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B EAILURKREERERDBH, RALTAEGREMEE- SR E (UPLC-MS/MS) H K4y 2o &Kt
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Composition Differences of Procyanidins in Chestnut Shell and Pellicle
before and after Digestion Based on in Vitro Digestion Model
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Abstract: In this study, the composition changes of procyanidins in chestnut shell and pellicle after simulated digestion
were analyzed by extensive targeted metabolomics based on ultra-performance liquid chromatography-tandem mass
spectrometry (UPLC-MS/MS). The results showed that a total of 33 procyanidin metabolites were identified in chestnut
shell, pellicle and their metabolites. Differential metabolite analysis showed that 16 procyanidin compounds, including
epicatechin, procyanidin C2 and procyanidin Al were significantly (P<0.05) down-regulated in chestnut shell after
digestion. Seventeen procyanidins, including gallocatechin-catechin-catechin, gallocatechin and gallocatechin gallate, were
significantly (P<0.05) down-regulated in chestnut pellicle after digestion. Among them, the most significant (P<0.05)
down-regulation was gallocatechin-catechin-catechin, which was reduced by 98.23% (chestnut shell) and 97.86% (chestnut

Wi HEA: 2021-10-11

HEWH: ARTRXFRKALTHAA (2020151,2020155) ; B R 8 £AF AL HF44 (31701604) .

{EE®IIT: £+ (2001-) (ORCID: 0000-0001-8127-4430 ) , 5, K FAH, BF5L 77 @1: K& =5 46 B F, E-mail: 15926649163@163.com.,
*@IE1EE: HF (1978—) (ORCID:0000-0002-0067-350X ) , 4, ¥4, &l 442, HF R 7 8): K& =45 24 EF, B-mail: yangfang2001@126.com.,


https://doi.org/10.13386/j.issn1002-0306.2021100011
https://doi.org/10.13386/j.issn1002-0306.2021100011
mailto:15926649163@163.com

-2 £ Tl B4

20224 7 H

pellicle) after gastrointestinal digestion in vitro. In conclusion, the stability of proanthocyanidins in chestnut shell and

pellicle was poor during digestion. In future studies, targeted release carriers could be designed to encapsulate them, so as to

improve their bioavailability.
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MBE (Castanea mollissima B) JR5E-FHEY), &
FEMAANEYZ —, 7 TR, Bay, JREE
A B ) A ], BRSEAE RS 1.0x10° ¢, Al
A AR E Sy, Hoh A REE A, 2
AETEZME S B85, IR32) T RIM B 2% . BRI
ISR, MR SEIN TR =4, Ank SERT K3 B2 g FHF T
MpAE e A SE e R B R g TRy T E H
NZANER R EER RN, AR S R R AR SESE N
BFERATI LI F A SR A5 D7 XA B, BEBEkH R,
MEEFEFNZER T B (A . WS AT,
Z WA E AR BAH =), A TSN |
i Fe s vp, Hopr A AL R 2L 465 5 B B3k, &t
A, R PR S A R FE G &R ETF0, FIEJLEEN
MARTEERNFEN ST B I LS N T 10 ME=m2ib &
Y, S BIN TAIR | 2-0E-3",4- R BEIR LT | 418
Ry JREILREE BTN, 2,5- R L
Ml . B-F2 PN S i | IR LASR FH G . X 5 i A Re]
IR . Caccio &M MARZES/KIEYI P 4F B4 E T
WETR. JRILETE . IR ZmIbEW .
Barreira 5507 $2H T MR SEAS [FIEBA 9 2 W25 T, &
PREN 5 e e e PR AR BE TS, oS S TR B2
. R, IR IMPLAEALTE 5 AT & A rEAE G .
P, MR B E AT LA —Fh B FNES 2 aRAS I R AR BT

AATIATE
WAk, Z W2 on O &I SE R, KBSy

WFFEE R THIFE WP BT 200k s is:
CRIABRIEIR A H L, AR S A, PR USSR S B S
)@ B AE) LU AW B Ay T, JRAE T RIS T
A R TE PR R A R C 1Y 20 fiF, B4iAE R ENY
50 L (ERAS R A5 Sl G WIS A AR R AR
H AR, MU BAPUEA . PrO LSk M- 7
YA Pk AERE AL | O P LA N B4R . Bodes . R
FE BEMLIE . BB S5E 25 PE M. BFE ], Bh2efl
G R R BT AEARTE P, RS P s
B AL SR IAR KA 22 5% . i T2y i e AU
HREARM AR B, BEASHEA S MR FTE &5
BRSSP BT GRS HA R . BT LA, TR
PEHRI H R BT AL MEI AN BRA R HA R Y I
Ho AHETHREFE PR FAETT R ISY AR IH AT
JE WL AR EEATITTE . DRIk, ARSI DB SETE RIS
WM H I EIER RISHUFEXT R, R iz
A 1) £ QET 2H 24 45 5 v RORORE (2 3 HR IR T B AR
(ultra high performance liquid chromatography tan-
dem mass spectrometry, UPLC-MS/MS), 5t BE5E
FNEA T AL T AW A A M AL A T oA )

RS B, i R R AR S R A
YIRS

1 MRI5RE

1.1 MRS

PR SR HILAREABSE L . 2. &
PRI G S Sigma; Jo/K LWE(S3AT4l) | H 8
( =2500 units/mg) . I FEF( = 2500 units/mg) . A0
THERY)  EZGEBEEGA R A H]

THZ-100 fHIREFFRIBIR R THR A
B ] DK-S24 AU HVEIRUK Y IR 25 5558
B A BRA A FW100 RS #UT RRR AL Kl
F RS A BRAS F] 5 ML-204/02 FUAE 235 iy, 1 RS-

g A5 ) -FE R 2 A (B ) A BRA w5l E 2K
Shim-pack UFLC SHIMADZU CBMB30A ¥ #H {4, 3i%
(ultra performance liquid chromatography, UPLC)
13735/ 7] Applied Biosystems 6500 Q TRAP S8

i% (tandem mass spectrometry, MS/MS)  FEER K/,
Fl; GZX-9030 AUECR SR THRAE i RSl AT

BN H Y7 5845 ) 5 Alphal4LDplus % 1L
Christ 2yF] .

1.2 SEWE

1.2.1 ARTEFEFIN SRR tils  RAD =
B AR 8 AR I T 2 HR Bk 55
FEA T Z W, KA SESE RN FEA 53 T A SE R | ) 25
T, B S SEE e ik 60 Hf, #2108 1:15 g/mL 9K
WY, R 70% ZFE(V/VOTE 65 °C 454 FHEHX 90 min
JE AR S SR AE T B AH PR IO, X I T A flE,
FEAE 40 °C T ESUYE, IS EMHIE M, BB A T4
15 3] 27 k7 4 (19 Al 25 72 HE ) (chestnut shell extract,
CSE) . &R [EIFE I J7 vk n] LAl A5 Al S 2 A S B
(chestnut pellicle extract, CPE), {I/EARATF 5 FH o

1.2.2 RS I H AR B CSE #11 CPE %
TZE187K 10 mL 71, I A B H /L 8 mL(3.2 mg/mL
B 5 MR, 7 mL/L HCI DA & 2 g/L NaCl, pH2~3); T
H & 4% R P 250 r/min, 37 °C FWEHE 2 h, #FnA
1 mol/L NaOH 475 pH & 7, £ 1k B WM Ak = 7 o
1] B AL BIRESS TP A TEALE 8 mL(1.5 mg/mL
JEE R, 1.5 mg/mL ARy T4, pH7~7.4); THEIETE
IR 250 r/min, 37 °C F#EE 2 h'. KmHEiLs 0
FES TR AR ES AL, ZE 8000 r/min, 4 °C S5 F &5
> 10 min, B EVER T—20 °C FEAAAFERR A0, 38
H 1 I AL S i AR SE S AR 47 12 /E DCSE(digested
chestnut shell extract), B Iz H b5 2 ET AR
HEWiCAVE DCPE (digested chestnut shell extract)

e
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1.2.3 AR e e 5T

1.2.3.1 FESHETANEE S0 S ik, I
Ve, Bt CSE. CPE. DCSE. DCPE 43 B4 T 225
R T, AP PP ES 1.5 min, £-FREL 100 mg
EIREESBY R, I 1.0 mL 4 70% HEZ(V/V), ik
A 4 °C vKkFE IR, LRI LARTE 3 ¥R, SR i
fitt o 7E 10000 r/min T &5.0r 10 min, B E3EW 1 mL,
o 0.22 pm PE PR, fRAFAE—20 °C, it UPLC-MS/MS
53T o

1.2.3.2 ERURAHGERS SR SR S RO AH (A
FEATAGI, £43% 4. Waters ACQUITY UPLC HSS T3
Ci5(2.1 mmx100 mm, 1.8 um); #k: 40 °C; Hiik:
0.4 mL/min; L 3AH: A FH B L4E/K (8 0.04% 19 2,
%) . B AH R ZE (85 0.04% Y21 ) s #EFERE: 2 pL;
PE RS BE : 0~11.0 min, L3I AH A HH 95% ZAEfb K
5%; 11.0~12.0 min, 5%(A); 12.0~12.1 min, 3 #H
A H 5% 254K R 95%; 12.1~15.0 min, 95%( A) ; ¥
#: 0.40 mL/min, BARGEIFRITF AR 1 s,

R ORI

Table 1 Chromatographic gradient elution procedure
IF[E] (min) A(%) B(%)
0 95 5
11 5 95
12 5 95
12.1 95 5
15 95 5

1.2.3.3 JiESM  BUg S E Mra m ! mrik,
MS 2544 HB 5 55 EE, 5 (electrosprey ionization, EST)
BUR, TR S AR, H s 2 IR 500 °C;
BRI R 5500 V; BT IRAUE 1, 55 psis BT IR
K 2, 60 psi; 57 (curtain gas, CUR)25 psi,

1.23.4 REtEmFER ARYE Zho 50 W7
PR T e BT, BT AR IE
MWDB (metware database ) FIIAHEHRZE Mass Bank
(http://www.massbank.jp/) , KNAPSAcK (http://kana-
ya.naist.jp/KNApSAcK/), HMDB C http://www.hmdb.
ca/) , MoTo DB( http://www. ab.wur.nl/moto/) Fl
METLIN ( http://metlin.scripps.edu/index.php) , %T £f
i AU T e PR E T T . FESSE IR T, R
BT K. Na, NH4 FIHAME RS> T 5 0 e A e
FTHEEES . Y EE T = UL RE
By 22 Iz 7 Wi i 4% 28 ( multiple reaction monitoring,
MRM) . B, B e iMEATiA s+ (Q1) Bk
55 A A3 E )T X N 14 25 LATEBR T8, A
T = I S B O E M R T
T IEBRAE BARES T4, 8 B -l o) — 5 DUMAT
oF B DL SE PR IE AR S 1 (Q3), i s 45 AR J in
waAIRI B A . i Multia Quant(3.0.2), X {0,354 3
ATEAS AL IE, FTARYE (o335 04 ) s T AR B AH N ) o

FOARXT S i R T 200 e 5 QU A AR X
AR QA2 A B st o] RGeS I i e - A T T A .
1.3 IR

il UPLC-MS/MS 43715 2] 0 %dE i R 3144
AT R B Hr (HCA) . ERSH 58T (PCA) FIE
A/ N ek F) 515381 (OPLS-DA) | i AR EEAY
HE {H (Variable Importance for the projection, VIP) Fll
P {ECI e B A H AL SR 225 . H i s 2
0 B 22 AR AT KEGG Q)38 % & 42 5
Mr, FRERESL AT 3 IRAEYSA R 95
2 FBR55H
21 FERBZREXUEVEMEES

WF5E R, Z PRSI pH T ANERE,
CRACEEFA, WOB AR S iR - AR A 4
Tt &0 AN, ZmrEmit: At AR sk
YEA . St SR m g G . BT Zm
AT, FIFH UPLC-ESI-MS/MS X} CSE. CPE,
DCSE #1 DCPE b &t T thE & 5. LIE
BB ARSI g4, ek 33 FhRAETT =2
AR, L5 14 FhEsn . 19 FPERE. R AHERSEIE
X} 33 FFAET FACHI A 7007, G55 LA 1.

Group
. - 3 GSE
= CPE
= 1 DCSE
o  DCPE
-1
I -2
- -3
-

|||||
N L —

K1 CSE. CPE. DCSE F1 DCPE A[alJFAEHEHIHY
JEURZE I
Fig.1 Hierarchical cluster analysis heat map of different
proanthocyanidins components of CSE, CPE, DCSE and DCPE
VE: BRI AR R TE— D 81 v, A AT R 410 th
— D HREAT RN LLOFTR R, R SR BN
ME 1 FRETLIFE Y, CSE Fil CPE Z[A] 56T
AR & 5 JC 35 22 5, ] CSE vs DCSE M CPE vs
DCPE edseh i, IAFME AT EAETT AR & s
Mi#EHR. CSE Fll CPE JFAEH 3285 WS DCSE
F1 DCPE. CPE #I CSE S HAEMRSNH iz 1 kit #2
T AR TS A ERT FAAL AR T R AR 2 PR,
HH% 2 iR, Hirh CSE. CPE. DCSE 1 DCPE
Hh e i Y BIT ILAP IS E TS SRR G P RS A 3R
JLZEER . AEE R C2. HAEHE R Al HEESRILEE
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Table 2 Relative contents of the top five proanthocyanidins in gastrointestinal digestion in vitro of CPE and CSE

e Yl HL B RE Gy T MR it (x10°)
FRILKE [M+H] 290.079 292+17.36°
JRAET FC2 [M+H]* 866.206 61+3.71°
CSE JFAEHE FRAL [M+H]* 576.127 33+2.76
BEFILEER [M+H]* 306.074 27+2.12°
WEFILERIERIILERE [M+H]* 882.201 25+1.78
RILER [M+H]* 290.079 214+1.51°
AL FC2 [M+H]* 866.206 46+2.14°
CPE FAETH FRAL [M+H]* 576.127 32+4.18
WETFILKE [M+H]* 306.074 18+0.74°
PR B 1* [M+H]* 866.206 17+0.70
BILEE [M+H]* 290.079 35+1.82°
JFAEH RAL [M+H]* 576.127 12+0.88"
DCSE FAEHRC2 [M+H]* 866.206 11£0.36°
MR B1* [M+H]* 866.206 4.4+0.44
LA E BB TR [M-H] - 442.09 4.2+0.19
FILKE [M+H]* 290.079 20+1.73¢
iiviass 9N [M+H]* 576.127 6.8+0.19°
DCPE FAEHEC2 [M+H]" 866.206 5.7+0.41°
20,30-H5-5,7,3 A- UL FE T ot (46-8-F ) LIR K ) * [M-H]~ 576.126 2.6+0.30
DU FE B BE- (40-8-F ) LE5 25 * [M-H]~ 576.126 2.6+0.29
T Al RE B BRI R HLAT 3 22 5 (P<0.05) ; * 3278 U I 14 5] 4 A 1A 223~26 ).
R ELEE R C2 FIEHER 2 Al & bAef, 451 - ZDPCAPt
S ARERIMNEAE HAE B3 (P<0.05) T M. PusE (0} |
R SR HRIE, RILERIE B HAE R DS 5D . — l
TCHH B, FERLHU NG TE AR P B B TR I .
JFAETT 2 C2. JFUETT 2 A1 R JFUETT 26 3R, 76 001 A P Growp
RS A A, — SRR W 5MH R 50T S = AL CSE
ST 3 B, RS TF 2 B o i R, < D | DesE
AT, FERE, B S AT £ . Filomena 3 S
EP3) @It HPLC R T AR SEANFFR A i 2 W2 i G w23
WYy, 455 78 CSE # CPE &A% E THR. Jung
ZER S 3 HPLC %2 T CSE LB &+
RS, Hor i 4.66 mg/g. TIARSCE IR, A SEse (cres)—
MR P E TR S ILAELSS S, TELIEETIL -4 0 4 8

AR KEATE

2.2 KRigtoHh

2.2.1 FERS7HT(PCA) N TH#H R CSE 1 CPE
2B A 25 55 LA S AR MEA TS A X IR A E TS ZE S A4 AY
SEAREZ I, XERE S AN ST EAEAS (mix) #5417 T 25
ST BFEREAS HAREAR B B &l T s, FH 45
HTREASTEAR R AL B vk R E M. 7EERS5)
Mg s E (& 2) 5, L E] CPE vs DCPE. CSE vs
DCSE tb#4H 2 a9l B R 43 25, PI1~ 325 PC1
PC2 B85350 3N 82.19% FNl 7.59%., 455 0H, JF
1T E I e B B i R s AR B R
b, WFFE R FLE 2 F CPE-3 5 HAL A SFATHE
2P, ATRE R S80I 2 A — 2 1R 22, ) h
F RS SHTEFE T RELER 4y, O S 30 CPE-3 £
i 5 HAB A PATRE A RO 22 R, 456K 111

PCI (82.19%)

B2 ERs

Fig.2 Principal component analysis

PRI HT LA 3 59 OPLS-DA AT RIAATERL FASAR .
2.2.2 EZAW i/ k53 AT (OPLS-DA) AR 4
OPLS-DA RS HrA I EdE , 2l #5520 As-45
B, 32 IR A A 43 g Z ] i 25 7272, JE G L BR
AN B 2E 5, SR 25 S Sy VPR R T =
AR, REAT Q7, H AP REFNR2 43 31| 2 7N Jr S A% 7 %o
X MY FEFER RS, Q7 SRNBIBRIp TN BE ), X
FAFERR T T 1 B SRR B RS 2 vl EE, Q>
0.5 B AT A B A 2 A Y, Q*>0.9 B Ay HY €4, il 5%

#, OPLD-DA 437 alE 3 iR
& 3 BT s, ELE4H CSE vs CPE(R3=0.857,
R2=0.994, Q*=0.979) . CSE vs DCSE( R}=0.983,
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Scores (OPLS-DA)
15 4 ICSE
CPE

10

5 4

o )

5] 1 o

—-10 4

15

—40 —20 0 20 40

R R Q@ RMSEE pre ort
0.911 1 0.995t1(71%)0.000 1 2

CSE vs CPE OPLS-DA

Scores (OPLS-DA)

10 A
54
ER -
s oode.s
_10 4
-100 -50 0 50 100
RZ R, @ RMSEE pre ort
0.989 1 1 t1(94%)0.004 1 2

CSE vs CPE OPLS-DA

Scores (OPLS-DA)

—
| —

-100  —50 0 50 100

RZ R, @ RMSEE pre ort

0.984 1 1 t1(95%)0.003 1 2
CSE vs CPE OPLS-DA

Scores (OPLS-DA)
15 4 I DCSE
DCP

10 4

5

§ 0 pede-3
=54 oofe-t
-10 4
-15 4

-40 20 0 20 40
RZ R @ RMSEE pre ort
0855 1  0.985tl(60%)0.003 1 2
CSE vs CPE OPLS-DA
K3 OPLD-DA 4-#7

Fig.3 OPLD-DA analysis

R2=0.999, Q*=0.998) . CPE vs DCPE( R:=0.975,
R2=0.998, Q>=0.995) . DCSE vs DCPE( R:=0.882,
R}=0.988, Q°=0.958) . %45 ULH], OPLS-DA fi#l H

#3 CSE I CPE i &2 21
Table 3 Significantly different metabolites between

CSE and CPE
D Ry VIP
mws0034 RWETFILEREE TR 1.82

74 DCSE il DCPE [ i % 2 54
Table 4 Significant difference between DCSE and DCPE

D i) VIP
mws0836 JFAETH #B1 1.36
pmn001650 P B2 133
HIN099 JFAEE R =R 1.18
pmp000103 BT A2 1.15
pme0434 JRAET B2 1.13
Lmhn002953 TRATR 1.07
pmp000101 BEABERTC1* 1.06
pmn001646 AL CL 1.04
pmn001648 AT D1 1.04

B TN RE R T S, v P 25 5
ZH4Y, #2160 CSE vs CPE. CSE vs DCSE. CPE
vs DCPE 5 DCSE vs DCPE iR 4H 5467 &1
FAE N E2ZE SR
223 JFAEH R 2= SRR E LT OPLS-DA
SIMTEE R, MIAR I Z A8 5538 OPLS-DA FHEBI[14) AR
B PERESE (variable importance in project, VIP),
T LA e Y b gH 1R 25 SRR . VIP (RN
Kb A R ) 2 TR] 25 57 AR AR Hp A5 ZH R AS 4328 H) 5]
FEYSZIA TR B, VIP = 1 il N o 22 5w 2%, T
2 3~ 6. VIP {HMR K, Ui 1%22 SAREH XL
21 [R] 14 43 28 340 53] 1) 5 Vi) 54 5 R A7 B i ) R 5 0
CSE vs CPE A FE 22 IHIEE 16 # (T
P48 15 Fh, B8 1 #h), DCSE vs DCPE B LHAFTE R
2R IE 128 CFJE 1258, L3E oFh),
CSE 1 DCSE Lt A7 ) 22 AR h 16 Fip
(¥ 16 F, 34 0 F), CPE #ll DCPE Z [AI{FAERY
22 AR A 17 A CR YA 17 FF, BV 0 Fb) .
CSE vs DCSE. CPE vs DCPE FL#s4H b i 35 25 A
WY A RS, X R HEE A R T, JRAETT
KB EWIRE R A G . TR |, 25 s
AU & BB, FEEMRSRRZE T RETER
Koy BAS A FHEA 1 20 FHAGICM I 7225
AR 5387 o

MFE 4 T 5 TTLAE H, X RIaaRE & FiE L
FE 4 (CSE F1 DCSE. CPE il DCPE), & &I i)
R AT RIS S TETE A R v S s, A e
TR PR E T ILEE-LEE- LR RN VIP
(B4R 5.82 Fi1 5.55, UdHHHAETS AR = b, AR
BEREE, A3 A E] T 98.23% F 97.86%. 5 OPLS-
DA SR EHIE . Kk, TEARU RSN bt i,
JEAET RIS & Rk R, AR A S AR IE
Jii. 7E CSE Fll CPE HAG H 09 SR 46T 2 s,
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Table 5 Significant difference between CSE and DCSE
D i VIP
Lmmp002068 BWETILRRILERILER 5.82
mws0049 BEFILER 431
Lmhn000921 HHDP-glucose isomer 3.34
mws0042 RERETFRILER 3.27
pme0460 IR 3.03
pmp000103 IR BT A 2.67
pmb2947 =ILAE 2.64
pmp000102 TR T AL* 2.51
Lmhn002953 DI 2.51
pmp000100 TR B 1 * 2.49
pmn001646 JFAET R CL 1.25
HIAP144 BETFHREETRC2 1.21
HIN069 VUSRI BEET- (o8- LA E ) * 1.18
mws0054 LR 1.15
HINO53 20,30-F4E-5,7,3 4 - DU R R B i - (45-8-2 LA K ) * 1.13
pmn001648 AT D1 1.11
F 6 CPE Il DCPE [ i3 2% 5%
Table 6 Significant difference between CPE and DCPE
ID R VIP
Lmmp002068 WETILRR IR E 5.55
mws0049 BETILEER 438
mws0351 WE RIS R TR 4.15
mws0034 FRE TR R TR 3.97
Lmhn000921 HHDP-glucose isomer 3.44
mws0042 REETFRILER 3.43
pme0460 FILAHE 3.41
Lmhn002953 FATHR 3.33
pmp000103 TP T A2 3.16
pmp000280 JFAETFH #EC2 3.01
pmn001646 JFAEH ZECl 1.98
pmb3114 FILRERPIRILEH 1.79
HIAP144 WETBEAETRC2 1.65
HIN069 DU FRIE B e - (4a-8-F ILAE 2 * 1.58
HINO53 20,3a-M5-5,7,3 4 - DU L E ot - (45-8-R LA 3 ) 1.57
mws0054 LA 1.55
HIN048 JEAEH R 1.38

JFAETT 2 Cl, RILAE | LRGSR R EZHFEUT,
1B PY 2 3L 35 BE il - (4a-8-FKR JLZK T ) * | 2a,30-FF (-
5,7,3"4-PU¥RFL W E- (44-8-FR LA ) * | RATES WY
ST B ST, HERIRA T i H 4544 F1 D) RE
Rtk

224 JEAEH EEFCRE LS FIHZESAR
WY KEGG ID %} .3 22 5 iR B Z1e 5Pk T
30 f AT O, AR [ A ST A SR LA A N 1
IR, WK 4. & 4A D ARFRMUERE—
AR s, A 5 4, BIE KEGG & iff #1754
A8 %, o3 A A S R AR | SR A A
WA = 0 A=W & % . 2RI B 28 E A k.
AMPK {550 . & 4B b, F 5 MRS, 5
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