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Abstract: The small white apricot is a juicy, delicious fruit with a short shelf life. Slight fermentation
can significantly promote the flavors and nutrient value of apricot juice. This study used high-
performance liquid chromatography (HPLC) and headspace solid-phase microextraction combined
with gas chromatography-mass spectrometry (HS-SPME-GC-MS) to examine the physicochemical
properties, nutritive value and flavor substances of apricot juice fermented by Lactobacillus plantarum
LP56. Fermentation significantly increased lactic acid bacteria (LAB) and their product lactic acid,
adding probiotic benefits to fermented apricot juice. In addition, the total phenolic compounds and
antioxidant capacity increased, while the levels of soluble solids and organic acids decreased. Gallic
acid, 3-caffeoylquinic acid and rutin mainly contributed to the antioxidant activity of fermented
apricot juice. Alcohols, aldehyde, acid, ester, etc., were the main volatile compounds. Among the
flavors, 12 substances with high odor activity values (OAV > 1) were the key aroma-producing
compounds with fruit, pine and citrus flavors. In conclusion, this study shows that L. plantarum LP56
fermentation can improve the nutritional value and aroma characteristics of apricot juice.

Keywords: fermented apricot juice; antioxidant activity; organic acids; phenolic compounds; volatile
compounds

1. Introduction

The apricot belongs to the Rosaceae family and originates from Northwest China [1]. It
is a delicious widely eaten fruit all over the world, mainly in Mediterranean countries, South
Africa, South America and North America [2]. In China, apricots are mainly distributed
in the northwest and eastern regions, the crop planting area and yields are the largest in
the Xinjiang region [1]. Apricot has become an important cash crop in Xinjiang with a
cultivation history of over 1400 years [3]. The apricots cultivated in Xinjiang include small
white apricots, Diaogan apricots, Liguang apricots, etc. The small white apricot has become
an important economic fruit in Xinjiang because of its unique flavor and concentrated
resource distribution [4].

The small white apricot is also preferred for its high nutritional value and rich func-
tional properties [5], including benefits such as cancer prevention, beauty and skin care,
etc. [6]. Due to seasonal limitations and storage difficulties, small white apricots are often
processed into dried apricots, apricot pulp and other products [7]. However, these products
fail to retain the full nutritional and flavor characteristics of the original fruit, limiting the
development of apricot products to a certain extent. Lactic acid bacteria (LAB) can rapidly
grow and reproduce in the intestine. Its products lactic acid and carbon dioxide can rapidly
reduce the pH value in the intestinal tract, inhibit the propagation of pathogenic bacteria
and bacteria harmful to human health, and thus regulate the balance of intestinal flora [8].
Notably, LAB fermentation can improve the functional and nutritional value of fermented
food products by regulating the human intestinal microenvironment [9]. The nutritional
and sensory quality of several fermented fruit and vegetable juices has been improved by

Fermentation 2022, 8, 533. https:/ /doi.org/10.3390/fermentation8100533

https://www.mdpi.com/journal /fermentation


https://doi.org/10.3390/fermentation8100533
https://doi.org/10.3390/fermentation8100533
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/fermentation
https://www.mdpi.com
https://orcid.org/0000-0002-8553-847X
https://doi.org/10.3390/fermentation8100533
https://www.mdpi.com/journal/fermentation
https://www.mdpi.com/article/10.3390/fermentation8100533?type=check_update&version=2

Fermentation 2022, 8, 533

2 of 14

fermentation [10]. A compound beverage developed from jujube and dried apricot is well
appreciated by consumers for its unique flavor and full taste [9].

In recent years, with the growing demand for functional foods, the research on probi-
otic products has increased significantly [11]. LAB fermentation is an economical biotech-
nology solution to improve the shelf life and nutritional, functional and sensory quality of
fermented products [12]. In addition, providing sufficient nutrition, fruits and vegetables
are good environments for the growth of LAB [10]. Currently, LAB are widely used in the
fermented food industry. Moreover, LAB-fermented fruit and vegetable juices have certain
health benefits such as reducing serum cholesterol, inhibiting the growth of intestinal
spoilage bacteria, and regulating the balance of microbiota [13]. Although studies have
reported the effects of LAB fermentation on the functional characteristics of many plant
foods [14], the LAB fermentation effect on volatile flavor compounds, phenolic profiles and
antioxidant capacity of apricot juice is largely unknown. In the fermentation process, LAB
showed an upward trend. After fermentation, apricot juice obviously has a fermented taste
and flavor.

Accordingly, this study examined the effect of L. plantarum LP56 fermentation on the
flavor and nutritional value of apricot juice. The organic acids, phenolic compounds and
aromatic compounds of apricot juice were analyzed by HPLC and HS-SPME-GC-MS in
seven fermentation stages. Our results provide a theoretical reference for the industrial
production of fermented apricot juice.

2. Materials and Methods
2.1. Apricot and Microbial Strains

The small white apricot came from the Luntai region, Xinjiang, China, and was
harvested in June 2021. Five boxes of small white apricots (5 kg per box) were collected
from the same orchard based on the five-point sampling method. The soluble solid content
(SSC) of the small white apricot was 12.3-13.5 °Brix. The small white apricot was stored at
4 °C for subsequent testing. The L. plantarum LP56 strain was from Xiannong Biotechnology
(Shanghai) Co. Ltd. Previous work reported that L. plantarum LP56 has been used in the
fermentation of walnut milk, which can improve the nutritional value and flavor of walnut
milk [15]. L. plantarum LP56 was inoculated on an MRS plate and incubated at 37 °C for
24 h until it reached log7 CFU/mL. Then, the culture was obtained by culturing aseptic
apricot juice for 12 h.

2.2. Sample Preparation

Cleaned apricot fruits were enucleated and crushed with deionized water (50 °C) in a
ratio of 3:7 in the presence of sodium erythorbate to protect the fruit color. The mixture was
finely ground with a colloidal mill with a fineness of 2 mm. The soluble solids of apricot
juice were adjusted to 13 °Brix by glucose. The prepared apricot juice was pasteurized
in a water bath (85 °C) and inoculated with 2% (v/v) L. plantarum LP56 inoculum. The
inoculated apricot juice was fermented in a 37 °C incubator for 12 h, and samples were
collected for 0 h (S0), 2 h (S2), 4h (54), 6 h (56), 8 h (S8), 10 h (S10) and 12 h (512), respectively,
for analysis.

2.3. Physicochemical Analysis

The number of viable bacteria was determined by the plate counting method. The
pH was measured by a pH meter (PHS-3C, Shanghai INESA Scientific Instrument Co.
Ltd., Shanghai, China) [16]. SSC was measured by a digital refractometer [17]. The
titratable acidity (TA) of fermented apricot juice was determined by acid-base titration and
is expressed as the percentage of lactic acid.

2.4. Determination of Organic Acids by HPLC

Organic acids in fermented apricot juice were extracted as described previously [18].
Briefly, 1 mL of fermented apricot juice was evenly mixed with 10 mL of distilled water.
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The mixture was sonicated at room temperature (RT) for 30 min and then centrifuged at
6000 r/min for 10 min to separate the supernatant, which was filtered by a 0.22 um aqueous
phase filter membrane.

The filtered sample was used for organic acids determination by HPLC [19]. The HPLC
conditions were as follows: chromatographic column, Dikma C;g column (250 mm X 4.6 mm,
5 um, Diamonsil Plus, China); mobile phase, 1 mmol/L K;HPO, (pH 2.0, A) and 3%
methanol (B); elution, isocratic elution for 10 min; flow rate 0.5 mL/min; injection volume
10 pL. Respective standard curves were used for compound estimation.

2.5. Determination of Phenolic and Total Flavonoid Contents

Total phenolic content was determined using the Folin—-Ciocalteu method [20]. Specifi-
cally, 0.1 mL of fermented apricot juice was evenly mixed with 5.9 mL of distilled water.
Next, the mixture was added with 0.3 mL of Folin—Ciocalteu reagent with shaking. After
3 min, 2.0 mL of 6% sodium carbonate solution was added and mixed thoroughly. The
mixture absorbance was measured at 765 nm after 60 min of the reaction in the dark. The
results are expressed as gallic acid (mg/L).

The total flavonoid content (TFC) was determined as described elsewhere [21]. Briefly,
0.1 mL of fermented apricot juice was mixed with 0.9 mL of methanol. Then, 2.7 mL
methanol (30% v/v) was added to the mixed sample with shaking. Next, 0.2 mL of
0.5 mol/L NaNO; and 0.4 mL of 0.3 mol/L AICl3-6H,0O solutions were added, and the
mixture was shaken for 5 min. Finally, 1 mL of 1 mol/L NaOH solution was added to
the mixed sample with mild shaking. The absorbance of the final mixture was measured
at 510 nm. Distilled water instead of the developer AICl; solution was used in control
samples. The results are expressed in rutin equivalent values (mg/L).

2.6. Determination of Antioxidant Activity In Vitro

The DPPH radical scavenging activity of the fermented apricot juice was determined as
in Granato et al. [21]. Briefly, the fermented apricot juice was diluted 10 times with distilled
water. A 0.2 mL volume of diluted fermented apricot juice was added with 3.9 mL of DPPH
methanol solution, and the reaction was allowed for 20 min in the dark. Methanol instead
of fermented apricot juice was used in control samples. The final mixture absorbance was
measured at 517 nm. The ABTS* radical scavenging activity of the fermented apricot juice
was estimated according to Wang et al. [22]. The CUPRAC and FRAP reduction abilities
of the fermented apricot juice were determined as described previously [23]. Antioxidant
capacities are reported as Trolox equivalents.

2.7. Determination of Phenolic Compounds

Phenolic compounds were estimated using a Shimadzu HPLC system equipped with
a photodiode array detector and Diamonsil Plus C18 column (5 pm, 4.6 mm x 250 mm,
Beijing, China). The mobile phase included methanol (pump A) and 0.1% of phosphoric
acid (pump B). The gradient elution was as follows: 15% A at 0 min, 20% A at 25 min, 75%
A at 65 min and 15% A at 70 min [24]. The other parameters of HPLC were as follows:
flow rate, 0.8 mL/min; column temperature, 30 °C; injection volume, 20 pL; detection
wavelength, 280 nm. Corresponding standard curves were used for the quantification of
phenolic compounds.

2.8. Determination of Aromatic Volatile Compounds

A 5 mL volume of fermented apricot juice, 1 g of sodium chloride and 10 pL of
internal standard solution (3-octanol) were added to the 20 mL headspace vial. The
mixture was incubated at 40 °C for 10 min. Then, the SPME fiber with divinylben-
zene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS, 50/30 um) was immediately
inserted into the vial for extraction of volatiles. After 50 min, the analytes were desorbed in
the gas chromatography (GC) injector at 230 °C for 5 min [25].
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Analysis of volatile substances was performed using gas chromatography (GC) and
triple quadrupole mass spectrometer (Agilent 8890-7000D, Santa Clara, CA, USA) coupled
with an HP-Innowax capillary column (30 m x 0.25 mm X 0.25 pm). Helium (99.999%)
was used as a carrier gas at a flow rate of 1 mL/min. The GC program started at 40 °C for
5 min, then the temperature was increased to 115 °C at 3 °C/min, and then to 180 °C at
5 °C/min and maintained for 2 min. The temperature was finally increased to 230 °C at
10 °C/min and held for 5 min [26]. The ionization source temperature was 270 °C. The
mass spectra were obtained at 70 eV for a scanning range of 35-350 m1/z at an interval
of 0.2 s. Identification of volatile components was performed by comparing the mass
spectra of samples and retention indices (RI) in the NIST 14.0 library. The content of volatile
compounds was calculated by the internal standard method.

2.9. Sensory Evaluation

The sensory evaluation of the fermented apricot juice was carried out by an evaluator
group of 10 undergraduates and 10 master’s students from the College of Food Science,
Shihezi University, China. The samples were poured into transparent plastic cups and were
randomly numbered. The experts were provided with water to gargle after each taste test.
A 9-point characteristic scale was used for sensory evaluation (9, extremely popular; 8, very
popular; 7, moderately popular; 6, slightly popular; 5, neither liked nor hated; 4, slightly
unpopular; 3, moderately unpopular; 2, very unpopular; 1, extremely unpopular).

2.10. Statistical Analysis

All experimental data are expressed as mean =+ standard deviation from three repe-
titions. The SPSS 20 software was used to assess significant differences between the two
groups (IBM, Chicago, IL, USA). The principal component analysis (PCA) was performed
by the SIMCA 14.1 software (Biometric Software Developer Umetrics, Umed, Sweden).
Origin 8.5 was used to generate histograms, heat maps and radar charts.

3. Results and Discussion
3.1. Microbial and Physicochemical Indicators of the Fermented Apricot Juice

The selected LAB strain increased immediately when inoculated into apricot juice
(Figure 1). During fermentation, the number of viable cells in 0 h of fermentation was
significantly lower than that in 12 h of fermentation (p < 0.05). The viable cell count
increased rapidly after 4 h of fermentation, indicating the robust viability of L. plantarum
LP56. After 10 h of fermentation, the rising trend of viable cell count began to slow
down. This may be caused by the production of lactic acid and the decrease in pH during
fermentation [15].

The changes in pH, SSC and TA were analyzed in the fermented apricot juice (Figure 1).
TA in apricot juice fermentation showed an upward trend, and the TA in 12 h fermentation
was significantly higher than that in 0 h fermentation (p < 0.05). TA of fermented apricot
juice also increased because of the acid produced by the action of L. plantarum LP56 [27].
SSC is one of the key quality indicators, which has an impact on the taste of fruit juice. SSC
in apricot juice fermentation showed a downward trend, and the SSC in 12 h fermentation
was significantly lower than that in 0 h fermentation (p < 0.05). SSC decreased from 13.5
(before fermentation) to 12.7 °Brix, with a decrease of 0.8 °Brix. During the fermentation,
L. plantarum LP56 could have consumed the carbon and nitrogen sources in apricot juice
reducing its SSC [28]. The pH of fermented apricot juice varied from 3.6 to 4.2 during
different stages of fermentation, indicating a minor change.
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Figure 1. Physicochemical and microbiological chemical indicators of apricot juice of different
fermentation stages. pH, titratable acid (TA), soluble solids content (55C), viable cell counts. Different
lowercase letters indicate significant differences between samples at different fermentation stages
(p <0.05).

3.2. Composition and Content of Organic Acids in Fermented Apricot Juice

The distribution of organic acids affects the sensory property of fruit juices [29]. The
acidity of fermented apricot juice was determined by estimating the composition and
concentration of organic acids [30]. The composition of the five organic acids (including
malic, citric, lactic, quinic and oxalic acids) in fermented apricot juice was detected at
different stages of fermentation (Figure S1A).

Malolactic fermentation is an important process improving the flavor of fruit and
vegetable juices, in which malic acid is converted to lactic acid and CO, by malic lactase of
LAB [31,32]. In this study, the content of organic acids in fermented apricot juice varied at
different stages (Figure S1B). In the fermentation process, malic acid showed a downward
trend and lactic acid showed an upward trend. The malic acid content was the highest
at2h (1.93 mg/L), and the lactic acid content was the highest (2.36 mg/L) at the end of
fermentation. The participation of malic acid in the production of lactic acid may lead to a
decrease in malic acid [26]. Malic acid provides a pungent taste to apricot juice [33] and can
synergize with other flavors to create a more natural flavor [34]. In the tricarboxylic acid
cycle, lactic acid is the final product of LAB fermentation, which is synthesized by pyruvate
reduction or malic acid conversion [17]. Lactic acid provides a full and soft flavor to apricot
juice [35]. In addition to malic acid, residual sugar and citric acid, other components are
also decomposed by LAB [36].

Citric acid has an effect on the acidity of fermented apricot juice [34]. Citric acid in
fermented apricot juice showed a downward trend. The initial content was 1.63 mg/L,
which was 1.52 mg/L after 12 h of fermentation, with a decrease of 0.11 mg/L. In LAB
fermentation, citric acid can be degraded to produce acetic acid, diacetyl, etc. [37]. Quinic
acid decreased from 0.67 to 0.51 mg/L. Oxalic acid content did not change significantly
during the fermentation.

3.3. Composition and Content of Phenolic Compounds in Fermented Apricot Juice

Gallic acid, 3-caffeoylquinic acid, epicatechin, rutin, quercetin and kaempferol are
the main phenolic compounds in fermented apricot juice (Figure S2A). Gallic acid and
rutin showed an upward trend, while 3-caffeoylquinic acid and kaempferol showed a
downward trend, while epicatechin and quercetin did not change significantly during
apricot juice fermentation (Figure S2B). Rutin (8.19 mg/L) and quercetin (3.97 mg/L)
were the main flavonols in the fermented apricot juice. Epicatechin remained at a low
level during fermentation. Gallic (8.79 mg/L) and 3-caffeoylquinic acid (4.92 mg/L) acids
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were the two main phenolic acids in fermented apricot juice. Similar changes were also
observed in the LAB fermentation of bog bilberry juice [38]. During fermentation, several
decarboxylases and esterases are released by L. plantarum to degrade phenolic acids [27].

Many factors can affect the phenolic content in apricot juice during fermentation.
A study showed that the phenolic compounds in L. plantarum fermented bog bilberry
juice decreased after fermentation [39]. On the contrary, mulberry juice fermented with
L. plantarum and L. paracasei showed an increase in phenolic compounds [38]. Therefore,
the change in phenolic content can be affected by the used strains and raw materials. The
nutritional value of phenolic compounds is debatable. On the one hand, the composition
and content of phenolic compounds may increase the flavor and nutritional value of
fermented apricot juice, on the other hand, microbial metabolism of phenolic compounds
may also have adverse effects [40]. In recent years, certain phenolic compounds have been
shown to possess antioxidant activities [41] and therefore may improve the antioxidant
function of fermented apricot juice.

3.4. Functional Components and Antioxidant Activity

Total phenolic (TPC) and flavonoid (TFC) contents are the bioactive substances in
the fruit that possess antioxidant activity [42,43]. The TPC ranged from 69.61 to 82.48,
and TFC ranged from 37.63 to 49.25 mg/L in seven fermentation periods of apricot juice
(Table S1). TPC and TFC in apricot juice fermentation showed an upward trend. After 12 h
fermentation, TPC and TFC increased by 5.82 mg/L and 4.18 mg/L, respectively. The TPC
(82.48 mg/L) and TFC (49.25 mg/L) were the highest at 12 and 8 h of fermentation. The
higher phenolic and flavonoid contents of fermented apricot juice can be the reason for its
use in folk medicine [44].

In recent years, the antioxidant benefits of fermented foods on human health have
gained much attention from research scholars. In vitro tests based on DPPH, ABTS, FRAP
and CUPRAC scavenging methods are frequently used to evaluate the antioxidant capacity
of food products [34]. The same was examined for fermented apricot juice (Figure S3). Post-
fermentation, DPPH, ABTS and FRAP free radical scavenging activities increased by 282.73,
149.43 and 19.43, while CUPRAC free radical scavenging activity decreased by 419.66
umol/L, respectively. Studies showed that the DPPH free radical scavenging activity of L.
rhamnosus fermented carrot juice showed a decreasing trend, while the same increased for L.
bulgaricus fermented carrot juice [45]. L. plantarum fermentation improved the antioxidant
activity of kiwifruit pulp [46]. L. plantarum fermentation can affect the transformation
or protection of bioactive compounds improving the antioxidant activity of fermented
foods [47]. The antioxidant compounds can act as singlet oxygen quenchers, metal chelators,
hydrogen donors of free radicals and free radical terminators [48]. Importantly, antioxidant
capacity may be affected by factors such as strain type, bacterial cell concentration and
bacterial metabolic capacity [49].

3.5. Correlation Analysis of Phenolic Compounds and Antioxidant Capacity

The results showed that each phenolic compound may have a different effect on
the antioxidant capacity. Kaempferol, quercetin and rutin had a VIP > 1 (Figure 2A),
indicating a high correlation with antioxidant capacity. The correlation analysis was
performed by the SIMCA 14.1 software using phenolic compounds and antioxidant activity
as variables (Figure 2B). Network analysis revealed that gallic acid, 3-caffeoylquinic acid,
rutin and quercetin had a positive correlation with DPPH, ABTS, FRAP and CUPRAC free
radicals. Kaempferol and TFC showed a negative correlation with DPPH and CUPRAC,
while epicatechin and TPC were negatively correlated with CUPRAC free radicals. The
correlation study may provide some insights into the changes in nutritional function of
fermented apricot juice. For example, DPPH in blueberry juice is positively correlated
with rutin and caffeic acid. [50]. The correlation between antioxidant activity and phenolic
compounds can be affected by many factors and differ with estimation methods [51].
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Therefore, the antioxidant functions of fermented wolfberry juice were determined through
a series of rigorous tests, and then the correlation analysis was carried out [52].

A: Gallic acid
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TFC: Total flavonoids
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Figure 2. VIP value diagram (A) and correlation diagram (B) of antioxidant capacity and phenolic
compounds in seven fermentation stages of apricot juice. Each node represents phenolic compounds
or antioxidant capacities. The green solid line and purple solid line represent positive and negative
correlation, respectively. In addition, line width indicates the strength of correlation.

3.6. Variable Changes in Volatile Substances during Fermentation of Apricot Juice

The sensory characteristics and consumer acceptance of fermented apricot juice de-
pend on the composition and concentration of volatile flavors. The composition and types
of volatile flavors in fermented apricot juice are shown by a Venn diagram in Figure 3A.
The volatile flavors were dynamically monitored by HS-SPME-GC-MS during all the stages
of fermentation. In total, 50 volatile compounds were determined (Figure S5 and Table 52)
including terpenes (11), alcohols (8), ketones (8), aldehydes (7), esters (6), acids (4) and
other compounds (6). Terpenes accounted for 52—-61% of the total volatile matter, followed
by alcohols (31-34%) and aldehydes (2-9%), esters, ketones, acids and other compounds
accounted for 8-16% (Figure 54).

e

B

\,:,‘OOV

Figure 3. Venn diagram (A) and principal component analysis (PCA) (B) of volatile compounds from
apricot juice during seven fermentation periods. S0, S2, 54, S6, S8, S10 and S12 represent fermentation
forOh,2h,4h,6h,8h,10 hand 12 h.

A scatter plot showing the results of principal component analysis (PCA) of volatile
compounds in seven fermentation stages of fermented apricot juice is shown in Figure 3B.
Each stage was clustered according to the concentration and type of substances. The PCA
showed that apricot juice had different flavors and metabolic characteristics in different
stages of fermentation [53]. The volatile compounds were low at the initial stages (at 0, 2 or
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4 h) and then rapidly increased after 4 h of fermentation. At 6 h, the contents of volatile
compounds such as o-terpineol, nerol, 3-pinene and terpinene increased to the highest. At
8 h, the contents of volatile compounds such as (E, E)-2,4-heptadiene aldehyde, limonene,
v-decanolactone and 2,5-dimethylfuran were the highest. At 10 h, volatile compounds
such as 3-hydroxy-2-butanone, 2-nonanone, 3-ionone, 3-carene and methyl salicylate were
the highest, and the types of volatile compounds were the most in the whole fermentation
period. At 12 h, the volatile compounds showed a slight decrease, which may be due to
the reduced growth of LAB. The total amount of volatile compounds in wheat sourdough
increased by 7- to 100-folds after fermentation [54]. Esters and ketones significantly improve
the flavor of fermented products [55]. The change in flavor compounds of apricot juice
was consistent with the change in the number of viable bacteria (Figure 1), indicating the
importance of fermentation.

3.7. Characteristics of Change in Volatile Components by GC-MS

Volatile compounds play an important role in the flavor of fruit juices [26]. We found
fermentation significantly altered the amount and types of volatile compounds in fermented
apricot juice (Figure S6). Terpenes and alcohols were the major flavor volatile compounds
in fermented apricot juice. Linalool was the most abundant at 1716.45 + 14.01 pg/L. 3-
pinene, 3-myrcene and limonene were detected after 12 h of fermentation. These results are
consistent with fermented pomegranate juice; higher terpene content (such as 3-myrcene,
limonene, etc.) produces pine and citrus odor [56]. The content of o-terpineol in the raw
apricot juice (876.46 £ 35.78 ug/L) decreased to 567.54 + 9.27 ug/L after fermentation.
The microbial-produced alcohols are reduced by dehydrogenases to aldehydes or other
alcohols [57]. In addition, eight ketones and seven aldehydes were detected after fermenta-
tion. Due to low stability, there were fewer aldehydes in fermented apricot juice, which
might have been reduced to alcohol or oxidized to acids. Some aldehydes can negatively
impact the odor of food products [58]. Glutaraldehyde and (3-ionone appeared after 12 h of
fermentation and produced a pleasant fruit and rose aroma.

3.8. Screening of Common Aromatic Substances in Fermented Apricot Juice

To understand the characteristic aroma of fermented apricot juice, 22 volatile com-
pounds were selected at different fermentation stages as common aromatic substances
(Figure S7). Linalool, a-terpineol and 3-myrcene were present in high concentrations in all
seven fermentation stages. The odor activity values (OAVs) of volatile compounds were
calculated to evaluate their influence on the flavor of fermented apricot juice. The OAV of
12 key volatile compounds (Table 1), including 3-pinene, 3-myrcene, limonene, x-pinene,
2-amylfuran, decanal, x-ionone, linalool, 2-undecanone, 3-ionone, y-decanolactone and
eugenol, was more than 1, indicating their contribution to the flavor of fermented apricot
juice. Linalool, 3-myrcene and 3-ionone are important aromatic compounds and possess
relatively high aroma thresholds.

3.9. Correlations between Chemical Characteristics and Aroma Components

The aromatic compounds may interact with each other affecting the final aroma of
fermented food [53]. Correlation analyses can reveal the relationships between aromatic
compounds and their chemical attributes [51]. The calculated Pearson correlation coef-
ficients are shown in Figure 4 and Figure S8. TA (r = 0.74), lactic acid (r = 0.90), quinic
acid (r = 0.95) and citric acid (r = 0.98) positively correlated with bacterial viable count,
while lactic acid (r = —0.76), quinic acid (r = —0.85) and citric acid (r = —0.96) negatively
correlated with a-ionone. Some aromatic compounds were related to organic acids. Some
other positive correlations were o-pinene (r = 0.98), 2-undecanone (r = 0.88) and 3-ionone
(r = 0.91) with lactic acid, malic acid with limonene (r = 0.97) and (3-pinene (r = 0.90), and
citric acid with a-pinene (r = 0.74) and eugenol (r = 0.85).
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Table 1. OAVs and flavor descriptions of selected main volatile compounds in seven fermentation stages of apricot juice.

Volatile RI Concentrations (ug/L) Threshold in Flavor
Compounds ) S2 sS4 S6 S8 S10 S12 Water (ug/L) Description
-Pinene 1112 17.04 £ 1.11°F 27.53 £0.90 € 32.81 £0.27¢ 51.80 + 3.38 4 140.21 +2.292 123.25 + 8.05° 11045 £ 451°¢ 0.0022 Grassy, Rosin
-Myrcene 1161 175.52 +12.90 2 120.27 4+ 491° 4721 +0.77 ¢ 20.53 4 1.67 9 10.48 + 0.34 de 6.89 £ 0.56 © 3.53 £0.07 © 0.0012 Malt-like
D-Limonene 1167 34234+ 0.849 36.99 4 0.60 4 7725 +1.89°¢ 8243 +0.67°¢ 98.29 +4.01° 100.80 + 0.82 P 110.65 5422 0.034 Citrus-like
a-Pinene 1028 - - - - 1414 £0.34°¢ 23.06 + 0.38? 3540 +£2.022 0.0022 Turpentine odor
2-Amylfuran 1231 16.43 £0.54° 13.77 +£0.90® 1728 £0.852 - - - - 0.0058 Bean, fruit
Decanal 1498 - - 3.21+0.022 251 40.12° - - - 0.003 Citrus
a-Ionone 1627 2.65+0.13° 2.7240.13° 3.02+0.122 - - - - 0.0026 Violet
Linalool 1547 171645 £14.01* 133210 £54.38" 123448 +£889¢  1088.58 £ 8574  1050.22 £891¢ 109147 +10.08¢  1262.41 4-10.30 ¢ 0.025 Floral, sweet
2-Undecanone 1598 - 24.34 4+ 0.60 ¢ 2029 £1.16°¢ 18.73 £ 0.61¢ 31.66 £1.29 ¢ 38.37 + 0.63P 5243 £0.86° 0.0055 Peach
f3-Ionone 2308 10.74 £ 0352 8.84 +0.29b 584 £0.33 ¢ 6.93 4 0.45 4 6.98 4 0.29 <d 7.55+043°¢ 6.23 +0.16 % 0.00009 Violets, rose
y-Decanolactone 2138 1457 £ 0472 857 +0.70 ¢ 5.10 +0.21°¢ 674 +0.444d 738+ 0544 6.95+0294d 12.41 £ 0.60° 0.0011 Peach, strawberry
Eugenol 2169 - 237 £0.04°¢ 337 £0.16 4 490 £ 0.04 ¢ 7.07 +0.40° 10.30 + 0422 6.944+0.51° 0.006 Clove

Data are expressed as the mean =+ standard deviation from replicate analyses (n = 3) of three replicate samples. The different lowercase letters in each row indicate significant differences

“_n

between samples (p < 0.05). The symbo.

means not found.
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Figure 4. Heat map of Pearson correlation coefficient for variables. The correlations among fermenta-
tion time, viable count in juice, total acid and organic acid contents, and aroma-active compounds are
shown. The larger the positive number, the stronger the positive correlation, and the opposite for
negative correlation.

Some alcohols and esters are produced from acids. For example, the formation of
ethyl lactate and ethyl acetate is related to the content of lactic and acetic acids [59]. Like-
wise, linalool is synthesized through a series of reactions during fermentation [60]. The
correlation analysis showed that the aromatic odors were affected by the substrate and
other odors in a complex manner [61]. The fermentation process can be improved, such
as mixed fermentation, with a clear understanding of flavors [54], which demands more
in-depth studies.

3.10. Sensory Evaluation

The sensory evaluation of fermented apricot juice was conducted based on indicators
such as color, taste, aroma, posture, flavor and overall acceptability (Figure 5). The taste
score of 10 h fermented apricot juice was the highest. By this fermentation stage, malic
acid was consumed and lactic acid was generated, improving the taste of the fermented
apricot juice. During the fermentation process, the color of apricot juice changed from
the initial bright yellow to a yellowish brown. In addition, the sensory evaluator group
found significant differences in their perception of the aroma and flavor of apricot juice at
different fermentation stages (p < 0.05), highlighting the change in volatile compounds in
respective samples. The overall evaluation showed that the LAB fermentation significantly
improved the acceptability of fermented apricot juice over the unfermented one.

Taste —e— S0

—e—S2
—o—S4
—e—S6
—e— S8

Colour S10
S12

Posture \

/

Flavor /./\ - /}\ Aroma

Overall acceptability

Figure 5. Sensory evaluation of apricot juice in seven fermentation stages. S0, S2, 54, S6, S8, S10 and
512 represent apricot juice samples in seven fermentation periods. The fermentation timeis 0 h, 2 h,
4h,6h,8h,10h and 12 h, respectively.
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4. Conclusions

The results showed that the nutritional quality and flavor characteristics of apricot juice
can be improved by L. plantarum LP56 fermentation. The post-fermentation increase in lactic
acid improved the taste of fermented apricot juice. In addition, the contents of phenolic
compounds and FRAP increased, improving nutritional quality. The dynamic changes in
volatile substances during fermentation positively affected the aroma of fermented apricot
juice increasing consumer acceptability.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/fermentation8100533 /s1, Figure S1. A: Composition of organic
acids in apricot juice at different fermentation stages. B: Content of organic acids in apricot juice at
different fermentation stages. Different lowercase letters indicate significant differences between
samples at different fermentation stages (P < 0.05; Figure S2. A: Composition of phenolic compounds
in apricot juice at different fermentation stages. B: Content of phenolic compounds in apricot juice
at different fermentation stages. Different lowercase letters indicate significant differences between
samples at different fermentation stages (P < 0.05); Figure S3. In vitro antioxidant activity in fermented
apricot juice. Different lowercase letters indicate significant differences between samples at different
fermentation stages (P < 0.05); Figure S4. Composition and classification of volatile compounds
in apricot juice at different fermentation stages; Figure S5. Load diagram of volatile compounds
formation in seven fermentation periods of apricot juice; Figure S6. Aroma-active substances and
their flavor attributes detected by GC-MS in juice before and after fermentation. SO represents raw
juices (0 h), S12 represents fermented juices (12 h); Figure S7. Overlay of the main chromatograms
of the apricot juice in seven fermentation periods. SO represents fermentation 0 h, S2 represents
fermentation 2 h, 54 represents fermentation 4 h, S6 represents fermentation 6 h, S8 represents
fermentation 8 h, S10 represents fermentation 10 h, S12 represents fermentation 12 h; Figure S8. Heat
map of Pearson correlation coefficient for variables. The correlations among fermentation time, viable
count in juice, total acid and the organic acid contents, and aroma-active compounds are shown.
The larger the positive number, the stronger the positive correlation, and the opposite for negative
correlation; Table S1 Physicochemical properties in fermented apricot juice; Table S2 Content of the
aroma components in the apricot juice samples.
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