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This work aimed to apply microcrystalline cellulose (MCC) and gellan gum to improve the physical and thermal
stability of cloudy ginkgo beverages. The stability of each beverage samples was characterized in terms of
particle size, size distribution, zeta potential, rheological properties, Turbiscan Stability Index (TSI), and changes
in backscattered light intensity (A\ABS). Our results indicate that an irreversible phase separation occurred in the
beverage sample, induced by increased particle size, decreased zeta potential, and decreased viscosity during the
sterilization process. Although the addition of either MCC or gellan improved beverage stability by decreasing
particle size and increasing zeta potential, this improvement was limited; the aggregation and sedimentation of
suspended particles still occurred, as revealed by large ABS and TSI changes. Beverage samples added with a
mixture of MCC and gellan exhibited different physical and thermal stability values depending on the ratio of
MCC to gellan. The addition of MCC (0.3%, w/w) combined with a small amount of gellan (0.05% or 0.08%, w/
w) effectively prevented drastic thermal damage and improved physical and thermal beverage stability in
comparison to MCC combined with the larger amount of gellan. This study provides some suggestions for the

industrial production of cloudy beverages.

1. Introduction

Ginkgo nuts have been consumed in China for thousands of years due
to their plentiful starches, proteins, and vitamins (Li & Hu, 2015; Zhang,
Wang, & Xu, 2007). To date, the industrial utilization of ginkgo nuts is
still limited, especially in comparison to ginkgo leaves, which are
well-known in global markets as a dietary supplement and for their
pharmaceutical ingredients (Defeudis & Drieu, 2004; Li & Hu, 2015).
Cloudy beverages produced from ginkgo nuts have promising applica-
tions for the food industry.

In the current market, vegetable-based beverages attract consider-
able attention because of the need for flavorful and nutritious of prod-
ucts and a growing demand for non-dairy beverages due to dairy
intolerance (Fiocchi et al., 2010). To date, there have been many studies
on vegetable-based beverages, including vegetable milk (Bernat, Chafer,
Rodriguez-Garcia, Chiralt, & Gonzélez-Martinez, 2015; Briviba, Graf,
Walz, Guamis, & Butz, 2016; Smith, Mendonca, & Jung, 2009), cloudy
vegetable beverages (Li & Fan, 2020; Ni, Zhang, Fan, & Li, 2019; Yu,
Jiang, Cao, Jiang, & Pan, 2016), and vegetable juices

(Akkarachaneeyakorn & Tinrat, 2015; Leite, Augusto, & Cristianini,
2014; Lv, Kong, Mou, & Fu, 2017). In beverage production, thermal
sterilization is an essential process to prolong shelf life and thus ensure
beverage safety. Pasteurization and ultra-high temperature processing
sterilization are widely practiced in milk and milk beverages. However,
as neutral beverages (pH ranging from 6.5 to 7.5), cloudy vegetable
beverages are commonly sterilized using autoclave sterilization. This
intense sterilization process can cause severe thermal damage in bev-
erages, leading to flocculation, coalescence, creaming, and eventually
complete phase separation (Li & Fan, 2020; Yu et al., 2016). The addi-
tion of hydrocolloids is a conventional method to effectively improve
stability and to avoid severe thermal damage to cloudy beverages.
According to Stokes’s law, relatively high viscosity and small droplet
size can improve beverage stability (Li et al., 2016). Therefore, several
hydrocolloids are commonly used as beverage additives in order to
improve physical stability. These hydrocolloids include xanthan gum
(Akkarachaneeyakorn & Tinrat, 2015), guar gum combined with CMC
(Lv et al., 2017), and tragacanth gum (Hajmohammadi, Pirouzifard,
Shahedi, & Alizadeh, 2016). However, cloudy beverages with a high
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viscosity have been reported to give consumers a sticky and unpleasant
sensation (Hajmohammadi et al., 2016). Moreover, cloudy ginkgo bev-
erages contain high levels of insoluble proteins and carbohydrates par-
ticles, and the stability of cloudy beverages is closely tied to these
particles. Previous studies have reported that microcrystalline cellulose
(MCC) and gellan gum (GG) have the ability to suspend insoluble par-
ticles and emulsion droplets in lower viscosity beverages (Krawczyk,
Venables, & Tuason, 2009; Sworn, 2009). Properly hydrated sols of MCC
can form a three-dimensional network based on the electrostatic
repulsion of negatively charged cellulose crystals (Krawczyk et al.,
2009). This network structure contributes to preventing the precipita-
tion of insoluble particles in cocoa beverages (Kijima, 2006) and to
avoiding the coalescence of droplets in curcumin emulsions (Xu, Zhang,
Cao, Wang, & Xiao, 2016). GG can form a fluid gel based on the gelation
mechanism of the domain model, which assumes the formation of
distinct junction zones and disordered flexible polymer chains con-
necting adjacent junction zones (Grasdalen & Smidsrgd, 1987; Sworn,
2009). Moreover, gellan is widely used and known for the ability to form
gels at lower concentrations than other stabilizers (Li & Fan, 2020).
Vilela and Cunha (2016) employed high acyl gellan (HA) as a stabilizer
to obtain a stable oil in water emulsions. Stable gel emulsions can also be
prepared using high acyl gellan (Califano, Alicia, Lorenzo, & Zaritzky,
2013).

To the best of our knowledge, there has been very little research on
the ability of MCC and GG to improve physical and thermal stability
during autoclave sterilization of cloudy beverages composed mainly of
carbohydrates and proteins. Therefore, this work aims to evaluate the
effect of MCC and GG on the physical and thermal stability of cloudy
beverages. Particle size, rheological behavior, backscattered light in-
tensity, and Turbiscan Stability index were evaluated for this purpose.
This study provides useful knowledge for the production of stable cloudy
beverages containing abundant carbohydrates and proteins in the
beverage industry.

2. Materials and methods
2.1. Materials

Ginkgo nuts were purchased from a local market (Jiangsu, China).
The MCC (Novagel® GP-3282) was supplied by FMC Trading Co., Ltd.
(Shanghai, China) and consisted of 90% MCC (w/w) and sodium 10%
carboxymethyl cellulose (CMC) (w/w). Commercial HA gellan powder
(Kelcogel LT-100) was obtained from Kelco Biopolymers (San Diego,
CA). The ginkgo kernels contained 56.78 g/100 g moisture, 30.67 g/100
g starch, 6.12 g/100 g protein, 1.15 g/100 g crude fiber, and 0.95 g/100
g fat.

2.2. Preparation of cloudy ginkgo beverage

The process used to prepare the cloudy ginkgo beverage was based
on a previously published technique (Ni et al., 2019). Briefly, ginkgo
seeds were ground with deionized water at a ratio of 1:10 (w/v) using a
colloid mill (JM-L50, Qiangzhong, Zhejiang, China). Amylase was used
to hydrolyze starches. Hydrocolloids were then added to the beverage
system and stirred constantly at a speed of 250 rpm for 20 min at 80 °C.
The resulting beverage samples were homogenized at 30 MPa for two
cycles using a high-pressure homogenizer (AH-2010, ATS Engineering
Inc, China). Finally, the beverage samples were sterilized at 121 °C for
25 min. To investigate the physical changes and beverage stability,
differing amounts of MCC and/or gellan were added to samples of the
original beverage. Varying polysaccharide formulations were applied as
follows: 0.3% MCC (w/w), 0.1% gellan (w/w), F1 (0.3% MCC and
0.05% gellan (w/w)), F2 (0.3% MCC and 0.08% gellan (w/w)), F3 (0.3%
MCC and 0.12% gellan (w/w)), and F4 (0.3% MCC and 0.15% gellan
(w/w)). The cloudy ginkgo beverage samples (100 mL) were transferred
into glass bottles. The bottles were placed into a YXQ-LS-30 sterilizer
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(Boxun Instrument, Shanghai, China) to conduct the sterilization pro-
cess (121 °C, 25 min). Three bottles for each formulation were prepared
as replicates. After sterilization, beverage samples were left to naturally
cool at room temperature.

2.3. Evaluation of physical properties and stability of cloudy ginkgo
beverage

2.3.1. Particle size and zeta potential

Particle size and zeta potential were measured based on a method
previously described by Ni et al. (2019). Briefly, the particle size (D [4,
3]) of the ginkgo beverage samples was measured using a laser
diffraction (Malvern Mastersizer 2000 with Hydro 2000s; Malvern In-
struments Ltd., UK), while the zeta potential of beverage samples was
measured using a Brookhaven Omni (Nano Brook Omni, Brookhaven
Instruments Corporation, USA). All samples were diluted 10 times using
deionized water, and these dilutions were used to determine particle size
and zeta potential at 20 °C. The final particle size zeta and potential
values resulted from analyzing the beverage samples in triplicate.

2.3.2. Rheology

The rheological properties of the cloudy ginkgo beverage samples
were measured using a DHR-3 rheometer (Waters, USA) at 25 + 0.1 °C.
Beverage samples (2 mL) were carefully deposited over the plateau of
the rheometer, and set a cone and plate geometry (cone diameter 40
mm, angle 2°, gap 0.100 mm) was employed. The shear rate ranged from
0to 100}, and the apparent viscosity of the system was evaluated at a
shear rate of 30 s~ L.

2.3.3. Evaluation of beverage stability

A Turbiscan analyzer (Turbiscan MA 2000; Formulaction, France)
was used to monitor the movement of suspended particles in the
beverage samples and to evaluate beverage stability. Samples were
periodically scanned from bottom to top by a pulsed near-infrared light
source (wavelength 850 nm). The scanning time was from O h to 2 h at
intervals of 3 min at 50 °C. The device collected the backscattered
profiles of beverage samples and computed the mean values of the delta
backscattering intensity based on the TSI formula (Eq. (2)), which can
reflect the stability of beverages.

> ulscan;(h) — scan;_ (h)|
TSI = 2
pRem @
where: scanj(h) - average backscattering for each time (i) of measure-
ment, scan;.j(h) - average backscattering for the i-1 time of measure-
ment, and H - sample height.

2.4. Data analysis

All experiments were performed in triplicate. Analysis of variance
(ANOVA) was employed to determine significant differences at the P <
0.05 level using SPSS 19.0 software. All data are expressed as mean +
standard deviations (SD) of triplicate experiments.

3. Results and discussion
3.1. Changes in particle size and size distribution

As shown in Fig. la, the particle size of all beverage samples
increased after the sterilization process. This could be due to the dena-
turation and coagulation of proteins and the aggregation of carbohy-
drates induced by the high temperature of the sterilization process. Liu,
Sun, Xue, and Gao (2016) reported that sterilization (121 °C, over 25
min) led to poor physical stability in walnut beverage emulsions due to
the denaturation and coagulation of walnut protein. Fig. 1b showed the
change in particle size distribution of beverage samples after
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Fig. 1. The particle size of beverages added with
different sterilizer before and after sterilization pro-
cess (a). ([ ]D: Before sterilization; (EEE): After
sterilization. The particle size distribution curves of
beverages after sterilization process (b). (---m---):
Control; (—e— ): MCC; (—a—): gellan; (- » -):
F1; (—#—): F2; (—e—): F3; (——): F4. Samples
designated with different capital letters (A, B, C, D, E)
were significantly different (p < 0.05) in particle size
when compared between beverages added with
different formulations (same sterilization treatment).
Samples designated with different lower case letters

Control MCC  gellan Fl F2 F3 F4
Samples

sterilization. All beverages exhibited a bimodal distribution after ster-
ilization, with the two modes located at 10 pm and the other approxi-
mately 50 pm. This result is consistent with a previous study (Ni et al.,
2019). The intense sterilization conditions caused a sharp increase in the
peak located at approximately 50 pm for the control beverage, sug-
gesting the appearance of plenty of larger aggregated particles. The
addition of MCC and/or gellan was beneficial in inhibiting the aggre-
gation of suspended particles, as evidenced by the lower height of the
peak located at approximately 50 pm. Moreover, the particle size values
of beverage samples added with hydrocolloids were smaller than those
of control sample after sterilization. This protective behavior can
potentially be ascribed to the formation of a three-dimensional network
structure of MCC (Kijima, 2006) or fluid the gels of gellan (Sworn,
2009). Of note, the particle size of the beverage samples added with only
0.1% gellan increased to 48 pm after sterilization, which was larger than
that of the beverages added with 0.3% MCC (37 pm). This result suggests
that MCC performs better than gellan at inhibiting particle size change
during the thermal sterilization process.

With respect to the beverage samples treated with a mixture of MCC
and gellan, the particle size change was closely related to the ratio of
MCC to gellan. The beverage samples added with F1 (0.3% MCC and
0.05% gellan, w/w) exhibited the smallest increase in particle size
(33%) while the particle size of the beverage added with F4 (0.3% MCC
and 0.15% gellan, w/w) increased by 150% after sterilization. This huge
increase in particle size of the samples added with F4 was even larger
than that of the samples added with only MCC (75%). These results
indicate that the appropriate ratio of MCC to gellan is crucial for pre-
venting an increase of particle size.

3.2. Zeta potential changes

As shown in Fig. 2, the zeta potential values for all samples were
clearly negative, indicating that there are more negatively charged
particles than positively charged particles in the cloudy beverages. This
was attributed to both the isoelectric point (pl) of the ginkgo proteins as
well as to the properties of added stabilizers. Proteins in ginkgo bever-
ages exhibit negative charge because the pH of beverages (7.0) is above
the pl of ginkgo proteins (4.62) (Yang et al., 2011). Furthermore, the
absolute value of zeta potential of the beverage samples added with MCC
or gellan gum were higher than that of the control. This is because both
MCC and gellan are anionic polysaccharides (Sworn, 2009; Xu et al.,
2016) and thus provide a certain amount of negatively charged particles.
After sterilization, the zeta potential values of all beverages increased,
possibly due to a reduction in the effective surface charge of suspended

Particle size (um)

(a, b) were significantly different (p < 0.05) when
compared between beverages before and after steril-
ization (same formulation).
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Fig. 2. The zeta potential of beverages added with different stabilizers before
and after sterilization process. ("7 ]): Before sterilization; (HE): After sterili-
zation. Samples designated with different capital letters (A, B, C, D) were
significantly different (p < 0.05) in zeta potential values when compared be-
tween beverages added with different formulations (same sterilization treat-
ment). Samples designated with different lower case letters (a, b) were
significantly different (p < 0.05) when compared between beverages before and
after sterilization (same formulation).

particles induced by the particle aggregation. The effective surface
charge of suspended particles is a primarily determinant of their
dispersion and aggregation (Song, Zhou, Fu, Chen, & Wu, 2013). In
addition, the zeta potential of the beverage samples added with only
0.1% gellan increased to —30 mV after the sterilization process, which
was a larger change than that in the sample added only 0.3% MCC (—36
mV). This result is consistent with particle size results shown in Fig. 1a.
The lowest zeta potential change was observed in the sample added with
F1 in which the value after sterilization process reached —40 mV. This
implies that the suspended particles in the beverage samples did not
easily aggregate together due to strong electrostatic repulsion.

3.3. Rheology properties

The curves of shear stress versus the shear rate of beverage samples
following sterilization treatment are shown in Fig. 3. Clearly, all
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beverages were typical shear thinning fluids, showing shear stress in-
creases with the increase of shear rate (Ni, Li, & Fan, 2020). Moreover,
the Herschel-Bulkley model could be used to fit the stress-shear rate
curves due to the observation of a yield stress. The corresponding pa-
rameters are tabulated in Table 1. The determination coefficient (R2) of
all beverages was almost equal or higher than 0.96, further confirming
the good fitness of this model. All flow behavior index (n) values were
lower than 1, suggesting that all beverage samples were pseudoplastic
fluids (Li et al., 2019). The observed stress from samples added with
MCC or gellan was attributed to the formation of the network structures
or fluid gels induced by the entangling effect of polysaccharide
(Krawcezyk et al., 2009; Sworn, 2009). Interestingly, the yield stress
values (t() of samples added with F1 or F2 were higher than those of
samples added with only MCC or gellan, while the yield stress values (7o)
of samples added with F3 or F4 were smaller. This indicates that the
network structures in samples added with F1 or F2 were stronger than
those of other beverage samples.

Additionally, the apparent viscosity of all samples decreased after
the sterilization process, as shown in Table 2. Following sterilization, the
reduction in apparent viscosity of the beverage sample added with only
gellan (35%) was larger than that of the sample added with only MCC
(22%), demonstrating that the fluid gel formed by gellan may be more
influenced by sterilization than by the MCC three-dimensional network.
This result is consistent with the result related to particle size (Fig. 1)
and zeta potential change (Fig. 2). Further, Krawczyk et al. (2009) re-
ported that the MCC system has good thermal stability and that tem-
perature changes have little effect on the functionality and viscosity of
MCC dispersions. The viscosity reduction of the samples added with F1,
F2, F3, and F4 were 11.24%, 14.56%, 39.02%, and 52.30%, respec-
tively. The result indicates F1 performs better in protecting beverages
against viscosity change during sterilization process. It is worth noting
that the protection capacity depends on the ratio of MCC to gellan, as
evidenced by the differences in viscosity protection of the various for-
mulations. Based on the ratio of MCC to gellan and the corresponding
viscosity changes, it was concluded that MCC combined with a small
amount of gellan (F1 and F2) may be beneficial to protect beverages
against viscosity reduction during sterilization process. In contrast, the
combination of MCC and a larger amount of gellan (F3 and F4) could
have a negative effect. These results suggest that a small amount of
gellan (0.05% and 0.08%) strengthens the thermal stability of the
network structure formed by MCC and thus impedes any decrease in

Shear stress (Pa)

0.1 1 10 100
Shear rate (s™)
Fig. 3. The shear stress as a function of the shear rate of ginkgo beverages

added different stabilizers after sterilization processing. (—s—): MCC; (—a—):
gellan; (—a—): F1; (—»—): F2; (—e—): F3; (—e—): F4.
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Table 1
Herschel-Bulkley model parameters of ginkgo beverages added different stabi-
lizers after sterilization treatment.

Samples 10 (Pa) K (Pa.s") n R?

MCC 0.21 + 0.09¢ 0.21 + 0.05% 0.41 + 0.02° 0.9995
Gellan 0.34 + 0.06° 0.25 + 0.03* 0.43 + 0.05 0.9718
F1 0.64 +0.12° 0.25 + 0.02* 0.43 + 0.04> 0.9789
F2 0.51 + 0.08° 0.18 + 0.04° 0.53 + 0.02* 0.9672
F3 0.14 + 0.02¢ 0.14 + 0.01° 0.47 + 0.03" 0.9993
F4 0.05 + 0.01° 0.10 + 0.02¢ 0.45 + 0.02° 0.9966

Different letters in the same column indicate significant difference (P < 0.05).
F1: 0.3% and 0.05%, w/w; F2: 0.3% and 0.08%, w/w; F2: 0.3% and 0.12%, w/
w; F2: 0.3% and 0.15%, w/w. After addition of stabilizers, all beverages were
sterilized at 121 °C for 25 min.

Table 2
The viscosity change of beverages after sterilization processing.

Samples Viscosity (mPa.s)
Prior to sterilization treatment After sterilization treatment

control 12.53 + 1.028 1.32 + 0.45

0.3%MCC 35.12 + 1.97° 27.14 £ 1.01°¢

0.1%gellan 70.05 + 2.11¢ 46.58 + 0.83¢

F1 89.40 + 1.344 79.89 + 1.73¢

F2 103.79 + 2.74¢ 88.25 + 1.49°%

F3 132.58 + 2.04° 80.55 + 2.14°

F4 185.21 + 1.21° 89.57 + 3.47°

Different letters in the same column indicate significant difference (P < 0.05)
between beverages added different stabilizers. F1: 0.3% and 0.05%, w/w; F2:
0.3% and 0.08%, w/w; F2: 0.3% and 0.12%, w/w; F2: 0.3% and 0.15%, w/w.
Sterilization treatment was conducted at 121 °C for 25 min.

beverage viscosity, while more gellan (0.12% and 0.15%) may disturb
the formation of MCC network structure due to the tendency of gellan
self-gel, resulting in poorer thermal stability of beverages.

3.3.1. Change in beverage stability

Fig. 4 shows the change of backscattered light intensity (/AABS) of the
beverage samples added with different MCC and/or gellan concentra-
tions. The blue and red lines represent the start and the end of scanning,
respectively. Prior to the sterilization process, there were no significant
differences in the /ABS of beverage samples added with MCC or/and
gellan. However, after the sterilization process, /ABS of beverage sam-
ples were different. This was attributed to the changes in particle size,
zeta potential, and viscosity induced by the sterilization process. With
respect to the control beverage (Fig. 4a), the /ABS value of the bottom
section (0-13 mm) gradually increased with increased scanning time
and /\BS of the upper section (13-40 mm) decreased with increased
scanning time. This indicates the concentrations of suspended particles
in the cloudy beverages underwent considerable changes during the
monitoring process (Matsumiya et al., 2014). Cloudy ginkgo beverages
contain high levels of carbohydrates and proteins that are suspended in
the liquid, thus the movement of these suspended particles (including
precipitation and aggregation) is closely related to beverage stability (Ni
et al., 2019). The decreased /\BS of the upper section (13-40 mm) can
be attributed to the precipitation of large suspended particles (86 pm)
toward the bottom, resulting in an increased particle concentration near
the bottom section (0-13 mm) of the beverages (Ni et al., 2019). In other
words, particle precipitation is the main reason for the instability of
cloudy ginkgo beverages. In contrast, beverages added with either MCC
only (Fig. 4b) or gellan only (Fig. 4c) clearly exhibited smaller ABS
values compared to the control beverage. These results indicate that
MCC and gellan can improve the physical and thermal stability of couldy
beverages due to the ability to form a network structure or self-gelation
structure (Kijima, 2006; Vilela & Cunha, 2016). However, this
improvement was limited according to the relatively large changes in
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0 min

120 min

Height (mm) of cloudy beverages:0-40 mm

Fig. 4. The change of backscattered intensity light of beverages added different stabilizers before and after sterilization processing. Uppercase letters represent
beverages without sterilization processing and lowercase letters represent beverages after sterilization processing.(A, a):0.3% MCC; (B, b):0.1% gellan; (C, ¢):0.3%
MCC and 0.05% gellan; (D, d):0.3% MCC and 0.08% gellan; (E, €):0.3% MCC and 0.12% gellan; (F, £):0.3% MCC and 0.15% gellan (w/w).

[IBS shown in Fig. 4b and c. Moreover, it is worth noting that an obvious
increased /A\BS was observed at the bottom (0-15 mm) of beverage
samples added with only gellan (Fig. 4c) but not in beverage samples
added with only MCC (Fig. 4b). This indicates that, after the sterilization
process, some suspended particles still settled to the bottom of beverages
added with only gellan. It thus appears that the three-dimensional
network formed by MCC has a better ability to resist intense high tem-
peratures in comparison to the self-gelation mechanism of gellan. For
beverage samples added with a combination of MCC and gellan, /\BS of
the beverage samples following sterilization varied according to the
ratio of MCC and gellan. The sample added with F1 (Fig. 4d) showed the
smallest /\ABS while the beverage added with F4 (Fig. 4g) exhibited a
considerably larger /A\BS.

To further evaluate the differences in stability among the beverage
samples added with differing ratios of MCC and gellan, the (TSI) of the
beverage samples as a function of scanning time after the sterilization
process was depicted in Fig. 5. A smaller change in TSI means better
beverage stability (Ni et al., 2019). It is obvious that beverage samples
added with F1 or F2 exhibited a slight TSI change during the monitoring
process, indicating that the addition of F1 or F2 could effectively
improve the physical and thermal stability of ginkgo beverages by
protecting suspended particles from aggregation and precipitation dur-
ing the sterilization process. It could be confirmed by a lower change in
particle size (Fig. 1) and in viscosity (Table 2). However, the addition of
F3 or F4 caused light intensity changes that were larger than that of

0.8+

0.6+

TSI

04+

024

0.0+

X T ¥ T T T T ¥ T T T ¥ T 1
-1000 0 1000 2000 3000 4000 5000 6000 7000 8000
Scanning Time (s)
Fig. 5. The TSI of beverages added with different stabilizers after sterilization

process. (—m—): Control; (—e—): MCC; (—#»—): gellan; (— & ): F1; (—<4—):
F2; (— 4 ): F3; (—w—): F4.
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those observed in the samples added with only MCC or only gellan,
suggesting that the addition of F3 or F4 was less effective at improving
the thermal stability of beverages. The main difference in the formula-
tions (F1, F2, F3, and F4) was the amount of GG. F1, F2, F3, and F4
contained 0.05%, 0.08%, 0.12%, and 0.15% (w/w) gellan, respectively.
Based on the above findings, it can be concluded that the physical and
thermal stability improvement of cloudy beverages depends on the
amount of gellan added. MCC was beneficial for the improvement of the
physical and thermal stability of cloudy ginkgo beverages when com-
bined with a small amount of gellan (0.05% and 0.08%); however, the
cloudy beverages showed low thermal stability when higher amounts of
gellan were added (0.12% or 0.15%). This is also consistent with the
results of our viscosity experiments. We assume that these results reflect
the mutual influence of MCC and gellan during the formation of network
structures. Both MCC and gellan have the ability to form the network
structures. The addition of a small amount of gellan did not appear to
affect the network structure formed by MCC. Rather, these results sug-
gest that the GG in F1 and F2 combined synergistically with MCC to
strengthen three-dimensional network structures, probably due to the
emulsifier role of small amounts of gellan (Vilela & Cunha, 2016). When
the content of gellan is increased, gellan molecules are more easily able
to form a coil-helix structure through disordered flexible polymer chains
connecting adjacent junction zones (Sworn, 2009). However, the
network structure of MCC may hinder the connection between the gellan
gum molecules, resulting in the formation of an unstable fluid gel
structure. The formation process of many fluid gel structures are also
able to destroy MCC network structures, leading to the formation of
unstable combined network structures that can be easily damaged by
sterilization (121 °C, 25 min), thereby decreasing beverage stability.

4. Conclusion

The autoclave sterilization process caused drastic changes in particle
size, zeta potential, and viscosity of cloudy ginkgo beverages. Turbiscan
analysis revealed that these changes resulted in aggregation and pre-
cipitation of suspended particles, causing beverage instability. The
addition of MCC and gellan was observed to effectively improve the
physical and thermal stability of cloudy ginkgo beverages. However, the
protection capacity depended on the ratio of MCC to gellan. MCC
combined with a small amount of gellan (0.05% or 0.08%, w/w)
exhibited good performance in protecting suspended particles from
aggregation and flocculation during the autoclave sterilization process.
Moreover, Turbiscan showed that those particles were stably suspended
in beverages. In contrast, our results suggest that increasing the gellan
concentration to 0.12% or 0.15% (w/w) leads to mutual interference
between MCC and gellan during the formation of network or gelation
structures, resulting inpoor physical and thermal stability of cloudy
ginkgo beverages.
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