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Abstract: Headspace-gas chromatography-ion mobility spectrometry (HS-GC-IMS) was used to study
the effects of four kinds of probiotics on the volatile components of fermented coffee. The fingerprints
showed that 51 compounds were confirmed and quantified, including 13 esters, 11 aldehydes,
9 alcohols, 6 ketones, 3 furans, 5 terpenes (hydrocarbons), 2 organic acids, 1 pyrazine, and 1 sulfur-
containing compound. After fermenting, the aroma of the green beans increases while that of the
roasted beans decreases. After roasting, the total amount of aroma components in coffee beans
increased by 4.48-5.49 times. The aroma differences between fermented and untreated roasted beans
were more significant than those between fermented and untreated green beans. HS-GC-IMS can
distinguish the difference in coffee aroma, and each probiotic has a unique influence on the coffee
aroma. Using probiotics to ferment coffee can significantly improve the aroma of coffee and provide
certain application prospects for improving the quality of commercial coffee beans.
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1. Introduction

Volatile flavor components in coffee are one of the key factors affecting beverage
quality and a decisive consumer parameter. The quality of coffee can be affected by many
factors, including growth conditions [1] and post-harvest treatment [2]. After harvesting,
during this on-farm processing, the coffee cherries are subjected to a natural fermentation
in which the coffee pulp is hydrolyzed by microbial growth [3].

Fermentation triggers an array of chemical changes within the beans that are precur-
sors to volatile compounds formed during roasting [4]. Microorganisms play a key role in
the formation of coffee flavor. Spontaneous fermentations have numerous disadvantages
compared to fermentations with starter cultures. The structural and sensory characteris-
tics of the product are improved using starter cultures, and the growing risk of harmful
organisms can be prevented [5]. Lactobacillus rhamnosus has the potential to alter various
flavor-related constituents in green coffee beans, which may lead to the modification of the
final coffee flavor after roasting [6]. The inoculation of the Lactobacillus plantarum LPBRO1
strain also significantly increased the formation of volatile aroma compounds during the
fermentation process [7]. In addition, it has been found to have positive impacts on the
coffee aroma when it optimizes the fermentation conditions and parameters [8]. For exam-
ple, inoculates pectinolytic yeasts Pichia guilliermondi and Candida parapsilosis onto coffee
cherries to facilitate mucilage removal [9].

In the present study, although several novel methods of coffee aroma modulation
involving microbial fermentation have been reported, previous studies mainly attempted to
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modulate the volatile and aroma profiles of preformed coffee aroma extracts via microbial
fermentation [10]. However, there have been few reports related to the use of different
probiotics to enhance the flavor of commercial green coffee beans for specialty coffee. There-
fore, there is a need to increase the value and improve the quality of Arabica commercial
beans, which reduces the sensory differences and makes the flavor and beverage quality of
Arabica commercial beans more similar to Arabica specialty beans, increasing the choice
for consumers at a lower final product cost.

At present, solid phase microextraction-gas chromatography-mass (SPME-GC-MS),
electronic nose and combination technology, comprehensive two-dimensional gas chro-
matography time-of-flight mass spectrometry (GC x GC/TOFMS), and gas chromatography-
olfactometry (GC-O) are mainly used in flavor and aroma detection [11-14]. These detection
technologies have a number of problems, including the gas sensor array drift phenomenon,
being easily affected by environmental factors, complex pretreatment, and difficulty deal-
ing with complex sample analysis [15]. Gas chromatography-ion mobility spectrometry
(GC-IMS) has been demonstrated to be an effective, sensitive, rapid, and accurate analytical
technique used for the identification and quantification of volatile organic compounds
(VOCs) in the gas phase [16-19]. The advantage of this approach is that no sample pre-
processing is required. Through headspace injection, the information of the trace VOCs in
the sample can be quickly analyzed with a resolution as low as mug/m? or even ng/m?
to form an intuitive fingerprint. Furthermore, GC-IMS allows the 2D separation of com-
plex samples [20]. Based on the GC retention index (RI) and the migration time (Dt) of
two-dimensional cross-qualitative [21], as well as the NIST database, with the gas chromato-
graphic retention index, drift time, and peak volume, VOCs can be analyzed qualitatively
and detected quantitatively.

Similarly, HS-GC-IMS has been used to identify the authenticity, freshness, shelf life,
and variety of food samples. In recent years, HS-GC-IMS analysis has been extensively
applied to investigate volatile compounds such as honey [22], kumquats [23], wine [24],
goat cheese [25], Chinese material medica [26], frozen pork [27], and eggs [28]. Therefore,
HS-GC-IMS can be used to establish the characteristic volatile fingerprint of probiotic
fermented coffee. In this study, four kinds of probiotics were inoculated into Arabica coffee
beans for fermentation. After fermentation, the objective of this study was to analyze the
differences in volatile compounds between green coffee beans and roasted coffee beans
using the HS-GC-IMS technique. Visual fingerprinting and matching matrix analysis
were used to investigate the effect of differentiated probiotics on aroma during coffee
fermentation, which provides a theoretical foundation and data support for this study of
flavor changes in coffee fermentation.

2. Materials and Methods
2.1. Materials and Reagents

Coffee beans were purchased from Pu’er City, Yunnan Province, China. Arabica seed
Catimor coffee beans were grown during the 2018 harvest season. Fermentation strains
include Lactobacillus acidophilus CICC20244, Bifidobacterium longum subsp. Infantis CICC6069,
Streptococcus thermophilus CICC20367, and Lactobacillus paracasei CICC20241, strains were
purchased from the China Center of Industrial Culture Collection (Beijing, China).

Ultrapure water (18.2 M(Q) cm !, Milli-Q Plus system, Millipore, Bedford, MA, USA)
was used throughout the work. Nitrogen gas with a purity of 5.0 was supplied by Newradar
(Wuhan, China).

2.2. Instrumentation

Measurements were made using an H5-GC-IMS instrument (FlavourSpec®, Qingdao,
China) in the G.A.S. Department of Shandong HaiNeng Science Instrument Co., Ltd.
(Qingdao, Shandong, China). The device was also equipped with an automatic sampler unit
(CTC-PAL, CTC Analytics AG, Zwingen, Switzerland), which improves the reproducibility
of measurements. The ground coffee (1 g) was transferred into a headspace injection bottle
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(20 mL) and kept for 20 min (40 °C) with two replicates for HS-GC-IMS analysis. The top
gas (200 pL) was analyzed by GC. GC was performed with a 15 m gas chromatographic
column (FS-SE-54-CB-1, ID: 0.53 mm) to separate volatile components and couple them to
IMS. A nitrogen of 99.999% purity was used as the carrier gas at programmed flow rates as
follows: 2 mL-min~! for 2 min, 2-15 mL-min "~ for 8 min, 20-80 mL-min~! for 10 min, and
100-130 mL-min~"! for 20 min. The analytes were eluted and separated at 45 °C and then
ionized in the IMS ionization chamber containing a tritium ionization source, which uses
hydrated protons generated by the tritium source as its calibrant/reactant ion. An IMS
electric field strength of 500 V/cm and a 150 mL-min~! drift gas flow were applied in a
drift tube of 98 mm length and operated at 45 °C. IMS was performed at ambient pressure.

2.3. Coffee Sample Preparation

Five kilograms of coffee cherries were washed three times in sterile, ultra-pure water,
then put into a high-temperature cooking bag with a vacuum seal and sterilized under the
conditions of 121 °C, 0.12 MPa, and 15 min. After sterilization, the samples were divided
into 5 parts (A-E) and put into a sterile operation table, including non-treated coffee
beans (A), coffee beans inoculated with Lactobacillus acidophilus (B), coffee beans inoculated
with Bifidobacterium longum subsp. Infantis (C), coffee beans inoculated with Streptococcus
thermophilus (D), and coffee beans inoculated with Lactobacillus paracasei (E). Each kilogram
sample was subjected to inoculation with 5 mL of probiotic solution (>1 x 10® CFU/mL).
The inoculated coffee beans were placed in a sterile fermentation bag with a one-way
ventilation valve, and anaerobic fermentation was conducted at 18 °C for 48 h. After24 h
of fermentation, coffee cherries were rubbed to remove the skin in a fermenting bag, and
the gas was expelled every three hours. Following fermentation, the samples were treated
at 100 °C for 10 min, and screened out, and oven-dried in a thermostatic air-drying box
at 35 °C until the moisture content was 12%. They were stored at room temperature in a
one-way breathable bag before use. Non-treated (A) and treated green beans (B-E) were
roasted with a SANTOKER R500E coffee roaster (Beijing Sandouke Technology Co., LTD.,
Beijing, China) under a constant air temperature of 185 + 5 °C for 18 min to achieve a dark
roast level. The agtron value of coffee beans is set at 35-40. Roasted samples were ground
with an electronic coffee grinder (EK-43, MAHLKONIG, Hamburg, Germany) and then
collected in a gas blocking packaging and vacuum.

The first letter of the sample name indicates the fermentation method, and the sec-
ond letter indicates whether it was roasted or not (G for green beans and R for roasted
coffee beans).

2.4. Statistical Analysis

All data were acquired and processed using the Laboratory Analytical Viewer (LAV)
software (version 2.0.0, G.A.S., Beijing, China). GC-IMS Library Search software supplied
by G.A.S. (Gesellschaft fiir analytische Sensorsysteme mbH, Beijing, China) was employed
to identify unknown compounds. The software used the NIST and IMS databases to
qualitatively analyze the components. IMS was an analytical technique for characterizing
ionic chemical substances based on the difference in migration velocities of different gaseous
ions in an electric field. According to the retention index (RI) and migration time (Dt),
two-dimensional qualitative analysis is an excellent proposal for compound identification.
The substances in the library can be qualitatively matched easily, which is more accurate
than the degree of matching obtained by GC-MS.

The matching matrix was processed using Origin software version 9.1 (OriginLab,
Northampton, MA, USA), and the data were presented as mean values + standard devia-
tion. Statistical analysis was conducted by SPSS software version 24.0 (SPSS Inc., Chicago,
IL, USA). All samples were measured in duplicate.
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3. Results and Discussion
3.1. Coffee Flavor Composition Analysis Based on HS-GC-IMS

The fingerprint shows that a total of 100 signal peaks were detected, of which 39 signal
peaks were unknown compounds. Sixty-one signal peaks (51 compounds) were identified
and quantified, including 13 esters, 11 aldehydes, 9 alcohols, 6 ketones, 3 furans, 5 terpenes
(hydrocarbons), 2 organic acids, 1 pyrazine, and 1 sulfur-containing compound.

As shown in Table 1, the contents of the top five compounds in green coffee beans that

have been treated differently are different.

Table 1. Information and odour description of aroma compounds detected by HS-GC-IMS.

No. Aroma Compound ng)t:;nal CAS RI Rt [sec] Dt [RIP rel] 2 Odour Description
hyacinth, unpleasant,
1 Phenylacetaldehyde aldehyde 122-78-1 1037.9 828.360 1.259 pungent, bitter flavor,
sweet, fruit-like.
2 5-Methylfurfural-M  aldehyde — 620-02-0 9745  655.980 1.127 sweet, spicy, warm,
caramel.
3 5-Methylfurfural-D  aldehyde 620020 9752  657.735 1473 Sweetc’;gﬂglwarm'
4 Benzaldehyde ~ aldehyde 100527 9614  623.805 1.145 sweet, oily, almond,
cherry, nutty, woody.
gamma- faint, sweet, aromatic,
5 Butyrolactone-M ester 96-48-0 925.4 541.710 1.082 buttery, milky, creamy,
peach.
faint, sweet, aromatic,
6 gamma- ester 96480 9272 545610 1301 buttery, milky, creamy,
Butyrolactone-D ! ! !
peach.
potato, musty, tomato,
7 Methional aldehyde  3268-49-3 930.5 552.630 1.391 cheeses, onion, beefy
brothy, egg, seafood.
8 2-Acetylfuran-M furans  1192-627 9160 522210 1.120 sweet, balsam, almond,
cocoa, caramel, coffee.
9 2-Acetylfuran-D furans 1192627 9143 518700 1.440 sweet, balsam, almond,
cocoa, caramel, coffee.
10 Furfuryl alcohol alcohol ~ 98-00-0 8653 430170 1.307 burnt, sweet, caramellic
and brown.
11 Furfural furans 98-01-1 837.4 388.050 1.345 almond.
~ . . e nutty, cocoa, green,
12 2-Methylpyrazine pyrazine 109-08-0 839.8 391.560 1.395 roasted, chocolate, meaty.
13 Dimethyl disulfide sulfur- o100 7340 262470 0.986 diffuse, intense onion
containing odor.
cooked, roasted aroma
14 2-Methylbutan-1-ol alcohol 137-32-6 778.3 311.415 1.473 with fruity or alcoholic
undernotes.
15 Ethyl acrylate ester 140-88-5 7255 254.085 1.410 pungent odor.
16 2-Ethylfuran-D furans  3208-160 7142 243750 1330 smoky burnt, warm,
sweet, coffee-like.
17 3-Pentanone ketone 96-22-0 697.1 229.515 1.356 acetone-like odor.
18 2-Pentanone ketone 107-87-9 684.6 220.350 1.373 sweet, fruity, banana.
fruity, musty with a berry
19 2-Methylbutanal aldehyde 96-17-3 659.7 204.555 1.401 nuance, musty, nutty,
cereal, caramel.
20 3-Methylbutanal aldehyde 590-86-3 646.0 197.145 1.409 acrid, pungent, apple.
21 Acetic acid OTBANC 64197 6266 187590 1.324 sour pungent, cider
acid vinegar, malty.
22 Ethyl acetate ester 141-78-6 609.0 179.595 1.339 fruity, brandy, pineapple.
23 2-Butanone ketone 78-93-3 588.8 170.820 1.248 sweet apricot.
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Table 1. Cont.

No. Aroma Compound ngta(;nal CAS RI Rt [sec] Dt [RIP rel] 2 Odour Description
24 Methylpropanal ~ aldehyde ~ 78-84-2 5600 158340 1283 a characteristic sharp,
pungent odor.
25 Methyl acetate ester 79-20-9 536.0 148.005 1.196 fruity, fres'h, rum and
whiskey
26 Acetone ketone 67-64-1 510.8 137.085 1.119 pleasant odor.
27 Ethanol alcohol 64-17-5 467.9 118.560 1.046 fruity.
28 Limonene terpene  138-863 10176  770.835 1216 sweet, Otzgge' citrus,
29 3-Methylbutanol alcohol SO g6 271045 1338 fusel, fermented, fruity,
5 banana, ethereal, cognac.
30 (E)-3-Hexen-1-o0l alcohol 928-97-2 859.1 420.420 1.529 grassy green aroma.
31 Ethyl propanoate ester 105-37-3 709.7 239.850 1.452 rum, pineapple.
32 Nonanal aldehyde  124-19-6 1105.2 1028.040 1.477 sweet waxy, orange.
33 Myrcene terpene  123-35-3 9926  702.780 1.219 terpy, herbaceous, woody,
rosy, celery, carrot.
woody, piney, turpentine,
34 beta-Pinene terpene 127-91-3 969.8 644.280 1.216 minty, eucalyptus,
camphoraceous.
35 alpha-Pinene terpene 80568  928.1  547.560 1216 citrus, spicy, pine,
turpentine.
36 Ethyl hexanoate ester 123-66-0 1006.5 740.220 1.339 fruity, pineapple, banana.
37 Heptanal aldehyde 111-71-7 901.2 492.960 1.333 pungent odor.
38 Cyclohexanone ketone 108-94-1 891.2 474.240 1.150 peppermint, acetone.
39 Styrene terpene 100-42-5 883.5 460.590 1.503 aromatic odor.
40 Ethyl pentanoate ester 539-82-2 885.9 464.880 1.258 fruity.
herbaceous, fragrant, mild,
41 1-Hexanol alcohol 111-27-3 876.4 448.500 1.327 sweet, green fruity odor
and aromatic.
Ethyl strong, fruity, vinous,
42 3-methylbutanoate-M ester 108-64-5 850.2 406.770 1.259 apple.
Ethyl strong, fruity, vinous,
43 3 methylbutanoate-D ester 108-64-5 8517  409.110 1.651 apple.
acidic sour, pungent, ripe
4  2Methylbutyricacid ~ “B¥C 116530 8319 380.250 1.205 fruit leather, lingonberry,
acid dirty cheesy, fermented
pineapple fruity.
45 Butyl acetate ester 123-86-4 810.4 351.390 1.237 fruity, sweet, pineapple.
46 Hexanal-M aldehyde  66-25-1 7916  327.600 1259 green, fatty, leafy,
vegetative, fruity, woody:.
47 Hexanal-D aldehyde 66251 7916 327.600 1.559 green, fatty, leafy,
vegetative, fruity, woody.
48 Ethyl butanoate ester 105-54-4 795.3 332.085 1.206 fruity.
49 1-Pentanol alcohol 71410 7660 296985 1.251 intense fusel, fermented,
bready.
Ethyl 2- .
50 methylpropanoate-M ester 97-62-1 7542  283.725 1.193 fruity.
51 Ethyl 2- ester 97-62-1 7542  283.725 1.562 fruity.
methylpropanoate-D
52 4-Methyl-2- ketone  108-10-1 7338 262275 1176 sweet, ethereal, banana,
pentanone-M fruity.
53 4-Methyl-2- ketone ~ 108-10-1 7332 261690 1472 sweet, ethereal, banana,
pentanone-D fruity.
54 3-Methyl-3-buten-1-ol alcohol 763-32-6 733.6 262.080 1.247 NA
55 Propyl acetate-M ester 109-60-4 711.1 241.020 1.163 fruity, pear, raspberry.
56 Propyl acetate-D ester 109-60-4 709.9 240.045 1.476 fruity, pear, raspberry.
57 2-Ethylfuran-M furans 3208-16-0 713.5 243.165 1.065 smoky burnt odor.
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Table 1. Cont.
No. Aroma Compound ngta(;nal CAS RI Rt [sec] Dt [RIP rel] 2 Odour Description
58 Pentanal-M aldehyde  110-62-3 6919 225615 1.195 winey, fermented, bready,
cocoa chocolate.
59 Pentanal-D aldehyde  110-62-3 6922 225810 1.420 winey, fermented, bready,
cocoa chocolate.
60 Methyl isobutyrate ester 547-63-7 699.3 231.270 1.443 apple, pineapple, pricot.
61 2-Propanol alcohol  67-63-0 5153 139.035 1.179 unpleasant odor and a

burning taste.

2 Odour description is taken from ChemicalBook database. M = monomer; D = dimer; RI = retention index;
Rt = retention time; Dt = drift time; NA = no aroma description.

The aroma components ranking in the top five in AG samples were acetone, dimethyl
disulfide, hexanal, ethanol, and 5-methylfurfural. In BG samples, there were dimethyl
disulfide, acetone, hexanal ethanol, and 3-methylbutanal. In CG samples, there were ace-
tone, dimethyl disulfide, hexanal, 2-methylbutanal, and 3-methylbutanal. In DG samples,
there were acetone, dimethyl disulfide, 2-methylbutanal, hexanal, and 3-methylbutanal. In
EG samples, there were acetone, dimethyl disulfide, hexanal, ethanol, and 2-methylbutyric
acid. The types and content of aromatic compounds in roasted coffee beans treated in
different ways are essentially the same.

The aroma components ranked in the top five in the AR sample were furfural,
5-methylfurfural, acetone, furfuryl alcohol, and 2-butanone. In the BR sample were
5-methylfurfural, furfural, acetone, furfuryl alcohol, and 2-butanone. In the CR sam-
ple were 5-methylfurfural, furfural, acetone, 2-butanone, and furfuryl alcohol. In the DR
sample were 5-methylfurfural, furfural, acetone, furfuryl alcohol, and 2-butanone. In the
ER sample were 5-methylfurfural, furfural, acetone, furfuryl alcohol, and 2-butanone. In
conclusion, from the total aroma components, the aroma content in green beans treated with
probiotics (BG, CG, DG, EG) increased compared with the untreated one (AG), while the
aroma content in roasted beans (BR, CR, DR, ER) decreased compared with the untreated
one (AR); roasted coffee (R) has 4.48 to 5.49 times more aroma than green coffee (G).

3.2. Effects of Fermented Coffee with Single Probiotics on the Characteristic Components of
Coffee Flavor

As shown in Figure 1, combined with Table 2, we observed the effects of the char-
acteristic components of coffee flavor that were fermented with single probiotics. Firstly,
comparing sample AG and sample BG, it was found that green beans fermented with
Lactobacillus acidophilus, whose 15 signal peaks increased and 12 additional signal peaks de-
creased, which also significantly increased the content of ethyl acrylate (p < 0.05) while the
content of 3-pentanone decreased, but the other strains did not have this ability. Secondly,
focusing on samples AG and CG, we can draw the conclusion that green beans fermented
with Bifidobacterium longum subsp. Infantis, whose 19 signal peaks increased significantly
and 9 additional signal peaks reduced, also significantly increased the content of benzalde-
hyde, cyclohexanone, and propyl acetate-D, while the content of ethyl acrylate (as opposed
to Lactobacillus acidophilus) and (E)-3-hexen-1-ol reduced. In addition, comparing samples
AG and DG, it could be seen that green beans fermented with Streptococcus thermophilus,
whose 18 signal peaks increased and 12 signal peaks decreased, which also significantly
decreased the content of 2-methylpyrazine. Finally, comparing sample AG and sample
EG, it was found that green beans fermented with Lactobacillus paracasei, whose 15 signal
peaks increased and an additional 11 signal peaks decreased, which also significantly in-
creased 1-heptanal, 4-methyl-2-pentanone-D, and 3-methyl-3-buten-1-ol while the content
of cyclohexanone, hexanal-D, pentanal-M, and pentanal-D reduced.
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Figure 1. Gallery plot of coffee samples. “*”, represents that there were significant differences in
signal peaks between untreated green and roasted beans (A) and another fermented sample (B or
Cor D or E) (p < 0.05). The box indicates there were significant differences in signal peaks between

untreated green and roasted beans (A) and others fermented with different probiotics (B-E) (p < 0.05).
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Table 2. Effects of different probiotics on aroma composition of coffee.

GrouP Avs.B Avs. C Avs.D Avs. E
Comparison
115 112 119 19 118 112 115 111
2-Methylpyrazine Furfural # Benzaldehyde ** Ethyl acrylate ** Dimethyl disulfide Furfural # Dimethyl disulfide 2-Ethylfuran-D
Dimethyl disulfide # 2-Ethylfuran-D 2-Methylpyrazine 2-Ethylfuran-D 2-Methylbutanal 2-Methylpyrazine ** 2-Methylbutanal Acetic acid
Ethyl acrylate * 3-Pentanone * Dimethyl disulfide # Acetic acid * 3-Methylbutanal 2-Ethylfuran-D Acetone Ethyl acetate
2-Methylbutanal Acetic acid * 2-Methylbutanal Methyl acetate Methyl propanal Acetic acid * Heptanal # Methyl acetate
3-Methylbutanal Ethyl acetate * 3-Methylbutanal (E)-3-Hexen-1-ol * Acetone Ethyl Acetate * Ethyl pentanoate * Cyclohexanone *
Ethyl 4 . Ethyl
Methyl propanal 2-Butanone Methyl propanal 3-methylbutanoate-M Heptanal 2-Butanone 1-Hexanol 3-methylbutanoate-M
Ethyl pentanoate Methyl acetate Acetone 3-Methyl-3-buten-1-ol Ethyl pentanoate # Methyl acetate 2-Methylbutyric acid Hexanal-D *
. R Ethyl " " 5 L Ethyl # 5 g
2-Methylbutyric acid 3-methylbutanoate-M Heptanal 2-Ethylfuran-M 2-Methylbutyric acid 3-methylbutanoate-M * Butyl acetate 2-Ethylfuran-M
R Ethyl " g # ethyl M *
Hexanal-M 2-methylpropanoate-D Cyclohexanone 2-Propanol Butyl acetate 2-methylpropanoate-D Ethyl butanoate Pentanal-M
Green coffee Hexanal-D 3-Methyl-3-buten-1-ol 2-Methylbutyric acid - Hexanal-M # 3-Methyl-3-buten-1-ol 1-Pentano 1* Pentanal-D *
G) Ethyl g E 4 ) E 5 R Ethyl 5
2-methylpropanoate-M 2-Ethylfuran-M Butyl acetate Hexanal-D 2-Ethylfuran-M 2-methylpropanoate-M 2-Propanol
4-Methyl-2-pentanone-M 2-Propanol Hexanal-M * - Ethyl butanoate 2-Propanol 4-Methyl-21\-/f;entanone- -
4-Methyl-2-pentanone-
Propyl acetate-M - Hexanal-D - 1-Pentanol # - D -
*
Ethyl 2-methyl- Ethyl " ~
Pentanal-M - propanoate-M - 2-methylpropanoate-M - 3-Methyl-3-buten-1-ol
R ) 4-Methyl-2- R 4-Methyl-2-pentanone- R g R
Pentanal-D pentanone-M M Propyl acetate-M
- - Propyl acetate-M - Propyl acetate-M - - -
- - Propyl acetate-D" - Pentanal-M - - -
- - Pentanal-M - Pentanal-D - - -
- - Pentanal-D - - - - -
18 115 113 120 18 120 112 115
Dimethyl disulfide gamma—BL;\t/Iyrolactone- Phenylacetaldehyde 5-Methylfurfural-M * 2-Pentanone gamma-Butyrolactone- Phenylacetaldehyde gamma-Butyrolactone-M
2-Methylbutan-1-ol * gamma-Bu];yrolactone- Benzaldehyde * gamma-Butyrolactone-D 2-Butanone 2-Acetylfuran-M 2-Pentanone gamma-Btyrolactone-D
2-Pentanone 2-Acetylfuran-M Dimethyl disulfide 2-Acetylfuran-M Methyl acetate Furfural 2-Butanone 2-Acetylfuran-M
2-Butanone Furfural 2-Pentanone Furfuryl alcohol * Heptanal 2-Methylpyrazine Methyl acetate Furfural
Methyl acetate 2-Methylpyrazine 2-Butanone Furfural Ethyl pentanoate Ethyl acrylate (E)-3-Hexen-1-ol 2-Methylpyrazine
Roasted coffee Ethyl hexanoate Ethyl acrylate (E)-3-Hexen-1-ol 2-Methylpyrazine Butyl acetate 2-Methylbutanal Ethyl hexanoate ethyl acrylate
(R) Heptanal 3-Methylbutanal Ethyl hexanoate Ethyl acrylate Hexanal-M 3-Methylbutanal Heptanal 3-Methylbutanal
1-Pentanol Acetic acid Heptanal 2-Methylbutanal 1-Pentanol Acetic acid Ethyl pentanoate Ethyl acetate
Ethyl
- Ethyl acetate Ethyl pentanoate 3-Methylbutanal - Ethyl acetate 3-methylbutanoate-M Acetone
Ethyl 3- L
- Acetone methylbutanoate-M Acetic acid - Methyl propanal Butyl acetate Ethyl propanoate
- Ethyl propanoate Butyl acetate Ethyl acetate - Acetone Hexanal-M Ethyl butanoate
Ethyl
- =] - - * -
Ethyl butanoate Hexanal-M Methyl propanal 3-Methylbutanol 1-Pentanol 2-methylpropanoate-M
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Table 2. Cont.

Group Comparison Avs.B Avs.C Avs.D Avs. E
- 4—Methyl—21\—/})entanone— 1-Pentanol Methyl acetate * - Ethyl propanoate - 4—Methy1—21\—/}:)entanone—
R 4-Methyl-2-pentanone- B B Ethyl B 4-Methyl-2-pentanone-
D Acetone 3-methylbutanoate-M * D
- Propyl acetate-M - Ethyl propanoate - Ethyl butanoate - Propyl acetate-M
Roasted coffee - - - Ethyl butanoate - Ethyl - -

R)

4-Methyl-2-pentanone-
M

4-Methyl-2-pentanone-
D

Propyl acetate-M
2-Ethylfuran-M *

2-methylpropanoate-M

4-Methyl-2-pentanone-
M

4-Methyl-2-pentanone-
D

Propyl acetate-M

1rr

probiotics were compared between these samples;
when green or roasted beans fermented with the same probiotics were compared between these samples;

it

“|” indicates the number of compounds with reduced content.

“_n

represents that the probiotics can single-mindedly and significantly (p < 0.05) increase or decrease the content of the compound when green or roasted beans fermented with different
represents that the probiotics can single-mindedly and significantly (p < 0.05) increase or decrease the content of the compound
nothing; “1” indicates the number of compounds with increased content.
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Focusing on samples AR and BR, it was found that coffee beans fermented with
Lactobacillus acidophilus after roasting had 8 signal peaks that increased and an additional
15 signal peaks that decreased, which also significantly increased the content of 2-methylbutan-
1-ol content (p < 0.05). Through comparing samples AR and CR, it was found that coffee
beans fermented with Bifidobacterium longum subsp. Infantis after roasting had 13 sig-
nal peaks that significantly increased and an additional 20 signal peaks that decreased,
which also significantly increased the content of benzaldehyde and reduced the content
of 5-methylfurfural-M, furfuryl alcohol, methyl acetate, 2-ethylfuran-M, and other com-
pounds. Comparing sample AR and DR, it could be seen that coffee beans fermented
with Streptococcus thermophilus after roasting, whose 8 signal peaks increased and an ad-
ditional 20 signal peaks decreased, which also significantly increased 3-methylbutanol
and ethyl 3-methylbutanoate-M. Through comparing samples AR and ER, it was found
that coffee beans fermented with Lactobacillus paracasei after roasting had 12 signal peaks
that increased and 15 signal peaks that reduced, with no significant difference between
compound increase and decrease.

3.3. Common Effects of Fermented Coffee with Probiotics on Characteristic Components of
Coffee Flavor

According to the fingerprints of all samples generated by the gallery plot in Figure 1,
there were significant differences (p < 0.05) between untreated green beans (AG) and
an additional four fermented samples (BG-EG). Furthermore, the signal peak intensity
was enhanced by some probiotics while the other probiotics decreased it (39 signal peaks
marked with “*”). No matter what kind of probiotics were used to ferment coffee, there were
12 signal peaks that changed, among which 6 signal peaks increased significantly, including
dimethyl disulfide, 2-methylbutanal, 2-methyl butyric acid, ethyl 2-methylpropanoate-
M, 4-methyl-2-pentanone-M, and propyl acetate-M; moreover, 6 signal peaks decreased
(p < 0.05), including 2-ethylfuran-D, acetic acid, methyl acetate, ethyl 3-methylbutanoate-M,
2-ethylfuran-M, 2-propanol, and other compounds. Among the increasing compounds,
dimethyl disulfide features a strong onion odor [29]; 2-methylbutanal features a powerful
and choking odor [30], with peculiar cocoa and coffee flavors after diluting, and it was
reported that the compound imparts chocolate, sweet, and fruity odors to coffee. The
aroma was defined as intense but not typically cheese-like [31]; 2-methylbutyric acid
features spicy qualities similar to roquefort cheese, which has a pleasant fruity aroma at
low concentration; the aroma profile of ethyl 2-methylpropanoate-M features fruit and
cream; 4-methyl-2-pentanone has green, herbal, and fruity characteristics [32]; and the
aroma profile of propyl acetate features fruit such as pear and raspberry with some pleasant
and bittersweet qualities. In addition, as to the decreasing compounds, 2-ethylfuran-M
has a rubber-like and smoky burnt odor [33], with a warm and sweet flavor similar to
coffee after diluting; acetic acid is an important odor-active compound having strong and
pungent vinegar characteristics [34]; methyl acetate has a pleasant and slightly bitter flavor
with an apple aroma [35]; and ethyl 3-methylbutanoate-M has strong vinous and liquor
characteristics. In short, probiotics play an important part in the formation of flavor in
green beans. Meanwhile, the changes in different signal intensity result in the production
of a variety of coffee flavors.

Similarly, there were significant differences (p < 0.05) between untreated roasted beans
(AR) and the other four fermented samples after roasting (BR-ER). Some probiotics increase
the signal intensity of some compounds while making the others decrease (45 signal peaks
marked with “*”). No matter what kind of probiotics were used to ferment coffee, there
were 17 signal peaks that changed, among which 4 signal peaks increased significantly, in-
cluding 2-pentanone, 2-butanone, heptanal, and 1-pentanol, and 13 signal peaks decreased
(p < 0.05), including gamma-butyrolactone-D, 2-acetylfuran-M, furfural, 2-methylpyrazine,
ethyl acrylate, 3-methylbutanal, ethyl acetate, acetone, ethyl propanoate, ethyl butanoate,
4-methyl-2-pentanone-M, 4-methyl-2-pentanone-D, and propyl acetate-M. Among the in-
creasing compounds, 2-pentanone has a slight fruit odor; the aroma profile of 2-butanone
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features fragrant milk [36]; heptanal is related to the pungent, fishy, and unpleasant nutty
odor; and 1-pentanol has a sweet and pleasant wax odor whose aroma profile features
burning. Additionally, for those decreasing compounds, the aroma profile of gamma-
butyrolactone-D featured faint, sweet, and aromatic buttery and milky [37]; 2-acetylfuran-
M has the odor of sweet balsam, almond, cocoa, and caramel coffee [38]; The aroma profile
of furfural characterizes almond, bitter, and toasted notes [39]; 2-methylpyrazine has nutty,
cocoa, roasted, chocolate, popcorn, and coffee-like aroma [40]; ethyl acrylate emits rum
smell; 3-methylbutanal features a powerful, acrid, pungent and choking odor, which was
reported that the compound imparts fruity, fatty, animal and malty odors to coffee; ethyl
acetate has strawberry and pineapple odor with pleasant ethereal fruity and brandy; ace-
tone has a pleasant odor; ethyl propanoate has an odor reminiscent of rum and pineapple;
ethyl butanoate has a fruity odor with pineapple and sweet taste. In a word, after ferment-
ing with probiotics and roasting, the changes in decreasing signal peak intensities were
more than those in increasing signal peak intensities. The differences in aroma between
probiotic-fermented roasted beans and untreated roasted beans were more significant than
those between probiotic-fermented green coffee beans and untreated green coffee beans.

3.4. Aroma Matching Matrix for All Samples

The greater the data match, the more coffee aroma will be similar to each other in
the matching matrix. When the matching degree of two samples ranged between 90 and
100, the aromas in the two samples were extremely similar to each other and difficult to
distinguish. As is shown in Figure 2, the aroma components of green beans fermented with
Bifidobacterium longum subsp. Infantis (CG) were extremely similar to those of green beans
fermented with Streptococcus thermophilus (DG), whose matching degree ranged between 85
and 90. Moreover, making a comparison between these 5 green beans, it was found that the
aromas of samples BG, CG, and DG were similar to each other, whose matching degrees
ranged between 90 and 95. There was a unique aroma found in sample EG whose matching
degree ranged between 80 and 85 compared with other samples. In addition, there was a
difference between green beans (AG) and additional fermented beans (CG-EG), and the
matching degree ranged between 80 and 85.

AG BG cG DG EG AR BR CR DR ER
30.00

ER ER 35.00

r 40.00

DR - L DR . 45.00

80.00

CR A - CR 85.00

90.00

BR + - BR . 95.00

100.0
AR ~ }— AR
EG - EG
DG DG
CG H - CG
BG + BG
AG J = AG

T T T T T T T T 1
AG BG CG DG EG AR BR CR DR ER

Figure 2. Aroma matching matrix for all samples.

Among the roasted samples, making a comparison between these 5 roasted beans,
the matching degree of sample AR and other fermented beans (BR-ER) was less than 80,
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indicating that the aroma components of roasted beans changed significantly compared
with untreated ones after fermentation. The aroma components of roasted beans treated
with different probiotics (BR-ER) were similar to each other but slightly different, with
matching degrees ranging between 80 and 90.

Moreover, comparing green and roasted beans, it could be seen that the matching
degree of all samples was less than 40%, indicating that the aroma of coffee changed greatly
after roasting.

4. Conclusions

The present study concluded that the effects of four different probiotics on fermented
arabica coffee’s volatile components. The fingerprints by HS-GC-IMS showed that 61 signal
peaks for 51 compounds were confirmed and quantified in all types of coffee, including
13 esters, 11 aldehydes, 9 alcohols, 6 ketones, 3 furans, 5 terpenes (hydrocarbons), 2
organic acids, 1 pyrazine, and 1 sulfur-containing compound. From the total aroma
components, the aroma content in green beans treated with probiotics increased compared
with untreated ones (AG), while the aroma content in roasted beans decreased compared
with untreated ones (AR), which resulted in a 4.48-5.49-fold increase in aroma component
contents after roasting. The differences in aroma between probiotic-fermented roasted
beans and untreated roasted beans were more significant than those between probiotic-
fermented green coffee beans and untreated green coffee beans. In conclusion, HS-GC-IMS
can distinguish the difference in coffee aroma, and different probiotics have a unique
influence on coffee aroma. Fermenting coffee with probiotics can significantly improve
coffee aroma, which has excellent application prospects for improving the quality of
commercial coffee beans.

Author Contributions: Writing—original draft preparation, L.Z.; writing—review and editing, YW.;
data-curation, D.W. and Z.H.; project administration, resources, ].G.; conceptualization, methodology,
C.T.; All authors have read and agreed to the published version of the manuscript.

Funding: This study was funded by Yunnan Agricultural University of Yunnan Province (Youth
Fund of Yunnan Agricultural University, project No. 2016ZR04), Science and Technology Department
of Yunnan Province (Basic Research Pro-gram of Yunnan Province, project No. 2019FB055), Yunnan
Provincial Department of Finance (the Yunling Scholar Program, project No. YNWRYLXZ-2018-026).

Data Availability Statement: Data is contained within the article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Florian, S.; Elias, M.V,; Su, EX; Fisk, 1.D.; Olivier, R.; Jeremy, H. Shade trees: A determinant to the relative success of organic
versus conventional coffee production. Agrofor. Syst. 2018, 92, 1535-1549. [CrossRef]

2. Mohammedsani, A.A. Influence of harvesting and postharvest processing methods on the quality of Arabica coffee (Coffea arabica
L.) in Eastern Ethiopia. ISABB |. Food Agric. Sci. 2017, 7, 1-9. [CrossRef]

3.  Gilberto, VM.P,; Neto, D.P.C.; Medeiros, A.B.P,; Soccol, V.T.; Neto, E.; Woiciechowski, A.L.; Soccol, C.R. Potential of lactic acid
bacteria to improve the fermentation and quality of coffee during on-farm processing. Int. J. Food Sci. Technol. 2016, 51, 1689-1695.
[CrossRef]

4. Gilberto, VM.P.G,; Thomaz, S.V; Kaur, B.S.; Ensei, N.; Ricardo, S.C. Microbial ecology and starter culture technology in coffee
processing. Crit. Rev. Food Sci. Nutr. 2017, 57, 2775-2788. [CrossRef]

5. Heperkan, D. Microbiota of table olive fermentations and criteria of selection for their use as starters. Front. Microbiol. 2013, 4, 143.
[CrossRef]

6. Wang, C.H.,; Sun, ].C,; Lassabliere, B.; Yu, B.; Zhao, EE; Zhao, EJ.; Chen, Y,; Liu, S.Q. Potential of lactic acid bacteria to modulate
coffee volatiles and effect of glucose supplementation: Fermentation of green coffee beans and impact of coffee roasting. . Sci.
Food Agric. 2018, 99, 409-420. [CrossRef]

7. Natalia, A.M.; Andrés, M.G.; Natividad, J.C.; Rocio, G.D.; Cristina, A.; Lourdes, A. Target vs spectral fingerprint data analysis of
Iberian ham samples for avoiding labelling fraud using headspace-gas chromatography—ion mobility spectrometry. Food Chem.
2018, 246, 65-73. [CrossRef]

8.  Gonzalez-Rios, O.; Suarez-Quiroz, M.L.; Boulanger, R.; Barel, M.; Guyot, B.; Guiraud, J.P.; Sabine, S.G. Impact of “ecological”

post-harvest processing on coffee aroma: II. Roasted coffee. J. Food Compos. Anal. 2006, 20, 297-307. [CrossRef]


https://doi.org/10.1007/s10457-017-0100-y
https://doi.org/10.5897/ISABB-JFAS2016.0051
https://doi.org/10.1111/ijfs.13142
https://doi.org/10.1080/10408398.2015.1067759
https://doi.org/10.3389/fmicb.2013.00143
https://doi.org/10.1002/jsfa.9202
https://doi.org/10.1016/j.foodchem.2017.11.008
https://doi.org/10.1016/j.jfca.2006.12.004

Foods 2023, 12, 2015 13 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Evangelista, S.R.; Miguel, M.G.C.P,; Cordeiro, C.S,; Silva, C.E,; Pinheiro, A.C.M.; Schwan, R.F. Inoculation of starter cultures in a
semi-dry coffee (Coffea arabica) fermentation process. Food Microbiol. 2014, 44, 87-95. [CrossRef] [PubMed]

Liang, W.L.; Mun, W.C.; Philip, C.; Bin, Y.; Shao, Q.L. Modulation of coffee aroma via the fermentation of green coffee beans with
Rhizopus oligosporus: 1. Green coffee. Food Chem. 2016, 211, 916-924. [CrossRef]

Marinos, X.; Alexandra, S.; Kyriaki, R.P.; Eleftherios, A.; Tarantilis, P.A.; Pappas, C.S. Response Surface Methodology to Optimize
the Isolation of Dominant Volatile Compounds from Monofloral Greek Thyme Honey Using SPME-GC-MS. Molecules 2021,
26, 3612. [CrossRef]

Ryan, D.; Shellie, R.; Tranchida, P.; Casilli, A.; Mondello, L.; Marriott, P. Analysis of roasted coffee bean volatiles by using
comprehensive two-dimensional gas chromatography-time-of-flight mass spectrometry. J. Chromatogr. A 2004, 1054, 57-65.
[CrossRef] [PubMed]

Juerg, B.; Luigi, P.; Ruth, K; Rainer, P.; Felix, E. Coffee roasting and aroma formation: Application of different time-temperature
conditions. J. Agric. Food Chem. 2008, 56, 5836-5846. [CrossRef]

Kenji, K.; Hideki, M. Investigation of the change in the flavor of a coffee drink during heat processing. J. Agric. Food Chem. 2003,
51, 2674-2678. [CrossRef]

Chen, Y.P; Cai, D.D.; Li, W.Q.; Blank, L; Liu, Y. Application of gas chromatography-ion mobility spectrometry (GC-IMS) and
ultrafast gas chromatography electronic-nose (uf-GC E-nose) to distinguish four Chinese freshwater fishes at both raw and
cooked status. J. Food Biochem. 2021, 46, €13840. [CrossRef]

Gallegos, J.; Arce, C.; Jordano, R.; Arce, L.; Medina, L.M. Target identification of volatile metabolites to allow the differentiation of
lactic acid bacteria by gas chromatography-ion mobility spectrometry. Food Chem. 2017, 220, 362-370. [CrossRef] [PubMed]
Gerhardt, N.; Birkenmeier, M.; Sanders, D.; Rohn, S.; Weller, P. Resolution-optimized headspace gas chromatography-ion mobility
spectrometry (HS-GC-IMS) for non-targeted olive oil profiling. Anal. Bioanal. Chem. 2017, 409, 3933-3942. [CrossRef] [PubMed]
Koczulla, R.; Hattesohl, A.; Schmid, S.; Bodeker, B.; Maddula, S.; Baumbach, J.I. MCC/IMS as potential noninvasive technique in
the diagnosis of patients with COPD with and without alpha 1-antitrypsin deficiency. Int. ]. Ion Mobil. Spectrom. 2011, 14, 177-185.
[CrossRef]

Roman, R.M.; Eduardo, V; Stefan, M.; Antonio, R.M.; Andriy, K.; Ursula, T. Identification of terpenes and essential oils by means
of static headspace gas chromatography-ion mobility spectrometry. Anal. Bioanal. Chem. 2017, 409, 6595-6603. [CrossRef]
Christina, L.C.; Stephan, G.; Marc, G.; Katrin, F,; Xing, Z.; Herbert, H. The novel use of gas chromatography-ion mobility-time of
flight mass spectrometry with secondary electrospray ionization for complex mixture analysis. Int. |. Ion Mobil. Spectrom. 2011,
14, 23-30. [CrossRef]

Gerhardt, N.; Birkenmeier, M.; Schwolow, S.; Rohn, S.; Weller, P. Volatile-Compound Fingerprinting by Headspace-Gas-
Chromatography Ion-Mobility Spectrometry (HS-GC-IMS) as a Benchtop Alternative to 1H NMR Profiling for Assessment of the
Authenticity of Honey. Anal. Chem. 2018, 90, 1777-1785. [CrossRef] [PubMed]

Natalia, A.M.; Maria, G.N.; Ana, C.; Natalia, C.; Pilar, V.; Ignacio, L.G.; Manuel, H.C. Untargeted headspace gas chromatography-
Ion mobility spectrometry analysis for detection of adulterated honey. Talanta 2019, 205, 120123. [CrossRef]

Hu, X.; Wang, R.R.; Guo, ].J.; Ge, K.D.; Li, G.Y;; Fu, EH,; Ding, S.G.; Shan, Y.; McPhee, D.].; Michael, C. Changes in the Volatile
Components of Candied Kumquats in Different Processing Methodologies with Headspace-Gas Chromatography-Ion Mobility
Spectrometry. Molecules 2019, 24, 3053. [CrossRef] [PubMed]

Garrido-Delgado, R.; Arce, L.; Guaman, A.V,; Pardo, A.; Marco, S.; Valcarcel, M. Direct coupling of a gas-liquid separator to
an ion mobility spectrometer for the classification of different white wines using chemometrics tools. Talanta 2011, 84, 471-479.
[CrossRef] [PubMed]

Gallegos, J.; Garrido-Delgado, R.; Arce, L.; Medina, L.M. Volatile Metabolites of Goat Cheeses Determined by Ion Mobility
Spectrometry. Potential Applications in Quality Control. Food Anal. Methods 2015, 8, 1699-1709. [CrossRef]

Zhi, Y,; Yuan, H.Y.; Qu, M.Z; Zeng, X.G.; Huang, H.Y.; Ren, F.; Chen, N.H. Direct authentication of three Chinese materia medica
species of the Lilii Bulbus family in terms of volatile components by headspace-gas chromatography-ion mobility spectrometry.
Anal. Methods 2019, 11, 530-536. [CrossRef]

Liu, YJ.; Gong, X,; Jing, W.; Lin, L.J.; Zhou, W.; He, ].N.; Li, ]. H. Fast discrimination of avocado oil for different extracted methods
using headspace-gas chromatography-ion mobility spectroscopy with PCA based on volatile organic compounds. Open Chem.
2021, 19, 367-376. [CrossRef]

Cavanna, D.; Zanardi, S.; Dall’Asta, C.; Suman, M. Ion mobility spectrometry coupled to gas chromatography: A rapid tool to
assess eggs freshness. Food Chem. 2019, 271, 691-696. [CrossRef]

Yoo, S.R.; Min, S.; Prakash, A.; Min, D.B. Off-odor Study with y-Irradiated Orange Juice Using Sensory and Volatile Compound
Analyses. J. Food Sci. 2003, 68, 1259-1264. [CrossRef]

Yazid, A.M.; Shuhaimi, M.; Hajaratul, N.M.; Yaakob, C.M. Tentative Identification of Volatile Flavor Compounds in Commercial
Budu, a Malaysian Fish Sauce, Using GC-MS. Molecules 2012, 17, 5062-5080. [CrossRef]

Fernandez de Palencia, P; de la Plaza, M.; Mohedano, M.L.; Martinez-Cuesta, M.C.; Requena, T.; Lopez, P; Peldez, C. Enhancement
of 2-methylbutanal formation in cheese by using a fluorescently tagged Lacticin 3147 producing Lactococcus lactis strain. Int. ].
Food Microbiol. 2004, 93, 335-347. [CrossRef] [PubMed]


https://doi.org/10.1016/j.fm.2014.05.013
https://www.ncbi.nlm.nih.gov/pubmed/25084650
https://doi.org/10.1016/j.foodchem.2016.05.076
https://doi.org/10.3390/MOLECULES26123612
https://doi.org/10.1016/S0021-9673(04)01408-6
https://www.ncbi.nlm.nih.gov/pubmed/15553131
https://doi.org/10.1021/jf800327j
https://doi.org/10.1021/jf021025f
https://doi.org/10.1111/jfbc.13840
https://doi.org/10.1016/j.foodchem.2016.10.022
https://www.ncbi.nlm.nih.gov/pubmed/27855912
https://doi.org/10.1007/s00216-017-0338-2
https://www.ncbi.nlm.nih.gov/pubmed/28417171
https://doi.org/10.1007/s12127-011-0070-0
https://doi.org/10.1007/s00216-017-0613-2
https://doi.org/10.1007/s12127-010-0057-2
https://doi.org/10.1021/acs.analchem.7b03748
https://www.ncbi.nlm.nih.gov/pubmed/29298045
https://doi.org/10.1016/j.talanta
https://doi.org/10.3390/molecules24173053
https://www.ncbi.nlm.nih.gov/pubmed/31443455
https://doi.org/10.1016/j.talanta.2011.01.044
https://www.ncbi.nlm.nih.gov/pubmed/21376975
https://doi.org/10.1007/s12161-014-0050-1
https://doi.org/10.1039/c8ay02338g
https://doi.org/10.1515/chem-2020-0125
https://doi.org/10.1016/j.foodchem.2018.07.204
https://doi.org/10.1111/j.1365-2621.2003.tb09636.x
https://doi.org/10.3390/molecules17055062
https://doi.org/10.1016/j.ijfoodmicro.2003.11.018
https://www.ncbi.nlm.nih.gov/pubmed/15163590

Foods 2023, 12, 2015 14 of 14

32.

33.

34.

35.

36.

37.

38.

39.

40.

Api, AM.; Belsito, D.; Botelho, D.; Bruze, M.; Burton, G.A.; Buschmann, J.; Dagli, M.L.; Date, M.; Dekant, W.; Deodhar, C.; et al.
RIFM fragrance ingredient safety assessment, 4-methyl-2-pentanone, CAS Registry Number 108-10-1. Food Chem. Toxicol. 2019,
130 (Suppl. 1), 110587. [CrossRef] [PubMed]

Maga, J.A. Furans in foods. CRC Crit. Rev. Food Sci. Nutr. 1979, 11, 355-400. [CrossRef]

Pu, D.; Zhang, H.Y.; Zhang, Y.Y.; Sun, B.G.; Ren, EZ.; Chen, H.T.; He, ].N. Characterization of the aroma release and perception of
white bread during oral processing by gas chromatography-ion mobility spectrometry and temporal dominance of sensations
analysis. Food Res. Int. 2019, 123, 612-622. [CrossRef]

Jovana, T.I; Dusan, V.; Aleksandra, D.; Dejan, B.; Vladimir, D.; Marija, G.J.; Nenad, M. Design of biocompatible immobilized
Candida rugosa lipase with potential application in food industry. J. Sci. Food Agric. 2016, 96, 4281-4287. [CrossRef]

Gu, S.Q.; Wu, N.; Wang, X.C.; Zhang, ].].; Ji, S.R. Analysis of Key Odor Compounds in Steamed Chinese Mitten Crab (Eriocheir
sinensis). Adv. Mater. Res. 2014, 941, 1026-1035. Available online: https://doi.org/10.4028 /www.scientific.net/ AMR.941-944.1026
(accessed on 14 March 2023).

Moon, ].K.; Shibamoto, T. Role of roasting conditions in the profile of volatile flavor chemicals formed from coffee beans. J. Agric.
Food Chem. 2009, 57, 5823-5831. [CrossRef] [PubMed]

Vernin, G.; Vernin, C.; Pieribattesti, J.C.; Roque, C. Analysis of the Volatile Compounds of Psidium cattleianum Sabine Fruit from
Reunion Island. J. Essent. Oil Res. 1998, 10, 353-362. [CrossRef]

Lasekan, O.; Muniady, M.; Lin, M.; Dabaj, F. Identification of characteristic aroma compounds in raw and thermally processed
African giant snail (Achatina fulica). Chem. Cent. J. 2018, 12, 43. [CrossRef]

Liu, S.Q.; Holland, R.; Crow, V. Synthesis of ethyl butanoate by a commercial lipase in aqueous media under conditions relevant
to cheese ripening. J. Dairy Res. 2003, 70, 359-363. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.fct.2019.110587
https://www.ncbi.nlm.nih.gov/pubmed/31220536
https://doi.org/10.1080/10408397909527268
https://doi.org/10.1016/j.foodres.2019.05.016
https://doi.org/10.1002/jsfa.7641
https://doi.org/10.4028/www.scientific.net/AMR.941-944.1026
https://doi.org/10.1021/jf901136e
https://www.ncbi.nlm.nih.gov/pubmed/19579294
https://doi.org/10.1080/10412905.1998.9700923
https://doi.org/10.1186/s13065-018-0413-6
https://doi.org/10.1017/S0022029903006290

	Introduction 
	Materials and Methods 
	Materials and Reagents 
	Instrumentation 
	Coffee Sample Preparation 
	Statistical Analysis 

	Results and Discussion 
	Coffee Flavor Composition Analysis Based on HS-GC-IMS 
	Effects of Fermented Coffee with Single Probiotics on the Characteristic Components of Coffee Flavor 
	Common Effects of Fermented Coffee with Probiotics on Characteristic Components of Coffee Flavor 
	Aroma Matching Matrix for All Samples 

	Conclusions 
	References

