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In recent years, goat milk has become a new favour-
ite with great market prospects among consumers, 
due to  its rich nutrients, lower allergenicity, higher 
digestibility, and better potential therapeutic benefits, 
compared to  cow milk. Specifically, goat milk con-
tained higher levels of conjugated linoleic acid (CLA), 
b-complex vitamins (riboflavin, thiamin, and B12), and 
minerals, such as calcium, phosphorus, and potassium 
(dos Santos et  al.  2023). The  average diameters of  fat 

globules are approximately 2.76 μm in goat milk, which 
are less than those of  3.51 μm in  the cow milk, con-
tributing to a boosting digestibility of the former (Guo 
et al. 2022). As one of the alternative sources of animal 
proteins for people being allergic to cow milk, goat milk 
is  also abundant in  amino acids, bioactive peptides, 
fatty acids, lactose, oligosaccharides, and minerals 
(Ma et al. 2023). As previously reported, the meta-anal-
ysis and correlation of goat milk composition revealed 
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at 8.77 log CFU·mL–1. The content of exopolysaccharides (EPS) increased to be 2.13 g·L–1. These changes led to the bet-
ter viscosity (941.33–792.33 cP) and higher water holding capacity (63.24–56.20%) of yoghurt fermented using L. para-
casei NM-8 in storage, compared with those of yoghurt without L. paracasei NM-8. This study provided a theoretical 
basis for eliminating the whey precipitation and rough texture of goat milk yoghurt.
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that it might be of benefits to adults suffering from gas-
trointestinal disorders and ulcers (Akshit et al. 2024).

Yoghurt, a product derived from mammalian milk, has 
been an important component of human diet for centu-
ries. As the demand for non-cow milk products increases, 
goat milk products, especially goat yoghurt, may be stand 
out for its advantages in  the global consumer market. 
By using the proteins as substrate, goat milk is tradition-
ally fermented with starter culture, namely Lactobacillus 
bulgaricus and Streptococcus thermophilus. The  type 
and content of  proteins determine the yoghurt micro-
structure and the αs1-casein, one of the primary caseins 
in milk, plays a key role in the coagulation of yoghurt (Bijl 
et al. 2014). In this condition, there commonly exist the 
problems such as the whey precipitation and rough tex-
ture that impede the industrial production of goat milk 
yoghurt, due to the low casein content in goat milk.

As is well known, some lactic acid bacteria (LAB) are 
probiotics able to  secrete the exopolysaccharides (EPS) 
as extracellular metabolites. The EPSs have been found 
possessing the antioxidant, antitumor, hypoglycemic, and 
intestinal flora regulation activities, and moreover, posi-
tively affecting the viscosity, hardness, and other organo-
leptic properties of foods (Lim et al. 2017). Ramchandran 
and Shah (2009) investigated the effects of  EPS on  the 
functional activities and rheological properties of  low-
fat yoghurt during storage. Their results showed that the 
EPS-involved yoghurt had the antihypertensive and anti-
diabetic properties and a stable and dense texture. Nev-
ertheless, the studies concerning the optimisation of goat 
milk yoghurt manufacturing with co-inoculum of tradi-
tional starter culture and LAB that produces EPS, and 
simultaneously on  the improvement of  product qual-
ity, particularly the viscosity and water holding capacity 
(WHC) under chilled storage have not been reported.

This study evaluated the impacts of Lactobacillus pa-
racasei  NM-8, previously selected from traditional and 
spontaneous fermented foods with a great ability to pro-
duce EPS, on the physicochemical and sensory properties 
of goat yoghurt during storage. Our purpose was to ex-
plore the ultimate manufacturing process for the ame-
lioration of goat yoghurt's quality, and thus provide the 
original strategy and fundamental theory for the develop-
ment and industrialisation of fermented goat milk prod-
ucts using 'green approaches' without adding additives.

MATERIAL AND METHODS

Material. Goat milk powder was provided by Nan-
jing Haoming Dairy Co., Ltd. (China). A  starter cul-
ture containing Lactobacillus bulgaricus (LB) and 

Streptococcus thermophilus (ST) was purchased from 
Weikang Probiotics  Co., Ltd. (China). Man Rogosa 
Sharpe (MRS) broth was from Beijing Aoboxing Bio-
tech Co., Ltd. (China). L. paracasei NM-8 was isolated 
from traditional fermented foods collected in Xinjiang 
province, China and was preserved in  the China 
General Microbiological Culture Collection Center 
(CGMCC, China).

Preparation of  goat milk yoghurt. According 
to  the substance composition, the goat milk powder 
of  the  same batch was used to  formulate 14% recon-
stituted milk (w/v) with warmed distilled water and 
was stirred until completely dissolved (Al-Wraikat 
et al. 2024). The reconstituted milk was then preheated 
to reach a temperature of 50–60 °C before the addition 
of  sucrose and subsequent sterilisation at  108 °C  for 
15 min. The starter culture was inoculated at a certain 
dosage, accompanied with the inoculum of L. paraca-
sei  NM-8. After fermentation, the goat milk yoghurt 
was collected and allowed for preservation at 4 °C for 
24 h and stored at 4 °C for 21 days.

Optimisation of  goat milk yoghurt manufactur-
ing. The  effects of  inoculation proportions of  LB : ST 
starter culture (1 : 1, 1 : 1.5, 1 : 3, and 1 : 9), inoculum 
amounts of  L.  paracasei NM-8 (0.5  ×  07, 1  ×  107, 
1.5 × 107, 2 × 107, and 2.5 × 107 CFU·mL–1; CFU – col-
ony forming unit), additive ratios of sucrose (2, 4, 6, 8, 
and 10%) and fermentation temperatures (35, 37, 39, 
41, and 43 °C), on the basic characteristics of yoghurt 
products were investigated, respectively.

Based on the results of single-factor experiment, the 
inoculum amounts of  L.  paracasei  NM-8  (0.5  ×  107, 
1 × 107, and 1.5 × 107 CFU·mL–1), sucrose concentra-
tions (4, 6, and 8%), and fermentation temperatures 
(39, 41, and 43 °C) were taken as  the major influenc-
ing factors [see Electronic Supplementary Material 
(ESM), Table  S1]. As  shown in  Table  S2  in the ESM, 
the Box-Behnken design (BBD) was designed by  us-
ing the Design-Expert software (version  13) to  op-
timise the production process of  goat milk yoghurt 
(Wu et al. 2015). The viscosity and water holding ca-
pacity (WHC) were set as the response indices.

Determination of  exopolysaccharides content. 
The exopolysaccharides (EPS) content was determined 
as described by Wang et al.  (2022) using the phenol-
sulfuric acid method. Briefly, the cell-free supernatant 
of  fermented goat milk was obtained via 4 500 rpm 
(revolutions per minute) centrifugation at  4 °C  for 
15 min. Thereafter, trichloroacetic acid (TCA,  80%) 
was added with a  concentration of  4% (v/v), prior 
to the storage overnight at 4 °C. After the centrifuga-

https://cjfs.agriculturejournals.cz/
https://doi.org/10.17221/125/2024-CJFS
https://cjfs.agriculturejournals.cz/esm/125/2024-CJFS/1.pdf
https://cjfs.agriculturejournals.cz/esm/125/2024-CJFS/1.pdf
https://cjfs.agriculturejournals.cz/esm/125/2024-CJFS/1.pdf


307

Czech Journal of Food Sciences, 42, 2024 (5): 305–316	 Original Paper

https://doi.org/10.17221/125/2024-CJFS

tion at 4 500 rpm for 15 min, the precipitate was col-
lected and redissolved in distilled water for absorbance 
measurement at 590 nm. Glucose was used as standard 
to obtain a regression equation (y = 0.0071x + 0.1591, 
R2  =  0.9991) for determining the sugar content. 
The EPS content was calculated as  the difference be-
tween the sugar content of the fermented goat milk and 
that of the unfermented.

Determination of  pH and titratable acid-
ity. The  pH  value of  yoghurt was determined using 
a pH meter and the acidity value was measured in ac-
cordance with reports by  Wang et  al.  (2023a) with 
minor modifications. Briefly, approximately 10 g of yo-
ghurt was weighed and mixed with 20 mL sterile water 
and 2 mL phenolphthalein indicator. Then, the mixture 
was titrated with 0.1 mol·L–1  sodium hydroxide solu-
tion. The titratable acidity was calculated as follows:

( )1 1 0– 100C V V K
X

m

× × ×
= 	 (1)

where: X – acidity (%); C1 – molar concentration of NaOH 
solution (mol·L–1); V1 – volume of NaOH solution con-
sumed during (mL); V0 – volume  of  NaOH  solution 
consumed in  the control (mL); m  –  actual mass 
of  yoghurt (g); K – conversion factor, i.e.  the 
number of grams of  lactic acid equivalent to the con-
sumption of 1 mmol NaOH (0.09).

Determination of  viable bacterial number. 
The  number of  viable LAB  was determined by  the 

plate count method using MRS agar (Wu et al. 2022). 
The  yoghurt was treated using a  gradient dilution 
with 0.85% sterile saline, and then 1 mL of diluent so-
lution was taken into a sterile petri dish before incuba-
tion  at  37 °C  for 48 h. The  confirmed colonies were 
counted and expressed as log CFU·mL–1.

Determination of  viscosity. The  viscosity of  yo-
ghurt was measured using a DV-1+Pro Digital Viscos-
ity meter with rotor type 3 (Jinghai, China) at 100 rpm, 
and the unit was expressed as cP.

Determination of water holding capacity. The water 
holding capacity (WHC) was determined as described 
by  Bai et  al.  (2020) with slight modifications. The  yo-
ghurt was weighed and centrifuged at  4 500 rpm for 
15 min at 4 °C, and then the sediment was also weighed. 
The WHC was calculated following the equation below:

1

0
(%) 100

W
WHC

W
= × 	 (2)

where: W1 – sediment of yoghurt after centrifugation (g); 
W0 – mass of yoghurt (g).

Sensory evaluation. The  yoghurt manufactured 
with only traditional starter culture was set as the con-
trol group, while those co-inoculated with L. paraca-
sei NM-8 and starter culture LB : ST were considered 
as  the treatment group. The apparent colour, texture, 
taste, aftertaste, and overall acceptability of  yoghurt 
were evaluated by 10 panelists, and the sensory evalua-
tion criteria was listed in Table 1.

Table 1. Sensory evaluation criteria

Scoring item (score) Standards

Colour (20)
15–20: uniform colour, glossy surface

10–14: the colour is basically uniform, and the colour is dark
0–9: the colour is uneven and grayish white

Texture (20)
15–20: fine texture, moderate viscosity, no whey precipitation

10–14: the tissue is fine and there is a small amount of whey precipitation
0–9: coarse texture, more whey precipitation

Taste (20)
15–20: the smell of mutton is faint and accompanied by a slight smell of frankincense

10–14: the smell of goat is strong
0–9: the smell of goat is very strong

Aftertaste (20)
15–20: delicate and smooth taste, sweet and tart
10–14: average mouthfeel with slight graininess

0–9: bad taste, grainy

Acceptability (20)
15–20: ideal and easy to accept

10–14: feeling average, acceptable
0–9: unacceptable
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Statistical analysis. All tests were carried out in trip-
licate and the results were expressed as means ± stand-
ard deviation (SD). Analysis of  variance (ANOVA) 
and Duncan's multiple comparison tests were used 
to  determine the significant differences between 
means (P < 0.05) using SPSS Statistics (version 26.0). 
Design-Expert (version 13) and Origin (version 2021) 
were applied for plotting.

RESULTS AND DISCUSSION

Exopolysaccharides producing ability of  lactic 
acid bacteria

In our preliminary studies, a series of lactic acid bacte-
ria strains were inoculated in goat milk for fermentation 
at 37 °C for 48 h, with the yield of exopolysaccharides 
ranging from 11.43 ± 1.66 to 200.16 ± 2.66 mg·L–1 (Fig-
ure  1). The  content of  EPS  produced by  L.  paraca-
sei NM-8 reached the highest at 200.16 ± 2.66 mg·L–1. 
Ma et  al.  (2020) isolated the strain Lactobacillus fer-
mentum HNUB20 that could produce EPS with a con-
tent of 98.8 mg·L–1 from fermented seafood. Moreover, 
Zhang et al.  (2021) reported EPS yields for 20 strains 
of Lactobacillus paracasei to vary between 0.111 g·L–1 
and 0.609 g·L–1. The discrepancy in EPS yield produced 
by LAB strains probably depended on the differences 
in culture media, fermentation environment and some 
endogenous factors.

Optimisation of  goat milk yoghurt manufacturing 
by single-factor test

Inoculation proportion of  LB : ST. LB  and ST  are 
starter cultures commonly used in  the fermentation 
of  dairy products. LB  produces many acids and pep-
tides to  induce the growth of  ST, while ST  generates 
formic acid to  stimulate the growth and metabolism 
of LB (Li et al. 2023). They cooperate with each other 
and have a synergistic effect to advance the milk acidifi-
cation and the growth of beneficial microbes during fer-
mentation. The  inoculation proportion of LB : ST was 
optimised under the fixed inoculum amount 
of 5 × 107 CFU·mL–1. As shown in Table 2, the pH and 
acidity of yoghurt gradually increased and dropped with 
the increasing proportions, respectively. On the other 
hand, the viable bacterial count arrived at  the range 
of 8.57 ± 0.07 and 8.93 ± 0.06 log CFU·mL–1 when the 
proportions increased from 1 : 1  to  1 : 9. The  viscosity 
and WHC were of 772.20 ± 14.30 cP and 59.86 ± 0.72%, 
respectively for the goat milk yoghurt containing 
1 : 3  LB : ST, significantly higher than those of  others 
(P  <  0.05). Consistently, Surono (2022) reported that 
the optimum ratio of LB to ST in the starter culture for 
cow milk fermentation was between 1 : 5 to 2 : 1.

Inoculum amount of  Lactobacillus paracasei 
NM-8. The effects of  inoculum amount of L. paraca-
sei NM-8 on the characteristics of yoghurt was indicated 
in Table 2. As the concentration of L. paracasei NM-8 

Figure 1. The contents of exopolysaccharides (EPS) produced by different lactic acid bacteria

a–f – mean values superscribed with different letters in the same column are significantly different (P < 0.05); TM-27, KM-10, 
KM-7, NM-12, TM-26 – abbreviations of Lactobacillus paracasei strains; AM-10, AM-3, PC11, TM-31, NM-8 – abbre-
viations of L. rhanmosus strains
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increased from 0.5  ×  107 to  2.5 ×  107 CFU·mL–1, the 
acidity, viscosity and WHC of goat milk yoghurt fluctu-
ated. The lowest pH was of 4.08 ± 0.01 and the highest 
acidity was of  1.33  ±  0.02% accordingly. The  viscos-
ity of yoghurt with an inoculum amount of L. paraca-
sei NM-8 at 1 × 107 CFU·mL–1 was of 911.67 ± 17.56 cP, 
which was significantly higher than those of  others 
(P  <  0.05). These results suggested that the L.  para-
casei  NM-8  might cause insufficient acid production 
and inhibit other bacteria's growth. It  was necessary 
to choose the amount of this strain suitable for the acid-
ification and texture formation of goat milk yoghurt.

Additive ratio of  sucrose. Sucrose addition in  yo-
ghurt products is crucial not only for the sweetness but 
also for promoting the growth of  lactic acid bacteria. 
As indicated in Table 2, pH increased significantly with 
sucrose was added in a dose-dependent manner, and 
vice versa (P < 0.05). The addition ratios of 6–8% sig-
nificantly increased the viable count from 8.73 ± 0.04 
to 8.92 ± 0.04 log CFU·mL–1  (P < 0.05). The viscosity 
and WHC  had similar variation tendencies to  the vi-
able count, reaching the highest of 960.10 ± 10.00 cP 
and 64.40 ± 0.22%, respectively at a sucrose concentra-

tion of 6% (P < 0.05). However, when the ratio of su-
crose exceeded 8%, the LAB might proliferate rapidly 
and compete, leading to  a  lack of  sufficient substrate 
for consumption.

Fermentation temperature. As  shown in  Table  2, 
the fermentation temperature obviously influenced the 
quality of goat milk yoghurt. There was a close relation-
ship between fermentation temperature and milk coag-
ulation, as lower temperature delayed the coagulation 
of milk proteins. Although the highest viable LAB count 
was determined to be 9.08 ± 0.01 CFU·mL–1 in yoghurt 
at  35 °C, in  this circumstance exhibited the lowest 
acidity, viscosity, and WHC. With increasing tempera-
ture, the viscosity and WHC  augmented significantly 
to be from 971.67 ± 11.06 cP to 978.81 ± 16.34 cP and 
from 62.13 ± 0.54% to 62.52 ± 1.06%, respectively at fer-
mentation temperatures of 41–43 °C (Ps < 0.05; Ps was 
used when there was more than one index significantly 
different). Yang et al. (2021) conducted a multi-dimen-
sional evaluation on the quality of yoghurt fermented 
at different temperatures, suggesting that the tempera-
tures of  40–42 °C  were favourable for enhancing the 
acidification and hardness of fermented goat milk.

Table 2. Effects of different factors on characteristics of goat milk yoghurt

Factor pH Acidity  
(%)

Viscosity  
(cP)

WHC  
(%)

Viable count  
(log CFU·mL–1)

LB : ST

1 : 1 3.95 ± 0.01c 1.40 ± 0.01a 745.47 ± 16.81a 58.09 ± 0.65b 8.57 ± 0.07c

1 : 1.5 3.97 ± 0.02b 1.35 ± 0.03b 749.20 ± 21.61a 58.30 ± 11.21b 8.64 ± 0.11c

1 : 3 3.99 ± 0.01b 1.35 ± 0.01b 772.20 ± 14.30a 59.86 ± 0.72a 8.77 ± 0.05b

1 : 9 4.12 ± 0.01a 1.24 ± 0.02c 679.13 ± 3.60b 56.25 ± 0.56c 8.93 ± 0.06a

Inoculum amount 
(CFU·mL–1)

0.5 × 107 4.17 ± 0.01a 1.28 ± 0.01b 859.00 ± 16.46b 60.43 ± 0.34a 8.80 ± 0.08b

1 × 107 4.08 ± 0.01c 1.33 ± 0.02a 911.67 ± 17.56a 61.42 ± 1.41a 8.99 ± 0.05a

1.5 × 107 4.14 ± 0.01b 1.29 ± 0.02b 873.53 ± 18.63b 60.78 ± 0.73a 8.94 ± 0.09a

2 × 107 4.12 ± 0.01b 1.31 ± 0.01ab 859.33 ± 10.07b 60.46 ± 0.91a 8.95 ± 0.04a

2.5 × 107 4.09 ± 0.01c 1.32 ± 0.01a 858.33 ± 9.09b 60.29 ± 1.15a 8.91 ± 0.02ab

Sucrose addition 
(%)

2 4.17 ± 0.01d 1.27 ± 0.01a 655.67 ± 5.51e 58.56 ± 3.89c 8.73 ± 0.04c

4 4.20 ± 0.01c 1.26 ± 0.00b 699.27 ± 1.42d 59.65 ± 0.62bc 8.74 ± 0.02bc

6 4.19 ± 0.01cd 1.26 ± 0.00b  960.10 ± 10.00a 64.40 ± 0.22a 8.92 ± 0.04a

8 4.22 ± 0.01b 1.25 ± 0.00b  919.00 ± 21.00b 62.74 ± 0.21ab 8.87 ± 0.01a

10 4.25 ± 0.01a 1.24 ± 0.00c 767.67 ± 1.53c 60.44 ± 0.50bc 8.85 ± 0.03ab

Temperature  
(°C)

35 4.60 ± 0.01a 1.06 ± 0.01d 528.67 ± 2.52c 58.06 ± 2.19c 9.08 ± 0.01a

37 4.16 ± 0.01d 1.30 ± 0.01a 864.67 ± 4.51b 60.40 ± 0.77b 9.00 ± 0.01c

39 4.18 ± 0.01d 1.26 ± 0.01b  959.20 ± 20.41a 61.26 ± 0.65ab 9.03 ± 0.00b

41 4.22 ± 0.01c 1.25 ± 0.02bc  971.67 ± 11.06a 62.13 ± 0.54a 8.91 ± 0.00e

43 4.29 ± 0.03b 1.24 ± 0.00c  978.81 ± 16.34a 62.52 ± 1.06a 8.97 ± 0.00d

a–e Mean values superscribed with different letters in the same column are significantly different (P < 0.05); LB – Lacto-
bacillus bulgaricus; ST – Streptococcus thermophilus; WHC – water holding capacity; CFU – colony forming unit
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Optimisation of  goat milk yoghurt manufacturing 
by response surface methodology

The response surface experiment was further used 
to  optimise the manufacturing process and the anal-
ysis of  variance was presented in  Table  3. According 
to the values of R2 and lack of fit for viscosity and WHC, 
the  models were significant and had good precision 
and accuracy. The regression equations were obtained 
as follows:

Viscosity (cP) = 931.42 + 35.18A + 12.06B +  
+ 5.74C + 10.25AB – 2.00AC + 
– 4.72BC – 116.27A2 – 41.70B² + 
– 49.65C2	

(3)

WHC (%) = 60.21 + 1.13A – 0.0508B – 0.1005C + 
+ 0.7318AB + 2.03AC – 0.1284BC + 
– 0.8994A2 + 0.3472B2 – 0.4011C2	

(4)

where: A  – inoculum amount; B – sucrose addition; 
C – temperature.

As  indicated, the influence factor A had significant 
effects on the viscosity and WHC of yoghurt milk yo-
ghurt, and moreover, the interactions of AB and AC had 
significant effects on the WHC, respectively (Ps < 0.05). 
The inoculum amount of L. paracasei NM-8 was there-
fore the most important factor that impacted on  the 
texture of yoghurt.

The 3D response surfaces illustrated in  Fig-
ure  2  provided a  more intuitive view of  the effects 
of  various factors on  the viscosity and WHC  of  yo-
ghurt. The  optimum manufacturing process could 
be  determined as  the inoculum amount of  L.  para-
casei  NM-8  of  1.1  ×  107 CFU·mL–1, sucrose addition 
of 6.8%, and fermentation temperature of 41 °C. In this 
condition, the actual values of viscosity and WHC were 
921.67  ±  7.02 cP and 60.03  ±  0.90%, respectively 
and were close to  the predicted values of  the indices 
(938.7 cP and 60.40%).

Changes in pH and microbial growth
As seen from Figure 3, the pH of goat yoghurt dra-

matically declined in  the early three hours, arriving 
at  5.27  ±  0.01 for yoghurt with only starter culture 
LB : ST  and 5.03  ±  0.01  for that co-inoculated with 
L. paracasei NM-8 and LB : ST. Thereafter, the pH was 
gradually reduced to  be  about the isoelectric point 
4.45–4.5  of  goat milk protein, at  which moment the 
gel structure of yoghurt formed along with the protein 
aggregation. It was indicated that the acid-producing 
capacity of lactic acid bacteria in existence of L. para-
casei NM-8 was higher. Other study also reported that 
the yoghurt containing EPS had a higher acidity than 
that without EPS (Tiwari et al. 2021).

Moreover, Figure 3 demonstrated that the tendency 
of microbial growth in yoghurt with traditional start-
er culture was obviously different from that related 

Table 3. Analysis of variance for response surface quadratic models

Source
Viscosity WHC

F-value P-value F-value P-value
Model 10.4000 0.0027 16.3600 0.0007
A 9.9700 0.0160 44.8500 0.0003
B 1.1700 0.3147 0.0908 0.7719
C 0.2654 0.6223 0.3553 0.5699
AB 0.4235 0.5360 9.4200 0.0181
AC 0.0161 0.9025 72.1200 < 0.0001
BC 0.0900 0.7729 0.2899 0.6070
A2 57.3600 0.0001 14.9700 0.0061
B2 7.3800 0.0299 2.2300 0.1790
C2 10.4600 0.0144 2.9800 0.1281
Lack-of-fit 1.1700 0.4258 0.1629 0.9161
R2 0.9304 – 0.9546 –
CV (%) 3.7800 – 0.7982 –
Adequate precision 8.6437 – 17.2471 –

A – inoculum amount; B – sucrose addition; C – temperature; CV – coefficient of variation; WHC – water holding capacity
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Figure 2. The response surface plots for goat milk fermentation with Lactobacillus paracasei NM-8: Effects of inocu-
lum amount and sucrose addition on (A) viscosity and (D) WHC, (B) effects of sucrose addition and temperature 
on (B) viscosity and (E) WHC, and effects of inoculum amount and temperature on (C) viscosity and (F) WHC

CFU – colony forming unit; WHC – water holding capacity
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with L.  paracasei  NM-8. The  control had the viable 
LAB  numbers augmenting slowly from 7.01  ±  0.02 
to  8.14  ±  0.12 log CFU·mL–1 (P  <  0.05). The  L.  pa-
racasei  NM-8  accelerated the growth of  LAB  in  goat 
milk, which increased largely from 7.2  ±  0.05 
to 8.41 ± 0.09 log CFU·mL–1 during 0–3 h and changed 
slightly to  be  8.77  ±  0.04 log CFU·mL–1 until the end 
of  fermentation (Ps  <  0.05). The  International Dairy 
Federation (IDF) proposed that the active probiotic 
count of fermented milk products needed to be more 
than 107 CFU·mL–1 (Li et al. 2022). As calculated, the 

strain L.  paracasei  NM-8  helped the fermented goat 
milk to  have an  increasing rate of  microbial growth 
from 16.12% to be 21.81%.

Changes in exopolysaccharides content
The contents of exopolysaccharides in goat milk yo-

ghurts during fermentation were shown in  Figure  4. 
By using the LB : ST, the EPS content significantly in-
creased to  be  1.35  ±  0.15 g·L–1 in  5 h (P  <  0.05) and 
remained stable during 5–7 h. The  co-fermentation 
of  goat milk with L.  paracasei  NM-8  and LB : ST  led 

Figure 3. The changes in pH value and number of lactic acid bacteria during goat milk fermentation: (A) fermented 
goat milk without Lactobacillus paracasei NM-8 and (B) fermented goat milk with L. paracasei NM-8

a–d – mean values superscribed with different letters in the same column are significantly different (P < 0.05); CFU – colony 
forming unit
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to  a  continuous increase in  the EPS  contents during 
fermentation, arriving at  2.13  ±  0.04 g·L–1 (P  <  0.05). 
These results indicated that the existence of  L.  para-
casei  NM-8  ultimately accelerated the EPS  produc-
tion of  lactic acid bacteria which could be  used for 
goat milk yoghurt. It was worth noting that in the first 
three hours, the EPS content of  the control yoghurt 
was higher than that of the L. paracasei NM-8 related 
yoghurt, probably due to the predominance of starter 
culture LB : ST in the early stage of fermentation.

Quality of goat milk yoghurt during storage
Physicochemical property. As  presented in  Fig-

ure  5A  and  5B, under 21  days' storage at  4 °C, the 
pH of goat milk yoghurt inoculated with only starter 
culture LB : ST declined from 4.27 to 4.03, and slight-
ly decreased from 4.17  to  be  4.00  for the yoghurt 
with a  mixture of  L.  paracasei  NM-8  and LB : ST 
(Ps < 0.05). The acidity increased from 1.25% and 1.29% 
to  be  1.35% and 1.36% at  the 21st  day for yoghurts 
without and with L.  paracasei  NM-8, respectively 
(Ps  <  0.05). The  changes in  acidity showed an  oppo-
site tendency of the pH due to the accumulation of or-
ganic acids, and this phenomenon might be  known 
as  'post-acidification' (Yue et  al.  2022). Besides the 
'post-acidification', the living LAB  also contributed 
to the production of acids during storage. Notably, the 
L. paracasei NM-8 strain with EPS producing ability led 
to less increase of acidity in the period of 15–21 days. 
Consistently, Yang et al. (2023a) reported that the ad-

dition of Potentilla anserine polysaccharide (PAP) re-
tarded the progress of post acidification in yak yoghurt 
during storage.

The changes in  viscosity and WHC  of  different yo-
ghurts under chilled storage were displayed in  Fig-
ure  5C  and  5D. As  indicated, the viscosity varied 
from 903  ±  6.08 to  709.2  ±  1.71 cP for the yoghurt 
with starter culture LB : ST  and from 941.33  ±  23.44 
to 792.33 ± 10.69 cP for that co-fermented with both 
L. paracasei NM-8 and LB : ST (Ps < 0.05). The WHC 
dropped from 60.78  ±  0.66% and 63.24  ±  1.13% 
to  50.60  ±  0.78% and 56.20  ±  0.53% for yoghurts 
without and with L.  paracasei  NM-8, respectively 
(Ps < 0.05). The remarkable decline of  indices reflect-
ed the texture destruction of  yoghurt during storage 
(Wang et  al.  2023b). By  comparison, the control had 
a decrease of viscosity and WHC by 21.48% and 16.75%, 
respectively, more than those involved with L. paraca-
sei NM-8 of 15.83% and 11.13%, respectively. The goat 
milk yoghurt manufactured with the traditional starter 
culture and L. paracasei NM-8 had improved texture 
of  products and higher level of  quality maintainance 
under chilled storage, which was probably explained 
by the ability of L. paracasei NM-8 to produce the EPS.

Sensory property. According to the sensory evalu-
ation criteria, the sensory characteristics of  yoghurt 
during storage were investigated and described as the 
radar plot shown in Figure 6A. The total scores of yo-
ghurts without and with L.  paracasei  NM-8  were 
calculated as  69.9  and 79  on  the first day, respec-

Figure 4. The changes in exopolysaccharides (EPS) content during goat milk fermentation

a1–b1 – significance for fermented goat milk without Lactobacillus paracasei NM-8 at the level of P < 0.05; a2–c2 – fer-
mented goat milk with L. paracasei NM-8 at the level of P < 0.05
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tively. After storage for 21  days at  4 °C, the L.  para-
casei  NM-8  helped the fermented goat milk to  have 
a higher total score of 60 than the control of 45.55. De-
tailly, as  for the control, the scores of colour, accept-
ance, aftertaste, taste and texture dropped by  35.98, 
36.09, 39.18, 31.25, and 33.07%, respectively, and 
these scores decreased only by  26.95, 24.53, 29.17, 
22.07, and 15.33%, respectively for the co-inocu-
lated yoghurt. It  was indicated that the L.  paraca-
sei NM-8 played an  important role in  improving the 
sensory qualities of goat milk yoghurt before and after 

the storage. Çakmakçi et  al.  (2012) similarly report-
ed the enhanced sensory quality and probiotic prop-
erties of yoghurt by adding Bifidobacterium bifidum. 
On the other hand, the L. paracasei NM-8 performed 
best on the maintenance of texture than of the other 
indices, which was agreed with our above findings. 
As  shown in  Figure  6B, the serious whey precipita-
tion occurred  in  the yoghurt fermented in  absence 
of L. paracasei NM-8 after storage.

Although the goat milk yoghurt is becoming increas-
ingly popular, its development and industrial produc-

Figure 5. The physicochemical properties of fermented goat milk during 21 days chilled storage: (A) pH, (B) acidity, 
(C) viscosity, and (D) water holding capacity (WHC)
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tion still have some challenges, e.g. whey precipitation, 
rough texture, and sensory issues. As  previously re-
ported, De Santis et al. (2019) used both a starter cul-
ture and Leuconostoc lactis to  enhance the yoghurt's 
sensory quality, and Yang et al. (2023b) also stated that 
the appropriate inoculum amount of  L.  casei effec-
tively alleviated the undesirable flavour of  fermented 
goat milk. Our results demonstrated that the co-inoc-
ulation with L. paracasei NM-8 and traditional starter 
culture could be a natural and safe strategy to improve 
the quality of goat yoghurt. Our findings could further 
provide a theoretical reference for the future develop-
ment of goat milk products by using certain probiotic 
strains with special functionalities.

CONCLUSION

In this study, a  lactic acid bacteria strain namely 
L.  paracasei  NM-8  that produces exopolysaccha-
rides was selected and applied in  the manufacturing 
of  goat milk yoghurt. The  fermentation process was 
optimised by  response surface experiment and the 
effects of  L.  paracasei  NM-8  on  the physicochemical 
and sensory properties of yoghurt were also evaluated. 
The inoculation with L. paracasei NM-8 could be one 
of the natural and safe measures to attenuate the whey 
precipitation and improve the sensory property of yo-
ghurt under chilled storage. Our findings helped pro-
vide a theoretical reference for the development of goat 
milk products via the use of functional probiotics.
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