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Abstract. The potential of brewers’ spent grain (BSG) as a functional 

food ingredient has been investigated for having high nutritional value. A 

high amount of dietary fiber of BSG shows a high ability to bind water; 

thus, it tends to solidify food mixture. This characteristic has a beneficial 

effect in the utilization of BSG as a filler and texturizer in yogurt. The 

study aims to evaluate the impact of the BSG addition in yogurt production 

and its quality. BSG was prepared in three different particle sizes, and an 

amount of 10% was added for yogurt fermentation. The impact of BSG 

addition was evaluated after 24 h of storage. The result shows that 

different particle sizes of BSG had no significant impact on pH and 

syneresis, while it significantly affected the amount of lactic acid and 

countable S. thermophilus. However, BSG increased the fermentation rate 

of yogurt, and had a positive impact on water holding capacity. A lower 

particle size had a higher amount of lactic acid and a lower S. 

thermophilus. The lower particle size lowered the lightness of the yogurt. 

Rheological analysis showed that a higher particle size of BSG increased 

the shear stress and viscosity of yogurt. 

1 Introduction  

A byproduct of the brewery industry called BSG (brewers’ spent grain) [1] has been used as 

animal feed and fertilizer [2,3]. However, several studies have identified the potential of 

BSG in generating a higher value added [4–8]. Dried BSG approximately contains 2.7-5% 
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ash content, 14.5-30% crude protein, 0.43-2.17% starch, and 8-30.8% extracted fat [9–12]. 

BSG possesses biological activities, including antimicrobial activity, antioxidant activity, 

DNA protection, and antimutagenic activities, maintaining colon health and anti-

inflammatory.  

Bioactive substances such as polyphenols, fatty acids, amino acids, and dietary fiber 

contribute to these properties. [5]. 

 Dietary fiber plays an important rule in food texture profile. BSG consists of 36%-

58.2% insoluble dietary fiber (IDF) and only 1.3%-9.7% is soluble dietary fiber (SDF) 

[11,13]. IDF regulates the rigidness, thus increasing the hardness of food products, while 

SDF maintains softness and food stabilisation [14]. In other words, because BSG has a 

tendency to harden food, it's crucial to emphasize its potential as a food texturizer and 

functional food ingredient. 

  An increase in worldwide market value of yogurt has been observed previously which 

reported an increase from 38.7 billion USD in 2018 to reach 51.2 USD in 2024 [15]. 

According to an excellent review [16], study about popularizing yogurt is increasingly 

rising due to its health benefits and acceptability. The quality of yogurt can be improved by 

the addition of other ingredients [16].  Therefore, the potential of BSG as a yogurt 

ingredient is seemingly challenging. Besides the fact that BSG contains high nutritional 

value, it also maintained rheological behavior, syneresis, lactic acid generation, and lactic 

acid bacteria growth as well as regulating microstructural characteristics in yogurt during 

storage [17]. The addition of the phenolic extract of BSG in yogurt is reported for 

improving the antioxidant and anti-inflammatory of yogurt [18].  

 Based on many references, the addition of whole BSG in yogurt with different particle sizes 

has never been reported. A smaller particle size of BSG had a higher bulk density [12]. The 

difference in particle size might be related to the amount of dietary fiber composition [19]. 

As a result, BSG's ability to hold water and oil is influenced. Furthermore, particle 

reduction might generate a brighter color [20]. Therefore, the study aimed to evaluate the 

influence of the variability in particle size of BSG in yogurt fermentation and quality. 

2 Materials and methods 

2.1 Materials and BSG preparation 

Preparation of BSG was done following Joncer et al. [21] with some modifications. Dried 

BSG were ground and sieved in three different particle sizes, 150 µm, 250 µm, and 385 

µm, using laboratory scale sieving. The BSG powder then is stored inside aluminium foil 

bags and maintained in a cold room. Commercial pasteurized milk (fat content 3.2%) was 

obtained from the local market. Microbial starter was obtained from the local market. M-17 

agar was purchased from Merck, Germany.  

2.2 Yogurt preparation 

A BSG sample was mixed into the milk at a ratio 1:9 (BSG:milk; w/w) based on our 

previous study and then mixed properly. Yogurt was prepared following the instruction of 

the microbial starter. Briefly, the formulated mixtures were heated at 90 ℃ for 15 minutes, 

followed by cooling down to 43 ℃. Then, the microbial starter was added (0.05 g) into 100 

g of the mixture. The mixture then was incubated at 43 ℃ to reach pH 4.5-4.7 as described 

[22]. The yogurt was removed into cups for storage at 4 ℃. Finally, the yogurt was 

analyzed after 24 h of storage with minimum duplicate repetition. 
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2.3 Acidity profile: pH and production of lactic acid 

The acidity and pH of yogurt were measured as described [17,22] with a slight 

modification. The pH was carried out using an InoLab pH-meter according to the 

instrument's instructions. Acidity analysis was performed by titration methods by 0.25 M 

NaOH for 50 mL of yogurt by using phenolphthalein’s indicator. The acidity is performed 

in the percentage of lactic acid as is shown in equation 1 [23].  

 (1) 

2.4 Microbiological analysis 

Streptococcus thermophilus was counted following ISO 7889/IDF 117 2003 by using 

selected media M-17 (Merck) [22]. The bacteria were grown by deep-plate methods. 

Streptococci were incubated at 37 ℃ for 48 hours. The number of bacteria was estimated 

and presented in a log CFU/g sample.  

2.5 Analysis of rheological behaviour 

Rhelogical behaviour measurements of yogurt were done using a 6000-rotational Haake 

RheoStress rheometer, equipped with a thermostatic bath model Haake A10 and a UTM 

Controller (Thermo Electron GmbH, Karlsruhe, Germany). The assesments were run using 

a plate, type cone C60/1 Ti L no.222-1868/ stainless steel plate (TMP 60 no.222-1891) in 

a geometry system (gap of 1 mm). Before taken to the analysis, yogurt samples were kept 

for 30 min at room temperature. Then, a mL yogurt was applied to the plate for 

measurement. The viscosity is presented in centipoises (cPs), shear rate is determined in a 

range of 0-1000 s-1 for 3 min [17,22,24]. 

2.6 Color measurement 

Color performence was analysed using Minolta Chrima Meter CR-400 (Minolta Co.,Ltd., 

Japan) as described [17]. The calibration was conducted with a white board supplied by the 

manufacturer. L* describes lightness, a* and b* presents redness to greenness and 

yellowness to blueness respectively. 

2.7 Syneresis 

Syneresis measurement was carried out as follows. 5 g of yogurt was centrifuged (4500 

rpm; 15 min; 10 ℃) followed by weighting of the supernatant. The syneresis was 

calculated as in equation 2 [17,25,26]. 

  (2) 
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2.8 Data analysis 

The data analysis was conducted by analysis of variance (ANOVA) using Statistica 

software version 13.5.0.17 (TIBCO, Palo Alto, CA, USA) in one-way ANOVA to 

determine the mean and standard deviation. A significant difference was determined by 

Tukey HSD post-hoc test at p<0.05). 

3 Results and discussion 

3.1 Fermentation time 

The addition of BSG in three different particle sizes generated the same fermentation time 

and pH, as can be seen in Table 1. A previous study showed that the addition of BSG 

increased the fermentation rate in yogurt production [17]. In this study, pH (4.5-4.7) is 

reached after 3.5 h fermentation. According to our previous study [17], fermentation of 

BSG-added yogurt after 3 h reached pH between 4.8-5.0 and after 4 h reached the pH 

between 4.2-4.3. Compared to other studies, BSG increased the fermentation rate. The 

addition of plant extracts increased the yogurt fermentation period. The addition of plant 

based ingredients such as sea buckthorn mousse, moringa leaf powder and other 

anthocyanin-rich increased the fermentation rate (6-8 h) to reach pH 4.5-4.6 [23]. 

The decrease in fermentation time has been observed due to the addition of bacteria in 

yogurt fermentation [27]. This phenomenon is predicted due to proteolytic action which 

releases the amino acids thus improves microbial growth and contributes to the 

acidification. In addition, high protein yogurt is reported for having a lower fermentation 

time [27]. By this, BSG might provide amino acids which are beneficial for microbial 

growth in yogurt during fermentation. Furthermore, the addition of fat replacers in yogurt 

reduces the fermentation time in yogurt making [28,29]. 

Table 1. The impact of BSG in the fermentation process of yogurt. 

Particle size of BSG (µm) 1 hour  3.5 hours 

< 150 5.67 4.45 

< 250 5.67 4.49 

< 385 5.67 4.53 

3.2 The impact of BSG in pH, lactic acids and the number of Streptococcus 

thermophilus of yogurt 

The impact of particle size of BSG in BSG-added yogurt on pH, lactic acid and 

Streptococcus thermophilus is shown in Table 2. The particle size of BSG had no 

significant difference (p>0.05) in pH of the yogurt after 1 day of storage. A smaller particle 

size of BSG generated a higher amount of lactic acid in yogurt, even though there was no 

significant difference (p>0.05) in particle size < 250 µm and < 385 µm and the higher 

amount of lactic acid was generated at a lower pH. 

  In this study, there is a slight increase in pH after 1 day of storage. This phenomenon is 

in contradiction with other studies which observed a decline in pH at 1 day of storage [26]. 

Compared to control (data is not shown), the addition of BSG increased the pH while in 

other studies, the addition of plant extracts tends to decrease the pH of yogurt, thus 

increasing the acidity [26,27]. The amount of lactic acid in BSG-added yogurt with particle 

size < 150 µm aligns with other studies which vary between 0.8-0.9% [23,27,28]. A higher 
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lactic acid can be obtained in high protein yogurt up to 1.0% [27]. However, a lower lactic 

acid amount was observed in the addition of some plant extracts which generated below 

0.8% [23]. Lactic acid forming ability in yogurt is influenced by the amount of protein, dry 

matter, phosphate, lactate, citrate, and minerals [30]. By this, a lower particle size of BSG 

might provide more protein than that in higher particle size thus generating higher lactic 

acid. The reduction in the particle of BSG has been reported for improving the properties of 

BSG by debranching and depolymerization [31,32], therefore releasing entrapped protein 

[33] which improves the amount of lactic acid in yogurt production. 

  A variability in the amount of countable S. thermophilus was observed as a result of 

different particle sizes of BSG. Statistical analysis showed that the amount of countable S. 

thermophilus was significantly different (p<0.05) to each other. Yogurt with the lowest 

particle size had a lowest number of S. thermophilus while it contained the highest amount 

of lactic acid. This data shows that the lowest particle size of BSG might have a higher 

growth of Lactobacillus bulgaricus, which was not evaluated in this study. The number of 

S. thermophilus in this study aligns with the previous studies (7.0-9.5 log CFU/mL), which 

involved plant-based ingredients in yogurt [22,26,30]. 

Table 2. The impact of BSG in different particle size in fermentation and microbial properties of 

yogurt 

Particle size of BSG 

(µm) 

pH Lactic acid (%) Streptococcus thermophilus (log 

CFU/mL) 

< 150 4.67 ± 0.00a 0.892 ± 0.01a 8.526 ± 0.02c 

< 250 4.68 ± 0.00a 0.783 ± 0.04b 8.707 ± 0.01a 

< 385 4.69 ± 0.00a 0.717 ± 0.04b 8.647 ± 0.01b 

Note: Letters in the same column show significant differences from other groups (p<0.05). 

3.3 Physical properties of BSG-added yogurt 

3.3.1 Rheological behaviour 

Rheological behaviour of BSG-added yogurt is shown in Figure 1 and Figure 2. The data 

shows that the lower the particle size, the lower the shear stress and viscosity of yogurt. The 

viscosity of yogurt decreased with the increase in shear rate shows pseudoplastic and 

behaviour. The same phenomenon has been observed by previous studies in yogurt [23,24]. 

3.3.2 Syneresis 

Impact of BSG in syneresis is presented in Table 3. Statistical analysis on syneresis of 

BSG-added yogurt shows that particle size had no significant (p>0.05) impact in the 

syneresis of yogurt. The syneresis of the yogurt in this study varied between 28.02-33.26%. 

Compared to other studies, the addition of BSG generated a lower syneresis in yogurt. BSG 

is able to bind more water [12] thus reducing the syneresis in yogurt. The addition of plant 

seed mucilage in yogurt had syneresis at a range 70-80% which was described as water 

holding capacity [28], a plant based extract in yogurt generated a range of 35-50% of 
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syneresis [25] and the addition of stabilizer in yogurt had a range of 39-55% of syneresis in 

yogurt [25].  

 

Fig. 1. The shear rate of yogurt with the different particle size of BSG 

 

Fig. 2. The impact of the particle size of BSG in viscosity of yogurt 

Table 3. The impact of BSG in different particle size in physical properties of yogurt 

Particle size 

(µm) 

Color 

Syneresis (%) 

L a* b* 

<150 66.550 ± 0.34c 3.245 ± 0.16a 14.770 ± 0.04a 29.329 ± 2.63a 

<250 68.050 ± 0.06b 2.540 ± 0.17b 13.115 ± 0.23b 28.020 ± 1.04a 

<385 69.260 ± 0.04a 2.610 ± 0.06b 12.450 ± 0.49b 33.267 ± 4.09a 

Note: Letters in the same column show significant differences from other treatments (p<0.05).  
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3.3.3 The color measurement 

Color value of BSG-added yogurt is presented in Table 3. Particle sizes of BSG impacted 

the color value of the yogurt significantly (p<0.05). The smaller the particle of BSG the 

lower the lightness of produced yogurt. This phenomenon might be due to the solubility 

level of BSG. A smaller particle of BSG tends to have higher water solubility, including the 

solubility of the dietary fiber [31–33] thus darkening the color of the yogurt. The tendency 

of BSG in reducing the lightness of food products has been reviewed previously [5]. BSG 

has a brown unique color which could have a beneficial effect in food preferences which 

can be associated with a healthier product. However, consumer preferences for such 

products still need to be clarified.  

4 Conclusion  

This study demonstrates the potential of BSG as a food ingredient in yogurt products. BSG 

addition in yogurt fermentation allows the microbial growth, increases the fermentation 

rate, and generates a high level of lactic acid. BSG increases the viscosity of the yogurt 

depending on the particle size of BSG. Therefore, the addition of BSG in yogurt 

fermentation regulates the rheological behaviour of the yogurt. Moreover, BSG addition in 

yogurt reduces the syneresis. Particle size at <150µm revealed a better behavior. Further 

study in Lactobacillus growth and other biological activities of BSG-added yogurt are 

needed. 
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