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ARTICLE INFO ABSTRACT

Flavor deterioration is a serious problem in dried carrots during storage and is frequently accompanied by water
absorption and bacterial growth. To explore the underlying mechanism of flavor deterioration, relationship
among water status, exogenous bacterial composition and flavor changes in dried carrots were analyzed at
different water activities (ay, 0.43, 0.67, 0.76 and 0.84). Results suggested that the water molecules mobility
significantly increased in the dried carrots at higher a,, levels (0.67, 0.76 and 0.84), this was attributed to the
raised content of bound water, rather than immobilized or free water. Consequently, this accelerated microbial
growth and flavor deterioration. At a,, = 0.84, the characteristic flavor compounds including 2,3-butanediol,
pentanoic acid, hexanoic acid, heptanoic acid and nonanoic acid were lost. The disagreeable flavor compounds
including terpenes were produced during the storage period. These were the main contributors of flavor dete-
rioration in the dried carrots. Lactic acid bacteria, as the dominant bacteria in dried carrots during storage, were
proved to be closely related to the production of o-cymene, 3-pinene and -myrcene. Moreover, the emergence
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of Pediococcus spp. was the major factor leading to the increase of y-terpinene in dried carrots.

1. Introduction

Carrot is an important root vegetable rich in bioactive compounds
(Melough et al., 2018). Processed carrot is widely consumed all over the
world because of its highly desirable taste and special flavor and aroma.
Drying is the most efficient method for long time preservation, con-
venient transportation and consumption (Murcia et al., 2009; Oliveira
et al., 2015). Diced or sliced carrot is often dried to provide raw ma-
terials for food industry, especially for the instant food industry
(Demiray and Tulek, 2015). Moreover, dried carrot slices or dices are
the second popular dried vegetables used for snacks (Huang and Zhang,
2012). However, quality deterioration occurs to dried carrots because
of moisture absorption during inappropriate storage conditions, in-
cluding discoloration, off-flavors and loss of antioxidative properties.
Several deteriorative reactions that cause these changes are influenced
by storage conditions (Koca et al., 2007). An important aspect of con-
cern in dried foods is their chemical stabilization and physical changes
as well as microbial growth, which could occur during storage
(Caparino et al., 2017; Miranda et al., 2014).

Discoloration and loss of characteristic flavor are the significant
quality deterioration in dried carrots during storage. In turn, these
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greatly reduce consumers acceptability and commercial value of the
dried carrots (Salehi, 2018). It is reported that moisture absorption of
dried food materials, such as freeze-dried Agaricus bisporus, significantly
promote growth of spoilage microorganism and flavor deterioration
(Yang et al., 2019). Some spoilage microorganisms were contributed to
the loss of some characteristic flavor compounds and to the production
of off-flavor compounds (Rousseaux et al., 2014; Yang et al., 2019).
However, information on flavor quality deterioration in dried carrot
during storage, and the type of microorganisms causing the deteriora-
tion is still limited and unclear.

Here, we investigated the quality deterioration of dried carrots at
different water activities, and analyzed the relationship among water
status, bacterial composition and flavor changes during storage. This
might provide strategies for maintaining better quality of dried carrots.

2. Materials and methods
2.1. Sampling

Dried carrots were purchased from Xinghua Dehydrated Foods
Group Co., Ltd. (Taizhou, Jiangsu Province, China). Samples were
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Fig. 1. Appearance changes of dried carrots at different a,, levels.

placed in sealed desiccators for 50-day storage period. Five saturated
salt solutions (MgCl,, K>CO3, NaNO,, NaCl, and KCI) were used to
achieve different relative humidity at 25 °C (0.33, 0.43, 0.67, 0.76 and
0.84, respectively) (Wang et al., 2013). Sample portions were taken out
and analyzed every 10 days during storage period.

2.2. Moisture content and water status

Dried carrots (5g) were taken from the desiccators and dried at
105 °C. Moisture content was calculated by using weight loss as a per-
centage of the initial weight. Low-field nuclear magnetic resonance (LF-
NMR) was used to monitor water status and molecular mobility ac-
cording to our previous study (Yang et al., 2017). Pulse parameters
were set as follows: corresponding resonance frequency (SF) for pro-
tons: 19 MHz; spectral width (SW): 200 kHz; echo time (TE): 0.2 ms;
pulse widths at 90° (P1) and 180° (P2): 12 and 24 ms, respectively;
waiting time (TW): 3500 ms; number sampling (NS): 15; radio fre-
quency delay time (RFD): 0.5 ms; analog gain (RG1): 20 db; and digital
gain (DRG1): 3.

2.3. Total bacterial counts and sequencing libraries construction

Total bacterial counts in dried carrots at different a,, were mon-
itored according to our previous study (Yang et al., 2019). Samples
were homogenized and gradiently diluted (1:10) with phosphate buffer
solution (10 mmol/L, pH = 7.2). The homogenate was used for the
determination of total bacterial counts, which were determined using
colony counting method.

Dried carrots at 0 and 50 d at different a,, were chosen for 16s rDNA
sequencing analysis. Total DNA was extracted from the bacterium so-
lution by the TIANamp Bacteria DNA kit (TIANGEN Biotech, Beijing,
China) following the manufacturer's instruction (Mulla et al., 2018).
The V4 region primer set was chosen to obtain the best coverage of
most exogenous organisms. The 16S rDNA gene was amplified by
polymerase chain reaction amplification of V4 library and sequencing.

Forward primer: 341F CCTACGGGNGGCWGCAG;
Reverse Primer: 805R ACTACHVGGGTATCTAATCC

The polymerase chain reaction program included one denaturing

step at 94 °C for 2min, 25 cycles of 94 °C for 20s, 55 °C for 40s, and
72°C for 1 min, followed by a final extension at 72 °C for 10 min and
4°C forever. Then, the 16S rDNA from the samples were examined with
MiSeq sequencing by Genesky Biotechnology Inc. (Shanghai, China).
High-throughput sequencing was performed on the Illumina Miseq
platform with 2 X 250 bp paired-end method after the library was
quantified. Operational taxonomic units (OTUs) were clustered with a
similarity of 97% sequence similarity cut-off for total identified bac-
terial 16S rDNA sequences by UPARSE. Mothur was used for tax-
onomical assignments at 80% confidence level based on the Ribosomal
Database Project database. Cluster analysis was performed by using the
Bray-Curtis dissimilarity index and the unweighted pair-group method
with arithmetic means (UPGMA) linkage method. Heatmap plot was
used to depict the relative abundance of each bacterial family (variables
clustering on the Y- axis) within each sample (X-axis clustering) (Xie
et al.,, 2017). Metastats was used to identify the members within a
community responsible for differences between communities (Fang
et al., 2018).

2.4. Solid phase micro-extraction combined with gas chromatography-mass
spectrometry (HS-SPME-GC-MS) analysis

Volatile compounds in dried carrots were analyzed by
HS-SPME-GC-MS according to our previous study (Yang et al., 2016).
Dried carrots (1 g) were put in a 20-mL headspace vial and then sealed.
A 75 um carboxen/polydimethylsiloxane fiber was used to collect the
volatile compounds at 60 °C for 40 min, which were then analyzed by
GC-MS (7890A/5975C, Agilent Technologies, Santa Clara, CA). Vola-
tile compounds were separated on a DB-5MS capillary column (30 m X
0.25mm, 0.25mm) (J&W Scientific, Folsom, CA, United States). Mass
spectra was taken at 70 eV ionization energy in the 35-550 amu mass
range, with the ion source temperature at 230 °C. C7-C30 n-alkanes
were purchased from Sigma-Aldrich, St. Louis, MO, USA. The retention
times of n-alkanes were used to calculate retention indices of volatile
compounds according to Skalicka-Wozniak et al. (2018). The com-
pounds were identified based on matching of the recorded mass spectral
data with MS library (NIST 08, Washington DC), literature-reported
retention index and comparison of the fragmentation patterns with
those reported in previous literatures (Cornara et al., 2018).
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Fig. 2. Moisture content (A) and total bacterial counts (B) in dried carrots at different a,,. Distribution of LF-NMR T, relaxation times of dried carrots at a,, = 0.43

(©), ay = 0.67 (D), aw = 0.76 (E) and a,, = 0.84 (F).

2.5. Orthogonal partial least squares (OPLS) analysis

OPLS can integrate multiple data blocks to improve interpretation
and identification of relevant information (Sharif et al., 2014). OPLS
was used to describe the correlation between volatile compounds
identified by GC-MS analysis and microbial composition at genus level
for exogenous bacteria in dried carrots. An OPLS model has been pre-
viously described (Sharif et al., 2014).

2.6. Statistical analysis

Experimental data from the HP-SPME-GC-MS was analyzed using
the statistical software, PASW statistic 18. The data were expressed as
the mean = standard deviation (SD). The obtained data were analyzed
by SAS system, Version 9.0 (SAS 153 Institute, Cary, NC). SIMCA 14.2
software was used for OPLS analysis. Least significant differences (LSD)
multiple comparison tests were then performed with a 95% confidence
level.

3. Results and discussion
3.1. Appearance quality

Fig. 1 shows the appearance quality of dried carrots stored at dif-
ferent a,. Discoloration, wilting and shrinkage of the dried carrots
stored at different a,, were observed after 50 days of storage. Compared
with samples at a,, = 0.43, dried carrots were soft and wet at higher a,,
(0.67, 0.76 and 0.84). Furthermore, pleasant, carrot-like flavor was lost
at a,, = 0.76 and 0.84 accompanied with bacterial growth after 30 days
of storage.

3.2. Moisture content, water status and total bacteria colony counts

Fig. 2A shows moisture content in dried carrots at different a,,.
Moisture content increased with increasing a, for all treatments. In
addition, the final values for all samples exceeded safe moisture level
(15%) for dried foods (Afzal et al., 1999).

Fig. 2B shows the total bacterial counts in dried carrots during
storage. Compared with samples at a,, = 0.43, significant bacterial
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Fig. 3. Heatmap analysis (A) and significant difference (p < 0.05) among groups (B) at family level of the exogenous bacterial composition at 0 and 50d in dried

carrots stored at different a,,.

growth was observed (p < 0.05) in dried carrots at a,, = 0.67, 0.76
and 0.84. Furthermore, the total bacterial colonies at a,, = 0.76 and
0.84 exceeded 800 at the end of storage, much larger than those at the
other two a,, levels. This indicated that a,, = 0.76 and 0.84 presented
better growing conditions for bacteria on dried carrots.

NMR signal intensity is proportional to the proton density and
moisture content (Sanchez-Alonso et al., 2014). Fig. 2C-F showed the
water status detected by LF-NMR spectroscopy. Three relaxation times
and their corresponding peak area were recorded. For samples at 0d,
the signals in the range between O and 10ms (T;) represented the
bound water, between 10 and 100ms (T»,) represented the im-
mobilized water and those between 100 and 1000 ms (T,3) represented
the free water (Yang et al., 2017). The transverse relaxation time of
bound water increased for treatment samples during storage.

The peak area of T,; in all samples increased significantly
(p < 0.05), whereas that of T», and T,3 did not change significantly
(p > 0.05). This confirms that bound water was the dominant water
status in dried carrots. In addition, T,; peak area increased significantly
(p < 0.05) in all treatments, suggesting that mobility of bound water
increased (Pitombo and Lima, 2003). In addition, the transverse re-
laxation time of bound water increased for samples at a,, = 0.76 and
0.84 during storage and was located in the range between 10 and
100 ms at the end of storage. This result indicated that molecular mo-
bility of bound water increased and could be utilized by microorgan-
isms to reactivate their growth and propagation (Li et al., 2015).

3.3. Bacterial community at the family level

Taxonomy heatmap reflects the actual similarities and differences in
community composition of these samples. The bacterial community
structure in dried carrots was visualized using a heatmap by employing
the data of relative abundance of each family. The findings were
compared using a hierarchical dendrogram (Fig. 3A). The similarity
between samples decreased from higher to lower taxonomic levels. At
the family level, Streptococcaceae, Lactobacillaceae and Leuconostocaceae
were detected as the main families in all samples. Furthermore, all the

three families belonged to the order Lactobacillales (Dehler et al., 2017).
Lactobacillales shows varying potential to cause spoilage in foods by
production of off-flavor compounds (Casaburi et al., 2015).

Cluster analysis showed that bacterial communities in samples at
a, = 0.43 were clustered closer to the samples at 0 d. However, the
communities between dried carrots at a,, = 0.84 and other samples
displayed a further relationship. Fig. 3B shows exogenous bacterial
profiles in dried carrots with significant difference between groups.
Compared with samples at 0d, relative abundance of Lactobacillaceae
significantly increased for dried carrots at a,, = 0.67, 0.76 and 0.84
(p < 0.05). Zhang et al. (2017) reported that Lactobacillaceae is posi-
tively correlated with some volatile compounds that affect flavor in
fermentation system.

3.4. Bacterial composition at the genus level

Fig. 4 shows the bacterial composition in the dried carrots at the
genus level. Although different samples markedly had different bac-
terial communities, five groups had relatively similar community
composition. For samples at 0d, the dominant genera were Strepto-
coccus spp., Lactobacillus spp., Pediococcus spp., Weissella spp. and Leu-
conostoc spp., some of which had a sum relative abundance of more
than 80%. All the bacteria were classified into lactic acid bacteria
(LAB), a gram-positive, acid-tolerant bacterial group (Alvarez-Sieiro
et al., 2016). In most cases, spoilage LABs originate from the production
line or from raw materials and are resistant to environmental stresses.
Some spoilage Lactobacilli have high heat resistance, which makes them
more likely to survive after a drying process (Ferrando et al., 2015).

After 50 days of storage, relative abundance of Weissella spp.,
Leuconostoc spp. and Lactobacillus spp. decreased whereas that of
Pediococcus spp. increased. In addition, Fructobacillus spp. was detected
in dried carrots at all a,, levels after 50 days of storage, and its relative
abundance increased with the increase in a,. In this study, LABs were
responsible for spoilage and have been shown to produce off-flavors
which frequently affect the quality of fruits, vegetables and juices
(Rawat, 2015).
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Fig. 4. Bacterial composition of the exogenous bacterial composition at the genus level (A) and relative abundance of Streptococcus spp., Weissella spp., Lactobacillus
spp. and Pediococcus spp. (B) at 0 and 50d in dried carrots stored at different a,,.

3.5. GC-MS analysis

Table 1 lists volatile compounds in dried carrots at 0 and 50 d stored
at different a,,. Fifty volatile compounds were identified, including
seven aldehydes, six acids, 20 hydrocarbons, four alcohols, three esters,
three ketones and seven heterocyclic and aromatic compounds.

For samples at 0d, acids and hydrocarbons were the main volatile
compounds. For example, acetic acid, hexanoic acid and [3-car-
yophyllene were the dominant volatile compounds, and had a relative
content of 15.90, 26.44 and 8.07%, respectively. Some typical volatile
compounds in dried carrots were also detected, including limonene,
2,3-butanediol and y-terpinene (Kjeldsen et al., 2003). However, four of
the five acids, namely pentanoic acid, hexanoic acid, heptanoic acid

and nonanoic acid, were lost at higher a,, after 50 d of storage as well as
2,3-butanediol. It was reported that 2,3-butanediol is a typical volatile
compound which gives a cocoa butter (sweet chocolate) flavor to dried
carrots (Moreira et al., 2017). Moreover, relative content of terpenes
increased at higher a,, levels after 50 d of storage. These included a-
pinene, o-cymene, (3-pinene and y-terpinene. The increased content of
terpenes was suggested to correlate with off-flavors in carrots
(Rajkumar et al., 2017). Nevertheless, bacterial growth was observed
on dried carrots at a,, = 0.67, 0.76 and 0.84 after 50d of storage.
Bacteria are known to produce a range of volatile organic compounds
that affect flavor of foods (Tait et al., 2014). However, the correlation
between the bacteria and the volatile compounds in dried carrots is still
unclear.
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Table 1
Volatile compounds content in dried carrots at different a,,.
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No. Category Compound name Retention index Relative content (%)
od a, = 0.43 a,, = 0.67 a, = 0.76 a, = 0.84
Aldehydes 9.23 7.31 9.4 6.61 6.33
1 Hexanal 800 3.63 4.19 4.24 0.81 1.05
2 Furfural 860 0.22 0.65 0.42 1.20 0.73
3 Octanal 1008 1.20 0.43 2.94 1.72 1.68
4 Nonanal 1102 1.70 — — — —
5 Decanal 1207 1.48 1.33 — — —
6 B-cyclocitral 1225 1.00 0.71 1.02 2.47 2.41
7 2-Heptenal, (E)- 961 — — 0.78 0.41 0.46
Acids 47.21 28.37 12.49 6.24 4.87
8 Acetic acid 641 15.90 18.22 12.49 6.24 4.87
9 Pentanoic acid 925 2.09 — — — —
10 Hexanoic acid 1019 26.44 10.15 — — —
11 Heptanoic acid 1076 1.30 — — — —
12 Octanoic acid 1186 1.04 — — — —
13 Nonanoic acid 1237 0.44 — — — —
Hydrocarbon 15.55 6.16 28.67 36.46 41.97
14 o-cymene 1018 1.31 1.48 14.76 11.74 12.47
15 Limonene 1028 0.90 — — 1.61 1.73
16 y-terpinene 1056 2.51 0.48 9.56 15.10 18.84
17 Naphthalene 1211 0.70 — — — —
18 Tetradecane 1400 0.30 — — — —
19 Longifollene 1403 1.76 2.68 0.85 0.49 0.46
20 B-caryophyllene 1415 8.07 1.52 3.50 7.52 8.47
21 a-caryophyllene 1455 0.52 2.47 0.46 0.78 0.93
22 (S)-B-bisabolene 1508 0.79 1.86 0.24 0.23 0.39
23 a-pinene 917 — 3.96 2.44 6.14 6.07
24 Benzaldehyde 980 — 2.11 5.01 1.22 1.13
25 B-pinene 981 — 1.67 8.08 9.58 8.04
26 p-myrcene 992 — 2.45 4.49 4.68 2.20
27 Terpinolene 1085 1.42 1.09 3.95 7.17 8.20
28 4-isopropenyltoluene 1090 — 0.59 1.20 0.72 0.68
29 Dodecane 1000 — 0.48 0.24 — —
30 Dodecane, 2,6,10-trimethyl- 1375 — 6.52 — — —
31 a-terpinene 1015 — 0.84 0.30 0.33 0.51
32 Pentadecane 1500 — 1.11 — — —
33 2,4-dimethylbenzaldehyde 1190 — — 0.36 0.27 0.30
Alcohol 1.94 12.31 0.51 0.57 0.15
34 2,3-butanediol 802 1.94 0.97 —_ —_ —_
35 Benzyl alcohol 1060 — 8.71 — — —
36 1-hexanol 855 — 2.63 0.51 0.41 —_—
37 1-nonanol 1166 — — — 0.16 0.15
Esters
38 Bornyl acetate 1283 0.22 0.27 1.12 1.81 1.82
39 Dihydroactinidioli 1532 13.22 6.14 — — —
40 Myristicin 1521 — 0.80 1.30 1.07 1.06
Ketone 0 1.29 4.14 2.8 2.49
41 Geranylacetone 1430 — 1.29 3.02 2.29 1.98
42 Acetophenone 1044 — — 0.53 — —
43 o-methylacetophenone 1170 — — 0.59 0.51 0.51
Aromatic compounds 10.69 12.2 15.6 12.55 10.92
44 B-ionone 1486 2.43 4.59 2.23 2.39 2.34
45 B-ionone 5,6-epoxide 1455 7.38 0.73 4.10 4.64 4.06
46 Caryophyllene oxide 1581 0.88 0.16 2.10 2.27 1.88
47 Pyrazine, 2,5-dimethyl- 928 — 1.04 1.94 1.17 0.83
48 Pyrazine, 2,6-diethyl- 1081 — 5.68 0.73 0.31 0.33
49 Pyrazine, 2-ethyl-5-methyl- 981 — — 4.50 — —
50 3,4-Dimethylthiophene 917 — — — 1.77 1.48

3.6. Correlation analysis

OPLS derived a model which was used to describe the correlation
between microbial composition at the genus level and the 50 volatile
compounds in dried carrots at a,, = 0.67, 0.76 and 0.84. These volatile
compounds were numbered and showed in Table 1. R? and Q? of the
model were 0.788 and 0.816 respectively, suggesting that OPLS method
was well fitted for analysis and prediction (Hemeryck et al., 2018).
Based on the correlation coefficient between volatile compounds and

bacteria at the genus level, 20 bacteria and 35 volatile compounds were
moderately and highly correlated (|p| > 0.7) (Wang et al., 2016).
Fig. 5B shows the correlation between volatile compounds and bacteria.
The red line meant a positive correlation while the blue line represented
a negative correlation.

Streptococcus spp., Weissella spp., Lactobacillus spp. and Leuconostoc
spp. were the dominant genera and were moderately and highly cor-
related with 5, 7, 4 and 21 volatile compounds, respectively. Most
terpene contents were higher in samples stored after 50 d, including o-
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cymene, y-terpinene, B-pinene and B-myrcene. Terpenes exist in gly-
coconjugated forms in several fruits and vegetables. They contribute to
a large part of the volatile compounds and are the most diverse class of
compounds (Martins et al., 2017). In addition, most volatile terpenes
were found in glycosidic forms as precursors of various volatiles. They
can be released from glycosides by acidic and enzymatic hydrolysis (Lee
et al., 2018). In this study, o-cymene, 3-pinene and (-myrcene had a
highly positive correlation with LABs, including Streptococcus spp.,
Weissella spp., Leuconostoc spp. and Lactobacillus spp. LAB metabolism
can result in -glucosidase breaking terpene-sugar bonds and enhan-
cing the release of terpenes (Lee et al., 2018). This could be a possible
reason to the domination of LAB and the increase of terpene. In addi-
tion, owing to an increase in y-terpinene, and Pediococcus spp. and their
highly positive correlation (|p| > 0.7), we hypothesized that the in-
crease of Pediococcus spp. led to an increase of y-terpinene, contributing
to a harsh and oily flavor in carrots (Ulrich et al., 2015).

4. Conclusion

In the present study, the exogenous bacterial composition and vo-
latile compounds in dried carrots were investigated at different a,, le-
vels (0.43, 0.67, 0.76 and 0.84) for 50 days. High environmental water
activity increased the bound water content and the mobility of water
molecules in dried carrots, which accelerated microbial growth and
flavor deterioration during storage. Lactic acid bacteria, such as
Streptococcus spp., Weissella spp., Lactobacillus spp. and Leuconostoc spp.
contributed to the increase of terpenes including o-cymene, B-pinene
and (-myrcene. Moreover, Pediococcus spp. caused an increase in y-
terpinene content which in turn contributed to off flavor in carrots. In
summary, controlling these bacteria might be helpful to maintain the
typical flavor compounds and overall sensory acceptability of dried
carrots during storage.


https://www.chemsrc.com/en/cas/99-85-4_167556.html

H. Pu, et al.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Acknowledgement

This work is financially supported by the Foundation of National
Key R & D Program of China (2017YFD0400903), the Priority Academic
Program Development of Jiangsu Higher Education Institutions (PAPD)
and Postgraduate Research & Practice Innovation Program of Jiangsu
Province (KYCX18_1437).

References

Afzal, T., Abe, T., Hikida, Y., 1999. Energy and quality aspects during combined FIR-
convection drying of barley. J. Food Eng. 42, 177-182. https://doi.org/10.1016/
50260-8774(99)00117-x.

Alvarez-Sieiro, P., Montalban-L6pez, M., Mu, D., Kuipers, O.P., 2016. Bacteriocins of
lactic acid bacteria: extending the family. Appl. Microbiol. Biotechnol. 100,
2939-2951. https://doi.org/10.1007/s00253-016-7343-9.

Caparino, O.A., Nindo, C.I., Tang, J., Sablani, S.S., Chew, B.P., Mathison, B.D., Fellman,
J.K., Powers, J.R., 2017. Physical and chemical stability of Refractance
Window®-dried mango (Philippine ‘Carabao’var.) powder during storage. Dry.
Technol. 35, 25-37. https://doi.org/10.1080/07373937.2016.1157601.

Casaburi, A., Piombino, P., Nychas, G.J., Villani, F., Ercolini, D., 2015. Bacterial popu-
lations and the volatilome associated to meat spoilage. Food Microbiol. 45, 83-102.
https://doi.org/10.1016/j.fm.2014.02.002.

Cornara, L., Smeriglio, A., Frigerio, J., Labra, M., Di Gristina, E., Denaro, M., Mora, E.,
Trombetta, D., 2018. The problem of misidentification between edible and poisonous
wild plants: reports from the Mediterranean area. Food Chem. Toxicol. 119, 112-121.
https://doi.org/10.1016/j.fct.2018.04.066.

Demiray, E., Tulek, Y., 2015. Color degradation kinetics of carrot (Daucus carota L.) slices
during hot air drying. J. Food Process. Preserv. 39, 800-805. https://doi.org/10.
1111/jfpp.12290.

Dehler, C.E., Secombes, C.J., Martin, S.A., 2017. Seawater transfer alters the intestinal
microbiota profiles of Atlantic salmon (Salmo salar L.). Sci. Rep. 7, 13877. https://
doi.org/10.1038/5s41598-017-13249-8.

Fang, B., Li, J.W., Zhang, M., Ren, F.Z., Pang, G.F., 2018. Chronic chlorpyrifos exposure
elicits diet-specific effects on metabolism and the gut microbiome in rats. Food Chem.
Toxicol. 111, 144-152. https://doi.org/10.1016/j.fct.2017.11.001.

Ferrando, V., Quiberoni, A., Reinhemer, J., Sudrez, V., 2015. Resistance of functional
Lactobacillus plantarum strains against food stress conditions. Food Microbiol. 48,
63-71. https://doi.org/10.1016/j.fm.2014.12.005.

Hemeryck, L.Y., Rombouts, C., De Paepe, E., Vanhaecke, L., 2018. DNA adduct profiling
of in vitro colonic meat digests to map red vs. white meat genotoxicity. Food Chem.
Toxicol. 115, 73-87. https://doi.org/10.1016/].fct.2018.02.032.

Huang, L.L., Zhang, M., 2012. Trends in Development of dried vegetable products as
snacks. Dry. Technol. 30, 448-461. https://doi.org/10.1080/07373937.2011.
644648.

Kjeldsen, F., Christensen, L.P., Edelenbos, M., 2003. Changes in volatile compounds of
carrots (Daucus carota L.) during refrigerated and frozen storage. J. Agric. Food
Chem. 51, 5400-5407. https://doi.org/10.1021/jf030212q.

Koca, N., Burdurlu, H.S., Karadeniz, F., 2007. Kinetics of colour changes in dehydrated
carrots. J. Food Eng. 78, 449-455. https://doi.org/10.1016/j.jfoodeng.2005.10.014.

Lee, S.M., Lee, J.Y., Cho, Y.J., Kim, M.S., Kim, Y.S., 2018. Determination of volatiles and
carotenoid degradation compounds in red pepper fermented by Lactobacillus para-
buchneri. J. Food Sci. 83, 2083-2091. https://doi.org/10.1111/1750-3841.14221.

Li, T., Tu, C., Rui, X., Gao, Y., Li, W., Wang, K., Xiao, Y., Dong, M., 2015. Study of water
dynamics in the soaking, steaming, and solid-state fermentation of glutinous rice by
LF-NMR: a novel monitoring approach. J. Agric. Food Chem. 63, 3261-3270. https://
doi.org/10.1021/acs.jafc.5b00769.

Martins, M.A., Silva, L.P., Ferreira, O., Schroder, B., Coutinho, J.A., Pinho, S.P., 2017.
Terpenes solubility in water and their environmental distribution. J. Mol. Liq. 241,
996-1002. https://doi.org/10.1016/j.molliq.2017.06.099.

Melough, M.M., Cho, E., Chun, O.K., 2018. Furocoumarins: a review of biochemical ac-
tivities, dietary sources and intake, and potential health risks. Food Chem. Toxicol.
113, 99-107. https://doi.org/10.1016/j.fct.2018.01.030.

Food and Chemical Toxicology 134 (2019) 110833

Moreira, M.d.V., L, Vilela, d.F., L., Miguel, d.C.P. M.G., Santos, C., Lima, N., Schwan,
F.,R., 2017. Impact of a microbial cocktail used as a starter culture on cocoa fer-
mentation and chocolate flavor. Molecules 22, 766-780. https://doi.org/10.3390/
molecules22050766.

Miranda, G., Berna, A., Gonzélez, R., Mulet, A., 2014. The storage of dried apricots: the
effect of packaging and temperature on the changes of texture and moisture. J. Food
Process. Preserv. 38, 565-572. https://doi.org/10.1111/jfpp.12004.

Mulla, S.I., Hu, A., Sun, Q., Li, J., Suanon, F., Ashfaq, M., Yu, C.P., 2018. Biodegradation
of sulfamethoxazole in bacteria from three different origins. J. Environ. Manag. 206,
93-102. https://doi.org/10.1016/j.jenvman.2017.10.029.

Murcia, M.A., Jimenez-Monreal, A.M., Garcia-Diz, L., Carmona, M., Maggi, L., Martinez-
Tome, M., 2009. Antioxidant activity of minimally processed (in modified atmo-
spheres), dehydrated and ready-to-eat vegetables. Food Chem. Toxicol. 47,
2103-2110. https://doi.org/10.1016/].fct.2009.05.039.

Oliveira, S.M., Brandao, T.R.S., Silva, C.L.M., 2015. Influence of drying processes and
pretreatments on nutritional and bioactive characteristics of dried vegetables: a re-
view. Food Eng. Rev. 8, 134-163. https://doi.org/10.1007/512393-015-9124-0.

Pitombo, R.N., Lima, G.A., 2003. Nuclear magnetic resonance and water activity in
measuring the water mobility in Pintado (Pseudoplatystoma corruscans) fish. J. Food
Eng. 58, 59-66. https://doi.org/10.1016/50260-8774(02)00334-5.

Rajkumar, G., Shanmugam, S., Galvdo, M.d.S., Leite Neta, M.T.S., Dutra Sandes, R.D.,
Mujumdar, A.S., Narain, N., 2017. Comparative evaluation of physical properties and
aroma profile of carrot slices subjected to hot air and freeze drying. Dry. Technol. 35,
699-708. https://doi.org/10.1080/07373937.2016.1206925.

Rawat, S., 2015. Food spoilage: microorganisms and their prevention. Asian J. Plant Sci.
Res. 5, 47-56.

Rousseaux, S., Diguta, C.F., Radoi-Matei, F., Alexandre, H., Guilloux-Bénatier, M., 2014.
Non-Botrytis grape-rotting fungi responsible for earthy and moldy off-flavors and
mycotoxins. Food Microbiol. 38, 104-121. https://doi.org/10.1016/j.fm.2013.08.
013.

Salehi, F., 2018. Color changes kinetics during deep fat frying of carrot slice. Heat Mass
Transf. 54, 3421-3426. https://doi.org/10.1007/s00231-018-2382-7.

Sanchez-Alonso, 1., Moreno, P., Careche, M., 2014. Low field nuclear magnetic resonance
(LF-NMR) relaxometry in hake (Merluccius merluccius, L.) muscle after different
freezing and storage conditions. Food Chem. 153, 250-257. https://doi.org/10.
1016/j.foodchem.2013.12.060.

Sharif, K., Rahman, M., Azmir, J., Khatib, A., Hadijah, S., Mohamed, A., Sahena, F.,
Zaidul, 1., 2014. Orthogonal partial least squares model for rapid prediction of an-
tioxidant activity of Pereskia bleo by Fourier transform infrared spectroscopy. Anal.
Lett. 47, 2061-2071. https://doi.org/10.1080/00032719.2014.898150.

Skalicka-Wozniak, K., Walasek, M., Aljarba, T.M., Stapleton, P., Gibbons, S., Xiao, J.,
Luszczki, J.J., 2018. The anticonvulsant and anti-plasmid conjugation potential of
Thymus vulgaris chemistry: an in vivo murine and in vitro study. Food Chem. Toxicol.
120, 472-478. https://doi.org/10.1016/j.fct.2018.07.045.

Tait, E., Perry, J.D., Stanforth, S.P., Dean, J.R., 2014. Identification of volatile organic
compounds produced by bacteria using HS-SPME-GC-MS. J. Chromatogr. Sci. 52,
363-373 0.1093/chromsci/bmt042.

Ulrich, D., Nothnagel, T., Schulz, H., 2015. Influence of cultivar and harvest year on the
volatile profiles of leaves and roots of carrots (Daucus carota spp. sativus Hoffm.). J.
Agric. Food Chem. 63, 3348-3356. https://doi.org/10.1021/acs.jafc.5b00704.

Wang, X., Shi, Q., Zhao, Y.A., Wang, X., Zheng, Y., 2013. Moisture adsorption isotherms
and heat of sorption of Agaricus Bisporus. J. Food Process. Preserv. 37, 299-305.
https://doi.org/10.1111/j.1745-4549.2011.00649.x.

Wang, Z., Lu, Z., Shi, J., Xu, Z., 2016. Exploring flavour-producing core microbiota in
multispecies solid-state fermentation of traditional Chinese vinegar. Sci. Rep. 6,
26818-26827. https://doi.org/10.1038/srep26818.

Xie, M., Chen, G., Wan, P., Dai, Z., Hu, B., Chen, L., Ou, S., Zeng, X., Sun, Y., 2017.
Modulating effects of dicaffeoylquinic acids from Ilex kudingcha on intestinal mi-
croecology in vitro. J. Agric. Food Chem. 65, 10185-10196. https://doi.org/10.
1021/acs.jafc.7b03992.

Yang, W., Du, H., Mariga, A.M., Pei, F., Ma, N., Hu, Q., 2017. Hot air drying process
promotes lignification of Lentinus edodes. LWT - Food Sci. Technol. (Lebensmittel-
Wissenschaft -Technol.) 84, 726-732. https://doi.org/10.1016/j.1wt.2017.06.039.

Yang, W., Wang, L., Hu, Q., Pei, F., Mugambi, M.A., 2019. Identification of bacterial
composition in freeze-dried Agaricus bisporus during storage and the resultant odor
deterioration. Front. Microbiol. 10. https://doi.org/10.3389/fmicb.2019.00349.

Yang, W., Yu, J., Pei, F., Mariga, A.M., Ma, N., Fang, Y., Hu, Q., 2016. Effect of hot air
drying on volatile compounds of Flammulina velutipes detected by HS-SPME-GC-MS
and electronic nose. Food Chem. 196, 860-866. https://doi.org/10.1016/j.
foodchem.2015.09.097.

Zhang, Y., Zhu, X, Li, X., Tao, Y., Jia, J., He, X., 2017. The process-related dynamics of
microbial community during a simulated fermentation of Chinese strong-flavored
liquor. BMC Microbiol. 17, 196. https://doi.org/10.1186/512866-017-1106-3.


https://doi.org/10.1016/s0260-8774(99)00117-x
https://doi.org/10.1016/s0260-8774(99)00117-x
https://doi.org/10.1007/s00253-016-7343-9
https://doi.org/10.1080/07373937.2016.1157601
https://doi.org/10.1016/j.fm.2014.02.002
https://doi.org/10.1016/j.fct.2018.04.066
https://doi.org/10.1111/jfpp.12290
https://doi.org/10.1111/jfpp.12290
https://doi.org/10.1038/s41598-017-13249-8
https://doi.org/10.1038/s41598-017-13249-8
https://doi.org/10.1016/j.fct.2017.11.001
https://doi.org/10.1016/j.fm.2014.12.005
https://doi.org/10.1016/j.fct.2018.02.032
https://doi.org/10.1080/07373937.2011.644648
https://doi.org/10.1080/07373937.2011.644648
https://doi.org/10.1021/jf030212q
https://doi.org/10.1016/j.jfoodeng.2005.10.014
https://doi.org/10.1111/1750-3841.14221
https://doi.org/10.1021/acs.jafc.5b00769
https://doi.org/10.1021/acs.jafc.5b00769
https://doi.org/10.1016/j.molliq.2017.06.099
https://doi.org/10.1016/j.fct.2018.01.030
https://doi.org/10.3390/molecules22050766
https://doi.org/10.3390/molecules22050766
https://doi.org/10.1111/jfpp.12004
https://doi.org/10.1016/j.jenvman.2017.10.029
https://doi.org/10.1016/j.fct.2009.05.039
https://doi.org/10.1007/s12393-015-9124-0
https://doi.org/10.1016/S0260-8774(02)00334-5
https://doi.org/10.1080/07373937.2016.1206925
http://refhub.elsevier.com/S0278-6915(19)30623-4/sref25
http://refhub.elsevier.com/S0278-6915(19)30623-4/sref25
https://doi.org/10.1016/j.fm.2013.08.013
https://doi.org/10.1016/j.fm.2013.08.013
https://doi.org/10.1007/s00231-018-2382-7
https://doi.org/10.1016/j.foodchem.2013.12.060
https://doi.org/10.1016/j.foodchem.2013.12.060
https://doi.org/10.1080/00032719.2014.898150
https://doi.org/10.1016/j.fct.2018.07.045
http://refhub.elsevier.com/S0278-6915(19)30623-4/sref31
http://refhub.elsevier.com/S0278-6915(19)30623-4/sref31
http://refhub.elsevier.com/S0278-6915(19)30623-4/sref31
https://doi.org/10.1021/acs.jafc.5b00704
https://doi.org/10.1111/j.1745-4549.2011.00649.x
https://doi.org/10.1038/srep26818
https://doi.org/10.1021/acs.jafc.7b03992
https://doi.org/10.1021/acs.jafc.7b03992
https://doi.org/10.1016/j.lwt.2017.06.039
https://doi.org/10.3389/fmicb.2019.00349
https://doi.org/10.1016/j.foodchem.2015.09.097
https://doi.org/10.1016/j.foodchem.2015.09.097
https://doi.org/10.1186/s12866-017-1106-3

	Exogenous bacterial composition changes dominate flavor deterioration of dried carrots during storage
	Introduction
	Materials and methods
	Sampling
	Moisture content and water status
	Total bacterial counts and sequencing libraries construction
	Solid phase micro-extraction combined with gas chromatography–mass spectrometry (HS–SPME–GC–MS) analysis
	Orthogonal partial least squares (OPLS) analysis
	Statistical analysis

	Results and discussion
	Appearance quality
	Moisture content, water status and total bacteria colony counts
	Bacterial community at the family level
	Bacterial composition at the genus level
	GC-MS analysis
	Correlation analysis

	Conclusion
	mk:H1_17
	Acknowledgement
	References




