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ABSTRACT

The objective of this study was to produce high-quality microbial fermented tea by isolating and identifying microorganisms
from nuruk. The isolated microorganisms were analyzed by internal transcribed spacer (ITS) region sequencing and the isolate
was identified as Aspergillus sp. B3. Tea leaves were then inoculated with the identified microorganism. The changes were
observed and the metabolites formed were analyzed according to the fermentation period. The total polyphenol content of the
fermented tea was measured on day 0, 3, 5, 7, 10, a total of 5 times. The total polyphenol content decreased by 35% on
day 10 compared to the initial content before inoculation on day 0. A total of 28 metabolites were identified in the fermented
tea with the results of the PLS-DA score plot and those of UPLC-Q-TOF MS, using LC/MS, and GC/MS analyses. As
fermentation progressed, the content of simple sugars, organic acids, and catechin-based substances decreased, and those of
sugar alcohols increased. The content of glutamine increased significantly among the amino acids present, whereas those of
alanine, serine, threonine, aspartic acid, and 5-oxoproline decreased. Furthermore, the fermented tea showed increased levels
of several fatty acids, including lysophosphatidylcholine (LPC 18:1, LPC 18:2, and LPC 18:3), but the levels of palmitic acid,
stearic acid, glycerol, and 13-docosenamide remained unaffected. The results of this study could be used as basic research
data for further analyses of fermented teas using Aspergillus sp. B3 and their secondary metabolites and could also have an
influence on the production of Korean-style microbial fermented teas through studies of a variety of such teas according to

their fermentation period.
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J= Eejusde STk, Sebis, Shhs, tEAo}
=2ko] glom, 1 Fo| A= 71| (catechin) 3kl
Fre E2]9lEe] 50% ol de ARt stelel] HiE
FHIZ1 7+ catechin(C), epicatechin(EC), epigallocatechin
(EGC), epicatechingallate(ECG), epigallocatechingallate(EGCG)
7F slem, Anag oA FHeRle] Atstet whgel] ola) A
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A ALR SAS & HHAPER FA E5t] genomic
DNA (G-DNA) 2|9l AFH8-3F3 ) G-DNAE Qiagen DNA
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uLell &5 Hrlete] HFH-rt 30 uLrt EA 245k,
PCRZ 94 CollA 1583t 1Ate] S5 AAIRE 5 94TllA 1%,
55ColA 13, 72TollA 1331e] 08 F 3580155 4
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oroacetamide(BSTFA)'Eé‘ ALE-31 silylatione] WS 0] 83519
thKim DW % 2017). Internal standard® A}8-3F dicyclo-
hexyl phthalateﬂ- A7} pyridine®} methoxyamine hydro-
chloride& ¥ 3L 37 CellA] 903t walf' ¥ BSTFAS #
7¥etaL 70 Cell A 3083t wEEAIZ] A she FEE-L vial
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u] A& Ag 2} YA FEE-S Waters Acquity UPLC-Q-
TOFE o]&st EAsIth A|8FEES Acquity UPLC
BEH C18 Z#(2.1 mm x 100 mm, 1.7 um; Waters, Milford,
MA, USA)°l| T3t om, o] 532 0.1% formic acidE &
ot e E(A)F 0.1% formic acidE T3t e
acetonitrile(B)Z flow ratex= 0.35 mL/min®|™, ZH 2T+
40°Colth ZHE S35l U2 eluents positive electro-
spray ionization(ESI) modeE %til )= Q-TOF MSZE &4
Sttt TOF MS data®] scan range= 50-1,500 m/z, scan
time 0.2 s, capillary®} sampling cone voltages= 3 kV<}
30 V, desolvation flow ratex= 800 L/h, desolvation =%+
350C, source =%+ 120C°|%Th Leucine-enkephalin([M+

H]= 556.2771)& lock mass= ¢|%} reference compound =
AHEEIRIO M, 10 s EAEUATE BE A RES 36t
TH5o]3 quality control(QC) Al&E & vl 571E A3t
MS/MS spectra<= collision energy ramp(10 to 30 eV), m/z
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0.25 pum film thickness; J & W Scientific, Santa Clara, CA,
USA)o] 2% GCE FYUste] BA4S A&ttt Carrier
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injector ==& 200CE A3l th %7] oven =2 70T
2283 A7 F 10C/min ¥ &2 320C7HA] 571417
3, B x| 5587 FAIAAEE GC columnS £l 4
Ho] U4o= EZES electron impact(El) ionization mode
(70 eV)Z 2Hg3l= Shimadzu GCMS-TQ 8030(Tokyo, Japan)
E243519 ). Ton source®} interface ==+ Z42F 230T <
280CMJ% GC column E3f #AHo] vYoe 45
full scan mode(m/z 45-550)2 ZYEHHE S
timeZ} scan = ZF2} 0.3 sec} 2,000 u/sec®] 21T} Detector
voltage= 0.1 kVo]iL, threshold 100 AFE-31$AT)
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UPLC-Q-TOF MSE ©]-&-3to] ¥zl LC-MS data®] col-
lection, normalization, alignment= UNIFI version 1.8.2 =
I3(Waters)= ©]-83Fo] Z183}th. Peak-to-peak baseline
noise(1), noise elimination(6), peak-width(5% height of 1 s),
intensity threshold(10,000)Z ©]-8-3}] peaksS LA™, mass
window(0.05 Da)<} retention time window(0.2 min)E ©]-83
o] metabolite dataZ- alignmentd}] T ZE datae BFE3
< ©]-83t] normalizationdtith. thAHEEE-2 UNIFI ver-
sion 1.8.2.169(Waters), ChemSpider(www.chemspider.com),
human metabolome databases(www.hmdb.ca), Metlin database
(metlin.scripps.edu) & A8-3le] &7 3k

GCMSE o] &3] Aojzl GC/MS data® AnalyzerPros
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alkanesZ ©]-8-3}o] AlXHE retention indices(RIs)S ©]-8-3}
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9} R2Y+= goodness of fit measure, Q2Y+= predictive ability,
permutation test= PLS-DAE- w =} ASSIATh E3F & dlE
StE g% 9 UAEZEQ] relative abundancesi= SPSS
25.0(IBM corp., Armonk, NY, USA)2| one-way analysis of
variance(ANOVA) with Duncan’s multiple range test(p<0.05)
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#n 9 n@
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So vy nAES Eefote] B3 o] = fIsl
Molecular Evolutionary Genetics Analysis X(MEGA X) =
13 Xenotech(Korea)S ©|-83le] #x2F F484Q A=
s Askiti(Fig. 1). Als=clM B3 #F
parasiticus, Aspergillus. flavus, Aspergillus oryzae 53} =&
FE4dS B3t MEGA 5.09] neighbor-joining methodZ ©|
g3lo] A2 ABEFS FPSHHTamura K 5 2011).
wehA] B3 o &7 ¢ 1 Aspergillus SP. B32 3

T Aspergillus

= Fig. 2l A|Alsk
ATt FEARY] F dEstE e R A day 0, 101 mg
GAE/gel| H]8] ZaAzt 1 Hasle] g 104
2}l = 66 mg GAE/gC 2 <F 35% Zasksitt. ol2ieh A}

100 — A terreus(AF078896.1)
_—-.:»_‘:_[ A terreus(AJ001335.1)
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100 A flavus(AB008415.1)
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Fig. 1. A neighbor-joining phylogenetic tree based on
the ITS gene sequence of fungal B3.
The neighbor-joining method was used to determine the distance
matrix. The bootstrap values are greater than 50% based on
1,000 replicates are listed as percentage at the branch points.
Scale bar 0.01 substitutions per 100 nucleotides.
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Fig. 2. Total phenolic content of microbial-fermented tea.
Values with a same letter (a~e) are not significantly different by
Duncan’s multiple range test at p<0.05.
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3. wExle| gt AlZtol| mZE CHARA 24
B3 TFE A2sle] 10Y B2k HEA] Tra el Ak

£ 70% WSR2 F&3 gXEZAE2 UPLC-Q-TOF MSE
o] 8¢+ LC/MS®F GC/MSZ £33tk LO/MSE ©] &35t
A% A i E S T2l S B4 23 2870
9] & (theanine, theogallin, phenylalanine, gallocatechin, 3,9-
dimethyl xanthine, tryptophan, epigallocatechin, catechin, ca-
ffeine, epicatechin, gallocatechin gallate, schaftoside, quercetin
3-glucosyl-rutinoside, kaempferol-3-galactoside-7-rhamnoside,
faralateroside, apigenin 7-glucoside, catechin gallate, kaemp-
ferol-3-galactoside-7-rhamnoside, kaempferol 3-glucoside, 4,
3’,5’-trihydroXyresveratrol, kaempferol, lysophosphatidylcho-
line(LPC(18:3), LPC(18:2), LPC(18:1)), harderoporphyrin,
pheophorbide A, pyrophaeophorbide a, 13-docosenamide)©]
E@Q"*E}(Fig 3). 3, GC/MSE °]&sto] A5t 2

2 Eaf A3 dgar AEAEe] T2udg EA3
Ak 29789 F=27F EAEHAA, T T fructoseZt F 7HE]
peak® FHEE o] HF2 o7 287 S (lactic acid, alanine,
phosphoric acid, glycerol, glyceric acid, serine, threonine, malic

acid, erythritol, aspartic acid, oxoproline, threonic acid, gluta-
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1, theanine; 2, theogallin; 3, phenylalanine; 4, gallocatechin; 5, 3,9-dimethyl xanthine; 6, tryptophan; 7, epigallocatechin; 8, catechin; 9,
caffeine; 10, epicatechin; 11, gallocatechin gallate; 12, schaftoside; 13, quercetin 3-glucosyl-rutinoside; 14, kaempferol-3-galactoside-7-
rhamnoside; 15, faralateroside; 16, apigenin 7-glucoside; 17, catechin gallate; 18, kaempferol-3-galactoside-7-rhamnoside; 19, kaempferol
3-glucoside; 20, 4,3',5-trihydroxyresveratrol; 21, kaempferol; 22, LPC(18:3); 23, LPC(18:2); 24, LPC(18:1); 25, harderoporphyrin; 26,
pheophorbide a; 27, pyrophaeophorbide a; 28, 13-docosenamide

Fig. 3. LC-MS profile of metabolites extracted with 70% methanol in the tea fermented with Aspergillus sp. B3 during
fermentation.
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1, lactic acid; 2, alanine; 3, phosphoric acid; 4, glycerol; 5, glyceric acid; 6, serine; 7, threonine; 8, malic acid; 9, erythritol; 10, aspartic
acid; 11, oxoproline; 12, threonic acid; 13, glutamic acid; 14, phenylalanine; 15, xylose; 16, ribitol; 17, glutamine; 18, shikimic acid;
19, citric acid; 20, quinic acid; 21, fructose; 22, fructose; 23 glucose; 24, glucitol; 25, glucuronic acid; 26, palmitic acid; 27, myo-inositol;
28, stearic acid; 29, sucrose

Fig. 4. GC-MS profile of metabolites extracted with 80% methanol in the tea fermented with Aspergillus sp. B3 during
fermentation.
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Fig. 5. Changes of sugars and organic acids contents in the tea fermented with Aspergillus sp. B3 during fermentation.
Values with a same letter (a~e) are not significantly different by Duncan’s multiple range test at p<0.05.
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Fig. 7. Changes of lipophilic compound contents in the tea fermented with Aspergillus sp. B3 during fermentation.
Values with a same letter (a~e) are not significantly different by Duncan’s multiple range test at p<0.05. LPC: lysophosphatidyl choline.
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Fig. 8. Changes of polyphenol metabolite contents in the tea fermented with Aspergillus sp. B3 during fermentation.
Values with a same letter (a~e) are not significantly different by Duncan’s multiple range test at p<0.05.
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Fig. 9. Changes of caffeine, theanine, catechin contents in the tea fermented with Aspergillus sp. B3 during fermentation.
Values with a same letter (a~e) are not significantly different by Duncan’s multiple range test at p<0.05.
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