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Comparative Analysis of Ginsenoside Content in Processed
Red Ginseng Foods Based on Food Type and Formulation
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ABSTRACT - Red ginseng is manufactured as a health-functional food and is also present in various food types and
in different product forms. However, there is currently no standardized regulation of ginsenoside content in foods con-
taining red ginseng. In the present study, we analyzed the ginsenoside content of 66 red ginseng-containing foods and 35
health-functional foods collected online and directly from the market. The ginsenoside content was assessed using liquid
chromatography (LC) and liquid chromatography-tandem mass spectrometry (LC-MS/MS) methods. The ginsenoside
content of the various food types ranged 0.0 (not detected)-71.567 mg per daily intake of foods containing red ginseng.
Sugar-preserved foods had the highest ginsenoside content, followed by solid teas, liquid teas, and red ginseng bever-
ages. For health-functional foods, the ginsenoside content ranged 3.4-58.5 mg per daily intake, with levels ranging 83-
607% of the indicated amounts. All values met the established standards. Upon comparing red ginseng health-functional
foods and red ginseng-containing foods, the average ginsenoside content was determined to be 18.21 and 8.79 mg,
respectively, thus being nearly twice as high in health-functional foods. However, there was a minimal difference
between the ginsenoside content of red and black ginseng, with values of 11.84 and 12.63 mg, respectively. These find-
ings provide insights on the variations in ginsenoside content of red and black ginseng in various food forms. This infor-
mation is expected to be valuable for future regulations and consumer choice of products containing red ginseng.
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Table 1. Condition of LC Analysis

Materials and Methods

AR

20209 9LolA 2021 39744 ML Al Wabd, o)
3 ulE, A1 AFAR RN 5o exmetel w4l
A 6143 el £B% FoA 404¢ FANA 4
2 e FAFRAE 6603 A9
A 35300 thal A JSHEYIRA QA=A
Rel, Rbl, Rg3¢] 3 #Asketh eatelolys A
A ABE} e ABEF 7 100 o133t ThFR A
2 AFS B 9 HRA Az e 72
99 AFS F2 TYsah

el NEAE

EERY DAY

SAAEL] JEEA Y AFE3E ginsenoside Rgl, Rbl,
Rg3 ¥ ChromaDex (Irvine, CA, USAIZFE +Y
3te] ALE-3}S T} High Performance Liquid Chromatography
(HPLC) ©]&7F &mQ] methanol3} acetonitrile> HPLCH
Merck (Darmstadt, Germany)A}ollA] ¢} ko] AE-31ATE Al
2 F&& 253957 (Powersonic 410, HwashinTech, Daegu,
Korea)?} ¥41%2]7](Avanti J-15R centrifuse, Beckman Coulter,
Indianapolis, IN, USAYE AMS-3I3AtE AIEE AAISH] 23l
] Sep-pak Plus C18 cartridge (6 cc, 500mg, Waters, Milford,
MA, USA)E AREglom S475A3% A% B4ol= Thermo
UHPLC (Vanquish binary UHPLC, Santa Clara, CA, USA)S
AHESEG AL A EHEA7]= TSQ Altis Triple-stage quadrupole
mass spectrometer (Thermo Fisher Scientific, Framingham,
MA, USAYE 443t ERlstsitt.

=44
o] ARl mE} SR 5 IR AF2 1025 g,
2 AEZ 10g, 3EY B 2L AFS 25, 5N

1-2¢gS& So0mL E|z2g 3Zd FH| FH3}3Ath 70%
methanol 25 mLg ¥ #&3HA &3 & 50°ColA 23

FEIIZ 308 FEANUT FE F T8 w H8Y

A

LC parameter

Conditions

Column Quicksorb 3.0 um (4.6 mm x 150 mm)
Mobile phase Distilled water : Acetonitrile (80:20)
) Time (min) 0 5 20 25 45 55 65 70 75
Gradient
Solvent 80 80 77 70 60 50 50 80 80
Flow rate 1.0 mL/min
Injection vol. 10 uL
Column temp. 37°C
Detector DAD 203 nm
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Table 2. Operation parameters of LC/MSMS for analysis of ginsenoside content

LC parameter Conditions MS parameter Conditions
Column Acquity UPLC BEH C18 1.7 um (2.1 mm x 100 mm) Polarity ESI -
Mobile phase Distilled water : Acetonitrile (80:20) Spray voltage 3500 V
Time (min) 0 0.1 12 13 13.1 15 Sheath gas 50 Arb
Gradient
Solvent A 80 80 20 0 80 80 Aux gas 10 Arb
Flow rate 0.3 mL/min Sweep gas 1 Arb
Injection vol. 1 uL lon transfer tube temp. 300°C
Column temp. 40°C Vaporizer temp. 450°C
Table 3. MSMS parameters for ginsenoside content by multiple reaction monitoring (MRM) method
Compound Formula Polarity Q1" (m/z) Q3?(m/z) CE?(v) RF¥Lens (v)
161 27.4
G‘“i‘:’g“l’s‘de C,H,,0,, Negative 475 33.5 130
637 23.0
Ginsenoside . 179 50.6
Rbl C,,Hy,0,, Negative 1107 101 350 249
Ginsenoside . 160 33.8
Re3 C,,H,,0,5 Negative o1 319 211

YFirst quadrupole, ?Third quadrupole, *Collision energy, “Radio frequency.

Z 4ecolq DA E (4180 rcf, 10 min) 3 T AS5HS
0.45 um PTFE ¥H=E o3} & A|@gA o7 AR5t 7]
SAEo] HEHA & A Sep-pak Plus CI8 camdgeﬂ]
methanol 5 mLe} 74 10mLE 9502 A7 &

el smLE FEAATE Cartridgeoll 25 mL S/ 25%
methanol 10 mLZ A& 3$+ & methanol 2 mLE FA|=A}o]

= AEE SEAAY. H8A] A5t AJHEd2 HPLC
2 Ao 2k 717] 242 Table 13} 2t} 7]
TAAE HEFHA &S S vialE HA3] g5}l

LC-MSMSZ A4 Ad'"S 3} tH(Table 2, Table 3).

=]
s
A=}

er.
7 CE
° oM

S oM

A 24 Ass fdd HAEFAimit of
detection, LO D), A &3$HA|(limit of quantitation, LOQ), %]
AA, 3lrs, A, BEAEE Hrreh 2o 1Al
LAR|E ¥FE-S HPLGE 2-250 mgkg?] =2 LC-MSMS
= 5-100 pg/kgel FEE 5TEA st AFAS 2
O}O‘] A4S etk 2t 5 EE 53] ghEste] 7t

o WE 71E71e] A9 Ao FFUAE ol&a)
Oq LOD$F LOQE T35t AlEW el ey 2 A2A
< A5s7] flsld 71wl AEHA B AR
T84S 10-100 mg/L HHZ spike ¢ § S 53]
AstRon Hd 35& i ETH A (relative standard
deviation, RSD)E 7}l o},

e e

Results and Discussion

18 BF

71719] AL LCt MSMSellA A=A lo]= Rgl,
Rbl, Rg3 EF r’=0999% g3 Fom LCY HE3H
(LOD):= Rgl, Rbl, Rg3 ZH7F 0.515 mg/kg, 0.288 mg/kg,
0.552 mg/kg, 4 FSHA(LOQ)=  0.874-1.672 mg/kg A th.
MSMS®] AZEeHl= zIM=Ale]= Rgl, Rbl, Rg3 742t
0.016 mg/kg, 0.019 mg/kg, 0.021 mg/kgl & FA|Alo]=
Rg37}F 71 Eom A F3AE 0.049-0.064 mg/keAth. 3
S8 LCAA 27t 105.3% 1052%, 103.6%= =4 715'
2l 80-110%% WHE3ItH(Table 4).
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Table 4. Method validation of LC and LC-MSMS for ginsenoside analysis

Y o LOD? LOQY
LC ) Lmea;rlty (mg/kg) (mg/kg) Recovery rate RSD
MSMS R? (%) (%)
(ng/ke) (ng/kg)
Ginsenoside 0.999 0.515 1.561 105.3 2.3
Rgl 20.999 0.016 0.049 - -
Ginsenoside 0.999 0.288 0.874 105.2 1.9
Rbl 20.999 0.019 0.059 - -
Ginsenoside 0.999 0.552 1.672 103.6 32
Rg3 20.999 0.021 0.064 - -
YLC means liquid chromatography.
2 MSMS means tanderm mass spectrometry.
YLOD =3.3 x R/S. YLOQ = 10 x R/S, R: standard deviation of response, S: slope of the calibration curve.
Table 5. Ginsenoside content and specification by food type of red ginseng products
Product type Ginsenoside content . Daily intake
(No. of Food type No. of (mg/daily intake)" No. Ozf; Spe@ﬁ amoumt
. samples - products” (%) cation 3
companies) Min. Max. Average (mg/day)
Red ginseng 6 Confirm red ginseng
+
beverage 23 0.00 30.99 3.66+7.00 (26.0%) ingredient
Sugar preserved ) 211 3511 12.2049.58 19 (95.0%) -
Food food
@7 Liquid tea 15 0.00 71.56  9.15+18.50 8
qu . . . . (53.3%)
Solid tea 5
+ -
(eranules) 8 0.55 27.05  14.43+15.81 (62.5%)
Health functional ~ Red ginseng 35 80% or more than the
+ -
food (22) (functional) 33 344 S8:55  18.23£13.43 (100%) indicated amount® 3-80
Total 101

YDaily intake: for liquid products, the calculation is based on the indicated ginsenoside content and intake method specified on the pack-
aged product, for solid products,on the intake method and packaging unit specified.

2 Products that meet health fuctional food specification, amount 3 mg/g.

% Daily intake amount: 3 mg or more must be contained to display all 5 functions, including immunity enhancement, fatigue improve-
ment, blood flow and memory improvement through platelet aggregation inhibition, and antioxidants that can help immunity enhance-

ment, fatigue improvement, antioxidant and menopausal health.
»Sum of ginsenoside Rg,, Rb,, Rg,.

Fee] AF] 7156 mge] AFS At HELIE
H AR R B 1SHE G| Mg BUL A
M B GFE 015 meol Tk, LIRS FHIRAE

71573 Ee] =% er 0.55-27.05 mgo|H H

o o

%S 9% HA 71FE FEALLAAF 71F 3.0 meol )
g 231F o1(26%), FEYE 2001 5 1971(95%),
A= 15705 871(53%), LB 87 5 570(63%)7F
HA7|ES T 53] 20159 $-2] Ayl 4
=5 78719 FA|Abel = FEF B4 HIaA VX &

ARl B gRlEeH 13] AlgE T T2 0.01-
32.84 mg o™ AT E FHA: FHQ24 mg o)

71 ALA] 22 AZTEL 20%A0H o] AT 26%
2 FE AL U ABAFNA AR SASE 14,

ou)by-]_ 1219] ;g;}\l- 5]-0 %% :5:)\1-/\41-?_0] 74%1:4;(] o}o].
o

- T AFe] A7 22 Zow Hl
A7 e F SAAE 35719 19 AHF 715 QA=A

> 3.44-58.55 mgo]‘:q 4 71548l A<l
AL, AT ﬂ]ﬂl 83-6070/& ZEA

B9l WA 712 8 o, o =

12
X
S 880 mg, 1823 mg &2 7 Jﬂ%él%gl @%kO] 2ul)
AE B2S I8k thFig. 1).
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Table 6 Ginsenoside content by product type of health functional food (red ginseng)

Hea}lth No. of Ginsenoside content (mg/g) Daily intake ~ Detection amount of  Specifi
functional Product type N .
food sample Food labeled ~ Analysis result ~ content (mg) labeled range (%) cation
Concentrate 15 0.45-11.20 0.94-19.52 9.36-58.55 86-264
80% or
. Powder 5 0.49-0.92 0.64-2.97 5.80-26.73 99-607 more of the
Red ginseng . .

Stick 13 0.13-2.20 0.11-2.51 3.44-25.08 83-252 indicated

Pouch 2 0.03-0.27 0.08-0.30 4.57-5.93 114-282 amount

Total 35

YDaily intake content: for liquid products, the calculation is based on the indicated ginsenoside content and intake method specified on

the packaged product, for solid products,on the intake method and

ginsenoside

total copcentrate

Food containing red g

s Excluded due to absence of sugar preserved

Fig. 1. Comparison of ginsenoside content by formulation type of

A =ALol = S
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26.73 mgol™ HHTHFS 10.69 mgo 2 ~E Y
10.74 mg HIs=RATh. 29292 27 AFo] 3
525mgl 2 HA AF Fed H T ol 5500

%l

=]

= zpo) 7} WokFig. 1). 2RAREA-L 20154
F F A w59 20719 WAAPelE T A oA
A9 BAT AFS ALt 1979 dd HHAF 71+ 12.30-
3759 mge® WU OH o] Aol F4F 375 A9
gk 12719 4t F59e] AEH LA 9.36-4049 mgH 2
2ol 7k ATh T3 202130 e AR SAE T4 AE

475

packaging unit specified.

daily intake (mg)

powder

inseng N Health functional food
food in health functional food.

red ginseng products.

T Av|Rpe] PRk AF AT B 137 283 A
Foll ik RAeAbe| = S 24 A} H#8=F 114 mg,
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Table 7. Comparison of ginsenoside content between red ginseng and black ginseng processed product

Product Product No. of Red ginseng daily intake contents (mg) No. of Black ginseng daily intake contents (mg)
type type photo samples range mean samples range mean
Concentrate i 0.00-71.56 23.93 7 4.39-58.55 24.46
Powder - 9 0.55-27.05 11.70 4 3.37-44.76 21.02
Stick E E 18 0.46-30.99 8.92 6 0.24-9.30 5.05
Sugar 15 3.30-28.49 16.78 5 2.11-35.11 12.61

preserved

Pouch 14 0.00-15.23 3.02 7 0.31-11.15 2.71
Total 72 11.84 29 12.63

wAbol = ghepe] ol of 200M 2 AvlAte] AF Mg
A olEgel A& & Atk FHVRAE T 4N AE
) FARE o} RAmAlo] = ke HAYOH =

ENF 80% o1 Tt A

—n rlo J

ZANED TANE ISR = |
12\1-7]._;/\1:5_ 1017-] /\1-.;‘8_)‘\3 ‘rET
Al ZAF 724, FA4k 297102 FAAIES SAAIE] 1Y
HAF 7% 71545 FT7o] 217 11.84 mg, 12.63 mg
o2 7€) o]zt JIATKTable 7). AlEFE S4H54He] 7]
ST T v Al 5592 77t 23.93 mg, 24.46 mg
0111] FHY AELS 16.78 mg, 12.61 mgo|H ~EH 3} v}
FAFANNE Faboll A 30-60% =Skt
*49??% rEake] 71 % #A4vkd 5 2 2t
Ti AR mEW 4] A8 AEFS IF AR
2 Rg3, Rgl, Rg5E FAR2 2 Fhyatal oy 715 A
HOoRE AR o} o A= T4kl 7]1E Red
W ¥ o] Sake] M| eAle|= Sheko] HA HrlE &
AT, Nam 57l =9 AR E AxH SAAEFS A
z3}4 F FE 35l v]H5le] ginsenoside Rg37F <F 3
v S7bebe, A4 3 S Sl HlFste] Skt
AL BAEGT o] AelME AR EFY A T4t
3071, 4 57 (F= 37, 2°HF 27)9] 19 AFHAF 7]
= Ha e v Al 2+ 16.59 mg, 28.06 mgl 2 5
2ol 71w Fdol SAkETE L) Bt B duk
ol B AFE 72+ 11.70 mg, 21.02 mgl & 34 A|E
o] ok ou] ®o] -4xo] AT TATTGA Zo| = T
07, 4 247108 7715 F Ao AxTIEel 24
mgS AL AL Tk 2370] 2E5] 55%, A 18

Zle] FF3te 7%= 4t AlFol o &9tk
SAk2 200095 W2 716 A A SAE
W R dHA loem Ha A7 e SAkEY
I olde] Merle & wxsI= Ak sA of
= FEe] S AFE A7IeAEE] 7158 &
=] *%QE—L]'HHE]_’ oloni
WhEed Zler welth

nE=Q9F
A AW FE5HT Lgol LB T3 T4F
F21E 66713} 77154 E SAAIE 35719 7l A

9 AA Aol = e

T =4

O
6671 & ASAEIM T4 24

A kAL 64719] AFolA = KA A= FheFe]
g 7Ee AT Y HAF 71F 0.55-71.56 mgs

AL UL, AV FHAEE Do)
=13
=

[ig
2 AlFol 4t ﬂ%iu} “‘ﬂb‘r Hl st o EEy
F9] 7% 4 Aol 20 w3kt APE A eAto]
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