, M. A., & El-Kersh, D. M. (2017). Volatiles 
profiling in Ceratonia siliqua (Carob bean) from 
Egypt and in response to roasting as analyzed via 
solid-phase microextraction coupled to chemo-
metrics. Journal of Advanced Research, 8(4), 379-385. 
https://doi.org/10.1016/j.jare.2017.05.002

21. Radia, A., Hano, C., Oomah, D., Yous, F., Ayou-
az, S., Madani, K., & Boulekbache-Makhlouf, L. 
(2022). Impact of carob (Ceratonia Ciliqua L.) pulp 
flour supplementation on probiotic viability, milk 
fermentation and antioxidant capacity during 
yogurt storage. The North African Journal of Food 
and Nutrition Research, 6(14), 154-164. https://doi.
org/10.51745/najfnr.6.14.154-164

22. Kelebek, H., Songul, K., & Sellı, S. (2015). Compa-
rative study of bioactive constituents in Turkish 
olive oils by LC-ESI/MS/MS. International Journal 
of Food Properties, 18, 2231–2245. https://doi.org/10
.1080/10942912.2014.968788

23. Singleton, V. L., Orthofer, R., & (1999). Lamue-
la-Raventos, R. M. Analysis of total phenols and 
other oxidation substrates and antioxidants by 
means of folin-ciocalteu reagent, Methods in Enzy-
mology, 299, 152-178. https://doi.org/10.1016/S0076-
6879(99)99017-1

24. Seçkin, A. K., & Baladura, E. (2012). Effect of using 
some dietary fibers on color, texture and sensory 
properties of strained yogurt. The Journal of Food, 
37(2).

25. Altuğ, T. & Elmacı, Y. 2011. Gıdalarda Duyusal De-
ğerlendirme. Sidas.

26. Guler-Akin, M. B., Goncu, B., & Akin, M. S. (2016). 

Some properties of probiotic yogurt ice cream 
supplemented with carob extract and whey pow-
der. Advances in Microbiology, 6(14), 1010-1020. ht-
tps://doi.org/10.4236/aim.2016.614095

27. Nasser, S. A. A. (2020). Effect of adding ca-
rob extract to yogurt. Journal of Food and Dairy 
Sciences, 11(7), 195-198. https://doi.org/10.21608/
jfds.2020.108832

28. Akdeniz, V. (2023). The quality characteristics of 
probiotic yogurts enriched with carob flour: ult-
rasonication effects at different production stages. 
Journal of Food Science and Technology, 60(1), 272-
282. https://doi.org/10.1007/s13197-022-05612-z

29. Atasoy, A. F. (2009). The effects of carob juice con-
centrate on the properties of yogurt. International 
Journal of Dairy Technology, 62 (2), 228–233. https://
doi.org/10.1111/j.1471-0307.2009.00465.x

30. Saci, F., Bachir Bey, M., Louaileche, H., Gali, L., 
& Bensouici, C. (2020). Changes in anticholines-
terase, antioxidant activities and related bioacti-
ve compounds of carob pulp (Ceratonia siliqua L.) 
during ripening stages. Journal of Food Measure-
ment and Characterization, 14, 937-945. https://doi.
org/10.1007/s11694-019-00344-9

31. Ioannou, G. D., Savva, I. K., Christou, A., Stav-
rou, I. J., & Kapnissi-Christodoulou, C. P. (2023). 
Phenolic profile, antioxidant activity, and chemo-
metric classification of carob pulp and products. 
Molecules, 28(5), 2269. https://doi.org/10.3390/mo-
lecules28052269

32. Scalbert, A., Manach, C., Morand, C., Remesy, 
C., & Jimenez, L. (2005). Dietary polyphenols 
and the prevention of diseases. Critical Review 
Food Science Nutrition, 45, 287–306. https://doi.
org/10.1080/1040869059096

33. Vekiari, S. A., Ouzounidou, G., Ozturk, M., & 
Görk, G. (2011). Variation of quality characte-
ristics in Greek and Turkish carob pods during 
fruit development. Procedia-Social  Behaviour  
Science, 19, 750–755. https://doi.org/10.1016/j.
sbspro.2011.05.194

34. Kulcan, A. A., Assoumou, U. Z., Aygün, M., Şi-
rin, K. U. Z. U., Yıldız, D., Necihan, K. A. Y. A., & 
Karhan, M. (2021). Impact of carob extract supple-
mentation on chemical and sensory properties of 
yogurt and ice cream. Gıda, 46(4), 980-991. https://
doi.org/10.15237/gida.GD21043

35. Srour, N., Daroub, H., Toufeili, I., & Olabi, A. 
(2016). Developing a carob-based milk beverage 
using different varieties of carob pods and two 
roasting treatments and assessing their effect 
on quality characteristics. Journal of the Science of 

https://www.sciencedirect.com/science/journal/00766879
https://www.sciencedirect.com/science/journal/00766879
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.1016/S0076-6879(99)99017-1


19

   Journal of Food Nutrition and Gastronomy-JFNG, Volume/Cilt: 2, Issue/Sayı: 1,  Year/Yıl: 2023

Food and Agriculture, 96(9), 3047-3057. https://doi.
org/10.1002/jsfa.7476

36. Jrad, Z., Oussaief, O., Zaidi, S., Khorchani, T., & 
El-Hatmi, H. (2021). Co-fermentation process 
strongly affects the nutritional, texture, synere-
sis, fatty acids and aromatic compounds of dro-
medary UF-yogurt. Journal of Food Science and 
Technology, 58, 1727-1739. https://doi.org/10.1007/
s13197-020-04682-1

37. Scibisz, I., & Mitek, M. (2009). Effect of processing 
and storage conditions on phenolic compounds 
and antioxidant capacity of highbush blueberry 
jams. Polish Journal of Food and Nutrition Sciences, 
59, 45-52.

38. Farzana, T., Fatema, J., Hossain, F. B., Afrin, S., 
& Rahman, S. S. (2021). Quality improvement of 
cakes with buckwheat flour, and its comparison 
with local branded cakes. Current Research in Nut-
rition and Food Science Journal, 9(2), 570-577. htt-
ps://dx.doi.org/10.12944/CRNFSJ.9.2.20

https://doi.org/10.1002/jsfa.7476
https://doi.org/10.1002/jsfa.7476

