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Abstract: Converting milk into fermented milk is a complex and dynamic process that depends 
largely on the selected fermenter. In this study, we aimed to investigate the potential role of 
Clostridium butyricum (CB) co-fermentation with traditional fermenters (Streptococcus 
thermophilus and Lactobacillus bulgaricus) in the improvement of quality characteristics of 
fermented milks. The results of the study demonstrated that, in comparison to the traditional 
fermenter group (Y) alone, the CB-complexed Y (3CB-Y) with an optimal addition amount (3×108 
CFU/g) significantly enhanced the acidification capacity and elevated the count of live bacteria in the 
fermented milks (P<0.05). Furthermore, at the 28th day, the water uptake increased by 15.6%, 
culminating in a more robust and dense structure of the gel network in the fermented milks. This 
improvement was accompanied by an increase in viscosity (37.99 N.s), which ultimately led to an 
enrichment in the volatile flavor substances (86 species) and a notable enhancement in the sensory 
qualities of the fermented milk. This study demonstrated that the appropriate dose of CB combined 
with traditional fermenter co-fermentation could significantly improve the quality characteristics of 
fermented milk. 

Keywords: fermented milk; clostridium butyricum; traditional fermenter; co-fermentation; quality 
characteristics 
 

1. Introduction 

Fermented milk, made from raw milk or milk powder as the main ingredient and fermented by 
specific microorganisms, is a dairy product with a long history[1]. Fermented milks are highly 
appreciated by consumers due to their unique flavour, rich nutritional value and diverse health 
benefits[2]. In industrial production, fermented milks are usually made by fermentation with 
traditional fermenters (Lactobacillus bulgaricus and Streptococcus thermophilus) [3-4]. This 
fermentation process is not only the basic method for making fermented milks, but also one of the 
easiest and safest ways to preserve food. 

However, an in-depth study of the market for fermented milks obtained from traditional agent 
preparations revealed that consumers are still dissatisfied with traditional fermented milks in terms 
of taste consistency, texture, sensory and flavour[5-6]. Specifically, the deficiencies of traditional 
fermented milks in terms of water uptake, physical stability, and texture have led to deficiencies in 
taste and quality. These problems not only affect consumers’ consumption experience, but also limit 
the competitiveness of traditional fermented milks in the market. 

Co-fermentation of strains is a method of mixing two or more lactic acid bacteria for the 
preparation of fermented milk[7]. It mainly takes advantage of the mutually beneficial symbiotic or 
partial symbiotic relationship between microbial groups, and is used to balance the advantages of 
different strains and avoid the problem of insufficient flavour or poor texture when fermented with 
a single strain[8-9]. Currently, this method has made some progress in improving the deficiencies of 
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traditional fermented milks. Li et al. used co-fermentation of Lactobacillus plantarum, 
Bifidobacterium animalis and Streptococcus thermophilus in the preparation of fermented milk, and 
the results of their study showed that the milk fermented by co-culturing of three strains exhibited 
higher cohesion, more volatility and better organoleptic qualities compared with the fermented milk 
cultured by Streptococcus thermophilus only[8]. Li et al. demonstrated that yoghurt containing 
Lactobacillus plantarum with traditional fermenters was more concentrated and had a more 
complete texture than yoghurt prepared with P. pentosaceus and E. faecium. The determination of 
volatile compound profiles showed that the diversity of volatile compounds was higher than that of 
the traditional fermenter group[10]. Nonetheless, recent studies have shown that the fermented milks 
prepared by such strains do not fully satisfy the consumers’ demands for silky texture and diversified 
nutrients, and therefore, further searching for suitable strains to improve the quality of fermented 
milks is an urgent issue[7-8]. 

Clostridium butyricum (CB), a Gram-positive, spore-producing, anaerobic probiotic, is widely 
used in food, feed and medicine because of its ability to inhibit harmful bacteria, promote the 
proliferation of beneficial bacteria and repair intestinal mucosa[11-13]. It is worth our attention that 
the metabolites of CB can stimulate the growth of lactobacilli and promote the proliferation of 
beneficial bacteria, and compounding it with lactobacilli is likely to benefit the fermentation of milk 
and ultimately improve the quality of fermented milk[14]. 

Here, this study focuses on the effect of CB in the formation of fermented milk quality when 
compounded with traditional fermenters, using fermented milk as a vehicle. We used the treatment 
group with the addition of commercial fermenter only as a control (labelled Y) to investigate in depth 
the effect of different mass ratios of CB on the improvement of the quality of fermented milk with 
traditional fermenter. These were assessed in terms of acidification capacity, number of viable 
bacteria, water uptake, protein hydrolysis activity, rheological properties, physical stability, 
microstructure, volatile flavour substances, and changes in organoleptic properties. This study aims 
to provide scientific basis and practical reference for the industrial production of probiotic fermented 
milk. 

2. Results and Discussion 

2.1. Physicochemical Properties of Fermented Milk 

Bulleted lists look like this: The type of fermenter determines the fermentation activity between 
it and cow’s milk and consequently affects the physicochemical and textural properties of fermented 
milk[15]. Therefore, in this study, fermented milks prepared using different fermenters were 
analysed in detail using FT-IR. Figure 1a demonstrates the FT-IR profiles of fermented milks. 
Compared with group Y, the experimental groups with CB addition all showed enhanced 
characteristic absorption peaks at 1730 cm-¹, which was attributed to the carboxyl group[16], 
confirming the successful introduction of Clostridium butyricum into the fermented milk. In 
addition, the intensity of this characteristic absorption peak gradually increased with the increment 
of CB addition, which indicated that the number of Clostridium butyricum increased. This 
observation is in complete agreement with the description in Figure 1d, further validating the 
reliability of the experiment. 

Measurement of acidification capacity is essential to assess how quickly different fermenters 
produce acid in the fermentation system. The results of pH and titratable acidity changes of 
fermented milks during refrigeration are shown in Figure 1 b,c. It is evident from Figure 1b that a 
significant decrease (P<0.05) in the pH of the fermented milks of all groups was observed with the 
extension of the refrigeration period. The pH of the samples in all groups was lower than that of the 
control (Y) throughout the storage period. In the co-culture system, the pH of the samples showed a 
gradual decrease with the gradual increase of CB addition. Particularly, there was no significant 
difference in pH between CB-Y and 3CB-Y groups at 28 days, whereas the group with excessive CB 
addition (5CB-Y) had a relatively high pH (>4.0), which may be attributed to the co-action of CB with 
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conventional fermenters in the milk matrix, which promotes the decomposition of lactose and the 
accumulation of lactic acid[17]. Meanwhile, the titratable acidity of fermented milk increased 
significantly in all groups with the prolongation of refrigeration time (e.g., Figure 1c), and this 
upward trend was echoed by the significant downward trend of pH (e.g., Figure 1b). Among them, 
the titratable acidity (oT = 109.5) of the 3CB-Y group was significantly higher than that of the other 
groups during the storage period, which could be attributed to the fact that the appropriate 
concentration of CB stimulated the growth of lactic acid bacteria and enhanced their metabolic acid-
producing ability. 

The number of viable lactic acid bacteria largely determines the quality, nutrient content and 
taste of fermented milk, and is closely related to its storage stability[18-19]. Therefore, we further 
examined the content of CB in fermented milk in detail. The results, as shown in Figure 1d, showed 
an overall trend of increasing and then decreasing CB counts in fermented milk. Among them, the 
3CB-Y group reached the highest CB content (2.37 × 108 CFU/g) at the 28th day, which may be due to 
the mutually beneficial symbiotic relationship between CB and traditional fermenter, which 
promotes the metabolism and reproduction of CB. At the later stage of storage (>14 d), the CB content 
decreased, which may be due to the increased acidity of the yoghurt system (pH <4), which inhibited 
the growth and metabolism ability of the complex bacteria. The changes in the numbers of 
Streptococcus thermophilus and Lactobacillus bulgaricus are shown in Figure 1e,f. The numbers of 
Streptococcus thermophilus and Lactobacillus bulgaricus in the CB-added groups (CB-Y, 3CB-Y, and 
5CB-Y) increased with the increase in the addition of the complex bacteria and were significantly 
higher than that of the Y group containing only the traditional fermenter (P < 0.05) during the same 
storage time. This again indicates that CB can promote the growth and reproduction of Streptococcus 
thermophilus and Lactobacillus bulgaricus and that this promotion is positively correlated with the 
amount of composite bacteria added. Taken together, it was concluded that the addition of 3×108 
CFU/g of compound bacteria could effectively promote the metabolism and propagation of 
Streptococcus thermophilus and Lactobacillus bulgaricus in fermented milks, which in turn was 
expected to improve the textural properties and organoleptic qualities of traditional fermented milks. 

 

Figure 1. Effect of different fermenters on FT-IR spectra (a), pH (b), titratable acidity (c), clostridium butyricum 
(d), streptococcus thermophiles (e) and lactobacillus bulgaricus (f) of fermented milks. Note: Different lowercase 
letters indicate significant differences between different refrigeration times (P<0.05), and different uppercase 
letters indicate significant differences between different treatment samples (P<0.05); same below. 
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2.2. Quality Characteristics of Fermented Milk 

Lactic acid bacteria degraded milk proteins through their own protein hydrolysis system, which 
not only satisfied their own growth requirements, but also significantly improved the flavour and 
texture of the fermented milk by releasing free amino acids and small peptides, a process that plays 
a key role during both fermentation and storage of yoghurt[20-21]. As can be observed from Figure 
2a, the fermented milks from the co-fermentation group were significantly better than those from the 
Y group in terms of protein hydrolysis vigour. In particular, the CB-Y and 3CB-Y groups showed a 
significant increase in protein hydrolysis vigour from 1 to 14 days after fermentation, whereas there 
was no significant difference (P>0.05) during the subsequent refrigeration period. Interestingly, the 
protein hydrolysis vigour of the 5CB-Y group continued to elevate throughout the storage period. 
This shows that the protein hydrolysis viability of fermented milk is closely related to the amount of 
CB, and in the future, we can consider adjusting the amount of CB added in the co-fermentation 
system to precisely regulate the protein hydrolysis viability of fermented milk. 

Water uptake has a profound effect on the organisational state of fermented milks as well as on 
the sensory experience of consumers, and it is also an important criterion for evaluating the texture 
and mouthfeel of fermented milks[22]. Because of this, we conducted an in-depth study on how the 
addition of CB affects the water uptake of fermented milk. As shown in Figure 2b, the water uptake 
of fermented milk showed a small increase and then a significant decrease with storage time in 
different experimental groups. In particular, the water uptake of the experimental group with added 
CB significantly exceeded that of the control group (Y), and the strength of water uptake showed a 
significant positive correlation with the amount of CB added. Further comparing the microstructures 
of the fermented milks from the low water uptake groups (Y, 5CB group) and the high water uptake 
groups (CB-Y , 3CB-Y and 5 CB-Y) (Figure 3), it can be observed that the fermented milks from the 
high water uptake groups (CB-Y , 3CB-Y and 5 CB-Y) formed a richer structure of porous network. 
This structure significantly enhanced the protein-water binding capacity of the fermented milks, 
which improved the texture and mouthfeel of the fermented milks, and provided consumers with a 
superior consumption experience. 

The hardness of fermented milk is the force required to bring it to a specific deformation, which 
reflects the strength of the fermented milk gel network structure as well as its chewability[23]. Figure 
2c demonstrates the change in hardness of fermented milk in each experimental group during 
storage. The addition of CB (some ingredient) significantly increased the hardness of fermented milk 
compared to the control group (group Y). This may be due to the fact that CB promoted further 
polymerisation of proteins such as casein in the fermented milk to form a more compact and stable 
three-dimensional network structure (as shown in Figure 3), thus increasing the hardness of the 
fermented milk. In addition, the hardness of the CB-added fermented milk groups (CB-Y, 3CB-Y, 
5CB-Y) increased with the increase of CB addition during the same storage time, which demonstrated 
the important role of CB in enhancing the hardness of fermented milks and improving the quality of 
fermented milks (e.g., chewiness). 

Viscosity and viscosity index are important factors that affect the flavour and stability of the 
product during the production of fermented milk[24]. Figure 2d shows the variation of viscosity and 
viscosity index of different groups of yoghurt during storage. It can be seen from the figure that the 
viscosity of all experimental groups (CB-Y, 3CB-Y, 5CB-Y) was significantly higher than that of 
control group Y (viscosity of 29.51 N-s) during the whole storage period. In particular, the fermented 
milk showed the best viscosity (37.99 N-s) after 28 days when Clostridium butyricum was added up 
to 3 × 108 CFU/g at the same storage time. This was mainly due to the fact that the appropriate pH 
promoted the polymerisation of milk proteins, which led to the formation of a tighter cross-linked 
network structure (shown in Figure 3) in the 3CB-Y fermented milk, thus significantly enhancing the 
viscosity (shown in Figure 2d) and viscosity index (shown in Figure 2e) as well as the cohesive force 
(shown in Figure 2f) of the fermented milk. In contrast, the 5CB group inhibited the growth of 
microorganisms due to the excessively low pH, which led to insufficient cross-linking reactions in 
the fermented milk, excessive film formation of the fermented milk, and ultimately a decrease in its 
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viscosity and viscosity index.The Y and CB-Y groups had insufficient numbers of Clostridium 
butyricum, and the mutualistic symbiosis between the traditional fermenter and Clostridium 
butyricum was weak, making it difficult to effectively promote the metabolism and reproduction of 
both parties, resulting in inadequate fermentation, which finally resulted in a decline in the fermented 
milk’s The viscosity, viscosity index and cohesion of the fermented milk were reduced. 

 
Figure 2. Effect of different fermenters on proteolytic activity (a), water-holding capacity (b), hardness (c), 
consistency (d), cohesion (e), viscosity index (f) of fermented milk. 

 

Figure 3. Effect of different fermenters on the microstructure of fermented milk. 

2.3. Textural Properties of Fermented Milk 

Storage modulus (G′) reflects the degree of deformation that occurs when an object is subjected 
to an external force, and is an important indicator of the elastic deformation capacity of fermented 
milk[25]. Loss modulus (G′′), on the other hand, indicates the property of an object that hinders its 
flow when subjected to an external force, and to a certain extent, it can reflect the viscosity of the 
fermented milks; a higher G′′ implies that there is a greater resistance to the flow of an object when 
subjected to an external force[26]. As can be seen from Figure 4, the energy storage modulus (G′) is 
larger than the loss modulus (G′′) for all groups of fermented milks, which suggests that the network 
structure of fermented milks is more stable and able to maintain its original shape under the 
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destructive action at high frequencies, and is more inclined to exhibit solid properties. It is worth 
noting that the moderate addition of CB (3CB-Y,5CB-Y) significantly enhanced the energy storage 
modulus (G′) and loss modulus (G′′) of the fermented milks compared with that of group Y. This 
suggests that the cross-linking between proteins is stronger in the fermented milks added with 
appropriate concentrations of CB, resulting in the formation of a denser cross-linking network 
structure (Figure 3), which leads to fermented milks displaying more excellent rheological properties 
(Figure 4, S1). From the time dimension, the energy storage modulus (G′) and loss modulus (G′′) of 
the fermented milk on day 28 were significantly lower than those on day 1, which may be attributed 
to the mutually beneficial symbiosis between CB and traditional fermentation agents, which 
promoted the hydrolysis of proteins in the fermented milk, released more small-molecule active 
peptides, and generated extracellular polysaccharides, which ultimately led to a denser cross-linking 
network structure of the fermented milk (shown in Figure 3), and its modulus was significantly better 
than that of group Y, thus conferring a thicker texture to the fermented milk. 

 

Figure 4. Effect of different fermenters on storage modulus/G′ (a,b) and loss modulus/G′′ (c,d) of fermented milk. 
1-day sample data on left, 28-day sample data on right. 

The instability index is an important indicator of emulsion stability. Under the same conditions, 
the closer the instability index tends to 1, the faster the fermented milk separates and the less stable 
it is[8]. Based on the data in Table 1, we observed a significant decrease (<0.83) in the instability index 
for groups 3CB-Y and 5CB-Y during days 21 to 28 compared to days 1 to 7. Whereas, for groups Y, 
CB-Y and 5CB, there was no significant change in instability indices during each adjacent 
refrigeration time period and these indices were > 0.9. This suggests that the stability of fermented 
milks can be significantly enhanced by the addition of CB in appropriate amounts of 3×108 CFU/g 
and 5×108 CFU/g. The reason for this is that the appropriate CB addition promotes the symbiotic 
relationship between the bacteria in the fermented milk, which enables the proteins in the milk to be 
hydrolysed more adequately, resulting in a more stable gel network of the fermented milk (shown in 
Figure 3), and improves the water-holding capacity of the fermented milk (shown in Figure 2b). 
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Table 1. Effect of different fermenters on the instability index of fermented milk. 

Storag
e time 

(d) 

Group 
Y CB-Y 3CB-Y 5CB-Y 5CB 

1 0.930±0.023A

a 
0.901±0.028B

a 
0.902±0.034A

a 
0.946±0.012A

a 
0.923±0.024A

a 
7 0.929±0.032A

a 
0.924±0.024A

a 
0.941±0.014A

a 
0.834±0.092A

b 
0.941±0.017A

a 
14 0.924±0.063A

a 
0.909±0.067A

a 
0.826±0.029B

b 
0.931±0.012A

a 
0.951±0.008A

a 
21 0.906±0.055A

a 
0.933±0.029A

a 
0.821±0.036B

b 
0.793±0.050B

b 
0.811±0.050B

b 
28 0.929±0.032A

a 
0.924±0.018A

a 
0.821±0.015A

b 
0.804±0.135A

b 
0.941±0.010A

a 

2.4. Flavours of Fermented Milk 

Flavour is one of the key indicators for evaluating the quality of fermented milk[7-8]. Using the 
GC-MS coupling technique, we carried out an exhaustive determination of volatile flavour 
substances in fermented milk, and a total of 86 volatile flavour substances were identified (Table S2). 
These flavour substances included aldehydes (7), alcohols (22), ketones (16), hydrocarbons (15), esters 
(8), acids (11), and other compounds (7). Ketones, acids, and esters accounted for a large proportion 
as the main flavouring substances in the studied groups of fermented milks. 

For the principal component analysis of Table S2, the substance species with an eigenvalue 
greater than 1 and a cumulative contribution of more than 70% were selected as principal components 
(as shown in Table 2). According to the PCA loading diagram of volatile flavour substances (Figure 
5a), the volatile flavour substances of fermented milk could be refined into three principal 
components. The first principal component (PC1), with a contribution of 27.78%, was mainly 
composed of ketones, hydrocarbons, acids and other substances; the second principal component 
(PC2), with a contribution of 24.25%, was mainly composed of aldehydes, alcohols, acids and other 
substances; and the third principal component (PC3), with a contribution of 19.01%, was mainly 
composed of aldehydes, ketones and other substances. It can be observed from Figure 5b that 
fermented milks with different treatments showed significant differences in scores at different 
storage periods. The synergistic effect of CB and conventional fermenters significantly altered the 
scores of the main components at days 1, 14 and 28 of the storage period, especially the 5CB-Y group 
with CB incorporation of 5×108 CFU/g showed particularly good performance of acids, which is 
expected to further improve the taste of the fermented milk. Overall, CB incorporation is crucial for 
the formation of flavour in probiotic fermented milks. 

Table 2. PCA analysis of volatile flavour substances. 

Main component 
Eigenvalue  

(math.) 
Contribution  

rate (%) 
Cumulative  

contribution rate (%) 
PC1 1.94 27.78 27.78 
PC2 1.70 24.25 52.03 
PC3 1.33 19.01 71.04 
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Figure 5. Effect of different fermenters on the volatile flavour of fermented milk. Factor loading analysis plot of 
volatile flavour substances (a), scatter plot of PCA scores (b). 

3. Materials and Methods 

3.1. Microbial Strains and Their Activation 

Traditional yogurt fermenter (Streptococcus thermophilus and Lactobacillus bulgaricus 
mixture) was purchased from Hebei Yiran Biotechnology Co., Ltd. (Hebei, China). Clostridium 
butyricum (CB) CICC-23847 was acquired from China Center of Industrial Culture Collection 
(Beijing, China). Prior to use, CB was recovered in 0787 Reinforced Closrridium Medium (Hangwei, 
Hangzhou, China) at 37 °C for 24 h. The active cultures after two successive transfers were further 
inoculated in milk medium for 6-7 h at 37 °C, which allowed for initial population of 108 CFU/g after 
milk inoculation. 

3.2. Fermented Milk Preparation 

The fermented milks were prepared according to a reported procedure with minor 
modification[27]. Fresh milk (6.0% fat, 6.0% protein, 2.0% carbohydrates, New Hope Dairy, Chengdu, 
China) mixed well with 5.0% sucrose (Taikoo, Shanghai, China) were preheated to 60 °C. The mixture 
was homogenised at 1000 Rpm with a high-speed disperser (Scientz, Ningbo, China), then thermally 
treated in a water bath incubator at 90 °C for 10 min, and cooled down to 43-45 °C. Subsequently, the 
cultures were added into treated milk in accordance with the treatments, mixed thoroughly and sub-
packaged with glass bottles, and incubated at 42 °C until milk solidified by monitoring the pH value 
approximately 4.6. Then, the fermented milk samples were stored at 4±1 °C and analysis were 
conducted for storage of 1, 7, 14, 21, and 28 days. 

According to the composition of the fermenters in Table 1 different lactic acid bacteria were 
added to the milk. Among them, the blank group (Y) used only the conventional fermenter added at 
0.1% (w/w) of the buttermilk mass; the fermented milks with different amounts of CB were labeled 
as CB-Y (1 × 108 CFU/g of CB and 0.1% of Y in buttermilk mass meter), 3CB-Y, and 5CB-Y, 
respectively; the experimental control was made using only 5CB. 

3.3. Determination by FT-IR 

The freeze-dried fermented milk samples and KBr were ground at a mass ratio of 1:100, pressed 
into tablets and placed on an FT-IR spectrometer (Frontier, Perkinelmer, America) for data 
acquisition[28]. The scanning band was 500~4000 cm-1, the scanning time was 32 s, and the resolution 
was 4 cm-1. 

3.4. Determination of Acidification Capacity 

The pH of fermented milk was determined using a pH meter (PHS-3C, INASE Scientific 
Instrument CO.,LTD, China). The titratable acidity of fermented milk was tested by titration 
method[8]. 5.0 g of fermented milk was mixed with 5 ml of deionized water, 2 drops of 0.5% 
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phenolphthalein (95% ethanol solution as solvent) were added, and then the sample was titrated with 
0.1 mol/L NaOH standard solution until the color changed to a light pink. The titratable acidity (°T) 
is calculated from the amount of NaOH standard solution consumed. 

3.5. Determination of Viable Bacteria Count 

The number of viable bacteria in fermented milk was tested by dilution smear plate method[29]. 
25 g of fermented milk sample was mixed with 225 mL of saline. After aspirating 1 mL of the bacterial 
solution and diluting it with saline to the appropriate magnification, plate counts of Lactobacillus 
bulgaricus, Streptococcus thermophilus and Clostridium butyricum were carried out using MRS 
medium, MC medium and CE medium, respectively. The number of surviving lactic acid bacteria 
was expressed as CFU/g of fermented milk. 

3.6. Determination of Protein Hydrolysis Activity 

The protein hydrolysis activity in fermented milk was tested by ninhydrin colorimetry[30]. 1 g 
of fermented milk and 9 ml of deionized water were mixed at 4 °C for 30 minutes at a centrifugal 
force of 3000 g. Then, the supernatant of the fermented milk was stained with ninhydrin reagent.  
Protein hydrolysis activity was estimated from the absorbance of L-leucine standards (0-0.21 m/M) 
at 507 nm (AoE, Shanghai, China). 

3.7. Determination of Water Uptake (WU) 

The WU of fermented milk was determined by centrifugation[31]. A certain mass (W0) of 
fermented milk sample was taken in a centrifuge (5804R, eppendorf, Germany) and centrifuged at 
8000 × g for 15 min (4 °C), the supernatant was decanted and the mass of the remaining sample (W) 
was weighed. WU was calculated according to equation (1). 𝑊𝑈ሺ%ሻ = ௐௐ௢ × 100%                     (1) 

3.8. Determination of Texture and Structure 

The texture and structure of fermented milk were determined using a texture meter (ENS-TDV, 
Innovate, China). Fermented milk samples (diameter 50 mm × height 80 mm) were equilibrated to 
room temperature (20 ± 2 °C). An A/BE piston probe of 35 mm was used to compress the fermented 
milk by 30 mm, and the probe was operated at a rate of 1.0 mm/s with a trigger force of 10.0 g[32]. 

3.9. Determination of Microstructure 

The surface morphology of the fermented milk samples was analyzed using a scanning electron 
microscope (SEM, Phenom ProX, Netherlands.). Taking 0.1 g of the powder sample in the sample 
chamber of the MSP-1S ion sputtering instrument, gold was sprayed at a current of 5~8 mA for 1 min. 
Then the surface morphology was observed by SEM with an accelerating voltage of 15.00 kV[33]. 

3.10. Determination of Rheological Properties 

The rheological properties of fermented milk were determined by rheometer (DHR-1, TA, 
America). The experimental conditions were as follows: frequency scanning at 25 ℃, angular 
frequency from 0.1-100 rad/s, with 16 points of each order of magnitude; shear scanning at 25 ℃, with 
the shear rate increased from 1 to 100 s-1, with 25 points of each order of magnitude[34]. 

3.11. Determination of Physical Stability 

The stability of fermented milk was determined by a stability analyzer (LUMiSizer611, LUM, 
Germany). Pipette 0.5 mL of fermented milk was placed in a 2 mm PC tube, the light source 
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wavelength was 865 nm, the number of spectral lines was 255, the time interval was scanned every 
10 s, the rotational speed was 2500 r/min, and the temperature was 25 ℃ for the detection[8]. 

3.12. Determination of Volatile Flavorants 

Volatile flavors of fermented milk were analyzed by GC-MS (TrPluS RSH SMART, Thermo, 
America) [35]. Put 5 g of fermented milk sample into a headspace injection bottle. Add sodium 
chloride (2 g), seal the bottle, and after a 10-minute pre-incubation, adsorb the sample for 30 minutes 
using the extraction tip. Finally, the sample is analyzed at 220°C for 3 minutes to ensure accurate 
results. Chromatographic conditions: A TR-FFAP column (30 m×0.25 mm×0.25 μm) was used with a 
carrier gas of 99.999% helium at a flow rate of 1.0 mL/min. 

4. Conclusions 

Herein, the effect of CB combined with traditional fermenter on the physicochemical properties, 
protein hydrolysis activity, rheological properties, physical stability, microstructure and volatile 
flavour of fermented milk was investigated. Results of the study showed that the acidification 
capacity and the number of viable bacteria of fermented milk were significantly enhanced (P<0.05) in 
the CB-combined traditional fermenter fermentation group (3CB-Y) with moderate addition (3×108 
CFU/g), compared with that in the group (Y) with single use of traditional fermenter. Meanwhile, on 
day 28, the water holding capacity of the 3CB-Y group was increased by 15.6% compared with that 
of the traditional fermenter group (Y), and the gel network structure of the fermented milk was finer, 
which enhanced the viscoelasticity of the fermented milk (viscosity reached 37.99 N.s), and ultimately 
improved the volatile flavouring compounds (86 volatile flavouring compounds were detected) and 
organoleptic quality of the fermented milk. In addition, the 3CB-Y fermented milk was significantly 
better than the traditional fermenter group (Y) and the high-dose CB group (5CB) in terms of 
acidification capacity, number of viable bacteria, physical stability and textural tests. This study 
demonstrated that CB combined with traditional fermenter has good improvement and 
developmental prospects for the texture, sensory and quality of fermented milk. 
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Appendix A 

Table A1. Composition of Fermenter. 

Group Composition of Fermenter 
Y 0.1% of conventional fermenter 
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1CB-Y 1 × 108 CFU/g of CB and 0.1% of conventional
fermenter 

3CB-Y 3 × 108 CFU/g of CB and 0.1% of conventional
fermenter 

5CB-Y 5 × 108 CFU/g of CB and 0.1% of conventional
fermenter 

5CB  5 × 108 CFU/g of CB  

 

Figure A1. Effect of different fermentation agents on the apparent viscosity of fermented milks. 

Table A2. Effect of different fermenters on volatiles in fermented milks. 
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