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Chemical Constituents and Digestion-Promoting Effect of Maojian Green Tea
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Abstract: In this study, the digestion-promoting function of an aqueous extract from Maojian green tea extract (MJ-GTE)
was evaluated by small intestinal motility in mice as well as body mass, body mass gain, food intake, food utilization rate,
gastric pepsin activity, and gastric pepsin excretion in rats. The chemical composition of MJ-GTE was then systematically
analyzed using metabolomics based on ultra-high performance liquid chromatography-quadrupole electrostatic orbitrap mass
spectrometry (UPLC-Q-Exactive/MS). The results of animal experiments showed that the intestinal propulsion ratio of ink
in the high-dose MJ-GTE group (0.83 g/(kg-d)) was significantly increased compared with the model group (£ < 0.05), and
gastric pepsin excretion in the medium-dose MJ-GTE group (0.21 g/(kg-d)) was significantly increased compared with the
negative control group (deionized water) (P < 0.05), which collectively indicated that MJ-GTE has a digestion-promoting
effect. The metabolomics analysis identified 98 compounds, among which, flavones (apigenin and luteolin, 0.14-0.77 mg/g),
flavanones (naringenin and eriodictyol, 0.49-1.49 mg/g), flavone-7-O-glycosides (0.57-9.07 mg/g), and flavanone-7-O-
glycosides (4.49-38.98 mg/g) were the major components in MJ-GTE. This study will provide a theoretical basis for the
promotion and development of Maojian green tea and related products in the future.
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promoting effect
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Table 2  Effect of MJ-GTE on body mass, body mass gain, food intake,
and food utilization in rats (n = 10)

ikl PR AR AREl GRENE BeEg  RDHRRG

PHERE (BT A 10 1405492 37224340 2174303 69944466 330428
kAR 10 1419487 36401183 22214177 69304336  320£14
il 10 14132104 357442205 2161182 66774361  324£19
Al 10 1403483 36274332 22044312 67754550 327422
i 0.068 0495 0653 1093 0426
Pff 0977 0.688 0586 0365 0.736
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CITE B By b 3R 47 9 Ak 32 B 08 i v Ak i1 s Ak AN
B izsh™, Au s e B A B R E & G
He =B SR KR ISR . inaR3 PR,
5y A B S A EEE T ( (138.9458.3) U/mL)
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RS T IS BB 4 ( (277.7£94.2) U/h) &35 T+ 5
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“HETHAIIRERI L, %I “Seib i 5P PExT
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#1 BHREFOKEEDN BT HHEE RPN (n=10) Table3  Effect of MJ-GTE on gastric juice volume, pepsin activity, and
Table 1  Effect of MJ-GTE on intestinal propulsion ratio of ink pepsin excretion in rats (n = 8)
— e 31 agn 0B JEOE o REOE
] R e Km BTTERRom W WML (UmL)  fE (Uh)
WHERTR (CAETK) 4 10 500439 351464 69.9£8.1 BRI (EFK) 4 8 109435 13894583 27774942
BRAE GRIRTH) 4 10 492+19 209£7.0 4254143 EHEH 8 14.0+5.0 14034485 373241133
R 10 3£ BIELS NI R4 8 137436 18754471 527642314
A 10 51534 264456 517121 e
B 10 90430 12443 21498 Rl el 8 144445 14434399 4128+1848
Fifi 8710 Fl§ 1158 1.815 8.474
Plii 0.000 Plf 0343 0.167 0.037

W ASHIEX IR, P<0.05; #5BERIXIRAL L, P<0.05.

e # S PIVERTIR LR, BRATKLLS, P<<0.05.
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K. XEW. KBERMMEER) , 17 STER/E
BE/ S il -O-FEH R AW OFKR-T-O-H E . X%
TP -T-O-F A BEE . EE W -T7-0-RUH & . AR
R-T-O-HEREHE) , 4 DMEM-C-HHRUEY, 14
SR EY (ZHRTD . 12 AEEBRELEY,
2 NEERTAEMRNEY, 3 AERATERELEY,

13 MR RRAEY), 9 MHEIRELEY, 12 MREL
EW, 11 A EYRED R0 AN FARR &Y, Bk
5 R W24,

A S 56 i D B A gk 2 AR AL AR AR A o
A 2 W) B R /3 b A 7T A X B 7 - O - ) RE
REMEETRMN EERS, AR — DR
XU S B R o HEAT E B BT . R /3 e B H T K
7-O-H % BE T bR AE G &L AE B TROK Y T
ik B TR . B A IR ER W B SR OKIRY
rh ) B B/ B e B E T s B (2.89£1.18) mgl/g,
R XM ERm (BB > KRR > MWK
E>HFHE) ., N (1.494+0.43) mg/g. /%
Bl 1 -7-0-FE S &N (53.11£1.97) mg/g,

4 TRESHOKREES D EE LA LE S

Table 4 Information of compounds identified from MJ-GTE
& z
7 T - T PR e min - WEm |
HER/E
1 SRR apigenin 17.87 271.059 2 271.0607  —0.005 39
2 S eriodictyol 16.09 289.0697  289.0707  —0.003 39
3 PN luteolin 16.52 287.0542  287.0550  —0.002 96
4 il e 25 naringenin 17.63 273.0749  273.0757  —0.002 89
B/ R/ e - O 2%

5 HR-T-O-T T apigenin-7-O-glucoside 14.29 4331114 433.1128  —0.003 32
6 B -T-O- I H BT+ eriodictyol-7-O-glucoside 12.99 451.1219  451.1235  —0.003 55
7 KT -T7-O- XU w eriodictyol-7-O-diglucoside 13.03 613.173 8 613.1756  —0.002 92

8 AR B Z-T-O-F R R luteolin-7-O-glucoside 13.48 4491078  449.1077 0.000 22
9 T 7 R -7-O- T8 A HE T naringenin-7-O-glucoside 14.31 4351267  435.1283  —0.003 68
10 2-nEngg e - 25 iy 2-pyrrolidinone-eriodictyol 15.26 372.1066  372.1080  —0.003 76
11 2- Mk Joe - 5 BT ] 43 S A4 40 1 2-pyrrolidinone-eriodictyol isomer 1 14.72 372.1063  372.1080  —0.004 62
12 TR R & dimethyl luteolin 19.91 315.0852  315.0864  —0.003 75
13 2- i e - Ak 1 2% 2-pyrrolidinone-naringenin 16.78 356.111 8 356.1130  —0.003 37
14 EEH rutin 12.80 611.1585  611.1597  —0.001 90
15 Mz R -3-2F b = quercetin-3-galactoside 13.13 465.1015  465.1022  —0.001 35
16 Ly 252 -3~ 78] 26 W Tk P e 3 kaempferol-7-glucopyranoside 13.51 449.1063  449.1076  —0.002 85
17 1L 2513 -3-(6- 2T 1 FUBEE) kaempferol-3-(6-acetylgalactoside) 15.53 491.1177  491.1180  —0.000 51
18 (+)-7-2- T F W -4 -6 5 5 (+)-7-epi-syringaresinol-4'-glucoside 14.39 6032028  603.2045  —0.002 75
19 3- R BRAL IR -8- SR Al 3-methylellagic acid-8-rhamnoside 13.47 463.0856  463.0871  —0.003 26
20 5-$2 L 5-hydroxyflavone 19.97 4231060  423.1071  —0.002 65
21 JEE B G 2 RAEF R biochanin A rutinoside 16.42 593.1848  593.1865  —0.002 95

HER-C-HEE R
22 LveiF vitexin 13.03 433.1113 4331126  —0.003 02
23 R R B2 -8-C- i A Wl A luteolin-8-C-glucoside 12.00 4491068  449.1074  —0.00143
24 FT 3 22-6,8-C- XU ) Fli 1T * apigenin-6,8-C-diglucoside 10.74 595.163 7 595.165 1 —0.002 30
25 3K 3R-6-C-i 4 W 5:-8- C-BrT b AF i apigenin-6-C-glucosyl-8-C-arabinoside 12.09 565.1538  565.1546  —0.001 34
=R
26 =R pitheduloside I 20.79 4893562 4893574  —0.002 41
HEBME

27 KRR arginine 0.64 213.0743  213.0748  —0.002 53
28 KA asparaginate 0.66 133.060 5 133.061 1 —0.004 58
29 T R+ aspartic acid 0.67 134.044 5 134.044 8 —0.002 09

30 - Z T TRt y-aminobuyric acid 0.67 104.0715 104.071 3 0.001 54
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s T AT, LR B [B]/min T T R % /%0
31 BEMR* glutamic acid 0.67 130.049 6 130.0499  —0.002 15
32 PR leucine 1.50 132.1017  132.1020  —0.00227
33 AN histidine 0.66 156.0764  156.0770  —0.003 84
34 KRR phenylalanine 3.15 166.0859  166.0865  —0.003 67
35 M g R * tyrosine 1.27 182.061 7 182.061 7 0.000 05
36 v proline 0.73 116.070 5 116.0708  —0.002 24
37 SRV tryptophan 5.40 205.0967  205.0971  —0.002 19
38 i R+ valine 0.70 118.086 2 118.0864  —0.001 19

HEBATENE
39 N-(1-J - 1- R e N-(1-deoxy-1-fructosyl)leucine 1.72 294.1540  294.1547  —0.002 31
40 N-(1-J S0 1- 5 41 5 N-(1-deoxy-I-fructosyl)valine 1.05 280.1384  280.1391  —0.002 53
BHRAIMEE
41 24 F LA T R TR benzyl glucuronide 9.34 299.0753  299.0762  —0.003 11
42 IR R RO benzyl primeveroside 9.65 4251405  425.1411  —0.001 41
43 IR KRR phenylethyl primeveroside 11.79 439.1562  439.1569  —0.001 57
ERER 2
44 -EHHMETR 3-coumaroylquinic acid 9.15 339.1064  339.1071  —0.002 06
45 4-F G TR 4-coumaroylquinic acid 7.26 339.1063  339.1066  —0.000 74
46 2R ER* chlorogenic acid 8.02 355.101 9 355.102 3 —0.001 13
47 4-O-UmnEEZE T R 4-O-caffeoylquinic acid 8.41 355.101 1 3551019  —0.002 39
48 3,5-O- B InmEBEZE 5 R 3,5-O-dicaffeoylquinic acid 14.73 5171330  517.1337  —0.001 39
49 4R EEB isochlorogenic acid B 14.20 517.1327 517.1338  —0.002 22
50 R EERE trans-cinnamic acid 3.15 149.0593 149.059 7 —0.002 82
51 HER cumaric acid 1.49 165.0543  165.0550  —0.004 00
52 LR aesculetin 12.71 179.0335  179.0339  —0.002 12
53 AT I 25 4 galloylglucose 2.36 333.0814  333.0817  —0.000 93
54 KRR lucuminic acid 10.82 469.1303  469.1313  —0.001 98
55 TR methylgallic acid 2.51 185.044 1 185.0444  —0.00173
56 LI hexyl salicylic acid 12.68 223.1323 2231329  —0.002 69
BHLERE
57 % TER* quinic acid 0.76 193.0702  193.0706  —0.002 33
58 2@ pantothenic acid 433 220.1175  220.1179  —0.002 00
59 FrEg citric acid 1.17 193.033 7 193.0345  —0.004 04
60 HHR vanillic acid 0.67 169.0579  169.0587  —0.004 79
61 WRIE i pipecolic acid 1.04 130.0968  130.0968  —0.000 31
62 HER IR pyroglutamic acid 1.26 130.049 7 130.0499  —0.001 92
63 5-F5 FRE-2- ki 5-hydroxymethyl-2-furfural 4.62 127.0388  127.0398  —0.007 95
64 A-FRHE-2- TR IR R 4-hydroxy-2-oxoglutaric acid 1.47 163.023 2 163.0237  —0.003 01
65 2,2"-(3-FEEM Abe-1,1-—3E) ~ 4R 2,2’-(3-methylcyclohexane-1,1-diyl)diacetic acid 12.98 197.116 7 197.117 0 —0.001 52
g
66 Hb g (15:0) MG (15:0) 19.99 3342041 3342949  —0.002 39
67 LR RE TR (18:3) lysoPC (18:3) 20.88 518.3225 5183235  —0.001 85
68 FRAETR palmitic acid 19.92 2742733 2742738  —0.001 82
69 AT e palmitic amide 20.88 256.2628 2562633  —0.002 11
70 LEAY sphinganine 20.34 302.3046 3023051  —0.001 69
71 RS phytosphingosine 19.97 3182992 3182998  —0.00185
72 VAY Y} hexamethylene glycol 7.84 283.1744  283.1751  —0.002 47
73 +tER O ZRE heptaethylene glycol 9.18 327.200 3 327.2013 —0.003 12
74 IR octaethylene glycol 10.38 371.226 4 371.227 6 —0.003 26
75 2 FUBEHE galactosylglycerol 0.74 2551066  255.1074  —0.003 21
76 FREEA NI R hydroxyhexadecanoic acid 19.99 2902681 290.2687  —0.001 89
77 THEHA ptelatoside A 12.98 4151573 4151599  —0.006 31
XYL
78 JIRIEENS adenine 0.79 136.061 7 136.0618  —0.000 59
79 Jh adenosine 1.99 268.1034  268.1039  —0.001 75
80 JURE A R B A T TR AMP 1.28 348.0695  348.0700  —0.00141
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81 LERCS choline 0.66 1041069 1041072  —0.002 31
82 it g cytosine 0.77 112.050 6 112.050 5 0.001 25
83 H vl B TR JIEL L glycerophosphocholine 0.69 2581094 2581098  —0.001 47
84 RNy hypoxanthine 1.20 137.0457  137.0458  —0.000 88
85 N-FLBE Z T N-lactoyl ethanolamine 0.68 134.080 9 134.081 0 —0.001 42
86 JE R R TR phosphocholine 0.67 184.072 9 184.0732  —0.001 47
87 57 - F R 5’-methylthioadenosine 6.09 298.096 3 298.096 6 —0.001 01
88 (S)-5"- Bt -5 - (PP e MR T 66 i (8)-5'-deoxy-5’-(methylsulfinyl)adenosine 1.88 314.0909  314.0915  —0.002 01

Hihzk
89 6" -O- LI 3 5 A 6'"-O-acetylglycitin 14.99 489.1372  489.1391  —0.003 86
90 BT cichoriin 7.70 341.0857  341.0867  —0.002 93
91 - B AR cis-melilotoside 6.38 327.1063  327.1074  —0.003 30
92 AU A TR dihydroactinidiolide 19.14 181.1219 181.1223  —0.001 88
93 P fructose 14.80 181.0490  181.0499  —0.004 75
94 R glucose 0.72 203.0522  203.0524  —0.001 18
95 AR - 1R glucose-1-phosphate 0.69 261.036 3 261.037 —0.002 87
96 B ey maltotriose 0.76 527.1567  527.1580  —0.002 39
97 AR R EI T theanine glucoside 1.18 337.1593  337.1602  —0.002 70
98 D-1-[(3-FR Y 58) Z 4= ]- 1 -Jid S SR bl D-1-[(3-carboxypropyl)amino]-1-deoxyfructose 0.69 2661226  266.1234  —0.002 89

e« ZAE VIS8 R bR R YRIE .

RHXNMHEHT LA ERLIS &, FERHKE-7-0-%
B, XHER-7T-0-WEHET . ABRKEEK-7-0-
A EE AN R -T-O0-H AT NS E SN
(0.574£0.04) . (38.98+0.62) . (9.07+0.31) mg/g
1 (4.4940.10) mg/g (RS5) .

1004 A
&
ey
450
=
=
O T T T T T T T T T T T T
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I 8] /min
100+, B
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5 50+ |
B H
= ’ 1i 4
l l‘ 17
NWMU@WJ .t
0

0 é 4Il é é ll()ll21I41I61I82I02I22I4
5[] /min
L5 -T7-O-F E W . 2 KRB R-7-0- B M 373
F-T-OFENE: 45Ky, SAREER, 6MilER: THER.
/SR Y O R T-O- M AR RS (A) FERkSkF K
RS/ A Ke Y C K 7-0- i A REY (B) A

Chromatograms of standards of flavone/flavanone aglycones

I 1

Fig. 1
and their 7-O-glycosides (A), and chromatograms of flavone/flavanone
aglycones and their 7-O-glycosides from MJ-GTE (B)

5 TlESRAOREE b B8 A hE N 1 0 B IL7-O0- % AR HY & It
Table 5  Contents of major flavones/ flavanones and their
7-0-glycosides in MJ-GTE

5 GR (mg/g)
S 0.14+0.09
sl 1.494+0.43
RBER 0.7740.48
Tl 3= 0.49+0.18
B/ B eI T e e 2.89+1.18
HH-T-O-H B 0.5740.04
X H-7-O-%] & FE T 38.98+0.62
KRR R-T-O-F wHE 9.07+0.31
Tl 3% -7-O- & R T 4.49+0.10
BB BB -7-O-FE A AR 53.11+1.97

23 BESFKIEMIEHE IR 515 0 % R IR
B IS R R SRR E,
I AL Th e 2 BEAR 5 B s 20 BT i A0 AV Ak i
WAL A TE R, 0 S — A B2 R X AT B
WHER, E4 TR B e aE AL /e Y. Aseag gt
BA LA I, RE&HEABHSIKIED N IEH KR
MR R, R R, RERNEMAHELEEY
M, AH 456 7 B Al 2 K R P 2 vT DA 35 3 v /N R
SV HEE R A R B R SR AR B A AT DL R R
BB B E A HE I N AR, T DA B S R K A
WA —EMRHIER.

Hf— 3K # T UPLC-Q-Exactive/MS [ 4 it
Y 52 7 VE R B A SR S K B AN B A EAT R AT, St
KR8 MLEY, Ho, WE OFRRMARE
%, 0.14~0.77 mg/g) . FLEHE Ol 2= A 25y,
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0.49~1.49 mg/g) . FHEA-7-O-H&FEE (0.57~9.07 mg/g)
A el -7-0- 7 & HETFF (4.49~38.98 mg/g) &
RREME R 2, HPXEB-7-0-HEEFESER R
( (38.98+0.62) mg/g) . ¥4k, KT HEIZAL
E AR A Th B BB IR IE M X% . Wu LeiZk
Tt 70 B i 4 A5 /K S W T DA 35 g 3k K BRI B HE
AUNGAERAER, RSN S EENEE S ES
Jr i 2y, A AT RS L A 2R A A a0 2
KRBRLF LW -7-0-4 %) b5 1 FIOK R 7L 5% -7-0-H &
PS5 ATt Rt R, BMESGIEERY
Al DL S R I B B 1618 1 A AR G o oK R
HEAS SE IR AN HEHETh B FIF 5 R . EBBEPIE
A R B3 R0 B 3 R VR I DU Re MRV AL R B
PERL, WK BB R e EEEH T 8 miE-Fig L, Xt
K BRI i W A R e B A N A AR, TR R R R A
FAR B I AN 2R, AT X 18 18 B e AR R
TIE . 88 ZE5RI TR B R S TR
Wi R 2 45 A2 V8 A T e 1) 2 BN P Ry, T VR R ER
Wl ER. BRETER=ZE8H0E NIKERE. MR, B
B a5 AT EE R R. BEAAHE
H, R B E A IR R L AR S AR
TR [E 7B A (50,0 100 mg/kg 1200 mg/kg)
Yoy 2 B T RE M T AL A R KRR 10 /0N i HE g 2 A HE
7 R0 B AU AR S R R R SR Th e
WA R KR B &M EE — e AT ER, HAER
BT RS BRI B AP LK i . FERK A 250
(0 HF 70 A 2 B o (R 22 B T DA S 3 0 o [ i Wi 4 a2
B, IXFPRN T RS BB HAZ A S IHBRRE A
Ca™ 38 18 g0 T 1 LB e 1 i e s i Ak R e Mk
HEM, A FE B AR S A KIS B A — B e T A AE T AT
et 5H &6 5 IR A A L. A, A
I8 LA R LK BT LA Jek US4 KRR ST LR 38
B & Al E R B i e, XS5 HE
EINGIRRRAE RY, AR R TR B A
REYH R ER - BAISER (R4 o FELRidt
— N R Ak G AR A R T A T e B FLAE FE AL
TR S

3 4 ®

AR 5 R FH AR £ 5 T R0 S IR T B SR A KR
IR AL D REHEAT VAN, FF 454 UPLC-Q-Exactive/MS
(AR i 2L 27 7 v e B e 4 A5 K B A 1 4k 2 B 2y AT R
GURENT . B SEIe 45 AR W R B B AR S K IR A
(0.83 ¢/ (kg +d) ) /NREBVTHEME R B EBARELRK
PP (021 (kg-d) ) KR EEARHH R EE T

m (P<0.05) , RUIBMEERE&—ERIRHELIEE;
G LH 2 W 7E B AR S A K I8Y % 98 Pk &4,
Hop 8 (FREMARIEER, 0.14~0.77 mg/g) .
B (R R M EE W, 0.49~1.49 mg/g) . #
Wi-7-O- % % WETF (0.57~9.07 mg/g) AN IEHH-7-0-% %
PELF (4.49~38.98 mg/g) NEMEAKIRII E BIFAE
PERCT . BARSRAOK IR I A2 3N HEREZ 3 F E &
P e, 3 v 8 8 i 0 B R T AR D, A
AR SHESWERBUAEDE R, Bkt —DS5 A
WAL A VIR LT REREAT IR N IR T
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