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Abstract: Fresh carrot juice presents nutritional and organoleptic qualities which have to be preserved.
However, it is a fast perishable beverage, and its low-acidic pH promotes the development of
foodborne pathogens and spoilage microorganisms. This study aims to assess the modification and
variability of physicochemical and microbial indicators during storage of carrot juice, and to isolate
and select microorganisms to be used as promoters of spoilage to quantify the effect of preservation
treatments. To achieve that, 10 batches of carrot Daucus carota cv. Maestro juice were prepared
independently, stored up to 14 days at 4 ◦C and analyzed. Volatile compound composition differed
mainly according to the analyzed batch. During storage, an increase of the content of ethanol, ethyl
acetate or 2-methoxyphenol, which are produced by different microorganisms, was noticed. Isolation
of bacteria revealed Pseudomonas, lactic acid bacteria, and enterobacteria, some of them provoking
odor modification of carrot juice at 4 ◦C. Assays in carrot juice with isolated yeasts and molds showed
the ability of Meyerozyma guillermondii to induce texture modification and some isolates, e.g., Pichia
guillermondii, resulted in gas production. Selected isolates able to induce spoilage are useful to test
preservative treatments of fresh carrot juice under controlled conditions.

Keywords: yeasts; lactic acid bacteria; shelf life; spoilage; fresh juice

1. Introduction

Carrot (Daucus carota) exhibits many nutritional advantages which are retained in fresh
juice. Carrots are rich in carotenoids (6 to 54.8 mg/100 g) and do not contain many sugar
(6.6 to 7.7 g/100 g of soluble carbohydrates) compared to fruits [1]. However, fresh juice is
highly perishable, typically with a shelf life of 1–5 days at refrigerated temperatures [2–4],
but up to 10 days in other studies [5,6]. As previously reported, spoilage is observed
from pH decrease or acidity increase, total soluble solids (TSS) or sugar content decrease,
viscosity change, loss of cloud stability, modification of color, odor or taste, and for longer
storage durations, total carotenoid content decrease. These effects result from the metabolic
activity of microbial contaminants, which grow in carrot juice.

Microbial contaminants of carrots originate from soil, water, transportation, and
handling when processing. Depending on the study, the microbiological analyses target
total mesophilic bacteria, lactic acid bacteria, enterobacteria or coliforms, psychrotrophic
bacteria or yeasts, and molds [2,3,5,6]. Total aerobic mesophilic bacteria typically range
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between 4.4 and 5.9 log colony forming unit (CFU)/mL the day of processing whereas
lactic acid bacteria and yeasts and molds represent 2.8 to 4.8 log CFU/mL and 1.9 to
4.6 log CFU/mL respectively [2,3,5]. The pH of carrot juice is not restrictive for most
microorganisms, with values in the range 5.8–6.8 [3,5–8]. Hence, whatever the study, the
population of all microbial group analyzed increases during carrot juice storage, and no
clear connection between a group and spoilage effects, as observed from physicochemical
parameter changes, was established.

The studies on treatments to increase the shelf life of foods can be classified in two
groups: either a global assessment of quality is performed, considering several microbial
groups, physicochemical parameters, and sensory quality, either the study is focused
on foodborne pathogens, which can grow in the food and hence result in safety issues.
Typically for carrot-based foods, the effects of treatments to control reference strains of
Escherichia coli, Salmonella Typhimurium, or Listeria monocytogenes are reported [9–12]. In
all those studies, carrot food is initially sterilized or decontaminated then inoculated with
the microbial target before application of the treatment of interest. This approach allows to
focus on the behavior of a specific target under food conditions and reduces the variability
resulting from different batches of raw material, which harbor different levels and species of
microorganisms. We found few studies investigating the preservation of carrot-based foods
regarding specifically spoilage microorganisms, and all focused on Bacillus amyloliquefaciens
or Bacillus licheniformis spores, which can resist heat treatments and can be further recovered
in foods [13,14]. Hence, there is a lack for selected microorganisms, which cause naturally
carrot-based food spoilage and which could be used to mimic carrot-based food spoilage
under controlled conditions. Those selected microorganisms would be very useful to
investigate the potential of treatments to increase carrot-based food shelf-life.

Hence, the present study aimed at characterizing the changes occurring during storage
of fresh carrot juice, as well for physicochemical parameters, biochemical indicators of
quality and microbial groups, search for correlations between those, and isolate and select
microorganisms to be used as inducers of spoilage for further studies on carrot-based food
shelf life.

2. Materials and Methods
2.1. Carrot Sampling and Processing

Seven independent batches of carrots (Daucus carota cv. Maestro) were collected from
local markets. The production area was Reunion island (latitude: −21.1◦, longitude: 55.4◦).
Carrots were washed twice in water, manually brushed and juice was extracted (Wismer
EW-01, AudioPlus, Saint Pierre, France). The resulting juices were labelled “lab-made”.
Those batches were labelled L1, L2, L3, L4, L5, L6, and L7. Additionally, three batches
of shredded carrots, whose local origin was not certified, were collected from a company
and juice was directly extracted with the same protocol as mentioned above, and labelled
“company”. Those batches were labelled C1, C2, and C3.

The 10 carrot juice Batches were distributed in sterile glass flasks (100 mL per flask)
and stored at 4 ◦C. One flask was used for each time point of analysis. In case of obvious
detrimental odor or aspect, the batch was discarded.

2.2. Physicochemical Analyses

The pH value was measured by a pH meter (5231 Crison, and pH-meter Model GLP22,
Crison Instruments S.A. Barcelona, Spain), and the titratable acidity (TA) was determined
by titration with 0.05 M NaOH (TitroLine easy, Schott, Mainz, Germany). TA was expressed
as citric acid equivalents in g/100 mL.

Carrot juice total soluble solids (TSS), expressed as ◦Brix, were determined with a
hand refractometer (Atago, Tokyo, Japan) at room temperature.
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Three color determinations were performed for each sample (12 mL) with a spectropho-
tometer CM 3500d (Minolta®, Carrières-sur-Seine, France). Measured color parameters
were L*, a*, and b*. The color difference was calculated as:

∆E =

√
(L∗

e − L∗
c)

2 + (a∗e − a∗c)
2 + (b∗

e − b∗
c)

2 (1)

In which L*e, a*e, and b*e refer to the assay condition and L*c, a*c, and b*c to the control
condition. The control condition corresponded to freshly prepared shredded carrots.

2.3. Total Carotenoid Content

The total carotenoid content (TCC) was quantified according to an adapted method
proposed by Lichtenthaler and Buschmann (2001) [15]. To that aim, 100 mL of carrot juice
added at 1 mL of pure acetone was vortexed for 1 min. After shaking, samples were rested
at 4 ◦C during 30 min and centrifuged at 13,000× g at 4 ◦C for 15 min. Then, 200 µL of
the supernatant was deposed in a 96-well microplate and the absorbance was measured
spectrophotometrically at 470 nm. The results of TC were expressed as µg of β-carotene/mL
of carrot juice.

2.4. Analysis of Volatile Compounds

For the analysis of volatile compounds, headspace solid-phase dynamic extraction
coupled with gas chromatography/tandem mass spectrometry was used. Samples of
juice (0.5 g) were placed in headspace vials (10 mL) and 3 µL butanol (Sigma-Aldrich,
Saint-Quentin-Fallavier, France) at 200 mg/100 mL of methanol was introduced as an
internal standard for semi-quantification. Dynamic Headspace (DHS) was applied with the
following parameters: incubation 50 ◦C for 10 min; trapping on Tenax TA sorbent tube at
30 ◦C with 300 mL nitrogen, flow rate 30 mL/min under stirring at 250 rpm; 500 mL drying
phase at 30 ◦C. For Thermo Desorption Unit (TDU), a splitless injection at 30 ◦C up to
300 ◦C at 120 ◦C/min into Cool Injection System (CIS) at −40 ◦C for 5 min was performed,
followed by splitless desorption of CIS at 12 ◦C/s up to 300 ◦C for 7 min. DHS, TDU, and
CIS were from GERSTEL GmbH & Co. KG (Mülheim an der Ruhr, Germany).

Tandem gas chromatograph 7890B/MSD 5977 system (Agilent Technologies, Palo
Alto, CA, USA) with a Gerstel Robotic and polar capillary column DB-WaxUI 60 m length,
0.25 mm I.D., 0.25µm film thickness (J&W Scientific, Folsom, CA, USA) were used with
hydrogen as carrier gas at a flow rate of 2.2 mL/min. Elution was realized with the
following temperature program: isotherm 40 ◦C for 5 min, then 2 ◦C/min from 40 ◦C
to 140 ◦C, then 10 ◦C/min up to 250 ◦C. Mass spectrum were recorded in EI+ mode at
70 eV within 40 to 350 Da. Analyzer and source temperatures were 150 ◦C and 250 ◦C
respectively.

Data were analyzed with Masshunter version B. 08.00 (Agilent Technologies, Palo Alto,
CA, USA). A semi quantitative method based on specific Quantifier and Qualifier ions,
was created to extract data. Peaks identification was realized comparing mass spectra with
those of the NIST 2014 (National Institute of Standard Technology) data base. Co-injection
of alkanes series from C8 to C20 (Sigma-Aldrich, Saint-Quentin-Fallavier, France) was used
for Kovats retention indices (RI) calculations and their comparison with those found in the
literature, flavornet and pherobase websites and NIST.

2.5. Microbiological Counts

Serial decimal dilutions of carrot juice were performed in SPW (saline peptone water,
Condalab, Torrejón de Ardoz, Madrid, Spain).

Enterobacteria were enumerated on Violet Red Bile Agar (VRBG) agar (Biokar diagnos-
tic, Solabia, Allonne, France) after incubation for 48 h at 37 ◦C. Psychrotrophic bacteria were
enumerated on nutrient agar (Merck, Darmstadt, Germany) with 10 mg/mL cycloheximide
after incubation for 3 days at 12 ◦C. Yeast and mold (Y&M) enumeration was performed
on Sabouraud glucose agar (SGA) with 100 mg/L chloramphenicol (Biokar diagnostic,
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Solabia, Allonne, France) after incubation at 30 ◦C for 5 days. Lactic acid bacteria (LAB)
were enumerated on de Man, Rogosa & Sharpe (MRS) agar (Biokar diagnostic, Solabia,
Allonne, France) after incubation for 72 h at 30 ◦C.

2.6. Isolation and Indentification of Isolates
2.6.1. Isolation of Bacteria and PCR

Bacteria were isolated from MRS (selective for LAB) or nutrient media (selective for
psychrotopic bacteria) or VRBG (selective for enterobacteria) by subculturing colonies with
different aspects. Isolates were stored at −80 ◦C in nutrient broth containing 20% glycerol.

DNA primers FD1 m (AGAGTTTGATCHTGGCTCAG) and RD1 m (GGMTACCTTGT-
TACGAYTTC) were used to amplify a region encoding 16S RNA [16,17]. PCR amplification
reaction was performed in a final volume of 50 µL containing 0.1 µM of each primer, all
the deoxyribonucleotide triphosphate (dNTPs) at 200 µM, 1.5 mM of MgCl2, 10 µL of
5× Taq reaction buffer (Promega), 1.5 U of Taq DNA polymerase (Promega), and 1 µL of
glycerol stock isolates. PCR amplification reactions were carried out as follows: an initial
denaturation at 95 ◦C for 2 min, 35 cycles at 95 ◦C for 15 s, 55 ◦C for 30 s and 72 ◦C for
30 s, and a final extension at 72 ◦C for 5 min. The PCR reactions were performed in a
Thermocycler (Veriti, Applied Biosystems, Warrington, UK).

2.6.2. Isolation of Fungi and PCR

Y&M isolates were obtained from SGA colonies exhibiting morphological differences
and were isolated by sub-culturing on the same medium. Isolates were stored in Sabouraud
glucose broth containing 20% glycerol at −80 ◦C.

For Y&M identification, DNA primers ITS1F (CTTGGTCATTTAGAGGAAGTAA) and
ITS4 (TCCTCCGCTTATTGATATGC) were used to amplify a region of the fungal ITS [18].
The PCR reactions were performed with the same conditions as for 16S RNA region but
with 0.3 µM of each primer. PCR amplification reactions were carried out as follows: an
initial denaturation at 95 ◦C for 2 min, 40 cycles at 95 ◦C for 15 s, 53 ◦C for 30 s and 72 ◦C
for 45 s, and a final extension at 72 ◦C for 5 min.

2.6.3. Analysis of PCR Products

Aliquots (5 µL) of PCR products were analyzed by electrophoresis in 2% (w/v) agarose
gel with 1× Tris-acetate-EDTA (TAE) buffer (40 mM Tris-HCl pH 7.4, 20 mM sodium acetate,
1.0 mM Na2-EDTA). After running at 100 V for 45 min, the gels were stained with ethidium
bromide solution (50 µg/mL in TAE 1×) and quantified using a molecular weight marker
(100 bp DNA ladder, Promega). The PCR products were sent to Macrogen (Amsterdam,
The Netherlands) for sequencing. For each, purification was applied, and sequencing was
carried out on PCR products using 338-F or 518R for bacteria and ITS1F or ITS4 primers for
Y&M. The sequences obtained were analyzed by a BLAST similarity search.

2.7. Determination of Spoilage Capacity of Isolates

Sterile glass tubes were prepared with 10 mL of a commercial canned carrot juice
(pure organic carrot juice, Carrefour Bio, Saint Pierre, France). Each tube was inoculated
with 0.2 mL of each isolate, beforehand reactivated in nutritive broth for 48 h at 27 ◦C, and
further stored at 4 ◦C for 7 days. Each isolate was assayed in triplicate. A control condition
with non-inoculated commercial juice was used.

For each tube, the following indicators were determined: microbial population, pH
value, visual observation of aspect modification including gas production (gas release upon
opening the tube) and texture modification, and modification of odor. If indicated, color
difference to the juice just after inoculation was determined.

2.8. Statistical Analysis

The XLSTAT software (Addinsoft, Paris, France) was used for statistical analyses. To
compare data, one-way variance analysis (ANOVA) was performed and the Ryan, Einot,
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Gabriel, Welsh Studentized Range Q (REGWQ) was used for pair-wise comparisons. The
REGWQ test uses a stepwise method: it is powerful and minimizes the family error rate
error [19]. For search of correlations, Pearson test was used with a p-value < 0.005 and alpha
coefficient of 5%. Principal component analysis (PCA) was applied to cluster batches and
storage times according to volatile compound composition. For that, volatile compounds
were used as variables and each batch/storage time was assigned to an observation.

3. Results and Discussion
3.1. Initial Characteristics of Carrot Juices and Changes during Storage

Physicochemical and biochemical parameters of carrot juice were determined on the
day of preparation and during refrigerated storage. They were compared between juices
prepared from local carrots (lab-made) and juices prepared from commercial shredded
carrots (company) (Table 1). The company juice batches were not analyzed after 7 days of
storage and discarded because of obvious spoilage (rotting odor and heterogeneous aspect).
The same occurred for two batches of lab-made juice after 10 days (L2 and L4), and one
more after 14 days (L3).

Table 1. pH, titratable acidity (TA), total soluble solids (TSS), total carotenoid content (TCC) and color
(L*, a*, b*, and color difference ∆E to the initial day) of lab-made (batches L1 to L7) and company
juices (batches C1 to C3). The letter n indicates the number of analyzed independent batches. Values
are the means ± standard deviation of three analytical replicates of the n batches. Different letters in
the same column indicate significant differences detected with REGWQ test (p < 0.001).

Batch Day pH TA (%) TSS (◦Brix) TCC
(µg/mL) L* a* b* ∆E

Lab-made
(n = 7) 0 6.2 ± 0.4 a 2.8 ± 0.2 b 8.8 ± 0.7 b 3.4 ± 1.2 a 26.1 ± 7.5 a 32.7 ± 5.3 a 28.6 ± 6.2 a 0 c

Company
(n = 3) 0 6.0 ± 0.4 a 3.2 ± 0.1 a 9.7 ± 0.1 a 4.3 ± 1.3 a 32.4 ± 3.7 a 29.4 ± 7.7 a 27.2 ± 5.3 a 0 c

Lab-made
(n = 7) 3 6.1 ± 0.6 a 2.8 ± 0.1 b 9.0 ± 0.5 b 3.8 ± 0.8 a 26.0 ± 7.9 a 31.8 ± 5.0 a 31.6 ± 6.4 a 5.5 ± 5.0 b

Company
(n = 3) 3 6.1 ± 0.1 a 3.3 ± 0.1 a 9.7 ± 0.1 a 3.1 ± 3.0 a 31.7 ± 2.0 a 28.9 ± 6.8 a 27.6 ± 4.9 a 5.8 ± 1.4 ab

Lab-made
(n = 7) 7 6.2 ± 0.6 a 2.8 ± 0.2 b 8.9 ± 0.5 b 3.2 ± 1.1 a 27.2 ± 8.0 a 29.4 ± 8.5 a 29.1 ± 7.6 a 7.1 ± 5.6 ab

Lab-made
(n = 5) 10 6.3 ± 0.3 a 2.8 ± 0.2 b 8.8 ± 0.6 b 3.0 ± 1.1 a 30.6 ± 10.4 a 32.5 ± 2.9 a 30.6 ± 1.7 a 6.5 ± 2.8 ab

Lab-made
(n = 4) 14 6.2 ± 0.3 a 2.8 ± 0.2 b 8.9 ± 0.7 b 2.8 ± 0.9 a 25.2 ± 12.4 a 29.1 ± 3.2 a 31.2 ± 3.4 a 11.5 ± 3.9 a

Whatever the batch, the pH value was above 5.4 and below 6.6, which means a slightly
acidic environment, suitable for the development of foodborne pathogens and known
spoilage microorganisms, especially Y&M and LAB. The mean pH value did not differ
according to the origin, lab-made or company, of carrot juice (Table 1). The pH value was
in the usual range, but in the lower values of that observed for carrot juice [2,3,5–7,20]. In
several studies, a decrease of pH was observed during storage of carrot juice [2,5,6,21],
contrarily to our study. On the opposite, a significant difference (p < 0.001) was observed
in TA and TSS between batches from different origin, i.e., company and lab-made. As
previously reported, both TA and TSS greatly vary depending on carrot juice [3,5,6,22].
Hence, the observed differences could result from different crop conditions. The values in
this study were in the low range for TA and high range of TSS, suggesting a high sweetness
of juice. These two parameters did not change during storage.

Total carotenoid content (TCC) exhibited the same average value between juices of dif-
ferent origin at the initial time but a high variability of values was observed, with a variation
coefficient of 35%. TCC decreased with duration of storage but the observed tendency was
not significant, whereas a loss of carotenoids has been occasionally observed [2,6]. Similarly,
color parameters L*, a*, and b* did not exhibit significant changes between batches and
according to storage time, though a* slightly decreased and b* slightly increased during
storage (Table 1). Variation coefficients were respectively of 25%, 18%, and 20% for L*, a*,
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and b* in juices at initial time. The calculation of color difference showed an increase, which
reached the significant value of 5.5 and 5.8 after 3 days of storage, respectively for lab-made
and company juices. A color difference of 5 can be assigned to two different colors [23].
Variation coefficient of color difference was above 83%, meaning a great variability of color
modification according to storage time depending on the carrot juice batch. The color
difference of company juices ranged between 4.2 and 6.7 after 3 days of storage, whereas
it reached 9.9 for the L7 batch. After 7 days of storage, color difference for L4 was 19.1
and after 14 days of storage ranged between 11.5 and 15.9 (Figure S1). There was no direct
correlation between the color change during storage for a single batch and the requirement
to discard the batch due to odor. Hence, color difference varies with storage time but cannot
be used as a spoilage indicator. The modification of carrot juice color during storage has
been reported previously [3,21].

From our data, it appears thus that spoilage can be primarily detected by strong un-
pleasant odor and in a lesser extent by color change, but not by physicochemical indicators
such as pH, TA, TSS, or TCC. Initial values cannot be used to predict spoilage.

3.2. Changes in Microbial Populations during Storage of Carrot Juices

From a microbiological point of view, the batches from the two origins, lab-made and
company, did not significantly differ in counts of psychrotrophic bacteria, enterobacteria,
LAB, and Y&M, on the day of carrot juice preparation (Figure 1). In other studies, aerobic
bacteria, enterobacteria, LAB, and Y&M in carrot juice ranged from 4.2–7.1 log CFU/mL,
2.7–5.1 log CFU/mL, 2.8–5.9 log CFU/mL, and 1.8–5.2 log CFU/mL respectively [2,3,5,24].
Although a large variability in microbial counts has been previously observed, data ob-
tained in this study were in the same range.
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Figure 1. Microbial population during storage for lab-made (a) and commercial juice (b). Light grey
bars: psychrotrophic bacteria, grey bars: yeasts and molds, white bars: enterobacteria, black bars:
lactic acid bacteria. Bars represent means of values for batches L1 to L7 for lab-made juices, with the
number of batches being 7, 7, 6, and 4 at days 0, 3, 7, and 10 days respectively, and for batches C1 to
C3 for company juices. Error bars correspond to standard deviations and different letters indicate
significant differences between days of storage for a group of microorganisms and a type of juice
(lab-made or company).

The increase in microbial counts was mainly observed after 7 days of storage, as
Y&M and enterobacterium counts became significantly higher from initial populations
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(Figure 1). The populations exceeded 6 log CFU/mL for enterobacteria and Y&M after
7 days, whatever the origin of juice.

A large variability of counts was observed for psychrotrophic bacteria after 7 days
of storage, but after 10 days the mean population reached 7.2 log CFU/mL. The increase
in LAB counts was moderate and corresponded to 1 log CFU/mL in 10 days of storage.
This microbial group exhibited the lowest counts at any sampling time and counts did not
exceed 5.2 log CFU/mL after 14 days of juice storage.

PCA was applied on physicochemical and microbiological data obtained for the carrot
juice batches (Figure 2). The analysis indicated some correlations between color difference
(∆E), yeast and mold population, and enterobacterium population. This was confirmed with
a Pearson correlation test: positive correlation between the populations of enterobacteria
and Y&M (p < 0.0001 and r2 = 0.671), between color difference and enterobacterium counts
(p = 0.004 and r2 = 0.251), and between color difference and Y&M counts (p = 0.003 and
r2 = 0.251). The observations on the projected plan F1/F2 presented a global distribution of
C (company) samples on the upper zone, which corresponds higher TA and TSS. Whatever
the sample, a shift from left to right was observed when storage time increased, which
represents the increase in microbial populations and color variation. From the analysis of
previously published data and this study, no clear relationship between a microbial group,
i.e., mesophilic bacteria, psychrotrophic bacteria, enterobacteria, LAB, or Y&M, and an
observed spoilage indicator during storage, i.e., change of pH or TSS, increase of viscosity
or sedimentation, color modification, could be assumed.
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Figure 2. Principal component analysis of physicochemical and microbiological data collected from
carrot juice of the batches L1 to L7 and C1 to C3 during refrigerated storage, after 0, 3, 7, and 10 days.
Each vector in red corresponds to variables, and dots to samples. Samples were labelled as batch
number-day of analysis.

3.3. Changes in Volatile Compounds during Storage of Carrot Juices

Volatile compounds (n = 27) were analyzed for four lab-made batches, L1, L2, L3, and
L4, during storage time. Those batches were chosen as they exhibited different behavior
during storage: L2 was stopped after 7 days, L4 after 10 days, L3 exhibited a high color
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change after 14 days, whereas color change for L1 was not significant. The detected com-
pounds belong to different chemical families: 16 terpenic compounds (α-pinene, o-cymene,
β-pinene, sabinene, m-cymene, p-cymene, trans-γ-bisabolene, p-cymenene, β-myrcene,
1,3,8-p-menthatriene, 3-carene, isocaryophyllene, caryophyllene, 4-methyl-1-propan-2-
ylbicyclo [3.1.0] hex-2-ene or β-thujene, cis-γ-bisabolene, α-phellandrene), and 11 com-
pounds of other chemical families: acetic acid, ®-1-methyl-5-(1-methylethenyl)-cyclohexene,
2-methyl-1-(4-methylphenyl)propan-2-ol, 2-methoxyphenol or guaiacol, carveol, 6-methyl-
5-heptene-2-one, hexanal, 2-butenal, ethanol, ethyl acetate, and tert-butyl-benzene.

PCA was applied with the 27 detected compounds as variables and for the five
sampling times (days 0, 3, 7, 10, and 14) for each of the four batches. Projection of variables
in the plan former by the axes F1 and F2 represented only 56.6% of data variability. It
appears that data could not be gathered on the projection plan according to storage time,
but some differences appeared between batches (Figure 3). In particular, batch L4 was the
most separated, mainly projected in lower F2 values and higher F1 values.
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The main volatile compounds in the samples were o-cymene and α-pinene, and in
a lesser extent p-cymene (Table 2), as previously described as main components of car-
rot aroma [25,26]. Following those, β-pinene, trans-γ-bisabolene, m-cymene, β-myrcene,
sabinene, cis-γ-bisabolene, caryophyllene pl®(R)-1-methyl-5-(1-methylvinyl)cyclohexene
were the most abundant, consistently with the previous observation that mono and
sesquiterpenes are the most abundant volatile compounds in carrot.
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Table 2. Volatile compounds modifications during storage time for the four analyzed batches, L1, L2,
L3 and L4, of carrot juice.

Volatile Compound
(RI, CAS Number) * Batch L1 Batch L2 Batch L3 Batch L4 Flavor

Description

o-cymene (1287, 527-84-4) H ** H H 0.002 H (−42%)
D10 H 0.012 ≈ citrus

α-pinene (1033, 80-56-8) H H < 0.0001 N
(+58%) D10

H 0.004 H (−27%)
D10

H 0.001 N (+81%)
D10

pine,
turpentine

p-cymene (1269, 99-87-6) M 0.014 ≈ H 0.027 ≈ H 0.039 ≈ H 0.002 ≈ citrus,
solvent

β-pinene (1101, 127-91-3) M 0.037 ≈ M 0.0002 N (+73%)
D14

M 0.003 H (−34%)
D10

M 0.002 N (+62%)
D10 pine, resin

(R)-1-methyl-5-(1-
methylvinyl)cyclohexene

(1193, 1461-27-4)
M M M M -

trans-γ-bisabolene (1751,
53585-13-0) M 0.016 ≈ M M 0.005 ≈ M 0.09 ≈ soap, spicy

m-cymene (1238, 535-77-3) M 0.003 ≈ M 0.010 ≈ M 0.003 H (−29%)
D10 M 0.016 ≈ -

β-myrcene (1150,
123-35-3) L L L 0.008 H(−36%)

D10 M 0.010 ≈ spicy,
plastic

sabinene (1123, 3387-41-5) M 0.024 H (−93%)
D14 M 0.014 ≈ L 0.009 H (−45%)

D14 L 0.002 ≈ pepper,
turpentine

cis-γ-bisabolene (1743,
13062-00-5) L L L M fat, wood

caryophyllene (1653,
13877-93-5) L 0.036 ≈ L L M spicy, clove

1,3,8-p-menthatriene
(1457, 18368-95-1) L L < 0.0001 H

(−45%) D10
L 0.007 H (−47%)

D10
L 0.002 H (−53%)

D7
turpentine,

woody

β-thujene (1119,
28634-89-1) L L L 0.017 ≈ L -

α-phellandrene (1165,
99-83-2) L L 0.048 ≈ L L turpentine,

mint

3-carene (1143, 13466-78-9) L 0.004 N (+440%)
D14 L L L lemon,

resin

carveol (1756, 99-48-9) L 0.039 H (−73%)
D14 L 0.048 ≈ L 0.032 N (+140%)

D7 L 0.001 ≈ fresh,
spearmint

isocaryophyllene (1616,
118-65-0) L L

L 0.022 N (not
detected at D0)

D14

L < 0.0001 N (not
detected at D0)

D10
wood

p-cymenene (1475,
100-42-5) L 0.042 ≈ L < 0.0001 H

(−40%) D10 L 0.018 ≈ L 0.004 ≈ balsamic,
gasoline

tert-butyl benzene (1236,
98-06-6) L L 0.007 ≈ L 0.0001 H (−71%)

D14 L < 0.0001 ≈ -

2-methoxyphenol (1885,
90-05-1) L < 0.0001 ≈ L < 0.0001 N (not

detected D0) D7
L < 0.0001 N

(+9152%) D10
L < 0.0001 N
(+456%) D14

smoke,
medicine

ethanol (1006, 64-17-5) L < 0.001 N
(+162%) D14

M < 0.0001 H
(−35%) D10 L H < 0.0001 N

(+4057%) D7 sweet

ethyl acetate (989,
141-78-6)

L 0.004 N (+92%)
D10

L < 0.0001 N
(+1600%) D7

L < 0.0001 N
(+783%) D14 L pineapple,

ether
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Table 2. Cont.

Volatile Compound
(RI, CAS Number) * Batch L1 Batch L2 Batch L3 Batch L4 Flavor

Description

acetic acid (1509, 64-19-7) L 0.020 H (−99%)
D7 L L 0.005 H (−65%)

D7
L 0.027 H (−58%)

D14 sour

2-butenal (1051, 4170-30-3) L 0.001 H (+72%)
D14 L < 0.0001 ≈ L < 0.0001 ≈ L 0.028 ≈ -

hexanal (1089, 66-25-1) L 0.001 ≈ L 0.025 ≈ L < 0.0001H
(−77%) D7 L < 0.0001 ≈ grass,

tallow

6-methyl, 5-hepten-2-one
(1359, 110-93-0) L 0.048 ≈ L 0.027 ≈ L 0.001 H (−31%)

D14 L 0.041 ≈ lemon,
musty

α, α,4-trimethylbenzene
methanol (1883, 1197-01-9)

L 0.013 H (−99%)
D14 L 0.030 ≈ L 0.014 ≈ L < 0.0001N

(+277%) D10
cherry,

camphor

* RI: experimental retention index, CAS: Chemical Abstracts Service registry number; ** Range of signal: H
means high content, 100–500 µg/100 g butanol equivalent, M means medium content 10–100 µg/100 g butanol
equivalent, L means low content 0–10 µg/100 g butanol equivalent; data were analyzed with REGWQ test of
mean comparison and significant differences were pointed with p-value, indicated if <0.05; change of content
during carrot juice storage (indicated only if the difference was significant): N means increase compared to day
0, H means decrease and ≈ means constant, the number in parentheses indicates the percent of change, and Dx
indicates with x the day at which significant difference to time 0 occurred.

The number of compounds which content varied with storage time within batches
were respectively 8, 7, 15, and 8 for batches L1, L2, L3, and L4 (Table 2). However, the
observed changes of composition with time did not follow the same patterns for the
different batches. An increase of 3-carene, ethanol, and ethyl acetate occurred when stor-
age time increased for L1. L2 was characterized by an increase of α-pinene, β-pinene,
2-methoxyphenol, and ethyl acetate. An increase in carveol, isocaryophyllene, ethyl acetate,
and 2-methoxyphenol was observed for batch L3 during carrot juice storage, whereas
ethanol, α-pinene, β-pinene, isocaryophyllene, and 2-methoxyphenol increased for L4.
Among those compounds, ethanol can be produced by yeasts and heterolactic acid bacteria,
and ethyl acetate and 2-methoxyphenol can be produced by Pichia or Zygosaccharomyces
yeasts, but also by Lactobacillus plantarum and Pediococcus pentosaceus [14,15]. Those com-
pounds revealed a microbial development in carrot juice, but their levels were hardly
detectable at the beginning of the storage and detected not before 7 days of storage. These
compounds cannot be used as early indicators of spoilage. The increase in α-pinene and
β-pinene in batches L2 and L4 is surprising. It was observed previously on dried and
fresh-cut carrots [27,28]. Those compounds at high levels could cause a loss of quality
because of harshness of odor and flavor.

3.4. Isolation, Identification and Characterization of Spoilage Potential of Bacteria and Fungi

Bacterial isolates were collected from carrot surface before washing (6 isolates), carrot
juice at day 0 (24 isolates), carrot juice after 3 days of storage (17 isolates), after 7 days of
storage (9 isolates), after 10 days of storage (3 isolates), or after 14 days of storage (3 isolates).
They were individually assayed in carrot juice and gathered according to the modification
of juice they induced (Table 3).
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Table 3. Modification of commercial carrot juice following inoculation with selected microbial
isolates. Different colors were used for isolate identification to indicate the microbial group: green for
Leuconostoc, orange for Pseudomonas, blue for Enterobacteriaceae, purple for Weissella, and black for
non-identified isolates.

Number of
Isolates with
Same Source

and Same
Effects on Juice

Isolation
Source
(Carrot)

Population
Increase in Carrot

Juice (log
CFU/mL)

pH Value Odor
Modification

Isolate Reference and Bacterium
Identification

N/A N/A * N/A 4.42 no N/A (control not inoculated)

6 Surface before
washing 2.4–3.4 4.35–4.54 yes

49d04 Leuconostoc sp., 1a01
Pseudomonas sp., 2a02 Pseudomonas

moraviensis, 52d07 Pseudomonas
veronii, 25b10, 72e12 n.d. **

3 Juice, day of
preparation 2.7–3.0 4.51–4.55 no 50d05 Pseudomonas putida, 4a04,

10a09 n.d.

21 Juice, day of
preparation 2.6–3.4 4.35–4.54 yes

56d09 Enterobacteriaceae, 31c02 and
70e10 Leuconostoc citreum, 57d10 and
43c10 Leuconostoc mesenteroides, 30c01

Leuconostoc miyukkimchii, 37c07
Pseudomonas fluorescens, 7a07

Pseudomonas fragi, 46d02 and 3a03 P.
moraviensis, 34c05 P. veronii, 35c06,

5a05, 6a06, 20b05, 73f01, 38c08, 32c03,
33c04, 26b11 and 15a12 n.d.

2 Juice, stored for
3 days 2.8–3.0 4.37–4.51 no 51d06 and 22b07 Pseudomonas sp.

15 Juice, stored for
3 days 2.4–3.4 4.35–4.51 yes

11a10 Enterobacteriaceae, 24b09
Erwinia sp., 74f02 L. citreum, 44c11 P.

fluorescens, 42c09 Pseudomonas
libanensis, 39c12 L. miyukkimchi, 45d01
Pseudomonas protegens, 65e05, 18b03,

71e11, 61e01, 19b04, 47d03, 62e02 and
21b06 n.d.

9 Juice, stored for
7 days 2.5–3.3 4.40–4.51 yes

63e03 Enterobacteriaceae, 55d08
Leclercia sp., 8a08, 16b01, 66e06, 38e08,

67e07, 13a11 and 27b12 n.d.

1 Juice, stored for
10 days 3.1 4.40 no 64e04 n.d.

2 Juice, stored for
10 days 3.0–3.1 4.42–4.46 yes 69e09 Weissella soli, 23b08 n.d.

3 Juice, stored for
14 days 3.0–3.4 4.40–4.45 yes 59d12 L. mesenteroides, 17b02

Pseudomonas sp., 58d11 n.d.
* N/A not applicable, ** n.d. not determined.

The identification of 30 isolates showed Pseudomonas spp. (15 isolates), Leuconostoc
spp. (9 isolates), 5 isolates of enterobacteria, including one Erwinia sp. and one Leclercia
sp., and one Weissella soli. This observation is consistent with the study from Patterson
et al. (2012) [4], who investigated the dominant bacteria in carrot juice: they observed that
Pseudomonas sp. was dominant on the day of preparation, followed by Pantoea/Erwinia.
After 6 days of storage at 8 ◦C, they observed a decrease of Pseudomonas occurrence in
favor of Pantoea/Erwinia, and with the presence of LAB in one batch, some identified as
Leuconostoc kimchi.

All the isolates (n = 62), individually inoculated and stored in commercial carrot juice
at 4 ◦C during 7 days, were able to grow, and exhibited 2.4 to 3.4 log CFU/mL of population
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increase. None of them modified the visual aspect of juice, nor the texture. None of them
either modified pH significantly, the pH value of the juice before inoculation being 4.42,
and comprised between 4.35 and 4.55 after storage (Table 3). On the opposite, all except six
isolates resulted in rotten odor of juice (Table 3). The three identified isolates not leading to
odor defect belonged to Pseudomonas genus. It could have been expected that the pH value
decreased in the presence of LAB, but two factors might explain the observation: pH value
of the juice was already low because lemon juice was present in the commercial product,
and storage duration might have been too short to observe an effect on pH.

Interestingly, Leuconostoc spp. and Weissella spp. are heterolactic bacteria, which means
that they produce from hexose a mix of lactic acid, ethanol and carbon dioxide, and ethanol
has been detected as increasing in two batches after 7 or 14 days of storage. Some LAB can
produce guaiacaol (2-methoxyphenol), but this has not been showed for Leuconostoc not
Weissella [29]. Guaiacol exhibits a smoky or woody odor. However, the previous analysis
of volatile compounds did not provide a hypothesis for the strong bad odor that some
bacteria conferred to carrot juice.

Yeast and molds isolates were recovered from carrot juice at day 0 (6 isolates), carrot
juice stored for 3 days (3 isolates), or for 7 days (10 isolates), after being obtained on SGA
plates (Table 4). The ability of the 19 fungal isolates collected from shredded carrots and
juices to grow in commercial carrot juice and to promote spoilage was assayed. As shown
in Table 4, six isolates failed to grow or presented inconsistent growth: two of them were
Didymella/Phoma sp. mold, known as a phytopathogen causing carrot fomosis, two were
Debaryomyces hansenii yeasts, one was identified as Papiliotrema flavescens and the last yeast
was Hanseniaspora uvarum. Those yeast species are commonly found on grape surface and
other crops [30,31]. For five isolates which grew well, pH modification was lower than
0.2 units, and no change of texture or observation of gas production was noticed. Those
isolates were molds, Talaromyces for two of them, Didymella/Phoma and Cladosporium, and
one yeast Pichia fermentans. The absence of growth or the absence of detected spoilage
when growth occurred within 7 days could be explained by the multiple stress related to
the juice (acidic medium, low sugar quantity) and environment (low temperature, partial
anoxia). In addition, most isolates which did not grow or did not induce spoilage were
obtained from carrot juice stored between 0 and 3 days.

Lastly, eight isolates modified the properties of inoculated carrot juice during refrig-
erated storage (Table 4). One isolate, identified as Meyerozyma guilliermondii (36) resulted
in a sticky juice and acidified the juice. The production of exopolysaccharides by Candida
guilliermondii, the anamorph of M. guilliermondii has been described and could explain the
texture modification [32]. Two isolates of the yeast Pichia fermentans (31C6, 39D1) were
responsible for gas production and acidification of carrot juice. This was also the case for
one isolate identified as Rhodotorula mucilaginosa (29C4). Two isolates from Penicillium sp.
(35C10 and 37C11) produced gas. Eventually, one isolate identified as Candida sp. (33C8)
and one isolate of Cladosporium sp. (32C7) acidified the carrot juice. The isolates Penicillium
sp. 37C11 and Pichia fermentans 39D1 led to color modification of the juice during storage,
and detrimental odors were noticed.
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Table 4. Origin of fungal isolates, identification and effects on carrot juice after 7 days of storage at
4 ◦C.

Isolate Reference and
Identification

Isolation from
Carrot Juice:
Time after

Preparation

Growth in
Carrot Juice *

pH
Value

Texture
Modification

Gas
Production

Color
Difference

to Day 0

N/A ** (control not inoculated) N/A N/A 4.6 no no 0.5
6A6 Debaryomyces hansenii Day 0 +/− 4.4 no no n.d. ***

26C1 Didymella sp./Phoma sp. Day 0 +/− 4.5 no no n.d.
28C3 Didymella sp./Phoma sp. Day 0 - 4.5 no no n.d.
30C5 Didymella sp./Phoma sp. Day 0 + 4.4 no no n.d.

4A4 Talaromyces funiculosus Day 0 + 4.4 no no n.d.
5A5 Talaromyces sp. Day 0 + 4.5 no no n.d.

U Debaryomyces hansenii Day 3 +/− 4.5 no no n.d.
25B12 Papiliotrema flavescens Day 3 - 4.5 no no n.d.

29C4 Rhodotorula mucilaginosa Day 3 + 4.3 no yes n.d.
33C8 Candida sp. Day 7 + 4.3 no no n.d.

32C7 Cladosporium sp. Day 7 + 4.3 no no n.d.
34C9 Cladosporium sp. Day 7 + 4.5 no no n.d.
37C11 Penicillium sp. Day 7 + 4.5 no yes 2.3

13B1 Hanseniasopra uvarum Day 7 +/− 4.5 no no n.d.
36 Meyerozyma guillermondii Day 7 + 4.3 yes no 0.3

35C10 Penicillium sp. Day 7 + 4.4 no yes n.d.
31C6 Pichia fermentans Day 7 + 4.3 no yes n.d.

39D1 P. fermentans Day 7 + 4.3 no yes 3.1
40D2 P. fermentans Day 7 + 4.4 no no n.d.

Mix 36 + 37C11 + 39D1 N/A + 4.3 n.d. yes 1.9

* Growth in carrot juice: (−) no growth observed, (+/−) absence of growth in > 57% of assays, (+) growth in > 63%
of assays. ** N/A: not applicable. *** n.d.: not determined.

The formation of ethanol and carbon dioxide in stored fresh carrot juice can result
from the metabolic activity of many species of yeasts and molds, including Pichia fermentans
and Penicillium sp. [33]. In Crabtree-negative yeasts, such as Pichia fermentans, but also in
Penicillium, ethyl acetate can be produced at high levels [34,35].

A combination of three isolates was selected to assess the ability of this mix to induce
spoilage of carrot juice: Meyerozyma guilliermondii 36, Pichia fermentans 39D1 and Penicil-
lium sp. 37C11. The mix of the three isolates resulted in acidification, gas production, and
color (and odor) modification of carrot juice.

4. Conclusions

During refrigerated storage, fresh carrot juice is spoiled within a few days. In particular,
the production of the volatile compounds ethanol, ethyl acetate, and 2-methoxyphenol
was detected during storage. The investigation of efficacy of preservation treatments was
facilitated and made more robust with the use of selected microbial targets. Leuconostoc
spp., Pseudomonas spp., and enterobacterium strains, plus two yeasts and one mold isolated
from fresh carrot juice showed to induce commercial carrot juice spoilage. Each of those
microorganisms was used, alone or as a cocktail, in carrot juice to compare biological,
chemical, or physical treatments aiming to increase the shelf-life.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/beverages8010017/s1, Figure S1: Color difference for each carrot
juice batch during storage time, as referred to day of preparation.
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