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Abstract

The objective of this study was to investigate changes in the cyanogenic glycoside (CN-Glc) content of apricot and
plum chungs over the sugaring-ripening period and to evaluate their quality characteristics. The whole and flesh
parts of the apricot and plum were mixed with sugar to a mixing ratio of 1:1 (w/w) to prepare their chungs, after
which the fruit-sugar mixtures were stored for 13 months. The CN-Glc content dramatically increased within 3-4
months, reached the maximum, and gradually decreased over storage by 13 months. The apricot and plum chungs
with seeds exhibited much higher CN-Glc contents than those without seeds. All chungs stored for 10 months were
filtrated and treated for 30 min at 85°C to measure their quality characteristics. Similar soluble solid contents (53.4-
53.6°Bx) were found in all chungs. The apricot and plum chungs without seeds exhibited the higher concentrations
of total carbohydrate, organic acid, and total polyphenolic compounds than those with seeds. In addition, the color
of the apricot and plum chungs without seeds was darker and deeper yellow than those with seeds. Overall, the apri-
cot and plum flesh may be better for producing the stone fruit chungs with minimal CN-Glc content and better
nutrition.
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M 2 5)S ekl 913(Shin & Park, 2006), TFE Lo B

s HEF A ko] oF 20-30v) =owm, ZFE A TR

A (Apricot, Prunus armeniaca)y= SV 3ol &3l & sto] ¥ E3| &3 ofiFo] FFo] UtHShin & Park,

BEHFZ F=o] Y4ikxolH (Yoo et al., 2007), $-2YU=E 2006; Lee et al., 2007; Shin & Park, 2007). =2]ojlA A

HIZat] S5, &, 9 SA A g Au=Ea o 7= TXH, A, 713 ToE Tkt FE AH|EHE v

(Nam & Lee, 1987). 7= T FASHT edo] 4 A, oM = AAHE A RS A FEE A3
slal, BE3 379} A & Ho g 288 == 7y 2 JtHKwon et al., 1990).

% dhtoltk(Kwon et al.,, 1990; Shin & Park, 2007). &3t AT A dUEE 2pFolde &5t A2 $-7
AtE x5, A9, A 5o GHo] FHE, °F 1.5- vebe Ak AhFE Auiglon, 4kl wel F&of
3.5%2] t}Fsk 7] 4k(citric acid, malic acid, stannic acid Alote]l FUFA A (Prunus salicing), S+ A A (Prunus

domestica) B 7] Y4t vl=t A (Prunus americana)=-
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e Fehuleo| ERE 8 T 9S Wik ohje}
Mo, f714L, Feloteldl, AzE o=, B4y, 9,
d 5= v F#3tZ AthFang et al, 2002; Kim et
al,, 2003). o]¢} & ApFe] Gt 54 v, AHF
t 85 ZY2uHZE 72 (Tinker et al, 1991), 51 0]
AAl, 237l FX, 2EHZE A 2 23] E(Lee &
Lee, 1993; Chung, 1999; Sung et al., 2002), Ft}&% <
W, RS 2R 4, FEA O, D8RS, 8 o,
218271 (Sung et al., 2002), 2P A7} tyrosinase &
4 Al Z-goz Qg B mw 75 (Park et al., 2013)
I e kst AYrlsA 25 Efdte Ze=E 49
A ek ey At mRR A2 A 2o A A
71 F4, 4, A3 T 7w FEHE A
Thefet Al YRR S8 e v, sl e F2
At R oz 7hE A Jvk(Kim, 1973; Chung,
1998; Sung et al., 2002).

Aot e e AAY FE ARRE LvjEe, ¢
S AR AFHAT o] 8 & o] AFAAA T
7h e Ao g, Aol AbFe] &8 E % 4M S
A3 g AEFSE 71s9] Mol Fagh A oJth(Abdi
et al, 1997; Chun et al, 2010; Cho et al, 2011). %<
A7 A8 AF 2 FA wet A Fe] dERE F
oA R FL Aol A BAlo] Frtshe g
A LvlEAY, A 7PN RAH S Azt A
F k3L ATHEIS, 2019). 2015 =52k 45341
ZAA R, ZAF A 5 75.5%7F DA GRS AH
HEo] HAY Fulste] 2nlEtal Qe Zow ERIAh
(FIS, 2019). =WollA 7Hd HEAQ ALdH-e wid
(Prunsus mume)= 3 2 A5l Azxsle= njdyoz
g H 2HE 228 Pl Y8R ARRE AL Jlof wid
o] AH|E Al YTHKim et al, 2018). Wt w2l
A Aot A AA] GO 3 ALH A Fe] A5E
283} #E AFY ML o] 59 AEFMYA T H &
v Sx1¢] g B 5 doh 2y A3 A 9
Az E AEsE alixe ol AIRMNEA] olrell oy
g A5o] Fasith jd# e Ao &sh= Aok
= Aol o} 22¥ (amygdalin)2} ZF1H4] (prunasin)

[e)

N

2o ARMNFAE st A, o5 FAHLS FH el
olaf) A %% 7] wjio] TAH o7 Xk IFAE T
U THGo et al, 2018; Kim et al., 2018; Choi & Kim,
2020). AIRMNFA] AHA = FA40] JAAY wm| A YL B,
A=, Ah G, A S os AN EAI 7T -l =
A EHE Aok AAHHCNYS 733 =418 Ueh) 7] o
ol(Go et al., 2018), AFF 3 A o] A|tul A s
o gk #el7t Bask Aot 1= AA7HA AT
A3 A o] AR A Fhegoll th gk A e A Al 2
of w2 Aokl gA g Wstel| et AE FA Y Fo}

e v

=
aHER B ATE 475 ATE o)§d HAF A
ES | Wk SAge] AchigAl §F wat
o 24 2ASGE, AE AF] FA5H BNE E
A

sshel A7A T A5 A)

ot =
N

B
5
i

NS

dTe AAEE GHA daded de dTFER
(Yeongcheon, Korea)ol| A 2022'd 59 16¥9) F-3t¢ A&,
e AAEE 4T TFHl e A5 (Uiseong,
Korea)ollA 20223 79 1390 =8td AL Fufjste] A}
£33t Auwige WA(CJ Cheiljedang Co., Suwon,
Korea)®] & Aol el atSitt. obv] 29 & (amydalin)
I ZF4(prunasin)  Sigma-Aldrich Co. (St. Louis,
MO, USA)IA o ettt A3 3 272 o] AlQbu)
Aot FAER FA AREE At EujES BE
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A7 AP AT BAE B o] EAFE

S AAG & dF= AE AASIAT I 2 70% e
25 ol&ste] Ao Hxd G FHE A9F Y
Ao A2 27 At w2 AA] H3 7+ 9
Folle Augor g & dgste] HA(15-18°C)oll A
PR S4E At dAF ALEHA B A5
Aagel FF 3L 55 (wwdth F9F w7 7
e ATt AFE FES & 1Y W SR BE %
< Y FESo] FAE AHFE oAl ST, BE
gugo] &3S WE 1Y AR S oH, ojuf F-E

e AR IS AHF St —45°C)

1o7g &< =
A Rt AlRMIGAIE FHFEATh 10719 2GS
Aol 5= e W, F9E FLH Ax I8 2A F

3
IH e FA77S 340D, S4717F 3-671 0] HALS o,
FdHolA HA T& st AHs T A st A
Zot) AlZxE AT AT DA o8 A S (A
5 o)) 2 AFHRAF WA o] &) AFAEH AT
&R o] )2 AlF Bl Yo dhsla WE A (-25°C)
st FAEA Ao AME-sE

AlQHHER| M2t
el AAE 471708 AR HLY 162 2ol

Q2=
‘__—"
£ o]g&3le] 3u) 34k, methanol 2 mLe} Eo|25 2
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Table 1. LC-MS/MS analysis conditions for quantifying cyanogenic glycosides from maesil chungs

Descriptions

Conditions

Instrument

Column type
Column temperature
Flow rate

Mobile phase

Injection volume

Ionization mode

Nebulizer pressure

Drying gas temperature (flow)
Sheath gas temperature (flow)
Capillary voltage

Agilent Technologies 1290/6470TQ
Eclipse Plus RRHD C18 (2.1 mm x 50 mm, 1.8 pm)
35°C

0.3 mL/min

A: 0.1% formic acid in water

B: Acetonitrile (gradient method)

10.0 pL

Electrospray ionization (ESI) positive mode
35 psi

325°C (5 L/min)

350°C (11 L/min)

3.5kV

mLE &4 3}E Sep-Pak C18 SPE cartridge (200 mg/3 cc,
Waters, Milford, MA, USA)° 1 mLE FU3 & go]2
(B mL)E ©]83}] AF 33 methanol (1 mL)E £Z&A]|
7% A Qb ”iﬂ‘—?— 3] =3 th(Park et al., 2020; Zhong et

. 2020). 3|47 o2 0.2 um nylon syringe filterS %
JM 71 % LC-MS/MS (Agilent Technologies 1290/6470TQ,
Santa Clara, CA, USA)E ©]-&3le] AIRMIZAE &3t
Atk Alh A 498 91k LC-MSMS 717] S22
Table 19 #|A]SFH T MRM (multiple reaction monitoring)
modeZ AlQHaFA (e} g™ % ZF14AE MRM
transition2] A F/44 o] &S BRIt ofv| g B
2ol &(m/z=480.1)9 T3 Bo] &S m/z=347.2, 373.9,
259.12 AA s on, TR A BRI & (m/z=2318.1)d]
3k Dol 28 m/z=184.9, 1289, 121.022 A3} Th
o]F ol F m/z=347.2 (CE:30)Z olmzgde] Aol
o7 MAASAIN, miz=3739 (CE:30)¢ m/z=259.1
(CE34)E ofnjaddle] FAolo = At ZFu
21& m/z=1849 (CE:16)5 F#Fol2oz HAQ3IAIL, m/
z=1289 (CE:16)%} m/z=121.0 (CE:14)& ZFU21e] A
Aol 2o g HAEYTE LC-MS/MS AErFE T O 2 HE
A2 AR GA] o] A2 HAS AIRMIEA| FF

= ==
FE ol gt AAH AR FHE o]gste] AlMEA
FS AA s
7 go —Léo:’
HFAdHe] 78 TP ELS ZFEHGEA(SBR-0080,

Labntools, Seoul, Korea)E AMHg-3}o] 33| WHEsle] &4 3}

&t
FUHe) 9 e m-zﬂa_——ﬂs% ol8siel 413t
]

A EBEEZ =45 2 P TS FRE
A7 o] Y REFHES o g3le] AR AT

7L

Hd 72 syringe filter (nylon 0.45 pm, Hyundai Micro,
Seoul, Korea)E& %3217l & Eclipse XDB-CI8 column
(4.6 mm x 250 mm, 5 pm)°] 72 HPLC (Shimadzu DGU-
20A5R)A 5 uLE FYsH] 215 nmol| A Pak(malic acid)
I A EZAKcitric acid)S 23R o] 5742 20mM
H,PO01 S ™ 42 1 mL/min® 2 FX] 513t}
& Eojul=y siE=E

F4A 100 pLE go] L= 1000 pLet £33 Folin-
Ciocalteu’s phenol (Sigma-Aldrich Co.) reagent 100 uL-S
7bete] Egste] HAolM 627+ WAIR ¥ UV/Vis
spectrophotometer (Optizen POP, Mecasys, Daejeon, Korea)
2 Agste] 750 nmel A BYEE S F Eel
=24 3}3HE(total polyphenolic compound) L gallic
acid (Sigma-Aldrich Co.)S ¥FE=2 & dlo] ZAHE FF

o zFE A4

A EM

o] A B2 FAHS A petri dish (@35 mm x
20mm)°ll 10mm 217} H =5 7al M2HA(JC-801, Color
43} Hunter2]
ojwf AHE-H EE
b" e 7247} 98.72, 0.05, 0.57°] AT}

Techno Corporation, Osaka, Japan)E ©|
A AR e} A A4S RS
ELEEE AR

A 2AERE F T 20kg 71%0§ IR A=
| Zol& 33] o]

SPSS (Statistics
Package for Social Sciences, version 23.0, IBM-SPSS Inc.,

Chicago, IL, USA)E ©]-&3t4] one-way ANOVA #4]-&
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Ty, FFLETHAZE JeERSlT 2 Al H
o4 Atole] BAA &
HSD testE ©]-83le] #4319t

SR & AloHiE e wet
A AT RS 717k E opvjad

2, TR R F ARl (ol 2g s R o
2

o] &9 & WskE Fig 19 AASAT A3 A
F(Fig. 1A), olr|2gd2 FHSA UHYE 2ol 543 &
7hek & g A7EA] FHAEit a0 2] oAl AF F
7het o o] Fofl = FRSA B AIZFA] A &AM A
ke FdS JeEpTE 22Ul Y Ak Fo1s

o Hoj Ao =ggh 3 FlsAdo] ghgd friA] A &S
A Aaskein ooy el Shers BF 3L
3 F AlohilgAl g3 FHESA 1Y Jol F
7FeE & wld 2R ARHe R FUhek & 1
S5d W7px] A&sA Faskdnh ArAsH e A
(Fig. 1B), oPr|2g S &3 o7fg Apoll 7HE =2
S B F FREA 48 A7 &M Ao,
oNE A7 FheE = A &S| A] ghaet
FFe Bk 2EA T F ARMNSA T Fs
T PG S5 AR A&
T} o] ¥ A 3 AP oA
dE F AlhgA] g st mlaA e o agd
2 WH3lol F-AFEFI THChoi & Kim, 2020). wi2l E350)
2} 2golatAnh, midde] B3 3-470g o opwlagd 3
go] Aol =esh=t, ole B3 Al YA st= RSt
o ogh wid eJRE FE % 7 AR T EdolE

o] HFo| TE3ATU=E AL FATFTHChoi & Kim,

of
=

N
ol

)
i
o oX,
o o O o\ W

d

O

ool oY ox fff

60 60
A —@— Amygdalin
—A— Prunasin

—3— Total

(wdd) uiseunid

Amygdalin (ppm)

10

ols 1 1 1 1 1 1 1 1 1 1 1

0 1 2 3 4 5 6 7 8 9 10 13
Sugaring & aging period (month)

2020). & Aol vjAs gel Yao] FsF APE G
271205} %4710 FRIAA A, AP 59
= 7

o] 712 w(Son et al., 2017), 2733} 27333 o] A
oAl gaFo]l H Iy Aol =l 2t 471 Y 3719 o]
FH717ve 7 Agrel A Ak S AR o] Aokl A
2 FREA 717k AXH AASHET 9535 =2
e A tHFig. 1). ol Ato] Aok 7l A
2 B x FFol EAst= Al A = A ZHH
K71 olai=lo] 917] wjFelt}t, Awlo) &3l @)
A @A, A5, A, Bgol 5)] At g (kv L
gy T2U)E A0 Z Mo g 2o o
A8t Aog d#HA YtHKim et al, 2018; Choi &
Kim, 2020).

AFA N AFAEA Y] FHEA 717 g ARG
A FHF WSS Fig 20 YER AT A FA 3 AR
o] olmagHe FHEA MY A SR & I
A S8 AR A &ElA AT 2R Ule] A9
A=A e 2] AEHA e s71E 2ol A
H 5 s 48 AR ZRH R A Al
7t ol&59] FHsA 717k mE F A EA| S o}
vl agd gEFe] Wslel 72 e Jel o9 7

Ao] A3 A aka-Ag ol M (Fig. 1) ¥

tlo

Ei
=
e

ST - )
4 e N

~

1

_
>,

Jut

N
Lot oft )y o

m

_{

1,850 2 3800 FFEE AShA HAA 7)F)
ol9thFig. 1 & 2). ol} e Avke A%e] M3t B
o) Aok A gego] e Aol s whe F5ol]

o2 A7HETN(Zhao, 2012). AT7E Aok ARe] 4
G| o) Se] A Ak TPl JFS vXE

=4

al
rlo

10 10
—@— Amygdalin

B —A— Prunasin

—— Total

£ 3
2 c
>® 6 Ga
£ (2}
g =
—_
<) °
> 4 43
E 3
2F 2
ol L 1 1 1 1 il L Il il 1 lo

0 1 2 3 4 5 6 7 8 9
Sugaring & aging period (month)

10 13

Fig. 1. Changes in the cyanogenic glycoside content of whole apricot (A) and apricot flesh (B) chungs during storage.
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—@— Amygdalin —@— Amygdalin
A —A— Prunasin B —A— Prunasin
—— Total —— Total
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iy i~y
e I = 209
Qo < o c
£ o = 15 2
© 5 < 5
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o A A A 1 1 'l 1 1 1 o A A A 1 1 'l '} 1 L

2
Sugaring & aging period (month)

3 4 5 6 7 8 9 10

2
Sugaring & aging period (month)

3 4 5 6 7 8 9 10

Fig. 2. Changes in the cyanogenic glycoside content of whole plum (A) and plum flesh (B) chungs during storage.

Aoz Aztdnt A7E 58
£ 20224 7HEO2 Ao

71Ht} 35 T ARl A 4
et al. (2017)2 &5l 7
F}-8-9] olu| 2 ko) 7]—7§>P
Zhao (2012)& 279} A5l
Z‘J_T’_iloﬂ r:ulo].;/_ o]_,_
AE7} AATHETE He ’“%9] o}ﬂll?af
< Rk olue} AR =2 FEAVIR

agd o] 5438 AHojA AFAlA F
ko] 3] A 7

Lee et al., 2017).

2710l s AARE A
]"/H HZV]E 7]‘:]'34 T 3
S 73T Lee
'—TE]C}}E o A 2}
sttt
270

Al QFHl A
A&d Zoez Azd 1jr(Zhao 2012;

ppm . E F AP A T 3.0 ppmO] T A HT}
Aae o] SojH oz o xokig| shEke Leh)

Aok, w A AraeH SAZS A z3] 9%
ozt @ dxjele] w2 ARhEA Tl o220 W)
= FEEA @At A AFH I ARFHEA ] Al
A= Fig. 200 AAIE A 7ol 1021%-2] 1 ©¢(ppb)
Z2320]7] wl&ol Table 29] A|SHHGA]l & T (ppm)ell
Me AEHA de A2 AAEAT S AF A4
A Aol tigk AlQhEA| gHeFe] 71E A2 EAI8HA
A RE, B Ae] P77k fAFsHA AlxE wiA
3 #¥ E3(Choi & Kim, 2020)04] AA)& ofm] 2e-
$13(68.5-179.4 ppm)ol] HISFH 2 A7e] HdH S9F ]

AR A] e v el
ey 2tdES| AQHNEA Bt
LA gFe] AIPEA FFS Table 20 AlAER M RHEES| ViEY IY¥EN Y
o AR ohnlagds TR 27 183ppmdt  HUY YFS] e LFES FF TS Table 2
6.4ppm o= F ARMNIEA] TS 247 ppmol Tt A ol AAEAT 7R L@ =S ATA I AT olA
H5H e oppjagddd zFUYL 7 # 24ppm3} 0.7 ZHZ} 53.6°Bx9t 53.4°Bxo|H, AFH I} AFH&H e 7t
Table 2. Characteristics of apricot and plum chungs, followed by filtration and heat treatment after aging for 6 months
) Cyanogenic glycoside (ppm) gs! TC! Organic acid (%) TP!
Stone fruit  Part - - o o — —
Total Amygdalin  Prunasin (°Bx) (%) Total ~ Malicacid Citricacid ~ (PPM)
Abricot Flesh 3.0£0.0° 244£0.0°  0.7+0.0°  53.6+0.0° 48.6+1.4° 1.2+0.0°  0.2+0.0° 1.0£0.0°  58.2+1.3°
P Whole  24.740.5° 18304  6.4+0.1*  53.4+0.0" 37.9+£0.7° 0.7£0.0° 0.1x0.0° 0.5£0.0°  49.0+0.7°
Plum Flesh 0.0£0.0°%  0.0£0.0°*  0.0+0.0% 53.4+0.2° 48.7+1.4° 0.3£0.0° 0.3x0.0° 0.0+0.0°  70.0£5.0°
Whole*  0.0£0.0°°  0.0£0.0°*  0.0+0.0%° 53.5%0.1® 37.940.7° 0.2+0.0' 0.240.0®  0.0£0.0°  36.9£1.9

"Mean values of three replicate measurements; values sharing the same lowercase letters are not significantly different at p<0.05.

'SS, soluble solid; TC, total carbohydrate; TP, total polyphenol

The actual values of total cyanogenic glycoside, amygdalin, and prunasin contents of the plum flesh chung were 10.4+0.2, 9.3+0.2, and 1.10.0 ppb,

respectively.

3The actual values of total cyanogenic glycoside, amygdalin, and prunasin contents of the whole plum chung were 12.3+0.3, 11.0+0.3, and 1.3+0.0 ppb,

respectively.
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7} 53.4°Bx9} 53.5 °BxO|Ath A3 AFFEAH RO A
H53 3 AFHH o] A FA R Hdo] 1 ARE-E o]
AT ST AFHREA O A LY E FEel =& A
o= ooy, e HYA e Mg IFES B
o7 FolFel xFo]E Hol|A] At o= =
I AFASA | AMEE FFe] o] AH oz Wl
% Eeba, A AbF A o] ek iR
Aot A F50] R AR ol AR TF
|4 1P =0 FE FdH o] Alxd A= A7t
Hdg o TF T ), AFASH L AFHSH
2 7}t 48.6%%F 48.7%°1H, A B AFHL 37.9%
o} 37.9%=(Table 2), 7573 2 A3 o] 24473
9 AFHET FoldoR =2 FEoeh Aridsg 3
ARF5e] T TR Aol A4Fe] 5 uhEt A
oA qt, HFH o7 Z}z} F 10% (Karatas, 2022)9} 5%
(Jung et al, 2005) W&, FHS Sl H7isle Augd
o] FheFol] Mk wi-g- wlm|gk ol wepA] 2
o] A¥te AFHASH 2 AFHASH AxE F3) @7}1‘4
= Aol ¢fo] A AFH A HUbE e ARG A
Aoz W) wiEoz Azter)

|_o|x-| QPA-I-u-oI 07|A|. %

Hdd H3F9] vﬂ*& fJ;P 2 Table 20 YJER|ATE
Aol AHFe] Fo {714k Atk Edstelw, sE)
2k B2 EFE SO ElEk A sh= 74°i deA AL
(Jung et al., 2005; Karatas, 2022), "j& ol X &= Al
FAAo] TiREe o7 HIFEIT AQoj(Mun et al,
2019), & Aol Abbatat FAMNE AFstal o159
Fog F f7Ii FFo R Stk T f7IRh Al 2
TAMN S AFASH I AFHFH o] A AT
RO FoHoR ERoH, ol flite] AHT FE
Fgo] Bxsr] fEo2 BztEthJung et al, 2005;
Karatas, 2022). 3t o] o3t HdH o] 4 F A}
Ihe FALe 2 HstE o] AlzikE T FALE o] T
=& oz d4#HA AtKShim et al, 1989; Mun et al.,
2019). & AollA A AFHSH A= olfgh B
a8} A s 28 v AFR I AFHEH oM = A
Aol AEHA] ket ol AT FE mE FFL
2 AZE B3 AR AR 571 o
A AT IS R AEE] He FEolde, ol
2T 8 A7 BT =4 FEEEA AR S5A-8-9]

1A= fr7lrte] AREEISIZ] W= AZbEth(Shim et
al., 1989).

]
S savg%}gl % Zssd §}§;¥ 2 Table 2

o AAskA 4

ey HdEel Edjulsy stEE

X

FogA 3 A7Re] = 2= o

Table 3. Color characteristics of apricot and plum chungs,
followed by filtration and heat treatment after aging for 6
months

Stone fruit ~ Part L a b
Aoricot Flesh  77.1£0.1°  2.6+0.0°  20.9+£0.0°
prico Whole  79.540.1°  2.9+0.1*  21.7+0.0°
Plum Flesh  74.8+04°  25+0.1°  11.9+0.0°
Whole  88.0+0.5°  1.2+0.1°  11.940.1°

“Mean values of three replicate measurements; values sharing the same
lowercase letters are not significantly different at p<0.05.

Z}7t 58.2 ppm¥}+ 49.0 ppmO| AL, AHFHEA
70.0 ppm3+ 36.9 ppm©| AT, AF2H57 2 =}
FHFHY T Eeued FEFE AT S AFHEY 7
o ow =L FFES UEMAT ol A AFA
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