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and its chung with ripening after harvest

Chaemin Jang', Jihyun Lee? and Hyun-Seok Kim'®"

'Department of Food Science and Biotechnology, Graduate School, Kyonggi University, Suwon 16227, Korea
2Department of Food & Nutrition, College of Human Ecology, Seoul National University, Seoul 08826, Korea
SMajor of Food Science and Biotechnology, Division of Bio-Convergence, Kyonggi University, Suwon 16227, Korea

Abstract

This study investigated the yellowing phenomenon of maesil (Prunus mume), changes in organic acid (OA), and cyanogenic glycoside
(CN-Glc) contents during post-harvest ripening, and the potential use of ripened maesil as raw material for CN-Glc-reduced maesil
chungs. Ripening conditions were as follows: 5C for Ripening |, 20-22T with 50-60% RH for Ripening I, 20-22T with 50-60%
RH after ultrasonic washing of maesil for Ripening II-US, and 35C and 80-90% RH for Ripening lll. Yellowing did not occur in
maesil under Ripening | even after 7 days, but was observed after 7 days of Ripening Il and Ripening II-US, and after 3 days under
Ripening lll. The OA content slightly decreased under all ripening conditions, while CN-Glc content significantly decreased, with
ripening under all ripening conditions, with Ripening Il and Ripening II-US being the most effective at reducing CN-GIc levels. In
maesil chungs prepared from ripened maesil CN-Glc content was significantly lower than that of those made with untreated maesil.
These results demonstrate that ripening under the conditions tested in this study significantly reduces CN-Glc content in maesil
with minimal reduction in OA content, enabling the preparation of CN-Glc-reduced processed maesil products.
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ME B517] Wiz, Tt Tk, ARk Al 22 B 2712 Q18] A
Ajo] ofHe] oM Al o] F2 Aoz olgE= HE o
A (Prunus mume)y2- S, Y&, F=ollA AHFsh= AT W5 FAESL AT, Ahihs g2 AT A 7S,
ofsht Gufjo], QT E Aufste] oA 9l AF0] dEE oA, iAo, mida|z 5)2 YRR oldEe dEA 7t
o] &5}l Q= HulE FHAo|tKo & Yang, 2009). tiA-S = 28 FHAo|ti(Cha et al., 1999; Cho et al., 2019).
2 Aol A= AL olovt =] S °F 60% ol A Ak AR FHHESOL A, A WA ARBEEA]
2 G % 349 BdEE shs 5 @AM ABaksial (cyanogenic glycoside)Ql oFn| 12 ¥ (amygdalin)S 3-5°= i
ATH(Cho et al., 2018). T2 F}Ao] YaE]7] Mo &fsto] o] StaL UL, Ak M) FgHT F2 Hof v ghiE o] Qith
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(Cha et al., 1999; Cho et al., 2019; Bae et al., 2023a, b; Cho et
al., 2025). ohu]1Ed A= EA4do] YUAY wm|SHAIRE, o]
WESIL Q1= B-glucosidase®] Q]3] TZ1L4Al(prunasin)2 %] H]
HiA|Q1 a2 1to] E H(mandelonitrile)2 A2HE™ U3 o] Eaf
IHE AR P 549 ARBAAHHONIS BT S rt
(Go et al., 2018; Bae et al., 2023b; Cho et al., 2025). E<50f, A5,
AT 9 0 U4 HUS 1 S3ple] BeuE 4 L olgdt
o, g 3 BE S W] dsols ARMEAIZ Hie- mjolst
AU EA51A] Y=rKBae et al.,, 2023a). L1} vfAL g7
A o Aol sisto] T AA @ A)E o831 1
20l A=A of| 1] thgt AHRREL] B4 B/l of
3t 3= wjAl 9 ojd] 7FEEout £ASHH(Cha et al., 1999; Go
et al., 2018; Cho et al., 2019; Bae et al., 2023a, b; Cho et al., 2025).
ol 2BAE2] $-HE sf4sl7] sl WA TRSFoIA Al
A gFE SoAY AR e vt A7 3= AT Wi
7B Az A 9AAE T DANAEA AL AASK:
HET] 32 AA A7 </d5hH ARMENEA] TS A&5iA

Zasle, ol HgHoR Fgolt vhA 7HEE AZLAI F

2020; Bae et al., 2023b). ASHIFHE 24 Esfjsl= WO Z uj
Aol A 7]l (Bohae Brewery, 2012)% HlAFOA FAE
22U E](Go et al., 2018) U H=F A HRAEE|(Go et al.,
2018; Slowfood, 2020)7} AL/NE=]QIct. ESE AQM A Sk
A A AXRE AR AR 2709 FF A7H(Bae et al., 2023b)
oF i £33 9F A7H(Choi & Kim, 2020)7F Ut AlRMIGA]
£ A4 &ofioh=s A o]Qo e ARATe Wil e=et mid
7R AR 2719] ARMENEA] ehgo] WS AlRBEEA A%t
o] tleH AIAUS ARbstAL et o HiA A 9l 7hs AR
oAM= A duE AMESHE ARMIBAIE AFT Fa Qe
A 7REEE AR 5 ke A Fasto] 2T guidat &
A 7RES 4R 57 9 AAelA skl Qiok el 78
mAS mjALRRoA e 9 TAIA 2 5 ITHKIm et al,
2023). T1Eju} iAol sEl= Al7I7t EEol whet viAuE E
E QgA) o, ks A AP ke Qg 24, 2749
w52 B} W 2 T o] Hek(Kim et al, 2023
A 2ol = viA A A AR Qo E HE P
o2 IR HujAdS F5310] Q19X os FHAA Fujdz A
23 4= Qlrt. 2Eu AuAS FRIATE Aol gEEo]
VA AL, A B Aol A AIRMHTEA] o ] et
ek ZA7E BESE Aol

IEg 2 Ade AMAS FsAA SR AR 5 A

https://doi.org/10.13050/foodengprog.2024.28.4.350

L ARG ST Aol wreh ohge] Ak I
WSS 2ol Hhe] 34 202 IS it B
ohHE I PR 7R S Aok

A gFe 74 AR, AIMEEA] A4 A Azo] 1o H

=

AL E£E2FE @EUIJAHI(Hadong, Gyeongsangnam,
Korea)ollA 20231 6% 5] et A& Y FRoA A +
mjsto] ARgSIGITE S 22 2718 HJ(AE 5 em)E ZWA|
AAK45 cmx25 cmx=0] 20 cm)y= SEFE @5U3IAHEQI(Ha-
dong, Gyeongsangnam, Korea)Z2H¥E ZFERITt o|ATEEE T
FERIAR-A1, o|ATEST I T T 50% oV AL
2]t A(Ingredion Korea, Seoul, Korea)2] -, HEHYTS 35%)
L @TFEAESZ(Hongecheon, Gangwon, Korea)?] -2 A|%50]lA]
sl ofu] 212 (amygdalin, 42 99% oA}, ALY L)t
T21}A](prunasin, <% 90% OJAH)S Sigma-Aldrich Co. (St. Louis,
MO, USA)ollA Hfsoitt. AQRMIGA] 9 714k EAJof ARESE
Ao} BuiEE H5F HPLCH o] Zte ARESISiH:

oh o Ao] < 57t o] Aol ojt HES FAstelr] #fs)
R L=
EREZ of-8ofo] EHES AlASIL 420l uid EHo] Hx
2 m7EA] BASHATHEF 2417 BAIE AR v AR 2ol
275 AlFdo s 2ZTpAI27](GT SONIC-D27, 40 KHz & 500
W, Guangdong GT Ultrasonic Industrial Co., Ltd., Shenzhen,
China)2 1§31} 3051 A1H F 2L WA 02 EASEL A7)
Sjgict. 22T B9 o] 2L You] 25CE 2
TR Sloich ZulEl TS TR A olo] 9 £ AT AR
A% Q3 1 9] RS ThA & 5 Akt oleh 2 aloR
oA AR BRI Ao] WOITHB WA AT oF 10 ke
o] v 5-8). THAL SCC] YT (Ripening o]A], Flo] £
U= 20~22C 2 ATEE 50~60%2] 453+ FRipening )0
A, 35C @ ATEE 80~90%Z -FAIEE B LE7|(SMP-1040,
Dachung Softmill Co., Gwangju, Gyeonggi, Korea) (Ripening IIT)°]|
A 797E A 23TRARE LS Ripening 119] 270
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712 A3t Ripening 11-US). 45 B2k tlAS 1, 3, 5,
790 ZHA ARG 1 ke AL, olnf ujAl Felo] 35
o 1 oV ZE AL 2HA AR AAT T A% A
o oAl 2 2AER AGe] A EujE vAg RE Hej2ol
GERZA 02 Ahos Seich. Aol wet Aet thale 52
Azt $AAZT Y B IRE 38 Heke, Yuixs
AAEHE 8 A B451] 60 mesh AL FIpAA BA Az
= 83

DHAIAOl X

R 02 2 HN 7 A F R 2 Poj
e ag Adsle] A2Y GFFEET AE, 2 L 32y 47}
2 kgH W WAdo] IR 430 3] B0 =B Pus
OlARE L IYS 74 FL F WEste] AETH20~220) P4

o H¥siAr. Baee dFUtt vid foklz &S0 §&d

(Bae et al., 2023b).

712t

A2 nylon syringe filter (0.45 pm, Hyundai Micro, Seoul,
Korea)S S3}A|7]1 & Eclipse XDB-C18 column (4.6 mmx250 mm,
5 pm)o] A== HPLC (Shimadzu DGU-20A5R, Shimadzu Co.,
Kyoto, Japan)o]| 5 pLE Y5} 215 nmoj|A] AlZ}AKmalic acid)
¥} FAAKcitric acid)Z #2I5FT 0542 20 mM H;PO,0]3L
O G452 1 mL/minC & {A|5FHTHBae et al., 2023b).

A|QHH A HE

A 1 g Eol25E ol-8sto] 3ul SlAsto], Mgk 2 mLe}
gol24 2 mLE 8431 Sep-Pak C18 SPE cartridge (200 mg/3
cc, Waters, Milford, MA, USA)°] 1 mLE {3t & "o|24(3
mL)yE °-8§31%] A&}l methanol (1 mL)= 8EA1AH AIHHIEA]
£ 9|55t H(Park et al., 2020; Zhong et al., 2020). 345 oM
0.2 pm nylon syringe filterS SI}A]Z] & LC-MS/MS (Agilent
Technologies 1290/6470TQ, Santa Clara, CA, USA)YE ©]-85}0] A
HNFAE EElottt ARMEA] 242 $I’F LC-MSMS 717]
LHAZAL Table 19]] A|A|SIHTHBae et al., 2023b). MRM modeZ=

352

Table 1. LC-MS/MS analysis conditions for quantifying cyanogenic glyco-
sides from maesil and maesil chungs

Description Condition
Instrument Agilent Technologies 1290/6470TQ
Column type Eclipse Plus RRHD C18
(2.1 mmx50 mm, 1.8 um)
Column temperature 35T
Flow rate 0.3 mL/min
Mobile phase A: 0.1% formic acid in water

B: Acetonitrile (gradient method)
Injection volume 10.0 uL

lonization mode Electrospray ionization (ESI) positive
mode
Nebulizer pressure 35 psi
325C (5 L/min)

350°C (11 L/min)

Drying gas temperature (flow)
Sheath gas temperature (flow)

Capillary voltage 3.5 kV

AQRRA (b 1g W IEUA)E MRM transition?] Z7F78/3
ol 2-Z ERIeIL. ot 19 HEARo|&(m/z=480.1)0]] Tigh Eo]
20 m/z=347.2, 373.9, 259.12 A5} 0on, TFLA HEAjo]
(m/z=318.1)°]] that Bo]2S m/z=184.9, 128.9, 121.0°& HA5}9]
th o]F o2 F m/z=347.2 (CE:30)E ofn]1g919] Agol2o=
AR89, m/z=373.9 (CE:30)2}F m/z=259.1 (CE:34)E opn] 13l
9] g/gol2 0= Aot TEUALL m/z=184.9 (CE:16)E =
o]0 & A5, miz=128.9 (CE:16)2} m/z=121.0 (CE:14)S X
FAl9] Aol o g HASSIE LC-MSMS A2HE IO R
HE A2 ARMIGA Aol u]=0] WS ARKIEA ¥EE-2
ol-gslo] ZMJH HFAS ol-8sto] AQREA] TRe A5

o1 va "mHow &o

u

& SR A 7108 3 FHloto] AR 20
AL MRS 2 L A EEE Vel AERAE 30
AzstH o, AQMIEAl 9 f714t gE: A=Al uiet &
A gARE AR iy geeE AR iAol dis 2o
23] o HHESto] FASIT A SRS SPSS (Statistics
Package for Social Sciences, version 23.0, IBM-SPSS Inc., Chicago,
IL, USA)Z 0]85}0] one-way ANOVA £A41S 80519111, B+
FEUAR YR A2l Batgt Aol SAIA ol
95% AlFZ0o| A Tukey’s HSD testS ©]-85}o] EAI5H9Ich

i)
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20 ¥ 2
ITNLIRE PN
34 2200 T2 ohe) P AES ZAI Fig. 19] A}
Stk 34 ZAL WA ZAGT: Ripening D), A5 2820~
22T, 50~60%RH; Ripening 1), 233 A2 & 453t 22 (Ripe-
ning [I-US) ¥ 1.2 Z7(35C, 80~90%RH; Ripening I1)°] 1T}
£ 24 g7old 240 mE ve) FPEsE 2R
o, mjAle] ZeF 74 Ripening [9]4] 2% 1]gkO & w]n|5}9] 0
™, Ripening 112} Ripening 11-USS] Z+Z} oF 8%2} oF 11%0]1 L,
25T B (Ripening MNOfA viAC) S5 e WEFHA|
At ol= FuAS 5T AU W TF AhE 4% v,
20COA= OF 15%2} B 13t Kim et al. (2023)9] AT} 94K}
t}. & 1319] Ripening 19} Ripening 1I-USOIA 8 7HAL Kim
et al. (2023)9] AFHT; 4% AQY=H], ol & Aol F45 Al
Fhlis=E EEle] Al WEo® AZET, Ripening
[1-US7} Ripening ILEt} OF 3% EQIE © ZF iy} Qe AL
ofol 28I A| 2gujo] ojej ojle] AlE 0% Q)
3 Skl HE FAHW wWeoR PZEthRajewska &
Mierzwa, 2017). 3FH Ripening I, Ripening I & Ripening I-USO]|
A S 7 AR 4= AFAIEL, Ripening MM = A1
3 Aol Aol ARERE M U= 50% ool HAWIH.
Ripening [0A] w2 A7 78 27k AEA] efeko, oF

(Ripening I) 5°C

10% F=7t A7 YATh Ripening 112} Ripening 11-USS]
AL A 39 Aol oF 30% H=rt FHEAL, A 5Y Aol
LE o] FRiEglon, A3 7Y Aol wiAle] A Bt
ZoiR A, WEe mjAe A9 WARA] g9kt Ripening HIOfA]
oAl Bigo] widslo] 3Y Aol F4-5 Footlom, A 1Y
AEE] gRo] WAYsl] Alksto] 3Y Aloll= A A A<l
A HF SPHEICE TIEY Ripening MHOA FHE w4
Ripening 112} Ripening 1I-USO| 49 AR} ZHA0] 7} woro
o Etdetolct. A7 oR 120153t 3 (Ripening 1)OA]
Al 45 AL AEA| g AoE wrkHch

&l [t

MAS o5 Al 71dR f714kE o185, A ZHSEolA &
714K F 93t EZ X 3o|tk(Shin, 1995; Son et al., 2017; Bae et
al., 2023b; Kim et al., 2023). J1&A] = A0 w2 mjAle] &
F71L, T D AT B Fete] Fig. 20] AT
He Rt RS ok QAL TR Afhilo] 73
OJF1L 0]9J9] A5 ¢ m]u]gt $=Eo]th(Shin, 1995; Son et al.,
2017; Mun et al., 2019; Kim & Yoo, 2021; Bae et al., 2023b; Kim
et al., 2023). Z1EA] & Aol FALT ARSI,
olE9 32 F F7IMCR SISt 714k wiAe] NETH T
of F& B335} Q)loj(Shin, 1995; Song et al., 1997; Bae et al.,
2023b), A HjA(Fig. 2A, C & E)sh A 7R(Fig. 2B, D, &

Ripening after
ultrasonic cleaning

Fig. 1. Appearance of maesil during ripening according to the ripening condition.
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Fig. 2. Total organic acid (A & B), citric acid (C & D), and malic acid (E
& F) contents of whole maesil (A, C, & E) and maesil flesh (B, D, & F)
during ripening according to the ripening condition (Ripening I, 5°C;
Ripening Il, 20-22°C and 50-60%RH; Ripening II-US, 20-22°C and
50-60%RH after ultrasonic washing; Ripening Ill, 35°C and 80-90%RH).

F)2] 9714k glgo] fojd o= &2 Fol9irh & AolA F
F71AY, A At S ek 1% 9] J9lolA HEE7]
ool fofwokA] e 4= AR, F f71AE S A Wi
01 3804 Aol mhek P4t AT BT F S T
2Fo] HM5o| u]u|gt Ripening 17} Ripening IMIET} Ripening 112}
Ripening ILUSOIA] % 714k 128 24551 59t A4 2
&3k Y= UEIHITKFig. 2A & B). ol F53k= 5% 74
At JFgo] HE QIAY mlvIsHA] Ash=(Fig. 2C & D) thAlof
AR gl = 4ol (Fig. 2E & F) A2 Agad 23l A
o5 AYZiEt. of2iet A2 Ripening 119] AT 2} ARt
Al o] HsloflA Beks] wEd 4= vk ARME SFF] A
Afpito] Loisto g ASE Ato|tk(Shin, 1995; Song et al.,
1997; Bae et al., 2023b). ©]2{3t AARS Ripening [0f|A4] 34351 wj]
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Aol vlujstiey. 722k S4te Bt e B R T
o AT SRS gAsAe, 1 o] nllsto] £t S o]
83 Wb 71pE) B0 folulat GFS vIAA g Aoz

OH&e] AIQHHH S|

F50 o2 wjAo] F AQRMNGA, o 1g¥ 9 mebAl 9F
%S ZARHA Fig. 30 ATt AlRMNEA] g2 ol 4]
(Fig. 3A, C, & B)RT} vl4l 718(Fig. 3B, D, & FolA] @#15] 49
THBae et al., 2023b). HE 3% R4 34 7]7to] A%EH
AIQHEA Bkl k= e HESITE. Ripening 10]4]
AIQHINEA FHgFo] g2 7 Wokth S 1Y ZpollA Ripe-
ning 112} Ripening 112} W42 Ripening [91419] A} ZAL AZ
A AlRMGA gZ Uehiglou, o] $HH Ripening 14Xt}
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Fig. 3. TTotal cyanogenic glycoside (A & B), amygdalin (C & D), and
prunasin (E & F) contents of whole maesil (A, C, & E) and maesil flesh
(B, D, & F) during ripening according to the ripening condition (Ripening
I, 5°C; Ripening Il, 20-22°C and 50-60%RH; Ripening 1I-US, 20-22°C and
50-60%RH after ultrasonic washing; Ripening Ill, 35°C and 80-90%RH).
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Ii‘

FAHoR A2 2 YU oY FuEE B9t A
AIRMEA] o] A& Hadhe 2 mide] oF A8l w
2} B-glucosidase®} A|ekE HlHiGAIE Eefiohe Hia 2/
Z7}51917] W0 & AJZHEATHGo et al,, 2018; Kim et al., 2021).
S Ripening [-USOIA 451U Ao TE F43 203= 29
ARMA o] 4% A4 et ol 255bA1A
oA F= Kof EEste /\]O}HHF*H](OTU]J‘*E‘J—P I 1'}”)7}
Z51}of| O3t translocation F4 O 2 IO 2 o]P=|9]7] wFEO
2 AJZFErh(Zhong et al., 2021). 1L 524 79 Ajofl= Ripening
119] v Ao] AJQHHEA] FET 4% Aot A9 FARE %
S YeRfQict oA Rlpenmg 9] 2708 miS 343 3¢
EZSTAIAL FasH] o2 A0 wehenh

R
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>
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‘/}E}LH lch ESE St vid
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07 Gl AH 4 IS AX WidAS Hl= Zo] ARt
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T4 oFol] Rlo(Fig. 4C), tiE=H0] Ripening 12T G5 52t
FoJHoE FE £ UERSIHE ol Ripening I94] Bij4lo]
F55|HA] B-glucosidaseo] 2Jsf ofw]| 17 0 2HE Zfo] 7}
Sl Al Ao ZETHCho et al., 2025). E3F Fig. 39]
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RIS = Se T
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T 9 AYEE 50~60%2] 453t F(Ripening 11)ol|4], &1} A|
At & A5t (Ripening [-US)OfIA, 35C 3 i 80~
90%2] 1-2t153t 3 (Ripening 1)of|A] 7Y7F AA5t0] 435}
AT} Ripening [o]4] 747t S243510f e mfj A2 SHHE]R] QIQIAIHE,
U] tg 2A9AM = 25 ZHEIH. Ripening T4 = 3Y
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