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Acid coagulated cheese plays an important role in the food of peoples living in the areas or counties with large amount of

fresh milk production. The quality and safety could not be guaranteed by the present traditional processing technologies

with natural fermentation. In the present study, five different kinds of lactobacteria mixtures were used as the starters of

the acid coagulated cheese. To determine better starter, the effects of the five groups of starters were compared and then

the processing parameters of the cheese were optimized. The starter consists of two kind of Streptococcus thermophilus

(SP1.1:TM11) and Lactobacillus delbrueckii subsp. bulgaricus (34.5) with a mass ration of starter powders of SP1.1 and

TM11 to 34.5 is 90: 10: 1, which was proved to be the best starter mixtures. The cheese made according to the optimal

processing parameters, starter addition 0.003%, fermentation temperature 40°C, CaCl2 0.03% and the appropriate cut-

ting time is 0.5 h when the pH value of whey reached 4.6, showed better properities. These results will provide some

fundamental data to promote the industrialization process of the traditional acid coagulated cheese with manufactured

lactobacterial starters.
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INTRODUCTION

Acid coagulated cheese is a kind of fresh cheese and well
known for its smooth texture, sour taste and distinctive flavor
[1]. Different from enzyme coagulated cheese, the curdling of
milk in acid coagulated cheese relies on the acid produced by
lactobateria or the addiction of edible acid [2,3].

Acid coagulated cheese is a traditional food in many minori-
ties in China or many areas famous for raw milk production,
including the milk lump in Xinjiang Kazakhs, the milk tofu in
Mongolia, Qula in Tibet, the milk cake in Yunnan Yi and the
dairy fan in Yunnan Bai [4]. Acid coagulated cheese is about
25% percent of the total amount of the global cheese prod-

ucts, which indicates its important role in the cheese industry
[5]. Also, acid coagulated cheese will be well developed due
to its simple process, low-intensity labor, low costs and high
production efficiency [6]. However, in the traditional process,
the acid coagulated cheese will be naturally fermented. The
bacteria compositions in atmosphere in different areas are
varied significantly, the processing technology varied in tools
and container, temperature, processing parameters, etc, in
different scale household workshop, and these conditions
contribute to the varied product qualities, especially on the

aspects of flavor, taste, texture and shelf life [3,7,8].

In this present study, the optional compound strains for acid
coagulated cheese making was determined from five different
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compound lactic acid bacteria, and the optional processing
parameters were investigated by designing orthogonal experi-
ments, which provides theoretical directions for large-scale

industrial production.

MATERIALS AND METHODS

Materials

Skimmed milk powder and raw milk was purchased from Nes-
tle dairy industry (Heilongjiang, China). Gauze was purchased
in the market (Harbin, Heilongjiang, China). Electric heating
constant temperature water bath pot (HWS24, Yiheng, Shang-
hai, China), clean bench (SW-CJ-IFO, Qiaoyue, Shanghai, Chi-
na), electronic balance (ALC-210, Sartorius, Shanghai, China)
and electric heating constant temperature incubator (DHP-
9272, Yiheng, Shanghai, China) were used. Some devices used
in cheese making were all self-made, including cheese vat in
which the curd is formed and cut or broken, cheese cutter or
knife which is used to cut the milk curd to release the milk
whey, and cheese squeezing device used to remove the water
in the cheese.

Strains and Culture Conditions

The compound strains (Table 1) of Streptococcus thermophi-
lus and Lactobacillus delbrueckii subsp. bulgaricus were iso-
lated from traditional fermentation milks, kumiss in Xinjiang
Province and fermented yak’s milk in Qinghai province in Chi-
na, using spread plate technique, and identified according to
the results of Gram stain reaction, catalase reaction and car-
bohydrate fermentation patterns using Biolog System (Biolog
Inc, Hayward, CA, USA). The strains were routinely propagated
in Man-Rogosa-Sharpe (MRS) broth and stored at -802 in MRS
broth containing 20% (v/v) glycerol. All the strains were pre-
served in the laboratory of Department of Food Science and
Engineering at Harbin Institute of Technology.

Table 1: Compositions and proportions of compound strains.

Number | Strain types Proportions (mass
ration of starter
powders )

1% Streptococcus 01: Strepto- 50:50:1

coccus 03: Lactobacillus 01
21 Streptococcus 01: Strepto- 50:50:1
coccus SP1.1: Lactobacillus
345

3 Streptococcus 03: Lactoba- | 100:1
cillus 01

44 Streptococcus 03: Strepto- 90:10:1

coccus TM11: Lactobacillus
345
5% Streptococcus SP1.1: Strep- | 90:10:1
tococcus TM11: Lactobacil-
lus 34.5

Acid Coagulated Cheese Production Process

According to the previous study, the processing procedures
(flow chart) were applied with minor modifications[9]. The
raw milk was sterilized at 75B for 20 s, then adding mixed lacto
bacteria starters in the sterilized milk after cooling at 40~420,
cutting the curdle after a certain time, according to conditions
of the curdle. The cheese would be made after expelling milk
whey and squeezing to gain the favourite texture. The pH val-
ue and the absorbance value (OD) of whey were chosen to
evaluate the optimal compound strains and cutting time [10,
11]. The acidity meter (PB-10 AG, Sartorius, Shanghai, China)
was used to evaluate milk pH value directly every an hour. The
absorbance of whey was measured at 500nm using spectro-
photometer (UV-2800, UNICO, Shanghai, China) every half an
hour. These OD values will give the evidences of the variations
of cheese curding performance status, production yield and

the loss of protein.

Orthogonal Experiments

To determine optimal processing techniques, the fermenta-
tion processing parameters including starter strains amount
(Factor A), fermentation temperature (Factor B) and CaCl2 ad-
diction (Factor C) were used to design three-factor three-level
orthogonal experiments, adopting the former three columns
of L9(34) [12, 13].

Sensory Evaluation

The sterilized raw milk was fermented until the pH value
reached 4.6. Then the curd was incised and expelling whey
was followed by squeezing. The product was refrigerated at
4R for 24 hours before used for sensory evaluation. The total
number of this evaluation crew was 8. Evaluating criteria was
showed on Table 2 [14].

Table 2: Acid coagulated cheese evaluating criteria.

Evaluating Descriptions Evaluating skills Scores
items
Pressing hard- | Use your Squeeze the 10
ness fingers to sample with a
compress the | finger (middle
sample com- | finger/thumb/
pletely index finger)
Pressing resil- | The amount Use fingers to 10
ience of reversion squeeze the
after finger sample to 30%
compressing depressed
Hardness Require Completely bite | 10
teeth to bite through the
through the sample
sample
Factorability The amount Chew sample 5 10
of fracture in | times
the chewing
sample
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Cohesiveness | The degree of | Chew sample 5 10
cohesiveness | times
in the chewing
sample
Chewing The degree Chew sample 5 10
smooth de- of satiny on times
gree the sample
surface after
chewing
Resorting Oral surface Chew sample 5 10
smooth de- retention times
gree smooth
degree after
spitting out
Acidity The suitability | Chew sample 5 10
of the mouth | times
feeling sour
Fragrancy The fragrancy | Chew sample 5 10
in the oral times
cavity
Savour The residual Feel 10 seconds | 10
aroma after after spitting out
spitting out

RESULTS AND DISCUSSIONS
Fermentation Properties of Different Complex Strains

Changes of pH during fermentation of five complex strains
were showed in Figure 1. As for the 1# compound strains, the
pH decreased quickly during the first 3 h and then decreased
slowly. After 9 h of fermentation, the pH was kept around 5.0,
which is difficult to reach the casein isoelectric point. During
2 h to 6 h of fermentation, the 2#, 3#, 4# and 5# compound
strains produce lactic acid rapidly and led to the pH decrease
quickly. After 6 h, the pH declined slowly for 2#, 3#, 4# and 5#
compound strains. Among these groups, the pH of 5# com-
pound strains decreased slower than the others, which is
helpful to avoid the cheese becoming too sour to taste.

6.75-
6.50 j—
6.25-
6.00-
5.75-
Jn:. 5.50-
5.25-
5.00-
4.75
4.50+
4.25 ; ; T T T T T T )
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Figure 1: Changes of pH during fermentation. 1~5 represents the group 1
to group 5 with different compositions of Lactococcus and Lactobacillus,

respectively.

Effects of Different Compound Strains on the Product yield

There was no whey released in group 1# during the fermenta-
tion, which may be caused by the small amount of lactic acid
yield by complex strains. The absorbance at 500 nm of the
whey in other samples are showed in (Figure 2). As for the
sample 5#, the OD value was 0.09, which was less than a half
of the others’ minimum value 0.197. It is well known that OD
values could reflect the conditions of cheese curdling, product
yield and the loss of protein, the smaller OD value indicates
the higher product yield and less loss of protein. So, these re-

sults can be considered as a signal of judging the curding time.

-
-
N
o

Figure 2: The OD value when the pH of whey declines to 4.6.

Under the controlled conditions, the effects of lactic acid bac-
teria as starter on the production of fresh cheeses at small
industrial scale have been reported. We can know that the
each lactobacterial strain in mixed cultures is attributed to
the chemical, rheological and processing parameters of pro-
duced cheeses [15]. Therefore, Streptococcus thermophilus
(SP1.1:TM11) and Lactobacillus delbrueckii subsp. bulgaricus
(34.5) used in the present study play different roles in cheese
making, the lactobacilli strains and lactococcus strains are in-
clined to the contributions of lacto acid and stickiness, respec-

tively.
Determination of the Cutting Operation

As shown in Figure 3, the turbidness for each sample de-
creased with the fermentation procession, it was time for
cutting for the curd of 3# sample based on the comprehen-
sive consideration of cheese acidity and production rate. For
the 4# fermentation sample, the turbidness keeps decreasing
when the pH reaches 4.6, and then, the OD fluctuated but fi-
nally declined. Accordingly, when the pH of whey decreased
to 4.6, it is time for cutting for the 4# curd. And for the 5#
compound strains, its OD fluctuated in a small range when the
pH declined to 4.6. So it could be cut at that time point.
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Figure 3: Changes of OD and pH during fermentation. (A) 2# compound
strains; (B) 3# compound strains; (C) 4# compound strains; (D) 5# compound
strains.

Fermentation Process Optimization

In general, acid-coagulated cheeses made by different pro-
cessing parameters have different physical, chemical and
sensory characteristics in the world. The effects of processing
parameters on chemical properties, aroma compounds and
sensory properties of several acid-coagulated cheeses have
been extensively studied [16-18]. In the present study, effects
of the lactobacteria strains, fermentation temperature and
CaCl2 addition on the sensory scores of the acid coagulated
cheese are shown in the (Table 3 and 4). Table 3 is the range
analysis of the effect of different treatments on the sensory
scores of the acid coagulated cheese, which indicates that the
importance sequence of the three factors is: strains addition >
fermentation temperature > CaCl2. Table 4 indicates that the
strains addition has significant impact on the sensory scores
of the acid-coagulate cheese (p<0.05), while the other two
factors have no significant impact on the sensory scores of
acid-coagulated cheese (p>0.05). According these results, the
optimal processing parameters are strains addition 0.003%,
fermentation temperature 40°C and CaCl2 0.03%.

Table 3: Impacts of processing parameters on the sensory of acid-coag-

ulated cheese

A B C D Average
score
Number | Strains Fermen- | CaCl2 Blank
addition | tation control
tempera-
ture
1 0.002% 37 0.01% 1 50.3
2 0.002% 40 0.02% 2 52.1
3 0.002% 43 0.03% 3 52.5
4 0.003% 37 0.02% 3 67.7
5 0.003% 40 0.03% 1 70.1
6 0.003% 43 0.01% 2 65.4
7 0.004% 37 0.03% 2 57.2
8 0.004% 40 0.01% 3 56.1
9 0.004% 43 0.02% 1 50.1
K1 154.9 175.2 171.8 170.5
K2 203.2 178.3 169.9 174.7
K3 163.4 168.0 179.8 176.3
k1 51.633 58.400 57.267 56.833
k2 67.733 59.433 56.633 58.233
k3 54.467 3.433 3.300 1.934
R 16.100 3.433 3.300 1.934

Note: A, the addition amount of starters (%); B, temperature of fermen-
tation (°C); C, the addition amount of CaCl2 (%); D, the control group in
orthogonal experiment. K, K, and K, indicates the sum of the test results
when the factor level is 0.002%, 0.003% and 0.004%, respectively, in a
certain factor group. k,, k,, k, indicates the average value of the K , K, and
K,, respectively. R indicates the maximum value of each factor minus the

minimum value in a certain factor group.
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Table 4: Variance analysis of the impacts of processing parameters on the
sensory scores of acid coagulated.

Factor SS df F Foos Foos

A 443242 |2 74.096* | 19.000 99.000
B 18.616 2 3.112 19.000 99.000
C 18.402 2 3.076 19.000 99.000
Error 5.98 2

Note: A, the addition amount of starters (%); B, temperature of fermen-
tation (°C); C, the addition amount of CaCl2 (%).

CONCLUSION

In summary, the conclusion can be drawn that the 5# com-
pound strains constituted of SP1.1, TM11 and 34.5 with a
mass ration of starter powders of 90:10:1 were selected as
the starter to produce acid-coagulated cheese. The optimal
processing parameters are strains addition 0.003%, fermenta-
tion temperature 4°C and CaCl2 0.03%. Moreover, the appro-
priate cutting time is 0.5 h after the fermentation when the pH
of whey reached 4.6. The acid coagulated cheese produced
according to these methods, tastes soft sour and refreshing.
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