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Abstract

The effects of maturation stage on quality and storage life of mulberry fruit water rinsing
and non water rinsing. The fruit at various ripening stages such as early ripe (red fruit), ripe
(black and red fruit) and overripe (black fruit) were used to investigation. After treatments,
the fruit were packed in polystyrene tray and then wrapped with polyvinyl chloride before
storage at 4 °C for 9 days. The fruits were sampled on day 0, 3, 6 and 9 of the storage The
results showed that water-rinsed early ripe fruits had the highest changes in L* value, a*
value, titratable acidity, total flavonoids content and total phenols content. Water-rinsed
overripe fruit had the highest anthocyanin, antioxidant activity and free radical scavenging
activity. Non water-rinsed overripe fruits had the highest total soluble solids content, total
sugars content and weight loss. However, Non water-rinsed early ripe fruits had longer shelf

life and lower postharvest senescence than other treatments.

Keywords: mulberry fruit, maturation stage, postharvest quality
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1.1 NuazANUEIAY

v

JagUunanmiounsadaiuess (Mullberry) \unaldilasuanudeudundeinisues

a

Uslaa mgnandeunilsaviiviuenieniifulseniu daudmnse msgs dsninguande

e

woulnlwenilu (anthocyanins) dgnSiluaisiueyyadase (antioxidant) Fieanaanudssiunis
Anlsanasndoaiilogadiu wazlsauyise (Duthie et al, 2000) MstAuigmandoududunau
gnvnenaunsiuSNYINakasN1SULES Nantisullvuindan anh veutie wazillszeziainisgn
YW £7 [y £ < d‘ a < A v ¢ 1
YoaakinTeuiu seuiuiienananssazaiuluiou (1dud wazane, 2546) Tuseninenis
2 A 2 o | a | v a =~ v Yy 1A a
AUAEY NMTNUTNBIMAEN1STUERANER dealiAnnisiuasuwdamianiunienin lown & ndu

USunavoaudefiazateunls nswasuudasvesarseangniunsdanin loun woulnleeiu ns

'
a a

Aueuyadasy Weinnszulunsgnyilinunnemaninanad kagn1s8ouyuiiinainnis
Wasuwlasamtawas (93w, 2549) ddamndenisinuiieifeeignisiiuinwmdu Tngazin
= ) = a v ¢ 2 o ' [
danelu 24 Tlusgaumaiivies (@alavil uazane, 2550) n1sinuinywavdeuanduaiuiuag
vl dnwardsingildifuiisenivresiuilan ieswwnfinnisgadetwaziialsalaagng
[ o & = [ = aa [ [
5357 (NWIT50 UagAly, 2550) AIUNSANYITEEZNISAUAEITENHAUINYT LazAMAINTEY
mafiv§nerandeudn Wednergnisiusnvmdounaanliuududailinuasnsivgnmiou
iesulsznunaausanmuATTEzaInIsnunwRandeuanligwsdeiinlanianianisdn

WALy aAHANOUER
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2.1 wiau (Mulberry)
2.1.1 ANWUSNINEANEAI VDMLY

o v I~ 2 o 2 :j = o v = o aa a 9(; =

andu uliuvunnasdifunwss wWaenarduiidnwaguguse Jdwmivnidiuiensdun
' v a v ' = o v o <& Ao A A a3
Yu galauszan 2.5 wns wanfanuldann wWisnaduseuldudiiniauns vsedvrduduinia
(WUF havey, 2546)

Tu luduluies senFesadu dnvazvedluduguly vieguldndn Yaneluwwaue Tau
Tuduguiilansedeud1ein lullvuiandiausenin 8-14 wufwns waseUssui 12-16

a 1 [~ a a v al v [~ a A 1 1 v [ =
wuRns wuulududi@endusauw vesuldudilienesuy TuAaud19ul aduainsyaeile
(57U, 2547)
[~ % a v =2 a a =) = ’Oj A a A

510 1Wuszuunung danwauznay o unsdnasluau didensinduinialaansedindeg

woe Hidusesunniiiudeniia (glsasse, 2550)
a v [~ 1 a 1 @ [~ a I k%

aan Tdnwargunsnsyuen seneenilute dnengeeidn 9 egilunszan nduneniludy
< aa a Yy 1 (Y] 13
1an 9 fdunule dnudensns1 aensenaugenlutarUaisten (1A LazAug, 2546)

£ [~ [~ 1 a a aa a0 a

wa anvaziusunsanszuen [unasin nageudided Hagniavdduns Hinseuund uayd
28N BIVU FAvIAILENWTEY (gl599508, 2550)

win anvazdusdle egdreluile wiedlidlonviuey dndesweu niawdondy vuindn

Uszanew 1 x 1 Nadwns (dus wavane, 2546)

2.2 Wugndaunaaanuanluusswmelng

2.2.1 nilounasanug@eslui in1sugnnseaneimilunmeniawmiionouuuuaslumyiiu

9

ylveguilunguigaesniamie aunieuniengyseann 2 U vaenisugn nandaniou
Uszanay 1,000 Alandusialssied uwasiliedumisuarguniusslinandananisugsdulidaunii
1=

1,000 Alansusiolssel wenanduazlindslundsulunanassls lisnin 1,000 Alansusals el

(WU LazAMY, 2556)
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2.2.2 Wugy3sud 60 LJuiugmiounusuugeing neldiudnioudos Fuduiugiuies

39 3 a 3

EN

= o [

Yodlnenauiundouiugduues 44 daludwnandeussna inandnluvdeudszanu 4,300
Alanusolssal wazazlinandsnandoudunasslauszuins 500 Alandusalsnal duUd way

ALY, 2556)

2.3 NMINAIUIYDINARNDU

Havislow dneglunduveasiu FadunafiAnandenentienufudunafioriuudansn
wouiulunaiany aguunuYaITeNa NSHALIYDINARIDY Sua1naendauLAnNeanIINS ol
fulu wasvundsanuandelundendenentszanal 8-12 Yu nenfiviuiuiivonnasduduoss
Snwardvnla Weldsunswanaviddsududmnely 3 Yu 9ntuaviifannnisvessalaedues
ma%ﬁlmmﬂﬁﬁm YT YUY kA UagAT SIUTTULIAIMAIINADAUINYTZUI 40-45 TU HadE

Sugnuazun SnvazrRanioulzeullonauniu nasssuliuauiese (5udy, 2547)

2.4 Mausn

2.4.1. nMsihushwmaniaunadn nandavieuszesnunluszeyiaiUszaia 30 - 40
Fuwindu i sildldusslondnng q Fessiiunisegiesanda Mafusnvimanouty
uansnafulumuusinguszasdvesnshlUldusslowl Aomaiunaiieiudseniunaan wdsan
Funamieundsannifunanteuldalildussyine tesenisvudsiaziming mndslivudmie
ShelnAulilugumatl 5 ssrwaidva maiiusaitonisuusgd mnlidiluudssudiuiinsiiv
%’ﬂmﬁqmmﬁ -14 pamwaiea WUlSlauuda 6 Weu (dud wazany, 2556)

2.4.2. szazmafiuiien ndaaniAuiRednandnuad A weINaNannd N TAUAYL T
anunsauudsslud Sunipuawneunafuiedls wandardafufe Alaunmiseslauain

(%
[y

NaNAATILAULNEY Lataszesimunzaun1sinaulanuii ez Ui uTinvUoNanas LazAI1Le B4

Ao o

nsveuslan tnvaulney dniiufeifivdnluszesindnasy newdidssesun nsiiuiedty

& <& a Y a o & a . a o = s
sepgilidunmaiiuinenlonanindesusgniedongusy nandndnaziisa wi1u nseu 211 Ly
Wity Uideuues (§aay, 2542)

sraznIsnuneinanonunmvesralivaisvin Juds uwavae (2558) Anwiszesiian

[V

msiuieINausiladuTud 1, 4, 7, 11 way 14 MasdUaud 11) ndaiunedwnanuin Tuiui 11

' [
v a

faTui 14 dsavd YSuudiana wazanusduiilenyign Kamol (2014) ANwINaUeITEEENIT
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(2560) N133178 1-MCP Aisgduanududy 300 nl/L aunsagneignisiusnwnavieussegan
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3.1 WugNe
navieunugdaslml andvauisay snnelsiio Sminguns unerssezaugni
A9l 3 Seey AoTruundn (Nadund)seazan (Hadwnwn) szezandn (Nada1) Yudeiaenns
Uuinsinens anrdumalulagnszaaund ninaummsainnseds IneNungunsunsoaudng

Frinrgmns aely 1 Hlus
3.2 \Asadlaunazaunanl

1) Lﬂ?lauﬁ’ﬂumwmaaa Buret, Beaker, Cylinder, Dropper, Glass Rod, Test Tube,
Funnel ke Volumetric Flask

2) .3 estaRdneanaden 2 fumie USEW §u BSA 22025 way adley 4 fumia Ju
ED224S U3¥w Sartorius

3) Homogenizer 31 MODEL PRO200

4) Autopipette

5) W3esauausou (Hot air oven)

6) 1r309¥nd Colorimeter 31 CR-400 u3EM Minolta Useined) iy

7) Visible Spectrophotometer 31 T60V U3HM PG Instrument

8) 1A309 Refractometer U pal-1 US¥n ATAGO U‘izmﬂﬁjﬂu

3.3 @134Ad
1) Sodium hydroxide
2) Phenolphthalein
3) Ethanol
4) Hydrochloric acid
5) Sulfuric acid
6) Phenol



7) Folin's & ciocalteu's phenol reagent
8) Sodium carbonate

9) Acetate buffer

10) 2,4,6-Tripyridyl-s-Triazine (TPTZ)
11) Ferric Chloride

12) Sodium nitrate

13) Aluminium chlorid

14) Diphenyl-1-picrylhydrazyl (DPPH)

= o
3.4 F3N1IANUUNT
avslounug el anduausay SneULNY FNTATUNT TUNUNTNARDIUY 2 X
3 Factorial experiment in CRD vnsvinaes 3 91 Jaded 1 thludanisneuiiusne 2 szu fe
v ’6’ X 9; o A [ a a v v 1 K% a
a9 waglidnaun Jaden 2 iuifenseegaugniisnedu 3 szos loun seusundn (nadund)

a

szyzan (Wadunsn) szezgndn (naden) ussgluninliluusieilay PVC 1huliigamnd 13 eam

\waed dudiogiamiloniud 0, 3, 6 kag 9 AATIRUAIIINATLaENINEAMTUTIND18N1T

WusnwinouniswnLEe

3.5 AISUUNNKA
1) dnwazdsng
TALLUL 5 SEAU

o/ =

SEAU 5 walaNan 81-100 Wosdud Rusakaynugidenan)

< & ,a

SEU 4 nafimnudan 61-80 Wasidus Rsuisinaztusuasuduiuieuantes)
) ~ ¢ & & ,a o P AN A ° '
JEAU 3 NalAan 41-60 Wasius (1eiuasNMulFvaemIne18N15I19911e)

SEAU 2 Waliauan 21-40 Wasidud Ruderuinuaziusuldsudugdinnia)
sEU 1 Nalauan 0-20 Wasidus Raisrunnwaziudugiimanaztines))
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2) @
MIIVINANAVNOUAIBLATEITAE Chroma meter CR-400 (Minolta, Japan) 318971

naduA1A AN L* Arenududines a* Aranududivass b* way hue

3) UntInLAe (Weight loss)
Faminan 10 nduneuilleugeuauseuiigumall 60 esrnwaded [Wuan 24
URJE

1%

s & 0o ) v K Y] a v 5 o 1 o
fﬂmﬁ WastgunlInunLne = (HVUNEALIUAU — UUNLIANKRIDU) X 100

i nanSudy
4) Usanauvasudsiiazanednld (Total Soluble Solids; TSS)

Tneld1A3 09 hand refractometer (AOAC, 2000) TneveatnAuaInnamlouasuy

LA39 hand refractometer 81uALTUML2E %Brix

5) Apszvivsunm (Titratable acidity; TA)
AN1ATNI5YR9 AOAC (2000) Tneuinilaniou AUMERIVIIUE WFIe819USUINS

2.0 faddns wWuuinauUsues 5.0 Aadans Iawld phenolphthalene 9117 1-2 en

a a

\Uu indicator lvinsn@ag 0.1 N NaOH ufivgnaf (Uaesuddudvuyeaaw) aniduiiea

9 9

U195 0.1 N NaOH Aldanunamidasidudniadnsnuaninatdunsagnsnnsusatiingn

an (g 1001

(ml NaOH)(N NaOH)meq.wt.acid
ml sample

Usunamasansazanelaioslonsenlonildlunislmngs

gns % Titratable acidity =

ml NaOH

N NaOH

ANULTUIRsETaratelaReulansanlanily (nM)

meq.wt. acid

1 daansuauyavesminnse meqg.wt. citric acid = 0.064

ml USuwsvassegeaniglunsinmss (Hadans)

6) Usunaunaulsloentiu (Anthocyanin)

a

dwaniou 1 N5U uAele 1.5 M Hydrochloric acid USunns 10.0 fiaddns LAuf
DIANYALTA 1287 24 Tl ¥ILINTaY kazkANeNIUea 95 Wasiiud Usuins 15 Jadans
nageuAtUSuaeulsleeniiy nuisn15ved Ranganna (1986) Uildindinisganau

WEI7 530 ULULUAT



7) Usunauansusenauflueansvan (Total phenols content)

M138N15904 Slinkard and Singleton (1977) twaniiou 2 n3u ualiazidunsieg
60 Woddudionuea Usuas 10.0 Sadans uavinnduusines 10.0 dadans 9ntunsos
Wansana 0.1 Taddns vufisendiu 50 wWesldus Folin's & Clocalteu's phenol reagent
U195 1.0 faddns uag @15azane Sodium Carbonate 7.5 Wesidud Usuns 2 Nadans

we 79LT 30 Wil ihluInAn1sgendunasil 720 uiluwns

8) U‘%mmmsﬂwnauﬂaﬂfmaaﬁﬁy’wm (Total flavonoids content)

MINIDN15994 Jia, et al. (1999) lagurunandou 2 nsu unliazidanniy 60
Wosldudioniuea Usuns 10.0 Sadans wavtindudsung 10.0 fiadans anntunses
asarin 0.1 dadans Auunndu Usuing 1.25 Gadans Sodium nitrate USu1as 75.0

<] 3

lulasans 913 6 w1 anduLdu Aluminium chloride 10 Wasidud USuias 150
lulasdns 71913 5 U9 wagiiy Sodium hydroxide Usiams 1.0 daddns wazuinau

USuas 2.75 lulasdag we dildTaenisaaniiuuesi 510 waluwns

9) Auau1salun1siTueYLadEse (FRAP antioxidant capacity)
7§ Ferric reducing antioxidant potential (FRAP) #1375 n199849 Benzie and

Strain. (1996) YNaniau 2 n3u ualiazidensie 60 Wasibudteniusa USuias 10.0

o
a a Ly [

1adanT waru1naudsues 10.0 Jadans 1ntHuUNTes a1sanausuing 0.1 Jadans vn

v
a

UfA3eru FRAP reagent USuns 2.0 Sadidns 1313 30 Wit udrinAinisganduuasd
630 UlAs WIUgUAUATIMNINTZ N Trolox WAMKAUIINUAINTTUATAURYYE

daszlumiag umole Trolox equivalent/ g fresh weight

10) AUAIN1SATUNISANINBYYEBETE (Antioxidant Activity)
75 DPPA free radical scavenging activity (DPPH) #1138n15U99 Brand-Williams,

et al. (1995) Ynaniau 2 ndu ualazldennle Lavn1uea 60 Wasidud Usuins 10.0

a a

128305 warU1NAauUsIAS 10.0 Tadans NTUNTBY @1sanausuinsg 50 lulasans vin

UfAsenfiu Windu 2.45 1adanT uag DPPH reagent 0.25 {adins 10AINTIAANGU Wail

i (2
v A v v

517 wilunsviudl nasndundliluiide 30 wiil waziluinAnisganduuadnass

[
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(A0—A30)

) x 100

DPPH free radical scavenging activity (%) =
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Figure 1. Internal browning of mulberry fruit during storage at 13 ° C for 0, 3, 6, and 9 days.
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Figure 2. Changes color L* value (A), a* value (B), b* value (C) of mulberry fruit during storage

at 13 ° Cfor 0, 3, 6, and 9 days.
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4.3 Wesiwudnsgeydedmiin (Weight loss)
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Figure 3. weight loss of mulberry fruit during storage at 13 ° C for 0, 3, 6, and 9 days.
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4.4 Usunnuvasuieitazaneninlg (Total Soluble Solids; TSS)
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Figure 4. Total soluble solids of mulberry fruit during storage at 13 ° C for 0, 3, 6, and 9

days.
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4.5 Ysunaunsa (Titratable acidity; TA)
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Figure 5. Titratable acidity of mulberry fruit during storage at 13 ° C for 0, 3, 6, and 9 days.
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4.6 Usunauuaulsloeniiu (Anthocyanin)
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Figure 6. Anthocyanin of mulberry fruit during storage at 13 ° C for 0, 3, 6, and 9 days.
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4.7 Ysunasasusenauiluaanssun (Total phenols content)

[

USUNaua5UENoUNUDAYINUAUDINANUDUSL UL ALAT STULAAILAY hAYIEHLAAILNUSTNEN

=).

a A

unil 13 aergaliea Wukaan 0, 3, 6 way 9 U wuIINanyaud bliuni1sa1sdni Usune

ansUsenauiiuearianungninaniouiiiiunsdnen egnlsinunasnnisiiuinw 9 Tu lidl

a o

ﬂ”J']ﬂJLLGmG]I'NVl’Naaa igﬂgﬂq'ﬁLﬁULﬁﬁnNawli@uaLLﬂﬂ aﬁ"]LL@N Y1312 1“3388?]']'&511%?]15}’] 9 iJu
! | a N ja = & a:' A Ao a o
WUQWN@M&J@U?%EJ%GLLWQ@JUiNWﬂJﬁWiUi%ﬂ@‘UWU@@WQWN@@JQWQ@ TOIUNAD AALLAS LLASEAN

(%
v v

[ <@ a o A @ [ a 1 aa 1 a
AIUAIRU T9@NTE8ENITAUNEIUIUN 3, 6 LAY 9 VBINITNUSNWILAMULANANN9ENH B8 198
Y] o v a 1y YRS 1 aa < [ < = | o A
Hod1Agds (P<0.01) AMUFNRUSTEnI9IBNMAAUSNYILAZ I28EAIRNUABINUI Twiudl 9 983
NS UTAEITAIULANA19NI9ED A (P<0.05) (Figure 7) @0nna 09AUTI1891UT 21 USuw
a1sUsEnauueananunaziiudulusenIenIsanvemantau (Yongcheol, 2017) uag Oki et al

(2006) e1udIENTUsTENOUNLRaNUlUNABOU WASHANNANTDINAVNBUNY 8 aneiiug

140 A
L
g E)
b El
— 120 4 % T ‘I‘
m 1 q —.
é :: | '}i , O Water rinsing red
sp 100 1 ] \ Ny =
= %‘a }% = O Water rinsing red black
3 30 A :: E*\% E bc B Water rinsing black
o : R RS = % H Non water rinsing red
2 6 TR 4 S8\ =R
o "V S i — B Non water rinsing red black
5 ’ SR 7 b -
= 0 ,\ o - s H Non water rinsing black
= ¢ AR — N 8
E ’\\ :’\\ E
20 : < SH N
B E: —
: : ‘:\ =
O < \ — AU T
Day3 Day6 Day9

Figure 7. Total phenols content of mulberry fruit during storage at 13 ° C for 0, 3, 6, and 9

days.
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¢ &

4.8 Ysurauansusenaunanliuagananun (Total flavonoids content)
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Figure 8. Total flavonoids content of mulberry fruit during storage at 13 ° C for 0, 3, 6, and

9 days.
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4.9 aAnuansalun1sinueyyadase (FRAP antioxidant capacity)
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Figure 9. Antioxidant activity of ferric reducing antioxidant potential of mulberry fruit during

storage at 13 ° C for O, 3, 6, and 9 days.
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4.10 Anuaunsalun1sindneysadase (Antioxidant Activity)
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Figure 10. DPPH scavenging activity of mulberry fruit during storage at 13 ° C for 0, 3, 6,

and 9 days.
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4.11 Ysunamaneuun (Total Sugar)
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Figure 11. Total sugar of mulberry fruit during storage at 13 ° C for 0, 3, 6, and 9 days.
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AMANUIN N

N5LAS8UAISLAN

LA3UNETTENNIU Titratable acidity (TA)

A15A3ENES Sodium hydroxide (N,OH) asdudy 0.1 wesuea lnen1sds NLOH 4 n3u
avaneluihnduauldUsnms 1 ans

A5u3eNas Phenolphthalein (CooHi404) Aandidu 1 wWeodidus Tnan1sda 31.832 ndu

avareludnauaulausuing 100 Haaans

= o o/
L8UNE138193U Total sugar

N353 Phenol 80 1asi@us Phenol 80 fiaddns UsuuSunnsaietinnauauasu 100 fadans

WIBNEITEMIUN1IN1ANEYYAdETElAY IS Antioxidant Activity (DPPH)
n15wW3ELENs DPPH 2,2-Diphenyl-1-picnylhycrazyl aanududu 10 mM 99 0.039432 azane
Ty Methanol UsudSumseeninndu 10 fiadans
N151AS8UE1S DPPH 2,2-Diphenyl-1-picnylhycrazyl Talaaagioudu 1 mM Toanududu

10 mM 1111 1 T8a8A3 WNUINAY 9 1adanS

WIBNAITHMIUNTTINURUNARETEIAYAT antioxidant capacity (FRAP)

N384 Acetate buffer 300 mM pH 3.6 aza1 Sodium Acetate hydrate 1.55 n3u Tu
Acetic acid 8 flaadns IntuUSUYSIRsEIETnduIuASY 500 daaans

ASLA38N 10 mM 2,4,6-Tris (2-pyridyl)-s-triazine (TPTZ) azats TPTZ 3.1233 nsu lu
1,000 adans v9a1vazae HCL 40 mM

ASWTE FeCl, 20 mM azans FeCl, 5.406 3 Tudndu USudSunmsauasu 1,000 Jaddns

LA3UNETITAENNIUNTTENA Total phenolic content (TPC)
nssen Folin 50 Waddud 19 Folin 50 faans USuuSunaseretnaulile 100 fadans

N5LM38Y Na,CO, 7.5 Wasidiud 99 Na,COs 7.5 n3u azangluinngu 100 fadans
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Table Al. Internal browning of mulberry fruit during storage at 13 ° C for 0, 3, 6, and 9 days.

Treatment Day 0 Day 3 Day 6 Day 9
Water-rinsed red ) 4.50 3.60 3.10ab
Water-rinsed red black 5 4.30 3.50 3.10ab
Water-rinsed black 5 4.50 3.70 2.90b
Non water rinsing red 5 4.50 3.90 3.60a
Non water rinsing red 5 4.50 3.70 3.20ab
black

Non water rinsing black 5 4.40 3.80 3.60a
F-test ns ns ns x
Method

Water-rinsed 5 4.43 3.60 3.03
Non water rinsing 5 4.46 3.66 3.30
F-test ns ns ns *
Stage

Red 5 4.50 3.75 3.25
Red black 5 4.45 3.75 3.15
Black 5 4.40 3.60 3.10
F-test ns ns ns ns
Method * Stage ns ns ns *

Mean with different lower case letters within the same column are significantly different

(P< 0.05).
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Table A2. Changes color of mulberry fruit during storage at 13 ° C for 0, 3, 6, and 9 days.
Treatment Day 0 Day 3 Day 6 Day 9
Water- 24.37b 21.00b 13.19b 21.03a 9.94a 6.74a 19.80a 7.37a 4.68a 19.47a 4.78b 4.61ab
rinsed red
Water- 19.93c 11.73c 7.06d 18.37b 4.09b 4.29ab 19.22ab 3.17b 3.96b 16.82b 2.42bc 2.90c
rinsed red
black
Water- 17.24d 1.47d 2.68¢ 17.68b 1.79b 5.19ab 17.54¢ 1.60b 2.45¢ 18.42a 3.76bc 3.63bc
rinsed black
Non water 27.15a 24.58a 16.37a 20.80a 11.94a 6.95a 19.19ab 6.90a 341b 19.35a 9.26a 5.35a
rinsing red
Non water 20.83c 9.39¢ 5.87c 18.59b 2.46b 3.53b 19.56a 3.62b  4.32ab 19.11a 3.43bc 4.06bc
rinsing red
black
Non water 17.75d 2.08d 3.23d 17.40b 1.52b 3.22b 18.09bc 1.61b 3.33pbc 18.67a 1.91b 3.01c
rinsing black
F-test ¢ e o % I *x o *% o e ¢ *x
Method
Water- 20.51 11.013 7.41 18.93 5.28 5.40 18.85 4.05 3.69 18.24 3.65 3.7
rinsed
Non water 2191 12.023 8.49 19.03 5311 4.57 18.95 4.04 3.69 19.04 4.872 4.14
rinsing
F-test &® ns ns ns ns ns ns ns ns ns ns ns
Stage
Red 25.76a 22.79a 14.78a 2091a 10.94a 6.85a 19.50a 7.13a 4.04a 19.41a 7.02a 4.98a
Red black 20.40b 10.50b 6.43b 18.48b 3.27b 3.91b 19.39a 3.40b 4.14a 17.96b 2.93b 3.48b
Black 17.50c 1.78¢ 2.95¢ 17.54b 1.66b 4.20b 17.81b 1.60b 2.89b 18.55b 2.83b 3.32b
F-test *x xx % *x xx xx % *x *x - xx *x
Method * ns ns ks ns ns ns ns ns * ns ns ns
Stage

Mean with different lower case letters within the same column are significantly different

(P< 0.05).



Table A3. weight loss of mulberry fruit during storage at 13 ° C for 0, 3, 6, and 9 days.
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Treatment Day 0 Day 3 Day 6 Day 9
Water-rinsed red 1.163c 1.120b 1.043c 1.073bc
Water-rinsed red black ~ 1.296bc 1.126b 1.140c 1.073bc
Water-rinsed black 1.456a 1.620a 1.453a 1.790a
Non water rinsing red 1.166¢ 1.140b 1.086¢ 1.043c¢
Non water rinsing red 1.163c 1.170b 1.190bc 1.056¢
black

Non water rinsing 1.393ab 1.333b 1.316ab 1.156ab
black

F-test *% *% *% "%
Method

Water-rinsed 1.306 1.289 1.212 1.101
Non water rinsing 1.241 1.214 1.198 1.098
F-test ns ns ns ns
Stage

Red 1.165b 1.133b 1.065b 1.058b
Red black 1.230b 1.145b 1.165b 1.065b
Black 1.425a 1.476a 1.385a 1.175
Ftest *x *% *% *%
Method * Stage ns ns ns ns

Mean with different lower case letters within the same column are significantly different

(P< 0.05).



Table A4. Total soluble solids of mulberry fruit during storage at 13 ° C for 0, 3, 6, and 9

days.
Treatment Day 0 Day 3 Day 6 Day 9
Water-rinsed red 6.233c 6.000d 3.966f 3.933e
Water-rinsed red black 4.933e 2.033f 4.666d 4.633c
Water-rinsed black 9.4333 10.133a 9.233a 6.966a
Non water rinsing red 5.166d 6.000c 4.233e 3.600f
Non water rinsing red 4.800e 6.333e 7.733b 4.133d
black
Non water rinsing 2.666b 9.066b 7.100c 6.700b
black
Method
Water-rinsed 6.478 6.056 7.067 5.178
Non water rinsing 6.467 6.711 5.244 4.811
F-test ns xE ** x*
Stage
Red 5.700b 6.166b 4.100c 3.766¢
Red black 4.866¢ 3.383c 6.200b 4.383b
Black 8.850a 9.600a 8.166a 6.633a
Method * Stage x* x* x* x*

Mean with different lower case letters within the same column are significantly different

(P< 0.05).



Table A5. Titratable acidity of mulberry fruit during storage at 13 ° C for 0, 3, 6, and 9
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days.
Treatment Day 0 Day 3 Day 6 Day 9
Water-rinsed red 1.866 1.700bc 1.800 1.033a
Water-rinsed red black 2.700 2.800a 1.433 0.933a
Water-rinsed black 1.766 1.266cd 1.000 0.400b
Non water rinsing red 2.233 2.866a 1.866 1.433a
Non water rinsing red 1.733 1.900d 1.800 1.400a
black
Non water rinsing black 1.666 2.033cd 1.700 1.266a
F-test ns N ns *x
Method
Water-rinsed ) 4R Y22 1.411 0.789
Non water rinsing 1.878 1.933 1.789 1.367
F-test ns ns F* *H
Stage
Red 2.216 2.283 1.833 1.233
Red black 2.050 1.850 1.616 1.166
Black 1.716 1.650 1.350 0.833
F-test ns ns ns ns
Method * Stage ns ** ns ns

Mean with different lower case letters within the same column are significantly different

(P< 0.05).



Table A6. Anthocyanin of mulberry fruit during storage at 13 ° C for 0, 3, 6, and 9 days.
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Treatment Day 0 Day 3 Day 6 Day 9
Water-rinsed red 13.900d 37.900c 46.300c 37.800c
Water-rinsed red black  42.500cd 78.700bc 62.300bc 66.800bc
Water-rinsed black 176.000a 119.200b 187.900b 108.000ab
Non water rinsing red 29.500cd 32.600c 36.000c 38.800c
Non water rinsing red 68.400b 53.800bc 34.400c 54.300c
black

Non water rinsing 177.100a 269.100a 206.100a 129.100a
black

F-test > *% *% *x
Method

Water-rinsed 77.467 78.600 92.133 70.867
Non water rinsing 89.333 129.833 98.833 74.067
F-test N b ns ns
Stage

Red 21.700 35.250 41.150 38.300
Red black 55.4500 66.250 48.350 60.550
Black 173.050 211.150 196.950 118.550
Ftest *x *% *% *x
Method * Stage ns * ns ns

Mean with different lower case letters within the same column are significantly different

(P< 0.05).
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Table A7. Total phenols content of mulberry fruit during storage at 13 ° C for 0, 3, 6, and

9 days.
Treatment Day 0 Day 3 Day 6 Day 9
Water-rinsed red 117.654b 120.673ab 121.022a 121.718a
Water-rinsed red black 100.697c 117.189ab 88.153ab 102.206a
Water-rinsed black 119.744b 94.308¢ 43.554¢ 43.670b
Non water rinsing red 137.398a 144.9473 113.705a 92.566a
Non water rinsing red 142.741a 113.588ab 118.236a 96.748a
black
Non water rinsing 120.673b 94.308c 72.125bc 41.579%
black
Method
Water-rinsed 112.699 106.341 84.243 89.199
Non water rinsing 133.604 117.615 101.355 94.696
F-test SE ns ns ns
Stage
Red 127.526 132.810a 117.363a 107.142a
Red black 121.719 115.389a 103.194a 94.477a
Black 120.209 87.746b 57.839b 42.624b
F-test ns *x *x *x
Method * Stage x* ns ns *

Mean with different lower case letters within the same column are significantly different

(P< 0.05).



Table A8. Total flavonoids content of mulberry fruit during storage at 13 ° C for 0, 3, 6,

and 9 days.
Treatment Day 0 Day 3 Day 6 Day 9
Water-rinsed red 0.502ab 0.501 0.499 0.448
Water-rinsed red black 0.495ab 0.492 0.488 0.498
Water-rinsed black 0.485b 0.500 0.418 0.487
Non water rinsing red 0.520a 0.5233 0.513 0.480
Non water rinsing red 0.519a 0.500 0.507 0.499
black
Non water rinsing black - 0.502ab 0.495 0.493 0.476
F-test 4 ns ns ns
Method
Water-rinsed 0.494 0.498 0.469 0.478
Non water rinsing 0.514 0.508 0.505 0.485
F-test (i ns ns ns
Stage
Red 0.511 0.512 0.506 0.464
Red black 0.507 0.499 0.497 0.481
Black 0.493 0.497 0.456 0.481
F-test ns ns ns ns
Method * Stage ns ns ns ns

Mean with different lower case letters within the same column are significantly different

(P< 0.05).



Table A9. Antioxidant activity of ferric reducing antioxidant potential of mulberry fruit

during storage at 13 ° C for 0, 3, 6, and 9 days.

Treatment Day 0 Day 3 Day 6 Day 9
Water-rinsed red 3.538bc 4.953 3.631b 5.381b
Water-rinsed red black  3.819bc 4.543 8.659%ab 3911b
Water-rinsed black 3.799bc 9.702 21.601a 16.294ab
Non water rinsing red 16.629a 8.808 1.48%9b 7.560b
Non water rinsing red 9.552ab 5.065 4.804b 7.001b
black

Non water rinsing 1.154c 8.677 18.584a 27.895a
black

F-test ) ) ns & *
Method

Water-rinsed 2.719 6.400 11.298 8.529
Non water rinsing 9.112 7.517 8.293 14.153
F-test i ns ns ns
Stage

Red 10.083 6.880 2.560b 6.471b
Red black 5.186 4.804 6.731b 5.456b
Black 2.476 9.189 20.093a 22.095a
F-test ns ns x> o
Method * Stage ns ns ns ns

Mean with different lower case letters within the same column are significantly different

(P< 0.05).



Table A10. DPPH scavenging activity of mulberry fruit during storage at 13 ° C for 0, 3, 6,

and 9 days.
Treatment Day 0 Day 3 Day 6 Day 9
Water-rinsed red 14.018 10.480 23.678 17.265b
Water-rinsed red black 15.682 24.568 10.125 20.474b
Water-rinsed black 17.300 24.620 24.261 49.921a
Non water rinsing red 16.082 17.148 18.744 26.923b
Non water rinsing red 14.220 30.400 13.767 29.364b
black
Non water rinsing black 21.387 18.288 21.956 51911a
F-test ns ns ns x*
Method
Water-rinsed 15.667 19.890 19.355 26.475
Non water rinsing 17.230 21.946 18.156 22.456
F-test ns ns ns ns
Stage
Red 15.050ab 13.814 11.946 13.489
Red black 14.951ab 21.454 21.211 24919
Black 19.343a 27.484 23.109 34.988
F-test " ns ns ns
Method * Stage ns ns ns *

Mean with different lower case letters within the same column are significantly different

(P< 0.05).



Table Al11l. Total sugar of mulberry fruit during storage at 13 ° C for 0, 3, 6, and 9 days.

Treatment Day 0 Day 3 Day 6 Day 9
Water-rinsed red 1.643a 1.134b 1.459%b 1.286bc
Water-rinsed red black 1.528a 1.162b 1.543b 1.935ab
Water-rinsed black 1.528a 2.2383a 2.357a 2.38%a
Non water rinsing red 0.494b 0.60b 0.602c 0.660c
Non water rinsing red 0.695b 0.595b 0.660c 0.712c
black

Non water rinsing 0.7190b 0.740b 0.732c 0.766¢
black

F-test *% "% *% *x
Method

Water-rinsed 1.551 1.512 1.787 1.870
Non water rinsing 0.630 0.648 0.665 0.713
F-test *% *% *% *x
Stage

Red 1.068 0.871 1.030 0.973
Red black 1.088 0.879 E g 1.323
Black 139p2 1.489 1.509 1.578
F-test ns ns o ns
Method * Stage ns ns x* ns

Mean with different lower case letters within the same column are significantly different

(P< 0.05).
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Figure Al. Internal browning of mulberry fruit water-rinsed of the day 0 (A), day 3 (B), day
6 (C), day 9 (D), mulberry fruit during storage at 13 ° C for 0, 3, 6, and 9 days.
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Figure A2. Internal browning of mulberry fruit non water rinsing of the day 0 (A), day 3 (B),
day 6 (C), day 9 (D), mulberry fruit during storage at 13 ° C for 0, 3, 6, and 9 days.
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