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Quality Characteristics and Criteria for Establishing Standards of Fresh Rehmannia
glutinosa ‘Togang’ Produced in Korea
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ABSTRACT
Received: 2024 September 24 Background: The quality of R. glutinosa can fluctuate based on factors such as cultivation region
1st Revised: 2024 October 15 and harvest timing. This may result in differences in product quality. Therefore, in this study, we

2nd Revised: 2024 November 06
3rd Revised: 2024 November 16
Accepted: 2024 November 16

aimed to evaluate the quality of fresh R. glutinosa produced in Korea and to establish criteria for
establishing standards applicable to the agricultural supply chain.

Methods and Results: R. glutinosa ‘Togang’ samples harvested from major production areas were
This is an open access article gnalyzed. fgr rhizome .diameter distributipn, dqing yield, juicir}g yield, cgtalpol content, and antiox-
distributed under the terms of the  idant activity. The rhizomes were classified into five categories according to their diameters, and
Creative Commons Attribution  their production ratios were evaluated. The distributions were as follows: 11-15 mm, 5-10 mm, 16—
Non-Commercial License (http:/ 20 mm, over 20 mn and <5 mm. While there were no significant differences in drying and juicing
Cfeat'Vecom‘mO”S-O‘fg/ |'Ce”§es/ yields by diameter, the catalpol content was the highest in the 11-15 ? category. The antioxidant
by-nc/3.0)) which permits unrestricted ot \was higher in thin rhizomes with 2,2-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid and
non-commercial use, distribution, 2.2-diphenyl-1-picrylhvdrazyl radical . itites follow imil

and reproduction in any medium,  22-diphenyl-1-picrylhydrazyl radical scavenging activitites following a similar pattern.

provided the original work is properly Conclusion: IQ this stqdy, we successmlly established a quality e\{aluatlon and grgldlng system
cited. based on the rhizome diameter. The finding can enable farmers and industry professionals to effi-
ciently produce, process, and distribute R. glutinosa, thereby enhancing its industrial applicability

@ @ @ and increasing market competitiveness.
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M A catalpol®} polyphenol, flavonoid, iridoid glycoside, aucubin
ot 22} giAl AkEol| o8 A€ (Lee ef al., 2017; Chung
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BIER - L9E) - ST - HTEY - OE - MK - BYS - ORS (S =
ojH S 2T & 7] wol oqa 2 Topllr] A 2. F BE
5 913 F2 H7HE AAEkL 71EE wlste] Al Al A% FEEe #7] £ 54 AR QlEke, $8E
317] 98t A7) P et A5e] F71e ek 5 Gl (5 ( mm Wk, S mm - 10 mm, 11 mm -
o] A AL}, 7 ) 5 FdF EA ot 2 S5 5 15 mm, 16 mm - 20 mm, 20 mm Z3HZ FES|ZL EFX ¥]&8 =
Al A¢7E o] F14 AL (Koh and Hyun, 2011), A= 32 ARSI
3= capsaicin $Fg3} APgo] $Q3F FE R Kol AMEE 4 30
o] dAE v} v}k (Hwang ef al., 2011). 3.%x 2 Y HE5E
oFg-2HERl Q1Ate] 745 Au) 873, 8 A7), 7 Y T AZ $&2 Y8 €% 71%7] (UDS-2511F, KyungDong
off whg} FZ29] zfo]7t Qlo, o]& EFsIEl| fl3l st ¥ Navien Co., Ansan, Korea) 5 5T 157 o) 3] A
é‘?ﬂrﬂ] Heto] AE I Qo] FAARL AEL] A A Xdte] 1 e B 1 kg¥ 3 NHE ARFES SAEI0A, A

S A 523 24US AAET (Lee et al., 2012;
Jeong et al., 2016; Nam et al., 2018).

e} sjollA] ke RSl thek #4 H7HH Ve A
Aol thgh A= FiH oR FE535 Adegoltt. 71€9] A=
& 22 A% Al wel} 14 718 5ol F4 7ol 9%
Fo] o™ (Kim et al., 2020; Kown et al., 2023), ©|= A&
o] AR TZ S ok F o2 §X] o]—_Tl AAE L )5l
ol 2lof e ale] & 4= ATk

FE2E9 FEAHZRE AEANA AZGAA Y w4k
e A= ARE 7HS okE 15 HEE UrolA e
o, theFstal B35t (Lee, 1993; Jang and Lee, 1999). 2|3+
12 o] 711N e AT A2} 1

AN ol FolsbAt, 304 e £ 2] 4S B

al AR, 281 F4 5F glo] suiAe] B Ao A
EQA19] 55 718 ABa0h w70 AR 43

& ST sl A2s

= S FEEAR AEY

-4

717} ofRTh. Ed A3 Pl
Ao A3 AFe] Fdo] A

w7 gho} ool et Fawe] Mg o] FrHa0 2 WA
s gk,

e AT ) A4 Age] FAL B A
2 GO FNE W) 45 Al ol2 Hgl] 9]
3 A% FA 57 /15 A9 s,

T
1. Mg A=
o] A AgE FolA 71 ol AlEaL gl A

3 = ‘B7Y (Rehmanni glutinosa ‘Tognag’ye 422 43
sialet. =} 2 AR S5 54 G 57h, 39 34 G
7D, A% 3E (157D, 4% 9F G57h 4499 10
Aol e AL ol gaisint.
A& 22 20200 42 2797 AN, 108 20873

et A 8E 7 A Tl 5 0 A 3 wkE ekl o
o, ZEoA 7120 YY) ERTEY ek R EFZHE] ‘B
& EE RS stk
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& oz Hkrle] 7L Z,“ﬁﬂ (H300L, Hurom L.S Co., Ltd.,
Kimhae, Korea)s AM-3l] 1 ¥Hs- 3 500 g & 3 WM 21535}
o] ZA}39 T} (Han et al., 2024).

4. Catalpol & 2
TAAxE A 2 02 ¢S Tﬂle gol 50% HWER 10
m 3 &35t 5 B7F voltexing®t & 50ColA 23 F&7]

(LK-U105, Sungdong Ultrasonic Co, Ltd, Seoul, Korea)S ©|-&
sted 2 A7 FE3TE 29 AlEE AAEE7] (Fleta 5,
Hanil Scientific Industrial Co, Ltd, Kimpo, Korea)S A5}
12,000 rpmellA] 10 7+ L4lie] & FE559] 459S 02/m
2] nylon membrane filter (Whatman, Clifton, NJ, USA)Z &3}
3]'03‘:} A A IFEE FETF 10% ols H=

Al 71710l T8kt

Catalpol®] &2 2 AF & high performance liquid
chromatography (HPLC, Osaka soda, Osaka, Japan)& AM&-5151
t}. Columne Capcell Pak C18 UG120 (460 mm x 4.6 mm, 5 zm,
Shiseido Co., Ltd., Tokyo, Japan)S AF&-3}59.9™ UV detecter
£ ol-&ste] 3PS 206 nmol| a7gEte] AEEAT FH R
= 30C, 452 0.8 mt/min, FUFE 10 4 202 F43819]
3L HPLC °]5732 2% acetonitriles ARSI oM E4 AI7F
2 15 Fo]A ). Catalpol £ Sigma-Aldrich (St. Louis,
MO, USA) AIES ligle™ 1000, 500, 250, 125, 62.5, 31.25,
15.625 pig/mt 8] FE2 34 ste] ARG-5IQITE.

= water®

Al o
f

A
S

SHAlG) M2 9l 5
51. F&2 M=

A FEEe $ANET ALS Elste] A= 10 ¢ 100%
o|EkS (EtOH) 250 méS- o] wHt7] (JSSI-070T, JSR, Gongju,
Korea)oll 200 rpm, 20CE overnightS AA| 8+ & &35t}
Aete FEEL 7U4FE7] (Rotavapor R-300, Buchi
Labortechninik AG, Flawil, Switzerland)Z Sl 40Coll4] &-j
£ k3] 3]sk 3 F=% A= DMSO (dimethylsulfoxide)
o -galiste] 200 mg/ml o] FEE AW, 7t Ao d
29 FEE 430 ALgan.

5.

=



gt =2o| Z2
5.2. Y=g 48
=3 7442 Folin-Ciocalteu’s phenol reagent’} F&5&

9] ZE)9E 35HE| 9d) FHHo] BajHul Yoz whal
sl= 218 Y= sled S35t (Folin and Denis 1912)

7} 225 (2 mg/ml) 100 400 2% Na,CO; & 2 mlE 5
%O\_} HESA)7] & 50% Folin-Ciocalteu’s reagent 100 /£ & 3

HES 5 750 nm o)A B EE =4
EFEAZ gallic acidE ©]&3le] ¥ 4 I & &=

Z2)¥E &5 (gallic acid equivalent, GAE -mg/100g) A4}k

4]
N X
ul
>,

o] ERA AT
5.3. EZeI¥L0|E gkt 1A

=2 >~

ZZ% (2 mg/ml) 250 1L ol SFF 1.25 & 7HSFAL 5%
sodium nitrite €< 75 £ & 718 H T 6 E7F WHXA —_Sr 10%
aluminium chloride €942 150 (= 7}8FAT) 5 & H
M sodium hydroxide 500 (45 7}3F & S-3 % #E
A S48t

EFEARE (4)-catechinS ARE-5le] BF FA4S 7
% ZglE wo]= $2F (equivalent, CE-mg/100g)S AlXFs}o]
ERf AT

510 nmoj]

5.4. DPPH 2Hs

0.2 mM 2,2-diphenyl-1-picrylhydrazyl (DPPH) &4 1 ml o]
%%% (2 mg/ml) 50 (=2 7189 BEEAE TroloxS 7+
G A7reith §3=e] Wske 4 Es] 30 & - 520 nm o]
A A48T

TroloxE ©]- &3} T ZAL 23 T A5 drksls
(trolox equivalent antioxidant capacity, TEAC)S Al4¥at5lom

TEAC-mg /100g sampleZ YERJ It}

5.5. ABTS radical 2HS
7.4 mM$] 272-azino-bis (3-ethylbenzothiazoline-6-sulfonic
acid (ABTS)®} potassium persulfate 2.6 mM2 35 59 94

o gH5le] ABTS ol & B4 F, o] §42 735 el

A FRE el 1.0 o] HES SHRTE A4S 34"
ABTS €9 | ml o] F&E (5 mg/ml) 50 L= 718192, B

BEg 7ke okl froloxE *
3] 60 & F-oll SH 3T

d7kstlon Eywel Wele 4

G
[u]

| = M
S

H 2o
TroloxE ©]&ste] FF A4S A5 & A 59| itkstd
(trolox equivalent antioxidant capacity, TEAC)S A4S0

TEAC-mg/100 g sample® LERHATH

5.6. SAXE

A8 A3}+= SAS Enterprise Guide 4.2 (Statistical Analysis
System, 2009, Cray, NC, USA)Z ¥A13153, AA5rS Het A
+ ¥FHR} (means + standard deviation)2 YERITH A& 7F

9] 5942l x}o]= Duncan’s Multiple Range Test (DMRT)Z
T 5%A1A AS3HATE (v < 0.05).
Zot o
1. | 2E S8
A o] F8 AR o] kel gk 74 EEE ERIs] 9
ato] F7loll wet 5 AR ekl ALk HlES AV

2 A3} 5mm o] &7} 9.88 + 4.61%, 5 mm - 10 mm 7} 24.16 +
231%, 11 mm - 15 mm7} 31.44 + 4.56%, 16 mm - 20 mm7} 22.03
£ 1.52, 20 mm ©]/Fo] 12.49 £ 2.9%2] H|- &2 FZ3ISI T} (Table
1. ol T 7P B2 ¥&S XA #7]= 11 mn - 15 mn O
o, FAXCE tE #7719t g 2fol& BT

durd o= A& Al F7F AAES Tl E o R
2k AE (B8, T8 (i), 3 (T2 532
=d FEFoz AE (L) &7 2% 15m o)y, 5
(':F'm:)A 3% 12 mm W&, 3= (T 10 mm o]stolt}), H%5
B (i TF (hih) 3l w714 9] Aole dout
7} 7t F712 AA9] oF 65.96%F 2FAIFAL, duf 7} of
22 3R (Lih)e 34.04%At).

Al F7Fe] A5 Ao R JFS v F e A=
o] F7] BE HEE FF, FEA7I0l wet xfo|7t F 540
t} (Han ef al., 2024). W&hA] o A7 Aabe F¢2lo] X3t
) Al FEL AgEAY, AR A EFES LT 48

232 0T
Ast7d el #7710 gk 53 A B2 & T 3

o]

=]
R

ol
- -

n{kl

2 5mm o]E}7} 18.40 + 1.64%= 7Y A& FX|
3, 5mm - 10 mm 7} 19.13 + 1.46%, 11 mm - 15 mm 7} 19.69 +
1.30%, 16 mm - 20 mm 7} 20.24 + 1.05% 121, 20 mm ©]/4}o]

Table 1. Diameter distribution of Rehmannia glutinosa rhizome by 5 mm increments.

Diameter distribution (?)

<5 5-10

11-15 16 - 20 > 20

Ratio (%) 9.88+4.61°¢ 24.16+2.31°

31.44+4.56° 22.03+1.52° 12.49+2.9¢

Values represent means = standard deviation (n = 10). Means with difference letters in column are significantly different at 5% by Duncan’s

Multiple Range Test (DMRT, p < 0.05).
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Table 2. Drying and juicing yield of R. glutinosa rhizome by diameter.
Diameter distribution (mm)
<5 5-10 11-15 16 - 20 > 20
Drying yield (%) 18.40=1.64° 19.13+1.46% 19.69=1.30" 20.24+1.05% 20.85+1.03"
Juicing yield (%) 54.27+0.69° 53.42+0.60% 53.73+0.80° 53.41+0.21% 52.19+1.16°

Values represent means = standard deviation (n = 10). Means with difference letters in column are significantly different at 5% by Duncan’s

Multiple Range Test (DMRT, ‘p < 0.05).

Table 3. Catalpol contents of R. glutinosa rhizome by diameter.

Diameter distribution (mm)

<5 5-10

11-15 16 -20 > 20

20.37+0.16¢ 23.93+0.40°

Catalpol (mg/g)

32.10+0.59* 29.32+0.19" 28.77+0.76"

Values represent means = standard deviation (n = 3). Means with difference letters in column are significantly different at 5% by Duncan’s

Multiple Range Test (DMRT, 'p < 0.05).

20.85 + 1.03%2.2 7Pg & H| &S BT (Table 3). L&t}
20 mm ©]’¢=} 5 mm o]3ke] F7|AM T M2 FAHOE Fost
Rg W, YRl BAIA A7t glo] #7714 wE X &
o] zjoli= AA F2 FOE & 5 AUt

Tl 71 A% FF 9 4 AT oY
£ 19.13% - 254%=, FIA7|9] 271, A=
v S Bt ] AdEr & 5 9
2012; Han ef al., 2024). A2 02 |8 #7|¥

Aol ol 2 = 271 5 mm o]kl A]
ke 7102 1)

ARG Az Al AZ 588 £719] JFo] IAA| e Loz
1 oR82 2L Ax L9} A7kl W} catapol $F
ksl o] gtol zfo|7t wAE = Q7]

2 A=z

T -

=

=

;@

oF1-
Eopuy

B 9o
F, it 47,
er-Eroﬂ (Lee et al., 2008; Kim et al., 2020), 2719
250} AlZbol| 2 58 9 AR W) 5o A A o)
lffP F7F A7 8sihar sz
ZF5L 7P w2 #717F S mm ©]3FE 5427 + 0.69% $
™, 2 HZ 11 mm - 15 mm 7} 53.73 £ 0.80 %, 5 mm - 10 mm7}
53.42 + 0.60%, 16 mm - 20 mm 7} 53.41 + 021909, 74 &
AL #27)% 20 mm ©]2FO 2 52,19 + 1.16593Th HFEA]
Az F&7 AR 5 mn o]skel 20 mm o] oA FA
° 2 {5k oy YR AM = 27} IIT (Table 2).
A G HE A5 AL 2 AAGE A5ste] AMEsA
u, Axs X8 e oy | A 2Ee 8-S AR 4
ko] e & o]-g3Ith (MFDS, 2024). Wt x|8ke] 2553}
2 T2 AYe 7 34 B2 9FE = F de T8
ol 53], A& A7) 0] EGF el wat A& 2b
F e 4= 3 (Kown er al, 2023), 852 25E3}
o xto]E R & Sl
T Ae AGEGAA E2 ol wet A ge] A
A F7ele S wet A LS Rt
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=
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3. Catalpol &2¥

Catalpol & &4 A3} A} A)51749] #7129} catalpol T
*}0101]L 5551 2pol7t Aol WElTE 2571 11 mm - 15 mm
= 32.10 £ 0.59 mg/gZ 7P =%, 5mm - 10 mm7} 23.93 £
0.40 mg/g, 5mm ©]3}7} 20.37 + 0.16 mg/g® #717} 7VFso] A4
= EAFo 7 Fo8A Ao, 16 mm - 20 mm £} 20 mm
o dellr= 7FeHE Shgol o ZHaste] 747t 29.32 + 0.19 mg/g,
2877 + 0.76 mg/g® LFERSITH (Table 3).

Huang 5 (2022)y2 A& A5173 ] #7]ol] 2 catalpol 3
EE AFolA 15mE 7|FE0 2 o7t BAsh= Hloz vy
gk v} Qo o H AT A3he 7S Aot FAI e, |-
#F A7 s 288 o] AT F ASS & T IUTh
3k Sfjoll A AAtEl = 28] catalpol 5 ER | Higt 7]
& Q%EJO% DA eFoL} F=o] 7151 0.2% (2mg/g) Kot v
G Eob AL o)&atatl F7lol wE F4 Afolole EA7F
ATt (Tong et al., 2014).

Az oAAMEES Foll wht TRk Al 3] A7,
Aukz o8 84 o] AR Aol ATt (Al Khayri
et al., 2023). A3+ A|3bg 9] st Fx= Gyl AR
&3} FARBIAL, F2 F9 (periderm)9} TP 4] (vascular
bundle) = ?/‘35] o] Qlom Aal7o] Fox|= A B
FAIEZEC] AT (Xue ef al., 2004).

wehAa] =849 catalpol S ¥l N E7} Be FAE
of F&2 A7gE L, Ao At F7] B FAETE =ZA
2-g-sh= A 2 nFo] & uf, F& A5 9] catalpol 3ol =

ATh TRt x|8b o] Zol7t Bg 25 em - 30
B 7} SIF-28] 7he FREellA A1zl of

[}
AR
K



g =2 B SX

o2 24 FolAle 1IFR Felg ol el I
371‘7 5B catalpol o]l W3}el] 2 x}ol7} QA &
AL B1EgT)
A7 X]w— Z 13 TZo] JjeElo] Qlt) o] = ExR
% 1055019 (Kim ef al., 2023), X% Aul &
_,l—,] E;Goﬂ uL*— %}_g /qp,uo}_]—l 01_9_61,
T2 9 AX A3k AR ek So] At
E]' A S RE TxH 8 3R )
P‘ﬂ Aefk, YA Fol FA o wt
= A dart ok

o] H#71° wpet & ZEjulsd) SekE o= S A}

ol= FsisHAl vERst

Z s e 10mnd w 63.39 + 1.36 GAE-mg/
1002 7Fg =A] YERIAL, Smm oJ3}ollA 61.07 + 0.40 GA-mg/
100 g2 7 WA 2 =9kth 2 th&-C & 11 mm - 15 mn7} 39.51
+ 149 GAE-mg/100 g, 20 mm ©]4Fo] 3584 + 1.04 GAE-mg/
100 g, 16 mn - 20 mn 7} 30.9 + 0.79 GAE-mg/100 g& H] 73]
7He 271004 o] w3 FE F710lA v AEellt) (Fig.
1A).

Z

Smm -

ZefH o= gke] Aok AN EH, 5 mm
o3t} 5mm - 10 mm 7} ZH2} 53.76 + 0.69 CE-mg/100 g, 52.88
+0.96 CE-mg/100 g2 7P A Yeko™, 11 mm - 15 mm7}
32.98 + 0.87 CE-mg/100 g& I TF-0 & =9t} 7P whe &
71 20 mm o3 16 mm - 20 O 2 247+ 26.51 + 0.42 CE-mg/
100 g, 2536 + 0.53 CE-mg/100 g2] gFFo]lt} (Fig. 1B.).

ABTS 2tz 2758 A5k 2] #5717k 5 mm — 10 mm
57.94 + 0.93 TEAC-mg/100gS-& 7P =9ke}. o]ojA] 5 mm o]
3l A 50.55 + 0.06 TEAC-mg/100g, 11 mm - 15 mm7} 36.00 +
0.50 TEAC-mg/100g, 20 mm ©]4Fo] 31.10 + 0.25 TEAC-mg/
100g, 16 mm — 20 mm 7} 27.18 + 0.38 TEAC-mg/100g°] 1 t}.
(Fig. 2A).

DPPH #}t]Z 2759 Z-9-olx 28 A7+, Smm - 10
mm < W 55.89 + 1.27 TEAC-mg/100gS- 2 7F4 =tth 5 mm
o]&}7} 47.94 + 0.21 TEAC-mg/100g, 11 mm - 15 mm7} 41.26 +
0.53 TEAC-mg/100g, 20 mm ©]4}+o] 36.06 + 0.13 TEAC-mg/100
g 16mm - 20 mm7} 29.93 + 0.34 TEAC-mg/100g°| It} (Fig. 2B).

=3 210 ofe] F-9jox == 23 thAat &4
=z /_\]%oﬂ ?_g_zs]- /@g]?ﬂ xL_Q_Q -Es]-\:], N%Q_ 7}6‘ o:llﬂ,_ 1_‘9__
S HAEA 2EYZ Y =E2HUS o, FeEx
< Feuls AR S STMA B 8700 EH%Z‘L

o= o

(Han et al., 2013; Sharma et al., 2019).
B AT Aol M= catalpol FE-3 ©E] #7171 vl 7=
A oNA =& TS BA=H, ol X&) AS T 7hHE

H]s2ek

= 7F
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(R) 79 |
b —2_
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35 .
£8 40 d
55 .
=
£ E 30
—
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0 - - - - r
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(B) o -
a a
e —7
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40 -
25 b
2o
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=2 :
28 20
'gw
10
0
<5 mm 5-10 mm 10-15mm  15-20 mm > 20 mm

Fig. 1. Antioxidant compounds contents of R. glutinosa rhizome
by diameter. (A); total polyphenols, (B); total flavonoids.
Values represent means = standard deviation (n = 3).
Means with difference letters are significantly different at
5% by Duncan’s Multiple Range Test (DMRT, p < 0.05).
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Table 4. Classification of R. glutinosa rhizome by diameter.
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Fig. 2. Antioxidant activity of R. glutinosa rhizome by diameter.
(A); ABTS radical scavenging, (B); DPPH radical scavenging.
Values represent means = standard deviation (n = 3).
Means with difference letters are significantly different at
5% by Duncan’s Multiple Range Test (DMRT, ‘p < 0.05).
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Fig. 4. Quality standard grade of R. glutinosa rhizome. (A);
premium grade, (B); superior grade, and (C); normal
grade. Scale bar indicated 5cm.

| @

Fig. 3. Defective type of R. glutinosa rhizome. (A); fragmented or broken, (B); surface damage over 30%, and (C); decayed. Scale bar

indicated 1 cm.
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