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Determination of dynamic metabolite variations in Betula pendula Roth juice
during the harvesting period by ultra performance liquid chromatography-
quadrupole-orbitrap high resolution mass spectrometry

CHEN Ting-Yu', LI Xiang-An', WU Yu-Yang', SUN Ji-Peng', HAN Xiao”, CAI Yan-Yan’, JI Chao',
ZHAO Liang-Juan', ZHENG Wen-Jie"

(1. College of Life Sciences, Tianjin Normal University, Tianjin Key Laboratory of Animal and Plant Resistance, Tianjin
300387, China; 2. Inner Mongolia Greater Khingan Range Forest Understory Products Co., Ltd., Yakeshi 022150, China)

ABSTRACT: Objective To investigate the dynamic changes of metabolites in Betula pendula Roth juice during the
harvesting period, and analyze their intrinsic associations with physicochemical indices including soluble solid content,
pH and electrical conductivity. Methods Betula pendula Roth juice collected on 7 consecutive days from the Yakeshi
production region in Inner Mongolia, China, was pretreated by methanol-water (7:3, V:V) ultrasonic extraction in an
ice-water bath, centrifugation and 0.22 pm membrane filtration, and was then analyzed by ultra performance liquid
chromatography-quadrupole-orbitrap high resolution mass spectrometry (UPLC-Q-Exactive-MS) based untargeted
metabolomics. Principal component analysis (PCA) was used to examine the overall variation of the metabolome,
differential metabolites were screened with variable importance in projection (VIP)>1 and P<0.05, key metabolic
pathways were resolved by UpSet plots, volcano plots and Kyoto encyclopedia of genes and genomes (KEGG) pathway
enrichment analysis, and the soluble solid content, pH and electrical conductivity were determined to construct a
metabolite-physicochemical index correlation network by Spearman rank correlation analysis. Results The results
showed that the metabolome of Betula pendula Roth juice could be divided into 3 stages along the harvesting period:
D1-D3, stress-responsive metabolites such as alkaloids and organic acids were up-regulated, with log,FC of +0.88 for
pilocarpine and +2.68 for alpha-ketoglutaric acid, and as many as 119 kinds of differential metabolites (41 kinds of them
unique to this comparison) were detected between D1 and D2; D4-D6, carbohydrates, lipids and amino acids
predominated, the pentose phosphate pathway, starch and sucrose metabolism and phenylpropanoid biosynthesis were
significantly enriched and alpha-linolenic acid (log,FC=+4.21) and methyl jasmonate (log,FC=+2.95) peaked at this
stage; D7, most functional metabolites were down-regulated whereas aroma-associated benzenoids increased selectively,
and only 4 kinds of differential metabolites were detected between D6 and D7, indicating that the metabolome tended to
be stable. During the harvesting period, the pH, electrical conductivity and soluble solid content of Betula pendula Roth
juice ranged from 4.11 to 6.99, from 211.16 to 608.40 uS/cm and from 0.80 to 2.66 °Brix, respectively; the correlation
network showed that the soluble solid content was strongly and positively correlated with various carbohydrates and
organic acids, and DL-malic acid and acetic acid acted as metabolic hub compounds simultaneously linking multiple
physicochemical indices. Conclusion The metabolite composition of Betula pendula Roth juice undergoes a clearly
stage-dependent evolution within a harvesting period of only 7 d, D4-D6 represent the stage richest in functional
metabolites, and DL-malic acid and acetic acid can serve as candidate markers for quality evaluation; these findings
provide a theoretical basis for scientifically defining the harvesting window and for the quality evaluation and high-value
utilization of Betula pendula Roth juice.

KEY WORDS: Betula pendula Roth juice; untargeted metabolomics; dynamic metabolite variations; harvesting

period; ultra performance liquid chromatography-quadrupole-orbitrap high resolution mass spectrometry
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BR BT W A 100~500 mg/L, VIRl . INAR . 4
£ SRER . PR RN E, THEZRFIEEY,
SOKAL G PSRN R, BN 1.0%~2.6%, LI
EFERIEE 3, B RA R 2 HE H DT R &5 i =
(41.92%)° 100 SR, A 5 FAMET RAE I N AL 43 Bh A8 AR
WA R XA BRI,
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SR, A BT 22 AR 1] 43 A 5 5 [N 66 T i3 R0
AH 3% (high performance liquid chromatography, HPLC)
HOWEE & . LB 55 B T T3 1 (inductively  coupled
plasma mass spectrometry, ICP-MS)#™ ¥ 5t 43 M S T %o B —
b A b o0 R OB e E R BY 35 (enzyme-linked
immunosorbent assay, ELISA){l & ], 1L AEH 35S <A i1 —
INERAY, IR SR AR 1 L R AR L R R AR .
FT 5 B B AR AATI FEA R B ZRAE . FE T8 5 BOR A f01% -
VU B AT/ R 37 B0 TE B R 43 BE T % (ultra performance
liquid chromatography-quadrupole-orbitrap high resolution
mass spectrometry, UPLC-Q-Exactive-MS)%: 5 439 F & 1
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BT R I TG R 22320 SR et SEaf
ST F B I SR A A g W s B A A [y v L
PRI Bk b AR SRR 2 e, ARE
RLUEZE 7dREMAMKIT ISR, RA
UPLC-Q-Exactive-MS R # [n] A 4 45 5 nT 1 B )
it pH K SERNE, RERMEHRE N
S, Jf ok 5T # R 5 5 W4 ' R4 (Kyoto
encyclopedia of genes and genomes, KEGG)iffl [ & 4 /0 #r
T AR - PRACTE b AH I 25 o r, 48 0 e A& 72
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1.1 #R5IRF
FIMEToR T 2024 4F FIMEH REEFR(A H 26 HES H 2 H),

SRBEH A P SE T E IR KPR DR T A we A i Al = X
BYFRSR FARER A b, M LA A REBetula pendula Roth)
TR, MRS, MEABHMARPGEIERT 6 m@E/MA
KT 5 m), JEMATHARD LN 280~400 Hf/mm?; FrkkE
WZERAIT, WIS 35~45 a, JOIRZ) 18 cm, A KM . A
P2, JoI R R E AU . 9 H TR B Bk B
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B, ZM(@i%al, 3% Thermo Fisher Scientific 2
H]); HER . TKZBR(i%al, HARK L Tl bk £04t);
1,1- — # 3 -2- 3% JJF 3 (1,1-diphenyl-2-picrylhydrazyl,
DPPH)(Zi ¥ =99%, LB+ TR A R A F); 2,4,6-=
N E 2 = 182 (2,4, 6-tripyridyl-s-triazine, TPTZ)(%li = 99%,
bR B TR HRAH).
12 UFE5EE

Vanquish Flex ## = 0B (3 . Q-Exactive =43 3¢
A (Be KA HL B YR, 35 [E Thermo Fisher Scientific 2y
f]); ACQUITY HSS T3 f&if4#(2.1 mmx100 mm, 1.8 pm,
2 [ Waters /A Fl); PR32 B BAT G (H A ZHh ATAGO &
]); PHB-4 # pH 3. DDB-303A Bl S0 ( FFR A
F]); 3K15 A G R FHER REOHLEERE Sigma 24 H]);
MCT-200-C # 2.0 mL B§.0:% (32 1# Corning A #); 0.22 pm
T HUAR R e T B B R T s L iR & FRA R
1.3 LWHE
13.1 #RRELmam

PEHUET, KRR AHETTRE S T 4 CCEAB R IR T4
HELMAUEY — . MERIFSE 300 pL (AHETH 2 0H 2.0 mL
B, A 1.5 mL B4 (20 °C)MI3RBUAT (LK
=7:3, V:V), LAULIEER R & AU a4 BU Y . 1A
JIZLATE 3 min (2500 t/min), BJS S HBI4RI(37 kHz,
500 W) 1 h; B 1k SRBUBA I P R, RS BRI KoK
Wk T, RBUS, FERT 4 °C. 10000xg B0 10 min DX
PIRE TR . BJa/NOEE 1.0 mL EiW, £ 0.22 pm AHL
A e e g U B uE = OF AR O b, oz B i A7
UPLC-Q-Exactive-MS 43#7 . [EHHRl #3200z B, FHH R
LRI AT, B R LIE 20 pL YRS A
11 (quality control, QC)R: &P,
1.3.2  dE¥em Xt 45 54

KH ACQUITY HSS T3 fi4:(2.1 mmx100 mm, 1.8 um)
P78, EREREC £ KA s e 5 (atmospheric pressure ionization,
APDIRIY Q-Exactive =73 BEBUEAGHEA 74501 . UPLC BREEBENL
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FERFN: 0 min, 95% A; 0~1.0 min, 95%~45% A; 1.0~6.0 min,
45%~30% A; 6.0~12.0 min, 30%~5% A; 12.0~15.0 min, 5% A;
15.0~17.0 min, 5%~95% A; 17.0~17.5 min, 95% A. st A
RBAK(E 0.1% R, Vo), Tshtl B HZIECT 0.1%H R,
VeV)o Uik 0.25 mL/min, #FHfEE 10 pLo ButaiisR 44
T+ BRI — 2% i1 (data-dependent MS/MS, ddMS2)f =,
iE B FRRINERAE; Y m/z 120~1400, RS &
3512920, 40, 60 eV; WiZFHLE 3.2 kV; —ZRHG ()
Ay PR 2K 95 (full width at half maximum, FWHM)]i% KN
70000, — IS HERBER 17500,

O W % 5 T 4R AR BT R R R
Compound Discoverer 3.3 Untargeted Metabolomics T /Fii
AbHR, ARUCHEAT IS TR EL . DRER IR AE | ARIE ARSI 5
AR ERRAESEAN . LA IAEE | BB IER R BRI .
D B8 B B A TSR G 1 M AR, e KAV A% 2 ming RAAE
WA Gy T 1 JOR ik Al 2 /0N F AT 5% 1076, BE B AR 2
0.025 Da, fFe/NERERTET 1x10*, F/hgEEBRT5%
T3, RBRHIEIEXT Br, Cl#ATRIALR AT FREIE >4
AR BRI AL 2822 0.2 min, B/ 10%. Ak W41 mf+F
B A ZENTET 5x10°, &, IBERA B TAE
535124 2.5 mmu 1 0.5 Da, fJLE[M+H]*5[M-H] 1R =2
Fig 7 EY E IR IR KE R mzCloud 3 FE |
ChemSpider, HMDB Jii# 513 . #ill 73+ )2 Metabolika
AR PR, mzCloud A2 R TEAMLIE R, VEELH
FHIERTHT 60; HRIGALUT RRZE/NTF5T 5%10°
1258, %54 FISh score, mzLogic score 53 AR PF-4
W I s R

ABFFEIEAG IR 305 Fh, it fi 2224/ T
ST Sx10 (A 2.12x10°°, 66.2% )b & WI/NTF%TF
3x10°%), fRE A T 0.11~18.67 min, %5 45 4115t
21 2= 4R (B I (metabolomics standards initiative, MSI) & &
PEAT R B T it mzCloud 5 VC il #
30 Rl (VL HFH (iAE 82.3, YU 50.7~99.3), JHJ& MSI I
e AURIERE B SRR o320 B S R DT RC I JE — 4%
FEIIEH 127 Ff, R MST I1Z%; A 148 M {Lk4r T3
5 4 FRUCEL, V8 MSIIVZ: . AT AN FH AL b v
Sl HEATOR B B ] 5 R TR Lk, BORAEH MSI 197
Y5, ARG IR AR g S . B AR D i,
B AR BV 20 pL SEABUE G W4 QC FEfh, BEFEM,
Fr 4 () A EAT:, TR] I ] 5 B I s 1 B A T HEAE LA BR T S T
P, LARFIEWETE QC A iy o 4 A T AR XS A v i 22 (relative
standard deviation, RSD)/NT 30%1E A& BB ARuE . 17 88 19 %F
fEWE 22— 477 . log 6 M2 Pareto FREALSE T A
MetaboAnalyst 6.0 #4172 IC5 15317 .

1.3.3  #ALIRARM E
>R PR32 HCR AT G 5 FAET (4 T v v DR 43

2 (LA°Brix 31). X PHB-4 # pH i#1 DDB-303A HH1 &
RALAr H H B0 2 pH Al A 5 2 (electrical conductivity,
EC). M i, HGE B ey i T e AU 5 L,
iR o8 2 5 HIUS s Uk 2 5. FrA e EE 31K,
PUGRIIE AT e v] S A B

14 HIREALE

$ 5K F Microsoft Excel, SPSS 22.0 & Origin 9.0 #
TRLFR . A 85 R LIPS iR 25 380K, =318 1%
R HMANRAE . M ETALERITF N SRR 3 AR, BIA:
W¥EL) AR B EERARLRE T Z 0648
FOBK IR, P<0.05 Fn 25 5 3 . ARSE ml AR 4 A 50 R
J Compound Discoverer 3.3 4bB, Ff I f£ 3 MetaboAnalyst
6.0 ¥ 5 4T E B4 43 M7 (principal component analysis,
PCA) . 1 & /N — 7 A B 43 #r (partial least squares
discriminant analysis, PLS-DA). 1EA /N5 54
(orthogonal partial least squares discriminant analysis, OPLS-DA)
M JZ RIS/ (hierarchical clustering analysis, HCA)., LIA5 &
#% % F %1 (variable importance in projection, VIP)>1 H.
P<0.05 I7AE = S e 22 5 . ARTi&R A KEGG
B A TR R,

2 HERE5HH
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K FH MetaboAnalyst 6.0 X 56 B0 HE B4 01 T AL 2,
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TITR AW AR AL B AR bt . e 1 R,
HIFAS A (PCL A PC2)ILAR AR T M7 2214 26.5% (PCL:
13.7%; PC2: 12.8%). 1% BB 7 227K P45 & AR 0 1) A1
HFBARE N S AR E . (A EREN R, RERIA TR
1R, A AT SR A B[] 2 I b EL AT A SRS T
PC1 (I FELE AT %200 3 AU A Be——Ri i
(D1~D3), HH(D4~DO)FIFIA(DT). KB FEM, B2 R
£, BrEERINE A £ E BB, EHT WA
EIHETT A A R RN 2R T R Ge L I ] AR i)
Ak, FAREERRY], PCA WIAREIIR ML SRAE I A Cis
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22 REHRMETERREDSH
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AFHE, R UpSet 4341 R4 Al MALAR S8 RAE H 22 8] 22 55
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teidr e 2 R B E fe 2, R%EE 119, H
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Fig.1 PCA scores plot of the Betula pendula Roth juice metabolome over
the 7 d harvesting period collected from the Yakeshi region
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Fig.2 UpSet plot illustrating the overlap of significantly differential

metabolites in Betula pendula Roth juice between adjacent sampling
days for the Yakeshi region samples
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Fig.3 Volcano plots of differential metabolites from adjacent-day comparisons in the Yakeshi region samples
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Fig.4 KEGG pathway enrichment analysis of differential metabolites between adjacent sampling days for the Yakeshi region samples
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Table 1 Physicochemical parameters of Betula pendula Roth
juice from the Yakeshi region (n=3)

FEMIE pH ik TS

/(uS/cm) o 1 /°Brix
1 6.96:0.16 6084036636  2.66+0.66
2 6.29:036  513.40482.52  1.28+0.15
3 6.99:0.10  211.1682.88 0.80+0.21
4 5912032 557.80£13639  1.54=0.11
5 5196042 2764249356  1.04+0.34
6 6.58£023  338.00£109.93  0.86:0.29
7 4112028  600.60+180.86  1.08+0.33
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