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Abstract: Experimental design was performed by using immature wheat grain (IWG) harvested in two 

different maturation stages for set-type yoghurt production. IWG was harvested at milky (20 days after 

anthesis) and dough (30 days after anthesis) stages and was milled. Yoghurt samples were supplemented 

with milky stage grain flour (MSGF) and dough stage grain flour (DSGF) at 1, 2, and 3% concentrations 

except for control. All treatments were evaluated with respect to physicochemical, antioxidative, 

microbiological, textural, and sensorial aspects throughout the 28 days of storage. Phytic acid content of all 

samples diminished depending on increasing pH values over the storage while it was found higher in MSGF 

fortified yoghurts. The highest fructan content was determined in yoghurt fortified with 3% MSGF. Antioxidant 

activity and total phenolic content of yoghurts were improved with IWG fortification. MSGF showed higher 

antioxidant activity as compared to DSGF. On the other hand, DSGF addition presented better water holding 

capacity in comparison with MSGF. Likewise, DSGF provided higher firmness and consistency values. 

Firmness was enhanced with IWG supplementation by reducing syneresis except 1% MSGF added samples. 

The addition of IWG was found to slightly increase the growth of yoghurt bacteria. Both DSGF and MSGF 

had adverse effect on the sensory characteristics of yoghurts with their increasing concentrations. Based on 

the results of this study, to obtain better textural properties and higher antioxidant activity, IWG in different 

ripening stages can be tried with half combinations (total 3%) in yoghurt. Also, sensorial properties can be 

improved by flavoring agents. 

HIGHLIGHTS 
 

 Yoghurts were supplemented with milky and dough stage wheat grain flours. 

 Total antioxidant capacity was improved by wheat grain flour supplementation. 

 Milky stage wheat provided higher fructan content than that of dough stage wheat.  

 Fermentation reduced phytic acid levels in yoghurts containing wheat grain flours. 
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INTRODUCTION 

Yoghurt is a most popular fermented product which is produced by fermentation of Streptococcus 

thermophilus and Lactobacillus delbrueckii ssp. bulgaricus. It is consumed all over the world and has 

numerous positive effects on human health. Yoghurt has a high nutritional value, beneficial and therapeutic 

properties. This product is easily digestible and a great source of carbohydrates, fat, protein, vitamins and 

minerals [1]. For many years, researchers have added many antioxidative, antibacterial, antifungal or texture 

improving supplements into yoghurt. Some studies have been conducted with the aim of enhancing textural 

properties and nutritional value in yoghurt by means of adding date fiber and wheat bran [2], pulse [3], 

hazelnut skins [4] and pineapple fiber [5]. 

Besides, cereals have been the subject of many yoghurt studies due to the containing dietary fiber and 

other bioactive compounds [6]. Cereal dietary fibers can present countless beneficial effects through their 

special non-digestible carbohydrate contents which are known as a function of prebiotics [7]. 

Fructooligosaccharide (FOS), have been used in the food industry due to their technological properties (e.g., 

syneresis prevention, development of viscosity and textural properties such as creaminess) and nutritional 

value (e.g., prebiotic effect and calorie reduction). Fortification of dairy product with FOS have presented 

several functional properties including substituting sugar and fat, providing structural improvement, foam 

stabilization and prebiotic effects [8].  

FOS are involved in fructans group. Fructans are mixtures of molecules composing of fructose moieties 

linked to each other by β (2→1) bonds. A glucose molecule is linked to the end of the fructose chain by α 

(1→2). Fructan is present in wheat grain in concentrations between 2 and 35 % depending on the maturation 

stage of wheat grain [9]. The fructan content of wheat grain can be influenced by the FOS amount.  

IWG is an important source of fructan and has higher protein and fructan content compared to mature 

wheat grain [10]. The amount of fructan and antioxidant components in IWG is at the highest intensity during 

the second and third week after anthesis; afterwards fructan content is quickly reduced [11, 12]. Recently, in 

many studies IWG was used for some food products due to containing high fiber compound and antioxidant 

activity such as probiotic bread [11,13], biscuits [14], pasta product [10] and tarhana [15] and successful 

results were obtained from these researches.  

The objective of this study was to evaluate utilization of IWG in set-type yoghurt production in terms of 

physicochemical, textural, microbiological, sensorial, and antioxidative properties of the yoghurts. In this 

context, the effect of different ripening stages (milky and dough stages) on the mentioned characteristics of 

yoghurts was also determined. 

MATERIAL AND METHODS 

Materials 

Immature wheat grain flour (IWGF) obtained from the grains of the ‘Soylu Durum Wheat’, harvested at 

the milky (moisture: 65.85±1.20% crude ash: 2.63±0.17%; protein: 16.99±0.37%; phytic acid: 1613.69±17.11 

mg/100g; total fructan:4.37 g/100g; total phenolic content: 475.07±2.93 μg GAE/g; DPPH (inhibition %): 

27.64±1.07%; ABTS●+:0.37±0.04 mM trolox/g) and dough (moisture: 51.5±2.12% crude ash: 2.32±0.01%; 

protein: 16.05±0.42%; phytic acid: 1549.09±4.95 mg/100g; total fructan: 4.37 g/100g; total phenolic content: 

350.39±12.86 μg GAE/g; DPPH (inhibition %): 19.37±0.42%; ABTS●+: 0.33±0.03 mM trolox/g) stages from 

the Sarıcalar Research and Application Farm of the Faculty of Agriculture at Selcuk University.  

IWG samples were dried at room temperature to decrease moisture content below 10%. These samples 

were milled in a hammer mill equipped with a 1 mm opening screen (Falling Number-3100 Laboratory Mill, 

Perten Instruments AB, Huddinge, Sweden) to produce IWG flour (IWGF). IWGF was kept at 4 ˚C for further 

analysis. 

Yoghurt samples were prepared from whole raw milk (12.44±0.08% total solid content, 3.85±0.08% 

protein, 0.76±0.11% ash, 4.00±0.14% fat, pH: 6.74±0.01) obtained from the Faculty of Agriculture at Selcuk 

University. Total non-fat milk solids (NFMS) of the whole milk were standardized (12% NFMS) with medium-

heated skim milk powder supplied by ENKA Dairy Product, Turkey. The freeze-dried starter cultures (S. 

thermophilus and L. delbrueckii ssp. bulgaricus) were provided from Chr. Hansen-Peyma (Istanbul, Turkey).  
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Yoghurt processing  

Whole milk was standardized in 12% (w⁄w) NFMS by using medium-heated skim milk powder. Then, this 

standardized milk was fortified with MSGF or DSGF at levels of 0 (control), 1, 2 and 3% (w⁄v) and 0.003% ĸ-

carrageenan (Sigma-Aldrich Chemical Company, Inc., USA; w⁄v) to prevent sedimentation of IWGF except 

for control sample. The obtained mixture was homogenized with an Ultra Turrax blender (IKA, Merck, 

Germany) by the time all components dissolved in the milk and then heated at 90 ˚C for 10 min by stirring. 

After pasteurization, it was cooled to 42 ˚C and inoculated with a 3% (v/v) active yoghurt culture. Inoculated 

mixtures were incubated at 42 ˚C until 4.6-4.7 pH. The yoghurt samples were cooled to room temperature 

after incubation and stored at 4 ˚C for 28 days.  

Physicochemical analyses  

The AOAC methods were used to measure total solid (method 990.20), crude ash (method 945.46) and 

protein  (method 991.20) content of the yoghurt samples [16]. Fat content of yoghurt samples were 

determined according to AOAC 2000.18 [17].  

Mineral content of the samples were assessed by the method recommended by Skujins [18]. A Minolta 

Chroma Meter CR-400 (Minolta, Osaka, Japan) was used for measurements of color. The L*, a*, and b* values 

detected were in compliance with the CIE Lab color space system [19].  

pH and titratable acidity  

The pH, which was measured with a pH meter (pH 315 i/SET, WTW, Weilheim, Germany), and titratable 

acidity of yoghurt samples were determined by using the method of  Agil, Gaget [20].  

Water holding capacity and syneresis  

To measure the water-holding capacity (WHC), an adapted version of the centrifuge method described 

by Ye, Ren [21] was used. 10 g yoghurt samples in tubes were centrifuged at 5000 rpm for 20 min at 4 ˚C. 

The WHC was reported as weight of drained whey per 100 g yoghurt. Syneresis of set-style yoghurts was 

determined according to Ye, Ren [21]. 

Phytic acid analysis and total fructan content 

Phytic acid analyses were done on the 1st, 7th, 14th, 21st, and 28th day of cold storage in accordance 

with the methods described by Haug and Lantzsch [22]. To extract of phytic acid, samples were treated with 

a solution of HCl (0.2 N) for 2.5 h at 35˚C under constant stirring and precipitated with ammonium iron (III) 

sulfate solution. Phytate phosphorous in the supernatant was quantified as the reduction in absorbance of 

iron content using 2,2-bipyridine at 519 nm. 

Fructan content of samples was determined by HPLC after water extraction and enzymatic hydrolysis 

using a method described in Prosky and Hoebregs [23]. The concentration of fructan is calculated with the 

amount of free sugars  (glucose and fructose) released from fructan in accordance with AACC 32-31 [24]. 

The chromatography is performed with Perkin Elmer Series 200 incorporating a Phenomenex Rezex RPM, 

Monosaccharide (300x7.8 mm) column. Mobile phases are ultra-pure water. The flow rate is 0.6 mL/mn and 

sugars are detected by refractive index (RI) detector. The column temperature was set to be 80 ˚C. Sugars 

were identified in conformity with their retention times to compare with sugar standards. The amount of sugar 

was calculated in reference to calibration curve of each sugar. Fructan analyses were carried out on the 1st, 

14th, and 28th day of storage. 

Texture profile analysis 

Texture profile analysis (TPA) were implemented on TA-XT2 Texture Analyzer (Stable Micro Systems, 

Godalming, England) equipped with a 5 kg compression load cell according to method from Öztürk, Aydın 

[25]. TPA tests were carried out on set-type yoghurts (150 mL) in plastic containers (60 mm internal diameter 

and 66 mm sample height). Textural profile of yoghurt samples was measured with A 35 mm diameter 

cylindrical probe moved test speed of 1 mm/s through 30 mm inside the yoghurt samples. On the basis of 

registered force vs. time curve, the firmness (g), consistency (g sec), cohesiveness (g), and viscosity index 

(g sec) values were calculated. 
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Antioxidant activity analysis and total phenolic content 

Yoghurt extracts were prepared using the method of Öztürk, Aydın [25]. The antioxidant activity of 

extracted samples was determined  by the DPPH scavenging method described by Brand-Williams, Cuvelier 

[26] and ABTS●+ radical scavenging capacity conducted by the method of Re, Pellegrını [27]. Total phenolic 

content (TPC) of yoghurt samples was analyzed according to the method of McCue and Shetty [28]. 

Microbiological analysis 

Viable numbers of S. thermophilus and L. delbrueckii ssp. bulgaricus were monitored during 28 days of 

refrigerated storage. MRS agar (pH 5.4, Merck KGaA, Darmstadt, Germany) was used for the selective 

enumeration of L. delbrueckii ssp. bulgaricus and plates were anaerobically incubated at 42 ˚C for 72 h. S. 

thermophilus was enumerated using M-17 agar (Merck, pH 7.1 Merck KGaA, Darmstadt, Germany) and 

plates were aerobically incubated at 37 ̊ C for 48 h [29]. Yeast and mold counts were determined using Potato 

Dextrose Agar after aerobic incubation at 25 ˚C for 5 days [30]. 

Sensory analysis 

Sensory characteristics of the yoghurt samples were performed by nine trained members from Faculty 

of Agriculture at Selcuk University according to described by Tamime, Barrantes [31] using five-point hedonic 

scale (1: dislike very much; 5: like very much) for appearance, texture, mouth feel, odour and taste. Sensory 

analysis was carried out on the 14th day of cold storage.  

Statistical analysis 

Data were statistically evaluated via analysis of variance (ANOVA) and the means were compared by 

Tukey’s test at p < 0.05 using MiniTab 7.1 [32].  

RESULTS AND DISCUSSION 

Physicochemical characteristics of yoghurt samples 

Physicochemical characteristics of yoghurt samples are shown in Table 1. The total solid contents in 

yoghurt samples were determined to be between 15.61 and 17.60% and total solid contents augmented with 

increasing concentrations of MSGF and DSGF. Crude ash and protein values of samples were found 

between 1.02-1.08% and 5.38-6.58%, respectively. The crude ash and protein contents of yoghurt samples 

increased significantly (p<0.05) with the increasing amounts of MSGF and DSGF. The highest crude ash and 

protein value was determined at yoghurts with 3% MSGF. MSGF (2.63%) had higher ash content than DSGF 

(2.32%) because ash content of wheat grain decreases during seed maturation. These results are in 

agreement with the previous studies of Levent and Bilgiçli [33] and Katagiri, Masuda [34]. Fat content of 

yoghurt samples ranged from 3.50 to 3.79%. Generally, the fat contents showed a decrease with increasing 

concentrations of MSGF and DSGF as compared to control yoghurt. On the other hand, no statistically 

differences were observed between fat values of the samples with MSGF and DSGF. Similarly, several 

researchers noticed that fiber-enriched yoghurts had less fat content compared with control yoghurts [35, 36]. 

The highest lightness (L*) value was recorded for the control yoghurt while lightness values of all fortified 

yoghurts decreased significantly (p<0.05) with the increasing enrichment ratio. There were no significant 

differences (p˃0.05) in greenness (a*) values of yoghurt with MSGF and DSGF. A significant (p< 0.05) 

increase in yellowness (b*) values was observed in yoghurts fortified with MSGF and DSGF. Similarly, 

Hashim, Khalil [2] reported that greenness and yellowness values of yoghurt samples advanced with  

increasing concentrations of date fiber used in the formulation. Although there was an increase in the mineral 

content of all yogurt samples with the addition of MSGF and DSGF in general, the differences in the Cu, K, 

P and Zn values of the yoghurt samples were not statistically significant (p>0.05). Additionally, Mg values of 

yoghurt samples improved depending on the increasing ratio of MSGF and DSGF (p<0.05). Furthermore, Mg 

values of yoghurt samples with DSGF were lower than samples with MSGF. It was determined that the Mg 

content gradually decreased from milky stage to dough stage during kernel development and maturation 

(data not shown). 

 

 

 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4


 Immature Wheat Grain in Yoghurt Production 5 
 

Brazilian Archives of Biology and Technology. Vol.64: e21200149, 2021 www.scielo.br/babt 

Table 1. Some physicochemical properties of yoghurts at the 7th day of refrigerated storage. 

 
Sample 

Control 1% MSGF 2% MSGF 3% MSGF 1% DSGF 2% DSGF 3% DSGF 

Total solid matter (%) 15.61±0.28c 16.20±0.15bc 16.97±0.28abc 17.60±0.29a 15.96±0.22bc 17.20±0.31ab 17.59±0.66a 

Crude ash (%) 1.02±0.001d 1.04±0.00cd 1.07±0.00ab 1.08±0.00a 1.03±0.01d 1.04±0.01cd 1.05±0.00bc 

Protein (%) 5.38±0.01c 5.70±0.24bc 6.18±0.12ab 6.58±0.12a 5.66±0.36bc 6.02±0.17abc 6.26±0.06ab 

Fat (%) 3.79±0.10a 3.75±0.07a 3.68±0.03ab 3.50±0.08b 3.72±0.03ab 3.62±0.03ab 3.59±0.01ab 

Mineral matter content(mg/100g) 

Ca 145.1±0.6ns 142.4±2.3ns 137.9±1.0ns 128.6±9.2ns 140.6±5.2ns 137.5±2.3ns 134.3±6.4ns 
Cu 0.03±0.01ns 0.05±0.00ns 0.06±0.01ns 0.04±0.02ns 0.03±0.00ns 0.04±0.01ns 0.06±0.01ns 

K 214.1±11.4ns 217.3±8.0ns 224.1±0.8ns 228.1±2.5ns 215.5±6.1ns 222.0±0.1ns 224.3±4.2ns 

Mg 15.99±0.06c 17.47±0.21abc 18.07±0.12ab 18.78±1.08a 16.50±0.32bc 17.66±0.24abc 17.94±0.04ab 

P 165.4±10.8ns 167.9±5.1ns 169.5±5.3ns 177.0±14.1ns 165.9±6.5ns 173.1±1.5ns 175.2±4.1ns 

Zn 0.58±0.00ns 0.61±0.01ns 0.66±0.01ns 0.69±0.02ns 0.60±0.04ns 0.62±0.05ns 0.68±0.05ns 

Color        
L* 91.63±0.61a 90.01±0.24bc 88.76±0.29d 88.36±0.21d 90.77±0.13ab 89.07±0.34cd 88.18±0.13d 

a* -2.59±0.67ns -2.56±0.36ns -2.15±0.41ns -2.00±0.20ns -2.49±0.32ns -2.22±0.17ns -2.25±0.24ns 
b* 6.14±1.03d 8.92±0.18bc 10.33±0.47ab 11.20±0.45a 8.08±0.02cd 9.50±0.22abc 10.11±0.46ab 

MSGF: with whole meal obtained from wheat harvested at milky stage, DSGF: with whole meal obtained from wheat harvested at dough stage. Different letters show statistically 
differences (P<0.05). NS: not statistically significant. 
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Figure 1. Changes in the pH and titratable acidity values of yoghurts during the storage time; A, pH; B, Titratable acidity. 
MSGF: with whole meal obtained from wheat harvested at milky stage, DSGF: with whole meal obtained from wheat 
harvested at dough stage. 

The pH and titratable acidity values observed during 28 days of refrigerated storage are given in Figure 

1. The pH values of yoghurt samples varied from 3.90 to 4.37 during the storage time. Unsurprisingly, 

yoghurts with MSGF and DSGF had lower pH values compared with the plain yoghurt. The lowest pH value 

was detected in yoghurts containing 2% MSGF. This result could be associated with positive influence of 2% 

MSGF on yoghurt bacteria. In parallel with our results, Akalın, Gönç [37] reported that the pH value of the 

reduced-fat yoghurt enriched with FOS was lower than that of the yoghurt sample without FOS depending 

upon the effect of FOS on the counts of S. thermophilus, L. delbrueckii ssp. bulgaricus and B. animalis. As 

seen in Figure 1, titratable acidity values were found between 1.20-1.49% during the storage time. Yoghurt 

samples with MSGF and DSGF had lower acidity values at the first day of storage, while the higher acidity 

values showed at the end of the storage. A continuous increase in acidity may be attributed to metabolic 

activities of lactic acid bacteria in yoghurts [35].  

 

Water holding capacity and syneresis  

WHC of yoghurt samples ranged from 46.18% to 62.87% (Table 2). Yoghurts enriched with DSGF had 

higher WHC than yoghurts with MSGF. The DSGF supplement contained higher starch content than that of 
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the MSGF supplement. Starch whose concentration increases during maturation of wheat grain plays a role 

in water absorption in the food system [38, 39]. The highest WHC was observed in yoghurts enriched with 

3% DSGF. Similarly, Öztürk, Aydın [25] determined that the addition of peeled and unpeeled oleaster flour 

to yoghurt sample increased WHC of yoghurts. Besides, statistically no significant difference was found 

between the other enrichment rates in MSGF and DSGF added yoghurts. In all fortified yoghurt samples 

except to that containing 2% MSGF no change in WHC were determined throughout the storage period. 

 

Table 2. Water holding capacity and syneresis values of yoghurts during the storage time. 

Storage 
times 
(day) 

Sample 

Control 1% MSGF 2% MSGF 3% MSGF 1% DSGF 2% DSGF 3% DSGF 

Water holding capacity (%) 

1 47.08±0.19
D,b 

46.18±1.30
D,ns 

51.67±0.14CD,

b 

55.70±2.40BC

D,ns 

49.75±3.18AB

C,ns 

57.40±2.03A

B,ns 

60.64±0.38
A,ns 

7 52.89±0.89
B,a 

51.70±2.22
B,ns 

54.60±0.85AB,

a 

59.72±1.82AB,

ns 

53.88±3.51AB,

ns 

57.65±3.61A

B,ns 

62.87±1.60
A,ns 

14 52.97±1.70
B,a 

51.62±2.24
B,ns 

54.25±0.83B,a

b 

58.10±1.88AB,

ns 

53.95±3.32B,n

s 

58.87±0.47A

B,ns 

62.55±1.63
A,ns 

21 52.27±0.23
B,a 

51.08±1.86
B,ns 

52.89±0.83B,a

b 

57.17±2.45AB,

ns 

53.92±3.94AB,

ns 

58.60±1.65A

B,ns 

62.02±1.58
A,ns 

28 51.35±0.49
CD,a 

48.67±0.57
D,ns 

52.00±0.75BC

D,ab 

55.87±2.50AB

C,ns 

52.37±1.65BC

D,ns 

58.09±0.30A

B,ns 

61.13±2.69
A,ns 

Syneresis (%) 
1 39.36±0.23

A,ns 

29.65±7.96
A,ns 

29.05±8.33A,n

s 4.63±0.00B,e 26.37±4.01A,n

s 

7.90±0.94B,n

s 

2.32±0.21B,

c 

7 37.86±1.72
A,ns 

31.60±5.73
AB,ns 

31.28±0.60AB,

ns 6.30±0.00C,d 26.01±4.66B,n

s 

7.65±1.23C,n

s 

3.28±0.23C,

c 

14 38.42±1.19
A,ns 

33.41±2.09
AB,ns 

31.37±1.68AB,

ns 12.21±0.00C,c 30.64±1.90B,n

s 

12.34±3.50C,

ns 

6.30±0.71C,

b 

21 38.37±0.56
A,ns 

33.87±1.44
A,ns 

33.43±3.54A,n

s 13.84±0.00B,b 31.80±1.78A,n

s 

13.13±4.62B,

ns 

6.82±0.04B,

ab 

28 39.79±0.00
A,ns 

33.82±0.00
B,ns 

34.25±2.38B,n

s 15.20±0.00C,a 34.65±0.00B,n

s 

17.30±0.00C,

ns 

7.87±0.00D,

a 

MSGF: with whole meal obtained from wheat harvested at milky stage, DSGF: with whole meal obtained from wheat 
harvested at dough stage. Statistically differences were showed different letters (P<0.05). 
A-EThe significant differences between the samples were expressed in capital letters, a-eThe significant differences 
between storage times were expressed in lower case letters. 

The syneresis results are shown in Table 2. Generally, a significant (p< 0.05) decrease in syneresis of 

yoghurt samples was observed in parallel with increment in rates of MSGF and DSGF. While the average 

syneresis of control yoghurt was 38.76%, this value decreased to 10.44% and 5.32% in yoghurts enriched 

with 3% MSGF and 3% DSGF, respectively. The microstructure of yoghurt is composed of casein micelles 

and their clusters. Syneresis susceptibility is closely related to the gaps between casein clusters [40]. The 

decrease in syneresis depending on the increase of MSGF and DSGF could be explained by filling these 

gaps in the casein clusters with fructans and starch. This result is in agreement with a findings of Crispín-

Isidro, Lobato-Calleros [41] who reported that the addition inulin and agave fructans decreased the syneresis 

of reduced-fat yoghurts. The highest syneresis values for all yoghurt samples were observed on the 28th day 

of storage which may be attributed to increasing in acidity by activity of the yoghurt starter cultures especially 

L. delbrueckii ssp. bulgaricus on the progressive storage period [42, 43]. 

Phytic acid values of enriched yoghurts 

The effects of MSGF and DSGF on phytic acid contents are presented in Table 3.  The highest phytic 

acid content (497.85 mg/100mg) was observed in the 3% MSGF enriched yoghurt sample (p< 0.05). It was 

determined that the amount of phytic acid in the yoghurt samples with MSGF was higher than yoghurt that 

with DSGF. This situation could be explained that phytic acid content in the MSGF (1613.69 mg/100g) was 

higher than the phytic acid found in the DSGF (1549.09 mg/100g). The present results are consistent with 

the findings of Levent and Bilgiçli [33] who notified that the amount of phytic acid in the wheat kernel 

decreased as the ripening period progressed. The phytic acid content of enriched yoghurt samples decreased 

significantly (p< 0.05) with the progressed storage time and the lowest results observed on the 28th day of 
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storage. In our study, phytic acid contents of yoghurt samples fortified with MSGF and DSGF decreased 

during fermentation and storage times in compatible with results of Bilgiçli and İbanoğlu [44] who stated that 

pH value of the medium was an important factor that affects phytate degradation and low pH values increased 

phytate degradation. 

 

Table 3. Phytic acid values (mg/100g) of yoghurts during the storage time. 

Storage 
times 
(day) 

Sample 

Control 1% MSGF 2% MSGF 3% MSGF 1% DSGF 2% DSGF 3% DSGF 

1 326.8±0.1D,

a 

431.5±6.3C,

a 

480.0±5.7A

B,a 497.9±7.9A,a 439.7±4.1C,a 432.6±3.0C,a 475.1±2.2B,a 

7 305.8±3.0E,

b 

377.6±4.6D,

b 

414.3±6.3B

C,b 463.5±5.7A,b 400.1±2.8C,b 403.2±6.6BC,b 422.4±7.7B,b 

14 264.2±3.1E,

c 

332.3±4.4D,

c 

361.7±9.6C

D,c 435.1±7.9A,b 343.9±9.6CD,c 365.9±6.2BC,c 394.2±8.5B,c 

21 193.0±0.4D,

d 

203.7±6.7D,

d 

237.1±7.0B

C,d 281.1±7.7A,c 203.9±8.9D,d 218.2±7.8CD,d 259.1±3.3AB,d 

28 112.3±3.1E,

e 

162.6±7.8D,

e 

182.6±8.9C

D,e 262.5±8.6A,c 158.8±4.0D,e 195.3±8.9BC,d 223.0±7.9B,e 

MSGF: with whole meal obtained from wheat harvested at milky stage, DSGF: with whole meal obtained from wheat 
harvested at dough stage. Statistically differences were showed different letters (P<0.05). 
A-EThe significant differences between the samples were expressed in capital letters, a-eThe significant differences 
between storage times were expressed in lower case letters. 

Total fructan contents 

As shown in Table 4, total fructan content of yoghurt samples ranged from 0.0 to 0.104 g/100g. The 

highest fructan content (p<0.05) was determined in the 3% MSGF sample on the firt day of storage because 

the MSGF (4.37±0.13 g/100g) had higher fructan content than the DSGF (3.76 g/100g). The amount of 

fructans in wheat kernel is based on their phase of maturity. Paradiso, Cecchini [12] reported that fructans 

are concentrated at a higher level in the first period of ripening.  Their quantity per grain is quickly reduced 2-

3 weeks after anthesis. Although the amount of fructan increased significantly (p<0.05) with the concentration 

of IWG in all enriched yoghurt samples except control, it showed a decrease on the progressive storage 

period. The reduction in total fructan contents of the samples might be associated with the metabolic activities 

of lactic acid bacteria in yoghurts because fructan may promote the growth of specific bacteria as a prebiotic 

[45]. Similar findings was found by Akalın, Fenderya [46] who reported that FOS stimulating the growth of 

yoghurt bacteria and bifidobacteria. 

 

Table 4. Total fructan values (g/100 g) of yoghurts during the storage time. 

Storage 
times 
(day) 

Sample 

Control 1% MSGF 2% MSGF 3% MSGF 1% DSGF 2% DSGF 3% DSGF 

1 0.003±0.0
01D,a 

0.048±0.009B

C,a 

0.071±0.002
B,a 

0.104±0.00
6A,a 

0.030±0.008
C,a 

0.048±0.006B

C,a 

0.072±0.009B

,a 

14 0.001±0.0
00C,ab 

0.030±0.007B

,ab 

0.046±0.004
AB,b 

0.055±0.00
6A,b 

0.013±0.001
C,ab 

0.032±0.004B,

ab 

0.035±0.001B

,b 

28 0.000±0.0
00D,b 

0.004±0.005B

CD,b 

0.019±0.001
AB,c 

0.028±0.00
1A,c 

0.002±0.003
CD,b 

0.012±0.008A

BCD,b 

0.018±0.003A

BC,b 

MSGF: with whole meal obtained from wheat harvested at milky stage, DSGF: with whole meal obtained from wheat 
harvested at dough stage. Statistically differences were shown different letters (P<0.05).  
A-DThe significant differences between the samples were expressed in capital letters, a-cThe significant differences 
between storage times were expressed in lower case letters.  
 
 

Textural properties 

All textural parameters (firmness, consistency, cohesiveness and viscosity index) of yoghurt samples are 

shown in Figure 2. The average firmness values of yoghurts ranged between 210.04-535.22 g during storage. 
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Firmness advanced with the increasing total solids content of enriched yoghurt samples as well as interaction 

between IWG and the milk protein matrix [47]. Besides, a raise in firmness could be related to decreasing pH 

values that induced to syneresis [5].  As expected, firmness value was higher in samples with 3% MSGF and 

DSGF. This result was parallel with decreasing syneresis values depending on increasing concentrations of 

MSGF and DSGF. On the other hand, firmness slightly increased until the 14th day of storage and then 

decreased towards the end of the storage period. Similar findings of the decreased firmness over the storage 

were reported by Costa, Frasao [48] who researched the effect of cupuassu pulp on yoghurt texture. Also, 

Izadi, Nasirpour [49] observed similar trend in yoghurt fortified with phytosterol.  

The average consistency values of yoghurts ranged between 5170.64 g sec and 11321.02 g sec. The 

storage period and enrichment rate were significant (p˂0.05) on consistency values of yoghurts. The higher 

consistency values were determined in yoghurt samples with 3% DSGF compared with other yoghurt 

samples at the first day of storage. This result may be expressed by the greater levels of starch in DSGF 

[50]. The starch binds water and interacts with casein molecules (at˂4.6 pH) in yoghurt system [35]. Our 

results corroborate to the findings of do Espírito Santo, Perego [51] who reported that passion fruit peel 

powder addition in yoghurts increased consistency values. Similarly,  Srisuvor, Chinprahast [52] noticed that 

the use of inulin and polydextrose in low-fat set type yoghurts significantly improved consistency of yoghurts.  

Cohesiveness demonstrates the level to which a material can be deformed before it ruptures [53]. 

Cohesiveness showed a decrease with increasing levels of MSGF and DSGF as compared to plain yoghurt, 

therefore samples fortified with 3% MSGF and DSGF had the lowest cohesiveness values throughout the 

storage. Our result is parallel to the findings of Mohamed, Zayan [54] noted that addition of dried grape 

pomace of yoghurt at 1, 2, and 3% concentrations reduced cohesiveness, while firmness increased these 

enrichment ratios. Generally, no differences were observed between cohesiveness values of MSGF and 

DSGF supplemented yoghurts and cohesiveness values of both of them were found to be lower than control 

yoghurt. On the other side, cohesiveness values of all samples enhanced at the end of the storage time. An 

increment in cohesiveness during cold storage was reported in the study of  Mousavi, Heshmati [55]. The 

researchers found that cohesiveness of yoghurt containing flaxseed increased during storage time resulting 

from flaxseed affected on internal bonds in yoghurt structure. Thus, IWG, which contains a high proportion 

of fiber, can influence on bond in casein micelles.  

As with cohesiveness values, viscosity index of yoghurt samples decreased depending on MSGF and 

DSGF fortification in comparison to control yoghurt. Moreover, increasing concentration of MSGF and DSGF 

caused decrease in viscosity index of yoghurts.  Kycia, Chlebowska-Śmigiel [56] explained that this could be 

due to unfinished forming of a casein network during gelation by the presence of nonadsorbing 

polysaccharide. Besides, compared to the beginning of storage, viscosity index of all yoghurt samples 

advanced at the end of the storage due to enhanced interaction of IWG with caseins. Similarly, Rudra, Nath 

[57] stated that addition of inulin in yoghurt caused an increment in viscosity during storage was attributed to 

stabilization of casein‐inulin networks. Yoghurts containing MSGF and DSGF generally showed similar 

viscosity index, however, the highest viscosity index was observed in yoghurts with 1 and 2% DSGF on day 

of 28. 

Antioxidant capacity of yoghurt samples 

The results of antioxidant capacity, obtained in the DPPH and ABTS●+ assays, are given in Table 5. 

Immature wheat grain is a more important source of bioactive phytochemicals with antioxidative attributes, 

such as α-and γ tocopherol, vitamin C, β-carotene, phenolics and flavonoids than mature wheat [58, 59]. For 

this reason, as expected, yoghurt samples with 3% MSGF gave the highest DPPH scavenging capacities 

with average 4.43% inhibition. Besides to DPPH results, TEAC values of enriched yoghurt samples also 

increased significantly (p<0.05) with increasing concentrations of MSGF and DSGF. The yoghurts with MSGF 

had higher ABTS●+ and DPPH scavenging values than yoghurts with DSGF. Similarly, Kim and Kim [58] and 

Merendino, D'Aquino [60] reported that immature wheat had higher antioxidant capacity than mature wheat. 

Fortified yoghurts exhibited significantly higher ABTS●+ and DPPH scavenging capacities than their 

respective controls. 

Although the highest antioxidant capacities of the yoghurt samples were detected at the end of the 

storage time (p<0.05), there were no statistical differences in antioxidant values of the samples in the previous 

days (p>0.05). The results for increased antioxidant capacity after storage is possibly attributed to activities 

of lactic acid bacteria during the storage time [61] and the forming of an interaction between polyphenols and 

milk proteins [62].  
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Figure 2. Texture profile of yoghurts during storage time; A, firmness; B, consistency; C, cohesiveness; D, index of 
viscosity. MSGF: with whole meal obtained from wheat harvested at milky stage, DSGF: with whole meal obtained from 
wheat harvested at dough stage. 

Total phenolic content of yoghurt samples 

The total phenolic contents (TPC) of yoghurt samples are shown in Table 5. TPC content ranged from 

64.84 to 96.83 μg GAE/g. The TPC of samples increased significantly (p<0.05) depending on the increasing 
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concentration of MSGF and DSGF. The yoghurts containing 3% of both MSGF and DSGF, had the highest 

total phenolic content. The highest total phenolic level in the samples was observed on the 28th day of 

storage. The increase in the TPC of the samples depended on the progressed time during the storage period 

may be explained by the metabolic activity of yoghurt bacteria.  

 

Table 5. Antioxidant activity and total phenolic content of yoghurt samples. 

Storage 
times 
(day) 

Sample 

Control 1% MSGF 2% MSGF 3% MSGF 1% DSGF 2% DSGF 3% DSGF 

DPPH (% inhibition) 

1 
2.24±0.13D,

b 

3.43±0.21ABC,

b 

3.58±0.21A

B,b 

3.92±0.23A,

b 2.84±0.20CD,b 2.86±0.13C

D,b 3.18±0.03BC,c 

7 
2.62±0.27B,

ab 3.71±0.15A,ab 4.09±0.21A,

ab 

4.21±0.22A,

ab 

3.26±0.30AB,a

b 

3.88±0.32A,

a 3.97±0.13A,b 

14 
2.68±0.15D,

ab 

3.82±0.08BC,a

b 

4.46±0.26A

B,a 

4.60±0.14A,

ab 3.50±0.04C,ab 4.23±0.12A

B,a 4.68±0.25A,a 

21 
2.82±0.03E,

ab 

3.87±0.02CD,a

b 

4.51±0.15A

B,a 

4.68±0.18A

B,ab 3.58±0.02D,a 4.26±0.24B

C,a 4.87±0.19A,a 

28 
3.04±0.27C,

a 3.97±0.10B,a 4.64±0.16A,

a 

4.73±0.17A,

a 3.79±0.10B,a 4.27±0.19A

B,a 4.88±0.08A,a 

ABTS+ (mM Trolox/g) 

1 
0.130±0.01

B,b 

0.152±0.01AB

,b 

0.147±0.00
AB,c 

0.171±0.02
A,b 

0.142±0.01AB

,b 

0.144±0.01
AB,b 

0.144±0.00AB

,c 

7 
0.132±0.01

B,b 

0.167±0.01AB

,ab 

0.168±0.01
AB,bc 

0.190±0.01
A,ab 

0.163±0.00AB

,ab 

0.177±0.01
A,a 

0.187±0.01A,

b 

14 
0.147±0.01

B,b 

0.170±0.01AB

,ab 

0.176±0.01
AB,b 

0.200±0.01
A,ab 

0.168±0.01AB

,ab 

0.178±0.00
AB,a 

0.194±0.01A,

b 

21 
0.159±0.00

C,ab 

0.171±0.00BC

,ab 

0.179±0.00
BC,b 

0.225±0.01
A,a 

0.176±0.02BC

,ab 

0.178±0.01
BC,a 

0.205±0.01AB

,ab 

28 
0.193±0.01

B,a 

0.203±0.02AB

,a 

0.211±0.01
AB,a 

0.240±0.01
A,a 0.184±0.01B,a 0.205±0.01

AB,a 

0.225±0.01AB

,a 

Total phenolic content (µg GAE/g)  

1 
64.84±1.06

B,ns 67.91±1.98B,b 67.90±0.46
B,ns 

75.67±1.79
A,c 68.05±0.77B,c 75.82±0.87

A,b 

75.87±0.43A,

b 

7 
71.99±1.66

B,ns 

73.64±1.24B,a

b 

76.54±6.23
AB,ns 

85.53±0.07
A,b 73.51±1.52B,b 78.00±0.16

AB,b 

79.35±2.53AB

,ab 

14 
73.30±2.92

B,ns 

77.44±4.27AB

,ab 

79.50±4.48
AB,ns 

87.52±1.36
A,b 74.69±1.99B,b 78.44±1.33

AB,b 

82.84±2.96AB

,ab 

21 
75.02±1.21

C,ns 

77.76±2.78BC

,ab 

80.24±2.31
BC,ns 

92.35±1.31
A,a 

76.56±0.78BC

,ab 

79.77±1.02
BC,b 

82.37±1.53B,

ab 

28 
76.88±6.47

B,ns 

82.81±4.98AB

,a 

84.89±6.96
AB,ns 

96.83±0.57
A,a 

79.90±0.73AB

,a 

85.18±2.32
AB,a 

86.28±2.97AB

,a 

MSGF: with whole meal obtained from wheat harvested at milky stage, DSGF: with whole meal obtained from wheat 
harvested at dough stage. Statistically differences were shown different letters (P<0.05). 
NS: not statistically significant. A-BThe significant differences between the samples were expressed in capital letters, 
a-bThe significant differences between storage times were expressed in lower case letters. 

In previous study, Joung, Lee [63] stated that the use of phenolic acids such as ferulic and coumaric acid 

by microorganisms leads to the formation of different phenolic components such as vanillic and p-

hydroxybenzoic acid during microbial growth and after the acidification period. Furthermore, the breakdown 

of milk proteins such as casein (i.e. which contain amino acids, such as tyrosine, which have a phenolic side 

chain) by yoghurt bacteria causes an increase in the total phenolic content of yoghurts [64]. 

S. thermophilus and L. delbrueckii ssp. bulgaricus counts of yoghurt samples 

S. thermophilus and L. delbrueckii ssp. bulgaricus counts of yoghurt samples are shown in Table 6. In 

yoghurt samples with MSGF and DSGF the average counts of S. thermophilus were detected between 5.93-

6.42 log cfu/mL during cold storage period. There were no significant differences (P˃0.05) in the counts of 

S. thermophilus among all yoghurt samples, and the viable counts showed a slight reduction during the 28 

days of refrigerated storage. These results are in agreement with Delgado-Fernández, Corzo [65] who 

reported that the addition of FOS into yoghurt had no effects on the growth of yoghurt starter cultures. The 
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lowest viable counts were determined at the end of the storage time. Significant differences in the number of 

S. thermophilus were seen only on the 14th day of the storage. It was observed that the 2% addition ratio 

with MSGF and DSGF slightly supported the development of S. thermophilus on day 14 of storage.  Similar 

results were reported by Akalın, Fenderya [46] and Akalın, Gönç [37]. 

During 28 days of the storage period, the average counts of L. delbrueckii ssp. bulgaricus in control, 1% 

MSGF, 2% MSGF, 3% MSGF, 1% DSGF, 2% DSGF and 3% DSGF samples were defined to be 7.47, 7.55, 

7.62, 7.62, 7.52, 7.57 and 7.34 log cfu/mL, respectively. The lowest viable count of L. delbrueckii ssp. 

bulgaricus was observed in yoghurt sample with 3% DSGF. This result may be explained by the levels of 

starch in DSGF, since starch decreases water activity of yoghurt samples and the metabolism of L. 

delbrueckii ssp. bulgaricus may have been inhibited [36, 66]. It was previously reported that IWG had less 

digestible starch and more fiber content than mature wheat grains [10]. The viability of L. delbrueckii ssp. 

bulgaricus in yoghurt samples was higher when they were grown in the presence of MSGF at the end of the 

storage period (Table 6).  

 

Table 6. S. thermophilus and L. delbrueckii ssp. bulgaricus (log cfu/mL) counts of yoghurts during the storage time. 

Storage times 
(day) 

Sample 

Control 
1% 

MSGF 
2% MSGF 3% MSGF 1% DSGF 2% DSGF 3% DSGF 

S. thermophilus        

1 
6.56±0.12

NS,a 

6.68±0.09
NS,a 

6.81±0.04
NS,a 

6.76±0.08NS

,a 

6.61±0.14NS,

a 

6.77±0.08N

S,a 

6.72±0.09N

S,a 

7 
6.51±0.11

NS,a 

6.66±0.08
NS,a 

6.76±0.06
NS,a 

6.70±0.11NS

,a 

6.56±0.15NS,

a 

6.67±0.06N

S,a 

6.65±0.08N

S,a 

14 
6.41±0.04

B,a 

6.46±0.03
B,a 

6.63±0.03
A,a 

6.59±0.02A,

a 6.42±0.00B,a 6.59±0.01A,

a 

6.47±0.02B,

a 

21 
5.11±0.06

NS,b 

5.41±0.04
NS,b 

5.48±0.04
NS,b 

5.36±0.17NS

,b 

5.23±0.10NS,

b 

5.39±0.13N

S,b 

5.30±0.16N

S,a 

28 
5.06±0.12

NS,b 

5.23±0.07
NS,b 

5.46±0.05
NS,b 

5.31±0.23NS

,b 

5.11±0.13NS,

b 

5.21±0.11N

S,b 

5.06±0.14N

S,a 

L. delbrueckii 
ssp. bulgaricus 

       

1 
8.58±0.04

AB,a 

8.63±0.05
A,a 

8.65±0.06
A,a 

8.73±0.04A,

a 

8.663±0.04A,

a 

8.66±0.04A,

a 

8.39±0.10B,

a 

7 
8.51±0.03

NS,a 

8.53±0.01
NS,a 

8.63±0.07
NS,a 

8.67±0.07NS

,a 

8.57±0.02NS,

a 

8.60±0.04N

S,a 

8.42±0.16N

S,a 

14 
7.48±0.01

A,b 

7.52±0.01
A,b 

7.60±0.01
A,b 

7.60±0.06A,

b 7.50±0.01A,b 7.53±0.05A,

b 

7.32±0.05B,

b 

21 
6.72±0.32

NS,c 

6.79±0.29
NS,c 

6.89±0.28
NS,c 

6.79±0.13NS

,c 

6.67±0.27NS,

c 

6.76±0.36N

S,c 

6.50±0.2NS,

c 

28 
6.06±0.01

C,d 

6.27±0.03
A,c 

6.33±0.02
A,d 

6.29±0.01A,

d 

6.22±0.06AB,

c 

6.31±0.03A,

c 

6.09±0.06B

C,c 

MSGF: with whole meal obtained from wheat harvested at milky stage, DSGF: with whole meal obtained from wheat 
harvested at dough stage. Statistically differences were shown different letters (P<0.05).  
NS: not statistically significant. A-BThe significant differences between the samples were expressed in capital letters, a-

bThe significant differences between storage times were expressed in lower case letters. 

The MSGF (4.37 g/100g) contained higher fructan content than the DSGF (3.76 g/100g). IWG is an 

innovative raw material as a natural fructans source. In wheat kernels, fructans are accumulated at a higher 

level 2–3 weeks after flowering, thereafter their content rapidly decreases [67]. Similarly, our data are in 

agreement with Akalın, Gönç [37] who reported that FOS addition in reduced-fat probiotic yoghurts supported 

both S. thermophilus and L. delbrueckii ssp. bulgaricus numbers. Additionally, fungi and yeast were detected 

at a level of <1 log cfu /mL in all yoghurts by the 28th day of storage. 
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Sensory properties of yoghurt samples 

The scores for sensory properties of yoghurt samples are given in Table 7. The supplementation of 

yoghurt with MSGF and DSGF had a significant effect (p<0.05) on all the sensory parameters. The 

appearance score decreased with increasing enrichment rate of MSGF and DSGF, also the yoghurt with 

DSGF had lower appearance score than MSGF. Control and MSGF 3% samples gained the most 

appreciation by the panelists in terms of texture evaluation. The taste and odor scores of yoghurt samples 

decreased significantly (p<0.05) with the increasing addition rates of MSGF and DSGF. The yoghurts 

containing 3% MSGF and DSGF, had the lowest admiration by panelists with regard to taste and odor 

evaluations. This result may be attributed to IWG provided cereal odor and taste into yoghurts. Similar results 

were reported by Terpou, Bekatorou [7] and Hoppert, Zahn [68]. 

 

Table 7. Sensory properties of yoghurts at the 14th day of refrigerated storage. 

Samples Appearance Texture Mouth feel Odor Taste 

Control 4.88±0.03a 4.82±0.11a 4.38±0.07ab 4.96±0.06a 4.82±0.08a 

1% MSGF 3.65±0.21ab 3.65±0.21b 3.78±0.04bc 4.30±0.42ab 4.35±0.21ab 

2% MSGF 4.43±0.25ab 4.55±0.07ab 4.55±0.07ab 3.68±0.11bc 4.03±0.31abc 

3% MSGF 4.40±0.85ab 4.70±0.42a 4.80±0.28a 3.80±0.28bc 3.80±0.28bc 

1% DSGF 3.90±0.14ab 3.98±0.32ab 4.33±0.11ab 4.18±0.11abc 4.58±0.25ab 

2% DSGF 2.97±0.32b 3.97±0.32ab 3.08±0.46c 3.35±0.21bc 3.30±0.28cd 

3% DSGF 3.20±0.28b 3.55±0.07b 3.10±0.14c 3.25±0.35c 2.83±0.11d 

MSGF: with whole meal obtained from wheat harvested at milky stage, DSGF: with whole meal obtained from wheat 
harvested at dough stage. Statistically differences were shown different letters (P<0.05). 

CONCLUSIONS 

In this study, physical, chemical, nutritional, textural, microbiological and sensorial properties of yoghurt 

samples enriched with MSGF and DSGF were determined. The results showed that enrichment of immature 

wheat flour in yoghurt samples increased the nutritional value of yoghurts, due to increasing protein and 

mineral content, total phenolic compounds, antioxidant activity and fructan content. Phytic acid content of the 

yoghurt samples with MSGF and DSGF were reduced significantly by residual activity of the starter cultures. 

On the other hand, the addition of MSGF and DSGF to yoghurts demonstrated a positive effect on firmness, 

consistency, and water holding capacity. In yoghurt samples with MSGF, S. thermophilus and L. delbrueckii 

ssp. bulgaricus counts were higher than yoghurt with DSGF because there was a higher fructan content in 

MSGF than DSGF. The sensory evaluation showed that enrichment with MSGF and DSGF provided cereal 

flavor to yoghurt samples. For this reason, consumer acceptance decreased with increasing concentration 

of MSGF and DSGF additives in yoghurt samples. Consequently, MSGF and DSGF seems to be good 

alternative supplement for improving textural and nutritional properties of yoghurts. MSGF and DSGF can be 

used in combination with a total of 3% for obtaining an excellent effect on textural and nutritional attributes of 

yoghurts. Further studies can also be performed by flavoring agents to optimize sensorial characteristics of 

yoghurts.  
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