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Abstract

Avocado is a climacteric fruit renowned for consumption upon reaching full ripeness.
However, the harvest date significantly influences fruit ripening quality. Therefore, this
study aims to examine the fruit characteristics of the early-season cultivar ‘Black Beauty’
and the mid-season cultivar ‘Red Fairy’ on different harvest date. Furthermore, it seeks
to comprehend how these fruit characteristics impact fruit quality during the ripening.
Growth measurements for ‘Black Beauty’ began on May 7, 2022, with the ripening
experiment starting on June 12. As for the ‘Red Fairy’ cultivar, growth measurements and
ripening experiments commenced on May 30 and September 12, respectively. Both
cultivars exhibited substantial increases in fruit length, diameter, and oil content during
the fruit development. However, while the dry matter content of ‘Black Beauty’ remained
consistent at around 12%, that of ‘Red Fairy’ notably increased to over 16% after October
3. The ‘Black Beauty’ fruits ripened within 5 to 7 days. The initial harvest of ‘Black
Beauty’ took the longest time to ripen, displaying slower changes in peel color and pedicel
wilting. Nevertheless, this harvest exhibited the severest occurrence of physiological
disorders and rots. This phenomenon could be attributed to the highest polyphenol content
in the mesocarp. Similarly, the ‘Red Fairy’ fruits ripened within 8 to 10 days. While the
days to ripen, color changes, and pedicel wilting speeds did not significantly differ
between harvests, the earliest harvest displayed the most pronounced physiological
disorders and rots, also likely due to elevated polyphenol content. Among the harvested
fruit characteristics, the fruit length, diameter, weight, and flesh ratio of ‘Black Beauty’
displayed a low-to-medium correlation with the degree of physiological disorders,
indicating that larger fruits generally exhibited better quality. Conversely, the fruit

characteristics of ‘Red Fairy,” excluding days to ripen, did not exhibit a significant
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correlation with fruit quality. Using the DPPH and ABTS assays, it was determined that
the earliest harvests of both ‘Black Beauty’ and ‘Red Fairy’ possessed the highest
antioxidant capacity in the mesocarp. Notably, the ‘Red Fairy’ fruits exhibited the highest
peroxidase and catalase activity in the earliest harvests. This study established the
relationship between the fruit characteristics at harvest and the chemical contents of
‘Black Beauty’ and ‘Red Fairy’ avocado. Through tracking the fruit ripening performance,
the different ripening patterns of these two cultivars showed that it was necessary to
consider the feature of fruit development of each avocado cultivar before using fruit
charateristics as harvest maturity indices.

Keywords: avocado (Persea americana Mill.), fruit development, dry matter content, oil

content, total phenol content, enzyme activity, antioxidant capacity.
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%R %25 AE (Chang et al., 2003) °

B L% B G BFARE 5T N 2780 1919 4 Bh Y 5 R R E 35 X AT B A6 AEAE S AL
AEBBABIZAFT AR ROES > 2] 1938 FALTHE 23 BLE > Ly eh
ETEBETEFROELERME (BRE > 2016) - KM 1945 F B ABUFHGR R R
TRI B R AR FAMAR RGNy bt MAZBEERNGEF X E
MER > wE 1954 FOBRERBREMEGEE LRIASEFHELARE > AR
%2 SR B ALER K A I R AT (M 0 2011)

BAl2ER THOBAEN TR+ 5 ERELES T AR N T LRE RIE
LB EEFTHRRETHAMSES AT AME W EF 6 A—8 A)-
vAEME OA—I1A) A (12 A—W"F2A) FAMHTAERSZATE
HETEFTRRORLE FRAOTARA FEQR TR (A TF4A) e
M= f BEANE - FRNTARE OB EEZR (2R )

doi:10.6342/NTU202303881



A (CRERSIR)CCMEE  dF BT A E AR S A BB TR
S fE 0 eL4E ‘Hall’ (‘& %°) ~ ‘Fuerte’ (‘g M 1&°) ~ ‘Choquette’ (‘Ak 7T ) » ‘Pinkerton” (‘-
FBE) ~ ‘Reed’ (‘4k4F°) LA K ‘Hass’ (‘"a#7°) % -
ERERERMWBETHORHEHET  EERARLNRETIHRH ER
RE] 100 F49 1324 2B & B 111 F45 7604 205 EOBER 5 L4 1.25 »
BAMEREE] 722 N BN THHEERGBRAERETEH T A E FHZARIZY
ER RZGWBE4HEHLEEBENRAEEERREE RBE 100 44 506 A8
E 110 F A LR KA 1588 AV > B EEH 6174 NI mE] 16322 N> £ F &
EREEH AR - FRURERE W - B RAB AN o & ERA
fedpha EEALEE S SRR - RARKEL U REMR
HBAFAGBRANEERIHERR AR KR ASEOEMAHRARETRLE -

(=) BART Y F4E
EELRTHHBAHRNERFTEREK  RARTORLE LB 513
ER-HZEHAFEEM T REHBAELNBEEETURIIR (L2HE
B~ ARKH EPARBGIIMERRG) Bk~ BRBERMBIE S AE Y &R
8 3 R F 4R ]9 (Kader, 1997; White A. etal., 2009) * $MNF & ° B T 44 B ot
HEROABGRIEELARFTEROERL KRR > BARBIAREEZ T ZQBHR A
THRER HEXeMAEEHMAARRERLENRET  BRENRET THARA
BERORERTCHEEI BEATURBEMRA (Kader, 1997) 1F AR A £
RRAFMLRASH Y Ge Rt Rs I BE ~ a9 8 & &~ R#EM L% (Knight, 2002)°
HP RGBS ZARARTRAARE RBEANELER BRSO R
P B A BURAR B4k ek (creamy) © RRAF MR ELR G v @H EH 6
WERBSERRGE b Bk @Kl &H R &% F E %k (grassy) 8% ~ BR%

(nutty) #E &R A (Cadete et al., 2016; Lee, 1981; Obenland et al., 2012) °

doi:10.6342/NTU202303881



RAWBECRA ERAERGERRKTEROBILELAN EL LTS TIE1T
Z — (Marin-Obispo etal.,2021) » B F 2B R RNBEERTHEH E4F > 1k
AE MR RE A ARENBEARABEE G%RARE > MEREBR (overripe)
KB AR REEFREREN RAAEH TRRRA ABYORKRBIL ZRRA
PR R 1E (White A. etal., 2009) - RE B & & ey4i22 F 4 (shelflife) & HIRKKE
P RAERM LY 985 (Hofman et al., 2002; Nordey et al., 2019) » #E F R E M
TE AWK E ABALET RAEE (eatingripe) #9HAM > 2 L ARG LEAR] - B AL
RECRABAMERRALE S BIEZOIREKYBARTATREALLR
BALR EBE R RE A E WG § R B GoRE A28
CREABREKMRERNM > BB RESeFor -

(2) BEH T A9 3R R AR PR

FEEARE FRIABIAE LA F — AR SRR AR S B R IR B

-

LA R4FEIR A B H WAHTEI R Ay AR I (physiological maturity)
(Barmore, 1976; Lee et al., 1983) « KM K ) sh A ey 86 R R EHF £ A R I F o
BRI RARE] > FIBT I BE AR T ARG C AR AN AERAELRRASR ) £ &
BB AR ET BA B RIE 45, (Lee, 1981; Ncama et al., 2018) * A7 1A B #t
B ERAT R B 09N L IR G RE % R R S M ARGy B 0 B M g
FRLABRECEAERAAT - AR AERENBARTHRLAEE S A L
RRE >~ REBBARR N Y deho BB 5 50 H R0 R (Hattonetal., 1964) »
EFMBHRTESRYD oL EH A THEABRENGTHBE TR T RIS
RE BERBAERAZHORETATCERBE Y AR B8R EmMPELRR
WPEE B HL BB AR E AT CEA R AN ERA LI T ENESR-

Bé AL RT3 A 78 R B AR T SR A B 0 4o ‘Hass” RE A 32 sk R A7 =T A48
REANBR > MBEH R T MR A TR R QBRI @& %0 o RE

doi:10.6342/NTU202303881



CHEER  REWKRAAEEMGH I (Bower and Cutting, 2003) * XE N
uh b B & 454k B4 (Barmore, 1976) > R T MK GILABR AR THLE
REBEIN Mo £BEA R T MR AT R IE > SR FILERERT IR
AL/ ¥ P UE (harvest maturly / commercial maturity) 4545425 - Bb4 & 4
FRAERBERBEARTREATCEH RO EERAE > LA THREZ TR
B R VI H B AR BB E -
BRRTOBRTARZYRANBAESETEWRIA > B b2 E SR
RFVEGTEERAREORAREZRR  ERAWMNBURE A THATE LEARTOLE
IEF RN BT 8% REAENIRE (Lee et al., 1983) < {2y R &
MIERANE S BATRARTRT AORREIR R ARG SZ A5 MMM
R A E 22 (dry matter content) (Arpaia et al., 2001; Woolf et al., 2003) * H 4
MEAE T X HERR COBERBAE LRI A AL SRIFL I
RIT Lo RETEE S SHNEME 2R RGN RE PRI RE
REEGHE 22 DPEERRELT RS - UEABR ERBEH A Z ol 215

ARAF Ao M R G T I AL B 3R BT 09 564 W 2 & ‘Reed’ JE3E 18.7%  ‘Fuerte’ %
19.0% * ‘Hass’ % 20.8% > ‘Pinkerton’ 8] & 21.6% ° ] — sb#& B K ] £ & 49 RAE &4
REBIEFA > ETHORAEZRELGR A £E > UK EME ) ‘Hass’ A5 0 A i
&% 20.8% ~ 2ET A 22% ~ SHMEth iR A 23.5% ~ &5 i Bl A 24% (Carvalho et al.,
2014; Pak et al., 2003; Yahia and Woolf, 2011) °

RTRAGBEREMESEIIN BARTIRE - TERESLEHNES
FIBTHRACR AL YR - A BE AR BT ZRE S A dhsg > REFEF LN
4 kRE gHBEALE (Moore-Gordon, 1997; Valmayor, 1964) > Lee and Young (1983)

HA R F AN & ‘Bacon’ -~ ‘Fuerte’ ~ ‘Hass’¥L‘Zutano’ W B M R F k&

-

REE HeEEAas RRFHEEEAY EARERAERT O A RFMTL A TiF
PP AR LR LB LN BRI R T AR REKRLTER TR

doi:10.6342/NTU202303881



W ARE > BB AR T A RMGERG BB TA S £8RE 6945 - 301
AEBRARBPNECRAZBPE A EREARNEER A IERAL X -
W ABNBREEEN  THBALELARTREFTARY AMOBESZRF R
2 A A N B A B B LB R o & B AL E AT R e BRAR B -
EHH AT T UAMBHRMBARTORT B > R ELRFTRE A% B BRT
BB A RE > HUARE 69 K NME A RE T Bl e HETR3E (Soule Jr and Harding,
1955; Yahia and Woolf, 2011) o &% 64 £ 4% 3R 3550 i B B 3 M A0 40 > BAE GG BA AL

LB E A B E AR NS A WNERLE BATRNAEZXRS B8
FREEFE-ERNIEBETREK EERET RIS G HA R F o JAE 54
AR E RO BE > SRTHAARERARTETHMOREALESFILARA

BMERBIEG EREN > RAMNERETERTORBE -

B R ART R E
(—) FRACBFHEAR H B AL R ) Rk 8y R B
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AREHABBKE T AR MAARANEFARET  ARBEF G HANA
BA ) T M Ao — R AL & &R 5 4% (Eaks, 1978) © R P 4m i & 4o B BF fr 4% 4k B2 &
(cellulase) F= % F $L ¥ 8% 8% B2 % (polygalacturonase) &1 7E A T & & i 4% o A%
(Bower and Cutting, 2003; Defilippi et al., 2018) > R A E ML ET R A AHRE -

HNEBEARENEAREHTREARABRBRYTE sL A BT R F 6912 A2
BOAFRBEHRANGEEZSH R Ry eE i fd ' Hass AR RBR TR A
MREWIEF FEEN M0 REIIMR TR EGEBA K e (Cox et al, 2004) -
SRR R &y Ae S A LA H BT 3R o S AR R R AR - AR B IR AT A BE AL L AR
feth #hiBAZ P % @8 & 0 4o Fuerte’fo ‘Pinkerton’ /4 344 R E bR 4454 &> B it
AR R B AL R 1 AR R T E69454% (White et al., 1999) ©

AL G RERBERENBERREREEE G ARRT R ERBNRA S E
RGP 2 —F @ RAERSORTEFTARBROKZARE  (Mpai and
Sivakumar, 2020; Yahia and Woolf, 2011) * T € # /5 R E — R BE AT HEE S o 8saE -

BRFHRBEACT TR G2 T A EERME K > BRRTARAZR
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BAERRRAAREEAE LS REIRI (Hopkirk et al., 1994) » H b4k 3
PR G BEFLRE R H L BUR G 35 o hoil g 3 B Sk A 3R 464 ‘Hass’ Bs 2L R 7 8L
EZMBHBAOREABRSN D E 2 MEARKEMFORBRE RS
(Wang et al., 2012) ° 4 & 2 & N &4 B EP & £ B4 4L ‘Waldin’ & ‘Booth 8’ [ 2 4R M B 4%
g REMNERESEMEE T ARSI > MIRMALATE R RRBOFEZ D
(Hatton et al., 1964) « #£ R BB AL A& 6) P R ERRE > 7T A B AR T HROBEF 0y
PEAR T A5 R IR R L B BRIRMR A HBE AR TR BEANTE -

() AR ART AERERERENDE
PR T HARIEAR G 0 e iR R R E B2 F R et dE £ A 69 R F 45 (bruising) °

BRBARTRUASEBRAREIZYRAMAR AL EFERNAARE
(Ramirez-Gil et al., 2021) » 4 ¥ [ #¢ (physiological disorders) & & Z shikikii B %
BIRRE -~ REAR R A REILEEIE (stress) » TR A 2R K wAT5 A28
(Bower, 1988) - BA A RE # A A Eatm M £ F A RN BIL (flesh / mesocarp
discoloration) 1% % %481t (vascularbrowning) > A4 % GFER A
BRERR EREABRT G RELCPERALT EEZHRE% FHRRT
k& sufE1E (Swarts, 1984; White A. et al., 2009) - B4ty £ 4 L H A mfn i L &
By Re B AR o TR BN R AL P 89 % By FA166 4 (polyphenolics) ¥ - BB BN E
B d oy % By A4LE2 % (polyphenol oxidase, PPO) #:4% > £ HAF A T R AL 2
&% 2 (Bower, 1988) ° Golanetal. (1977) ¥ 2|44 ‘Fuerte’ B4 ZL 1AL R E A %
AP HR AL B Lerman’ B AL 1 0 547 14 %8 3, ‘Fuerte B 2L 04 % By $A41L &4
SERSBBABEEERE SR Lerman’ BA A & B3 % 0 M obiesh B4 AL R A tm iR o
MEBMBILEMEERAR S HMBALE R EEMRS » — B X BT RE A K
TRIE > RRNBILBEANEAAK -

WURRETRYVEBRRAG S oM E S MALEREMN &M
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PEAREGE L R ERE - Rooyen and Bower (2006) 7t & #7824 & R A48
e A B E oy REBATASE - 334 2 T2 B3R I ‘Pinkerton’ B 2L R A 304 B
SERAMBLART AS RA TS BLE0 4 2483 e - Cutting et al.
(1992) # i JE 4T 87 R 4G H Fuerte’ B& 2RI BA R M 04 S BpJaML 645 &
Be o TRALRABLCFALAZAZZHRBRGOEIR > £ —ARFLER

‘Fuerte’ B L R B AL 3R AL AT EA L 7% B0 % A 4 2 RABAILAYEF4 %44 > #2 Mhlophe and

-

Kruger (2012) % 3. Ik & ‘Maluma’ B 3 42 R P 340 8 2 F 23% L F Fn 26% 20 LB
REHTRBIBERRBEEREYBSOERBAM - B E SURT A Fa Rl
AR H R Bl o) A SR AE B A R o A2 R R R e B A AR B Fe RS B A
RE MBEAIT S UARNENE 22 AHFIBTEE R R T IR R AL AR MR -
BAREHRUALAFTROREERA %K AK (stem-end rot) ~ i A &
(anthracnose) ~ Fo X 3% (bodyrot)° 51 LR EH A A ERK AT TR LR E
AMmBEHMELERTHREUZ T ER MEEEREAACHBRE-BARELFNS
—FE ¥ A B A #E % B persin (1-acetoxy-2-hydroxy-4-oxo-heneicosa-12,15-diene)
8 IS AE S > HE BB RE B ER AR Colletotrichum gloeosporioides £
bl H A Ke92 R (Prusky et al., 1982) » A M ée 7 i £ & #9 ‘Hass’ B4 2L A [ 3
FRUCRINER Z > RE F A7 58 persin 2 F K18V 9B > AR A

HEEGRBRIBRUNBERERE SR ERLERE (Bowenetal.,2018) ° sLoh >

+

MEREAREHRPO REA persin 22 €RBRY M T2 B AREMHNRE X
mEZEeMEE (Hopkirk et al., 1994; Prusky et al., 1982) - ik % Bt 5245
B AR ARABEARS > & Bk EARP (Cutting et al., 1992; Mpai and
Sivakumar, 2020; Yahia and Woolf, 2011) » BF st #E 5 89 B4 L R F 4RI L T sE A5
BRI G HRARENRELR - BARETXEAREORET KRB, ARE —
A H BRI A HORE % IER s R AR B R e R A g 2RAB 1L

\:n

KA I BFRBAET G280 B FERERET RBLE L ARAREIL G H

ﬂ
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RART R B ERS; AR HMAITRERT RE—FMEL ERREH
REAMEE R LAEHBA > BRRTEARONPERAN - S RRMERAS

RE TR KRB G| AL ey s R MR TR RERAILARME (2% R ARECE M
HAEE AP 0 B AT A Bl — A (Pérez-Jiménez, 2008; White A. et al., 2009) ° 4%
BALE (2011) 9P % > 2B R RNE R EHE LA LR » 7 2008 - 2009
FEABRNEEZBAZEGERTHAL T L RET RERGE £ FRE 30%
¥R E AR RO BEAREE 5% UL AR EERANEEAERE
(Botryosphaeria) 7% B B FRE &R » 2R EH BN A LB AR EO B LR &

FAFE o B HURE BRI PR S B B R T A 2 6 B W A 18 K SUBK P B D A

EMT A XRBTIRLFRASLHE 2285 TIRHRERRERS
FREHBARNAERG ARCARSOAARERRE -AMEH
sz ABMAR  ANBIIR B ATH B A AR RS ARRTHA
RENER  EFE-—FEFTEARARRRLRBENBRRRETRAEERRRE

BHEZER -

(m9) AR H B AR TR AL N B E

HFLRAESEBESIAIY (antioxidant compounds) ° 59 E i@ FH R % By
B RRREADE AN AICEIRGE > HRARE S S RIMEEME (Loboetal,
2010)° m R FE Z eyt A4LEE /1 (antioxidant capacity) ZFFIARX B EH R T H
TR AR E A E R L E B R T ARG R A G EE AR -
REBEEBKEIRBLZB A EEHEE XA BF ¢80 —BFH B KM R
BT ORE ~ KA BRI BA THEEZSLAS BLHRTRRE BRI
Beisg o REAEBEFIF G R E AL RFEMLAI (active oxygen species, AOS;

reactive oxygen species, ROS) » ‘EM 8% 5 R HB L K e Hmind G E - Tl
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AR KT  HREAT EmI B ESEAE G (Datetal., 2000; Hodges etal.,
2004; Lumetal., 2016) - BA & R F ek MEARARE H A HBHRERE
HE BB AR AL AR Ao TR E R R R E E B A H M R H -

M dm B E TR E M BUR 6 T KRB LT o s A 48 B4 AL sE 7 e AE 1L &
WAL EALEE E R K 4 4 (Blokhina et al., 2003) » B&# R F ¥ B3 A LA /1 944 5
MM ER O EAEEC A EE- AP B E FURTIAMESE (Corral-Aguayo
etal., 2008; Wang et al., 2012) > A MBS A R A AT S 6944 & C o[58 MEr FA R M8
MNRERETTHEE BLERAARIERABRRETA PR ER G4 45
MEgtay R B (Tesfay et al., 2010)  BE AR A+ X Z oy AfbBEF R A B AILE &
(peroxidase, POD)~ i £/t & B % (catalase, CAT) R #2 A bt iLE# % (superoxide
dismutase, SOD) (Tesfay et al., 2010; Zhang et al., 2013) °

Mpai and Sivakumar (2020) A DPPH #v FRAP w#E & 3 A F IR/ 47 53
¢,8 ‘Hass’f£ M & vo {8 B4 3L sh A8 £ SR MU B e R AT AALAE N BE R k) > B Bt
R s FE R F G RORR R R AL EAE S - M Wang et al (2012) #2 Campos et

al (2020) B E | ‘Hass BB AR AN AN AR ERALDE G ELRARSZ

54

MRy e - T LERBIRRAIEI R BESZTRPOBREARET DY
BEHR — B MR L AALEEE 3 5 & Tesfayetal (2010) #9878 ¥ > d I &9 ‘Hass’
BARTA3IAZ 6 ARTEEH M ERABAESERS  ERA T POD Fv CAT
B B304 K BA AR %5 > SOD &y B MR R Z MY - ER M T FLAALEE R IE
REHRBOR PGB RA R -

B AR VT DASE BB P AR I B B AL R B 3R E T 3R R S R L AL AE A
ERAELSGE  ERABART AL DD MR AL AE N BIRLA/LE L FHE
174 A P % ) (Villa-Rodriguez et al., 2011; Zhang et al., 2013) > FH iR FEE AL R K

AR HRALEOBET > RTRTORUARBEINTERZEERT N

10
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HFEREEBIANPEORAE EABE ORI > AT BATE2E AT R
B AL ShAE K3 th R A ARE YRR IVE T AR B S b P B E =R BEA R
WM R E T B ERE R E AR (B0 2005; > 2010) © & 78X 6948 B
BREMD M RAE AR T MRS A ES A LA ARIOR SRR AR ATIR T K
B FC AR LA TR ) 3% B 2 04 B& AL R CE MR K AR AR 3T OT AR A9 HR MR B 5 AR A R B 89
FRACETHR © sbohid &by KA SURRIR 3T IR B A Jo 4] 35 48 B P9 B AL 3Rl iy A2 32
B E AR ERABH AL ZFILE S EIAR - 2 RHH R s A
e S BN FAMR T AR RT AR A RABELNIFRBRE  LRES
RFBFEDARBRRE R LG AR REFTAB ZEN AT A 4
AR B RA  CBREANERILMOLEESF 123 A RN E6F 8 A
G BARICA B E 3B S A o R EOF 11 A RREEATIFL
ARFR A CHNRAFTRE RAERABREHRE RHERANEE Z ZH
BEABRE H MG S 2R RSB RR TS B o/ e BB R
ERTRRARRBANBEAEERARMEY  AARKT AREBALERT A
A REAR SR L 2 BRF TR R IR I L —F T ARk
AR EHRURREOREN R 25°0) THRZAER METHEARRA®E
B ALBR SR A R AR e E Bk -

11
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EER A

%— 8RR

ARHER A RBATG RO B A R ey T A4 2 £ A (‘Black Beauty’)
Fof £ 44 4% (‘Red Fairy’) BEALAMHR - £2022 F5 ARBEREAEBERE »
WA AR R Rk (BEAO=T5) FARTEFTHARMEKALEGHF - B4R
WonfE & B T ERUIA RS 0 B8 8 RE H AR b4 BN e R 4R L
A AE R R R B AE A HeXER ey A BRIVILENFR 6 BBE 8 TR #AT
HEABEREAFTREER A8 TFEEERAEALARBMAFAFEHARE -

B REREGH AR
(—) REEFHMHGARRASE

FRARERPERE > NEREKLERERL 10 BREFEAAEFHZER
FZBAEFHERFRAERTRED UHAANI R TANYERLRTRE
UREAARARBITFHARERLE - B£EAB2022 5578274318
Bik o HBIF SR, 4582022 F5A308F 11 A 13841 £RIEIR- %
ERERNBFTHRRTER AR — B ELERRERELAL AR ERFY
B RE BN -

SEI T e
BRRBRERER 30 MBARE > CREAETAILIPHREIZANS ppm

REABMAKBRT 5 24 BUAKT T BREHEBNEEZ 2582°C ~ 484
BIE 85%+10%093 3 (ME 1) BRAMIFMA IR H ¥ 1ISBREEAL DL

ABREH S BRNECHEASREEE - FTHRE - REERRAFAZARLE
R R EERAERT LR B35 BB RARNG 5 5 SR =B R R L™
a'fe bME o B IS BREFASHBLOMK > BERBRTEZE=ZBRTIHAR
ARERAKREFARLE FARARAFMY L 2 bE - RABE -HTFEER

ME 4 ' BEREE R A S IRIIEMA AR ~ BB~ LAALRE N REE R E MY
12
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AR 9 RABERE B FAREETRGEPAZRG AT AL @R T A
BERATKERAEFHRAREDENEHE (WE 4 2]HE 6) -
EEEMBRAEHE 1 R ZENRERRASHEL 6 R LEHHEREES 5 R -

HZE ARk

(—) REAABARERAL
AREHRKBBEREAEARYBMN FANE MR ETHARAERTEE &

UAERRETHRGONE  AFLYOREBRERE  2FARBASE F/M

(White et al., 2009) * 44 FABE B » AL TF EEE %R > A T HIER | BT -

(1) F—#% Hard: ARA#ERE > REXBDELRGAEMYR -

(2) % =% Rubbery: Al 1 #%BRE R @ GH A W > (247 156 ) & 45 0B =48
BAR®FEUWR

(3) % =@ Firm-ripe: A $ )@ BERTHA UM F BN R GEZ DR 7T
Bk o

(4) #Hw# Softripe: LWL BREFHF AU F LRI AEDS TEREE 2
HEATE TR -

(5) # A% Overripe: LR RZEUFAWMG > AR5 EE >0 RABRBEILRE -

I»

S

REBRPATERBAIURET ARBZERAFRER L WR (Softripe) & Rt H -
BT FAERESERI  BRREARNBEES ERAMHBERAN B LT AL
EAWBRERATERE -

R e IGAZ R 2+ BIRE AL 5 H F M (White et al., 2009) > B AL#R B 2L & &
Bemnth vARLBER (HE2)-
(1) #—#% Green: REXAKZHEBE -
(2) % —# Breaker: REXAKBEMB =02 — T -
(3) # =% Tuming: REARBEBHENN = nZ—F =420 -
(4) %W Red: REARBEOBE=2ZT UL -
(5) %A% Black: RE AR CR 2B EHEBALEE -

13
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HHREAREUNBRAEEAE  BRHEEKZETY ALY 1.5cm ke F3E 8
REANGHBRFOERAFY  BHBAZARET ALK (ME 3)-

(1) $—% HAEAMRIZE > FHARIARTEHR Bk -

Q) F=%: FHHARIARFTLFER A LEMals  BEFHATRY -
() HZ: FAKRFARTLEHR @EBR > FHAXL -

(4) Fw#k: HFHAKER SRR SRR GG o

| EXF
(5) $AR: HIFABBET > HHEAEKRE -

(=) RAME > ERE

%% Leeetal (1983) X H A58 » BRREEFAKRAETNEARBIR LR 2
PRERERTMAYNRETEDERFETHRDENL > Houfd 3 kL 6 B - K
REBB AW EL BAETR  BFEF—F0RAUA R TTHI R TEA 2mm 4
HhoBRTERAENHBB AL L > EABA U 80°C I EHE F - 14 B
MlEmBRZBREMNTHLME > HENE - whEFE T (RALE/RA#H
) x 100%

(=) RADH L th

WRE A (proximal end) ~ RE + & (middle part) Foi& R4&3% (distal end)
(B 7) & 30-50g R A > EM-20°C KB BRIEA% > A-50°C B 224 RILIEH
ERBRED 72N SRR BRI R B 3 AR 5 8 S BRY-20°C
BIREGRTE ARG B B A & B R TR A

(w) RARASIE 22 047

0 AT B B R PRI R UL B R FILIR 6-12 /B 0 KRS IRAR AT A R
FrSRACHY K o FPIE 1.5g SRR R ER FHE AT BN FEEAER
B 90 mL &9 95%E T i B IR A BRK A AR 6 R R K Bk K FEERE

BL180°C 2 HR 50 #4% > EEER 1/ eF o R T BERBERMEEE > FHEHE

14
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BERE e RAMBH A EE A S E /o REE) x 100% x %

NILhESE °

(&) RALESENH

DA E SR AT HE S AR BEEREEARER 0.1 g R 15 mL #e B ¥ 0 oA 10
mL 80% F & » 3 H#ERBEMARFRRBEE R 10 248 REBEN 4°C THE
W o B ORI B S AR BE S 3 548 (4°C, 4000 rpm) 0 A Advantec 1 3RIE4KE N
W@E 0 A 80% FEEL & E 10mL © A ATARFE#-20°C AR B - 488y R H AL
e AT e

RER B A

(1) 02M #HARAE: A 8E4F 84 5 4R3X B (Folin-Ciocalteu phenol reagent, 2M) M 4%
BEFAKMHFEI0/ZE 02M -

(2) 7.5% (w/v) #xE&4RKER: B 37.5g Na,COs (Sodium carbonate) A3 #fF 7K €
2% 500 mL °

() BB TFEHAZRER UEIRER (80%FEF) BEREA5-10~25~50~100mg/L
8% R T8 (gallic acid) A2 %% °

J£2 mL A E 8 S E T Ao 0.2 mL Ak b FEBUR/ZR T EEAR R > BARF A
I mL #hARRE L 0.8 mL # B4 KIEIR » M REBZNERTHE 60 54 > B
MEEHCE FRI200 UL 89 RIER o\ 96 FUEE F » SA 5 B AR Ageo I
BRTFEHAZERMEROREGITIASTHHROARRE  ERNEARTHE
& (gallic acid equivalence, GAE) &7~ > % & ¥ B8 48 A LA 3 BOUR B B Ak oh 3 BUR ©
MEy S B3 EF R RS EIRERHEE (GAE mg/L) / 1000 (mL/L) x 3 E RS
& (mL)/ tkebRILH KB EE (g)= HDBEEH S Z (GAE mg/g DW)

15
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(%) RAILAACRE S 27
DAk S 2 BUR F S DPPH #v ABTS WA A s A ey se W AE A4k ey adb B o
TS FRE AN IREAITIE AR Trolox B8 ERE °

I. DPPH & & AFMRAE /A E

% # Sharma and Bhat (2009) 2 7 %15 2k

RE KB R

(1) 0.5mMDPPH Z/&: f£&%3R3E T - 49.3 mg &9 DPPH # K » XA 100% F &%
REE20mL BEBRBERERYY -8R AREEER R ATEAE
W 4°C B IR o

(2) 0.1 M Tris-HCI buffer: B 12.1g Tris hydrochloride &#>#) 700 mL &9 &1 K
o B AALAE IR pH B EE 74 BRFEETKEEE 1000 mL -

(3) FUIELBAZEIR: HF 25 mg 9HUIE e BE (ascorbic acid) A 80% F EE X & £ 50
mL > ® A& A 500 ppm FIE B EIR o BASEIRMFE 20 15 A A 25 ppm AR
o B ERFHFERES 12,5625 3,125~ 1.5625 ppm X413 G B AT R o

£ 2 mL HEE#SE T A 0.6 mL b EBGR/ARER © BIRAmA 0.6 mL
Tris-HCI buffer $A & 0.8 mL DPPH J&/&f% » EW&#RIRIK T RIE 20 548 » Un ik
AEFHRIE Asip0 3T E AR SH ey DPPH 8 A A4 > DPPH & R AR s 13t &
AR [1-(Asi7 wssenimrn [ Asi7 zanunn)] X 100% © B IAFUIE 0 BEAZ R B R ORE
St B AR L AR H R YL AALAE A1 0 2 G HER 4l ol B BROE B BORAR b 2 BUR © AR s Y
AL ILIE B % & (ascorbic acid equivalence, ACE) &= ° #k it 84t A3t
BHA: B ERBRAOTIE 0B E ERE (ACEmg/L)/ 1000 (mL/L) x 3 Bk 24 f
(mL)/ AR BRI RBAREZ (g) = thIE bt d 2 (mgACE /g DW)

II. ABTS B ;& F AR

% # Reetal. (1999) Z ¥ k15
RE B R A

(1) 7mM ABTS /&%&: # 384 mg ABTS AN K8F K > £ FE 10mL °
16
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(2) 2.5mM BEEREFIER: ¥ 6.8 mg @AELSF (potassium persulfate) EF BT
AK¥ o FEEE 10mL °

(3) Trolox A% #&: # 12.5 mg Trolox ;&% 25 mL 80% F &% > # # & 500 mg/L #4+5
R B 80% F EF A BIRMFEA 100 ~ 50 ~ 25~ 10 ~ Smg/L ZARER ©

(4) ABTS™ A o A% i 5 BEcE ey TmM ABTS %R 4 2.5 mM i@ %
BRAFIEIRIG G RA > EBAIIL TR 16-24 /N6 > RARE & & 49 ABTS™

B W ARER

B 1 mL ABTS™ & s &8 & e A 25 mL 80% F BE# 5% > AR 1 96 FL F Av
A 20 pL SR /AR R S 180 L #MFEiEey ABTS B B /aR » A& ARETR
JE 6 75% > LA A7ss Bl R BRAAE 0 3 AR FEIIRS) ABTS "B R ARAEN > B
EFRENFENK A [1-(Ans nasmnmen [ Ars zanna)] x 100% © A Trolox 4% % &
HRHR BRI EA LA RO AACRE S > % G 3R o R B IR AR 5 3
BUR © Hr b 894U AAL /1 XA trolox E £ (trolox equivalence, TE) &~ © tkshit AAL A
EF K A EIR Y trolox % EEZ (TE mg/L) / 1000 (mL/L) x 3£ HR& 8 4%
(mL)/ #héb ik KREGILEE (g)= thab trolox & & (mg TE /g DW)

() RABEFEETH

WEE R L IR 1~5-TH 9 R ABA R T R4S - RIS
HRAR 3 B B R SR AR RS R 0 BN IR B ks R P 35 -80°C R AF o
BUAT 26 B A 0. 1M B4k 62 700 4R 9.633 ¢ + =K &k B =& (NaHPO4+12H:0)
$111.404 g =Kk &8h8 = 848 (NaHPO42H,0) %7 800 mL #F K ¥ » 34 &
AAbsnis H pH EAES 7.0 - BEFE 1000 mL o 3 Bk 8 4 R R KB
R Y SRR AATE 0 R 0.5 B RE 15mL 8% > 3 e 10mL B854
ik o BIHEUARBETIEE R 60 & A 4°C KB ¥4 R 30 48 0 % LA
A HAEC 20 248 (10000 tpm, 4°C) » B EF R ABEEBUR - ANEa Y

SRR AR E AT

17
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I. %®&3EA1EE % (Polyphenol oxidase, PPO) & MR &

%# Golan et al. (1997) Z 55K

R E B 4

(1) 0.IM # B % &7 %k (pH=7.0): #F B 9.633g + = K & #f Bk & = 4
(Na;HPO4212H,0) #2 11.404g —K&#5Bk — 849 (NaH,PO4+2H20) % 800
mL X #FKY > B AAALMAEHE pHEHEES 70> HEEZE 1000 mL °

(2) 0.5M # K —BpEik: B 1.376g #8 K —B (catechol) A% #-FKE ZE £ 25mLe

BLABEEFHAN 1 mL BB E &R > BIRAFmA 0.4 mL K =85 &FH 0.6

mL B & X BUR » SLEP LA ST RIE Ao 1S FPRIE —R 0 FHE 1 2éE - UH

SR AAHIE 001 A —FMREM (Unit) o $EEALBEEN IS &
KAE %L (Unit)/ 2BOREGE 2 E (mg)

II. #@AILEEE (Peroxidase, POD) &A%

%% Golan et al. (1997) ¥ Zhang et al. (2013) X F k152

BB B

(1) 0.04M A AByiER: B 0.125g A KRBy (guaiacol) A #F/KEEZE 25mLe

(2) 0.03M B AAL A8 k: B BT 30% w/v B A4t 878K IR 0.1g /A 30 mL &
BEF K o

EGEB PN | mL #iBkEER © BTN 0.1 mL RA| REyEZRF 0.1
mL i® fAb 8087 4B e 0.8mL B & FEERR 0 SLBP A4 B0 SHRIE Az 0 B

15 PRI —R > FE3 548 - UEBESERIEMEHIL 001 H—FHFEA (Unib)

1. B8/t & B 4% (Catalase, CAT) &R
% Golan et al. (1997) ¥ Zhang et al. (2013) X F & 15 2
BB A

18
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(1) 0.3%w/viBAAt &8 8k: B 360 30% w/v B 84t B8R IR 1 mL A& 87K
#2100 mL -

ALHEEPHhAN | mL#HEEZER BN 0.8 mL i@ AL &8 7%&F 0.2 mL B

,4

FEBUR > LBPAS HAEIRIR Asso > B IS HRIT—R > HE 1 5 - RES

444 1 nmol BAAL A A —FMHEM (Unit) °

B FAL BB FE M E 7 R AAoao x 200 (B2 F R BUR R BB A > ul) x 50 (MR
R)/[(RBRREQEEE (mg)x 1 CRFERE > cm) x 40 (H 44 E > mMeem™)]

IV. Za8aER%E

% # Bradford (1976) Z 7 5%

RERE A5

(1) 20% vivEa d &8 #% a8 %% (Bio-Rad protein assay dye reagent) & i&
R BATAR By RIEAA]

Q) FaFEaiZES: FIR 1000 pg F &% & E (bovine serum albumin, BSA) °
AaA 1 mL 8T K B iR E 1000 pg/mL Z 8% - BB EE & R (0.1M,
pH=7.0) # %% 500 ~ 400 ~ 250 ~ 125 ~ 62.5 ~ 31.25 pg/mL ZAZ & °

96 FLEE T w5 puL Ak b 0 BhuN 180 L MFEBe &G H &5 0 FAHEA
BE 10 54815 B Asos BAAE » A o % B AR B IR AR b9 An 2 3T Btk oh A8 3
RO EOE G2 ZOHBAUBBREHERIBRABRERR KaEaiseg

43 A mg protein/g FW &7~ °

%WEP aih%%%%-ﬁﬁ{%%
(—) AR S
EFHZFR:0-300MM > ZHIES (6 24

T MX918 > FFRAMAE] (63b° &4
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&, # #&: CR-400 * KONICA MINOLTA

FRARTRE T MIT-XAN-3 > 545 T ¥ #HHAF RN 8 (S £#)
BAR: 580 BAAREMMARNE (64 28

%R CT-5020D @ ZBARARAE (B> £4)

Btk RT-02A > RIGHEEHBAMNE (61 &4

o FHE 3 Epoch2, BioTek

&% B S 4% Pro Analytical C4000R, Centurion Scientific Limited
AEREZM DC600H » = AMAB LT RAMANS ¥k £

% X 2 BU&: Soxtec 2050, Foss

(=) Ak oh 3 BRIEH]
¥ &% (methanol): Honeywell * ACS/HPLC % #&

E LK (95% n-hexane): J.T. Baker * HPLC % %

(=) RALEE S
##RXE| (Folin-Ciocalteu’s phenol reagent): Merck
% B2 41 (sodium carbonate): nacalai tesque

&R T8 (gallic acid): Sigma-Aldrich

() R AAALEE N 547 % oh

DPPH (2,2-Diphenyl-1-picrylhydrazyl): Sigma-Aldrich

Tris(hydroxymethyl) aminomethane: Merck * ACS % #&

L-Ascorbic acid: Sigma-Aldrich

ABTS (98% 2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt):

Thermo scientific

20
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Trolox ((+-)-6-Hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid): Sigma-Aldrich

[
78
>
R
)

FE AT

+ =K E#hE 8, =43 (sodium hydrogenphosphate 12-water): nacalai tesque
—KEHEE — 549 (sodium dihydrogenphosphate dihydrate): nacalai tesque
#f R —B» (1,2-Dihydroxybenzene): Sigma-Aldrich
A ARB (guaiacol): Cayman Chemical Company
B fA4E 887%& (30% w/v hydrogen peroxide): ki 8 H#k X &4
4 & 7F &% 4G (albumin from bovine serum): Sigma-Aldrich

=]

&

' % % (Bio-Rad protein assay dye reagent concentrate): Bio-Rad

SBE BIESH
B 45 4 Microsoft Excel 2019 %32 » 3£ 24 R 3% 3 (RStudio 2023) #&A4T

ANOVA #o Tukey’s HSD % &b F 43t oA R HE -
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F=F s BEREIH

F—f FARBZEANATARGIEREIARER
(—) FARZEANHRERET  BEVALHE S E
B2022F5A7THMBAEERERIAEA L B ‘BZEANBERTRAK
87.63 mm 34 v %] 189.81 mm (& 1) > HAZ A& 38.72 mm #hv % 92.36 mm (B 2) °
REMARREARERZERFLORE2 R GAT7HESA308) wmE F34
2 1.52mm/day; RERZELHKLFE OGS RESXR (TAI1BRSA1B) Ak EM
%% 077 mm /day > RERLENERRFECMIART REBM  REHELHL
£ 0RE23RFHAH 078 mm/day * ZE1% 65 RE 86 RA% % 0.46 mm / day °
RERTRERLEOEFTEL S T@EL —Muoa Toy—Raiidg (B 1A
B 2) ThRAEHMER REANBARTESAL T HRNZ I - RBEFH
At RERERLERAMEA S 223.29mm & 118.73 mm > F] EAMHE E 14 4
170 X#2 200 RER[-AMREIR K F 86 RUEZFE® £ 6y REZ B
Ho RENBERABMBRTCHSER G RERGEL > BIbkeEREAHE
RERTHERAM LI 2022 FHEASHMECAHARTEFTAY TREIZEN
RENARREZHME AMRENAERBNERRENF BN —F A
#1 Lee and Young (1983) # %L ‘Fuerte’fu‘Hass’ R E A B R 284 K& F 215
4R RFE (Leeand Young, 1983) " H b T4 R B SAEBE A R T E R B LBAR %
BSAdMg  EELATAERRFIFTHALS SABRBOLTIRIE -
#5RA30B28A1BBANYRAMENSEHEREM > 8 1.71%
| 3.38% (B 3) & A R R eRE RS REIEN 2 ERAT AN SITER D 3.59%
UO(BF 0 2010) ° P (2002) 42 E AN (R E F BAT9-65-3 Kok L) B &
AT E BB NS A BEPE A RNLER 4 S8 > S48 HAa 5854 & | B -

‘BENBATRBN OIS ERKG B E 4 L5 o
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BAEREBEFAN BEANRAMRIHEEH L RANEHE S E
BRARBERRD  WBHEBEFE 12%E4 (B 3) B EENRA RN R Y
SEETMMMEIN  EREREABEMAMME (B 4) o — KR ABEARA NI
W oA A B EA B AR B M B R 484 (Lee et al., 1983; Woolf et
al.,2003) » ERTAHRR A BEANGRAMEN BRI MELEFBETA
P B Hacih E3 ey BEKIE R K © Stahl (1931) & £ B #b B 232 N AT R
LA B EEP B % ‘Pollock’ sb AR BS A A 45 7 1842 F R A 6948 A5 M5 2 B 1.22%R &

521% RAmERANELH E S 4 EIARLA ARG o -

(=) PAR UGB ORTER - REVARLHE 2 E
B 202245 A30 BFEEHBLEL A 14 BREEKRH B BENRTRE
# 77.83 mm 3% £ 149.42 mm ([ 5) © LA 42.13 mm 3% /v F] 87.4 mm (B 6) - &
BEREATENARRFINFFANEABAE - RROARRFARETAEZR
%%0%221 KR SA30BZ26AH28) & FHA1.12mm/ day » HEREF
BRFERD > REZZL126 K (10 A3 8) AL TH#0.1mm/day RER
A RBRREICEREAAM > RERTHEE 0521 ReyPFHERRES 0.65 mm
/day > 2 &% % 147 RE 168 X (10 A 24 8% 11 A 14 B) #% %-F35 0.02 mm
[day - 2 F-AFERY B A AL 0 P AR AE RTHBHARN R K 0 A5 F AN
EuhRBEMERRFMERR  RECE R RALENEFTHEL  BETH 5
R —REEHEA (B 5 RE 6) TUMER FIETAE M R a5 B RET
BESALFTHRNZFR -KRRBRAFHEDEL RERERATLERRELH A 149.02
mm & 87.68 mm * 55 J& AN RFAR LK 4 144 Ko 156 R o AR MIE RE MY
KEATESLBERENS 144 Rfv 156 REMFEEw > RERFEHR KA
T ALAR R AME Sty e RAE > 2R M A A A 45 0 B KB 8 BB R AT 4% 0 4
REPEZENEARRESCHTER A% A KRBV QB BRARTE— T
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W

HM o

6 A20 BZ 11 A 14 BER] 45 89 R AR & B4 2.41%38 40 £ 7.56%
BRBRETRAGRIE SHEEME (B 7) wBeyRAEEH2EL9I A 128
A& R ERALEREFAE 13%F] 4% > %9 A 12 B4 AHBEEE
Hho o MILE R RAEE S ELFEEMA 210 A3 BREZTHRE 5% (B 7) -
U REAO6A2BE 11 A 14 B ERORANLME 2 eI S
BASEMAMME r=0938) (B8) #@H iHFRALME > EHMEN S 20
SMEFEA BT IFE RATFH A (RP=08795) REAHN LB R EmE
TURRAME 2 RETRAGHEEN G E - wif AEEe )y > &2
ERMGEGNEETAMS  RBRE T LRI A T4 - 72022 F
ABERHBTF X F OREAEARRFCHEZ 0.17 mm / day BAF >
RAME CELABEME 16%A L Ror 4 /£ B ATIR A & 4 S5 FI BT iE 4%
MR R E BT A R sh LA R AR 0 R A KIABBME Foscth H 2 2 9 4838
A BRI Sb ST AR A B M bR R B BRI 2 A -

() BENFo b RFTAF 10 & MK T2 B 44
BN EEGEBEARSTHRG AR EF 11 AREANERIG ) 5

%3 AARM I N REARRAOE T RN T ey BRI RA LAY
B M B AT & B AL A E E D S RE 6 KD BN AL AR R BT RCF B9 R
BRHR o 452022 FEARGMEBARTETHRMORERE -RE £ RARY
KA ls 54 B AT T » BEN (R D) Fodndl (R 2) BETH F4H
MRE-AE -REFHRMETEASEAME  HYTEAE MMM RE
AMGEE R 09 AMBNBENRANEME S ELRBET FAA AR

HREAEE AT LAH AN R T A A BEERN - ks RA
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YME L EER T AR R EEER R - RARARESE PR
AP XnEgshuhdoskegmilEtie (r=0.648) M 4aiE RAMEN &2
HEMERKEAZEAMMYE (k2 RTRIBRAZENTFANGERAR
BERr Y seth E 2B I i RE BN R Rk AENEEART RIS
RAAAHS & B LK RAFHEE) B 4

B R ZENRERAERRZIPE
()RR BENREMRKEZER

B 2022 F 6 A 20 B H®ER =R 0 K=K - MBELBRBATHREZ
RE REVKE REREETHE N R TFESAUSA 1 BHRAZIRETK
FoEARARANAETA Il BABE > SEEHRKERE LR D A RBIREY
RE RAMIEH2EBEEEm (3 AIRARZKBKUIREORALHE 2
EABEH I EPOA2 87T A1 BHRKZREFHEME L EN I 5 9.6%
B 10.6%  BRAEARFHAERETALZNORT AR (B 3) A28 A 1 BHREY
REFHGEME S EFHMWE 127% (R 3) > P AKRALENRE AN T BE R
FROREREBEANRE A > B — X5 R E W &g £ 9k £ B BB L8 R
ZE AR TRERF —RERNREEFTRBAERY N - AERBZENRE
BRMMORALME ST RMEN > 2023 FEBRNE—REHKAE - RIS
‘EENREARNAIE S EEA 1.48%5F > RAME 4 E0PE 13% (B 9)
MEREZRBEF RABEN S ERHEmERFBRE S T —FEER
REAREORALME LS Z XA UBRERABA THRARKERGBEE -

e % PR R EA AR, > B AN RE BB E RER AR » Pk = R&%
MZREEREBR ARG EE S RO (£3)  BATHWBERART LAY
B+ A #AEMBR > Liu et al (2002) ey R4 HEA R R T F oy L5 88 (H & RS

mannoheptulose #vH % B # 8% perseitol) & #pH| B AL 4% a4 A > MBS LRI R

25

doi:10.6342/NTU202303881



BN LtmBEETEHRYD » EHRD ZE—EFIBEEAT REE G BER -

o BERARE TN E B RO R AR AR RGN L PR T T B
J& B (ABA) TR A A AR EEE AR E % 6y fe (Meyeretal., 2017; Vincent et al.,
2020) * Blakey et al (2009) #¢ B %L 3% S8R JEAN ABA K8 » 2 BLM 38 4 69 14 e
Ml R @A R FE ) H R s - SR BB BEARTORBREHEZAERRNT
o RmAESHENSHELRAE B EEANETEEARE —RIKFA R
B BT B TTREF R T E 2 A TRREF AR LEBELERH X
ARE T ABARERREH ) EZHBEMDFIKA M B F ZRIWUZIRE
BB (6 R) B E —RFURF K (R 3)°

(=) BANBHRRAE R AN GRS
1. RERE - 2 RFHEEAREE

‘BENRE AL BN Z I AL R FAEREARA TR RFERRE AR
HH ZENREHRU GO A ARBRESERER RS (B 10)> HP+27 A 11 B
M RE ALK £ R B R-FIRRE TES PAEES F WR (softripe) > ALK
B AT E 6 A 20 BHbR o 7 LR 3T RIAF 64 R A AR L AR R A b &
HoTA BHREZREREAF = RBEEHFIA M6 A20 8K 8 A 1 BHkx
RERAEFEARBEEK (B 11) -

BARTHREZERARL AR RENTRERAETREAK REEERAMD

A2 (Tesfay et al., 2011) « XARERABT 8 A 1 B B AN RT Ak b
YRERS 06 A 20 BHRUNRTRERYD N BAYNRETTHRRLABHRE
BRI E % > B Kay#ikBs (Lufuetal,2020) o # R F o) & B A0 TR F B -
BHBEAZBENREBEERBHEERR (R3) ERANEIIAMAER S8
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BARTOFALARTHAREAEEZ Ky R0 TR ML 2 AFRKE

mﬂ>

TR AKER BATSHEEART HHEAR AT TR R LD & FEE
LRREAREARREASEMNY  BATREARFEANEEfREE
AR MR EFIETEAR  REAPMM FHRZARENGECEEREARE
BB (B 12)° A7 A 1l BHRUKZREFEFARBEAKER AFRARE
BAREELFWE (FH5393)°6 A20 BHRRGEARERIEZ > ZEAKRTY
ZFARETAFWOE (FHA 42)  ZBHEREHAMMESH BENRTONEK
PEBIFRAZAREFBRNGHELEASEAMME (R 4 BrEAEA R L
NREBEGRIREFEIEARGHES - BEART HFHAREEEHH LK R EXBRE
T B AR R T MR AT AR G 60 W AR ROR R — 30 sk A e AL 4 4 B
R EEGIT -

2. REAKBA GG/

‘BENBREBPMEREAEGTEHEFHER AR LB MR
RUHAHEMRREARKEZRECER T AR RIOAEE (B 17) £+ 6 A 20
BHREOREBRERERE REWRREHEZAARS > M7 A 11 BEHEH R
FHoRE HESRCERECHERNERW (HEDH23ULE) (B 14 BE
NRES BRI EHE o RERTE RS GG Ba  ARFEARSAR
KEBGTHBaEARE » iF AR g% ATHE (B 15A) - REFREEEMLL
BoAmIAT A1l BIHRKZREE TEGILRE > BT AET AR ERBOMKR -
R T AAREBAG YR EBERAUNE ZRAEN A EEZSHEAM (r=0.849)
(B 16)> A 7~REHF REWBEEMH) ERTERN G PN #X
TREFHA RIS E M -

REFEEGENO DV EERTA RGBT ZRTHROMYE  FELZNT A 1A
HRZ R THERE - 8A 1 BRz 6 A 20 8% (B 15B) - KRE&ARE# LA
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L6 A 20 BIRKZRETH | ReGRBERIK F 3 R%EH LFA > mAEFETE
7TA11 B8 A 1 BRRAFZRFERD M L+ 7 A 11 BRUZRER
Mo LRy LR AAE (B 150) ¥R EZEANRLAZIERL T a*E
FRE b MEf LMEARARY » Mg ey bR =30 & /5 L% 7T Rk H g 2l ey 4

Lo INMBANYRERZAZAERA SEMAMME (R 4 T BEANKIK

B R EGILRERBEERTRDRZENLE o

3. RAEAEX 1L

RABEARANSE TENIERZ— REFREDHG BEENRAALZL AR
b Efe LMEAS A FHAB (B 17) L& R84 (2005) &+ mE =30 FAF IR
R AR RAN T EEFELR - TEFRRERREARBAMNM -6 A 20
BIRUEZRTABBE 1| RRA bMEF LA GARISE A =B R R - M i
~~~~~~~ GACAEF 5 R A ABEEA > RALARRERERG&%E -7 A 11 B#R

BRI RERE b Ef L'EEAES 3 RAWBEIK - RELLKELY " ERN
BRI RGBT E R Y ARRERG T A 11 BRREF 3 X
Mtk a™E iR Ao 0 6 A 20 BRI R T H# AL PR E R 0 EALE T ARE R
BARNBILHER R ARE (B 18) ThRALARBEN SEE MG EZRRA -
EE—FTRERAMME 01545 78 BORAEFE L F O EHAH B weh A
oAb T7TH ] BHRUZIMRES TR EORRER 7 BMEEREAL TR T
HhEBERS (B 19 RAVMHAEGLERE 6 A 20847 A 11 B#RAE
S 1 RAEEENRD (B 20) M LMEARAMZA£BEZ %L (B 21)-

FZE RKEERE IS RE R BERRIPE

(—) FREIHMM B REMKER
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BRI 9 A 12 BE 11 A 14 B » 3k 4 Rk - BEAFRIB S5
BRORERAATFLANS —RHURZRERE KRG —REUKD > A0 E

ZR (10824 8) HUZRE  KEAETSHANRMRKEURTLEBE v (X

W

) B AR e R M REERE T ARAGRE ML
HERREBRANRETRTEB N - REAEMETEEAORKUMNELEZE R A
RAE G — RIMBZ B RIE & 0 RAGRAEN & 21 % R4
WA > MBRNLEME 4P Rmmpsy 4 &4 (R 5) -

G REORARBAD RN AFRENZRE  SARUAIRELER
A (k5 PRI BB AL R E 0948 TR g R F AR AR R Mk 0 R
RER P LG AT AR L R E B AR BTk — b 2 &SRl bR Pl 3 S B %
ZR - BARTHZATH ol ETRART IO LB ERE S =4 M
(Blakey et al., 2009; Liu et al., 2002) * &3 B R El 3kl A 09 4485 2 F RN £E2 BB AR
B ERFRENFBELRAODEREEZREARAR Bt A AR E L3 RHERA

BER -

(=) “4dE RF 12 A ) By MR 8
1. RERE - EZRFHAZTARAEY
NFAERE AR AER  NE S RUBBAERARARGIED > BREF
BRACHA ey Btk B LR AL > R EARRARYL (10 A 24 BAo 11 A 14 B) 89RE
AR E AT MR R — 2 (B 22)c £ARRRE 9 R wIHF EMRRETH T
MRREEHAREIN TR RGE B RN B ARG IR ERG - U
BT RAFe R AR E D @ REFRIEA ) 4 REAA R 9 REAZE FIK (B 23)°
B RENEZTHAAANI0A3IAMI0 A 24 BHRKZIREARSHAESR
(B 24) FRNBENBRHRMZIRTRERS - BAGN BEANREALRE
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B REAR DG ZR S EMABMEERTORE M I SRR
BORNEERWw ZEN  BHHEHRERENBERRAE -

HREAREOGAM TR IR AL (B 25) mMWmisARE A S4E B
(r=0.842) (% 6) > BAT4E RET » HHAZ ANREH B E N Fo bdf W B AE A A
PEARTHBRBENSE Rt N Etb b6 8 A M Ao AT AR R % 2

ARREFEL— BN ERE SRR R

2. RRA B

GIE R RN R e R AT ARSI RE AR AIBRE
BRFREERHRS (B 26)  AMARIFELYRTEREHFERBELRS > £ H
BRI R B I e iE RE A S BRI EBT > AR A Ny B3R
o 11 B 14 BHREZRENKRUELS | R TPHB BT ORBB= 22— M
HBBAE | RRE a BB 5@ tbibk (B 27) o 4dd RF /LRI R
B R EA51T A AR SRR (B 28) c N EZTRMAA I RT ALK ET
AR OCAME {2 RF S Y R% AL Coxetal. (2004) £ & gty ‘Hass’ 8
BB RN R L HARTABMBCH IR AR E EREIHRAEEKR R
T RABRIRL G IH REER AT R RREGAMMERE (k6) BibR
EAEAR TR AR B A A BT 2 T IR 4 RE R IAEE -

BEAR R R TAR B R R a AALWEE R > 2402 F 5 RBRERS
(B 27) LR FRACGY PR BB 3L - M 4ods RE &R R AR b™E A0 LA &) % 1L
ABHARLL R S RUABEBWTE > B A SRR I RGO B IR E T AL

REFLR -

3. RABEX AL
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CE RN SRR RS REANARBENE AR 0 SRKILRE
REARBIELAEABEEELZE (B 29A)  bafe L'EAS 5 REF KD 98
BRIk~ AEREHL TAHRERAREEE - TERD ER (B 29B 8 29C)°
E-FRERE MGG RABEEI > THRIA 12 BHREMRES 1~ F
THeE 9 RRA a"MARE VI B4 05 ] 38 Ao s A BAE 09427 (B 30)  sbE REZ K
RABEY2ER S B 8 AL T oA &R EA M2 > M & df R A b1 B SR 4 b {E Ao
LME % bR s A faag % (B 31 Av[{ 32)

FrIE ~ BRI R AN OIS RAAEERAREEA XY

BB R AN B RAG ARG SR Z TR oM R E - £
NP saxbeey 7 A 11 BRRAES 5 REPHR4E B0k (B 33)° 8%
HHGRNALEFEE o Bl —HRELEF T RERARABIL LAEF 9 RAME
3¢ hu (1B 34) > Hoplirk (1994) 45 th R B /£ T A E W ERBILE L R G RG> M
REF ZENEBRRYES DT RETPZ RLTUER 73] 9 R LH R 4 22t
BALBRARE  IGEBR PG E RBILAEZ ARG £HARA
By (B 35) ¥R ERE AL BEN  JEL B 4G /& B R & Gk
FE RGeSk 0 MR B Bl R L AR BE AL S BR R A B R BA BA R B B R A R R B9

h=2

HE o ARFTRANAEFESRMRTRARY - BEA (B 21) foadd (B 38)

\\

SR A6 A2 BF9 A 12 BREZIRERARE - AEEHRAALEA R TLBR I
BHEANEZZBBHRUWGEE I RE (Bowen et al, 2018; Cutting et al., 1992;

Erickson etal., 1970) » A M RREx P AP AR FHRMG R T AT RRARTHALARA

i — 5 DR M2 AR B PR AR T 0 AT R BROMCET MK e AR F R B R 8 B AR
(RTHEER) ARPIERM T @ BENHNRERAEFMRAFEZLIREKE
B A RN I RERMFEERELRRBA G BB AMME - MARTE
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TREGSE T @ BEANRERTRETEEZN EHKREARANEST BB
BEARTEAMNE AP XURKAERSWEMMME 1=-0487) RERKEK
B BENRE RIRE A ST RBILIF BB SLIME AT B RE 4T R
Bibm LA FEEMAN =0413) R TBBMERBBEOREZRLEET R
BB/ RE  BENNRE - TE -Z2RRAFARABLORETEEA
Bl AP RAZFOHMMERSD (1=-0.676) REx P RLKLG BZENRETRAF

& (k 3) RABbEREM (B 21 ‘ZEAANXBREZENRADHRERIK
BF&-MEAR R W R AR 6 AR B o A RE BRI AR PR BT R R B R
B~ R R A RBER ARG BARM > R E R BNk 7 7
BRALET RBICBRRFLEGEE R LR -

FRE >~ AR ZEN A LB RALB S EZIBE
BRARATHSIBHBLEM 2 ERAVERABILLBINELZR k2 —
(Bower, 1988) ° ‘2N W n AT FHAT 6 A 20 BRERARKEE—RARSY
RNEMAE  BEMRMME ST % 2R D A% (B 37)  RRHIK
ey BEANBERARA AL BB GARSES AR (A8 A 1 BHREaR
ERETIORMER) AMAH 6 A 20 BIREZHERNE 9 RESKT Legias £
B (AR EMLBRAETRE L) 4 RRAARKAE R - R ERRBZEA
AR > BHR B AR THRIE (9 A 12 8B) AR5 2% S (B 38) &bk
EA R A g AR D B AR Y 0 AT = RIMLZMRARARE 9 REMESEY
RBERD - HLERANERSEAGADMEARSOMEY > HATAA KL
BEALR et BEBA2 T ARy 2 @ W vy 4 R4 (Villa-Rodriguez et al., 2011) ©
W R AR AR 2 E S AU R FOMRAE S £RRMBALL
Bl AE o pb4E R Fe Cutting (1992) 4% A ‘Fuerte’ & Rooyen and Bower (2006) 1% A

‘Pinkerton’ FTAF 2| BA L R AN A Z R BB 2 2R SHHE R R E > K™ Wang et al.
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(2012) £ H ‘Hass EAM Mo & RELB R FHREKHR T LB S ERS BT
Jo RE BB Z B AR A S MBS TRRLEMAMER « Zf R

2,

;Jl\

P AARRGRNERER  ZEAAN B WIB RIRET AR TR ERA
AREREROBILRARE A TRRAMBPOEBH LSS AHRANLEET
AR E -
CBEANFERAIFMGEE 2 EMEA 6 A 20 BIRUZIMRELE —RAAT£
£ nmRAEm (REAN) 8BRS (R 9) 4if K F R AL E AL
HBRE—RTUBRRIBTHEKH IO A 128/ 10 A 3 Atk eZRERARD
MR 2 E (k10) HtbRBey £ R RERAH ° Golan et al (1997) 4955 + 4
%] ‘Fuerte’ R F 18 KL% R A 69488 5 & PPO 7B MBS » TTH LM TS

EABILYRRE -

FoNE >~ AR R AN R DI RARAAL N 2B E

AREABRAEFR B b (DPPH ¥ ABTS) 89 77 /£ 8] € B4 AL R 1A f2. 14 2AHA i
BB R -  BEN T @ HWEFE—RA 6 A 20 BHRUZMRAERME
BT F ik LA A S AACEE N (B 394w 40)° M 4o i R IE % — R A DPPH
EBAFTLEAL A RRIFRL R A £ R (B 41) > ABTS Bl4F e a4bse
AlAZ9 A 12 BRIk & (B 42) ° b K Fo Wang et al. (2012) A% F A& FHRIKL
8 ‘Hass’B6 AL R A 9L B L W s B A0 ) - KAtk b B efda HBE AL R g ey L RAL 82
Syt e e g R A S EAMYE  @HMMESHERARRELA BRER (B 43
Fu [ 44) o

EHEREM R AN SR DPPH F RS AL £BERS > @
ABTS LB LN F @ 6 A20 BFw 7 A 11 BRKRNFN LS I X E T RBERD
(RRI R e 2 B RAZTRE L) > M BRFRMAAZRRE TR R4 >

R TAHREANBESER WA MN TG ARETAZICEBR R 2L B LA K
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P LA E FTRE S RS EEAEIES Y (Mondal etal.,2009) © ‘45’ &
#RF 9 A 12 HF10 A 3 BRI RT DPPH AL EE 9 REZERS » M
ABTS L b h @ > SEHRERLEE 9 RAFHERSD - ‘ZENFo i R F
R AR B HL AL A R A AR AT BA B 6O LR T A B A BRI R B R AR R A e

FAERE IR (R 11 £ 14) °

L RERKHRH IS RABE TR S
(—) % B8 LB % (polyphenol oxidase, PPO)

% ey AfLEEE (PPO) &4 S — AP ERARABLHELZR L Kkk
1A 2022 SR DB RE > NEFRMREBEBIMGE 157 0 90 RE4E
RTHREEHRKAL A TIELIA PPO EHEIL - » T & RER > 9 A 12 BERIL
ZREHRA PPO F AL A BEERS (B 45) ZMRERA VMK A
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Fig. 1. Change of fruit length and the quadratic regression of ‘Black Beauty’ avocado fruit

during the development in 2022. Data presented as mean + standard deviation (n = 30);

means with the same letter are not significantly different at 5% level by Tukey's HSD test.
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Fig. 2. Change of fruit diameter and the quadratic regression of ‘Black Beauty’ avocado

fruit during the development in 2022. Data presented as mean + standard deviation (n =

30); means with the same letter are not significantly different at 5% level by Tukey's HSD

test.
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Fig. 3. Flesh dry matter and oil content of ‘Black Beauty’ during the development in 2022.

Data presented as mean =+ standard deviation (n = 3); means with the same letter are not

significantly different at 5% level by Tukey's HSD test.
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Fig. 4. Pearson’s correlation of the relationship between flesh dry matter and oil content
of ‘Black Beauty’ avocado fruit harvested in 2022 (n = 12).
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Fig. 5. Change of fruit length and the quadratic regression of ‘Red Fairy’ avocado fruit
during the development in 2022. Data presented as mean + standard deviation (n = 30);

means with the same letter are not significantly different at 5% level by Tukey's HSD test.
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Fig. 6. Change of fruit diameter and the quadratic regression of ‘Red Fairy’ avocado fruit
during the development in 2022. Data presented as mean + standard deviation (n = 30);

means with the same letter are not significantly different at 5% level by Tukey's HSD test.
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Fig. 7. Flesh dry matter and oil content of ‘Red Fairy’ avocado fruit harvested in 2022.
Data presented as mean =+ standard deviation (n = 3); means with the same letter are not
significantly different at 5% level by Tukey's HSD test.
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Fig. 8. Pearson’s correlation and the linear regression of the relationship between flesh
dry matter and oil content of ‘Red Fairy’ avocado fruit harvested in 2022 (n = 24).
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Fig. 9. Flesh dry matter and oil content of ‘Black Beauty’ during the development in 2023.
Data presented as mean =+ standard deviation (n = 3); means with the same letter are not
significantly different at 5% level by Tukey's HSD test.
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Fig. 10. Level of firmness by hand of ‘Black Beauty’ avocado fruit harvested on different

dates during the ripening. Data presented as mean =+ standard deviation (n = 15).
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Fig. 11. Change of flesh firmness of ‘Black Beauty’ fruit harvested on different dates

during the ripening. Data presented as mean =+ standard deviation (n = 15).
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Fig. 12. Pedicel index of ‘Black Beauty’ avocado fruit harvested on different dates during

the ripening. Data presented as mean =+ standard deviation (n = 15).
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Fig. 13. Weight loss of ‘Black Beauty’ avocado fruit harvested on different dates during

the ripening. Data presented as mean =+ standard deviation (n = 15).
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Fig. 14. Color index of ‘Black Beauty’ fruit harvested on different dates during the

ripening. Data presented as mean =+ standard deviation (n = 15).
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Fig. 18. Peel (A)a" ~ (B)b"and (C) L* value of ‘Black Beauty’ avocado fruit harvested
on different dates during the ripening. Data presented as mean + standard deviation (n =
15); "indicates significant diffference at 5% level by Tukey’ s HSD test.
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Fig. 16. Spearman's rank correlation coefficient of the relationship between color index

and peel a’value of ‘Red Fairy’ avocado fruit harvested on different dates during the

ripening (n = 75).

46

doi:10.6342/NTU202303881



(A) T
2.5 T
b
h
Date
* -5.0 = 620
< - 711
< 8/
-1.5
1 3 5 7 9
Days
(B) 55
50
45 Date
* T & 620
o - 711
40 < 8/l
i
35
30
3 5 7 9
Days
©)
80
T Date
70 = 620
* R - 711
— h < 81
60 1
3 5 7 9
Days

17. FRHMBMZ BENRE B ARG RA(A)a" ~ (B) b Fa(C) LA

1&

Fig. 17. Change of flesh (A) a* ~ (B) b”and (C) L" value of ‘Black Beauty’ avocado fruit
harvested on different dates during the ripening. Data presented as mean + standard
deviation (n = 15); "indicates significant diffference at 5% level by Tukey’ s HSD test.
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Fig. 18. Area affected by physiological disorders and rots after ripening of ‘Black Beauty’
avocado fruit harvested on different dates during the ripening. Data presented as mean +

standard deviation (n = 15).
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Fig. 19. Flesh a" value of ‘Black Beauty’ avocado fruits harvested on different dates
after being cut on the first (A), fifth (B), seventh (C), and ninth day (D) during the

ripening. Data presented as mean + standard deviation (n = 3); means with the same

letter are not significantly different at 5% level by Tukey's HSD test.
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Fig. 20. Flesh b* value of ‘Black Beauty’ avocado fruits harvested on different dates
after being cut on the first (A), fifth (B), seventh (C), and ninth day (D) during the

ripening. Data presented as mean =+ standard deviation (n = 3); means with the same

letter are not significantly different at 5% level by Tukey's HSD test.
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Fig. 21. Flesh L" value of ‘Black Beauty’ avocado fruits harvested on different dates
after being cut on the first (A), fifth (B), seventh (C), and ninth day (D) during the

ripening. Data presented as mean + standard deviation (n = 3).
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Fig. 22. Level of firmness by hand of ‘Red Fairy’ avocado fruit harvested on different

dates during the ripening. Data presented as mean =+ standard deviation (n = 15).
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Fig. 23. Change of flesh firmness of ‘Black Beauty’ avocado fruit harvested on different
dates during the ripening. Data presented as mean + standard deviation (n = 3); means
with the same letter are not significantly different at 5% level by Tukey's HSD test.
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Fig. 24. Weight loss of ‘Red Fairy’ avocao fruit harvested on different dates during the
ripening. Data presented as mean + standard deviation (n = 15); “indicates significant

difference at 5% level by Tukey’ s HSD test..
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Fig. 25. Pedicel index of ‘Red Fairy’ avocado fruit harvested on different dates during

the ripening. Data presented as mean + standard deviation (n = 15).
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Fig. 26. Color index of ‘Red Fairy’ avocado fruit harvested on different dates during the

ripening. Data presented as mean =+ standard deviation (n = 15).
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Fig. 27. Peel a* (A) ~ b" (B) and L” value (C) of ‘Red Fairy’ avocado fruit harvested on
different dates during the ripening. Data presented as mean + standard deviation (n = 15).
“indicates significant diffference at 5% level by Tukey’ s HSD test.
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Fig. 28. Spearman's rank correlation coefficient of the relationship between color index
and peel a*value of ‘Red Fairy’ avocado fruit harvested on different dates during the

ripening (n = 75).

56
doi:10.6342/NTU202303881



(A)

B) s

52

b*

50
48

46

©)

Days

Date

5 9/12
& 10/3
< 1024
< 11/14

Date

= 9/12
- 10/3
< 1024
< 11/14

Date

= 9/12
- 1073
< 1024
© 11/14

29. ARG EZ 4oif RE R BRI H RA(A)a" ~ (B) b F(C) L"E % 1E
Fig. 29. Change of flesh a* (A) ~ b* (B) and L" value (C) of ‘Red Fairy’ avocado fruit

harvested on different dates during the ripening. Data presented as mean + standard

deviation (n = 3). “indicates significant diffference at 5% level by Tukey’ s HSD test.
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Fig. 30. Flesh a” value of ‘Red Fairy’ avocado fruits harvested on different dates after
being cut on the first (A), fifth (B), seventh (C), and ninth day (D) during the ripening.
Data presented as mean + standard deviation (n = 3); means with the same letter are
not significantly different at 5% level by Tukey's HSD test.
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Fig. 31. Flesh b" value of ‘Red Fairy’ avocado fruits harvested on different dates after
being cut on the first (A), fifth (B), seventh (C), and ninth day (D) during the ripening.
Data presented as mean + standard deviation (n = 3); means with the same letter are

not significantly different at 5% level by Tukey's HSD test.
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Fig. 32. Flesh L* value of ‘Red Fairy’ avocado fruits harvested on different dates after
being cut on the first (A), fifth (B), seventh (C), and ninth day (D) during the ripening.
Data presented as mean + standard deviation (n = 3); means with the same letter are

not significantly different at 5% level by Tukey's HSD test.
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Fig. 33. The percentage of area affected by vascular browning of ‘Black Beauty’ avocado
fruit harvested on different dates during the ripening. Data presented as mean + standard

deviation (n = 3).
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Fig. 34. The percentage of area affected by flesh discoloration of ‘Black Beauty’ avocado
fruit harvested on different dates during the ripening. Data presented as mean + standard

deviation (n = 3).
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Fig. 35. The percentage of area affected by vascular browning of ‘Red Fairy’ avocado
fruit harvested on different dates during the ripening. Data presented as mean + standard

deviation (n = 3).
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Fig. 36. The percentage of area affected by physiological disorders and rots after ripening
of ‘Red Fairy’ avocado fruit harvested on different dates during the ripening. Data

presented as mean + standard deviation (n = 15).
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Fig. 37. Total phenoilic content of ‘Black Beauty’ avocado fruit harvested on different

dates during the ripening. Data presented as mean + standard deviation (n = 3); means

with the same letter (s) are not significantly different at 5% level by Tukey's HSD test.
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Fig. 38. Total phenoilic content of ‘Black Beauty’ avocado fruit harvested on different

dates during the ripening. Data presented as mean + standard deviation (n = 3); means

with the same letter (s) are not significantly different at 5% level by Tukey's HSD test.
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Fig. 39. The DPPH free radical scavenging capacity in the mesocarp of ‘Black Beauty’
avocado fruit harvested on different dates during the ripening. Data presented as mean +
standard deviation (n = 3); means with the same letter (s) are not significantly different at
5% level by Tukey's HSD test.
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Fig. 40. The ABTS free radical scavenging capacity in the mesocarp of ‘Black Beauty’
avocado fruit harvested on different dates during the ripening. Data presented as mean +
standard deviation (n = 3); means with the same letter (s) are not significantly different at
5% level by Tukey's HSD test.
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Fig. 41. The DPPH free radical scavenging capacity in the mesocarp of ‘Red Fairy’ avocado
fruit harvested on different dates during the ripening. Data presented as mean + standard
deviation (n = 3); means with the same letter (s) are not significantly different at 5% level

by Tukey's HSD test.
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Fig. 42. The ABTS free radical scavenging capacity in the mesocarp of ‘Red Fairy’ avocado
fruit harvested on different dates during the ripening. Data presented as mean + standard
deviation (n = 3); means with the same letter (s) are not significantly different at 5% level

by Tukey's HSD test.
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Fig. 43. Pearson’s correlation of the relationship between total phenolic content and (A)
DPPH / (B) free radical scavenging capacity in the mesocarp of ‘Black Beauty’ avocado
fruit harvested on different dates during the ripening (n = 39).
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Fig. 44. Pearson’s correlation of the relationship between total phenolic content and (A)
DPPH / (B) ABTS free radical scavenging capacity in the mesocarp of ‘Red Fairy’

avocado fruit harvested on different dates during the ripening (n = 60).
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Fig. 45. Polyphenol oxidase (PPO) activity in the mesocarp of ‘Red Fairy’ avocado fruit
harvested on different dates during the ripening. Data presented as mean + standard

deviation (n = 3); means with the same letter (s) are not significantly different at 5% level

by Tukey's HSD test.
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Fig. 46. Peroxidase (POD) activity in the mesocarp of ‘Red Fairy’ avocado fruit harvested
on different dates during the ripening. Means (n = 3) with the same letter (s) are not

significantly different at 5% level by Tukey's HSD test.
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Fig. 47. Catalase (CAT) activity in the mesocarp of ‘Red Fairy’ avocado fruit

harvested on different dates during the ripening. Data presented as mean + standard

deviation (n = 3); means with the same letter (s) are not significantly different at 5%

level by Tukey's HSD test.
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Table 1. Pearson’s correlation coefficients of the relationship between length, diameter, weight, dry matter and oil content of ‘Black Beauty’ avocado

fruit during the development in 2022.

Charateristics Length (mm) Diameter (mm) Weight (g) Dry matter (%) Oil content (%)
Length (mm) --
Diameter (mm) 0.950™ --
Weight (g) 0.970™ 0.972*" --
Dry matter (%) n.s. n.s. n.s. --
Oil content (%) 0.897™ 0.852* 0.889™ n.s. -

*,"": Significant at 5% and 1% level, respectively; n.s., non-significant.
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Table 2. Pearson’s correlation coefficients of the relationship between length, diameter, weight, dry matter and oil content of ‘Red Fairy’ avocado

fruit during the development in 2022.

Characteristics Fruit length (mm) Fruit diameter (mm) Fruit weight (g) Dry matter (%) Oil content (%)
Fruit length (mm) --
Fruit diameter (mm) 0.927" -
Fruit weight (g) 0.923" 0.986™ -
Dry matter (%) 0.577* 0.631™ 0.648"" --
Oil content (%) 0.823" 0.839™ 0.847" 0.938™ --

*,"": Significant at 5% and 1% level, respectively; n.s., non-significant.
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Table 3. The fruit charateristics of ‘Black Beauty’ avocado fruit harvested for ripening experiment in 2022.

Harvest Fruit length  Fruit diameter  Fruit weight ~ Seed weight Fleshratio  Days toripen  Dry matter” Oil content
date (mm) (mm) (2 (2 (o) (day) (o) (o)
6/20 144.0+5.9 c* 68.1+44¢c  314.4+£379c 43.8+11.3Db 86.242.3 b 7.0x1.3 a 9.6+1.1 bY 1.7+0.0 c*
7/11 174.848.6 b 80.6£3.4b  506.4+42.6b  45.0+11.6b 91.2+19a 5.0+09c 10.6+0.4 ab 3.1£0.5b
8/1 196.3+13.5a 130.5¢6.2a 707.2+61.0a 64.6t11.5a 90.8+1.8 a 6.0+0.5b 127414 a 4.140.2 a

*Mean + standard deviation (n = 15). Means within a column followed by the same letter(s) are not significantly different at 5% level by Tukey’ s HSD test.

YThe sample size is 3 (n = 3) for dry matter content measurement.

*The sample size is 3 (n = 3) for oil content measurement.
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Table 4. The Spearman’s rank correlation coefficients for the relationship between level of firmness by hand and color or pedicel index of ‘Black

Beauty’ fruit harvested on different dates for stroage experiment in 2022.

Level of firmness by hand

Index 6/20 7/11 8/1 All
Color index 0.957* 0.915™ 0.754™ 0.929*
Pedicel index 0.909™ 0.804™ 0.807* 0.898™

* ™ Significant at 5% and 1% level, respectively.
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Table 5. The fruit charateristics of ‘Red Fairy’ avocado fruit harvested for ripening experiment in 2022.

Harvest ~ Fruit length  Fruit diameter  Fruit weight  Seed weight Flesh ratio Days toripen  Dry matter? Oil content
date (mm) (mm) (2 (2 (%) (day) (%0) (o)
9/12 142.8+9.6 b* 84.2+42a  478.1468.6b  86.5£25.1a 82.4+3.5b 9.6+x1.4a 13.3£1.7b 3.7+£0.9 b*
10/3 153.8+8.8 a 86.75.1 a 567.3£76.7a  92.2+22.7a 83.8£3.1b 9.5+1.5a 14.5+1.5b 4.1409b

10/24 144.84+4.9 ab 86.0+3.4a  501.8448.4ab 78.6t13.1a 84.4+1.6 ab 8712 a 16.1+0.9 ab 5.3+0.6 ab

11/14 154.1£13.4 a 88.9£5.6a  568.5£104.7a 77.0£229 a 86.6+2.7 a 9.0tl.1a 18.3+0.6 a 7.1£1.0 a

*Mean + standard deviation (n = 15). Means within a column followed by the same letter(s) are not significantly different at 5% level by Tukey’ s HSD test.
YThe sample size is 3 (n = 3) for dry matter measurement.

*The sample size is 3 (n = 3) for oil content measurement.
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Table 6. The Spearman’s rank correlation coefficients for the relationship between level of firmness by hand and color or pedicel index of ‘Red

Fairy’ fruit harvested on different dates for stroage experiment in 2022.

Level of firmness by hand

Index 9/12 10/3 10/24 11/14 All
Color index 0.852% 0.705™ 0.708™ 0.551% 0.647"
Pedicel index 0.882% 0.908™ 0.869™ 0.791% 0.842%

* ™ Significant at 5% and 1% level, respectively.
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Table 7. The Spearman’s rank correlation coefficients for the relationship between fruit charateristics and ripening performance of ‘Black Beauty’

avocado fruit harvested.

Fruit length” Fruit diameter Fruit weight Seed weight Flesh ratio Days to ripen
Characteristics
(mm) (mm) (2) (2) (%) (day)
Days to ripen (day) -0.351° n.s. n.s. n.s. -0.300" --
Vascular browning? (%) -0.476™ -0.375" -0.382" n.s. -0.468"" 0.413"
Flesh discoloration (%) -0.487"" -0.468"" -0.490™ n.s. -0.676™" n.s.
Stem-end rot (%) n.s. n.s. n.s. n.s. n.s. n.s.

*,"": Significant at 5% and 1% level, respectively; n.s., non-significant.
“Only the fruit characteristics of ‘Black Beauty’ avocado fruit harvested on June 20 and July 11, 2022 are included.

YThe degree of severity of vascular browning, flesh discoloration, and stem-end rot are calculated as the percentage of mesocarp area affected.
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Table 8. The Spearman’s rank correlation coefficients for the relationship between fruit charateristics and ripening performance of ‘Red Fairy’
avocado fruit.

Fruit length Fruit diameter Fruit weight Seed weight Flesh ratio Days to ripen
Characteristics
(mm) (mm) (2) (2) (%) (day)
Days to ripen (day) n.s. n.s. n.s. n.s. n.s. --

Vascular browning? (%) n.s. n.s. n.s. n.s. n.s. -0.256"

Flesh discoloration (%) n.s. n.s. n.s. n.s. n.s. n.s.
Stem-end rot (%) n.s. n.s. n.s. n.s. n.s. -0.278"
Body rot (%) n.s. n.s. n.s. n.s. n.s. -0.309"

sk kK

, . Significant at 5% and 1% level, respectively; n.s., non-significant.

“The degree of severity of vascular browning, flesh discoloration, stem-end rot and body rot are calculated as the percentage of mesocarp area affected.
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Table 9. Change and distribution of total phenolic content in the mesocarp of ‘Black Beauty’ avocado fruit harvested on different dates.

(y/m/d) Total phenolic content (mg GAE / g DW)

Fruit parts Day 1 Day 3 Day 5 Day 7 Day 9

2022/6/20

proximal 2.297£0.36 b* 2.14£0.52 a 2.58*0.11a 2.59£0.17 a 3421063 a
middle 2.25%0.19b 217041 a 2.72£0.58 a 2.73£0.20 a 3.44+0.52a
distal 3.03£0.06 a 2.52£0.34a 2.89£0.27 a 2.93£0.30 a 3.71£0.80 a

2022/7/11

proximal 1.40£0.10 a 1.65£0.19 a 2.07£0.57 a 2.2210.69 a 2.78+0.96 a
middle 1.67£0.28 ab 2.04£0.20 a 242*0.26 a 2.89£0.87 a 3.13£0.85a
distal 1.95£0.05a 1.86£0.31 a 2.68£0.06 a 3.260.78 a 3.2610.78 a

2022/8/1

proximal 1.10£0.12 a 1.04£0.29 a 1.29+0.53 a - -
middle 1.13£0.08 a 1.06£0.27 a 1.38£0.50 a - -
distal 1.21£0.00 a 1.23£0.43 a 1.58£0.48 a - -

“Mean =+ standard deviation (n = 3). Means within a column followed by the same letter (s) are not significantly different at 5% level by Tukey’ s HSD test
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Table 10. Change and distribution of total phenolic content in the mesocarp of ‘Red Fairy’ avocado fruit harvested on different dates.

(y/m/d) Total phenolic content (mg GAE / g DW)
Fruit parts Day 1 Day 3 Day 5 Day 7 Day 9
2022/9/12
proximal 1.2970.10 b? 1.37£0.31 a 1.14%0.10 a 1.69041 a 2.00+0.15a
middle 1.32+0.09b 1.37+0.18 a 1.160.15a 1.71£0.25 a 2.11£0.15a
distal 1.6610.16 a 1.62£041 a 1.38+0.20 a 1.88£0.34a 2.32+021a
2022/10/3
proximal 1.15£0.03 b 1.03£0.10 a 1.03+0.14 a 1.2170.20 a 1.63+0.17 a
middle 1.231+0.06 b 1.07+0.06 a 1.16£0.12 a 1.30+0.19 a 1.6610.10 a
distal 1.391+0.07 a 1.24£0.13 a 1.30£0.14 a 1.31£0.12a 1.64£0.05a
2022/10/24
proximal 1.19£0.17 a 0.92£0.08 a 1.010.06 b 1.26+0.21 a 1.610.06 b
middle 1.231+0.07 a 092%£0.13 a 1.11%0.19 ab 1.22£0.22a 1.72£0.02ab
distal 1.4710.20 a 1.100.20 a 1.37£0.11 a 142021 a 1.75£0.03 a
2022/11/14
proximal 1.06£0.19 a 0.94£0.07 b 1.02+0.18 a 1.08£0.08 b 1.32+0.12 a
middle 1.02+0.07 a 1.05%0.08 ab 0.95£0.10 a 1.17£0.14 b 1.3910.25a
distal 1.29%£0.11 a 1.33+0.16 a 1.30+0.20 a 1.55£0.21 a 1.510.18 a
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Table 11. Change and distribution of antioxidant capacity (DPPH free radical scavenging capacity) in the mesocarp of ‘Black Beauty’ avocado fruit

harvested on different dates.

(y/m/d) DPPH (mg VCE / g DW)
Fruit parts Day 1 Day 3 Day 5 Day 7 Day 9
2022/6/20
proximal 1.46£0.21 ab” 1.32£0.29 ab 1.360.17 ab 1.51F£0.11a 1.44£0.36 a
middle 1.22£0.17b 1.06£0.22 b 1.231+0.12b 1.51£0.16 a 1.4610.18 a
distal 2171042 a 1.76£0.12 a 1.79£0.23 a 1.72£0.12 a 1.67£0.31 a
2022/7/11
proximal 1.02£0.20 a 1.30£0.11 a 1.481+0.33b 1.471+048 a 1.48£0.55a
middle 1.17£0.12 a 1.31£0.04 a 1.70£0.16 ab 1.74£0.43 a 1.57£0.29a
distal 1.17£0.33 a 1.40+0.27 a 2.21%0.18 a 2.231+038a 1.74£0.39 a
2022/8/1
proximal 0.79£0.22 a 0.91£0.39a 1.00£0.45 a - -
middle 0.90+0.09 a 0.78£0.28 a 0.93*0.23 a - -
distal 0.95£0.16 a 0.95£0.28 a 0.95£0.31a - -

“Mean =+ standard deviation (n = 3). Means within a column followed by the same letter (s) are not significantly different at 5% level by Tukey’ s HSD test
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Table 12. Change and distribution of antioxidant capacity (ABTS free radical scavenging capacity) in the mesocarp of ‘Black Beauty’ avocado

fruit harvested on different dates.

(y/m/d) ABTS (mg TE / g DW)
Fruit parts Day 1 Day 3 Day 5 Day 7 Day 9
2022/6/20
proximal 2.537£0.17 a* 2.18£0.37 ab 3.08£0.16 b 3.20F0.12 a 3.82£0.54 a
middle 2.30£0.49 a 2.01£0.23b 2.641030Db 3421£0.27a 4.0610.61 a
distal 3.40£0.70 a 2.75£0.19 a 3.78£0.25a 3.48F0.45a 4.6110.78 a
2022/7/11
proximal 1.84£0.19b 2.01£0.19a 3.100.83 a 3.27%£0.71 b 3.55+1.44a
middle 2.05£0.16 ab 2.11%0.10 a 3.73£0.26 a 4.27%0.64 ab 428+1.07a
distal 242%021a 221£0.37a 4.08£0.20 a 541£043a 4401094 a
2022/8/1
proximal 1.54£0.10b 1.55£0.59 a 1.841+0.80 a - -
middle 1.70£0.16 ab 1.59£0.47 a 2.041+0.44 a - -
distal 1.92+0.08 a 1.73£0.57 a 1.95£0.61 a - -

“Mean =+ standard deviation (n = 3). Means within a column followed by the same letter (s) are not significantly different at 5% level by Tukey’ s HSD test
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Table 13. Change and distribution of antioxidant capacity (DPPH free radical scavenging capacity) in the mesocarp of ‘Red Fairy’ avocado fruit

harvested on different dates.

(y/m/d) DPPH (mg VCE / g DW)
Fruit parts Day 1 Day 3 Day 5 Day 7 Day 9
2022/9/12
proximal 0.92+0.03 ab” 0.93F0.17 a 0.79%0.11 a 0.92£0.08b 1.20%0.19 ab
middle 0.75£0.22b 0.800.05 a 0.85+0.03 a 0.9910.06 b 1.05£0.21b
distal 1.15£0.04 a 1.07£0.26 a 0.97£0.26 a 1.25%0.09 a 1.57£0.09 a
2022/10/3
proximal 0.80+0.01 b 0.83£0.04 a 0.83£0.03 a 0.810.07 a 1.191+0.16 a
middle 0.73£0.04 ab 0.77£0.04 a 0.8810.05a 0.82+0.09 a 1.18£0.06 a
distal 0.8710.04 a 0.94%0.16 a 0.68+0.13 a 0.97%0.10 a 1.00£0.13 a
2022/10/24
proximal 0.77£0.02 a 0.65£0.13 a 0.75£0.17 a 0.97£0.30 a 1.02%0.13 a
middle 0.730.03 a 0.73+0.12 a 0.86+£0.20 a 0.81*0.11a 1.09£0.09 a
distal 0.98+0.19a 0.830.06 a 1.03+0.10a 0.947%0.04 a 1.07£0.12 a
2022/11/14
proximal 0.79%0.10 a 0.650.07 a 0.78%0.15a 0.78£0.15 ab 0.99+0.18 a
middle 0.7120.09 a 0.621+0.10 a 0.71£0.11 a 0.53£0.13b 1.03£0.23 a
distal 0.91+0.03 a 0.89£0.11 a 0.79%0.04 a 1.060.07 a 1.060.29 a

“Mean =+ standard deviation (n = 3). Means within a column followed by the same letter (s) are not significantly different at 5% level by Tukey’ s HSD test
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Table 14. Change and distribution of antioxidant capacity (ABTS free radical scavenging capacity) in the mesocarp of ‘Red Fairy’ avocado fruit

harvested on different dates.

(y/m/d) ABTS (mg TE / g DW)
Fruit parts Day 1 Day 3 Day 5 Day 7 Day 9
2022/9/12
proximal 1.88£0.22 b? 1.6910.22 a 1.33£0.16 a 2.05£0.38 a 297+031b
middle 2.00+0.20 ab 1.58£0.21 a 1.37£0.22a 2.15+0.34a 3.24%£0.39 ab
distal 2.54+0.26 a 1.96£0.12a 1.76£0.34 a 251£022a 3.81£0.16 a
2022/10/3
proximal 1.70£0.09 b 1.36£0.28 a 1.43+0.37a 2.07£0.37 a 2.681+0.36a
middle 1.7810.09 b 1.45+0.26 a 1.45%0.16 a 2.04£044 a 2.641022a
distal 2.02£0.02 a 1.81£035a 1.71£0.04 a 2.100.36a 2.5910.09 a
2022/10/24
proximal 1.37%0.13 b 1.2610.27 a 1.260.27 a 1.72£0.57 a 2.2610.06 a
middle 1.44170.20b 1.30£0.24 a 1.30£0.24 a 1.66£0.47 a 248+0.17 a
distal 1.90+0.18 a 1.50£0.18 a 1.50£0.18 a 2.00£0.12a 243+022a
2022/11/14
proximal 1.29£0.11 a 1.060.08 b 1.19+0.18 a 1.61£0.39 a 2.09+021a
middle 1.29+0.27 a 1.1610.24 ab 1.22£0.13 a 1.59£0.28 a 2.30%0.28 a
distal 1.68+0.15a 1.75£0.41 a 1.47%0.07 a 2247£0.03 a 2.51£037a

“Mean =+ standard deviation (n = 3). Means within a column followed by the same letter (s) are not significantly different at 5% level by Tukey’ s HSD test
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Table 15. Change and distribution of the activity of polyphenol oxidase in the mesocarp of ‘Red Fairy’ avocado fruit harvested on different dates.

(y/m/d) PPO activity (Unit / mg protein)
Fruit parts Day 1 Day 5 Day 7 Day 9
2022/9/12
proximal 28.3810.67 b* 35.461+7.25 ab 20.35£3.07 a 40.83£29.83 a
middle 32.73£13.20 ab 22.06+7.19b 39.22*14.22 a 31.891+13.99 a
distal 68.49£22.02 a 4498%11.05a 443311693 a 3421%+5.69a
2022/10/3
proximal 8.6613.50b 18.93£21.43 a 9.61£5.00b 16.97t3.74 a
middle 9.381+2.53b 14.57%£8.80 a 12.6474.39 ab 1049*325a
distal 21.08E£6.25a 29.80£17.87a 21.65E1.82a 16.18+t3.03 a
2022/10/24
proximal 8.34*+1.77 a 516%2.10b 7.23£2.60 b 8.921+2.52a
middle 434£0.59b 7.65£3.02 ab 6.35£3.74 b 11.18F3.33 a
distal 10.41£1.52a 14.14£3.67 a 14.861.24 a 14.77£5.72 a
2022/11/14
proximal 9.05£3.52a 11.95+3.66 a 16.24+8.13 a 13.11%3.29a
middle 12.10£2.23 a 15.9814.66 a 19.35£10.44 a 20.04+3.48 a
distal 18.38£6.65a 21.37%£4.38 a 19.21£4.59 a 23.77£6.51 a

“Mean =+ standard deviation (n = 3). Means within a column followed by the same letter (s) are not significantly different at 5% level by Tukey’ s HSD test
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Appendix 1. The ripening environment of avocado fruit.
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Appendix 2. The color index of avocado fruit (upper is ‘Black Beauty’, below is ‘Red
Fairy’).
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Appendix 3. The pedicel index of avocado fruit (‘Black Beauty’).
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Appendix 4. The scale of vascular browning in avocado mesocarp (‘Red Fairy’).
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Appendix 5. The scale of flesh discoloration in avocado mesocarp (‘Black Beauty’).
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Appendix 6. The scale of stem-end rot in avocado mesocarp (‘Red Fairy”).
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Appendix 7. The proximal end, middle part, and distal end of mesocarp in an avocado

fruit (‘Red Fairy’).
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Appendix 8. The temperature and relative humidity of storage environment during the

ripening of ‘Black Beauty’ avocado fruit, 2022.
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Appendix 8. The temperature and relative humidity of storage environment during the

ripening of ‘Red Fairy’

avocado fruit, 2022.
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