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Effects of bagging on free amino acid and hydrolyzed amino acid

contents in fruit of Pyrus bretschneideri ‘Yali’

FAN Jinbu, ZHANG Suling, MA Min, LIU Zhigiang, REN Yagian, WU Changgi, WANG Libin’,
ZHANG Shaoling’

(College of Horticulture, Nanjing Agricultural University/Pear Engineering and Technology Research Center, Nanjing 210095, Jiangsu,
China)

Abstract: [Objective] As an important practice in pear production, fruit bagging effectively reduces
pesticide residues, prevents the invasion of diseases and pests, improves the appearance and thus com-
mercial value of fruits. ‘Yali’ (Pyrus bretschneideri) pear, an ancient variety native to Hebei province,
China, is rich in nutrients and popular among consumers. Amino acids are important components of
fruit quality, playing a vital role in fruit development. The dynamic changes in free amino acids and hy-
drolyzed amino acids during the development of fruit with or without bagging treatment have not been
reported. The purpose of this study is to investigate the impact of fruit bagging treatment on free amino
acids and hydrolyzed amino acids in ‘Yali’.[Methods]The experiment was carried out in 2018 in the Ji-
angpu experimental orchard, belonging to the College of Horticulture, Nanjing Agricultural University.
The ‘Yali’ trees were 10-year-old planted at a space of 5 m x 5.5 m. At 36 days after full bloom
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(DAFB), 30 young fruit in each tree were bagged with double-layer paper bags, which were yellow out-
side and black inside, and a total of 600 fruit were bagged in 20 trees. The un-bagged fruit were used as
the control (CK). Only one fruit per inflorescence was bagged, and the rest fruit in the same inflores-
cence were removed to reduced nutrient waste. The paper bags were removed until commercial harvest
(September 5th). 100-120 fruit (including treatment and control) were collected at the early stage of
fruit expansion (36 DAFB), the rapid expansion stage (81 DAFB), the late stage of fruit expansion (110
DAFB), the nutrient accumulation stage (145 DAFB) and the mature stage (160 DAFB). At each sam-
pling time, the sampled fruit were randomly divided into three replications. The pit and seeds were re-
moved immediately after harvesting, and the peel and pulp tissues were separately crushed in liquid ni-
trogen, and then stored in a freezer at -80°C before determination of amino acids. The composition and
contents of free amino acids and hydrolyzed amino acids in ‘Yali’ fruit were analyzed with an L-8900
automatic amino acid analyzer (Hitachi, Japan). Excel 2013 and IBM SPSS Statistics 25.0 were applied
for data analysis.[Results]17 amino acids were determined during fruit development of ‘Yali” pear, in-
cluding aspartic acid (Asp), threonine (Thr), serine (Ser), glutamate (Glu), glycine (Gly), alanine (Ala),
cysteine (Cys), valine (Val), methionine (Met), isoleucine (Ile), leucine (Leu), tyrosine (Tyr), phenylala-
nine (Phe), lysine (Lys), histidine (His), arginine (Arg) and proline (Pro). The compositions of free ami-
no acids and hydrolyzed amino acids were distinct between the peel and the pulp during fruit develop-
ment. Total content of free amino acids in the peel and the pulp increased during fruit development,
while hydrolyzed amino acids decreased. Bagging treatment altered the content of free amino acids and
hydrolyzed amino acids. At mature stage (160 DAFB), total content of free amino acids in the peel of
bagged fruit were significantly higher than in that of the control (p << 0.01). However, the total content
of free amino acids in the pulp was significantly lower than that of the control (p << 0.05). On the other
hand, total content of hydrolyzed amino acids in the peel of the bagged fruit were significantly lower
than that of the control (»p << 0.05), while there was no significantly difference in total content of hydro-
lyzed amino acids in the pulp between bagged fruit and the control.[l Conclusion]During ‘Yali” fruit de-
velopment, the content of total hydrolyzed amino acids decreased, while free amino acids increased.
Bagging treatment, although did not change their expression patterns, altered the contents of free amino
acids and hydrolyzed amino acids during fruit development. When fruit came into mature stage, a lower
abundance of hydrolyzed amino acids and a higher content of free amino acids were detected in the peel
of the bagged fruit, while a reverse phenomenon was observed in the pulp of fruit.
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Fig. 2 Changes in free amino acid contents in the peel during fruit development of ‘Yali’ pear
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Fig. 3 Changes in free amino acid contents in the pulp during fruit development of ‘Yali’ pear
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Fig. 4 Changes in hydrolyzed amino acid contents in the peel during fruit development of ‘Yali’ pear
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Fig. 5 Changes in hydrolyzed amino acid contents in the pulp during fruit development of ‘Yali’ pear
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Fig. 6 Effect of bagging on total free amino acids in fruit



37 4%

210

9]qe109)9punN SAJLIIPUI

“@ »

"MO]oq OWIES A ] "PIok Oule

"K19A1109dS31 ‘S[OAD] %G U} PUE 94 U} J& JOUDIIYIP JUeoyIuSIs o)edipul punoduwiod ouwres oY) JO UWN[OD WIS dY) UIYIIM SIONJ ISBIIOMO] Pue sIoNJ] [e3ides JUSIONIP Yiim Son[eA :9)ON

Sl TR ML 2E o AN T %08 1Y Y01 P S [T 2 (LG ool B[ N [B] s by it MR N1 — [o] (745 ) [l Y o 2
V965 TFLS LOY €9 LT'0FLT'88C BYSoTE99r B LIVIFOV'86E Ve L9'SF60'E8Y q9 TCLIFIOE0Y Ve 6l TFCELLY BTSOIF8Y €SE L [e10L,
Ve LI'CIFL9EY Ve 19CIF8Y 1Y BCCLIFRS06Y  BYEECEFSSOVY €49 LS EF0'LYE Ve 20'¥F06 vy €9 ¢ 1F78°L8€ B YT GFSL8EE 0 1
Ve LTO0FIOPT d9 LE0FIT Y1 Ve 9SG 0F9¢€'CE d9 17°0F09 Ve 8Y'0FSS0¢ a9 €L°0FCEPT Ve 0T 0F08°¢E Va vy 0F66'C L o1d
49 88°0F8L°0C Ve 6y 0F61'1C V42607766 Ve SE0F8S L 49 9% 1F9¢€9¢ Ve Te0F0LTE 49 01°0F60°ST Ve LI'0FCTY D Pz i
Ve [0'0F8¢0 Ve £0°0F9%°0 B EO0FLLO B R0°0FEC’] BH0°0FCLO B90°0F¥8°0 d9 €0°0FrE'l d9 I'0FLE'T L Sy
V9 €0°0FEE0 VA 10°0F0¥°0 B S00FF80 BOT'0F9¥'1 BZI'0FPLO B LO0OFC80 Ve I100FCL'T Ve80'0FSIT p:1e] P By
Ve 10°0FI¥'L d9 0¥yl VevI'0F6L Y Va9S0F9t'6 Ve 60°0F0S"L €49 80°0F¢9°1 Ve 9 0F8I'S € €0'0FCE6 L STH
d9 T0Fe6't Ve ETOFLST VaSseoFIoy Ve oL THI VI dq sv'0Fel’S Ve oy 0F66'€ d9 1€°0F¢0°¢ BO6'0FLIOL 2D e
Ve 80°0F¢6'C B 10°0FIL0 B Z0°0F8L0 49 LO0F6T'] Va900¥98°C € 60°0FL6°0 e ETIFOP'T Va €10FC9'1 L SA
49 0°0F29°0 BLITIFCO'L B OSOFLY'T Ve LS0FREE Ve oS 0F8CTY BT TFPO'] B S 0F89°C Ve 10 [+81¥ 2D P I
Ve ST0FI601 VezZI'0F91'8 49 660768 d991°0F18°6 €9 €0°0790°L e EITFOV L B ELOFOOTI €9 LS0F00°01 L ayq
d921°0796°¢ €9 €L'0FEE'S Ve e 0FrL 1T Ve £9°0F99°CI Ve 00 IF56'6 ® 90 TF9%°01 €66 1FCr 01 Ve 99'0F9S Tl 0 Ve e
€90°0F0L°0 - Ve 100880 V4 60°0F60°0 - - VayI'0F6L0 Va4 €T0FSE0 L IKL
€ 8E0FIE0 - 49 0FLS0 Ve €0FC80 - - Ve €0'0FS0'1 Ve 0¢0FS0'l 0 S
BOFLES BEYIFICT Ve Z0'0F8L'S ey 1FE0°¢ BET0FLOY €80°0FS0t Ve 0 0F€0°S B 080FSEE L nap
B SO0FCrY BI0FCS'E d991°0FL6'C B 16°0FLIT BHEIF66'C B €0'0796°¢ d9 0771y B8 0F0Y 2D R
ey 0FIOVI 49 €€°0799'8 B 6E0FE0LT 49 L6'0FL8'8 d9 TI'0F€8°6 49 8T0F€0'8 Ve €10F8LEl d9 vT0FLOE L i
B OGS 0FOS VI Ve 0FIS 0l B EROFETLI Ve ITIFLY VI Ve LS OFPL'CL VEOI'0FIL' 11 49 60°0F6L'Cl VB LEOF06'Y 2D GV
BSO0F8I9 VA 100FLTE Ve 6£0F88°S BYI0FLOT BGSO0FSEY VA ST0FLTE Ve I100FIv'T 10°0¥81°0 L RN
B SE0F659 Ve Sy 0TIl Y VasIoFeo'y € 6€£°0F00°CT B 6S0FEL Y Ve LO0F9'E q9CC0FILO - pto) G E
d9 T0For ve Ve I1'0FSyvT BECIFI6°LE d9 +9°0FC6'S1 49 ¥T°0F10°9C a9 $8°0F9T' €T BTTOFEICE 49 €0796'9 L TeA
Ve ' 0Fr1°9¢ q9 SCIFPIeE B ECIFIY6€E Ve LO'TFFI'€T Ve S60FIIvE Ve $S'0Fr0°9¢ B 09°0F0E 1€ Ve 6T 0F76'8 pe} G
VA LEOFESTY Ve ZO'0FLLY ByT0F6S € B 0'0FCY'C BGOOFLL'S B TOF6'Y B 10°0FLTS € 90°0+80°9 L sKD
Ve €7 0F70°9 q99¢°0FCL'E ©T80F8S'T € ST 0F8TT B LTOFITS e E0'0F61S BECOTLY BOI'TFOL'E pto) Wk
Ve CZI'0FPT 8¢ d9TO0FLS 1T Ve 86'0FICTSS Vq €COFLITI Ve SS0FEITE g9 €L°0F770°¢€T Ve SI'0FIT6C g9 €1°0FET'S L ey
€49 LL'OFLL'SE Ve 66 IFITSE q9 T8 1F€0°LY Ve S6'0FIS I 49 LE0FIL'LT Ve STOFEIvE 49 L00FIT°€T Ve STOFLY9 pie} ¥
Ve 10°0F¢0°C 49 20'0FSE'1 g9 S0°0F16°¢ VA I1'0F91°L €9 L00FE0'E g9 1'0F¢e'¢ Ve 20 0F70°L Ve $T°0F889 L A1D
d9 10°0F69°1 Ve €0'0FreT VeI 0Feey Ve 1¥'0F60°8 Ve TTOoFSIS Ve 20'0F6S v d9 10°0F6€°S 9 1°0F18¥ D e H
€ 81°0FC8'6S VA TI'0FSELS Vq TF0S°€L B SO PO 811 Ve STIF0CH01 €69 vFES 601 €9 67'1F00°L01 € 6€9F05°001 L o
B96°'1F99°9¢ Ve 8CTFOV €9 Ve LEECFITER B E08F06 911 da SLEFLT 6L BO6STFSY 0T Ve LO'TF91°0CI BLTOFIO6COT 2D e,
€49 S'0F8ES61 g9 v9°0FLY 61 Va I7'9F19°61T B TH STE6'661 Ve $8'CF06'SHT d9v1°LF10°681 Ve €T°TF96'0CC Ve S8'0FLIS61 L dsy
Ve [0'8FS6'€vC Ve 16'LF869CC Ve IE8FI6'6€C BELYVIFIYCIC d9 §'SF8I'6C1 Ve S EFVTTIT d9 L6OFIT ¥ g9 96'LF91°891 p:ie] WYL X
P 091 94! POII P18 P 091 P Syl POII P18 JudUIBAI], proe ourury
dind A3 19°d 73 B WY

(,8-3)m

ENESHAFERMMEENKEE 1¥

JINJJ Ul JUIYUOD PIdOE OUIWE 1Y uo Surddeq Jo )93l [ dIqeL



211

=

N
R

g
41

HER

it

Rt

FERRATK S

it

7

g

L R

]

B L

e

=

it

ok

BRT60STFIOLIO L  dILY'LLYIFSTLLY 1 A8I'TEFILYSES B SHECILTFOSTETL  VAVYIOLTFLS YIS S €A 18°LOIFOC0S09 Ve S99THFOL'LTT 8 B 6SESHFICLO9 8 L eloL
B TSTFCO0L8 Y VRIOTITFLEC6ES VB SOBSIF]I Y60 9 BOT8YIF8Y'16S 6  VEII'TOVFSTOEL9 VROV TIIFLY 096 L VA 16 T0TFICLYT L B LY 1Y FR6'8LE 8 P He
¥8 6EFY8°6€ B 8T 6EFOLEO €49 €0°9F9S° 191 49 S9'LFIYTLI BTV OIFLI'LIT 49 6¢£°€1F58°¢61 L o1
96'6F50°9% BLIFSEOCT Ve GLTIFELTET VeSS ITFO6S VET B Y0 9FLI SYT Ve 96'0F06°S¥C 2D I

B 8TTSTFO6011 V9 9L8TF6ESE BI6EFLTSS € 80'SSFOTLIT €9 €8°LF90°¢ET 49 8 IFE9LY T 49 69°$F80°S61 €9 16 Ty T L Sry
By IFCETY Ve 9€0F79°66 B 87F95°88 B G 8F0OP 991 Ve pTHFEL 961 Ve LO9IFHT 0T Ve ST SFLS8TT Ve 98 ¢F6L'8YT 10 iz 8
B €0°9TFS9'88 €49 L0'TTF66'9T B S0 1F90° 1L B SE0EFIP8S d9 ¥9°0F61°L8 B STITFCICII BYI8TFLY €V €49 €T6F09°¢€1 L SIH
BT IF9Y°09 Ve £€0F78°06 B 8'GFLY 69 B REGFST I Ve Z09FISITI BOI'IFIOLLI B LY IFE6°6C1 Ve OFIS 81 P S
BY606FLCTIT g9 18°CSF90'99 By TFEYTLI B TE96F79591C g9 L8 €IFCI'SST B $8°8LFE00LE BRET6FI88SY g9 ¢SOIFIT Ty L sA
B 61 0FE08TT Ve LI'SFLY'CTIT BYCOIFLY VLI BR6'11FL896C Ve 6 v+80°99¢ ® L9CTFI6'8LE BROVFOI 611 Ve €6 1FEL 99V 20 e
B 6S°98FS6ThE €49 LY’ LOTFIS LET B 199IFCSYIE B 9L TLFITITE Vq 1L TF00¥TE B 6T 8LFLT SOV BTO'68FLETIS €9 SE'8FC098¢ L ayq
B 66°6CFIY LT Ve 8T 9EFII'S6F B 80 CIFIL EVE B QT EEFOT99€ Ve 8T 8TFI676€ B60°LIFEO 1EY B EOVIFICEOY Ve €6'1FL8°801 MO HER
B 69°0€F69°0€ CLLYEFLLYE €49 8¥'TF0L'S9 B 19 1F68°LY €8 [FH9°0L L IAL

9I'0FI8¢ B 9GTFETTY B €]°LF66'C8 Ve S9¢FOr' 8 € 98'6FC0°6L B 8I'TTFLOYS P e 5

B $0°'6LFC80LT Va91'69FCr #01 d9 9S 1FSL'8€ET B I9°LEIFS6'SOE VA ITTIFLY LYE 49 ¥'¢F69°S0¥ q9 $¢'8F9ETLY B O] VIFLEBTS L nop
B ZI'S6F06'TLT Ve IV LETFIVL8Y VB 61 CF01ST B CCTEFOR6SY Ve TrEF99°CIS Ve STYFLI TIPS Ve 8E8IFFI8ES B TLYEFOETES 2D Nt
B9 CEFCE 6T 49 S6'LEFYS'8Y B L6°€F90°STI B T6'SYFCI0ST g9 16'91FYT¥91 €49 S8°0FIL V81 d9 60'vFLSLTT B [9°9F68°THC L a1
€ 69'6F78°L0T Ve LOTIFIL8LT B 8% 9F9S°0€1 B 6L TIFIIS61 Ve 9T 01FrL 9T Ve 79'6FES 9T Ve L8'8FE6'EST B IL'LFhP'8ST MO BT
B [L'8FSH 0T B Z00F9ISI B T86FS8 €T B 19°EFSERI 4980 1F16'1C B L8°6F09°CTE BIOI'HF90°CE L PN
€ oS IFR0°GI Y6 TF6'T B EEF09°01 B SO IFECO1 B C6PSFII98 Ve €0'0FLY VE BGEOFLTIE B €6 1F98°0€ O WD
B y1'8EFOP €ST g9 STI8FLLT0T V61 €F8TLYT B OEC6TFIREST VA90 TIFELOLT d9 61 1FLETO6T B 16'CIFE00SE V8L 0ITFE 67 ¢ L eA
B $6'9F16'90C Ve S0 €FSLL9E Ve 8¢ 01F89°L9T BT6'61F9C 6T Ve ¢SFLO6YOY Ve OT BT S6€ B ECLFYIELE Ve 68 TFOIELE 20 ez
B 9GCFCO'661 d9 LL9SFPE T B LLSIFSLLET B ZI'8F8T 61 B yEHFYT 60T V90 TFLL VST B 79 CFEY LS Ve 8y ¢FLILSI L skD
B 16°0EFSESTT Ve €S 6eF81 L0V B OLSIFIT9ST BHLECFII8IT B YT LEFCTSET Ve 16 ¢eFS0° LT BISTIFCEEO] Va8 vFSYLL 2D NS
B LSOTF6E 91T €49 $8°79F99°8L BSTIFLOSIT B 8G'8TF96°91C €9 8L'€F9S°0ST €49 S0F6T ST VA Sy yIF08°11E V8T TITEYCIE L e[y
BEOOFIL VLI Ve S 6FIE°65T B IS 6FP8YTT ® 60V 1F60° ST Ve €6'STPTTEE Ve 8T TIFLE YE Ve L6'SF66'LEE Ve 98 €T e O g I
B S0 vSFFI €91 Va S ErFIOPS BR6'EFEY OCT ©LLO9FRO I €9 S6'TFS6'€CT 49 8¢ 0FHE€ET B $RCTFSET0E V496 6726 €0 L A1D
By VIF69' 811 Ve €0'LTFSSSLI BCROIFIO VY] BCSOIFCY8IT Ve €9FI9°01¢ Ve L e1F06°€0€ B ZI'8F8E0TE VB OB EFr6'SCE P o) ez H
B HE9CIFCI €9 49 ¥S S61FLO SHT VAv EIFLTILS B L' 8EIFLI€TY 49 6€°9TFEC €YY €49 L8 1F96°099 B CTLTFYLOSL B 8L OEFEI98L L no
B LEQTFLE LY Ve T9TF6L VS Ve 79 1F91°009 B 86 1SF8TTIL Ve S6'6TFCL6LL Ve [1'LF65°SS8 BT LTFS6'S6L B96°0FSS 118 p o) MR
BII'8EFIT 19T g9 LELLFO1°86 €49 9°0F6S"1¥C B 9T V¥ F69°09C 49 80°11F89°S0¢ 49 ¥9'1F€9°L8T B LY CIFFS 6E€ VA 86 9FLI'ISE L 108
B OV OIFP6 11T Ve ¢LFOCLOY Ve Ly'8F09°L9T BTBIFLS9IE Ve $'0TFES 18¢€ VeSS TFIIT0Y B ISHIFIC09E Ve 0Fhy'99¢ 2D W77
B ISHFOP €T g9 6T 6SFLI VL V191796861 B TS OFISYIT €49 €€°6FES6ET q9 ¥ 1FCL'SYT Va19'6790°50¢ Va9 I¥'6FES I L L
B II°GFCS 91 Ve 88 TFLI'L]T VB 90 SFri'60C B ECIIFSS V9T Ve 86'01F6L 60E VB C6' SFrE8EE VB IO 8FrC9C¢E Ve 9608y 8¢€E 0 RIhATG
BOLSLIFPIOI6 € 99 997TSSFIITO9 d9STTFEIP8Y T B 9S79S8 [FS8T00 + BZ0'901F95°SS8 1 €49 6'8TF69°TY6 | VESLO9FICHSEE VB LO96TFIS8SS € L dsy
BOP6rFICISET Ve ZSOIFES 1LO ¥ Ve $'66F8LT00 € B T8 TLEFSSOSH S BOR'GLFILOELT  VEBO6I'66T9098LT  dAVCISFHHIICT V489 SEFLRIVT € MO BEXY
P 091 P Syl POII P18 P 091 p Syl POIT P18 juounear] proe ourwy

dind [yl 3% 199d {3 g1 AW

2

(,8-8)m JINIJ Ul JUIJUOD PIdE OUIWE PIZA[0IPAY U0 3uiddeq Jo s} ¢ dqeL

DiERESHFEEM M ERENET %



212 x® L)

37 4%

12000
2= 10000}
on
&

S 8000}

& 5

g 6000f

L

=8 4000}
o
£
=] L
£ 2000

0

81

110

145 160

F&AE )5 F [E] Time after full blossom/d
B7 EEMRELAKERERLENFMN
Fig. 7 Effect of bagging on total hydrolyzed amino acids in fruit
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