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Human and global health would be greatly improved by replacing animal-based foods with plant-based alternatives. This
transition would be facilitated when more affordable, convenient, sustainable, nutritious, and tasty plant-based foods are
available on the market. Interest in related research has surged these years, and dozens of plant-based cheese (PBC) products
have been introduced to the market. However, studies found that most PBCs are far from comparable with dairy cheese in
nutritional value, and the texture and sensory properties are still hurdles to the widespread consumption of PBCs. This paper
focused on the “tissue disruption route” and adopted chickpeas and nuts as the main ingredients to form a cheese snack. Test
results showed that our samples were high of nourishment value compared to the cheese sample and even healthier than the
cheese in the terms of energy (709:37 ± 1:35 vs. 865:63 ± 0:49 kJ/100 g, p < 0:01), K/Na ratio (142:00 ± 0:82/13:33 ± 0:12mg/
100 g vs. 121:67 ± 2:05/44:23 ± 0:05mg/100 g, p < 0:01), DF (6:99 ± 0:01 g/100 g vs. N/A, p < 0:01), and cholesterol (8:81 ± 0:25
vs. 207:30 ± 3:35mg/100 g, p < 0:01). From the order of magnitude, the PBC samples are similar to the cheese sample in the
aspects of cohesiveness (p < 0:05) in texture test, and the fermentation process improved the imitation of texture properties in
terms of hardness and cohesiveness (both p < 0:05). The volatile compounds were similar between the two PBC samples;
however, the fermentation process could increase the species of the volatile compounds and make the PBC a little more similar
to the dairy cheese. Overall, the observed properties of our PBC snack using raw chickpeas and nuts make the “plant-based
cheese substitutes” extremely promising because of their nutritional value, sensory, and texture properties.

1. Introduction

Plant-based cheese (PBC), also known as cheese analogue
(CA), can be described as a cheese-mimicking product orig-
inated from vegetable substances rather than milk sources,
as well as food additives such as emulsifying salts, hydrocol-
loids, preservatives, acidifying agents, and sometimes cheese
flavouring agents [1]. The first PBC was produced and con-
sumed in China as fermented tofu, which could be traced
back to the 17th century and was called “Furu” following
the meaning of “spoiled milk.” Modern industrialized PBC

products were called “fake cheese” and accused of deceiving
customers. However, this attitude has changed drastically
over the past few years with increasingly more consumers
seeking out and purchasing plant-based foods. Plant-based
dairy alternatives are expanding to a tremendous degree
and are expected to reach a global market size of more than
52 billion USD by 2028 [2]. The reasons for this change are
numerous but include considerations of food intolerance,
environmental sustainability, health, and animal welfare, as
well as social trends. Moreover, the PBC products available
on the market are continuing to increase, which also
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accounts for the increasing acceptance and adoption of these
products [3].

PBCs are designed to be similar to dairy cheese in nutri-
tion, appearance, texture, mouthfeel, and flavour [4]. Fol-
lowing this concept, the design principle of PBC is to aim
for the physicochemical and sensory properties of a specific
cheese product, such as cheddar, mozzarella, or other proc-
essed cheese, which should be achieved by using different
combinations of raw materials and processing techniques
depending on the properties needed. However, many exper-
iments have found that these mimic designs have difficulties
in practice because there is no casein in the plant materials.
Plant proteins have larger molecular sizes and more complex
quaternary structures than casein, which plays a vital role in
the formation of cheese due to its ability to form compact gel
networks.

Another consideration of PBC is its nutritional value.
Evidence showed that a higher intake of plant-based foods
is associated with a lower risk for type 2 diabetes, and this
is mainly because of the nonprotein components such as
fibers and phytochemicals in the plant [5]. Therefore, it is
easy to believe that plant source foods are healthier. An arti-
cle comparing the micro- and macronutrients between
plant-based foods and their counterparts found that the con-
tents of salt, iron, and vitamins E and K were of higher value
in plant-based foods, while their protein contents were gen-
erally lower [6]. Another study investigated all the nutri-
tional properties of PBC products sold in the Spanish
market and suggested that 85% of them are based on coco-
nut oil and cannot be considered healthy foods because of
their high content of saturated fats and salt [7]. In other
words, it is naive to simply consider PBC a healthy food
without in-depth research on the combination of raw mate-
rials and processing methods.

Although there have been several studies on the develop-
ment of plant-based cheese analogues mainly from soybean,
pea, and coconut, to the best of our knowledge, data is still
lacking regarding the use of chickpea (Cicer arietinum) and
nuts to produce PBC [8–10]. Among all the dry legumes,
the content of proteins and Ca in chickpea is relatively high
(its protein content could reach 46.5 g/100 g) [11], and it also
has a good heat stability and a minimum beany flavour;
hence, the objective of this study was to evaluate the suitabil-
ity of raw chickpea and nuts inspired by the processing of
“tofu” to develop a PBC snack compared to a commercial-
ized product. Under the common consideration of nutrition
and health as well as the concept of green, sustainable devel-
opment, and environmental protection, only if we choose
the right path in the research and development of plant-
based cheese will the products simulate a variety of cheese
counterparts and the future market for plant-based cheese
will be booming.

2. Materials and Methods

2.1. Materials

2.1.1. Preparation of Chickpea Tofu. Fifty grams of chickpeas
was soaked overnight and then mixed with water (1 : 7 w/w)

in a high-speed blender to grind into soymilk. The milk was
further boiled, and the foam on the surface was removed.
When the liquid cooled to 80°C, 2 g of gluconolactone was
added to the mixture to form the solid condensate. After
1 h of storage in a 4°C refrigerator, the excess water was then
removed, and the chickpea tofu was ready for the next step.

2.1.2. Preparation of Macadamia Nut/Water Mix and
Cashew Nut/Water Mix. Macadamia nuts and cashew nuts
were soaked for 0.5 hours and then mixed with water (1 : 2
w/w and 1 : 3 w/w, respectively) in a high-speed blender. Fil-
tration was then performed using an 80-mesh sieve.

2.1.3. Preparation of the PBC Sample. Prepared chickpea
tofu, macadamia nut/water mix, and cashew nut/water mix
were mixed with sunflower seed oil, sugar, zein, monoglycer-
ide stearin, tricalcium phosphate, calcium lactate, and potas-
sium sorbate according to the portion in Table 1 in a high-
speed mixer (12000 rpm, 85°C) for 3min. Following by add-
ing xanthan gum : locust bean gum : carrageenan = 1 : 1 : 1
several separate times, the high-speed mixer (12000 rpm,
85°C) was turned on again for 4min. When the mixture
cooled to 50°C, approximately 16 drops of thick frankin-
cense were added to the mixture (600 g). The last step was
to transfer the mixture into a container and leave it to set
until it clots.

2.1.4. Preparation of the Fermented PBC Sample. Before the
mixing of the 3 kinds of gums, the unfinished PBC mixture
was first mixed with 2% more sugar to accelerate the repro-
duction of the added 0.05% (w/w) plant Lactobacillus plan-
tarum (Lp-G18, Biogrowing Co. Ltd., Shanghai, China).
The fermentation temperature was set to 38°C, and the
whole process lasted for 3 hours. The fermented mixture
was pasteurized in an 85°C hot water bath for 30min and
then blended with a mixture of xanthan gum : locust bean
gum : carrageenan = 1 : 1 : 1 as well as thick frankincense
in equal amounts with the last unfermented sample.

2.2. Method of Characterization

2.2.1. Nutrition Test. The protein content was determined
using an automatic protein analyzer (Flash EA 1112,
Thermo Scientific, USA) following GB 5009.5-2016, and
the result shown on the device multiplied by 6.25 was the
protein content. The fat content was determined after
extraction with petroleum ether in a complex system (Soxtec
AVANTI, Sweden) according to GB5009.6-2016. The total
dietary fiber (TDF) content was analyzed according to
GB5009.88-2014 using a cellulose automatic tester (FIWE
ADVANCE, VELP, Italy). The carbohydrate content was
calculated as the difference between 100 and the sum of
moisture, ash, protein, fat, and total dietary fiber content.
The phosphorus content was determined by the molybde-
num blue spectrophotometric method following the instruc-
tions of GB5009.87-2016 (UV1900i, Shimadzu, Japan), and
the calcium content was tested using atomic absorption
spectroscopy (280FS AA, Agilent, USA) following the
instructions of GB5009.92-2016. The cholesterol content

2 Journal of Food Processing and Preservation



was tested using a spectrophotometer (UV1900i, Shimadzu,
Japan) following the instructions of GB5009.128-2016.

2.2.2. Texture Properties. A texture analyzer (TA. XTC,
Bosin Tech., China) was used to perform texture profile
analysis (TPA) on the different samples following the
method used in the study of Mattice and Marangoni [12].
Samples were prepared by cutting 15mm diameter cylindri-
cal sections from the gels. The AC temperature was set to
25°C, and all the samples reached this temperature equilib-
rium prior to analysis and were further analyzed on a mod-
ified platform. The hardness was reported as the peak
maximum force upon first compression. Cohesiveness was
calculated as the area under the 2nd compression peak
divided by the area under the 1st compression peak. Gum-
miness was calculated as hardness times cohesiveness. The
adhesiveness was equal to the negative area from the first
compression. Springiness was calculated as the time to reach
peak during the 2nd compression divided by the time to
reach peak during the 1st compression, and chewiness was
equal to gumminess times springiness.

2.2.3. Volatile Compound Detection. The cheese sample was
weighed (5 g) and finely dispersed in 50mL of ultrapure
water. Homogenization was performed using a bench dis-
persing machine (DR500 Std, DISRAD, USA) for 1min.
Two milliliters of the mixture was then filled into a vial
and conditioned at 37°C for 30min in a thermostatic bath
to establish volatile equilibrium between the mixture sample
and the headspace. Volatile compounds (VOCs) were
extracted from the headspace using the solid-phase microex-
traction (SPME) method. For fiber exposition, 30min was
required to establish the volatile compound equilibrium
between the headspace and fiber solid phase. The fiber was
preconditioned before initial use by inserting it into the
injector port of a GC-MS instrument for 1 h at 225°C. The
fiber was reconditioned at the same temperature for 5min
before each analysis. For the identification of the VOCs, a
GC–MS system (Agilent 7890A Series and Agilent 5975C
Mass Selective Detector, USA) was utilized. An HP-5 capil-

lary column (30m × 0:25mm ID × 0:25 μm film thickness,
Agilent Technologies, USA) was set in the GC machine.
The chromatographic operating conditions were as follows:
splitless injector at 220°C and oven at 150°C for 30min.
Helium pressure (carrier gas) was fixed at 13.6 psi, and the
gas flow was 1.0mL·min−1. The mass selective detector was
operated in scan mode, 5.15 scan·s−1, with 70 eV IE. The
identification of the obtained peaks was carried out by com-
parison of the mass spectra with the bibliographic data from
the Wiley 175 library (Wiley & Sons, Inc., Germany).

2.2.4. Statistical Analysis. The results of the previously men-
tioned tests obtained from each sample were expressed as
the mean (n = 3, triplicate analysis from two independent
trials)± standard deviation (SD). The data on the proximate
composition were presented on a wet basis (wb). One-way
ANOVA and Tukey’s post hoc test were used to determine
significant differences between samples in each trial and dif-
ferences between PBCs and the references. The significance
level was set at <0.05. Statistical analyses were performed
using SPSS (version 26.0).

3. Results and Discussion

3.1. Nutritional Value of PBC and Fermented PBC Samples.
Plant-based cheese and fermented plant-based cheese were
prepared following the method introduced in Section 2. Both
of them were off-white colors with no significant difference
when compared to the cheese sticks sold on the market.
The PBC sample was polyporous inside due to the process
of high-speed mixing, while the fermented PBC sample
was more fine, smooth, and tender at first sight (see
Figure 1).

Both samples together with a dairy cheese snack sample
called “a cup of cheese” (produced by MILKANA, France)
were all sent for a nutrition test, including the content of
protein, fat, carbohydrates, phosphorus, calcium, potassium,
sodium, dietary fiber, and cholesterol as well as the total
energy. The results showed that both PBC and fermented
PBC samples had high nourishment values compared to

Table 1: The recipe for the preparation of PBC.

Ingredient Brands/sources
Amount (% in mass) in

unfermented PBC

Chickpea tofu October Fields/Xinjiang, China 30.00

Macadamia nut/water mix Three Squirrels/Yunnan, China 26.00

Cashew nut/water mix Three Squirrels/Xinjiang, China 30.00

Sunflower seed oil Duoli/Xinjiang, China 2.00

Sugar Sugarman/Guangdong, China 4.00

Zein Hubei Yuancheng Technology, China 6.00

Monoglyceride stearin Guangzhou Jialong Chemistry, China 0.20

Xanthan gum : locust bean gum : carrageenan = 1 : 1 : 1 Shanghai Peng Jia-er New Materials, China 1.00

Tricalcium phosphate Jiangsu Ke Lun-duo Food Additives, China 0.08

Calcium lactate Jiangsu Ke Lun-duo Food Additives, China 0.03

Potassium sorbate Jiangsu Ke Lun-duo Food Additives, China 0.07

Thick frankincense Huabao/Shanghai, China 0.62
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the cheese sample and were even healthier than the cheese in
terms of energy, K/Na ratio, DF, and cholesterol. The spe-
cific results can be further identified in Table 2 and Figure 2.

3.2. Texture Profile Analysis Results. The PBC, fermented
PBC, and cheese samples were further analyzed using a tex-
ture analyzer following the manufacturer’s instructions. Fig-
ures displayed on the screen of each sample are shown in
Figure 3, and the results of six characteristic indexes, includ-
ing hardness, cohesiveness, gumminess, adhesiveness,
springiness, and chewiness of the three samples, are shown
in Table 3. From the order of magnitude, we could easily
draw the conclusion that PBC samples are similar to the
cheese sample only except for the gumminess, and the fer-
mentation process could improve the imitation of texture
properties.

3.3. Volatile Compound Results. The PBC, fermented PBC,
and cheese samples were analyzed using GC–MS in order
to discover the compositional difference in volatile com-
pounds between the PBC samples and the dairy cheese. 21,
32, and 29 kinds of compounds were identified using the
library search in the NIST database in the PBC, fermented
PBC, and cheese samples, respectively (shown in Table 4).
The composition differences were further analyzed using
the R package (version 4.0). From the compound list, it
can be seen clearly that the characteristic volatile com-

pounds were 2,3-butanedione, 3-hydroxy-2-butanone, 2-
heptanone, caproic acid, sorbic acid, caprylic acid, and van-
illin in the cheese sample, while those in both PBC samples
were very different except sorbic acid. The characteristic vol-
atile compounds in both PBC samples were n-hexal, n-hex-
anol, sorbic acid, and 1,3-diacetin. In particular, 1,3-diacetin
accounts for approximately 35%-60% of the total amount of
volatile compounds using the peak area normalization
method, while the corresponding number in the cheese sam-
ple is only 0.79%. In addition, there are three more coexist-
ing compounds in the three samples with lower amounts,
namely, ethyl caprate, hexal, and butyl-decalactone. The
total ion chromatography of the three samples is shown in
Figure 4, and from the PCA plot (Figure 5), it is clear that
the volatile compounds were similar between the two PBC
samples; however, the fermentation process could increase
the species of the volatile compounds and make the PBC
slightly more similar to the dairy cheese.

4. Discussions

It is a general consensus that human and global health would
be greatly improved by replacing animal-based foods with
plant-based alternatives [13]. This transition would be facil-
itated by the availability of more plant-based foods that are
affordable, convenient, sustainable, nutritious, and tasty.
However, hurdles, especially technological ones due to the

(a) (b)

Figure 1: Appearance of PBC cheese sample (a) and fermented PBC sample (b).

Table 2: The results of the nutrition test.

Item Cheese sample PBC sample Fermented PBC sample

Energy (kJ/100 g) 865:63 ± 0:49 709:37 ± 1:35 799:00 ± 2:45
Protein (g/100 g) 5:99 ± 0:03 3:30 ± 0:02 3:09 ± 0:02
Fat (g/100 g) 13:17 ± 0:05 11:33 ± 0:05 10:50 ± 0:33
Carbohydrates (g/100 g) 16:33 ± 0:12 10:40 ± 0:29 11:37 ± 0:21
Dietary fiber (g/100 g) N/A 6:99 ± 0:01 6:47 ± 0:01
Cholesterol (mg/100 g) 207:30 ± 3:35 8:81 ± 0:25 11:36 ± 0:99
Ca (mg/kg) 853:33 ± 25:04 628:33 ± 2:62 628:00 ± 8:29
P (mg/100 g) 59:33 ± 0:25 66:80 ± 1:07 66:63 ± 0:46
K (mg/100 g) 121:67 ± 2:05 142:00 ± 0:82 139:00 ± 0:82
Na (mg/100 g) 44:23 ± 0:05 13:33 ± 0:12 16:20 ± 0:22
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Figure 2: Continued.
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huge compositional difference between plant and animal
ingredients, must be addressed through a deep understand-
ing of the relationship between the structure and properties
of the two categories of ingredients [4]. This is also our pur-
pose to study a proper method to develop a nutritious and
tasty plant-based cheese snack, and most of the tested results
showed that the method might be a prominent path worthy
of further research.

From previous studies on PBC, the processing could be
divided into two kinds: “fractionation route” and “tissue dis-
ruption route.” The majority of studies adopt the first route
because it is easier to understand the contribution of each
plant ingredient [8–10, 12]; however, it is suggested that
the “tissue disruption route” is more energy efficient because
it only employs two phase transitions in the whole process
[3]. In our experiment, we chose plant materials with high
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Figure 2: Nutrition test results: (a) energy barplot; (b) protein content barplot; (c) fat content barplot; (d) carbohydrate content barplot; (e)
P content barplot; (f) Ca content barplot; (g) K content barplot; (h) Na content barplot; (i) dietary fiber content barplot; (j) cholesterol
content barplot.
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Figure 3: TPA test curve: (a) test curve of PBC sample; (b) test curve of fermented PBC sample; (c) test curve of cheese sample.

Table 3: The texture profile analysis results of all the samples.

Name Cheese sample PBC sample Fermented PBC sample

Hardness (kg) 0:099 ± 0:009a 0:056 ± 0:007b 0:080 ± 0:008a

Gumminess (kJ) 4:40 ± 0:14a 0:15 ± 0:03b 0:19 ± 0:03c

Cohesiveness 0:60 ± 0:06a 0:70 ± 0:08a 0:75 ± 0:08a

Springiness (mm) 12:94 ± 0:46a 7:84 ± 0:39b 8:23 ± 0:42b

Adhesiveness (kg) 0:0596 ± 0:006a 0:0392 ± 0:004b 0:0598 ± 0:008a

Chewiness (mJ) 7:57 ± 0:29a 3:62 ± 0:16b 4:83 ± 0:18c
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Table 4: The VOCs discovered in all the samples.

Sample name
Retention time

(min)
Peak area

Amount
(%)

Name CAS

PBC sample

3.807 5961138 0.34% 1-Aziridineethanamine 4025-37-0

4.192 10198552 0.58% Ethanol 64-17-5

5.691 644437 0.04% Ethyl acetate 141-78-6

7.292 774142 0.04% Acetic acid,2-chloro-,2-butoxyethyl ester 5330-17-6

8.757 16697788 0.94% Pentanol 71-41-0

9.42 115737442 6.53% Hexal 66-25-1

10.719 88414433 4.99% Hexanol 111-27-3

11.092 9549061 0.54% Methyl thiobutyrate 2432-51-1

12.603 12095254 0.68% 2-Pentylfuran 3777-69-3

13.118 2057044 0.12% Isopinocarveol 6712-79-4

13.995 239728725 13.52% Sorbic acid 110-44-1

14.059 128274888 7.25% Sorbic acid 110-44-1

14.991 1028080 0.06% 3-Ethyl-5-(2-ethylbutyl)octade 55282-12-7

15.115 68296970 3.85% Ethyl maltol 4940-11-8

16.309 1053613522 59.44% 1,3-Diacetin 25395-31-7

16.802 901136 0.05% Ethyl caprate 110-38-3

16.909 3342922 0.19% 2-(5-Methylthiazol-4-yl)ethyl acetate 94021-41-7

17.716 723764 0.04% 6-Methyloctadecane 10544-96-4

17.822 10591019 0.60% 5-Decanolide 705-86-2

18.446 860421 0.05% Ethyl laurate 106-33-2

19.485 1287437 0.07% Delta-Dodecalactone 713-95-1

Fermented PBC sample

4.194 32719041 0.82% Ethanol 64-17-5

7.225 27042781 0.68% 2,3-Pentanedione 600-14-6

7.507 22391612 0.56% 3-Hydroxy-2-butanone 513-86-0

8.188 1791598 0.04% Propylene glycol 57-55-6

8.758 11915371 0.30% 1-Pentanol 71-41-0

9.419 63172305 1.59% Hexanal 66-25-1

10.724 132330655 3.32% Hexanol 111-27-3

11.091 11376413 0.29% Methyl thiobutyrate 2432-51-1

11.179 1256141 0.03% Styrene 100-42-5

11.279 951472 0.02% Heptaldehyde 111-71-7

11.851 686225 0.02%
N-[4-(Trimethylsiloxy)benzoyl]glycine

methyl ester
55638-48-7

12.148 679961 0.02% Pentanol, 4-methyl-4-nitro-

12.301 3014145 0.08% Benzaldehyde 100-52-7

12.448 15123154 0.38%
Trisiloxane, 3-butoxy-1,1,1,5,5,5-

hexamethyl-3-[(trimethylsilyl)oxy]- (9CI)
87867-97-8

12.604 11920805 0.30% 2-Pentylfuran 3777-69-3

12.759 1050613 0.03% Octanal 124-13-0

12.828 740083 0.02% 3-Trifluoroacetoxypentadecane

13.077 478871 0.01% 2-Ethyl-1-hexanethiol 7341-17-5

13.118 1507526 0.04% (Endo,endo)-9-oxabicyclo[4.2.1]nonane-2,5-diol 19740-86-4

13.182 281802 0.01% Neodihydrocarveol 18675-33-7

13.249 1378026 0.03% 1-Cyclopentene-1-methanol, 5-methyl- 88125-84-2

13.471 950585 0.02% 3-Trifluoroacetoxypentadecane —

13.586 3608612 0.09% Decyl alcohol 112-30-1

13.994 279864340 7.02% Sorbic acid 110-44-1
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nutritional value and adopted the “tissue disruption route”
to make a cheese snack analogue.

A study compared the nutritional content of 109 kinds of
cheese alternatives sold on the UK market with dairy equiv-
alents and found that there was a significant difference
between the two parties: all cheese had approximately 20%
more declared fat content than PBCs, while PBCs mainly
made from oil had 3-9 times more declared carbohydrate.
The protein and calcium content of dairy cheese was also
higher, while the PBCs usually had a higher level of salt con-

tent [14]. Our PBC samples are consistent with this research
in the comparison of protein and calcium content; however,
much less fat content was discovered in our PBC than in the
PBC made mainly from oil. The salt (Na) content of our
PBC is also very different from that in this research, namely,
our Na content is much lower than that of the cheese sam-
ple. Another study analyzed 245 nondairy PBCs using their
nutritional fact labels and found that only 3% of them had
reached 5 g/100 g protein, which is consistent with our
sample.

Table 4: Continued.

Sample name
Retention time

(min)
Peak area

Amount
(%)

Name CAS

14.174 647726573 16.26% Sorbic acid 110-44-1

14.378 984957864 24.72% Sorbic acid 110-44-1

15.148 152224848 3.82% Ethyl maltol 4940-11-8

16.33 1542296203 38.71% 1,3-Diacetin 25395-31-7

16.808 4118106 0.10% Ethyl caprate 110-38-3

16.921 5597880 0.14% 2-(5-Methylthiazol-4-yl)ethyl acetate 94021-41-7

17.825 17555751 0.44% δ-Decalactone 705-86-2

18.447 1427782 0.04% Ethyl laurate 106-33-2

Cheese sample

4.196 11284463 2.04% Lactamide 2043-43-8

4.394 3288538 0.60% Acetone 67-64-1

5.32 37875478 6.86% 2,3-Butanedione 431-03-8

5.415 30840226 5.59% 2,3-Butanedione 431-03-8

7.044 1148257 0.21% 2-Pentanone 107-87-9

7.277 2411989 0.44% Isovaleraldehyde 590-86-3

7.52 175889878 31.87% Acetoin 513-86-0

8.193 6888628 1.25% (R)-(-)-1,2-Propanediol 4254-14-2

8.788 5308107 0.96% 1-Phenyl-2-propanol 698-87-3

9.365 3863940 0.70% Butyric acid 107-92-6

9.43 1852082 0.34% Hexanal 66-25-1

11.059 40581877 7.35% 2-Heptanone 110-43-0

12.595 70682574 12.81% Caproic acid 142-62-1

13.698 29967968 5.43% Sorbic acid 110-44-1

13.824 8840254 1.60% 2-Nonanone 821-55-6

13.993 2341905 0.42% Nonanal 124-19-6

14.727 43124271 7.81% Caprylic acid 124-07-2

15.126 1193163 0.22% Naphthalene 91-20-3

15.729 8315403 1.51% p-Anisaldehyde 123-11-5

16.235 4374660 0.79% 1,3-Diacetin 25395-31-7

16.523 3513042 0.64% Decanoic acid 334-48-5

16.734 732903 0.13%
1-Fluoro-1-hex-1-ynyl-2,2-dimethyl-

cyclopropane
—

16.801 679298 0.12% Ethyl caprate 110-38-3

16.868 481995 0.09% Behenyl behenate 17671-27-1

17.03 48709273 8.83% vanillin 121-33-5

17.715 892420 0.16% 2,6,10-trimethyltetradecane 14905-56-7

17.818 4719465 0.86% 5-Decanolide 705-86-2

19.484 549268 0.10% 10-Methylundecan-5-olide —

19.886 247141 0.04% 3-Trifluoroacetoxydodecane —
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The study further suggested that almost 60% had high
levels of saturated fat because of the use of coconut instead
of cashew, while only 15% had low sodium levels [15]. Our
sample is thus advantageous in terms of the content of satu-
rated fat and sodium, although we did not run the saturated
fat test. Further, it is necessary to increase the content of
protein in our formula because 30% of consumers would
be encouraged to have more dairy substitutes if the products
contained more protein [16]. Legume proteins have good
technological properties and are low in price, which gives
them strong commercial potential to be used in PBC prod-
ucts. However, few legume proteins have been explored in

the formulation, development, and manufacture of vegan
cheese because of their undesirable properties: heat stability,
antinutritional factors, and a beany flavour [11]. Our trial
chose chickpea as the main source of protein, which could
be a clue for future PBC research because very little bean fla-
vour was found in our sample.

It is common sense that lactic acid bacteria- (LAB-) fer-
mented foods are recognized as healthy due to their probi-
otic effect and their metabolites, such as
exopolysaccharides (EPS) and SCFAs, produced during food
fermentation or after food digestion. LAB-fermented foods
such as yogurt and cheese and plant-based products such
as sauerkraut and kimchi all have a long history and have
become more popular because of their unique flavour and
health effects [17]. The molecular mechanisms during fer-
mentation by LAB in dairy products are well understood,
such as proteolysis of casein into peptides and amino acids
and the utilization of carbohydrates to form lactic acid and
exopolysaccharides, which are the basis for forming the fla-
vour and texture of fermented cheese. However, the differ-
ences in fermentation processes in plant-based alternatives
are poorly understood [18]. Differences in the structures of
proteins in plants and dairy suggest that the in-depth knowl-
edge of proteolysis in dairy is not directly translatable to
plant-based analogues. From the previous data, it is often
the case that flavour profiles of PBCs limit their acceptance
[19, 20]. With the goal of producing more valuable and tasty
products, precise fermentation can help improve the sensory
profiles, nutritional properties, texture, and microbial safety
of PBC [19, 21]. Studies further suggested that a mixture of
fermentation strains may be more effective in modifying fla-
vour and texture as well as lowering allergenicity and other
antinutritional factors [11]. From the above, conclusion
could be drawn that the texture and sensory properties of
PBC would be improved when the fermentation process
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Figure 4: TIC curve of the GC: (a) TIC curve of PBC sample; (b) TIC curve of fermented PBC sample; (c) TIC curve of cheese sample.
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was adopted. This conclusion could also be reflected in our
experiment. The variation in the content of the main nutri-
tional components is not very obvious, while the improve-
ment in the appearance, texture, and volatile compounds
of the fermentation of PBC could all be easily recognized.
However, the mechanism still needs further investigation.
Compared to dairy fermentations, our knowledge of strain
properties in different plant-based substrates is still lim-
ited [22].

5. Conclusions

Overall, the observed properties of our PBC sample using
raw chickpeas and nuts are comparable to those of the dairy
cheese snack sample, making this processing route very
promising because of its nutritional value, sensory, and tex-
ture properties. Our samples were high in nourishment
value compared to the cheese sample and even healthier
than the cheese in terms of energy, K/Na ratio, DF, and cho-
lesterol. In addition, the nutritional value of our PBC sample
is also better than other reported PBCs, especially those
made mainly from coconut and oils. The PBC samples are
similar to the cheese sample in the aspects of hardness, cohe-
siveness, springiness, adhesiveness, and chewiness in the tex-
ture test, and the fermentation process could improve
texture properties to a certain degree. The volatile com-
pounds were similar between the two PBC samples, and
those of the cheese sample were quite different with our
PBC samples; however, the fermentation process could
increase the species of the volatile compounds and make
the PBC slightly more similar to the dairy cheese. Future
studies could pay more attention to the plant protein source
with the aim of increasing protein content and reduce the
undesirable flavour and taste. Meanwhile, the imitation of
volatile compounds in cheese also needs to be strengthened.
This might be achieved by a deep understanding of the fer-
mentation process of LABs as well as other bacterial strains
on plant ingredients. In addition, when more specific food
additives, including essences for each kind of cheese, are
available, it will accelerate the development of PBCs.
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