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Comparative analysis of metabolites in leaves of five pear cultivars
based on metabonomics
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Abstract: [Objective] Plant leaves are rich in secondary metabolites, mainly including phenols,
terpenoids, alkaloids and other secondary substances, which have physiological functions in
regulating plant growth, biological defense, anti-abiotic stress and so on, and play an important
role in plant growth and development. Pear is one of the important economic fruits of Rosaceae,
and widespread in the world. China was one of the origins of pears, and had a long history of
cultivation and rich variety resources. P. pyrifolia, P. ussuriensis, P. sinkiangensis, P. communis
and P. bretschnrideri were the main cultivars of pear in China. Pears contain a wide variety of
phenolic compounds, which have strong antioxidant, anti-inflammatory, antiviral, and anticancer

properties. Therefore, there are many researches on the metabolite content of pear fruit. There are
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also abundant secondary metabolites in pear leaves, which are very important for the growth and
development of fruit trees. However, there is a lack of systematic analysis of the metabolites in
pear leaves. [Methods] In this study, we collected mature, healthy pear leaves in September, and
carried them into lab. Leaves of Fuding Dabai tea rich in secondary metabolites were selected as
control, and the differences of metabolites in mature leaves of five main cultivars Kuerle,
Chaohong, Nanhong, Yali and Cuiguan were compared and analyzed by metabolomics. PCA
analysis, Heatmap analysis, KEGG analysis and K-means analysis were used to analysis
differential metabolites. [Results] A total of 9011 metabolites were detected under positive and
negative ion mode. 11747 peaks and 4987 metabolites were identified in the positive ion model,
and 11575 peaks and 4024 metabolites were identified in the negative ion model. Principal
component analysis (PCA) analysis showed that the detected intra-species clustering of metabolic
species was relatively concentrated, while the interspecific clustering was relatively distant. The
metabolites of the leaves of Chaohong were clustered far apart from those of the other four kinds
of pear, which indicated the difference of metabolites in the leaves of western pear and Eastern
pear. In the eastern pear varieties, the metabolites of Kuerle fragrant pear are far from those of
Yali, Cuiguan and Nanhong, and there are some differences. In the comparison groups between
each of Kuerle, Chaohong, Nanhong, Yali, Cuiguan and Fuding Dabai, the number of differential
metabolites was 1194, 1153, 1176, 1153 and 1164, respectively. There were 456, 468, 469, 481
and 446 kinds of significantly up-regulated differential metabolites in Kuerle, Chaohong,
Nanhong, Yali and Cuiguan compared with Fuding Dabai, respectively, and 728, 685, 707, 672
and 718 kinds of significantly down-regulated differential metabolites. The number of common
differential metabolites was 747, and the specific differential metabolites were 55, 155, 54, 59 and
28, respectively. Heatmap analysis showed that the expression levels of the top 50 differential
metabolites were significantly different in 5 main cultivated pear leaves. Among the top 50
differential metabolites, the number of metabolites in Yali leaves was the largest, with about 24
species, mainly including chrysanthemin, genistin, swertiajaponin, quercetin 3-lathyroside, picein,
swertiajaponin, 6alpha-Hydroxycastasterone, glycyrrhetinic acid and protobassic acid. Correlation
analysis can measure the degree of correlation between different metabolites, and further
understand the interrelationship between metabolites in the process of biological state change.
Therefore, we used Pearson correlation coefficient to measure the correlation between the top 50
differential metabolites with metabolite expression. It was found that 642 pairs of metabolites
were positively correlated, and 633 pairs of metabolites were negatively correlated. We divided all
the differential metabolites into 12 subclusters using K-mean analysis, and the results showed that
the variation trend of differential metabolites in these 12 subclusters was basically the same. The
number of differential metabolites in subclusters 1, 2, 6, 8, 10 and 11 was the most distributed, and
the number was 229, 200, 104, 304, 256 and 81, respectively. The variation trend of differential
metabolites in cluster 1, 2 and 8 was basically the same. The expression of metabolites in

Chaohong leaves was quite different in subgroups 3, 5 and 7, and the contents of metabolites in



Nanhong leaves was quite different in subgroup 12. KEGG analysis were used to analyze the
differential enrichment of metabolic pathways between Kuerle, Chaohong, Nanhong, Yali and
Cuiguan leaves and Fuding Dabai. The 5 comparison groups were enriched in 78 KEGG pathways,
of which 76, 71, 73, 70 and 74 KEGG pathways, respectively. Flavone and flavonol biosynthesis
(pxb00944), ABC transport (pxb02010) and flavonoid biosynthesis (pxb00941) were the main
pathways for the enrichment of differential metabolite, among which the contents of sorbitol,
fructose, mannitol, citric acid, salicylic acid, maleic acid and methylmalonic acid were
significantly up-regulated. Additionally, zeatin synthesis (pxb00908) and monobacterial
biosynthesis (pxb00261) were also metabolic pathways in which metabolites were significantly
enriched in Chaohong leaves. [Conclusion] To sum up, there are obvious differences in kinds and
expression of metabolites in leaves of different cultivated pear species, and this study can provide
theoretical basis for the development and utilization of pear leaf resources.
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Fig. 1 Sample quality control and metabolite qualitative analysis
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A, B, C, D and E represent the volcano plot analysis of differential metabolites from KEL, RC, NH, YL and CG
and FDDB comparison groups, respectively; F, Venn diagram analysis of differential metabolites for five
comparison groups.
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Fig. 2 Volcano plot and Venn diagram analysis of differential metabolites for the five

comparison groups
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Fig.5 K-mean cluster analysis of differential metabolites
2.5 ZRRENR GRS
XPEEREESL. B, M. B9, BOd SR OK B A 22 Y #EAT KEGG
EEMT, SRER AR E £ 78 N KEGG B -, /5 0lE %M 76, 71, 734
70 F1 74 5@ 8% b X5 ANAE B ECELE 7 A BRI, AN TR BURCAE ) 2 S AR Y HE 44 SR T 3



A1) KEGG 1 B — 8, 75 7 & ABC ¥ iz (pxb02010) . 35 il Al 3 Fd BF 4 ) & Bl
(pxb00944) FKTEEA ALY G e (pxb00941) 5 43 A 13~14. 9~10 £ 7~8 FRAX 514 = 4k
FEIX 3 FdEsk . SARMOKEZAHE, A4 b 22 B IR, D-#Z8E. D-1
FalE. WLAUmE . R IR R 3- (6" BE-E AR o AL R 2 R AR
TEAGKE IR PUsPE. W RHRORER. PR, R EEE. LEm.
AP R RN R LA R o AT 2 W0 Iy vl ) o I 2 T e A= ) o A v AR )
&, AL ARSI %R AR BT B VIP [ HES SRl 1 2 A 2B N A, 6
F2 U B AL Ry B A T I A A ) AR T A SR S . AL b
KR EEALAE T AR b, 7RI HEAE e . TR 2. SRR S
i B EEAE R . BB R AR ) G BSOS AR TR B AR R A . At
TSR M. AT R, MR, M-3R MR R 3- (6T
B-PEED 4, REMENEENIEREYIR, S5RTWREKKE TR, 54,
VIP {EHEA T 20 (22 ARSI & SRl pg B AR — 80, AT M@ B b 2= AR 1 2
HEA—8, FZEARGET . B-TKE-O-MA R IN-FKRE-7-N-HE T, A
FOKZR-O-HE M A FKRF AT . ERHAY & iRt s SR EZEA R
AEBR. FERIRAMPY ANt —RIK (B 6) .



Number
.1
® 4
e 7
® 10
® 13

Pvalue

0.16
lum
= 0.08

0.04

PathwayTerm
PathwayTerm

0z o3
RichFactor

Number
|
e 4
e 7
® 10
@ 13

PathwayTerm
PathwayTerm

Pvalue

0.16
012
008

0.04
—

015 I‘.IEﬂ o IZﬁ o ‘QE
RichFactor

Galactose

PathwayTerm

Glycasyiphosphaticyi

o2
RichFactor

Number
1
® 4
L s
@® 10
@ 13

Pvalue
0.18
0.12

- 008

0.04
=

RichFactor

50 0075 000 0025 o0 0075

Number
.1
® 4
e 7
® 0
® 3

Pvalue

0.16
0.42
= 008

0.04
o

Number
s 1
e 4
e7
® 10
® 13

Pvalue

A. B. C. D. EZJlRpmE/REAER . B, M. WAL Bd 5485 KA %k R 2 AU Y

KEGG & £ /0 H -

A, B, C, D and E represent KEGG enrichment pathway analysis of differential metabolites from KEL, RC,

NH, YL and CG and FDDB comparison groups, respectively.

6 5 PHEREAMESF RSN KEGG EHRBE I

Fig. 6 KEGG enrichment pathway analysis of differential metabolites in five comparison

groups

3%t i
PEREERL., L. M. WA, P AN ERSFRHEEN S EREHEES,
Hh R AT A AR U A B S DX T AR DY AN AL R, X AT RE R LT AYJE T T AL,
ML, L. EREERE T ARITETSE. 4k, PR R i RTE PCA
; X Ak — A 1 A VRN [R] i AL AT

e

po

X
xR

Horhrrp 5 MSALRIRE 2 3Lk AR A SR 2 A

V—

%,

1 22



RE PR ES . FE/RERE T MRS, HO2vu77 3R 75 LR A5 B A
Ul [RItk, ot AR PCA SR A T8 75 R AR T AL 2 ).

MRAENEEERE RS, AMUOFRRMAEKERE, WARLMIIKFIRIEE TR
By o LA AR H) KEGG & &£ it KL, FARZREIEE (pxb00908) &
MR A AR (pxb00261) A%/ ML S 22 & AN g, ol e & AR
W) A - K 3R -O-F BT R AT - T K 3R -7~V B R A OK R -O- T A R
RITEARARR . FERMUENE —RRSE, 78 T AN EA SRR AT Y, %
Z: 5 R BU I PR B S G BT BT A e AL AR 5 SR S SR R R R 45
AR, RSN ZERBTRESBCREMRERNERZ —. 75h, Ry g e
TR RS RN E N R, HEEOEEEnE. . B, LR AR
AH Bl 5 o SRS R VA W 2 BERUE T oG S E R =4, DARE B AN 1L B 1 1 K A7
FET i, SRR K EE g A BA R, A FIRFRIMA R, TE AN FE
TS RORE, EAL OB Rz fa T 20 DA L B4 Dy 3222230, R 2R s o A K A T 4R
FERIRIAE RIS N =F, R ALEE A AL . RERE A AL ORI A . i 4h, RIREUL
BARERBE SRS R R R Yo B R AR K, AR AERKEE . ILALELEL
i i S P AT B A SR T B R SR, L AL A B R T R AR S A R 2
2, BP FEAKEE AR, AL AEE . B, H RS & R
bR TR S RN S RO R IS W O b Bk — . AL, ILALREE 2 SR A i
P, (REFRT REEHGTESE. S5 AR PN & B SR, R YA
WAE, R P B AR QLALEE . T ERRESE) o FIVATERE (RERE. RS H4
TRORY A G, SRR = 5 1 FE PR,

R AR A& E EERE RS SRS, BER. dER. TR, 28,
UG SRR AN (R AR A P M By, AT LR AR E IR TR
R B A PR PR P Pu KRR mpE . BRI R BRI ARSE D229, At b
EHFEENRERRE S EI AU, RAREER. JiEl. PEmsuErEs, ol
BORMR . =Rl RS RIRSE . AR 4 e A TT AR FANME B0 B
B, WTERSELM R R AT, SRR R RO RMH MRS g

FEEENLNEYE R, EEER: EERERT S EREN AHNE: H#
AL H i R RN 3R A-E EE AR . SRE R 12, A A S T R R
FIR AR US> K2 BA 2N E, SrATERSR, 7EPiR . P J7 B A E AR
FLRANE . X TRIFEEIE N T AL (R R AR, B0y n] DAAE i M4 o i B S
Z—

445 i



AR BB T e R BB AL RBLL. FAZL. POAL. BTES xh AR K A AR At
P AR ZE ST . ST 9011 AR, ARUIFD ) RSB, FhiE) R A X
k. PERBIERL, B, M. WAL, RE SR R R, E RIS
B 1194, 1153, 1176, 1153 M1 1164 Ff, SA7 (10 2 AR K H O 747 R, Re Sk 2=
SARU S AT 55, 155, 54 59 F1 28 B HEHT 50 11922 FARUMALE 5 A T HRALHT Fr o
MRIEFEE FRAGHEZES, JFH 642 XY 2 MAFEIEME, 633 X IAELE fiAH
Koo ML R PARBIITEL 3. SR 7 thaRIA 2R EUR, FAAUEA 12 AR E EARRS
B SEERE B A R (pxb00944)  ABC $£iz (pxb02010) 135 i 4 4 & &
(pxb00941) SFimAt 7 AU S S n F 20m e, HrdnLZdnE, 0. HEBEE. 7RIR.
KR SRR WA AR & EBEE L. FOKREGH (pxb00908) Al
FFEAEDIE AL (pxb00261) I A2 L2 LT Fr v R 2 35 ' SR AR hE . Rk, AT
FEE AL S AR R R R B R, 2T SE R nT IR R AL
P RS AL B R S

S CHk References:

[1] ZHAO J, DAVIS L C, VERPOORTE R. Elicitor signal transduction leading to production of plant
secondary metabolites[J]. Biotechnology Advances, 2005, 23(4): 283-333.

21 5CTFiE, BT o0, AL bk b BRI S S ER SEAL S e RO g o A (D). A ORYT, 2000, 26(5):
1-3.

WU Yugqing, GUO Yuyuan, YANG Jian. Analysis of flavonoid substance in cotton plants for resistance to pests
by HPLC[J]. Plant Protection, 2000, 26(5): 1-3.

(3] RHMEBL, TKEFL, Woifgde, [BHE K, B4, ROOE B TARMAS 8RB EER RN 2z
SO LR ZE R, 2022, 38(3): 790-797.

WU Yaqiong, ZHANG Chunhong, YANG Haiyan, LU Lianfei, LI Weilin, WU Wenlong. Metabolomics
analysis of differentially expressed metabolites in blackberry and black raspberry fruits[J]. Jiangsu Journal of
Agricultural Sciences, 2022, 38(3): 790-797.

(4] 5k, HEBRER, MO, wRAR, PEM, Hiibd, Sy BT UPLC-MS/MS A A7 Mgl 2 S s
WILEACH 22 T )], B dh AL, 2023, 44(8): 284-292.

ZHANG Qin, DONG Xiaoqing, LIN Xin, PENG Junsen, LUO Dengcan, HUANG Shian, ZHU Shouliang.
Ultra-high performance liquid chromatography-tandem mass spectrometry-based metabolomic analysis of
primary metabolites in ‘Fengtang’ plum fruits from different geographical origins[J]. Food Science, 2023,
44(8): 284-292.

[51 8o, B, EH, R, R ER, EEMR, FEE ETZR AR SR PUTUR L
fE R 22 S AU T[], TP EERSE, 2021(6): 34-41.



LU Zhongfu, LI Yanwei, WANG Ying, WU Xiaohua, WU Xinyi, WANG Jian, WANG Baogen, LI
Guojing. Analysis of fruit umami differential metabolites of bottle gourd based on widely targeted
metabolomics[J]. China Vegetables, 2021(6): 34-41.

[6] LZHE, BFe, &S, AEW, HitlE, FmXd. BB Aot 0], T E A R AER, 2020,
20(3): 276-281.

ZHU Aiyan, LIANG Lu, HOU lJinxue, SUN Xuefeng, YANG Yanfeng, WANG Yuanxing. Studies on
metabonomics of Gannan navel orange[J]. Journal of Chinese Institute of Food Science and Technology ,
2020, 20(3): 276-281.

(71 MRAK, sttz, 5K, @RA&, DEM, KR, R, BRI RA UPLC-MS/MS 73 BT i i ]
]y SR AR AR, 2022, 58(10): 1982-1994.

LIN Xin, HUANG Shian, ZHANG Qin, PENG Junsen, LUO Dengcan, ZHU Shouliang, CHEN Hong,
DONG Xiaoqing. Primary metabolites analysis of ‘Kongxin’ plum fruits during storage by UPLC-MS/MS[J].
Plant Physiology Journal, 2022, 58(10): 1982-1994.

(8] &Xede, sk, VRALFE, TR, WX, X7, BREE, SRl FET GC-MS AR A BOR AN E] SRR
TRk R LAl o) 22 57 PERIT FE[0]. BRVGRHEK #2240, 2022, 40(1): 45-50.

ZHAO Yanni, ZHANG Kun, XU Mudan, LEI Jing, LIU Huan, LIU Ning, CHEN Xuefeng, ZHANG Di.
Study on the chemical constituents of different kiwifruit cultivars based on GC-MS metabolomics[J]. Journal
of Shaanxi University of Science & Technology, 2022, 40(1): 45-50.

[9] 4. CO, & 55 06 10 ELA N 7 At 0t & i R AL B S i S AR T L (D). M. PHALR MR K 27,
2019.

PAN Tonghua. Interactive effects of elevated CO, and light intensity on photosynthetic carbon assimilation and
metabolomics of tomato[D]. Yangling: Northwest A & F University, 2019.

[10] FRR, KT, HO5E, G, R %5 AR S4B Wb 5 1R 28 v SR 5
XA ABA [ SEBLEI[T]. [ JRSE, 2024, 37(3): 35-44.

TANG Chenchen, ZHANG Wenxia, CHEN Fangzhen, WU Zhijian, HUANG Ke, WANG Junwei. The
metabolome and transcriptome jointly resolve the response mechanism of flavonoids in broccoli sprouts to
exogenous ABA[J]. China Cucurbits and Vegetables, 2024, 37(3): 35-44.

(L] X7, 3R, BRI, BARM, RA, G FLYENN. 2T AR A QS A2 1 08 T ook B i R
g 2 2 AR AT D). TR RS, 2024, 37(1): 45-55.

LIU Qin, HUANG Bao, HU Sujuan, NIU Senyuan, WU Jie, ZHOU Aoshuo, KONG Weili. Analysis of
differential metabolites during fruiting body development of Pleurotus ostreatus based on untargeted
metabolomics[J]. China Cucurbits and Vegetables, 2024, 37(1): 45-55.

[I2ILIHY, LVQY, LIUA K, WANGJR, SUNX Q, DENGJ, CHEN QF, WU Q. Comparative
metabolomics study of Tartary [Fagopyrum tataricum (L.) Gaertn] and common (Fagopyrum esculentum
Moench) buckwheat seeds[J]. Food Chemistry, 2022, 371: 131125.

(131 21, FRYLT7, BB, SKERL SRy, 4%, XS, Hea R ACHH IR G M AT oK B LR
I AHEAURI]. SRR AR, 2020, 35(1): 8-21.

LI Chuan, QIAO Jiangfang, HUANG Lu, ZHANG Meiwei, ZHANG Panpan, NIU Jun, LIU Jingbao.
Transcriptome and metabolome analysis to reveal the mechanisms responding to high temperature stress in

anthesis stage of maize[J]. Acta Agriculturae Boreali-Sinica, 2020, 35(1): 8-21.



[14] #5358, BT, W— M, FEME, B AR/ shmlb i~ AU =4 Kl B 0 20 A [J]. T2 4,
2022, 48(8): 2100-2114. GUO Jiaxin, LU Xiaoyu, TAO Yifan, GUO Huijuan, MIN Wei. Analysis of
metabolites and pathways in cotton under salt and alkali stresses[J]. Acta Agronomica Sinica, 2022, 48(8):
2100-2114.

[15]WUJ, WANGYT, XUJB, KORBANSS, FEIZJ, TAOST, MINGR, TAISS, KHAN A M,
POSTMANIJD, GUC, YINH, ZHENGDM, QIKJ, LIY, WANGRZ, DENG CH, KUMAR S,
CHAGNED, LIXL, WUJY, HUANG XS, ZHANGHP, XIEZH, LIX, ZHANGMY, LIYH,
YUEZ, FANGXD, LIJM, LILT, JINC, QINMF, ZHANGJY, WUX, KEYQ, WANG]I,
YANG H, ZHANG S L. Diversification and independent domestication of Asian and European pears[J].
Genome Biology, 2018, 19: 77.

[16] £, HEF, WL, HER, ZRE, 5, FA%E RRR JRR15 SHRA RE

AEERT R S AR R 2 R R LR A (D], (R E AR, 2022, 49(3): 493-508.

WANG Hong, YANG Wangli, LIN Jing, YANG Qingsong, LI Xiaogang, SHENG Baolong, CHANG
Youhong. Comparative metabolic and transcriptomic analysis of ripening fruit in pear cultivars of ‘Sucui 1’
‘Cuiguan’ and ‘Huasu’[J]. Acta Horticulturae Sinica, 2022, 49(3): 493-508.

(17] 58, ZHHA P FSRFTIR TR LRI BURBCE R 2ART 7 [D]. ATl Wi K=, 2019.

ZHAO Yuan. Metabonomics study on ethephon and methyl jasmonate synergistically regulating peel coloration of

‘Hongzaosu’ pear[D]. Hangzhou: Zhejiang University, 2019.

(18] fiffg, #aBE, T8, £75M, JHIRIE, 77 FT GC-MS HiARMN & 71 L BRAL SR Sk 32 2 5 JFURFIE B 7>
HIACEDIE 0] BRI RS2 244R, 2012, 39(5): 692-696.

XIE Min, HUANG Ying, WANG Xin, WANG Xiumei, TANG Juanjuan, FANG Congbing. Metabolomic
analysis on the major quality components in pear (Pyrus bretschneideri Rehd. cv. Dangshansuli) fruits by gas
chromatography-mass spectrometry[J]. Journal of Anhui Agricultural University, 2012, 39(5): 692-696.

[19] e, Hhih, XU, 7o, Xlbg. RS AQu A 2 b B AN AR 52 (K 22 5 7 e (0. 2
THE R, 2021, 19(24): 8297-8304.

GAO Jingyi, MA Hao, LIU Donghe, FANG Xiaoyu, LIU Xiao. The difference analysis of non targeted
metabonomics on different metabolites in watercore Pyrus pyrifolia[J]. Molecular Plant Breeding, 2021,
19(24): 8297-8304.

[20] HigHh, MB=, REN, ZHbE YRR ED & BRI SR, [ 2544k, 2018, 45(1):
177-192.

CAO Yunlin, XING Mengyun, XU Changjie, LI Xian. Biosynthesis of flavonol and its regulation in plants[J].
Acta Horticulturae Sinica, 2018, 45(1): 177-192.

[21] 5k/NRL, FBims, kS5, HERW, wEJG, K%, F, BEs R M BERALD 16 MAL
Z WAL RIS BT[], B ARE, 2017, 50(3): 545-555.

ZHANG Xiaoshuang, ZHENG Yingchun, CAO Yufen, TIAN Luming, DONG Xingguang, ZHANG Ying,
QI Dan, HUO Hongliang. The composition and content of polyphenols in 16 parts of ‘Zaosu’ and
‘Nanguoli’[J]. Scientia Agricultura Sinica, 2017, 50(3): 545-555.

[22] TP BRI N RERI e i2 S AR RRFEWEFE[D]. B at: MUK, 2011,

ZHANG Huping. Study on characteristic of transport and accumulation of sugar in developing Pyrus ssp. fruit[D].

Nanjing: Nanjing Agricultural University, 2011.



[23]LIUDF, NIJB, WURY, TENG Y W. High temperature alters sorbitol metabolism in pyrus pyrifolia
leaves and fruit flesh during late stages of fruit enlargement[J]. Journal of the American Society for
Horticultural Science, 2013, 138(6): 443-451.

[24] Z=FF 0. BLpEEL 15 8 A SE R K70 A B PbtMT4 Al PbSWEET £ [KI ThEEWF 7T [D). B il: 7 sUR L K2,
2017.

LI Jiaming. Identification of pear sugar transporter genes and PbtMT4 and PbSWEET genes function analysis[D].
Nanjing: Nanjing Agricultural University, 2017.

[251 OURA Y, YAMADA K, SHIRATAKE K, YAMAKI S. Purification and characterization of a NAD+-
dependent sorbitol dehydrogenase from Japanese pear fruit[J]. Phytochemistry, 2000, 54(6): 567-572.

[26] HOEKSTRA F A, GOLOVINA E A, BUITINK J. Mechanisms of plant desiccation tolerance[J]. Trends in
Plant Science, 2001, 6(9): 431-438.

[27] JANSKA A, MARSIK P, ZELENKOVA S, OVESNA J. Cold stress and acclimation - what is important
for metabolic adjustment?[J]. Plant Biology, 2010, 12(3): 395-405.

281 JARA, WA, M. Bk IIRENER ) S ORE DI FURE FED]. h e, 2021, 43(4): 1-8.

DAI Weidong, XIE Dongchao, LIN Zhi. Research progress of white tea’s functional ingredients and health
benefits[J]. China Tea, 2021, 43(4): 1-8.

(291 B0, XUSCHf, @M, SEAT. AR K E RS [F 2wl Ve LU D). B dh & A i A il =7
%, 2021, 12(8): 3219-3223.

HUANG Biao, LIU Wenjing, WU Jianhong, WU Jianyan. Comparison of active components of different tea
products from fresh leaves of Camellia sinensis Fuding Dabai[J]. Journal of Food Safety & Quality, 2021,
12(8): 3219-3223.



