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Abstract New types of vinegar drinks are being processed and developed using
various raw materials. In this study, a beverage containing a mixture of 0.25% red
ginseng extract and 5% Prunus mume fruit vinegar (RPV) was evaluated for its
anti-fatigue effect on high-intensity exercised rats. RPV administration markedly
enhanced running endurance and significantly decreased fatigue-related serum
biomarkers, such as inorganic phosphate, ammonia, and L-lactate, compared to
the other groups. In addition, RPV administration increased glycogen contents in
the liver and muscles and decreased creatine kinase activity in the serum and
muscles. RPV administration also remarkedly increased the activity of lactate in the
muscles. Furthermore, HPLC analysis revealed that main organic acids in RPV were
acetic acid, malic acid, and citric acids. Overall, the results indicate that RPV
improved fatigue recovery in exhausted rats, thus proving a promising material of
functional food to attenuate fatigue.
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1. M2
2 et FAH - G4 2ol EtsiA WA et
o 7150l AEE FHE Arth(Bal, 1979: Kim, 1997).
AAH AEFHA 9 AFH =07 Qs ggEH =
EPJB& *Mt Fog mzo A&Hor LEHY ‘E}(Shm 5, 2008). %ZI Zo|1
FAIEL oA ARS SAHSA, FelRtHZ2RE Y MJ—
HKang 5, 2014). 18y Hedt 252 T ouAE
é.E_EﬂAJ 4, 25d 2 AFFASHEY] S5, A9 i
o] =9, ofof w2t A= oUAY B, F2E drMtEY Zﬂﬂ 2 AlA wst
611 JYRET $9, F2lo] 27 EHKumar, 1992; Park, 1995). wehr &% 9
golA o= FAE FRE #EA JAEAAZ HEAF A 9+ 52
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stopar o 4= Qloh

T 2{do] HE JAREE dEYoHammonia), 24t
(L-lactate) ¥ 28 ZA(glycogen) 5°| LA UoH,
o] 2452 HEL 9 Y 55Y ARE AHEHY
Xu 5, 2013). 3, 22Hl o] 27744 9] &EAIZER
FHE NS AHH0E it AEE T &5 Al
AW Asid, oA 9 AR wiefgh &4 oyt
A A lon, F7|l4it 24k dEYol 22 nE Z4
52 SAANA AE U 45 $59 =25 WA
(Cho, 2017; Kim, 2015; Robergs, 2004). E3t 59
2 QIst £8.9] FESIA| Alxutz} 22 1ty] Fo] dojit
WA % creatine kinase(CK) &7} &7}t 30|
AtkBanfi 5, 2010). Lactate dehydrognase(LDH)=
7194 Bhe& Sl FEe] ARt dassE 2AkE

mFEARC R Aghsta] ZAte] tARE FAAITHZheng

5, 2018). 2ERAL Er FIARA F2 ZAIY
Zboll A ZASHARE, et 2= &4 - AFET, F

B2 IEARA A E Al&sHA BT = = WAY
o 2542 Aoz ZAE3HOrtenblad 5, 2013).

WA (Prunus mume)Z WEHF] HAZ L-2uete]
A ZHAo A 4] - FE o' o §HI Q= YHuEo|tt
(Ko &, 2007). 275, JEE 59 A4 =
A A st 93t 4F, VI, €8, T AL
THES ¥ FEE AR 7|5E0 Q1A v F
7143} citric acid, malic acid ¥ succinic acid 59
f714to] SRR et I AFo R Lolad, &35
&, D238, gt E e 3 Qokal g A SIthKo,
2007; Paik, 2010; Sheo, 1990). §3] "wja2 434
A, 5 Al AW ARIhAL /493 wHE A|A 5ol
27} Qekal HarE o} Qitk(Park, 1990). wHhA] w49
o|#et 7|5 HsI HEIE G5 T2 = 5 U
= Zo= 7"

Az QW JARE 2= EF9 Al BRRE 71K diE
ARl HHAE F SMHEA 2ARE FAHELE TRt 771
At opm|ieAl, R E wdEE EZFetal Qltk(eong,
1996; Jeong, 1998; Johnston, 2008; Lim, 2010). 4%
= &K ZA(Fushimi, 2006), 1238 Z2(Fushimi
cr

2005), 2% Al A4S Si(Ryu?t Kwon, 2009),
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3
4 sHAse vEY 5 AEEA A% A (Sung &,
2013) 59 a%E 7= Aes SEUT B3 A2

Tt 2087} ofd 7]543
AFOoZA FELT 9} (eong 5, 1998).

S4Kred ginseng)> 4K Panax ginseng)s SASHAL
AZAK A0 oA o8& o] gal, F2 ZIA|lAfo]
Z(ginsenoside) Rgl, Rg3, Rb1& T} ¢l Qlof =+
W A37164E22 o851 JrHKim, 2007; Kim,
2017). @A7HA BaE 4] AY8dS 5HAS) o
(Uemura &, 1980), @3735KYokozawa &, 1984), 7+ 7]
5 3E(Uemura &, 1980), 998 S74(Ha 5, 19806),
FUE, 255Fsd S, TAE 2 FERA} SRl
UHChuet Chen, 1990). 4] ©EAE]o] <3t 123
5 9 2559 Pl tiet A= olFoiA Jlou, wiA
|29k Sgt=o] tiet P& A ¢ o] 7|54 AlE
s fAgt A+= A9 gl AAolth

webd, &2 Ao = HE23E a5l e MAdE
HE=2 Iag vjaa 2o} ZA4ke] S9kEof g

|

P~

=2 X3 3 mdoA A1d 27 9 J3ehA 7
£ #EE 56 5 H2IE anE A= 7154
AZ4AS0] Qlo] 712 AR EA F8sluAl T

2. XMz % diH

2.1 AgHe

B Ao A ARSH A(Prunus mume)S H0A A
e AS FYsto] sAAPHS &AM A& o=t
of 35N XL, vl 5FAL @olofA7]&ATA
oA FstA. T4 FFHL @I AMTANA d=
£ Fdste] Aol ARE-shlH

2.2. SMIHAE B85 22 HZX

A4 %2E Kim 5(2020)9 ¥Ho2 Aottt
As=d 30 mLet SF7F 750 mLE EY% & v 559
o= HYsto] 16 °Brix® XA} 27| A0
Saccharomyces cerevisiae KCCM 11306(5%, v/v)&

HEsto] 30T, 2¥ B9 ¥R & Adventec 110 mm
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No. 2 93A(Toyo Kaisha, Ltd., Tokyo, Japan)Z ¥}
oto] miAl AFE YR AAS AUt A I AR
Hof| Acetobacter aceti KCCM 12654(10%, v/v)& A=
sto] 30T, 200 rpm, 10¥ B ¥a & 1,700 xg 5%
S AAEE Tt FTHE Flote] WAL xS Ao A
&okoitt. 24wk AAst7] A8l 5% mAA R B4R
o A=A 0.25%w/v) FFoE Eetsto] Z4|AA]
3 —25:—@ % £ AZsAH
2.3 SMINAE S5 229 SIIA i
5% uH/\u _%QE(PFV) 0. 25% S Pl.—_tﬁ_oH(RG) hui} _Q_/U'
Az 23 2F(RPV)= 0.45 ym membrane filter
(Advantec, Japan)& o3 & EA5I9th |74 42
high-performance liquid chromatography(Model
Prominence, Shimadzu Co., Kyoto, Japan), 5714t &
g]= PL Hi-Plex H A™(7.7%300 mm, Agilent CO.,
Santa Clara, CA, USA)}& AR&sto] 65T oA ==t
ol5AL 5 mM HSO&Z FAHUL, flow rate 0.6
mL/min2 44 SAEHUT Z+ Al5E 20 pl=2
injectionA1ZATth. HZ&7](RI model RID-104A, Shimadzu
Co., Kyoto, Japan)®] Refractive IndexE o]-&sto]
2 47149 retention timeX} ¥|15to] Alg W ZF 37

A3t IS T3S Felste] S,

24 5543 24
24.1. HYSE M8
AYFEL 4537 Sprague-Dawley 73 FE &

Aol A (Daegu, Korea)ollAl FUst3itt. %% AHeE
< F2(22£20), F5(60+5%) 9 1242 1H49] FF7|=
259, dyHoz H]v_—%ﬁ(sedentary control, SC),
£-5Hexercised control, EC), S45=dH exercised
with 0.25% red ginseng extract, RG), U"jAAZ-
(exercised with 5% Prunus mume fruit vinegar,
PFV), S4tmjAAlz &3 SR (exercised with 0.25%
red ginseng extract and 5% Prunus mume fruit
vinegar mixture beverage, RPV)C.2 Z} 6ulg]¥ Ui+
of 15Ut 7 & AREskelth sC
EC#S 14T 50 vist 23 g]lsty| s Aot

nPAjo|2 2gA
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k. & AYolA 1 4olet A= AREA THEUS
o, BE AR AFFS 49 FAE 60 kgo & 71gst
o 19 A3=F 100 mLE HEY FofzFo s HEHAlAlsto]
10.4 mL/kgl & AFst L, e+ 512 &
Fo SHFE Fooilth. ZF A5 9] Fol= 45 5ot of
U 22 AIZKH10:00)01 13] 6% B AFFANAL, AR
Fof 308 & 1AL 252 T2 wet HPstlct
(Table 1). 5242 Foldsty 554 a4l 9
st} AAISHATHDIACUC-21-4).

242, 23 o2 2 X723 =9
Hl 572 AlQJetal YA 3+ Ego]=d(Treadmill
DJ-344, Daejong Instrument Industry, Seoul, Korea)
< 5l = 534 45 5 LT ARl A Fsh
o= APt &5 ZEIHL 175 43704 47
20 m/min 10&, 25 m/min 20%&, 30 m/min 20&, 35
m/min 30228 ZEE F7HIZT 47719 20|
B4 T BE #2240 m/minl & EEA st EFo|=
o EFE9 A7|dof| 10% o4
HE GRoE weste], &5 Fof & S/ g1 A
e EAsto] AFES BRI 23§ F= ethyl
ether® TFAIA PAIZ] F st dof| A fHsto] 24]
7H B Aol HHASE & 2,500 x gollA] 208 & YA
5—?43}04 242 29kt 7 9 HEIS 5k 4
F& o F Ao AEsHlH. Ee AE2 -80T
deep freezero] HISITH

27014 g BANS

2.5, OjZ 23 Bfo/207 &
2.5.1. 8% XEEN

E4 Y ammonia(K370-100)2} inorganic phosphate
(K410-500) 5=+ Biovision kit(Biovision Inc., Milpitas,

Table 1. Gradual loaded exercise program

Program Duration (week)

1 2 3 4
Speed (m/min) 20 25 30 35
Time (min) 10 20 20 30
Frequency (days/week) 6 6 6 6
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CA, USA)E AF8sto] £7901311, L-lactate 5=+ lactate
assay kit(ECLC-100, Bioassay Systems, Hayward,
CA, USA)E ol&sto] &Ittt

25.2. 2t ¥ 2] WY glycogen & EM

Glycogen &2 Cho 5(2016)9] ®of wiz} £45}
Aot 7F 9 28 23 0.2 gol 400 ©L 30% potassium
hydroxide &3} WFS-A|7]2, 3087 £ & 25T A
YZhA 71Tt 1 o2 1 mL ethanol& &3HE0] H7kskal
0,000 xg, 4C, 15% 5 edEdsiaitt. 1 & 459
S AASIL pellet& 0.5 mL distilled water?} &3t
% 0.2% anthrone €92 71519 glucoseE 71i-3f5}t
Aot #5207 spectrophotometer(Spectramax Plus
384, Molecular Devices Crop., Sunnyvale, CA, USA)
£ o8&t 620 nm=E FFEE SHSIAT

253. 28 U EA L creatine kinase(CK) X lactate
dehydrogenase(LDH) &3

At tiatel TAH I Hio] uAE Bk fIsl F
9 St HELE 0|85kt 100 mM potassium
phosphate buffer 5 mLE &&%4 0.1 gofl H7I5t &,
AN=E #Asbelrh. #ARE 10,000 xg 4T, 158 5t
ARSI A4S B ARSI, 32 =
ARl 25 W CK(ECPK-100) ¥ LDH(D2DH-100)
A7 €4 W CK 4L colorimetric kit(Bioassay
Systems, Hayward, CA, USA)E Ar&sto] &A1t

2.6. EAx/2/

< HolEl= B ¥ ESHAER HAISHL, Statistic
Analysis System(Software 9.4, SAS Institute Inc.,
Cary, NC, USA)Z ©]&3 Duncan’s multiple range
test® ZF AT 719 R4 HSE UEATHp0.05).

3. Zat U JpE

. SMNYNE 25 229 RIY BF
7142 A z0] gt} Algtol] S83%F 9 FH,
5|, 2AHFE 5 ZAREO] o8] A== acetic acide

429l 2 Lo, AUeld F+d A=) AuAgt

https://www.ekosfop.or.kr

2 o fA] RIS AAste] BEIE 22 &
(Furukawa®} Udea, 1963; Yang, 1999). 7149 24
< B4 ZA3k= Fig. 13 2t RG= malic acid¥t A&
= ®hH, PFVeF RPV+= citric acid, malic acid, succinic
acid ¥ acetic acid7} A& At E3] RPVY {714t
SFFS citric acid(600.12 ppm), malic acid(617.28
ppm), succinic acid(18.08 ppm), acetic acid(1,654.17
ppm)E UEFo™, £8 {7]4RE acetic acid, malic
acid ¥ citric acid® YO E =2 FX & FRI= It
(Table 2). Park¥ Kyung(1991)2 AtAh, 4 AL
59 F71ARE B E= obn|ieAld Bhgste] 2HeRE £
AZITHT B 15191, Bae (200002 §714F & 4R =
ZHARkgol o5 3ol SRt Bustgth B4 &
E Y glucose, fructose, xylose 22 352} aspartic
acid, lysine, phenylalanine, glutamic acid 53 &<
ofu|iito] o FRIE UK Lee 5, 1998). & AolA

T2 714 g2 RPVOIA RGSF PRVES S7kE
AE A=, o= 5% A2 W {714 0.25% &
AE5H T Ei= opv| At 43t 59 ek Hgo
= QI3 37IE AleETh

3.2 X7E gy O/x= F3F

P2 auo] A2l PR #S] A FEE gl 2
H= Fig. 29F 2t} ECE-2 SCHEY oo A+
o] F7tstlem, RPVHY &&5AIZHE 138.83 minl &
RG ¥ PFVZETE 247} 14.42 ¥ 23.96% S7Het ZAo&
WP tHFig. 2). Guan §(2022)2 D-glucuronic acid,
fructose-1,6-bisphosphate, malic acid ¥ oxalacetic
acide UA YL E AHEE & QUTtal §19l2H, Cho &
(2017)& R714ke ohg o3t QolA 29| H37F g%t
39 AFEE A 4 Aok Baskgl 7 A
oM & ECE2 Bleswd SCEEH Fofdez
Aol F7h6et, ole IE 5 99 avE
Al Eh 3, RPVE AFIRE 79 Aol 7MY &2

Ao 7 FOIE]9 =], o= malic acid, acetic acid 59

e}

S7ALE TheF 9T BA AR B3 SRt A7Ee
A7 Ao BYE, o]F ATolN FuE B X

AW 59 4T Uk 977 279
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2l Wl WRI
= Serecior AChannal | Deiecior AChannel | ForACrannal |
g\ 100
150] \ /
2004 Ct . d . .
itric aci Malic acid Acetic acid
100 50
100-
0]
3 H = = ol 2
v
10 1 0 x 0 1 0 0 © 1 2 1
min min min
Rl wRI
3 Deteco ACramnel | DeiedorACRame g
1504 B \ /
1004
Lactic acid Succinic acid
1004
=04
504
S i
v = v -
10 1 zn 1o 2 0
Wi Wi PFV WwRI RPV
Detector A Channel | 5 Detector A Channel | "2Succinic acid Detector A Channel |
|2 Succinic acid L ] o g
25 154 < Acetic acid 154

Malic acid

Citric acid

Citric acid

T
25 30
min

2% 30 0
min

10 15 20 2 30
min

Fig. 1. Organic acids in a beverage mixture of 0.25% red ginseng extract and 5% Prunus mume fruit vinegar (RPV). (A) Citric acid
(10.806 min), (B) malic acid (12.493 min), (C) acetic acid (18.641 min), (D) lactic acid (16.234 min), (E) succinic acid (14.851 min).
Organic acids in (F) RG, (G) PFV and (H) RPV.

Table 2. Organic acid contents in a beverage mixture of 0.25% red ginseng extract and 5% Prunus mume fruit vinegar (RPV)

Sample Contents (ppm)

Citric acid Malic acid Acetic acid Lactic acid Succinic acid
RG" ND? 164.11£23.18 ND ND ND
PRV? 562.05£19.21% 378.20£14.33 1,503.44+38.64 ND 20.15+4.42
RPVY 600.12425.53 617.28+23.15 1,654.17+46.49 ND 18.08£1.10

"RG, 0.25% red ginseng extract.

2PRV, 5% Prunus mume fruit vinegar.

9RPV, beverage mixture of 0.25% red ginseng extract and 5% Prunus mume fruit vinegar.
“ND, not detected.

9Data values are expressed as the means£SD (n=3).

Aox g A, FEUoRsEE SCE £l Aol7t gigiont, &

AFSEOA ARl ZolE Hirh RPVEY] F7IQ14L, &

3.3 EZ OZE2Z Hafo 0/ J& Yol 9l ZAo] £=2)= 22 0.67 mM, 24.28 mmol/L
SAAA 2 23t S50 digh FHE fIE ERIsH] 4 1.75 mMZ 2RIE o, RGE 9 PFV+9] I=2&E4
A8l 2% n2EAE Yo tHFig. 3). ECY F71d S v ARHS o), F7AA = 242 44.24, 45.98%
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= T
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=
o
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E
= d
2 60
=}
c
c
=
X 30
0

SC EC RG PFV RPV

Fig. 2. Effects of a beverage mixture of 0.25% red ginseng
extract and 5% Prunus mume fruit vinegar (RPV) on running
endurance time. Data values represent the meantSD (n=6).
Significant difference was determined using Duncan’s multiple
range test at p{0.05. SC, sedentary control, EC, exercised
control; RG, 0.25% red ginseng extract; PFV, 5% Prunus
mume fruit vinegar; RPV, beverage mixture of 0.25% red
ginseng extract and 5% Prunus mume fruit vinegar.

3, PRt $X& 242t 32.63, 36.66% © R
dEhon, BAE £79) A9 25.13, 26.47% © A4
GO LE SX|oJA] §2I29l 747t SRk Fig. 3).
Kim 502002 T35 25 & 3 Zdoy §7]4-2
o BhY uﬁgﬂ 29 4 93 27100 4R

L_
I
2 FHEURY AL ATALY 55U PYB

= LH A7} vleEol vl 5tollA] FHAsHHA],

TS 5o 25549 "7}?; ‘ﬂﬁ At FE9] A
7} Q1= thSeok 5, 2010). ®
ot yo} 43L& v &5l sc;LJJf TE:Uﬂ ECZ]
A FYHQl Aol HolR] YA, ECHY FAtske
SCETH foH o0& ZAAste=t, ole 252d &1
o= gt LE5Y9 TVIE WEY, b 27
AT} Aol Q= AR AlmETh EL ujaAxet B4
SN o HHED SHAAx 5% S8 AT

a

=
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3.4, ZF Y ZBXZ/9 glycogen B2k O/xl= &gt
AW AR Aol F4=Ael 2F 2 25 W S
2 AWM= Fig. 491 2t} ECEolA 7 2 28 4 292
SRS SCHET 242 32.46, 29.59% H S7Ie Aoz
UetdE A o]l 2lolE BP, RPVEY 7 2 &5
U 22124 =S 27} 288.44, 22.84 pg/gl & §9F
o8 M &2 AR I 1 W 2937 Y
7% RPVe] RGT ¥ PRVEETH 2+ 18.95 E 21.50%
2 Z0E Uegon, {fo%l Holg EArHFig.
4(A)). TS RPVHY 8229 22| FA F2 RGHE
9 PEV Bl 3S o, ZH2F 16.57, 19.53%& F-JH 2
2 Z71E $2171 ER1EUHFig. 4(B)). Hsiao 5(2018)
< A WA Y EFE AHE sEFcH MR 2
oA & W S I ko] fREEY FoHoR F
71, ol &4A WA9 triterpenoidet A4F W
polysaccharide -2 =& E4o o3t 0235 &
ehal B skity S Fushimi $(2001)2 ofA|EAL
TE2 8 Fo i vt W 224 BEZ PR
ot Bastleh B3 EYEY &5 TRIHS AAR
Follx 259 AR Qlsf 7+ 9 L5 Y 2224 o]
Hl &5 ET 5ol Fo80R F7ksith(Hwang
5, 2016). & Ag 23}, v5#9 SCEEY 2579
ECZolA 7t 2 25 W 237 §=Fo] 371st.om, o
14T &% T2IWS 53 259 anE wod
Egh wjAAx s %ﬁ%ﬁ'ﬁ—%% 4E AFHol9S gE
& AF AT E HE 7 o] fojHor
~7}6}°ﬂ—tﬂ ol UH”'—‘JECH] E3HEo] s ot EAl
1 Q= RPVOA9 &
lﬂi°ﬂ et A5 2hA], oA EAF
polysaccharideE 73 S4tiAA 2 &9 359 AlY
A azel 7+ @ 28 FE I HES B9 oyA 3=

H
3} wlstel guz Aol St Roz Amgd.

ol

= oo

g
!
O
b

i
o
k)

m[m ol
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Fig. 3. Effects of a beverage mixture of 0.25% red ginseng extract and 5% Prunus mume fruit vinegar (RPV) on serum (A) inorganic
phosphate, (B) ammonia and (C) lactate in exhausted rats. Data values represent the meanSD (n=6). Significant difference was
determined using Duncan’s multiple range test at p{0.05. SC, sedentary control; EC, exercised control; RG, 0.25% red ginseng
extract; PFV, 5% Punus mume fruit vinegar; RPV, beverage mixture of 0.25% red ginseng extract and 5% Frunus mume fruit vinegar.

35 o.'IX-I g/ JOII/O/ CK (=1} LDH o// ﬂ/x/‘— 070’
& & oA RPV Aol e 24 2 25
%A Y creatine kinase(CK)2} lactate dehydrogenase
(LDH) &< 33t Z3k= Fig. 50 YetQich & A+
oA RPVES 8% 9 &5 W CK X 27 465.42
U/Le} 33.05 U/LE Herth(Fig. 5(A)-(B)). RPVES] &
A Y CKZF RGHE 9 PFVEH v|wslgS o z+zt
54.22, 54.62% © ¥ $AE B, 5% W CK $A=
RGZ¥} PFVEETH 217 32.21 B 34.46% © 3 &<
HojA 94 3 <5 W CK 842 RPVOIAM Fo3 2
2 A% AE WS 4= Q) Lactate dehydrogenase

(LDH) 84 A= Fig. 5(C)ollA Hol= uie} Zo] RPVH

_771—5

ol

520

o] 140.13 U/LZ RGZ % PFVIZHET Z4ZF 44.76,
18.67% A2 & Uttt AR 942 Kim &
(2020)2 HjAAI 29 BEoj7} 14T 258 S F9 LDH
4 2719 CK B4 7448 B9 02 38e ANt
5(2022)2 13 B4 e A7
CKO| 42 #AaAA 414 Hz 35 bgs £0al
BUsHATH E3k IDH 4% 14T 85 A] ZAko] tjAr

£ A AY AdA BAe STl Harg bt

Ut(Juel 5, 2004). & AFZAHo|A RPVHY B ¢
25 Y CK 32 §93 07 ZAAAA &8 SARS £9]
I LDH 4L 273+, o]= PFVY LDH &4 27}
4 CK 24 74 833 RGO CK B4 dAl 259 Al

1 B89, Yang
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A (B)
400 30
a
a
5 300 ¢ b T B b B 1
o b >
=] 2 20 i T
= Cc — _T_ c C
c [}
[} o
g 200 8 d
o d >
3 5
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2 .
3 400 } 2
0 o]
sC EC RG PFV RPV SC EC RG PFV RPV

Fig. 4. Effects of a beverage mixture of 0.25% red ginseng extract and 5% Prunus mume fruit vinegar (RPV) on glycogen of (A)
liver and (B) muscle in exhausted rats. Data values represent the meantSD (n=6). Significant difference was determined using
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