T AN H 2 8P X 39(4): 193-201, 2024
J. Korean Soc. Food Cult, 39(4): 193-201, 2024
=2 A ARSIl ols.

Copyright © The Korean Society of Food Culture CrossMark

click for updates

ISSN 1225-7060(Print)
ISSN 2288-7148(Online)
https://doi.org/10.7318/KJFC/2024.39.4.193

HE Z2m Ao 2 A 23t 2|3, QA Eatz], e g
AHAF 2108 (Quantum Energy)?] £ AJof @2 T EX] Hi3}

w
18
—

48T AU AN LT olmar uER 2
Ak A1 ZE A ga;]—;v,]. 20}5;H6L—r A Z A A8}z 3(

o T
ST ST, AL 4

oZ“:
-H N
%S
r&
I->
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Abstract

This study evaluated the changes in the quality characteristics of extracts (Quantum Energy) from Rehmannia glutinosa,
ginseng, balloonflower, Poria cocos, and Adenophora stricta. The extracts were prepared through a six-day aging process,
during which the pH decreased with a longer aging period while the viscosity and °Brix values were increased. The color
difference (AE) of the extracts ranged from 0.27 to 0.49 for all samples, indicating minimal color change with aging. The free
sugar content was highest for fructose and glucose, while lactose was not detected. Furthermore, the total free sugar content
ranged from 24.518 to 27.646 g/100 g, generally decreasing with the aging time. Benzo[a]pyrene in the extracts ranged from
0.040 to 0.074 pg/kg, which is below the limit of quantification. In addition, all extracts were free of total aerobic bacteria,
Escherichia coli, and coliforms, confirming that the aging method used in this study was microbiologically safe.
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EAA SRR RN st oleliA L, o] Aol
BELE YR, FAT, RS}, IAET 98}, 22AE

=283 5 A7 AR E Ueple ASo® Hist
S (Lee et al. 2008b; Kim et al. 2011; Lee et al. 2013;
Kim & Song 2014; Kim et al. 2016b).

A & (Rehmannia glutinosa)> THAA 2 EZA it
(Scrophulariaceae)oll &3, =, HIEYH, -2y}t SollA
A giet, R gke] Bele I Ast, WY st 9 aks) 2t
fo] 3 Aoz Ax AUTH(You et al. 2011). AT
22 el weh gk 2|8} el E AR Solet sh, A
G AxT AL AN, ARG goF ARle] FHE &
of @zt AA T AL oxfe] wHEste] AlEsEE A
sA|goleiaL gtk X8e] 715 A2 catalpol, verbascoside
o] o, 53] catalpok AR o] A FAFLZ LA
ATH(You et al. 2011). 13 (Panax ginsengye A ZHE ok
& TAOE FHOPolIA F8 o F PR ARSH
o] YTHWee et al. 2012). QA thafe] Alxd AE8 3
ot dom Add Ak o, A 7% 24, id7)s
733, ksl 28 o] Tl %S UEhlle ZeE B
5o} 2ATtHKim et al. 2008; Kim et al. 2016a). =2}HA]
(Platycodon grandiflorum)y= ZFZE32] thdA ZEO=Z
(Kim 2001), 7 #g]= G} HAfart SFstal 24, 2
7, "kl 5 771-0] o $HE AEe R fevt
M g 280 = de] ARSE AL JTH(Ahn et al. 2005).
kel gloll M= 3d o] mERE Aol dHAIE AL
43P (Kim 2001; Kim et al. 2007), o] A4, s, A
A4, 271, 71, A4, H480] a3t e AR o
# A ATH(Moon et al. 2003). W52 5 (Poria cocos
Wolf)e] Wi WA} FL5.8 Seshm, Bedo|gh zhuu| 4=t
(Polyporaceae)e] AUF Bglo|A] zFAsl=E WAl o] th(Kim
et al. 2005). WE-Hol| shFE ehEslE2] 75-85%S A&}
© 5% 3 (pachyman)°] &3 THe (pachtmaran)© = Ha}HA]
ol a3}E Yepltha &M (Lee et al. 2008a), = 2
pachymic acid, tumulosic acid, 3p-hydroxylanosta-7,9 (11),
24-trien-21-oic acid 52 AEE°] 5o JAHKim et
al. 2005). &E=3F, rtst, H7ts}, @9k 5o &t e A
o7 HIES JAtHWu et al. 2004; Gapter et al. 2005;
Kim et al. 2005; Huang & Zhang 2011; Feng et al.
2013). AR 23Tl Sahs 194 2EOF Haol &
I Fxsh, shdollA Ad, e, 19, Al 5 oF
A= olgshH, RIZkeko 2w 7|AX oy 71H, tislks, &
5 5ol 22t(Jang et al. 2015). AMIOEZRE BT A

F9O 2= cycloartenyl acetate, lupenone, B-sitosterol, taraxerone,

octacosanoic, praeruptorin 5¢| o™, o] JEELS I
5 2 ¥Y 23 3= Ueplle ZeE BRyEY
(Akihisa et al. 1996; Akihisa et al. 2000; Ovesna et al.
2004).
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B Aol AREE W 2~E(Quantum Energy)S 2024d
S AL (F)(Daegu, Korea)oll A #|g o} —20°Cel] X35}
Aol ARSI Aol AREE A2k Sigma-AldrichAb
(St. Louis, MO, USA)ZH-E F+3IA9 3L, high performance
liquid chromatography (HPLC) #4]¢ll= HPLCH AloF<
AREBI oM, 2 vhe] Aloke 555 ARSI

2. Xl AEl(Quantum Energy)2| H|Z= 2! &4

B Aol ARg-E R Nelli= AR BH(Rehmannia glutinosa) &
(Sunil Corp., Gunwi, Korea), 1%+ #Z(Cheongjeonginsam
Co., Ltd., Geumsan, Korea), ™5 (Poria cocas) +-'2(The
Goun Co., Ltd., Gimje, Korea) 2 22| 32:3:6:20 H]&
Z = e, 33 FZE(Wonkwang, Yeongcheon,
Korea), =2}4] 5= (Haechansol food Co., Asan, Korea),
APt E2(The Goun Co., Ltd., Gimje, Korea), 37] &
(The Goun Co., Ltd., Gimje, Korea), &3 &=5FZE(BST
Co., Ltd., Ansan, Korea), AHA} 5=l (Wonkwang, Yeongcheon,
Korea)o] FAEE 7o} St RS 3.7=2] A& A
&gate] W3 B Z(Samjinplant Co., Yangpyeong, Korea)l
A 0-697F SREIAPE Sl SAsislen, 4 63k %
NS 2F FER 2T A 13Ul 83x2°CellA
TEEINCH, 2407 $91 <4 4GAPllE 20+10°C] A2
oA 24x7F FRF WAL o] F &4 5= 83+2°C
oM 22} FES AT 24417F o] %R A 6L}l
= 95+2°ColA 587 SR § 2gow ST &
AFollM = 54 AP F59E 77 a}
gator, &4 6d Folle XFE J ~ES o831

o} S E F=dLE <Figure 1> 72t}
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<Figure 1> Appearances of the extract (Quantum Energy) during aging periods.
A:day 0, B: day 1, C: day 2, D: day 3, E: day 4, F: day 5, G: day 6.
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HHE-5lo] %Xé o, °Br1xi ﬁ’\] O]’)\l\
A 3-S5 flal #23ket AlE 250 g 7ol Fsl &
Z=(Stereo-Vis, Hwashin Instrument Co., Ltd.,,
Seoul, Korea)ll ¥-2 & A|59] 2%=F 25°Col| =23sH &
T HZA(VT-06, RION Co., Ltd., Tokyo, Japan)S ©]&
st =g 243k AlEE FH$ T spindle No. 35
Azt 31T 62.5 pmeE AAste] S5k oH, 53
HHE Zgste] dPa-sZ VERRATH
NEE] pHE AE 1 5F7F 10mLE £33 5 743}
3t pH meter (Ohaus ST3100, OHAUS Corp., Parsippany,
NJ, USA)E AM&-3te] 33] nhE Z7g3i3int.

r
M
rlet
4 4

A &o] A== A2A| (Chromameter CR-300, Minolta Co.,
Osaka, Japan)S ©]-8-8f] 3 HAFHL=92.0, a=0.3137,
b=0.3194)0.2 HAS & Hr=(L*), A= (a*), FU=(b*)S

2439 4 2ol 2 Vel ABGLS ofele] o= 7
Asjglom, 58 WEsle] 4T Hagtow VeI,

AE = JAL?+ Aa® + Ab°

conical tubed] ©o} SFHS 25

Z 7}3le] vortexingdt F acetonitrileZ 50 mLZ -85}
o 287 237]% olgslel W7 FEAUT. FEANS
AR st A4 5AS Al 045 um nylon filterE ©]-8-3}
o] oJ7}gk & HPLC £4]9] ©]&3}th. HPLC (Waters,
Milford, MA, USA) #2Xof| A}l8&¥" ZAHL  Shodex
Asahipak NH2P-50 (4.6 mm>250 mm, 5 pm, Tokyo, Japan)
o™, 75% acetonitrileS ©]5FCOZ ARE-Sl 3087 58
g | Aoz RAEYTE AE7]|= Waters 2414
refractive index (RI) detector (Waters, Milford, MA, USA)

Y BHL AR 52

= ARSI e, 458 I mL/min, FYFS 10uL, 29
_Q_T‘i— 2= 40°CollA EASH T BT EZEE fructose,

glucose, sucrose, lactose 2 maltoseS ARE-3lo] HFAS
2gste] Alge] B S AMEsRiTh

wlzu]d FA4).8 AZFH(MEDS 2022b)2] Al&uHol uh
g Fgh2Fe] A8 10gS 9ot 1M
TAE ﬁ‘r%}%oﬂ e %Qﬂ 100 mLe} WHFEZEAA 3-
methylcholanthrene 1 mLE 3 7Fste]  SHFd2Hd=] ol A
80°C, 3A]17F B¢t 353 & 4k 5o mLE SRS

&y 01TE} FZH 100 mLoll A& 34K, viv) &

50 mLe} =& H7Kete] E3st & A3t 4 —i——‘% 2
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st HE 5ol o] @4t 50 mLE F7iste] Ahe-g
wElske 22 33 WHESiinh EelE NS Frait
UEF 15g5 B2 AAR G- AF3 & 40°C ©]&}¢]
TEAGolA Astste] 2 mLE F535HiT). dake] &3iE Wl
ZHd EIE $3l Seppak 7IEZ|A|(Sep-pak florisil
cartridge, Waters, Milford, MA, USA)E TIZZZW& 10
mLe} &2F 20 mLE conditioningSFAtE. ©]% FHEZA] £
o FFAE ¥ AL 10 mLe} AL EEEME3E:1) 20
mLE H7lsle] 8517 & 85905 40°C olste] 8%
AN ALTEAE ARt §5 B AIAFT ol ARE
< acetonitrile®] %] 0.45 um=z o} 3}-5ke] HPLC E29)
ARE-3FATE

Wz 3 A2 HPLC (Shiseido, Tokyo, Japan)E ©]-8-3}o]
A3k ZHE Supelcosil™ LC-PAH (4.6 mmx250
mm, 5 um, Supelco, Bellefonte, PA, USA)E A}-&-3le] 2
H 0B 2% 40°ColM 1 mL/mine] F&202 FA319
0]5/¢ 80% acetonitrile 8-S ARE-ale] 58] &0 =
702 AAsiGitt. Wixvdle] A& FFAZ71E AMEst
o] 719 294 nm, WEIE 404 nm= A s} LA}
k.

il

8. LT =+ A tHEmT A

H

A2 HAE Arl= 2F8%(MFDS 2022¢)°] whe} o
23} 7¥o] AFBIAE A 1 ol 0.85% HaAT A A 9
mLE 71ste] 23k Uy 0.85% BHAEAETE ol %
alo] AR s|Mste] A|lRE FRISIT SAEE )4
sk gjAd | mLE UM plate count agard] ='EEH
$- 48X17F B 36°CollA migEt & AdE ek Alet
o NI, HEE vAE = AE 1mLT log
colony forming unit (log CFU/mL)S.2 YeR AT} ti7d+
=2 A MY I mLE W dRdEAcM™
Petrifilm coliform count plate, 3M company, St. Paul,
MN, USA)ll HE3ted 36°ColA 24A17F &<t wildst &
2t5 A8t log CFU/mLE Wb ATE

:
oo

op
i

%

9. BAIEAM

A 33] o]} WHESI oW, 1 Ave Hetpkat
.54 B4L SAS 9.4 (SAS Institute

Inc., Cary, NC, USA)E °]-83}51.2™, one-way ANOVAZ

A5t T H| 24T Q1 Duncan’s multiple range tests

AAEF p<0.05 FEoA FodS HEA

1. M8 ds 4 2o 2 X AE/(Quantum
Energy)2| &, pH, 2 & A B35}

sS4 Akl e e 2H9 pH, FE 3 gee] ®is)
£ <Table 1>3} 7t} A <S4 Aol 1.52 dPas® YE
won, &a Fof Z7lkste] 6UAjol|A 3.84 dPasE &4
el visf oF 2,580 Srtslt. XY 2E9] pHe 4 A
ZZLo)|A] 5012 7FY =9k, &4 A|7ke] AojA4E 7
28t 574 64 FEECME 4.022 A e A
A 2ElY] A AJ7tel| wWE FRSHERS 4U} FEEA
52.620%= =Skou}, 6dA} FEEOAM = 49.923%E 9]
Ao g v yelgth 54 Ak e 3l AEe] g
£ %A Aol 51.68°BrixZ UEPEo M, 643} FZEolA]
51.94°Brix® 7 =7 Uebsth 452 pH, FEEA4E,
25, At F5, vAE 5 ohde 8]l ofs] F4 wst
g oP1E & =, L F pHe HYA PAES] dixkg

4 Lo

=

It

g vAEL] ASo] JAE ] 2FL] A MBS =Y
T Ade Aoz d#A K Awulachew 2021). T3+ T gt
g2 2Fe A% 8ol dES WA 4 =T, Yun et
al. (2007)°] AellXe Akl & ol =275 A% 7]
o] dojgom, A% 7|7k A7 2= wet zpe)7t
RAog Btk B3t 2 T T Staphylococcus
aureus, Escherichia coli, Salmonella enterica 5 2304

A e Y v 4 A e A

o= dHA AthMizz et al. 2020). Wb W) 29

e i

<Table 1> Viscosity, pH, moisture and sugar contents during aging of extracts (Quantum Energy)

Aging procedure Viscosity (dPa-s) pH Moisture content (%) Sugar content (°Brix)
Aging method Da
ek oy 1,520,042 5.0120,03° 51.888:0.260° 51.68+0.13%
1 1.9440.05¢ 4.8840.04° 51.508+0.301° 51.65+0.06°
1 Double boiled 2 2.10:£0.00% 4.55+0.02¢ 49.868+0.091° 51.74+0.11%
3 2.30:0.00% 4.35+0.02¢ 49.619+0.474° 51.64+0.05°
Low-temperature aging 4 2.42+0.04% 4.37+0.03¢ 52.620+0.307° 51.660.05*
2" Double boiled 5 2.63+0.16° 4.23+0.02° 51.799+0.361° 51.79+0.13°
Final product 6 3.84+0.41° 4.02+0.02° 49.9230.435° 51.94+0.09

YAl values are mean+standard deviation (n=5).

DValues with different superscripts in the same column indicate significant difference by Duncan’s multiple range test (p<0.05).



<Table 2> Changes of color during aging of extracts (Quantum Energy)

Aging procedure L* a* b* AE
Aging method Da;
gne oy 42.10+0.04°12 1.45+0.02° -0.49+0.02° -
1 42.25+0.01° 1.33+0.04° -0.68+0.03" 0.274+0.02¢
1% Double boiled 2 42.20+0.02¢ 1.54+0.05° -0.84+0.02¢ 0.38+0.03°
3 422140.09° 1.41+0.01° -0.81+0.06%¢ 0.34+0.04°
Low-temperature aging 4 42.19+0.08* 1.20+0.03° -0.71£0.02° 0.35+0.04°
2" Double boiled 5 42.06+0.06" 1.274+0.04¢ -0.700.01° 0.29:£0.04°
Final product 6 42.22+0.11% 1.09:0.02f -0.77+0.03¢ 0.49+0.03°

YAl values are meanztstandard deviation (n=5).

DValues with different superscripts in the same column indicate significant difference by Duncan’s multiple range test (p<0.05).

<Table 3> Contents of free sugar during aging of extracts (Quantum Energy)

(unit: g/100 g)

Aging procedure Fructose Glucose Sucrose Lactose Maltose Total free sugar

Aging method Da
eng oy 11206£0.084"9  11.513£0.411° 2013:0.005°  NDY  1.692£0.092°  26425+0.592%
1 11.529+0.581% 12.302+0.307* 1.998+0.114° ND 1.817+0.061° 27.646+0.940°
1* Double boiled 2 11.259+0.141° 10.667+0.038° 1.214+0.011° ND 1.777+0.033 24.917+0.223¢
3 11.443+0.017 10.578+0.014° 0.82620.004¢ ND 1.671£0.076* 24.518+0.076°
Low-temperature aging 4 11.744+0.458 10.485:£0.456° 0.895+0.009° ND 1.744+0.053 24.868+0.976°
2" Double boiled 5 12.025+0.018° 11.065+0.072" 0.596+0.031¢ ND 1.773+0.085° 25.459+0.206*
Final product 6 11.665+0.157% 10.647+0.197¢ 0.563+0.046¢ ND 1.676£0.054* 24.551+0.454°

DAll values are mean+standard deviation.

DValues with different superscripts in the same column indicate significant difference by Duncan’s multiple range test (p<0.05).

IND: not detected.

4 3 T pHY Hae) T k] Sk 9 2E
A P S =Y 5 S ez ek

A Widof| w2 o AEle] A =X A= <Table
2>9} 7t} W& YeEp= %‘E(L*Pﬁ: %44 Aol 42,102
Z =, ARH o2 &4 Foll= STk ASE o

w, 578 AR mE o3l XM YRR ettt A

E(a*)~ A Aolle 1452 Yepgon), 44 6datolA
£ 1.09% 223t AT (b4 A Aole —0.492 U
Epton, sS4 Foll= —0.68--0.84 WRIE TAasigirt. A
= Z]-O] 14_1:/}.1]]‘—‘ AE7]'—°— /\/\q 00171]-0] u:h: ;(—MH\: 1:1_1
FAEe] gkt vlaste] AHEslglon, 549 6%17‘<MW 0.49
2 7P =4 JElTh AERRS F A ko] AR 4 ¢l
= A ZolE YehlE ZOE, 0.5-1.55 e o],
1.5-3.0& =l H= #}e], 3.0-6.0 AAE 2}01, 6.0-12.0&
u-g- @A g zlo], 12.0 o)l E thE 29 A e
Ath(Zhou et al. 2017; Kim & Lim 2018). B A=
S Al mE BE, s 9 gAEe] gk Wske /ISl
O}, BE A8CA Aalgre] 0.27-0.492 YERY 0.5 o5t
o] AFE A7] Wi, 4 o] M FFS mH|
2 e Ao e

2. ME =1 = Ao 2 Fld AE/(Quantum
Energy)2| 2|2 staF H5t

&4 Ao e 1Y 2] {2 3 #islE <Table
3>0] eI &7 Akl w2 [ ~He] fEjge
fructose, glucose sucrose % maltose’t HEEH UM,
fructose E glucose®] o] 71 =9k, lactose= HES

2 kith F FEIT TS 54 el 26425 g/100 g0 =
vehkon, &4 19a) Al FolA e 27.646 /100 g0 2 <4
A3} 2 Zpols VFERA] skt 2ev 4 2-69Ake] &
el TS 24.518-25.459 /100 g W2 YEhkow | A
WAoo " S A7t wet F fEde] Sl Hske A
© 2 Yepgt}. Fructose= 11.206-12.025 g/100 g M=
Rk om, &8 Akl mE o)A ]l lol= HolA] Tt
Glucose®] 8HEke <40 Aol 11.513 g/100 & & YElytom
S0 192190 12,302 ¢/100 g0 & Z71310T. 22y SAdo)
3yl wel 54 2-6831= glucose2] $HEFo] 10.485-
11.065 g/100 g WHZ &4 193190 vlete] Zashe 4
o2 et E3H sucrosed] THERE A Aa A 1Y
21l Z42F 2.013, 1.998 g/100 g 2 F-2Jm|3k 2lo] 2 Leh)

2] %o}, & 24 olFollE HAo] AHEFE 1 T

for |



198 EBREIRAEXILEEEE Vol 39, No. 4(2024)

Adle AEE BN, 4 64} 0.563 /100 g0 =
7P e SRS YERIRITE. Maltose?] $HFS &4 77k
w2 oA Ql ztolE VERNA] ottt fElde A A<
AQog &gE g o, AF9 dukE Atk 5
83 Fiolt. FaF2 Aol oF 40% 717t FHrE| o]
Rom, ZERoE oF 10%7F &/E Hoz 34 ot
(Cho et al. 2014; Koh et al. 2021). Choi et al. (1996)°l|
o5hd tiF F=q S-E sucroses 7FEol 23| Ha =
o] 1 ghefo] At ek, 2 Fe F7eth
3 RIS TE Hwang et al. (2011)9] A-ollX = Exig
2o we}t Z2Ale] - sucrose?] O] FojE= A
S HI3AUT, 130°C o)) ZLo A= sucrose’t ASE
A vl S ol B AtollA] Felsh o gk
2lo] 1€}, 3%}, 59xtel] 80°C o o] LollA &4 e
2 7MEsks e 2Fsl, 54 64 Al sucrose 2 F
eI e S A3 v|aste] 7hAgk 2102 AlEE

2
L

e

Hel

¢

ox o
N

3. M8 4210 =
Energy)2| HIZ=I|zl st2k

Hlzodlle T4 9 FA AR 7 7 o] WAl are
2 Aol e thEhEEEslr A (polycyclic aromatic
hydrocarbons, PAHs) L9l &3h= 3IE=, oAl A Wl
A 9] A3F $1x/9l W2t benzo[alpyrene, benzo[e]pyrene
o7 R e Bukowska et al. 2022). ©] < benzo[a]pyrene
2 34 s, JA, A #H71E § ] 240 Bk A
2ot HFAA e AR dHA UhLiu et al
2009). 5 opuEh, A5 w71, §7171, #7152l
7heshs ZAgollA B9 A4E 9] benzo[alpyrene®] 4373
2 e ZJew deA Avk(Kazerouni et al. 2001).
ZIAe YiEuA Foll Ed= A zH7717ke] A3, =4
o] Z¥sl7] Wi JECFA (The Joint FAO/WHO Expert
Committee on Food Additives)ollAl& HMzI]AS F3]E2
EEof 23l o, =AU +4x (International Agency for
Research on Cancer, IARC)IA = #ZF]AS 1+ DAEZ
2 BF3l3 JTHIECFA 2005; IARC 2006). 2 7<) %
oo 29| SA] 3L 80-95°Ce] ALLo|A o] FolXm
/4 oA AAE e NxTde] s S48
AL shedeh. Rlol 2Eo] &g whof] whE wlzu|dle] Jhak
HS= <Table 4>0] YERAIT <4 Aol whe 1o 2~
go] wlxvdl ghake 0.040-0.074 pgkg HAE LERITH
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<Table 4> Contents of benzo[a]pyrene during aging of extracts
(Quantum Energy)

Aging procedure Benzo[a]pyrene (ng/kg)

Aging _methOd Dgy 0.074£0,011°

1 0.055+0.008

1* Double boiled 2 0.058+0.019%

3 0.048+0.007°

Low-temperature aging 4 0.047+0.002°
2™ Double boiled 5 0.040:£0.005°
Final product 6 0.042+0.005°

DND: not detected.
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<Table 5> Total aerobic bacteria, E.coli. and coliform bacteria during aging of extracts (Quantum Energy)

Total aerobic bacteria
(Log CFU/mL)

Aging procedure

E. coli. Coliform bacteria
(Log CFU/mL) (Log CFU/mL)

Aging -method D(a)ly NDY ND ND

1 ND ND ND

1** Double boiled 2 ND ND ND

3 ND ND ND

Low-temperature aging 4 ND ND ND

2" Double boiled 5 ND ND ND

Final product 6 ND ND ND

UND: not detected.
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