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Quality Characteristics on Traditional Wines Made from Pigmented Rice

+
Tae Su Kang
Professor, Dept. of Culinary and Baking, Chungbuk Provincial University, Okcheon 29046, Korea

Abstract

This study compared quality characteristics of traditional wine made with white rice of Samkwang and pigmented rice of heugjinmi,
joeunheugmi, and heugjinju cultivars. After 10 days fermentation period, the pH was in the range of 4.52~4.71. It was higher in
pigmented rice than in white rice. Total acidity was 0.50~0.74%. It was also higher in pigmented rice than in white rice. Regarding
sugar content, white rice samgkwang had the highest sugar content at 17.40 °Brix and pigmented rice had sugar contents in the
range of 13.17~14.93 °Brix. Regarding reducing sugar, white rice samgkwang had the highest content while heugjinmi pigmented
rice had the lowest content. Alcohol concentrations of traditional wine were in the range of 15.0~15.6%. White rice samgkwang
and pigmented rice heugjinju cultivars had the highest alcohol concentrations. Traditional wine made from white rice and samgkwang
had the highest lightness value at 53.40. For wine made from pigmented rice cultivars, lightness values ranged from 31.91 to 38.33.
Pigment wine made from Heugjinmi had the highest redness value at 8.08 and the highest yellowness value at 6.39. Major aroma
components produced in large amounts of fermented liquor were ethyl acetate, isobutyl alcohol, 2,6-dimethyl-4-heptanone, and isoamyl
alcohol.

Key words: pigmented rice, white rice, quality characteristic, traditional wine, aroma compound
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o gHaraleTy.
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o] JAS HA HEZE MUH(L=96.28, a=-5.06, b=+7.14) 0=
B of2 A]F9] L(lightness), a(redness), b(yellowness) 7t

TR 7|7t g Taso] 8 7|82 Park 5(2020)
o e WFstol BTk 2, AR 10 mLo] YRS
=72 4-methyl-2-pentanolS F 7} 0 W, FF7|AEL direct
headspace B'H-& 0]-8-5}0] GC/MS(Shimadzu, Kyoto, Japan)&Z
245199t Column HP-FFAP(30 mx0.25 mmx0.2 pum,
Agilent Technologies)E AME-5}%1 0™, carrier gase= THFS
o] &5t PR FF2 GOMSE o]&sto] A2
mass spectrumS NIST data base2 FHAolo] AL HY
of9] HES WL E TN, T2 WFREEE
Qo) wArlg FEes Bkt

6) SAHEN

EAEAL SPSS 5A I & 713 (Statistical Package for the
Social Science, Ver. 12.0, IBM SPSS Statistics, Chicago, IL,
USAY ol Bslo] BTt HEWAE ohT LA B4t
4 (one way ANOVA-test) & Duncan’s multiple range testS
AAIske] A F7E p<0.05914 Taz|gte] g 5 1F 4
[RIE 719 Fo48= A

wazo] 4 54 229

1. pH & Bz

9E 10 L
Table 13} Zch. ©a30] pHE Wa9] AP} 43I
AP EE AT 4 e S83 ARE wjnjel {40
"3 0YA} pHE 5.10~5.65 HE YERICE Ta 2d
Aol FA et win] miEo A Zrasitir TE 443l
tha F7hstglon T o] SRE WRFEURI 10Y7HA=
pH7} &9tsHA fA == A Hied A dariites &
Sto] Wu|H o}k FAuloA pH7} EQkal W] Qb= o1&l
Zpo] 7} Uit o]et FZ A= Kim 5(2000)9] S1]E ©]
B3 B34 FAFY Ax FHo] et AFolA] Sm] 9]
A7H]&0] Fordel met pH7E EokAlE Aol ATH=
HIR= FARIAL L Kim 5(20122)2] E1] 47} 24
o] gHitsh 9 g B4 AFolA SuE H7behA] &2
Z7-9] pH7t 7H =UAL E1] F7Fgo] BEaE pHL R
OFA| = Aol Hilet= ARt 275 Ko o= &
Au|o] FF, HaA, wigy @ Faxy 5ol =t 2olzt
Uetts 202 saE|Qioy. detdo g uhde] A xA| &
q 2719 pHe Alwet dasgor Y4 714t 5o=
s &ra 27| pH7} RopA|t7h Ia $7]0f| pH7F 4itS
7| Z7Vshe A3k(Lee & 2010, Han & 19972)5 UEH=d],
Lee HS(2012)9] &= H7Hgat 159 $/E 29T &
o4z Az AFNHE Z7] pH 5.05~535004 A|&}s}o]
TE 5A7HA] AAasiglon 1 3 B TR 4% STt
Shithal Harsto], &2 Avke}l v A g X5kt

A= A9 FHet HEGO] IS F= AR T

)
0

2
i)

Table 1. Changes in pH and total acidity during fermentation periods of white and pigmented rice wine

Fermentation periods (days)

Cultivar
0 2 4 6 8 10
Samkwang ~ 5.10£0.02*7?  4.19+0.00% 4.39+0.02> 4.49+0.01¢ 4.510.00% 4.52+0.00%°
- Heugjinmi ~ 5.48+0.01"° 4.66+0.00% 4.73+0.00%° 4.72+0.01¢ 4.71+0.00™ 4.71+0.00™
P Joeunheugmi  5.42+0.00" 4.67+0.00™ 4.72+0.015 4.72+0.015 4.70:£0.00¢* 4.70:£0.00¢
Heugjinju 5.65+0.00* 4.69+0.01¢ 4.71+0.01% 4.70+0.01%° 4.7120.00% 4.7120.00%
Samkwang ~ 0.06£0.00™ 0.39+0.03° 0.41+0.065®  0.47+£0.00"%  0.49+0.03"° 0.50£0.03"°
Total acidity Heugjinmi ~ 0.10£0.03™ 0.49+0.03“ 0.54+0.035%  0.58+0.06™ 0.58+0.06™ 0.720.03"
(acetic acid %)  Joeunheugmi  0.08+0.03™ 0.45+0.03% 0.50:£0.03 0.56+0.03 0.64+0.00% 0.72+0.03*
Heugjinju ~ 0.10£0.03% 0.47+0.00™ 0.56+0.03 0.58+0.005%  0.62+0.03% 0.74+0.03*

" Values are expressed as the meanS.D. (n=3).

? Different capital letters (*) in the same row indicate a significant difference among fermentation periods and small letters (*%) in the
same column indicate a significant difference among samples by Duncan’s range test (p<0.05).
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ShpE wa 27 FAEE 0.06~0.10% HES YE AL,
W 290340 Aule} W] BE F25] Z7hsou, 1
ol gksizl F7hslole, 53] S Wa s
ula) 109340] BAbE} Wojue 24 Z7ek 4 B
At ol Han 5(19972)9] 5 FFo o 222 A2
A B4 QS BF A5 72 2239 B4 B4 T
goll 2 Fofsht a7} JY=HA ZAtoi} GRof 9f
St F71A Ao g FAEY] ofo] thar FTISHA Htkal Kl
stA=dl, 2 AFoA= TE 29t F4to] F43] 71
sto] 27] g £L7t HE AR AZEoH T o=
A E f714to] | AJEol Tofste] Avtet S7HAE H
ol Aoz wotHr} E5] Wa 10¢%}of| f-Au]o] FAE 7}
0.72~0.74%%= #u](0.50%)° Bl F7F5tA=H ol Kim
2001209 Zu] F7} SAEe] PASH P RS Ao
Al R 10930 SRS H7FeE Aol diERto] H]S]
citric acid, malic acid, succinic acid ¥ lactic acid 25 Z7}5}
Siche 2719} 3 A7 Asoke oAl & Xk

2. g5

fAu] ghg o] g v\ g, Shdg 9 o] W)
L Table 29+ Zt}h WA gl BF %70 Ago] 12.63
H
A

stolcl Ol =
2HRleh 4 =&t

2
Aol 439 WaF BRI FEst 27 F71 5 2 s
glol AT ke HASHET YR FRAY 1097l E

4Pgo] 1740 °Brix2 7H =2 32 Bon f40] 352
13.17~14.93 °Brix H{Jo|]t}. o]} Zo| win]o] T} {4
nEth =2 A2 fA0= dudEE Yo dEE 4
Bol AFo s A7| g2l A& IdHA U=Hl, Ha 5
(19992 FA0| 58 T3 E49 A+olA Iyt =&
Z0] ol 2 o A TR 16-29% H Q21| wHE Su|E=
14.27~16.84%% F2 o7 B 1gt vt Qlot. LY ¢
AFgo] ¥rg %719 105.71 mg/mLE 7FE =9k1 {-A41]
AFE 50.16~87.24 mgmLo| o W 2A3}RE 7HAas)
1E FRYR 108Ake]= 4Rgo] 80.51 mgmLE 71 =
g, S0 = 18.88~43.16mg/mLo] T} Kim S-(2000)-2
o]&%t FAF A AFEREH <59 4 F Y
a9 AFZ Y DA BAE THH &
| B8 g Folle B B ¢FZE9 Aglo] It
Aoz o]Fojx]7] wfFo T Al H|F st YIS 5
L7t S7Foke AL R HIHE = floy Sr|9 H7HH|E
o] zolxle] wa} Fo HAago] il Histo] E A
ANt v WA & X5kt dRtA o g urd = 27
of FFol|Fol ottt A&l Eoi= gddo] S7stH olet
SAlo] AR7F B o] &5t dISE Hesh= Ae=E &
2 A QthHa 5 2012).
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Table 2. Changes in °Brix, reducing sugar and total sugar during fermentation periods of white and pigmented rice wine

Fermentation periods (days)

Cultivar
0 2 4 6 8 10
Sambkwang 12.63+0.06™2  17.13+0.06" 17.00+£0.00 17.17+0.06™ 17.30+0.00% 17.40:0.00"
oBrix Heugjinmi 8.73+0.06™ 13.700.17* 13.37+0.06™ 13.13+0.06™ 13.17+0.06 13.17+0.06%
Joeunheugmi 7.67+0.06™ 14.67+0.06™ 15.00+£0.00*%  15.07+0.06" 14.87+0.06 14.93+0.06%°
Heugjinju 6.70£0.00" 14.33+0.06° 14.57+0.06* 14.47+0.06™ 14.130.06™ 14.2340.06™
Samkwang ~ 105.71£0.50* 93.97+0.30% 80.71£0.11< 76.42+0.75™ 79.72+0.82% 80.51£0.41¢
Reducing  pr oriinmi 87.24+0.50"  47.45+0.11% 28324050  20.99+0.11™ 19.4140.23% 18.88+0.20%
(nizf;i) Joeunheugmi  68.37+0.40 60.39+0.30% 53.39+0.41<° 47.9240.50° 42.4440.20" 43.16£0.30%
Heugjinju 50.160.34% 57.28+0.52¢ 47.72+0.11° 41.19£0.30> 37.62+0.41% 36.90:£0.20F
Samkwang ~— 234.85+4.70%  204.94£2.10%  165.03£10.41>  86.72+£1.08%  189.79+3.43% 84.79+0.76%
Total sugar ~ Heugjinmi ~ 222.13+4.58" 67.56+2.02% 75.2140.73% 43.71£0.30™ 32.15+0.77% 46.11+0.37™
(mg/ml)  Joeunheugmi ~ 89.99+1.30* 86.55+0.725 80.43£021™  68.28+1.61™ 80.53+2.16 56.54+0.83%
Heugjinju 60.23+1.41% 98.16+1.87% 67.04+1.07™ 50.30+1.50" 86.30£2.72%°  107.50+£2.23"

" Values are expressed as the meanS.D. (n=3).

? Different capital letters (*) in the same row indicate a significant difference among fermentation periods and small letters (*%) in the
same column indicate a significant difference among samples by Duncan’s range test (p<0.05).
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Table 3. Changes in alcohol concentration during fermentation periods of white and pigmented rice wine (unit: %)
) Fermentation periods (days)
Cultivar
2 4 6 8 10

Samkwang 11.90+0.40"°V? 14.30£0.20% 15.10£0.20"%° 14.70+0.105< 15.50+£0.20
Heugjinmi 13.0040.20%* 15.00+£0.10% 15.70+£0.20"* 15.10+0.10% 15.000.10%°
Joeunheugmi 11.80+0.10™ 12.60+0.20% 14.03+0.065 13.90+0.205¢ 15.20+0.10%°
Heugjinju 11.80+0.30% 13.30+0.10™ 13.80:£0.40° 14.50+0.10% 15.60:£0.10"*

" Values are expressed as the meanS.D. (n=3).

? Different capital letters (*F) in the same row indicate a significant difference among fermentation periods and small letters (*“) in the
same column indicate a significant difference among samples by Duncan’s range test (p<0.05).
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Table 4. Changes in color value during fermentation periods of white and pigmented rice wine

Fermentation time (day)

Sample
0 2 4 6 8 10
Samkwang ~ 53.7120.12°?  5520+0.10* 54.1120.20% 54.79+0.18% 53.41£0.16™ 53.40+0.07%
Heugjinmi ~ 45.65+0.26* 41.24+0.20% 36.88+0.16™ 36.74+0.05™ 37.79+0.40™ 38.33+0.05
Joeunheugmi  37.19+0.03" 32.58+0.07% 32.08+0.13% 32.07£0.56 31.89+0.12% 32.08+0.05
Heugjinju ~ 34.89+0.03"° 31.73+0.015¢ 31.44+0.14™ 31.55+0.22> 31.64+0.14> 31.91+0.09™
Samkwang - 0.24+0.01¢ -1.21£0.02% -1.03£0.03% - 1.46+0.02% -1.20+0.02% -1.28+0.02™
Heugjinmi 437+0.14™ 6.82+0.14% 7.530.04 7.31£0.19™ 7.800.06™ 8.08+0.04*
Joeunheugmi  9.49+0.03*° 7.19+0.04% 6.1240.11 5.71£0.30™ 5.57+0.05™ 5.99+0.01<°
Heugjinju 9.22+0.02 5.57+0.03% 4.58+0.09% 4.41£0.06™ 4.67+0.05 5.600.06™
Samkwang 0.23+0.027 2.92+0.03™ 2.17+0.03% 3.82+0.03"° 3.27+0.04 3.47+0.03%
Heugjinmi 7.17+0.26™ 7.57+0.24% 5.79+0.05™ 5.51+0.23™ 6.12+0.04 6.39+0.01
Joeunheugmi  6.89+£0.02*° 2.9120.02% 2.33+0.04° 2.04+0.24> 2.09+0.04™ 2.2120.03™
Heugjinju 5.20+0.01% 2.09:+£0.04%° 1.68+0.05™ 1.52:0.06™ 1.58+0.07% 1.89:£0.08%

D Values are expressed as the meantSD. (n=3).
? Different capital letters (*F) in the same row indicate a significant difference among fermentation periods and small letters (*) in the

same column indicate a significant difference among samples by Duncan’s range test (p<0.05).

Samkwang

Heugjinmi

Joeunheugmi

Heugjinju

i

4

10

Fermentation period (days)

Fig. 1. Color of rice wine with different cultivar according to fermentation periods.
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Table 5. Changes in volatile compounds during fermentation periods of white and pigmented rice wine
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(Unit: ppm)

Fermentation periods (days)

Compound Cultivar 5 2 5 3 0
Samkwang 84.940 109.485 61.812 48.877 31.880
Acetadehyde Heugjinmi . 13.839 12.992 13.959 15.329 14.328
Joeunheugmi 6.587 19.314 9.818 9.557 9.489
Heugjinju 17.655 12.750 13.471 9.014 12.314
Samkwang 40.155 40.155 65.294 39.182 17.962
Heugjinmi 17.734 25.781 32.845 22.261 30.836
Tetrahydrofuran Joeunheugmi 12.759 20.482 10.894 14.288 20.167
Heugjinju 56.140 22.617 17.319 16.295 14.819
Samkwang 62.282 91.246 83.190 139.051 102.764
Heugjinmi 47.583 65.702 82.633 87.888 110.786
Ethyl acetate .
Joeunheugmi 35.953 60.771 62.466 64.211 89.434
Heugjinju 58.882 70.267 83.798 83.798 111.897
Samkwang 66.883 19.675 11.270 24.854 18.908
. Heugjinmi 17.139 14.153 17.725 15.704 14.364
Methyl isobutyl ketone Joeunheugmi 11.859 2521 12.648 16.033 15.256
Heugjinju 18.843 20.538 16.536 15.514 15.620
Samkwang 67.164 49.394 31.387 54.545 20.088
Heugjinmi 19.730 12.703 - - 7.032
1-propanol .
Joeunheugmi 14.091 12.259 19.224 17.548 14.595
Heugjinju 14.808 18.039 11.296 13.650 13.688
Samkwang 166.502 214.802 195.886 205.886 177.240
Tsobutyl alcohol Heugjinmi 87.080 88.845 77.749 83.511 76.343
Joeunheugmi 30.544 69.048 87.122 63.532 86.810
Heugjinju 74.090 74.749 52951 89.826 75.140
Samkwang 164.329 120.303 115.067 153.638 153.972
2.6-dimethyl-4-heptanone Heugjinmi . 137.821 130.625 149.248 142.296 166.466
Joeunheugmi 86.657 165.519 98.182 197.200 119.316
Heugjinju 136.064 143.729 151.386 128.537 158.885
Samkwang 157.704 208.196 206.483 173.521 172.190
soamyl alcohol Heugjinmi 179.818 191.244 149.299 170.176 148.914
Joeunheugmi 203.469 144.529 207.935 230.947 198.813
Heugjinju 177.276 166.851 141.758 181.768 149.255
Samkwang 16.582 11.017 7.653 19.215 13.379
Heugjinmi 8.631 10.953 13.273 12.650 17.301
I-ethyl-2-methyl-benzene Joeung}jeugmi ; 9.039 4.594 2.537 5.735
Heugjinju 11.032 9.984 5.547 12.368 14.030
Samkwang - 2921 14.427 7.145 -
. . Heugjinmi 18.527 29.495 38.947 13.214 20.944
Acetic acid .
Joeunheugmi 22.510 - 10.884 13.744 9.529
Heugjinju 16.673 11.952 34.583 18.074 2.130
Samkwang - - 5.786 17.360 3914
2 3-butanediol Heugjinmi . 16.913 17.750 30.302 14.262 34.682
Joeunheugmi 9.735 - - - -
Heugjinju - - 6.601 8.226 -
Samkwang - - 11.965 7.229 -
Hexadecanoic acid, ethyl ester Heugjinmi . 21.143 - 10.589 6.129 5.968
Joeunheugmi - 4.987 - - -
Heugjinju - - - 3.282 5.431
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Abstract

The present study was conducted to investigate effects of rabbit meat extract on energy metabolism and muscle differentiation
in C2C12 myotubes. Water extract of rabbit meat (10, 50, 100, and 200 pg/ml) was used to treat differentiated C2C12 cells. Reverse
transcriptase polymerase chain reaction (RT-PCR) and western blot analysis were used to determine mRNA or protein levels of energy
metabolism-related genes. Total adenosine triphosphate (ATP) content was also measured. Treatment with rabbit meat extract
significantly increased expression levels of muscle differentiation markers (myogenin and myosin heavy chain) and mitochondrial
biogenesis regulators (PGCla, NRF1, and TFAM) in C2C12 myotubes compared to non-treated control. Additionally, rabbit meat
extract activated phosphorylation of AMPK and acetyl-coA carboxylase (ACC). Rabbit meat extract significantly increased ATP
contents in myotubes. These results suggest that rabbit meat extract has the potential to improve energy metabolism in skeletal muscles.

Key words: rabbit meat extract, energy metabolism, C2C12 cells

M B 48 &850, 28 YoA AMPKE 2435t} PGCla
AL APHoRE F7HAZITHIrcher 5 2008; Kim &
AL oL R ALY} GAPALS] Z=Q 7|TOZ A, uE 2016). E3F n]EZE o} Ao THAE QAAE nuclear
Frgotr} 7H4 BRSHA £Astck(Kwak HB 2015; Dong & respiratory factor 1(NRF-1)Z} mitochondrial transcription factor
Tsai 2023). T2 oA AT A] 243} #AH 1|EEE A(TFAM) 5o] QlthKang 5 2019)
glo} 715 %24 QA= theksith(Asheroft 5 2020; Lee & nEZ 2ol A F7h= 48 Eoket: Uyst I
Kim 2021). =2 Ylof|A] peroxisome proliferator-activated o] It} (Porter 5 2011). FEL A|Z= L85 S &
receptor gamma coactivator 1-alpha(PGCla)E A% of 1 Z] o &f| o] 23} AFE) Q] oA E(myoblast)ol| A T FEf Q] TFA|
ARS] Q8 QIAMR A-g-5to] A4 ARSLE 2EStY nEE 329l A E(myotube) Z AJ<E THSong MY 2015). LS5
ol S F7FAZITHKIm 5 2022). AMP-activated 3l= myogenin} myosin heavy chain(MHC)Q,] g go] =71
protein kinase(AMPK):E A|3E W o Z] FAAES FA| 5= o= Ao g A A QIth(Yoon 5 2013; Kang 5 2019). w2t

M ol

' Corresponding author: In-Seon Bae, Researcher, Animal Products Utilization Division, National Institute of Animal Science, Rural
Development Administration, Wanju 55365, Korea. Tel: +82-63-238-7356, Fax: +82-63-238-7397, E-mail: isbae746@korea.kr

- 236 -



Vol. 37, No. 5(2024)

A olg §AAEC HEF 24L B 28 BHES %9l
@ % 9tk o2 BARE B U AL A 2hTe
24 ulghE ohe 28 AT UEhiE 23aZol
= 4Hoe g3 v 2400 det A7} 2ao] ¢
% S7bstaL Ut

E7 e E7|R0] &5t 7R Ui E A=
A HE ARSIl f-2uete] sESAR R AR
(MAFRA 2023)°] 2% E7] %3 1,5405.0) 4] 43,5791}2]
£ ARk Rlom wid A A UE AL Sl E7
17 AARFS F5to] oF 60%E AFA|5te] 71 whol AJAkst
a1 Qlom, mgAet ojgEol 5 AR Y F7HEolA o
¥t a9 E 9 ARSET BV a7 AW o] A
EXSA| A vlE BI2, RjUE 5o FESithal o
A ow, ni ngivt ofyd i &5 S dF
A oo =25 & 5 ATh(Lee & 2022). 3L, o =5H
BBy nzta o= EZ1V])E 18Y, T, &
WAL & ohdet AE A &6kl AYste HYA 0 R AL
|5 ot

SHARE E7]11719] AGts &2 SEAEA, AR o
£ A4 24, 914 kA, 9T =4, S7HE T
5°] 3% A2 (Kouba 5 2008; Bianchi 5 2009; Cavani
5 2009; Valenzuela 5 2011; Apata 5 2012), E7|117]9] &
ol gt 2942 A+ F53 Aol & AFAES
E7]111719] 4H| B431E fJsf AP AolA 3T3-L1 A
ANzolA E7|117] 550 PH|v Qled 24 FEE
SHAA el ATLS MAdste BT SRIsHH
(Bae 5 2023). o]o]] & AFoA= E7IV] 58S S5
0] &5 7150l vAl= YFE A H§ C2Cl2 =
A Al v ZdE ARSI o] HES E3 B
7] 58 A7t ZFAE] &3 A oA X thAF 2 -7
£o] uA= a7 eIttt

R

E7|17] 2B FAHZ oY E7] 200 g& ¥l
S E 200 mLE 120 CoJlA 12417t 57t 74E5kelon, ©

Q o

R S)

= FAE FHYE PRI F BE7]|17] FE552 o
(Whatman paper filter No.DZ A2 FZAZRsI FE2ES
Az ole} go] EZ1Y] FEE2 AN & S
ozt Wgsto] AlxsAnt. o] AN FE2 36%AH

2, ln

B3] 3529 22 U AAR 32 HHt 237

2. ME B 3 25 23

o] E5}AE 9] Lol Q] C2C12 A E(CRL-1772™, ATCC,
Manassas, VA, USA)= 10% fetal bovine serum(FBS; Hyclone,
UT, USA) ¥ 1% penicillin-streptomycin(P/S; Hyclone)o] $Hf-
E Dulbecco’s modified Eagle’s medium(DMEM; Welgene,
Daegu, Korea)©. 2 HFs}lH T} oF 85~95%2] ME7} A5
& 2% Horse serum(Hyclone)°| $H-3-5 vjA| =2 ojd 13]
A F 647t wASHIH. o] F3l HIEIIE Y] FokA
(myoblasts)E TL3HA] & (myotubes) 2 E3IA|AFQ oW, B3}
29FE E7]|a7]5E=(10, 50, 100, 200 ng/mL)y2 A 251
o 2] ule Raelz AeE AHOA Imgel ALE
floig Agstel ZAstaih

3. NIZ=M @7}

C2C12 A|zzol A E7]117] &5 AP0 o3t Alx g2
S8E =457 Yol EZ-CyTox(Daeil Lab Service, Seoul,
Korea)S AFE-3FIT C2C12 AlZE(2x10* cells/wel) S 96-well
culture plate©]] seedingd}il, 37°C, 5% CO, 2740 & HjF5}H,
ot E7]|317] FE5S 10, 50, 100, 200 pug/mLe] S = 244
7+ 59 A5ttt 11 & ZF well @ EZ-Cytox solutiong 10
uLA Yl 1A)7F 59t uiFst &, microplate readers AR5}
o] 450 nmol| Al FEE S5 A2EY s dx
ToNA9] 100% FEEE 7|22 A AZP2es
AArstATt

4. Quantitative real-time polymerase chain reaction
(gRT-PCR)

C2C12 A 225 473510 3,000 rpmof| A 527 M Z2 g
3 TRIzol(Sigma-Aldrich, MO, USA) -£9-& A+85}9] total
RNAE EZ5-3 . 25 RNAO| iScript ¢cDNA synthesis
kit(Bio-Rad, CA, USA)E o|&3}o] 25°Co|A] 58, 46°CollA|
2042, 95CAA 129] 272 & HHGA[A cDNAE /53
t}. A% cDNAE= SsoAdvanced universal SYBR Green
supermix(Bio-Rad)S EFF5ko] AUAI AL B FAA
PGCla, SIRTI, NRF1, TFAM 18|17 2283} B8 $A%
Q1 myogenin, MHC®] &&o] gt E7]117] F&&9] =4
avE gRlsh] Y3l qRT-PCRS 35H3AT

5. Western blot

C2C12 A|ZEof| A A== 5E3Kmyogenin, MHC), °f
YA HAKPGC-1q, Sirtl, NRF1, TFAM), AU A @/ 74
(ACC, AMPK)2} THAE ©ldof tigt E7]|117] 582

24 gIs gRIst7] 9o western blotZ FFSHATE =,
C2C12 A EZE $=A 5o 3,000 rpmof| 4] 587 AHEY & &
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RIPA buffer(50 mM Tri-HCI, 150 mM sodium chloride, 1%
NP-40, 0.1% sodium dodecyl sulfate(SDS), a protease inhibitor
cocktail, 50 mM sodium fluorde, and 0.2M sodium orthovandate)
= 91 47T, 13,000 rpmo]| 4] 205 SOt PAEZ 5Tt A
SHS 4=715}a] Bradford’s assay 3 (Bio-Rad)Z AM8-5}o]

Ao =8 =451, 20 ng $HEES 10~12% SDS-
polyacrylamlde gel electrophoresisE Ag-5}o] E-2]519t}. o]
£ nitrocellulose membrane©]| transfer$t &, 5% skim milk=
blockingS}1 T} Blocking®l membraneo] Z+2+9] 12} IAE
A7F5ka] 4ol A 514 HE2A171 &, 1X PBST buffer® Al
215131, HRP-conjugated 22} FA| 2 A-20] A 4087t HF-S-A]
Zth. o]% enhanced chemiluminescence(ECL) -8 (Advansta
Inc., CA, USA)C.Z 7|4 W3- 49Y5}al Xoray filmof 735}
Aot 7 o] WHE = Image J program(NIH, USA)yZ o]-&
oto] Bactin®] WA Fro} vlwg I vER Aol

6. ATP assay

C2C12 A|3Eof|A] ATP colorimetric assay kit(Abcam, MA,
USAYE AREsto] 453t B35ld C2C12 AlZ2E 4%t
3, 110 uL9] ATP assay bufferS @1l ¥4E25t0] A4S
2 96 well plateo] 50 pLA EF5}T. ATP assay buffer,
ATP Probe, ATP converter, Developers g3t 29 96
well plateo]] Z+z+ 50 yLA & 01-_7’_ AF2o A WS AT
ZFEfol Al 30 B2t ¥HEAIX] & 570 nme] oPF o2 A5
otk ATPY] %X ATP standardE ©]8-5to] AAkstqirh.

7. 84 24
Statistical Package for the Social Science(SPSS V28, SPSS
Inc., Chicago, IL, USAYS A-&3}0] £7] 2418 S9s19ict.

(&)
Myoblasts
120

100
80
60
40
20
0 T T T T
0 10 50 100 200

Rabbit meat extract (pg/ml)

Cell viability (%)

Student’s rtestS AFESIG Y, EAF o=
15}7] 3 p-valueZ} 0.05 o]}l AL

Znt o nE

1. NEZESM
C2C12 myoblasts2} myotubeso| /] E7|117] £EE9] =4
£ H7Fol7] Y4l cell viabilityE S35t ALAF 02 A
Ik HiFRt F9-0] Al ZAYEES 100%= AASIE W B
717 22E9] 10, 50, 100, 200 pgml % 22| A
myoblasts®] 739 Z+Z} 100.47+6.49, 98.7442.9, 100.29+4.6,
101.99+2.512 ZAE Q1 (Fig. 1A), myotubes®] F-$- Z+z+
100.743.06, 100.4£0.13, 100.270.26, 100.7+2.9% =H =i}t
(Fig. 1B). Tebd] £7]17] 2228 Hed 4% RE S5
o4 oI st LieitA gioree shalstict. ol o
T s& HelolA E7]17] FEE0] A2l vA= =40l
SAY S AARE 4 Qi
2. 22300 Chet 51t
C2C12 A|ZEo| A BE7|117] F&E0] 25 &3l A=
G EAS] 19 5 25} vpASl myogeninah MHCE]
mRNAﬂ- ol E] 9ke-S- 7z gRT- PCRI} western blot B
g A5 A 23] w2d E717] 552 A
E] St A Z o]l Al myogeninZ} MHC mRNA & o| 5= 9J&4]
0 g Z7Hp<0.05, p<0.01, p<0.001)3}AT}. EF, E‘r‘ﬁ*‘,] Ll
L 200 pygmL E7|3117] 2ZES X235 A ZojA] g%
B} myogenin YHE2 2F 1.98(p<0.001), MHC &3 ij
3738 (p<0.001)= 7} & SQkth(Fig. 2A). o]’ 2= E7
27] 22%0] 2 B3} Buide] $ug Ao EA 2

(B)

Myotubes
120

100
80
60
40
20
0 T T T T
0 10 50 100 200

Rabbit meat extract (pg/ml)

Cell viability (%)

Fig. 1. Effects of rabbit meat extract on cell viability in C2C12 myoblasts (A), and differentiated C2C12 myotubes (B).
Cells were treated with rabbit meat extract at 10, 50, 100 and 200 pg/mL for 24 h. Data represents mean+S.D. of three

independent experiments.
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(A) B)
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Fig. 2. Effects of rabbit meat extract on myocyte differentiation in C2C12 cells Myogenin and MHC mRNA (A) and protein
(B) levels were determined by qRT-PCR and western blotting, respectively. The cells were stained using the May-Grunwald

and Giemsa staining methods on day 4. Measurement of myotube widths based on images (C). Data represents mean+S.D.

of three independent experiments. “p<0.05,
S Eol2 HAY 5 Y A0 Yehith B dApolai
C2C12 Ao A TiL7] F5&2 A2 58 Falste] 10
ng/mLE A& O H(Lee 5 2024), 7822 500, 1,000
ngmLE A 2]3t A3k, 200 gl H 2T SARE S0 2
8 25} 7] Wdo] 2=k webA 200 pgmL7EA] X
g5t} 42 s £ dFoM= E7A] FE5
o] T4 w3 A= FFE AR fdl ErlES 5
3 FEiAQ HelE HESIAT. ¥ 23 myotube®] U]
7F EZ|AL7] FEES AR ¥ AREG E7|AL7]
SEe AT AEAA S7Hp<0.05)3te 4T EIH
(Fig. 2B ¥ Fig. 2C). &3-E3= myogenin, MyoD, MHC &<
o 277 2eBsle ZMAGD Rastn o
(Miller JB 1990; Je 5 2019). 18|22 E A7E 59 7)1
7] FEES THES SN BHo] Jve AL T
Aotk SEAFHY A 0% FAEZAEHLE B2
E717)E A717]8T 208, HAT7]R 268 £

“p<0.01 and ""p<0.001 vs. non-treated differentiated cells.

2] =3 Akalpha-linolenic acid) $FHS XYL QUTHRDA,
2022). Gub- AL C2C12 Ao 8 B3} 7o) A
TES FAAF #FA QL myogenin®] WA F7HAIX1THZhou
= 2022). B3t E7| 37| 47719 @R 17 H} o @e
it 258 5k th(seki 5 2021; Sinha 5 2022).
HE BE7|17] 2E2EA 48 BIlE 2= EX B

< ot B AR e, E7|AV]E 25 290 T
dEE0] gol ZAstAL et wetd 5 E7|117]9 fA
dES Bt 25 298 =g o e Vs =
= davt Aok

3. 24 MIZOIM OlILAXICHAS] CHSH &2t

=4 Al 2E+= myoblastsof| 4] myotubesZ F-2}=]= 2 o]
A EZE=E ot o] F7IBHHA mEEEE ot s

2310l 2o 7]ogttty gElA ti(Porter 5 2011).
C2C12 Nz E7)17] FE59 oUAItA 2EadE
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21t ‘_E g
% g1 ®
€, R D \ R g, l Eo
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N] R bbit it extract 1)
m0 §10 050 =100 =200 AthIt Mant muinct (PoNeN, Rabbit moat oxtract (ugimi)
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Fig. 3. Effects of rabbit meat extract on the biogenesis-regulating factors in C2C12 myotubes. The expression of PGCla,
Sirtl, NRF1, and TFAM mRNA (A) and protein (B) were analyzed by qRT-PCR and western blotting, respectively. Data

sokok

represents mean+S.D. of three independent experiments. ‘p<0.05, ~p<0.01 and " p<0.001 vs. non-treated differentiated cells.

gelsty| flsf rlEZE o} w7 oy A thAF 2 EJIRER] oA FEEeket u[EZE o} gl nA= BE g9l
PGC-1a, Sirtl, NRF1, TFAM2] mRNA ¥ tiuiz H2dS 3tk oo =& ndg 38235t =) ALE & Ev|T
qRT-PCR H'H3} western blot {02 FA}sI9Ic) 1 2y}, 7] &80 gt §% oyA] A X 4 nEEZE

PGCla, Sirl, NTFI, TFAMS] mRNAS} Gl WHle] B%  of 7]’ 24 38 rey PAd02 B7e Bast ok
270 v|F) EV|17] 2EE X o Bk oj&AH o

2 Z7Hp<0.05, p<0.01, p<0.001) 5} THFig. 3). PGC-la= U] 4. A2 M=0M E7ND7| FEE2| AMPK/ACC
EZC o} S &R A|7]| A (Halling & Pilegaard 2020), signaling pathway0| CHgt &1}
NRF1-Z R|EZEZ|otof| 4] 9] Akst] Ql4ts} #p7g o] 24l AMPK= S04 A4 iAol S Q3 S 51,
A}o|H (Kiyama 5 2018), TFAM U] EZE2|of 4] 3l A HEZCEgol f ATP BikE S7HA 7| 282 Shth(Das
AFE Z24E5te P|EZEd] ol DNAS] Z2 RE|of|A] 285 S 2012). olo]] E7]117] F&E2] oHAhA 52 Ao

L Al o|th(Kang 5 2018). PGC-la= NRF-1 @ TFAM  AMPK2] ¥#34S H71517] $i5to] AMPK % p-AMPK th
< I A nEZE g o} 2417} DNAS] AALS A5t 2 wrslere =45t 1 AT}, AMPK QAR Theiz
o] nEEC ol AFAE T7HA7IE Ao gEA Atk (p-AMPK)Q] WALtz Hls] E7|17] 258 A 5
(Chen 5 2022). B AZoJHL E717] 2ZEo| o3 o] wet Z7Kp<0.01, p<0.001)3H= AT R ATHFig. 4A).

NRFI7H TEAMS] o] 2712 BIstgiie, oS 5ol AMPKS] 243k A 8g4gol Bolshs §749 ACCH
£7]17] 2&%0] 24T W nlEREelol o] 4% A4S 2 BRHRE Gk 0]o] phospho-ACC(PACC)
2 5 % 92 A0 AAH /IE BANA APARS o Y FAFS SYdtel 7117 FEHEC] AMPK
EECol iy S/l et 244 NS Bustn 9l A ARS §es] sk skl A9 23k Y] 252

A|PHBae 5 2023), E7|1L7] FE&0] FAT AlZo|A 9 1 A& Qs ACCY QAL 57Hp<0.05, p<0.01, p<0.001)
EZCeoof WA= JFl el AgA o Add v SIACT(Fig 4B), o= AMPKO| 243} Aot dA[sh=
gtk weka B ALoAs E7]17] F550] C2C12 A|X Wgolglet. wekd EZ] FEEC] ZAT WA
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Fig. 4. Effects of rabbit meat extract on the phosphorylation of AMPK and ACC in C2C12 myotubes. The expression
of protein level were determined by western blotting. Data represents mean+S.D. of three independent experiments. “p<0.03,

ook

“p<0.01 and ""p<0.001 vs. non-treated differentiated cells.

Relative ATP level

0 10 50 100 200 M
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Fig. 5. Effects of rabbit meat extract on the levels of
ATP in C2C12 myotubes. Data represents meantS.D. of
“p<0.01 vs.
differentiated cells. M: metformin treatment (2.5 mM/mL).

three independent experiments. non-treated

AMPK &g 3}0]|
QAlElE E3F] PGC

FFES Z 5 U2 TASUTH AMPKE

GC-la @Aslo] AgAoz Flojg.
PGC-1a9] AL 53 nEZ=2ot B FARES &Hd
< T7M71E ZAoE Bay v, B A3 A3el A|5HY
TH(Halling & Pilegaard 2020; Chen 5 2022).

ZAZ MIZOIM ATP AAH| CHSH S3}

& A= nEZE ol S5kl ATP AJ4to] &
Q +o 5l 2otk (Lee & Kim 2021; Akiyama S
2022). ATPS] Y@ ZL oy} 2| upilold, ZAZ | n&
2L o} 75 OVJQE R LG} AHPARS] AL} A 5tE]
HA Qled AgH/do] WAst, nEZEFote] oA

g 0

1g
ol

i

Ao ZHAsSh= Ao FE A QJthBrand 5 2013).

C2C12 mytubesol| A E7|117] &E9] oA 4 Z7}
£ gRlst7] fsto] A2 W ATP =5 5785kl 1 2
I Al W ATPY] et= E7|3L7] 58 AgTolA iz
ol Hlg} foFog F7Hp<0.01)dt= Aoz YEeRgTh
(Fig. 5). E3F, & ti2Fo 2 AMPK A Z2A H|EZE
2jo} At 245 Sk metformin A 2o A& o R0
H]8] Z7}(p<0.01)3H= Ao & Lpehgt)

2 d7e BE7AY) FE20
2 zAsieth AIEEGS Boke 2T, eoan) 22l
|2 AELE] FF2 VIAA AT B2 T2kl o
gt AR = myogeniny} MHCS| o] F71sk9or, o4
AU Aol j BT AMPK 2 p-AMPK G o]
Z7ketgom, ouA] Ai4lo] et ETEE AE ) ATP 5
=7t 71 o8 B9l E71a7] FEE0] AEEde
A GLORA & Baloh oA TS S 4 9
28 3}olslylt}. E3], PGCla @ AMPK A5 720 g4}
£ £ v|EZT o} At} ATP AJAto] 271k oF 4=
A ol Aite E7|17] FE50] 25 715 T H
oA HAF

=,

F4o|| 785t AHE 7S AlARRIT
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Abstract

This study investigated phenolic compounds and radical scavenging activities of rapeseed plants according to cultivar and growth
stage. For 1%, 2™, and 3" harvested rapeseed plants, total polyphenol contents were 12.56~15.85, 10.28~13.17, and 9.94~16.01 mg
gallic acid equivalents/g sample, respectively; total flavonoid contents were 9.86~11.05, 10.41~13.06, and 8.18~16.64 mg catechin
equivalents/g sample, respectively; total chlorophyll contents were 17.26~21.66, 19.31~24.95, and 22.16~38.39 mg/g sample,
respectively; and total glucosinolates contents were 31.13~46.22, 28.51~34.72, and 22.18~30.58 mg SE/g sample, respectively. DPPH
and ABTS radical scavenging activities of rapeseed plants were 3.26~5.91 and 10.69~17.17 mg trolox equivalents/g sample,
respectively. FRAP activities of 1%, 2™, and 3" harvested rapeseed plants were 142.88~63.93, 37.97~61.24, and 32.93~52.36 mM/g
sample, respectively. Phenolic compounds and radical scavenging activities of rapeseed plants were found to be high in Halla, Yuryeo,
and Yeongsan cultivars. Overall, phenolic compounds and radical scavenging activities of rapeseed plants tended to decrease as the
harvest time was delayed. These results indicate that more research on functional ingredients and physiological activities of rapeseed
plants is needed to diversify their fields of use.

Key words: rapeseed (Brassica napus L.) plants, cultivars, growth stages, phenolic compound, antioxidant activity

N B L)= AAsite] Z8 & sis 489 4ite Bxos
A Qlom, Lelitatols ARgoR wol A

T IR QIS 357 A, S A A I YtHAn S 2023). ZHo| A= Auf E&of w}et chorst
o] S7FeHHA, A7t 42 A5 SR A4 &' BF EZZ fEsta ek £H57001(cy. Jungmo 7001)S £
ol e A7F sl XY=L UhPark 5 2018). o] 2 o] A7] ol FEELE A5t (Kim 5 2014), S
T Aol FA= ot 24 S ERotal /o, 7002(cv. Jungmo 7002)%= Zo] AA|H o= sslel= EAo]
A AEA7 AR YRR QAR glo] 1 &84S FXIs o] /Mt FL=rt iy B 1 EYTHKIm 5 2015). §-7

7] Yoll AEAQ B4 Aol Dastt. 5 (Brassica napus (cv. Yuryeo) 222 S#4ko] Fhefo] 74%E = A0 R H
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1153 9 H(Jeong 5 2024), FAHcv. Yeongsan) =52 2]
Ah S o] w2 A2 E HIAE{HH(Roh 5 2011).
S} (cv. Halla)@} WSH(cv. Nachan) 252 At} gl
4to] 80% oo 2 FA o] A Ak dhastal flom, Het
(cv. Tamra) T35 70| =1L A5t FHA| ol AFer
E207 HIEcHRural Development Administration 2008).
ESE B3 1355 (cv. Mokpo 135)= @A] &4 59 AEoC=
=eAF Egol O 67%E =1 FHAE ot ey &
A A= 2 SAY 287 S0 ASE] o, v
e A F5Y A=A et A= obd &3t Aol

A AEA] FLAE F s glucosinolate= &
(sulfur)& ESH5}= B-D-glucosideZ Hi3, FHf3, B2Zd,
Y& 5 AR i TRE S0, thet A
&4 Ad AR HE I tH(Fenwick 5 1983; Shim &
1992; Hwang ES 2010). Glucosinolate”} 5030+ 45 415
St 2Z]o] oA EHA 22 O] B4of 9] isothiocyanate,
nitrile, thiocyanate®} -2 S22 E Eol|=]11 o5 &4 s}
skt s E90 WA W e Wity Hasgld
(Fenwick 5 1983; Stoewsand GS 1995). €3] indole-3-carbinol,
sulforaphane, phenylisothiocyanate 52 3 §50] &= A
o7 &4 A th(Hwang & Lee 2006; Clarke 5 2008; Hayes
= 2008).

2 ATONE SA0] 84 e Slstol Fuoln &
He o] ABA) ot FR P} 43 L 2L 2
gsto], FA9] o]& =oF BFSE AT 71 xAR=E -85t
14 Shiet

ERETT

I B BB ASA AN MX

E A3tof A3t SA= stel(Brassica napus L. cv. Halla;
HL), ZI27001(cv. Jungmo 7001; JMI), SXL7002(cv. Jungmo
7002; IM2), E3E1355(cv. Mokpo 135; MI35), WdHev.
Nachan; NH), ®2k(cv. Tamra; TR), -3 (cv. Yuryeo; YR), J
AHev. Yeongsan; YS) 222 ARSI T 84 A& 2023
| 1€ 20¢ A Tt A9 A Fashel Hio] Qo4
A ZHE A4 240 1hE(20x20 em)SHR OH, 2023 12
790f 12 $EHQF 10 cm), 2024 19 4L 23} $3KCF 20
cm), 20249 19 31900] 3%} 8HF 40 emyBhch. SEtE
Al&+= 107] 7iAlof s A2l ZolE 45t eH, &
AZAZ(FDTA-5050, Operon, Gimpo, Korea) H H-2f(Micro
Hammer-Cutter Mill, Cullati MFC grinder CZ 13, Culatti AG,
Zurich, Switzerland)olo] BA-8 A5 2 ARESIT 524
2 5 R 13, 28 2 37 50 R0 SRUTE 24

et AR 3 s 54 245

(MA-100, Sartorius, Sartorius Lab Instruments GmbH & Co.,
Goettingen, Germany)3t 23} Z}ZF 93.82~95.05, 93.50~94.58
9 90.91~92.36 g/100 gO. &2 FALE|AC}. A Al =A9] FAE
3} A& oFg T AR 9] AL RIS EASTH
A&t

2. R B5Y MBSl & BNz ¥ B2pE0lS
EHET
A EE 4BA Ay SIE TF 24 9 5

AAZSE A= 80% OfehE(Dacjung Chemical & Metals,
Siheung, Korea)2 g 17 homogenizer (HG-15A, Daihan Scientific
Co., Ltd., Wonju, Korea)2 #2351}, o] 5 2447 B9t
AL A ¥5Z(Wise-Cube WIS-RLO10, Daihan Scientific Co.,
Ltd)8}FL, 4°C, 1,500xg01A] 1057+ A1 E2](Sorvall ST-40R,
Thermo Fisher Scientific)5}o] AFS-HS 35ttt 33 HHE
FET F A AEE -20C Yo Hste EA480
2 ARSIl 520 Uet § &8s € S kol
&2 Hwang 5:(2022)2] o2 RA5I & &9 H=
e FZEE 50 plofl 2% sodium carbonate (NayCOs;
Sigma-Aldrich) €9 1 mLE 75t & 387F W5t 50%
Folin-Ciocalteu reagent (Sigma-Aldrich) 50 uLE 7|51t} 30
B S vgN9] T E UV/VIS spectrophotometer (Thermo
Fisher Scientific, Waltham, MA, USAYE AF&-5}0] 735 nmoj| A]
245ttt BEEFEE gallic acid (Sigma-Aldrich)S A8
of AFAE AP o, AR AR g 59 mg gallic acid
equivalents (GAE, dry basis)= AJAlsto] HA|SIHT. & &t
BLolt s}kl 225 250 Lo 275 1 mLe} 5% sodium
nitrite(NaNO,; Sigma-Aldrich) 75 uLE 713t &, 58 Holl 10%
aluminum chloride hexahydrate(AICl; - 6H,O; Sigma- Aldrich)
150 uLE 7hste] 6 B3F HASHT o] 1 N sodium
hydroxide(NaOH; Sigma-Aldrich) 500 pLE &7}t 11E &
wHgle] FHE 2 510 o4 2gelsic REBUZ
catechin(Sigma-Aldrichy& ARg-sto] AFA-S 25t om,
AZx A& gd mg catechin equivalents(CE, dry basis)Z A4}
o HAISFAT

3. 7 E3Y AMEA[Q] = chlorophyll 2! glucosinolate
gtak 24
o]

o4 == 21EA9 & chlorophyll 3FFS Woo S(2009)
9] v ol wet Al F 20 mgS 100% DMSO(dimethyl sulfoxide,
Sigma-Aldrich, St. Louis, MO, USA) 5 mLo]| 1|5t} 65T
LLZo|A 6A7F FE9E &, 665 nme} 648 nm2] o] A
A E 24319t & chlorophyll 32 Total chlorophyll=
20.29A54578.02A65 A= ©l-&5to] A4tsitt. A EE5E



246 o7}

Oﬂl

A1EA9] F glucosinolate T2 80% g2 &5 100 uL
o $5F4 0.3 mLe} 2 mM sodium tetrachloropalladate(58.5 mg
sodium tetrachloropalladate +170 pL concentrated HCI+100
mL DW) 3 mLE 7}5to] A-L2o4 1417 §EGAIZ] & 425 nm
oA TBLE =45tAtt EFEA sinigrin(Sigma-Aldrich)
= ARESte] B 80 Uit FEEE EE AP
2 ZASIF o, AR A& g %9 mg sinigrin equivalents
(SE, dry basis)& AlAF5lo] HEA| 5 tH(Hwang ES 2010).

M

AIZH|Q| radical AMEA U FRAP &AM

14

4. 7 3
=3

A =594 AEA9 radical 24842 DPPH(1,1-diphenyl-
2-picrylhydrazyl, Sigma-Aldrich) 2 ABTS(2,2"-azino-bis-3-ethylbenzo-
thiazoline-6-sulfonic acid, Sigma-Aldrich) radical A4 &AS =
A5} th(Hwang 5 2023). DPPH radical 24342 0.2 mM
DPPH &%(99.9% ofg-Zo]l &-3f) 0.8 mLo]| A& F&& 0.2
mLE H7FRF £, 30% F 520 nmo A 3T AALAE F4
519 2.1, trolox(Sigma-Aldrich)E A5l HTFFA-S 245}
o], AX A& gd mg trolox equivalent antioxidant capacity
(TE, dry basis)= AAFsta] FA|5}99T} ABTS radical AA%
A &AL s ABTS 74 mM3I} potassium persulphate
(Sigma-Aldrich) 2.6 mMZ &3t5to] 51 F<t o]l W[5t
o] ABTS ¥ol25 FGAIX &, 8N FF = gro] 735 nm
oA 14~1.57} H=F oet 2 5]4sto] ARE-519]Tt. 34
H ABTS &9 1 mLoj| Al& &5 50 uLE 7Fotal 30 &
of F3xo HalE SA5IR M, trolox(Sigma-AldrichyE
Abgste]l AL AAdste] AR AR gd mg trolox
equivalent antioxidant capacity(TE, dry basis)@Z AHJAFo}o] HA|
staict.

Q7] - urgA - A - Qe - LBE - AR - ST SFAEIUIBA

Ferric-reducing antioxidant power(FRAP)= Han 5(2022)2]
HiHol| wa} FRAP reagent 0.18 mLo] A]& &5 0.03 mL,
S5 0.09 mLE 7Fsto] 37ToA 102 &%t BFAIX &
UV/VIS spectrophotometers ©]-&5}] 593 nmoj| A &L =&
=75}t FRAP reagent= 300 mM sodium acetate buffer
(pH 3.6) 2.5 mLE 37°CollA] 7}-23F 3 40 mM HCIZ 8-35)|5t
10 mM 2,4,6-Tris(2-pyridyl)-s-triazine 2.5 mL2} 20 mM iron
(1) chloride(FeCls- 6H,0) 2.5 mLE 7}ato] A Z3t9ith BE
E4E FeSOE AHEsto] &/d& ghibstilt

5. 8AEN

L= HolH= 33 ¥HE SA5H o, Hu+REHAE
AASFA. dojA A SA T2 13 (Statistical Analysis
System; version 9.4, SAS Institute, Cary, NC, USAyS Al-8-5}0]
one-way ANOVA EA Z AlZ]$FE p<0.059 4] Duncan’s
multiple range testE 53l §-21/d= HAsIACH, 2+ =A%
& 2t A = At (Park 5 2024). £3] F5E
At 4R D PSR 275 23] 775} heatmapS
MetaboAnalyst 5.0(https://www.metaboanalyst.ca) X% 13-
olgsio] BEY TAREE AN 7, 24 Bl
heatmap@ ZHSHIT} A0 GHS - 1.86-2.009] W0
W, 7 g0 SRk ekt k(o) Hrw

UHER A Th(Han 5 2022).

N

L= Ut

™

1. 7 SBY AEA 4= ¥ =Y 3etE 2
FA 2 TFt B8 73S B fl AEAE A
sistal B EE 2ARE A3 Fig. 13} o] B o o

=

Table 1. The length of rapeseed plants according to different cultivars and growth stages

Length according to growth stages (harvesting times, unit: cm)

Cultivars

1™ harvest 2" harvest 3 harvest

Halla (HL) 9.73+1.27° 19.00£1.50° 39.2543.25™
Jungmo 7001 (JM1) 11.83+1.13° 22.28+1.68% 38.90+3.94™
Jungmo 7002 (IM2) 11.20+0.97" 21.53+1.81% 37.1342.91°
Mokpo 135 (M135) 10.45+0.74™ 21.28+1.91% 41.10+3.79®
Nachan (NH) 11.2041.13% 23.85+1.51° 42.1542.54°
Tamra (TR) 10.132.13° 18.98+1.79° 37.3022.63°
Yuryeo (YR) 11.45+0.84° 23.30+1.56™ 40.85+4.10™
Yeongsan (YS) 8.68+0.87¢ 20.45+1.22 42.75+3.05°

All values are expressed as the meantS.D. of twenty measurements. Means with different letters within a column (**) are significantly different

at p<0.05 by a Duncan’s multiple range test.
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15t harvest 272 harvest

Fig. 1. Photograph of rapeseed plants according to different cultivars and growth stages. HL: Brassica napus L. cv. Halla,

JM1: cv. Jungmo 7001, JIM2: cv. Jungmo 7002, M135: cv. Mokpo 135, NH: cv. Naehan, TR: cv. Tamra, YR: cv. Yuryeo,
YS: cv. Yeongsan.
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Fig. 2. Total polyphenol (A) and flavonoid (B) contents of rapeseed plants according to different cultivars and growth

stages.

Y HL: Brassica napus L. cv. Halla, JM1: cv. Jungmo 7001, JM2: cv. Jungmo 7002, M135: cv. Mokpo 135, NH:

cv. Naehan, TR: cv. Tamra, YR: cv. Yuryeo, YS: cv. Yeongsan. 2 All values are expressed as the meantS.D. of triplicate

determinations. Means with different letters within a column (*" different cultivars or

different at p<0.05 by a Duncan’s multiple range test.

SHAT.

A 2SER AEAY F Edds € EgELolE F
ZFS ST A3} Fig. 201412} o] {93t Zpo|7h ettt
(»<0.05). A1EA &4 SHELS phenolic hydroxyl 15
7HA 3L Qlo] w2 A S YEFATHWoo 5 2013). &
A 55 2 ASHAE T E95s T Fig 20)2 12

Aol & HIPOm(p<0.05), FFEE 1A}, 22} B 3%} et
AEA 9 & ZoHs T2 ZH2} 12.56~15.85, 10.28~13.17
9 9.94~16.01 mg GAE/g sampleZ WEFGTE £35] SteHHL)

20 717+ 15.85, 13.17 € 16.01 mg GAE/g sample= Tr=
350 vol 2 E9HE 2 Bt 59 E50

o} Zjoliz glort BB 14} 4:8jo] 27} Sehrct Holmje}
Al %L, 37 FEo A A Sk AdE EH AE
o] 7] BRAA A= F AEFH 20| gt Boiz} wg-
Z8517] o] o] EFZA EejvEo] oA
Ak el QIrhRice Evans 5 1997). 0] ojgl AJ%o]
o] TESHA| k2 AH oA F P omRE o B2
o7t Qs g AZtEm, & AFolA 13 5
of 23} 3Rt} foulsHA] %3ke AnskE AHFI}. of
Sje Fake 54 4249 s AR BFS A
oML BF U SoAI7e] Melo] ZaFHTs A A4}
Sttt & ARl 220 At i) 2 B2 270
A9, E3a F vagt o 1 NY =30 YHHOR o
L0 & gE B GEstty B Edtk(Vallgjo S
2003). Tronchuda FHS=9] -, 84 LA o] o]l & A
A FZA71Q1 1Y FeollA ZE a9 A wl= st
9l 3-p-coumaroylquinic acid®} 4-p-coumaroylquinic acid®] &
Z7F FoulsHA =9AIE, 11E &, 29S¢, 19 $¢

A€ growth stages) are significantly

9] A7) whet F Hls ol = Fou|et Ztol7t §l
UL H A= i TH(Sousa 5 2008). FOf TFH HgHiF+9]
oY Bfl= 7k HE5H SPHlF o FRE w4k
o] FoulotA B w2 FEOE 2L, HYuF2] FS
Q1] FRolA HmA4l o] B EUAIRE AEH 221
FoJulstA] fot FF, Al g0 WE w4t eFo] A
o|7} = AL E HIEQUTHPark 5 2014). EF #ijF 4%
T2 7 F 4T 20TA 6 Bt At A3, H=
o] ZUletgthal R 1% @l th(Harbaum 5 2008).

4 55 € ASHAE T SEo|t f(Fig 2B)
2 BSGA APIS5E FoFoR Frehs AFE B
9 0 W (p<0.05), 13}, 23} @ 3%} 28kat A| =0l A ZH7k 9,86~
11.05, 10.41~13.06 ¥ 8.18~16.64 mg CE/g sample= }EF}
o} B3] 3% 8 FEHHL R EYR) EF0] 217 16,64
4 1432 mg CE/g sampleZ 2 EgtEo|E TS YE
itk A a4 sRtE AR S48 ofye), 1
TZof wet P Z2 TRt BYEAEE 2= ZeE
A A 21O (Middleton E 1994; Woo 5 2021), 71 & E&}
Hio|E AEoA AA A, AEHA BS, AEH
715 738t S8 IS rhal HIEQITH(Samanta 5
2011). ol A A= AEo] At 2 AEFA
of et o] 7]Zto] A3}E o] et o] =9 gHdo] £7
Hoh= Ho 2 sjad & lon, AR 2HE F sl
Hj S0l A ofdQlE T & oA St ol Figol o
EYTHE A et A ghckSola 5 2020). B2 ZE|Q}
29=999 4L, & S Lot kRS & BTt 9
F-oll A F-2J5HA| .2 ™ (Bhandari & Kwak 2015), 747442t
A AR}FO|A] hydroxycinnamic acid?} EetE o], A3t T
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= B QAT Ao o ol ZATTHT HuEg
Ch(Harbaum 5 2008). E, ©79] B9, H=2tehE Gl
Q014 5171 pmol/g Q.2 o] AA19] 38.99 ymol/gH e
Bgron], Betni BgEo] FagEolsty HuHt
(Francisco 5 2009). 0|23t A3k £ o] BaE 42
Ao &AL ABPo] wret Bepuiol= Fzpo] R
S Z71sHe AP AAS0, 99 2 F-84RA of
3 8hA) 79 A JPol T 27HH A7)
2FS A,

Nz

il E3Y MEFQ| S chlorophyll ¥ glucosinolate

2.
f2k
o

o

oo

A F5E AEA Y F chlorophyll THFe 543 4
Fig. 3A9} Zro] & 4 BSTA o] met {2221 Zpo]
Hohp<0.05). AAH & A 77F 2255 d&5L
o] S|4 0T ZABE AT BAOH(p<0.05), 17, 2
2} @ 32} $3kst A Zof| A ZFZ) 17.26~21.66, 19.31~24.95 L
22.16~38.39 mg/g samplez FALE| QI E5] SHEHHL), S5
7001(0M1), ZE70020M2), S-2|(YR), FAKYS) ZFo] 33}
o ) BE TRk UERoN, 34 S0kt vt el
% chlorophyll $F2 38.39 mg/g sample® 7} =2 7S
Bt 5170023631 mg/g sample)?} 5-2(34.89 mg/g
sample) 25 F3F &2 S Byt

A F5E AEAY F glucosinolate HFS ST 2
3}, Fig. 3Be} Zo] &5 9 ASHA A et |24 Aol
£ EATHp<0.05). AA| A 05 8FA[7]7} ol wet F
glucosinolate TF TFASI= FFS BHYPoH, 14}, 24}, 3
2} 428k A Zo|A ZHZ} 31.13~46.22, 28.51~34.72 X 22.18~

N el
ool &L
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30.58 mg SE/g sampleZ YUEN} 13} $831 A|BoA =&
SRS Bk ARt} Aol $G-E glucosinolate= A4 F
A ZFo] TS| Eio] ofa] Bohslol, AAskat Ak
E59 HAQ 92 Wth(Fenwick 5 1983; Stoewsand GS
1995). LxWaL 13} 285 FeHL) 2£0| 4622 mg
SE/g sample2 714 =9rom, 23} 43k Z17001(JM1)}
SteHHL) &50| Z12F 34.72 2 34.38 mg SE/g sample, 32}
T JAHYS) FFH FET0010MI)°] 22 30.58 B
30.28 mg SE/g sampleZ ZAME| it B2 22|l Z2&2Y
6559 A, I FAETD & BRolM SFIAEHCIE
ol FostHA =Skt EEih(Bhandari & Kwak
2015). &=FollA= SFIAIEYIE Fgo] oA 26.84 pmol/g,
ofd &4 29.11 ymol/gl = Webg o, 1% ¥4
(gluconapin) $+5F0] 232 tmol/gC. 2 Q9 FTFA| =Y o|E
& Q1% U th(Francisco 5 2009). ©] 23t A= & A
A 13 53 AR AolA AP e 2RRAEd0lE

FFS 2 AR L BIoIdT Qo =%
(Brassica rapa ssp. rapa)®] YLABA| A= BH ] 2F

FAEYo|EQ} HEdRtEe FFo] F7ieo] weh Ak
3}, It 2 3t E4do] Eorxlttal BarE v {Itk(Chung
= 2016).

Z4 MERHQ| radical 2H{EA LU FRAP &AM
Z =

Z1(Bystrom 5 2014; Kim 5 2018; Hwang 5 2023), H=4]
FHE TPl %I4T 3
(Duval & Shetty 2001). @AFSH A& 93t AxFdsS =
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Fig. 3. Total chlorophyll (A) and glucosinolate (B) contents of rapeseed plants according to different cultivars and growth
stages. ) HL: Brassica napus L. cv. Halla, JM1: cv. Jungmo 7001, JM2: cv. Jungmo 7002, M135: cv. Mokpo 135, NH:
cv. Naehan, TR: cv. Tamra, YR: cv. Yuryeo, YS: cv. Yeongsan. 2 All values are expressed as the meantS.D. of triplicate

determinations. Means with different letters within a column (*' different cultivars or

different at p<0.05 by a Duncan’s multiple range test.

A€ growth stages) are significantly
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Fig. 4. DPPH radical (A) and ABTS radical scavenging activities of rapeseed plants according to different cultivars and
growth stages. ) HL: Brassica napus L. cv. Halla, JM1: cv. Jungmo 7001, JM2: cv. Jungmo 7002, M135: cv. Mokpo 135,
NH: cv. Nachan, TR: cv. Tamra, YR: cv. Yuryeo, YS: cv. Yeongsan. 2 All values are expressed as the mean+S.D. of triplicate

determinations. Means with different letters within a column (*" different cultivars or

different at p<0.05 by a Duncan’s multiple range test.

Aol= W Moreno 5 2000022 H4 T A EA 9
DPPH radical 2A&A4-& &£43t 23}, Fig. 4A%} o] 39
A2l Aol g Hth(p<0.05). A 710 whet 13}, 23 A 3
2} 583 A7 FEEA 27 432591, 337~5.06 &
3.26~5.83 mg TE/g sampleZ YEG O, A& 072 1x} 4
et AlROA =2 E4E Bt £50l wEt= 141 2
A} 9l 32k 8kt jHeHHL) F35°] 242t 591, 5.06 9 5.83
mg TE/g sample® &2 &/d& Uetil o, 13 85t g2t
(TR), FAKYS), HEZI1355(MI135), F2(YR) 5= 22
5.46, 542, 536 X 5.32 mg TE/g sampleZ H| 12 &2 24
= E3it

G4 7HA = &40l 28l ABTS radicalo] A==
< o83 WH(Kim 5 200922 A4 FFE AEA
£ 9] radical 2AE/Z ST A3} Fig. 4B} Zo] &
Al ZolE HAHp<0.05). 12}, 23+ & 33} $EA]7]9
Z2=ZE9] ABTS radical 2AZAL 217 12.31~15.04,
~13.70 2 10.69~17.17 mg TE/g sampleZ UE}OH, &
2 2ol olou AR Ao g 1239} 33} 428t A]F0|
%o 4L Holth Exd gebl 37 23 dlet
(HL), AKYS), 93 (YR) ZZo] ZH7F 17.17, 1531 © 14.56
me TEg sample T4o] %7 ebtoml, 17} S8kt giel,
Wk F4h 49, get E5T 242 15.04, 15.02, 14.55, 14.23
4 1421 mg TE/g sample® H| 73] £ B2 HAh 74
FTAE gFsto] Aol e wi7bA] NaCl w=of whzt Hj
Fe A, S B =9 FE(25~50 mM NaCl) Z70]A A
HSE 154 9] Hs gt AR E4do] 7MY =it
T+ Z3k(Falcinelli 5 2017)2}F G| FF- F715HoE 4
4bE Qlo] A3 Ajul HPH o2 AJ4bE QQHT F = ot

2 e

[T

B o 4 o

N
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=
O

e

2

AC growth stages) are significantly

FRAP &2 22 pH ZZoA A osf ferric
tripyridyltriazine(Fe* -TPTZ) E-3}4]7} ferrous tripyridyltriazine
(FE-TPT)0 2 Belshe felS olgslo] B4 2ok
o=, A FASHA sk EF 0= FRAP Flo] F

70 | O1st harvest @2nd harvest m3rd harvest
A2
g 4 aB
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Cultivars of rapeseed plants?

Fig. 5. Ferric-reducing antioxidant power (FRAP) of
rapeseed plants according to different cultivars and growth
stages. V) HL: Brassica napus L. cv. Halla, JM1: cv. Jungmo
7001, JM2: cv. Jungmo 7002, M135: cv. Mokpo 135, NH: cv.
Nachan, TR: cv. Tamra, YR: cv. Yuryeo, YS: cv. Yeongsan.
? All values are expressed as the mean+SD of triplicate
determinations. Means with different letters within a column
(*" different cultivars or * growth stages) are significantly
different at p<0.05 by a Duncan’s multiple range test.
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Table 2. Correlation coefficients among antioxidant compounds and antioxidant activities of rapeseed plants according to

different cultivars and growth stages

Factor Flavonoid Chlorophyll Glucosinolate DPPH ABTS FRAP
Polyphenol 0.2947 0.0080 0.5358" 0.9292"" 0.8804™ 0.8162""
Flavonoid 1.0000 0.6809™" -02114 0.2701 0.5569" 0.1738
Chlorophyll - 1.0000 -0.5457" -0.1469 0.2243 -0.3498

Glucosinolate - - 1.0000 0.4964" 0.2383 0.6633™"
DPPH - - - 1.0000 0.9025™ 0.9058™
ABTS - - - - 1.0000 0.7404™"

Significant at “p<0.05, “p<0.01, "*p<0.001.

7¥shz £740] o] F RS AHH o R ST & SHINH), FAKYS), F=(YR) FF5= 27 57.99, 57.13 4
Qlttal Xy E]o] Qlti(Moon 5 2003; Lee 5 2021). 94 & 5446 mM/g sampleZ H|W A =2 YA HYct

T4 A=A 259 FRAP $4Z 4% A, Fig 59 A AEA 229 F8 PEELN Edve FF
Zo] &5 9 AS2Al "t f9Fd AolE E“E} 3} DPPH®} ABTS radical 22# &/ ¥ FRAP &4 7+o] A

(p<0.05). Z=A[7]0] wet 13}, 22F W 33} Rt AR S

EoA ZHZF 42.88~63.93, 37.97~61.24 X 32.93~52.36 mM/g
sample2 UEPGOH, AAH 02 $3A|7]7} 20|48 &
Jo] Fasts A Bt F50 wEbA= geHHL) #
Zo] 1x}, 23} 9 32} 484 2+ 63.93, 61.24 2 52.36
mM/g sample®2 =2 S/3Z UEFIT E3F 13} =25t

clas: s_

]

Chlorophyll

Flavonoid

glucosinolate

length

ABTS

value

DPPH

FRAP

Polyphenol g

- ™~ E [a4 funnd o w0
&£ = Z E= = > >
5 5

M135

Fig. 6. Normalized response of antioxidant compounds and
antioxidant activities from various cultivars of rapeseed plants.
The level of individual parameters corresponds to the color
scale. A color gradient from blue (-1.86) to red (2.00)
represents a low to high level of the normalized response.
HL: Brassica napus L. cv. Halla, JM1: cv. Jungmo 7001,
IM2: cv. Jungmo 7002, M135: cv. Mokpo 135, NH: cv.
Naehan, TR: cv. Tamra, YR: cv. Yuryeo, YS: cv. Yeongsan.

TAS EA% A3}, Table 29 o] ARALe= 42
0.9292, 0.8804 9 0.8162% A} A7} F Zejus o=
7F &2 oko] ATA (p<0.00)E Bt HEFejel Fe)
Za}9] Z£0] 930 AL DPPH radical 274 E4L £ 1

E(=0.698") ¥ ZetH o]t eF(=0.456") g} §-oJ5t
oFo] AMAES Hol: ZAOFE K519 (Bhandari &

Kwak 2015), S8&c}9] BAE 2EE04 HE skt
radical 427 84, FRAP @40 AP2|Q] JHAAE Hol=
Aoz Bt th(Llorach 5 2003). -4 A EA FEE9]

Jash B BRE & Belus guol vigE Aoz B
olt}. o|#st A= 10709] A (Brassica napus L.) Z%9]
24w o @ ATlA, B Hi Bgo] FAI B
W3t 52 APIAE Berkn BaE Ase ALt

(Zhang 5 2019) E A3L9] heatmap B4 A3}, sHeEhHL) =
Fol ®2 & W SUE Y3} YA BA O 59
o2 RRES SRR 6, oIF 54 KL £
9] £ T4EHIE 75 AR 28T 5 IdS A=
Bz,
20 o z=

A9 &84 S A8l oA S48 559 A=
Aol et 70 S 42 9 TS BRI EEL
oka}t, 2527001, 527002, X 1355, Uit €2}, 92, JAF

E52 A8919100, $2A71E 1 10 em), 234F 20
om) 5 3R S-HCF 40 cmysto] ZABIGTh 13 23 9
33} 3e 4BAC F Bejuls AL 242} 12.56-1585,
10.28~13.17 ¥ 9.94~16.01 mg GAE/g sample?|} O™, & &
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ZH ot SO ZHzF 9.86~11.05, 10.41~13.06 T 8.18~
16.64 mg CE/g sampleZ WEFFTE & chlorophyll -2 4=
SA1717h AR Bl wet gojH0 = ZAsheon, 17, 27
9 3z} $85F A|BoA ZHZF 17.26~21.66, 19.31~24.95 L
22.16~38.39 mg/g sample= ZFA}LE AT} & glucosinolate
o /\ﬁu]7]7]- Z ﬁ%oﬂ m}a]- 71/\3}_‘: ATFS E_oﬂ oU:] 1
2}, 22 9 32} $3k5t A|Zo| A ZFZE 31.13~46.22, 28.51~
3472 9 22.18~30.58 mg SE/g sampleZ UEFg Tt DPPH
radical 2AZAL 1%}, 23 D 3%} 583t A|2o)|A zZHzt
4.32~5.91, 3.37~5.06 ¥ 3.26~5.83 mg TE/g samplei UERgS
o, AAAHCRE 12} £33 AgoA w2 E4& Bk
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Effects of Glucan-type Polysaccharides from Black Pepper (Piper nigrum) on
Macrophage Stimulating Activity

Da Eun Kim, Hyun Young Shin’, Won Bi Jeong, Hyo Won Kim,

Su Min Moon, Kwang-Soon Shin"" and TKwang—Won Yu™

Undergraduate Student, Major in Food and Nutrition, Korea National University of Transportation, Jeungpyeong 27909, Korea
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Abstract

To utilize pepper (Piper nigrum) as an immunostimulatory agent, we isolated macrophage stimulating polysaccharides from pepper
and investigated their macrophage activating activities. Hot-water extracts (HW) of black pepper (BP) and white pepper (WP) were
prepared, and their macrophage stimulating activities were evaluated using RAW 264.7 cells. BP-HW significantly promoted the
secretion of macrophage stimulating factors such as nitric oxide (NO), tumor necrosis factor-a (TNF-a), interleukin (IL)-6, and IL-12
compared to WP-HW. When BP and WP-HW were fractionated into crude polysaccharides (CP) and low molecules (LM) by ethanol
precipitation, BP-CP demonstrated significantly more potent activity. Furthermore, BP-CP not only induced mRNA gene expression
of macrophage activation factors, but also promoted nuclear localization of p65 and c-Jun. In addition, component sugar analysis
revealed that glucan-type polysaccharides in BP-CP played a crucial role in macrophage activation. Taken together, these findings
suggest that black pepper has industrial applicability not only as a spice, but also as an immunostimulatory functional material.

Key words: Piper nigrum, black and white pepper, macrophage, crude polysaccharide, glucan

M =2 & Broide 2010). ©] &3t ¥-3-2 &5 (neutrophils) B THHL

(monocytes)@} -2 2] A| 3 (phagocytes), 1 A|(complements) 2!

w2 A 93 ol o] dhet A i Wol ke Afo| = Rleytokinesyi} 2L Tk R4Ee] AHEEEo
2, gnene 79e Yolalt u SshE AES BAR 28] o|FolzkPakin & Cohen 2001). o F AHE
o)l H3te ARG ofuleich, Agte] We] AAE £ (macrophages)s THEAS ANERA HANE T sto] A

= d =
2 AU SHHGo R FREM, AHHHL H|EO] Astz 583 I gt} AA| 2= Tt S8A1E &
Aolal ZZHAQl Hhg-Z S5l AAY o] 2829 A ¥A S HYAE Q145 ol tisf ¥k3-5tH, 5] e 14
AN A BEAE QA4etaL A AT TS ATH(Turvey 84 (pattern recognition receptor; PRR)S E3f HYA] oa &
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A} 3} ¥l (pathogen-associated molecular pattern; PAMP)YS- 71 4]
Slch(Akira 5 2001). PPR & 31491 & G-AF -8-H(toll-like
receptor; TLR)O] o] ZZSIH nuclear factor(NF)-xB 9
mitogen-activated protein kinase(MAPK) 7 27} &-AJ5}= o] At

A (nitric oxide; NO)(Aktan F 2004), tumor necrosis
factor(TNF)-a interleukin(IL)-6 % IL—lZﬂ- -2 Aol E71Q19]
uhs S 225} 7 thokst HMule-2 S nsl #1072 oy
A Qth(Kawai & Akira 2007). E3E AN EZ = FES A2
sl AAote] T A|2E &AJslolH (Guerriero JL 2019), A4
W FAUGS AdShs E2% A S sl
(Naveganies 5 2017) B UAE T80z AA L A A
AE §A,

3, FARE F2 o]8EHE= —‘,’——z,—(Piper nigrumy= A=
AlZ2(Kerala)72] U}E}H}(Malabaf) A9 AR E g o
A4 B2 ARl FRE 718 W] Ht o olgos
#el, 27 2 Axerd 597 53] A AAT
W Mge Be Aow deld ol TRl

A B 2] &pH]Al(chavicine)¥} =] %] (piperine) ¥} 2
AEo] xFE]o] 9o m(Meghwal &
Goswami 2013), 71 5 m#H7o] 7P 97| Iz 4& 5
Shjolct Ml Fre] BfeRe Y 4RO, of
Oq:yLOﬂ/ﬂ 319 (Bang S 2009), FAtSHZarai S 2013), F=9F
(Yoo 5 2019), g+aH(Shityakov S 2019) & gHdlo]z{ A _;1;,]-
(Singh 5 2021)7} 120 ¥t At ESL DH AL F=E
ofo gt Fre= =0, BA ol &&= S7HI7I= 7/1—
&2 A Atk(Shao 5 2015). ¥HA, T3] 29 H& F stt
?l T (polysaccharidesy= A4 WolA ©&7] ¥ A,
5] 7132 g3tshe d avEold, 57] A%l 384

S v Rty H 115 vl QJth(Khawas 5 2017). ESH
_i,_ _,_E1 _r_ﬂﬂ q‘lﬂ-":—”—- gy FAE E-BH =% oﬂl:ﬂ-

FElox 7ofgteta A Qlrh(Shamkuwar 5 2012).
FZole 59 M2 7164 A& Ty 1 1S4
skl A%l 971 ol el 20wl uidean
2001), ol2ig AT F7h AR Bk oz, chobet
W ey D Ry S0l HaT oY
AR, DB, AAA, SRS e A2 24 44
2 383} d7= Aoz njQ H=3L AlAo|t}

& ol 225 W B4 Tled A2 Bt
= : dRa8e st 24 di
st e Ggoz By
Htel7] Qlstol oA 2R
Z}el NOL} Abe]E7FQl TNF-q,
L6 % 1L129) B4%E 24k, 244 oAU S 2
FH7E HAA 2 /gl mA]
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H -2l - A - =AFIFISIA
L e HaAstud shint £ 1YY 2L F3A
24E BAstel AAE By e 3RE TP =

AgrozH F2o] WY 7154 2AZA AL F5HL A
A, FF AE L R YA TE Yo By

NEET
29| ZHA|

S5 Z(black pepper, BP)2} ¥ &= (white pepper,
WP)= 4] QJ A} @ ®=7](Ottogi, Eumseong, Korea)oll Al T
’3}9&‘:} 5FF(BP-HW) I HES AFFESE(WP-HW)S
S 208i(wiv)2] SFSE 71StaL decoction RHS
]‘Qol'oq A UTH(Shin 5 2022). o] F, E-874 IA=ES AA
5171 A3 AAEE (9,588 g 20 min)sto] S HE St
o] 1} (Adventec, Tokyo, Japan)E ©]-&5}to] oja}stict. ofa}
MO ==(Eyela, Tokyo, Japan) ¥ 57ZA7Z(llshin Biobase,
Seoul, Korea)& ZdYsto] S5 I4FZE(BP-HW,; 11.7%)
¥ e S ALFEFZ(WP-HW, 82%) = A= AckFig. 1).

Olt

2. RAW 264.7 MEFQ| i U X2 &M
TR 2l HAAZFR] RAW 264.7: SF=A| 25298
(Korean Cell Line Bank, KCLB, Seoul, Korea)o]| A &H5}%
t}. Dulbecco’s Modified Eagle Medium(DMEM; Hyclone, San
Angelo, TX, USA) HZ]of| 10% fetal bovine serum(FBS; Gibco,
Waltham, MA, USA)¥} 1% penicillin/streptomycin(GenDEPOT,
Katy, TX, USA)S &7}5lo] 37°C, 5% CO, 270 A vjofs
Rk HAAE A /2 B7FsH] 9l RAW 264.7 Al 3
ZZ 2.0x10° cells/mLE 233 3 96 well plateo]] 180 pLA
Balol vfob7Iol 4 3417 Wokel T HE SRR B4
NEE 20 uL Asto] 24417 B Aaksiolct. W 7,
Ul A5 A 2lsto] tiAA| 2 /dS} Q1A NO2F TNF-a
(Invitrogen, Carlsbad, CA, USA), IL-6(BD biosciences, San
Diego, CA, USA) & IL-12(BD biosciences)& =74 5}31t}t. NO
9] 3FF-L Griess assay(Tursun 5 2016)9] FH-& o] &35l =
Astgom, TNF-q, IL-6 D IL-12 T2 ZH2H9] A RALS)]
A1 Zo] whe} sandwich ELISA ¥ 0|85} EA5}%] .
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Black pepper

(BP)
- Addition of DIW and boling to the half vol
- Filtration with metal mech

- Centrifugation (9,588 g, 20 min)

Supernatant Precipitate
- Concentration |
- Lyopilization Discard
Hot-water extract
(BP-HW; 11.7%)
- 80% ethanol precipitation
- Centnifugation (9,588 g, 20 min)
Precipitate Super|natam
- Dialysis (cut off 14,000 Da)
- Concentration - Concentration
- Lyopilization - Lyopilization

Low molecules
(BP-LLM: 23.9% of BP-HW)

Crude polysaccharide
(BP-CP; 42.5% of BP-HW)

White pepper

(WP)
- Addition of DIW and boling to the half vol.
- Filtration with metal mech

- Centrifugation (9,588 g, 20 min)

Supernatant Precipitate
- Concentration |
- Lyopilization Discard

Hot-water extract
(WP-HW; 8.2%)
- 80% ethanol precipitation

- Centrifugation (9,588 g, 20 min)

Precipitate Supernatant
- Dialysis (cut off 14,000 Da)
- Concentration - Concentration
- Lyopilization - Lyopilization

Low molecules
(WP-LM; 12.3% of WP-HW)

Crude polysaccharide
(WP-CP; 42.0% of WP-HW)

Fig. 1. Fractionation scheme of crude polysaccharides isolated from pepper.

85l EA(molecular cut-off 12-14 kDa)S A%l & 5=

FA7Zst] Zobg EE (crude polysaccharide; CP)O.2
Seioick. v, A5 53 9 BAR0] AuA)
2l (low molecule; LM)O.= Z8|H it} 0|59 &2 7
7} BP-CP(42.5% of BP-HW), BP-LM(23.9% of BP-HW),
WP-CP(42.0% of WP-HW) 2 WP-LM(12.3% of WP-HW)& 2
1] k.

o e oo

Job

¢}

4. qRT-PCRE 0|28t mRNA &5

RAW 2647 AEZZHE QAAZ 43 B A%
mRNA S-S F015}17] 95 RAW 264.7 H|ZZ 8.0x10°
cellsymLE 5} 60 1 disho]] E3+5}1L 24A|7F 59F v U1
th ol HiF ASHS AAsty AEE FET s E
serum-free DMEMO]| 3]4 5}l A 2]oto] 24417 &2t Auj
st HiF & AASHLS A AT th2, phosphate-buffered
saline(PBS)Z A|25}o] RNeasy Mini Kit(Qiagen, Valencia,
CA, USA)E AHE5to] A|l2ARe] 2| 3of we total RNAS 5
£35}9th ¢cDNAE ReverTra Ace™ gPCR RT Master Mix
Kit(Toyobo, Osaka, JapanyS A}8-5tod 34519 ch mRNA 2
& EAL2 SYBR Green PCR kit(Toyobo)S ©]-85}0] Quant
Studio 3 real-time PCR system(Applied Biosystems, Waltham, MA,
USAYS 55 WHSHSIT}. 2t G Ake] AT glyceraldehyde-
3-phosphate dehydrogenase(GAPDH) 7|50 2 X A5} 0w,
Z+Z+9] primer A B> Table 10 7] A5} ct.

5. MY PSS 0|Sst TAIRIKIS| ZHE

HAA|E Y nuclear factor(NF)-kB(p65)2} activated protein(AP)-
19] AARLA cdune] o 1 ol5E BAS] SAal WHF
H-E 0]-85}9 ] 12 mm cover slipS 24-well plateo] @11 Z+
wello] 0.1% gelatin 500 pLA] £33t & 3087+ 912513
o}, o]% o £ A5HE AASIIL RAW 264.7 A ZFE 2.2%
10° cells/mL&Z Z735}0] Z+ wello]l 900 uLA E335}31 34|17k
&<t Hjgsto] AT o] %, AlmE 100 uLA 47}t
3A17F B9t AjufoFst & 4% formaldehyde(Sigma AldrichyE
7Vl 2231 Tt. ZF wello]l 5% bovine serum albumin(BSA;
in 0.1% Trion X-100; Sigma Aldrich/PBS)E- 300 uL& 2|5}
o] dANA ¥HEAIZ]AL, PBSE o]-&3l A& & 1x} A
(p65 & c-Jun; Cell signaling, Denvers, MA, USA)S *] 2] 5}o]
124170 59 WFSAZAL o]F 2% PAN(Alexa Fluor 458
anti-rabbit 1gG; Cell signaling)Z *]8]5}o] Ao 708 &
QF HFSAIZ]AL cover slipZ 223 F & FAS 9I5f slide
glasso|  DAPI(4.6-diamidino-2-phenylindole;
Scientific, Waltham, MA, USA)S A 2|5}l 335+ u] 3 (1X73;
Olympus, Waltham, MA, USA)& ©o|-&35}o] s}t

Thermo Fisher

6. RP-HPLCE 0|&8t MY 24

55F 2 RO Y EAL reversed phase-high
performance liquid chromatography-ultraviolet(RP-HPLC-UV;
YL 9100, Young Lin, Gyeonggi, Korea) systems Al-8-5}0]
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Table 1. Mouse primer sequences for qRT-PCR
Genes Primer Primer sequence (5'—3') Accession number
Forward GGTGAAGGGACTGAGCTGTT
iNOS NM _010927.4
Reverse ACGTTCTCCGTTCTCTTGCAG -
Forward CCCACGTCGTAGCAAACCA
TNF-a NM 013693.3
Reverse CTTTGAGATCCATGCCGTTGG
Forward TCACAGAGGATACCACTCCC
IL-6 NM 031168.2
Reverse GAATTGCCATTGCACAACTCTT
Forward GAAGTCCAATGCAAAGGCGG
IL-12 NM 001303244.1
Reverse TCCTAGGATCGGACCCTGC -
Forward GGGTCCCAGCTTAGGTTCATC
GAPDH NM 001289726.1
Reverse CCAATACGGCCAAATCCGTTC -

Honda 5:(1989) 2 Shin 5(2021)9] HPH 0 & BA5HITH A]
HE 2 M trifluoroacetic acid(TFA; Sigma Aldrich)= #| 2|5}
aldose T2 B35} 0.3 M NaOHS} 1-phenyl-3-methyl-5-
pyrazoline(PMP; Sigma Aldrich)S #7135} ‘9_'%-._‘%'—9]- PMPE
AIAFT °o]F, 03 M HCl J7lste] S3AX & 557
422} chloroformO & £ 9 F&351%31 & S 2519
polyvinylidene fluoride(PVDF) membrane filter(0.45 pm, Jaema
Trade, Gangwon, Korea)Z ©]1}-5}1t}. 0]% YMC-Triart C18
column(250x4.6 mm, 5 pum, YMC, Kyoto, Japan)S #2H5t
RP-HPLC-UV system© 2 EA35}¢ct. HPLC 24 %
Table 201 7|5k, A& & 500 ng 5 97 &

0 2 UEF] 0™, mole% peak area?} response factorS
olgstol AL,

7. SHAzE
ZF A2 33] g 3 EQloH, At PR HA
(standard deviation, SD)Z LEFHTE. RAW 264.7 T4 A £ 9]
2435t 9 GAA @H B2 SPSS V26(SPSS Inc., Chicago,
IL, USA)= /\}3‘3}0% Student’s r-test® AAVslgom, Zkz}t
<005, p<0.01 2 p<0.001 ~ZAA] SOHE AZFAL}

Zdnt o &

U BHex HexES
2 04 ALGE RAW 2647 AL 519

/“]]E‘r‘i‘—l Hg —11(_). o\jﬂ% = UH7H°]‘O:] 7]\j.

dg] o] &% th(Mosser & Edwards 2008). &3

Q| EHAIAﬂE M H|m
e oA
el
FEREH 54
T2 dHAE A= 242 B7sH] fste] &%
F A4FEZEBP-HW)I WIS Oﬂ/\*xr‘%%(WPHVV)——
RAW 264.7 A|Eof| A7) =, tald % 243} 217kl NO I

Table 2. HPLC analysis conditions for the determination
of component sugar

Analysis Component sugar
YL 9100 series
HPLC system (YL Instrument, Anyang, Republic of Korea)
Column YMC-Triart C18
(YMC, Kyoto, Japan)
Column size 250%4.6 mm, 5 um
ter(ljl(;leli;ntzre 30T
Flow rate 1.0 mL/min
0.1 M sodium phosphate buffer
Eluent (pH 6.7) : Acetonitrile
82:18
Injection volume 20 uL

YL 9120S UV/Vis detector
(YL Instrument, Anyang, Republic of Korea)

Autochro-3000

Detector

Integrator

TNF-q, IL-6 & IL-129] 452 vlwsliet. WA,
W NO= tAjAH| 2o} 22 WS
HAR S AASIL, Aol E7IQ] AL £Xste] W
OS2 A ATk(Wink & 2
T HE2To= 0|85 LpSet F7] BP-HWS} WP-HWE
10~100 pg/mLo| s=& #|2]ste] NO2| 3452 B7iet 2
TH(Fig. 2A), LPSE SAYZF(NC) thH] 52.8 uM(2F 14.94]
S7h9l B/d5& UERHSIIL, BP-HW= 10~100 ng/mL9| &
= oA 18.0~48.3 uM(eF 5.1~13.6Hf
HQl ¥, WP-HW+= 50~100 png/mLo] F&= oA 4.7~
19.0 uM(%F 13~5.480 S7hH2] NO 4452 HEHilet. o]
23t FF2 TNF-q, IL-6 % IL-12 504 = Zel=le

=
= 2485t A
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Fig. 2. Macrophage stimulatory activity of hot-water extract prepared from pepper. RAW 264.7 cells were treated with
BP-HW and WP-HW for 24 h, and the production of nitric oxide (A), TNF-a (B), IL-6 (C), and IL-12 (D) was evaluated
using the Griess assay and ELISA. Results are presented as the mean+S.D. of three independent experiments. The asterisks

in the bar indicate significant differences between the negative controls (NC) and each test group, as determined by Student's

t-test. Crosshatch patterns indicate significant differences between samples at the same concentration. ~“*p<0.05, ~*p<0.01,
" <0.001. NC, negative control; LPS, lipopolysaccharide (1 ug/mL); BP-HW, hot-water extract of black pepper; WP-HW,

hot-water extract of white pepper.

o (Fig. 2B, Fig. 2C @ Fig. 2D), BE % 904 WP-HW
o] v BP-HW7} f-2J5tA 37k, 5] IL-129] 7%
WP-HW:= S4H & 5% HeolA BAHCE Fo3t A
5= HolA| g%, BP-HW+= 50~100 pg/mLo] % H
QoA 9.3~142.4 pg/mL(F 1.8~27.78] Z7H9] IL-12 BAS
= Eith gebA, 4S50 dAAIE A= 24 57t
A3, BP-HW(EF-F)= WP-HWERF5)E T 231 414

A B4 =do] v 2x25to] HIN R 7|55 S5k
A0z AA 917 wo(Sunila & Kuttan 2004), 555 &
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Fig. 3. Macrophage stimulatory activity of subfractions isolated from BP and WP-HW. RAW 264.7 cells were treated with
subfractions isolated from BP and WP-HW for 24 h, and the production of nitric oxide (A), TNF-a (B), IL-6 (C), and IL-12
(D) was evaluated using the Griess assay and ELISA. Results are presented as the meantS.D. of three independent
experiments. The asterisks in the bar indicate significant differences between the negative controls (NC) and each test group,

as determined by Student's #-test.

concentration. ~p<0.05,

Crosshatch patterns indicate significant differences between samples at the same
#p<0.01, """ p<0.001. NC, negative control; LPS, lipopolysaccharide (1 ug/mL); BP, black

pepper; WP, white pepper; HW, hot-water extract; LM, low molecule; CP, crude polysaccharide.

SS=x 0| HiS=

grrEERey

Hlw
=11

1\

2

C
Ao, ASRZE
°

°

2024). WA, T=
oSl ARo] AEA BAUA &
waﬂﬂ%HZﬂ@ﬂ%mm
Aquz gue 2

1__

AEZ}F E (low molecule)-L]- E]-%%- 5o
8% B4o] SAE] YTk LA SUrkKim
rFEE2 HAAE A= Z400

J___,_x]_ EZ] o] x] =
2021)0.8 RTjot SE7}
T HANE A= S22 B7Fskal-

HA], NO g*g—;—ﬂ 7S(Fig. 3A), BP-CP= 10 2 50 pg/mLo]

oA NC EHZ;L e ZkzF 42,6 L 51.7 uM(2F 12.0, 14.6
v} S7he] B85 , 53] 10 pg/mLo] =]
A BP & WP 5}9] 3@] =il Hl H% AHCZ 943t NO 4
< Eoot T, TNF-a= T w7 ¥ SOl Al
A (apoptosisye F-EotL “H_ Al 9] 243+ E451
HY B2 SN IS ok dEA Ql=dlli &
2021), BP-CP= 10 pg/mLe] 5 E oA BP-HWES ZE3t B E
591 SE(BP-LM, WP-LM % WP-CP)°] H]3} 5AH o &
3t TNF-a /352 Ech(Fig. 3B). 3, o3t HF2
Fig. 3C 2 Fig. 3D UEtd A= L6 2 IL-12 P4 50]

I‘L

-O_ 3
=
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A= gHolst 4= QIl=d], IL-6= JAK2/STAT3 A% Ag 7
2E 39 " AZE 2435t 0|59 SR 7e= T
X711 "WYY ¥g2 2AY 4 oH(Kang T 2019),
IL-12= T A 329} natural killer A|E£E &A435}ola] WU
< 735k Bk ofet Aol thgt Ho] 28-S FXIAI7]
L 293 93k 3lth(Zundler & Neurath 2015). 2240 &,

BP-HWEEE 235 BP-CPE BP 424 3 wpe] BE ¥
ol ] AR TS B AENA 943 THES U
shiglon, ol 24uMoR Bad 1BARAC] 2}
G 2ol fAAE T4t Tolshe ZOE SNt

ot ox M

w
ol
O
Kl

F3F0IM 22lE ZCOE 2E9| CHAMIZE Zadst Ol

A2 35t 713 B4517] 918) qRT-PCRS ©]
8oto] Al £ thAME E4 IR NO, TNF-q, IL-6 Z
IL-129] mRNA IdHE EAotqlch. Ashda gdaa
(inducible nitric oxide synthase; iNOS)= A Ujo]l A NO AJAS
SxlotH, A4E NO= HYA AlA € Ay Al=7 3dd
NEZE FZstq ftidl= AL 5= A2 I#A Ut
(Xue 5 2018). ES}, iNOSO| -2} Wrd L W w33} 2
Al okt fstet, ol WY €4E Brlet= dl &
93 A #7} Fth(Zamora 5 2000). HA], BP-CP2] iNOS
AR AT A3KFig. 4A) 1~50 ng/mLe| 5k ¥ 9jofA4 NC
2 ofH] 9F 132.6~2,246.5809] mRNA W= 2712 3
Ast & Uk EH FY B HYoA TNF-aQ] 42k
W& sF A7KFig. 4B), BP-CP2Q] A2+ NC tijH]| °F 15.0~36.4
Hio] FE-0]EZQl mRNA UdE |Estrt IL-6 4
IL-129] mRNA A 4 ZIKFig. 4C E Fig. 4D), 1~50
ngmLo] == WA NC ti=t ofe] ZH2b oF 163.2~
21,5878 & 1.1~32.1819] mRNA §-24A} SAHFES L5
o} o]t AF2FE BP-CPO] A= thAlA|Z &%}
A Q1A mRNA &S F-oloHA F7HAA, Al &2 EH]
5= NO, TNF-q, IL-6 2 IL-129] JAJof| oldl= Ao R
RI= Q). o] INOSQ] F-4} o] NO AJAte] d4=2]
ojH, NO7} HHAE AAsY AdH AZE ttiot= WA
o go] &g St 7|2 AFET} LA 5 (Connelly 5
2003; Xue 5 2018), 7|& Aol A &Rl Hie} Zo|(Tanaka
S 2014; El-Tahan 5 2016), BP-CP9]| 2|3} TNF-a, IL-6 2
IL-129] |42 Hd-E Bof oA QAR AL Xt
HY &40 T = &S UEhdh

4. B30I 22lE IO R0 O3+ pe5 Y cdun
o & Lf Zas}
BP-CP Aol W2 F8 thAIAE B4t 714 BHlst

ohgRe] diAAx 24 261

7] $18ll, BP-CP7} NF-kB 9 MAPK A2 Hg Z20] v]3]+=
FF= AT NF-kB2F MAPK 2= thAAE 2
3o SF2Q AeE ste HAUS F stH=E IEA At
(Dev 5 2011). 3], NF-kB A2 Y HE= p65 T2 9]
QA Foto] IkBa T A 9] Q1415 9 BEofjE SXst
o, o] 2 QIs QU4teHH p65i= HO = o]5sto] WY &3}
of] ook FAAES] AARE FX3HcH(Perkins ND 2007).
we, DANES RS dol MAPK A2t 24siE
c-Juno| QUAFS}E| 0] activator protein(AP)-1 -34S FAs}
i, o] A= o g o]Fsto] tiAlA| 2 Ed3to] FaT
A sh= Ao & B 7l vl Ark(Casals-Casas 5 2009). 3t
A, U9 P82 £ ohiigoly 250 gt 34 14
A& ARESto] Al W HIAE AlAF R ERId 4= 3
, A2 AIRARI 7152 W3 HWakstal dwdo] o]
ARE AT 4 Qe £8F WHor oA Uot
(Donaldson JG 2015). °o]& &-83}o], RAW 264.7 A|Zo|
BP-CPE A Z[5}aL p65 & c-Jun®] & W =43} o BE ¥zt
SHATtHFig. 5). A, NC t 29| 7%, FITCE HEA|H p65
4 c-Juno| & H=E 437t XY= A 2ok, merge Al FHS
Aol PRI E H 3o, LPS A2 p65 & c-Juno] & W=
F25}50] ALY Fehrt 22 (merge A)S] FEE Ho]
= 202 It o2} {AFSHA|, BP-CP A 2o] o5
FITCE HAH p65 & c-Jun2] & U =4:3}7} ZgP=| o], A
%7} 2 2249 Jrhg R oleie ik BP-CP}
NFkB % MAPK A29] B481E o) tfAAEe] e o
Asjo] Bolale Ao HelEiol

Y Q o

5. SEF0M 228 =CiE 22| FAME 22X

2 AFo|Al= BP-CPe| 4T £XE FA|5to] tfAlA
I Bg3to] #ofst= B RS FIstaAt sl
HPLC I ZutEIHL Fig. 6] Yeron, 24 Av=
Table 3°] YEFHTE BP-CPS] F8 FAFL glucose(Gle) =
FAE Ao, HA| 500 uge] FE F Glex= 450.9 uge AHA|
sto] 95.6%c SFste A= FRIFHIG 1 ffd:
galactose 6.0 ng(1.2%) & arabinose 5.1 ng(1.0%)7} A<= o],
BP-CP= F2 GleZ T4 glucan-type?] Ttd-H=2 A4S
o] U AT & AT Glucan-type T = H A9
A 8% BYEdE Uil E4= 9y g3A o
(Schepetkin & Quinn 2006), YA 0 & o L B-type2] glucan
o7 F4H0] Q= AoE LA Ut a-glucan AEA]
oA F2 AR} 22 FHE So] Y= A vdF
E o-1,4 FEIARIE Heo R o]Roj7 2 FAAE
9Ju] 3tk (Damager 5 2010). BHH, B-glucan ¥ Al, &%, 3¢
5 9 N EZHoA F2 A= Brown & Gordon 2003), H
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Fig. 4. Effects of BP-CP on the mRNA expression levels of genes encoding macrophage stimulating factors in RAW 264.7
cells. RAW 264.7 cells were treated with BP-CP for 24 h, and the mRNA expression levels of iNOS (A), TNF-a (B), IL-6
(C), and IL-12 (D) were evaluated using qRT-PCR. Results are presented as the mean+S.D. of three independent experiments.
The asterisks in the bar indicate significant differences between the negative controls (NC) and each test group, as determined

by Student's t-test. “p<0.05, “p<0.01, ""p<0.001. NC, negative control; LPS, lipopolysaccharide (1 pg/mL); BP-CP, crude
polysaccharide isolated from BP-HW.

Nuclear [l Nuclear e-Jun
DAPI FITC Merge Cell DAPI FITC Merge Cell

) .-.[
LPS 3 )
(1 pg/mL) -

BP-CP
{50 ng/mL)

Fig. 5. Effect of BP-CP on the nuclear localization of activated p65 and c-Jun in RAW 264.7 cells. RAW 264.7 cells
were seeded onto 0.1% gelatin-coated coverslips and then treated with BP-CP for 3 h. RAW 264.7 cells were fixed and
immunostained with FITC-conjugated anti-p65 and anti-c-Jun antibodies, and the nuclei were counterstained with DAPI. NC,
negative control; LPS, lipopolysaccharide (1 pg/mL); BP-CP, crude polysaccharide isolated from BP-HW.
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Fig. 6. HPLC chromatogram for measuring the component
sugar of BP-CP.

o -0 Tt AL 7MY, HHN 2 #H A
(dectin-1 ¥ complement receptor 3 5)Z} Zglolo] HAHNS-

olo

2 £ 102 FelA Yrktuang 5 2015). olof whel,
F4 Aol AL BP-CPY #7149l B @ A 3L B
o FRzny Lod 24 g Besha ol o) 24
EE B 5 A guean®] FEF TS FHSLA
shul, hAIAIE BHste] Zlolshe TAAL HAUZS A

Astazt g,

ook Ol >
L=/ =

I

2 ATOIAE FR(Piper nignm W AFAZ 2
5 91l FREAE AT A3 4 IRE Rl
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of QA A= &2 B7I5IAT. BP-HW+= WP-HWO
B]3}] NO, TNF-q, IL-6 Y TL-129} ZH2 tAIA|E A= Q1A}9]
BHE QoA oz AP} o Yoprl, 3 JAHS AL
Sto] BP 9l WP-HWEHE 20t 2Z(CP) A&EA g
(MO EE5t%E i, BP-CP7F FH o2 943t tf4]
AE A= GA4S Bk E3F BP-CP= AN X &3}
AR} mRNA FAA FHS e 89 ofyzt p6s A
c-Jun9 & Y Z43E =Rt Y B4 AT
BP-CP9] 2E3tg thdi77t tiAAIZ &/43to] S83 A4
< Ste o= YET o] T A7 s S5, &
S TAlE 29 oty WY A= 7154 AAEA L] 4t
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Table 3. Component sugars of BP-CP isolated from
BP-HW

BP-CP (500 ng)

Monosaccharide

Value (11g) Mol %
Mannose 2.8+0.1 0.4+0.0
Rhamnose 2.640.1 0.4+0.0
Glucuronic acid 5.0£0.7 0.740.1
Galacturonic acid 5.940.0 0.7+£0.0
Glucose 450.9£0.4 95.6+0.1
Galactose 6.0+0.0 1.240.0

Xylose - -
Arabinose 5.120.2 1.0£0.0

Fucose - -
Total (%) 95.7 100.0

4 28 7hs Aol 9ee AR

e =
2ALel 2

2 =52 20249 SRt sy A
%2,

2 o} 59
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Changes in Quality Characteristics of Textured Vegetable Protein according to
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Abstract

To utilize textured vegetable protein (TVP) in food manufacturing, TVP was soaked in salt solutions of different concentrations.
Physicochemical quality characteristics of TVP were then measured. When TVP was soaked in a salt solution, the pH tended to
increase compared to the control. However, the pH decreased after 18 hours of soaking. The salinity of the control decreased slightly
from the initial value depending on the soaking time. The group treated with salt solution showed higher salinity than the control.
Water absorption capacity of the control increased as the soaking time increased. However, water absorption capacity of the group
treated with salt solution decreased as the concentration of salt solution increased. Lightness of the group treated with salt solution
showed less change than the control during soaking. The redness increased as the concentration of salt solution increased. The
yellowness increased compared to the control during soaking. Hardness, gumminess, and chewiness of the control decreased during
soaking in water. The group treated with salt solution showed significantly higher hardness, gumminess, and chewiness as the
concentration of the salt solution increased. However, adhesiveness, elasticity, and cohesiveness generally did not show significant
differences among samples.

Key words: textured vegetable protein, salt concentration, texture, physico chemical property
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A7} gAYk 4= 9l ch(Ekmekcioglu 5 2018).
Ql S5 A]of tigt ZAIF ] B FAlo] thA|
% Aol thet Ba o] ZRE WA, 424 il F]uo)
iAol thet ¥ilo] STk, tiAlS A& W g
AG7F FEAL Atk (Hoek 5 2011). o2 S79 tiAlS 5
AEA] A 8(plant-based meat alternative)> A]-E-0f| A el
Fzol0] g} et A8 HSSES A2T B
Fot, 70 Bls At AR, 2AVEA HWiEE 5
Fol HRlo] @A Hom FA|o| g AJ4to] 755t
7} o] A EstthJung 5 2021).
AEY AS 5 OF ‘T’_}““Q ARg-sto] ¥=7] #id o
A 7HE, oFel W AhElS Wl of: ZAHLS Ea) B0l

= ATH=E T = o
WS QEste] 20 2AUI SAFES BE 2A
ol (textured vegetable protein, TVP)O] =Y ol A= F-117]
2= o202 UHA AHEI QUth(Anderson & Bush
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J B SO gL fushy B ofn)
wibe BUF Y 21700 27 59 FEA SaAn
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(Anderson & Bush 2011)11 & A ‘214- o|E o
dlol T B olsied B4 APL BA Yok

mEkA £ el TVPE ol 745 Alxel 848
3171 fIste] $-A TVPE B 45 G0 ARPER 4]
shA TVPY| ol8tsha] A5 Weke F4staAt sl

VR
1. AE=Z
B Aglof AgSE TVPE 20249 % GEshEE, I4kE)
oA it AE2 FUste] ARSI &7 2T
FARIES THE TVPE AAZE SR 2AZolu ot
O] Hha HEER TVPE TRl 450 28517] A3t &

foz 47 §NL SEEE AXF T TVPE 13 4T
o A 12417F, 15A17F 9 18417k Zk2F [R] A|A Ago] A&
St ol 4F 89| LLL HEZO0%), T-13%)

T-2(6%), T-3(9%)% 3FATt.

2. pH ¥ °4_'.=_ =3

srEE Az i% o] TVPE A P‘?é‘i LA A7
L Aol WY a2 AASEL 108179 &2 715t
Ultra Turrax(T25, Janken and Kunkel, Germany)Z 8,000 rpmol]|

A 1874 BaA713 et oflel o pH % AES 23}
9t} pH:= pH meter(Orion520A, Thermo Electron Co., MA,
USAYE o]-&sto] S5t on dre AEA|(Pal-03S, Atago,
Tokyo, Japan)& ©]-&-5to] 74531t
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olo] A2} TPA(Texture Profile Analysis) 42 E5}0]
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blade)E ©]-€5F0] 1 mm/sec?] &£ 2 =45} THChoi YS
2005). TPA(Texture Profile Analysis) £42 Lee 5(2024)%]
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6. SHXzZ

E AJgof|A dojR Ax= SPSS 24.0(Statistical Package for
Social Sciences, SPSS Inc., Chicago, IL, USA) programr& AR&-5}0]
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multiple range testo]] 2J8] A3 7+ Xjo]& HA5I9}.
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Table 1. Changes in pH of textured vegetable protein (TVP) according to salt solution concentration and soaking time

Marination time (hr)

Treatment
0 15 18
Control” 6.96+0.03<? 7.09+0.06 7.26+0.04% 7.08+0.01°®
T-1 6.9620.03¢ 7.33£0.01°" 7.44+0.01°4 5.900.02
T-2 6.96:0.03¢ 7.75£0.02% 7.560.02°" 5.16£0.02°°
T3 6.96+0.03% 7.80+0.01*4 7.83+0.02*4 6.04+0.02°¢

Y Control: Water, W1: 3% brine, W2: 6% brine, W3: 9% brine.

? Values with different superscripts within a column (*%) and a row (*) were significantly different (p<0.05).

Table 2. Changes in salinity of textured vegetable protein (TVP) according to salt solution concentration and soaking time

(unit: %)
Marination time (hr)
Treatment
0 15 18

Control” 0.50::0.00 0.30:£0.00 0.40+0.00%? 0.40+0.00
T-1 0.50:£0.00° 0.50+0.00° 0.63+0.06* 0.50+0.00°
T2 0.500.00 0.50+0.00 0.60+0.00° 0.40+0.00
T3 0.50+0.00 0.70+0.00 0.60+0.00° 0.50+0.00

Y Control: Water, W1: 3% brine, W2: 6% brine, W3: 9% brine.

? Values with different superscripts within a column (*°) and a row (*®) were significantly different (p<0.05).
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Table 3. Changes in water absorption capacity of textured vegetable protein (TVP) according to salt solution concentration

and soaking time (unit: %)
Marination time (hr)
Treatment
12 15 18
Control"” 222142202 26.24+2.30°8 30.03+2.77*
T-1 9.97+1.12°8 11.58+1.35"8 13.25+1.47"
T-2 7.85+0.97°8 9.20+2.67°48 11.50+1.71%A
T-3 6.13+0.73% 7.79+1.15%8 9.3441.43%

D Control: Water, W1: 3% brine, W2: 6% brine, W3: 9% brine.
? Values with different superscripts within a column (*°) and a row (*°) were significantly different (p<0.05).

ekt Oh (1997 A% 44 A 99 St w24 WE Wob} AL HoE ek
S SEPFo] HolA L ol Fol O3 BHEY WRolzt  AMEY H9, UR TVPE 3370]ick BRI WA
T sfe] B ATHE SIS Rtk ARVIZ) G Wk & 5o O Zhashs A%E Hol A% 18A17elE 2,692
A Les S002 AYEEO] GE TP} S8 S4F ALSHE FPolck 27 8 Aeke B9 12400 3
2 2% A% APkl SH4E SEFHE B7b A Al BEo] Hstel B AMES RAT 23 8
Aty sto] 2 At FUsA BETL Be4E AMEE E9hon IARl)E o)
St oAl Fadte AFES Ber
4. M s} TVPe] FAS: Is21olglon qaRe ANFE B
SRS U AF 8ol TVPE AZMEE AXSEA At 2/Rchs A% dasks A%E Bt 23 89
MES 23 A Table 49 2. He)20) AolAE fagol] Hsle] £ FALE g
PO A9, AR TVPIAE 6574 F=9] HES B 3 18AKF AX ok B PR §oH08 £L g
JA5he oA BEE 932718622 OFF 57 & ®ar

Table 4. Changes in color value of textured vegetable protein (TVP) according to salt solution

ngith 23 §9 Je2 73
Hgou AF §o9 Bt A4S

S g 2EET=

2T

Seo WD(2003)= =& %%
Eo} FAEL FAashorta

A BA BEI BIESE
slo] 2 Auole e AL

concentration and soaking time

Marination time (hr)

Treatment
0 12 15 18
Control" 65.74+0.01%° 71.86+0.01* 69.32+0.01°C 70.03+0.01°®
L T-1 65.74+0.01°° 69.07+0.01°® 70.40:£0.02* 69.34+0.01%*
T2 65.74+0.01°° 65.83+0.02C 66.16£0.01°® 67.08+0.01°
T-3 65.74+0.01* 64.69:£0.02% 63.58+0.01° 64.82+0.01%
Control 3.37+0.06* 1.87+0.03° 2.98+0.01°® 2.69+0.01°
T-1 3.37+0.06* 2.38+0.02°C 2.65+0.01% 2.16+0.03%°
“ T-2 3.37+0.06™ 2.51+0.05°° 3.02:0.04%® 2.78+0.03%
T-3 3.37+0.06™ 2.64+0.02°° 3.15+0.02°¢ 3.2440.02°8
Control 18.21£0.04* 15.09+0.01% 16.48+0.01%% 14.86£0.01%°
T-1 18.21£0.04** 17.01£0.02°¢ 17.70£0.01® 16.3120.02°
b T-2 18.210.04™ 18.27+0.03" 18.47+0.01°* 18.19+0.01™
T-3 18.21+0.04°° 18.79+0.01°® 18.64+0.01*C 18.88+0.02**

Y Control: Water, W1: 3% brine, W2: 6% brine, W3: 9% brine.
2 Values with different superscripts within a column (*%) and a row (*®) were significantly different (p<0.05).
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Table 5. Changes in shear force of textured vegetable protein (TVP) according to salt solution concentration and soaking

time (unit: g)

017% - olAE - wokF - ol - BB - HFE - o]AA

Marination time (hr)

Treatment
12 15 18
Control" 4,394.52+1272.91*% 2,854.49+225.33% 2,961.62+663.59° 3,087.64+412.23*®
T-1 4,394.52+1272.91** 3,255.08+112.04%8 3,080.63+227.30° 3,194.74+587.41%%
T-2 4,394.52+1272.91** 3,412.20+355.39*8 3,180.79+555.78"8 3,219.08+368.92°8
T-3 4,394.52+1272.91* 3,529.98+368.18*8 3,198.37+220.758 3,089.53+275.878

D Control: Water, W1: 3% brine, W2: 6% brine, W3: 9% brine.
? Values with different superscripts within a column (*) and a row (*®) were significantly different (p<0.05).

Table 6. Changes in texture of textured vegetable protein (TVP) according to salt solution concentration and soaking time

Treatment time (hr)

Treatment
0 12 15 18

Control"” 10,537.91+44.19* 8,608.25+82.40% 7,671.87+35.59% 6,712.92+87.02%
Hardness T-1 10,537.91+44.19"® 11,587.54+44.54° 10,274.62+24.66 9,944.12+80.99°
(® T-2 10,537.91+44.19° 11,771.19+86.02°* 10,558.72+85.79" 10,396.12+98.45*
T-3 10,537.9144.19*° 12,497.25+20.01** 10,862.84:109.22® 10,750.60£30.98"C
Control 8,966.24+95.74** 6,762.42+83.27 6,323.72+96.89° 5,227.91+50.12%°
Gumminess T-1 8,966.2495.74* 9,662.41+91.03% 7,871.54+67.27° 7,735.31488.84
(® T-2 8,966.24+95.74%8 9,691.0296.50°* 8,080.5167.39°C 8,001.9166.90°
T-3 8,966.24+95.74%8 10,313.89+53.69*4 8,729.8990.11* 8,568.86:89.34°"
Control 9,108.33+83.28* 6,092.65+84.40% 5,492.49+95.48 4,636.66+52.03"
Chewiness T-1 9,108.33+83.28* 9,178.74+79.85% 7,315.87+77.68 7,180.44+94.92°
(® T-2 9,108.33+83.28% 9,408.02+48.02°* 7,878.53+58.51°C 7,741.61+48.56°°
T-3 9,108.33+83.28% 9,907.54+52.54* 8,779.20+23.54* 8,279.75+72.95%
Control -3.9240.17* -4.23+1.46* -5.40+2.94* - 6.20+6.44*
Adhesivencss T-1 -3.92+0.17* -3.274+2.45% -4.33+1.12* -5.67£2.12
T-2 -3.92+0.178 -2.38+1.31* -3.61+0.07® -4.54+0.36™
T-3 -3.9240.17% -2.16£0.07* -2.7240.23® -3.2120.46™
Control 0.94+0.02** 0.91+0.05** 0.91+0.00°* 0.9120.03*
o T-1 0.94+0.02* 0.94+0.02°* 0.94+0.00** 0.91+0.07**
Springiness T-2 0.94+0.02** 0.950.04"* 0.95+0.02*4 0.95+0.00**
T-3 0.94+0.02** 0.96+0.02** 0.94+0.01** 0.95+0.02*4
Control 0.84+0.03** 0.79+0.01°® 0.79+0.02°" 0.79+0.02°
Cohesivencss T-1 0.84+0.03** 0.81+0.01°8 0.8120.01%8 0.80+0.02°
T-2 0.84+0.03** 0.8120.02"* 0.81£0.01%* 0.81+0.02*4
T-3 0.84+0.03** 0.82+0.01** 0.82+0.00** 0.82+0.01**

D Control: Water, W1: 3% brine, W2: 6% brine, W3: 9% brine.

? Values with different superscripts within a column (*%) and a row (“®) were significantly different (p<0.05).
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Protective Effects of Sinomenium acutum Rhizome and Its Alkaloids against
Dexamethasone-induced Atrophy in C2C12 Myoblasts
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Researcher, Dept. of Food and Nutrition, Eulji University, Seongnam 13135, Korea
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Abstract

Skeletal muscle is an organ that regulates biological metabolic energy. Its dysfunction causes decline of body functions and
disability, thus deteriorating the overall quality of life. Various materials are being developed with an anti-sarcolytic effect. However,
anti-sarcolytic effect of Sinomenium acutum rhizomes extract (SAE) remains unclear. Therefore, this study aimed to investigate
anti-muscle atrophy effects of SAE and its alkaloids, including sinomenine (SIN), magnoflorine (MF), acutumine (ACU), and
N-ferultyramine (NFT) isolated from SAE, on dexamethasone (Dex)-induced myotubules. C2C12 myogenic cells differentiated for
6 days were treated with 1 mM Dex for 24 hours. Induction of muscular atrophy was confirmed by a decrease in myogenin expression.
We found that Dex increased expression levels of muscle-specific ubiquitin ligases MuRF1 and MAFbx/atrogin-1. However, mRNA
and protein levels of these muscle-specific ubiquitin ligases were significantly reduced by cotreatment with SIN, MF, and NFT in
myotubes. Glucose uptake reduced by Dex in myotubules were also restored by SIN, MF, and NFT treatments. These results suggest
that SIN, MF, and NFT can reduce muscle wasting and enhance glucose uptake in Dex-treated myotubes, highlighting their potential
as therapeutic agents to prevent muscle atrophy.

Key words: muscular atrophy, Sinomenium acutum rhizomes, C2C12, dexamethasone

N B X E8e B gkl 340] 2AEE 548 ZEn
(Hasselgren 5 2005). TSt 7| 2 YAFS TFAAA H|9t) &
TR EolA 45 9 A-S HASH B A 201] A AASTTS EX5H: e ol FolH &
o] 7t Ze=g BT oA BikE fIRE ofH| Al F- = 952 A BE &5 7P Y dH S2E <l 49
dogA Fa3 TS Ttk L5 S (muscle atrOphy)~ e a7 2RHor $HE dEAE £
Z717+9] 5, =3}, 7)o}, glucocorticoidd] &, LZE A, (Rosenberg TH 1997; Faulkner 5 2007; Jeong 5 2017).
ABA 715 oV, Al2d Bir¥ &2 THd Ao At 55|, 2EY A 2RO R AP YlY SFIFEH
Clobeh APACIAN WA S+ ATk 2K HHES £24 70| (gucocorticoids, GCs) Ao olaf WA 2% 94
S By S50} 2a) 4 Ao Qo o gulFR-IREokE ofey whal Rejol ofs) Bl

1
2Agsh=d 2% EAo AubAel B £t Srtshd o 25 A9 A3 g4 A IS5l dashke AeE
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A Ath(Hasselgren PO 1999; Sartori 5 2021). TJEZ O
2 34 GC AR = 319l dAM EFE(dexamethasone, Dex)
< Ao g 54 A E ArPH Y Aol A AW E
U T Bl A0l dAeke At Aad AT
2 Z7A0A ZEg 49 @ 0]88 olAalel ERERo}
Vs Aol L 2% A%E UTHe AR BIHHKuo 5
2013; Ochi 5 2015). 2915 7182 7eHs] Ao, 2913
ATE 24T AR §4)98 wbiquitn) $2-& Z71417
2AZ gy Belot BAE o AT BHSE &
L 31cH(Bonaldo & Sandri 2013). ©] T4 L= AL
22 4R muscle atrophy F-box(MAFbx/atrogin-1)2} muscle
RING-finger protein-1(MuRF1)0] 713ttt MAFbx/atrogin-12
429 vt (hypertrophy)2t HaiE g3} ¥E MyoD
oF cIF3fe} 2+ o v AARIAe] Balg 2Asto] 2913S
YA 71, MuRF12 &4 FAISk= troponin I, myosin
heavy chain, myosin binding protein C “L2]1 myosin light
chain®] Y71 E AAA7]= A0 E AHA Uk(Clarke &
2007; Cohen 5 2009; Csibi -5 2010). w2FA MAFbx/atrogin-1
3 MRF-1S 291%:0] 71 283 A 914151 glo]
THAFY 71AT oFE a5 H7E A7l U014 Dex R
2915 58 2Y, AZRY 58 083t 25 959 A
< A4 A& Frjjo] & 9ulE Adohal F7FeeH(Won HS
1991; Bodine & 2001; Bodine & Bachr 2014).

v+71 (Sinomenium acutumy= ME= B=2IH(Menispermaceae)
o 4ok IR0l B7] % $2lE oo A8
L Aog BHuEKLee 5 2013). W7 RIzka¥og A7
5, LR A (arthritis) 5O LR YE= £F
(arthredema), T8 4Z(hydrarthrosis) 5= A &ol=U| A&
& o] gtk(Yamasaki H 1976). 2B o| A= QA A G uiy],
255, 9g8% e, %, $5, 471E WA na
714 = o] Ut} ERt 2 A Aol e FRY A&
4 FA5 A-&(Liu 5 1996; Kim 5 2000) ¥} @F=4d 4
TAEZ(Ghee & Lee 2005), &9t 2 W 7] 5(Kim S 2004;
Lee H 2004) 59 37} HI=Qleh. 43zl 7|9 8

X E O 2= sinomenine, magnoflorine, acutumine, sinacutine,

N-ferultyramine 5-2] alkaloid?} lignan 4J3-Q1 syringaresinol 5
o] e SLoviZhuo 5 2005), 22 9] 8] 5006 ok
FEE 4 O 9 R 739 IS A BEaEg]
of(ung 5 2023) 2 WAV ZHT A /WS L
22| ATt o] A W= TRt FEAES 7= 7]
S48 BRI 1 &l Aol e 295 B V1A
Er 4v] ARE 2o 28 I2E Y & YA
Sof ot AT Btk e 2 ATE 28 913 A

EH A o]gste] 7] He e dud dERo|=

0l

Y 450 2915 2Y TS AL BT 2912H

2 5o 28 952 oIT 4 Y ARATA FAGL

1. MZ
Dexamethasone+=Sigma-aldrich(St. Louis, MO, USA)o||A|
3-(4,5-Dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide(MTT)
& Duchefa(Haarlem, Netherlands) A& U5} T Fetal
bovine serum(FBS)= Gibco(Paisley, UK)o[|A] 5},
Dulbecco Modified Eagle Medium(DMEM), horse serum(HS),
Penicillin/streptomycin, Trypsin-EDTAL} Dulbecco’s phosphate-
buffered saline(DPBS)~= WELGENE(Daegu, Korea)O & 5-E]
AR FAH = AME-H anti-myogenin, anti-a-tubulin Cell
Signaling Technology(Beverly, MA, USA)OJ|A4|, anti-MAFbx
(F-9)2 Santa Cruz Biotechnology (Dallas, TX, USA)oJA],
horseradish peroxidase(HRP)-conjugated secondary antibodies
(anti-rabbit, anti-mouse}x= PeproTech(Seoul, Korea)ol| 4] 75}
Act.

V| 58 2 0 BY NE 45 55

(

2

E AYof AR ®7] FEE(Sinomenium acutum thizome,
SAB) 9 0|9 BHERuE Isi Agzols AHEol
Sinomenine(SIN, C;9Hz3NO;4), Magnoflorine(MF, CyoHxNOy),
Acutumine(ACU, C9HpCINOg), N-trans-feruloyltyramine(NTF,
CisHigNOy)> SHFiohal ofsttjsl 4 wad Hdds
FE AUt SAE AlZe= 100 mgmLe| sE=, SIN,
MF, ACU, NFT+= 1.0 mM 5= % DMSOof 83510 ™ A
= 2] Alofli= DMSOS] FF X7} 0.1%(vv) BlTto] =T
= Hrbshrt.

3. B E(myotube) 22| 2312 28 I RE

=5 C2C12 Lo}A| EF(myoblastsy= American Type Culture
Collection(ATCC) (CRL-1772; Manassas, VA, USA)o]| A <]
o1 2™ 10% FBS ¥ 1% penicillin streptomycing -5 11
X ZE DMEMO=E AE A R(GM)o| 4] 48417k
HjFSklth. C2C12 LoFA| Z(myotube) 23} FE=E 15l
2.0x10° cell®] HEZ 6 wello]] £33 GM B A2 24A|7¢
Ul & 2% T BH(horse serum)E o-F-5h= DMEMC &
4 BolADME 244700t S BESHAA Bo
f(myoube)® A7 F ARo] o §34ATt. £t oA
Y= FE H3l= v @ 1] (Nikon, Tokyo, Japan)yS:
S BESAOS ALE WS T AR PRAS 229}
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of woledlos FESHEE sttt 6% C2C12
myotube 29} LIS A & L5 F=F F5H0] Dex
£ 10 mM 5 E2 DMSO°| &54171 &

7+ &Qt AFSle W7 Aol did FES S
(anti-atrophy) B35 #ESH7] 9Jsto] AR 522 W7
A&E 1 mM Dex®t §HA SAl A2 sttt

4. MZ=HEI}t

C2C12 myoblasto]] Tt A|529] B4 F=& &9ls)7] ¢
5o 96 well plateo]] 1.0x10* cells/well®] =& B33 & 24
AIZF 5F3T}. SAE2 30, 100, 300, 1,000 mg/mLE *|2]s}al
4%9] dZEolE g AE<I SIN, MF, ACU, NFT2 1, 10,
100, 1,000 nM9] FL& /gguixof 3]Agt & A&kl
T18]31 Dex9] C2C12 myoblastof| Al o= AR H=
£ RI57] 95k 0.1, 0.5, 1.0, 5.0, 10 mM2] FE 2 #]2]
shich. 24417 HHE & HiAE E5F AASHL 1.0 mg/mL
MTT AJ2FZ ZF wello]l 100 mL4 Z 2j5}0] 2417k 52t CO,
incubatorof| 4] BjFSFtE. MTT AT & wellof| 2-propanol
< 100 mL¥ AHZstHor 8&4H formazans -8-5[A]7]7]
Aol A-2ofA 1087+ WHIAIZ] & microplate reader(Tecan,
San Jose, CA, USA)E o]-8&5}0] 540 nmoj| 4] 4= E =75}
Aot A ZPEEE 2ol tigt HEEE UE i

5. Z9I5 REAt &S

Z+9=0] FE=5H C2C12 myotube A|EZE AT & total
RNA F&& 93 Trizol Reagent(Invitrogen, Carlsbad, CA,
USA)E ©]-&35to] R stal FEFstiltt. 55 59T 49
RNAX Primescript™ 1’st strand cDNA synthesis kit(Takara Bio
Inc., Shiga, Japan)Z cDNAZS $H4J5}% 2™ SYBR Premix Ex
Taq 1I, ROX plus(Takara Bio Inc., Shiga, Japan?} HH-3-A]H
ABI real-time PCR system from applied biosystem Inc.(Forster
City, CA)Z ©|-&5to] MURF1, MAFbx +-31412] & wielS
B A3} ). Real time PCR R AL 90 Col A 105, 95T
ol A 15%, 60Co|lA] 6022 F 40572 kAt ZF 74
] AL 22 YR 2722 AREE cyclophilin®] ZHA}
207 A7 HE36 . Oligonuclotide primer sequences
o231 Zth MURFlI 2 5-TGTCTGGAGGTCGTTTCCG-3'
(forward)?} 5-GTGCCGGTCCATGATCAC TT-3'(reverse); MAFbx
£ 5-ATGCACACTGGTGCAGAGA-3'(forward)2} 5'-TGTAAGC
ACACAGGCAGGTC-3'(reverse); Cyclophilin> 5'-TGGAGAGC
ACCAAGACAGACA-3'(forward)2} 5-TGCCGGAGTCGACAA
TGAT-3'(reverse)©] T}

A
A

HI

o= R F% 275

6. TS AH| =H

6U7F C2C12 myotube 2 9] E3}HFE A%l & L5
5l9] DexE 10 mM 5= & DMSOO] &8A]71 & &
] (serum-free media)of] 1 pMO] B =7} L& 3|45}
F 20412 B9 Afsioch. W] AR0] et e
(anti-atrophy) E3+= 1 mM Dex%} $HA4| SA] A 2|5}
A5 F=d AlZoA vix] f AH]E 2l ke
F7] Aol ¥hs S5 & WX E AT & 22 g
kit(Asan Pharmaceutical Co., Seoul, Korea)S A}-8-5}0] =
o AY AEet X HEENS 20 mLA FHl &
oF 3.0 mLe} 37 37T 587t ¥hSAIZ] £ 500 nmO]
FrE St 2 BEFAE 0|85t A

i

o o

do

H

ox it

==

4o o
e rlo

rd

M %2 Ho @ md HI

1ot
0,
ol
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A

ol P i
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A

A
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2 b

protease inhibitor cocktail(Sigma Chemical Co., St. Louis, MO.
USA)Z} phenyl methane sulfonyl fluoride(Sigma)7} &7}
mammalian protein extraction buffer (Sigma)= F&3%t & 4T
oflA 12,000 pmO & 204 5+ Y5t 45U A
ottt =X WA SRS Protein assay dye reagent
concentrate(Bio-Rad Laboratories, Hercules, CA, USA)S 0]-8-5]
Fom =9 halF L SDS-PAGE®] A 7]5F1L nitrocellulose
membrane(Amersharm, GE Healthcare Life science, Germany)©]|
=7 T FURA ¥ AARE F ELC(Millipore, USA)&
SehE FEoF o™ ATTO WSE-6200 LuminoGraph
II(ATTO Corporation, Japan)© & Z}X]5}1l Image AL E ¢ o]
(C.S. analyzer 4, ATTO Corporation, Japan)S- ©|-&-5}0] i
Hahic

8. SHAzZ

3719 BE A9 23 33 o] W Adsilon &
E A gr2 meantstandard deviation(SD)Z e AT 54|
EH2 SPSS 20.0 AZEFo|(IBM SPSS ver. 20.0.0 for
Windows; IBM Co., Armonk, NY, USAYE AME5H4th 15
7t Z}ol9] G942 LSD comparisons testsZ 4] %] ) O o
BAHA 79792 p<0.052 7G5kt

M

o} 9

kKl
]

1. ZEMZZO| 231 =2 =8| I HAMHERS(Dex) X
20f 28t ME WES W3}

THA|E = FOoPA| E(myoblast)ofl Al A ZE(myotube) =
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myogenesis IH8-S 50 23FT}. T5AE= MyoD, myogenic
regulatory factors(MRFs), MHC 53} Z2 Z4dQIx}9] Wrazk
o] F7tol ofsf &E3t=H, &3} 27| F57Fsk= MyoD= Al
% 7] 2Esa A% FAL RS BalE 25,
£3} Z7]9] myogenin(MyoG)2 32| AL FE51 Al
Z F71E SAAZIH, v 4l 4 @ d F 5hQl MHC
oF &2 Rk AT A Edo] Sk A oE dEA
QI H(Hasty 5 1993; Ferri 5 2009; Jeong 5 2011; Bentzinger
T 2012). 295 AZRF] 15 fIsto] C2C12 A&
G oE ZopA|xoA IHTAEES o] IR
MyoD ZdAF QIAF AEe] 44U MyoGo= BHRISHRIH.
C2C12 FoHNRE o= HFHAGME ©]&5to]
80~90% confluentdt FEj 2 vFst o} A2 E3} HjA|
(OME g wotet 23, B3t f5 1YAFE MyoGY| #
ofulgt T F7Hp<0.057F YetgtoH, 3} 3UA|FE
MyoG9] ¥3h= 4.7H] o] (p<0.001)9] F7H5 H AL =3}
SUAZIA MoyGe] WL RAEE A0 HehgriFig
1A). ZHA| 2R E3}sh= oA S7Fsh= MyoGe| Td
o Bolxo] wEE V& A742 52 st £3} 6
Qo] H=9] APZAUS BASAkHe 5 2023 ung 5
2023). 95 FEE Ioh ARHERE Dexo] C2C12 A E =
goll owet JFE H|XE=A] FRlstr]| fJsto] MTT assayE
o]-gsto] % JA| A= SIS}l Fig 1BO] A|A|1E Bf
9} Z+o] 0.5, 1.0, 5.0, 10, 100 mM9] 52 DexS 24A|7F A
5t 7% >10 uM Dex 5 (p<0.001)0 4 FE& L
& AAZE et 6247 23t C2C12 FEA| Z(DM)°]

(A) - - (B)

0 1 2 3 4 5 [} i 8 days

MyoG | — e ———— s ———
i e ——————

2,0 3120
< E 100
3 15 3
= 5 80
aé 1.0 £ w0
S = 40
£ 05 2 g

>

0.0 3 0

001 2 3 4 5 6 7 8
Differentiation (day)

0

1 mM Dex& 3 2](DM+Dex) & MyoGo.& 3ol
3k 23t )220 Bla) 25.5%(p<0.001 vs. DM)2] o] o
olg B3} FYH 223} St AL
& % 9ekFig. 10). T 915 A7l A8 Dexzt
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Fig. 1. Establishment of conditions for differentiation of C2C12 myoblasts into myotubes and induction of muscle atrophy
by treatment with dexamethasone. (A) Myogenin (MyoG) protein was compared over time to determine the timing of
induction of differentiation. (B) Effects of dexamethasone (Dex) on the cell growth in C2C12 myotubes. (C) C2C12 myotubes
were treated with 1 pM Dex for 24h, MyoG levels were examined by Western blot analysis. Alpha-tubulin was used as

an internal standard. The results are presented as the mean+S.D. of three independent experiments. ‘p<0.05, “~p<0.01, and

seokoke

p<0.001 vs. the corresponding control group.
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7] A& Agof wE C2CI2 myotubes®] A|ZH S FIE =
J5F3AtH(Fig. 2A). 1| mM Dex®} 37| SAES A2t A3} 30
mg/mL2] 5o A H]u|SEA|TE 8% (p<0.05)2] Al S48 7t
£ B3om 4719 & H& Foll MF= 1 nM3} 10 nM&]
oA ZHE 15%(p<0.01), 17% (p<0.001)E A|ZAJZ LS
Z7HNZ I NFT= 1 nM, 10 nM, 100 nM9] o4 Z+zt
10%(p<0.05), 20%(p<0.001), 22% (p<0.001)Z Dex A Z|¥
C2C12 & NxE9 Al FEHE FostA S7HIHRH
(Fig. 2B).
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Bodine 5-(2001)> #-&38}, 417 AA, Rrhe] Fs} siA),
g A ERE X & D Interleukin-1 F-= cachexia 5] ThFgH
A& 2HNA FAH MPEE fFAXE 2714 A=E
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Fig. 2. Cytotoxicity evaluation of Sinomenium acutum
extract (SAE) and its alkaloid components in C2C12
myoblasts and heir cytoprotective effect in Dex-treated
C2C12 myotubes. (A) C2C12 myoblasts were treated with
3, 30, 100, and 300 pg/mL SAE and four alkaloid
components at concentrations of 1, 10, 100, and 1,000 nM
for 24h (B) C2C12 myotubes were co-treated with 1 uM
Dex containing 3, 30, and 100 pg/mL SAE or 1, 10, and
100 nM of four alkaloid components for 24h. Cell viability
were determined by MTT assay. The results are presented
as the meantS.D. of three independent experiments.
p<0.05, “p<0.01, and ""p<0.001 vs. the control (CON)
group or 1 mM Dex treated only group. SAE, Sinomenium
acutum extract; SIN, Sinomenine; MF, Magnoflorine; ACU,
Acutumine; NFT, N-trans-feruloyltyramine.
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=8 Eo|& E3 ubiquitin ligases MuRF1(Trim63)¥} MAFbx
(FBX032) A4S 5o F f4A = 2% 74 24
oA HnA @2 $£E0Z WdEo] iyt LYUEHE
ZoA Z7Fel= Ao2 HIFPTHGomes 5 2001). MuRF1
I} MAFbxo]| gk thegt 915 2704 F 5442 mRNA
U A9 Tl MY = Bl &of tfst ofsf ¢
o2 Tl v wgokA] o AEE gA19) VM8 5
of thgt vlojg 259 EAIMS 7ML YA T F [FHA
e 2Fo] 2915 TY oFE fEe 140 € £ o=
Fs/3& dol& F83 HHolgt & 4 UtkBodine &
2001). whEbA] -E= DexE At o3 A2 L9155 &
AR TEe] B7FEEC] vA= FFE goth 7] fsty
MURF1, MAFbx/atrogin-12] 3-A%} @ MAFbx THil 2] Wgd 4
F= Z7J5IelH Fig 30 AA[E BRe} Zo] DexE @502
A2et Ml ZE g ZFH(CON) Al Zof| H|3] MuRF12] mRNA
uhe 2. 2 7H}|(p<0.001), MAFbx/atrogin-12] &2 3.08f(p<
0.00)E oot S7FeHE ERlstairtt. 181l Dex A=
27kt MuRF19] mRNA 4252 30 pg/mL SAE A #]of 25
41.2%(p<0.01), ZZ0o|= AJE<] SIN, MF, NFT9] 10 nM %]
gof QlajAs ZHzF 47.1%(p<0.001), 41.2%(p<0.01), 52.9%
(<0.001) ZTAES & 4 ATt TS MAFbx/ atrogin-1
mRNA2] &S SAE A zlof| 2J3A] 40.0%(p<0.01), SIN}

L 50.0%(p<0.001), NFTX:= 35.0%(p<0.01)& -S-olu]st 7+
A5 Btk ACUE APA] = 32 Edlo] aste 4
F= Hoy EAF fFox= UEUA skt EE,
MAFbx9] Tl d e ¥shs TSt Adk(Fig. 4), MAFby/
atrogin-1 mRNA Z3}e} F5A35HA SAE A 2] oA MAFbx
o] T d WHAFS Dex A2} Bl Sko] T (p<0.05)5}
9137, SIN(p<0.01), MF(p<0.01), NFT(p<0.01)Q] X & Zol| A=
MAFbx 9] T2 a2 hAstgint. o] AitE A&
o 7] FEET 1L EE|E JERI SIN, MF, NFT7} Dex
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8% 9L of= Ao Azt

N

4. 2915 R ZEMZ0M WI|FES0} O BUME
Azlof est Z=E Es Hst
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(Gwag 5 2013; Kuo 5 2013; Jiang 5 2019). w&FA] Dex A
7t £ U 2T AHE AR ERIT 23,
C2C12 ZHA|ZONA | mM Dex A &= dijZto] vls) 2=
F &HE 9F 33%(p<0.001) ZHAA|Z T ¥HHE Dex A2}
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Fig. 3. Effects of SAE and its alkaloids on the expression of atrophy-associated genes in Dex-induced C2C12 myotube.
The gene expression of ubiquitin E3 ligases (A) MuRFland (B) MAFbx/atrogin-1 were detected using qRT-PCR following
co-treatment with 1 pM Dex and experimental samples. The relative expression of genes was quantified by cyclophilin. The
respective concentrations of the samples are as follows. SAE was used at 30 mg/mL, and each of the four alkaloid components
was used at 10 nM. Data are expressed as the meantS.D. (n=3); ~p<0.01 and ""p<0.001 compared to the CON; *p<0.01
and "p<0.001 compared to the Dex treated only. CON, control; Dex, dexamethasone; MAFbx, muscle atrophy F-box;

MuRF1, muscle Ring finger 1.

HWA], 30 pg/mL SAEQ] Al LT 4H|Z 54.5% 27}
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S 80% 295k EY 7|BOR 254, w3}, FES
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(Kurth-Kraczek 5 1999; Richter & Hargreaves 2013). SINS

Fig. 4. Effects of SAE and its alkaloids on MAFbx EGF/Nrf2/HO-1 &2 EAJs5to] A ZAMEE AA 5 FF
protein expression in Dex-induced C2C12 myotube. The He} ALl g= A9} Akgt AEFHAE /A5 A2¥
MAFbx protein level in Dex-induced C2C12 myotubes was G E X2 4 iy BT E QO M(Chen 5 2023) TE

estimated by weétem blot analysis using antlbodlf:s aga%nst o 9 oo tigt i maal BHuEo] Qtiu 5
MAFbx. a-Tubulin was used as a control for protein loading. 2018; Zhang S 2019). 9% & AT glojAE SIN,

The respective concentrations of the samples are as follows.
SAE was used at 30 mg/mL, and each of the four alkaloid
components was used at 10 nM. Data are expressed as the
mean£S.D. (n=3); “p<0.01 compared to the CON; “»<0.05

MF, ACU°| Dex2Z =¥ 2704 ZHAHS 242 9.3%,
13.8%, 11.3% 7|AstcHs A3 A7} ckiung 5 2023).
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Fig. 5. Effect of SAE and its alkaloids on glucose
consumption in Dex-induced C2C12 myotube atrophy. To
estimate the glucose content consumed, the medium was
measured with a glucose assay kit after the end of the
reaction. The respective concentrations of the samples are
as follows. SAE was used at 30 mg/mL, and each of the
four alkaloid components was used at 10 nM. Data are
expressed as the mean+S.D. (n=3); ~ p<0.001 compared to
the CON; p<0.05, #p<0.01, and "p<0.001 compared to

the Dex treated only.
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Fig. 6. Scheme of the anti-muscle atrophy effects of SAE
and its alkaloids components; sinomenine (SIN), magnoflorine
(MF), acutumine (ACU), and N-ferultyramine (NFT) isolated
from SAE on dexamethasone (DEX)-induced myotubules.
Red lines indicates that SAE, SIN, MF, and NFT inhibits
the pathways induced by DEX.
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Abstract

In a previous study, we fractionated crude polysaccharide (AME-CP) with macrophage-stimulating activity from a hot-water extract
(AME) of Astragalus membranaceus. AME-CP contained glucose (Glc) as a main component sugar, suggesting that it might be rich
in starch-like compounds (SLC). To enhance the immunostimulating activity of AME-CP by pruning SLC rarely known to contribute
to activity, hydrolysate (AME-SH) was prepared by digesting with starch-related enzymes, including a-amylase and amyloglucosidase.
AME-SH was found to contain substances with molecular weights ranging from 3.9 to 84.4 kDa. These substances were primarily
composed of galactose, galacturonic acid, Glc, arabinose, thamnose, and mannose. AME-SH significantly enhanced the production
of macrophage-stimulating factors, including nitric oxide (NO), interleukin (IL)-6, and IL-12, in RAW 264.7 cells compared to
AME-CP. Treatment of splenocytes isolated from C3H/HeN mice with AME-SH not only promoted IL-6 secretion, but also induced
mitogenic activity. In addition, AME-SH promoted the secretion of hematopoietic growth factors including IL-6 and
granulocyte-macrophage colony-stimulating factor (GM-CSF) in Peyer's patch (PP) cells and stimulated bone marrow cell proliferation
through these PP cells. In conclusion, hydrolysate (AME-SH) digested from AME-CP with starch-related enzymes could be used
as a potential immunostimulant.
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E7}91S ®&E3tH(Arango Duque & Descoteaux 2014). Ao E7}
Q12 interleukin(IL), interferon(IFN), chemokine % lymphokine |
S St A Tt AAES vifchs G ERA Al
o] /g7t EaERt ot et WY ¥ES-E At o $8% 9
32 SHCHOpdal SH 2018; Zhang 5 2018).

YW, 37|(Astragalus membranaceus; AM)= &I Legumiosae)
of 3 cha 22 45| B2l ofxlo} AT} 3¢ 2
obmelte] U Aolo] Hashe] o|ziE gorozA Hol
A8 A0z FAA UTHKim 5 2007). B719] 8 R
flavonoid, saponin & polysaccharide 5 © & (Zhang 5 2009), TF
Z(Bae & You 2017), FIAEZ(Kim & Kim 2008), FALs}H
(Shahzad 5 2016), 3FH}o] & A (Ghabeshi 5 2023) & W =%
(Song 5 1998) 59 A5°] ATt K= ek 719 =8
AE = S5l 3] thdF(4stragalus polysaccharide; APS)y=
484 heteropolysaccharide?] &0 7 Z=A]3} HZZo| H1l
W5, sl 9 YR ds 28 ofshyel a5l drkn
# A 9ItHZheng S 2020). E3Y, Li S(2022)0] T2 H APSE
HAA L7} ThFgt Afo| E7FQIT A H7FQ19] S Friestho]
o vh-3-S RASE 4 Qlrkal B EQIch o|2gt APSE HEl
9dE J99 rhamnogalacturonan®} o-1,4 ZAZoz LA
gluican® 8 F8 FAgEo] QIthal HIEI Qlth(Sheng &
2021). A=A FH e AEZ 2 (cellulose), A EZA
(hemicellulose), HE-(starch) @ B €l (pectin) 5O A= o] 9l
= o] & A& Aoz B4R A o 5 oiut
2 A 9ItHSmimova S 2015; Cho S 2018).

BERS7HZ AA o |-eE g ECY Ao 22 3
AAR AR JYDY E4& X6t o= 35hEQl
A ] WHo] vlsf gk Aol FA|HolojA T AA o R
o] AF2E| T 9ItkLee S 2010; Sung S 2013). BH=3HE 7}
2o BAL BSHES JeRdslel BeRon R 4
A AEZ amylase, cellulase, B-glucanase & hemicellulase 5

A glom, ol olgatel AE HUE HET S5%
2

it

o)
fll.
& for

]
(Cho 5 2018), Q14HKim 5 2007b) 2 X7} A (Kim 5 2022)
5 AE A 2259 AYBAY ST B A7t AS
Ho=g HyE Qoh thAA HZ] tgRel AES 4T

oz Mg o AR BAY R «-14Z2FE ddsi=
endo-type?] 7IEfAAQl a-amylases ©|-&35lo] HAEHS
st dAER v dolA 9 2 IFES
A AdH= exo-typeQ] FAQ] amyloglucosidaseE ©]-8-5}0] Z&E

29 8hgo] o]Rolt Ao LA UrhLi 5 2019)
3, Kim 520242 o4 A70IH 712 HE A A3
FHL Vel 7] 2ohg Su5t §l-RAEH ] 0 g AT

T g&o] o RE0] Jouy Bos 2A 71osHA
U= Ao=E Il AE A SRbE(starch-like compound;

SLOE AABH] ¢dto], a-amylase®@} amyloglucosidase®} 2+
AE I 54 AYS ] 2ud 29 adAHE
(AME-SH)Z A x50 thoket WY A= &3 3184 E4Z
Al H gk}

W o by

1. 87| 84 JlR6lE2 Mx

H Lo A o] &= Z7|(4 membranceus, AMy= 2023 St
oA A" AL ol8stion, Goflo] X3 (Pochen,
Republic of Korea)oll A Fuistitt. 7] 25 9 203 g2
< Kim 5(2024)2] ®Hio] wtzh 2A|skitt. foFstd, Az
B71 T 208(wiv) 2 71 F @552 AP o,
o|% =84 JHEZ AASH Al A= (9,588 g 4T, 20
min, Daejeon, Republic of Korea)S F3J5}1l 5Z(Eyela, Tokyo,
Japan) 2 527X (lIshin Biobase, Seoul, Republic of Korea)o}o]
7] G43EE(AM extract, AMEYS ZA|5H9t}. 0] 3 AMEY]
95% F4& 5l 7ksto] wHkgt F AHE(9,588 g 4T, 20
min)5te] AAES FEA(MW cut off: 12-14 kDa, Spectra/PorTM,
Sectrum Lab, Rancho Domiguez, CA, USA), 5= % 5Z2AX3s}
of 2t &E(crude polysaccharide, AME-CP)O. 2 E3I5}¢t}
g20 7 2t 3E9 a-amylase(Sigma-Aldrich, St. Louis, MO,
USA) 1,000 unit & amyloglucosidase(Sigma Aldrich) 100 unitZ ¢
of, A FAfll M AlFet 22 2SOl 47 WESSHRATE BhA]
Ho g, ang BB f8 1583 7Hde st
AHE2(9,588 g, 4T, 20 min), £4, 55 9 32X &
7] 2ob 289 HE B 4 714EE(AME-SHS XA
SFATH(Fig. 1).

B B3 AA%E 522 A A|ZE polyvinylidene
fluoride membrane filter(0.45 pm, Jaema Trade, Gangwon, Republic
of Korea)Z o]3}5}0] Table 13} -2 ZZA O Z high performance
size exclusion chromatography(HPSEC, Agilent Technologies, Palo
Alto, CA, USA) AAELE o]gsto] £A51 . REEd2
galactose(Gal; Sigma Aldrich) % t}Fst EA5FQ] pullulan
(Shodex, Tokyo, Japan)& ©]-85}% 1L, retention time(RT)S 53|
BE BHL AT F AR 219 RTS ¥ Ts}o] KDao2 A

sheict.

3. THE 9 FdE Ex

F7] a4 7teEeEe] AR BEE 245 Adl 54
, AP, ald Z8]8E 2 keto-3-deoxy-D-manno-octulo-
sonic acid (KDO)-FAREAS dFE SHsIAT 4T
glucose(Gle; Sigma Aldrich) s EFE2E 0]-83|| phenol-sulfuric
acid H(DuBois 5 1956) 0.2 EA43} 11, AT galacturonic
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Astragalus membr (A. b AM)
- Addition of DIW and boiling to the half volume (decoction)
- Centrifugation (9,588 g, 20 min)
- Filtration
| |
Supernatant Precipitate
- Concentration
- Lyopilization
Hot-water extract (AME)
(24.5% of raw material)
- 80% ethanol precipitation
- Centrifugation (9,588 g, 20 min)

Discard

Supernatant Precipitate
- Dialysis (cut off 14,000 Da)
- Concentration
- Lyopilization

Crude polysaccharide (AME-CP)
Rich in starch like compound (SLC)

(11.0% of AME)

- a-amylase treatment (1,000 unit)
- amyloglucosidase treatment (100 unit)
- Centrifugation (9,588 g, 20 min)

Discard

Supernatant Precipitate
- Dialysis (cut off 14,000 Da)
- Lyopilization
SLC enzymatic hydrolysate (AME-SH)
(15.0% of AME-CP)

Discard

Fig. 1. Preparation scheme for enzymatic hydrolysates
(AME-SH) derived from crude polysaccharides (AME-CP)
of Astragalus membranaceus.

acid(Gal A; Sigma AldrichyE FSFE3 2 510 m-hydroxydiphenyl
A (Blumenkrantz & Asboe-Hansen 1973)°0. 2 HA15}¢ ). thaf 2l
L bovine serum albumin(BSA)—o— 0]4‘16]—0% Bradford MM(1976)2]
o g BASI o, & E s T2 gllic acidE EFE
242 stol Kim 509 HES AYel] BAsis
3k, KDO-SAFEAE e KDOE HFZEZ=R 0|83l
thiobarbituric acid®(Karkhanis 5 1978)0.2 BA35}¢i 00, 7} L

AAG - e - 9B FFAEGIHLA
3 GRS Www)E ek ek, T Honda S(1989) 2
Shin 50209 WHE Fuste] Bt Azl 2 M

trifluoroacetic acid(TFA; Sigma AldrichyE *]2]3}| aldose T2
% 0.3 M NaOH2} 1-phenyl-3-methyl-5-pyrazoline(PMP;
Sigma AldrichyE 7}sto] @37t PMPE AYS FrA=
ALAIZH. ©o]F 03 M HClZ 7} $3HA]7]1L
chloroform(2%} -GuiA) o2 Z2] B F&3to] & ST —E—ﬂ?}
%] PVDF membrane filter2 oJ31}5}%th o35t A|&= HPLCE
o510l Table 19] 27102 BHFIACH, B4 AT Gl
71& 02 2 molar ratio2 UERHTEH

Bt

4. DIRA S2 CIAME X2 2

Ao A AFRE TheA a8 RAW 264.7 Al E 3= SHEA| T
Z=-2-3Y(Korea Cell Line Bank, KCLB, Seoul, Repubhc of Korea)o]|
A dgeotgi o vieke] AME-E HiA|= Dulbecco’s Modified
Eagle Medium(DMEM; Hyclone, San Angelo, TX, USA)°| 10%
fetal bovine serum(FBS; Gibco, Waltman, MA, USA)Y} 1%
penicillin/streptomycin(GenDEPOT, Katy, TX, USA)& A 7}s}o]
37C 4 5%2] CO, 27004 viFsHATh thAAE A= S4S
=457 918 RAW 264.7 A|EEZ 2.0x10° cells/mLZ 96 well
plate®] Z}F wello]] 180 uL& E25ko] AA A|7F vjFsl & YA
B2 S4s ARE 2220 LA Heet H 24817 Aulers
gtk A2 42 = AAE AsH Amitric oxide; NO)©] BHEe
A & 5} griess assay(Tursun 5 2016)5
2 4% ¥ M2 ek AR A2 <)
Z]-?_] 1nter1euk1n(IL)- 9 TL-12%= BD Bioscience(San Diego, CA,
USA)O|A] -3t enzyme-linked immunosorbent assay(ELISA) kit
Z BA5I9 1, ZF A ZAM A AlFE recombinant proteing &
o #EIAS AT & IS UERTh

sodium nitrateS _-E—é

Table 1. HPLC analysis conditions for average molecular weight and component sugar analysis

Analysis Molecular weight distribution Component sugar
HPLC system Agilent 1260 Infinity series Dionet Ultimate 3000
(Agilent Technologies, Palo Alto, CA, USA) (Dionex, Idstein, Germany)
Column Superdex 75 Increase 10/300 GL YMC-Triart C18

(Cytiva, Marlborough, MA, USA)

300%10 mm, 8.6 pm

Column temperature Ambient
Flow rate 0.5 mL/min
Eluent 50 mM ammonium format

Injection volume 20 puL

Detector Refractive Index Detector (RID)
(Agilent Technologies, Palo Alto, CA, USA)
Integrator Agilent chemstation

€

(YMC, Kyoto, Japan)
250x4.6 mm, 5 pm
30C
1.0 mL/min

0.1 M sodium phosphate buffer (pH 6.7) : Acetonitrile
83:17

20 pL

UV detector at 254 nm
(Dionex, Idstein, Germany)

Chromeleon 7
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=

5 dHSE
TEATES U= SEATERY Y] A9 KNUT
IACUC 2024-01)E AA APF o, AT 657 C3H/HeN 113
2 (female)S FEHo] 2 E(Seoul, Republic of Korea)oi—,—ﬂ o
Uoistch WUEES A% % BE AGEA GHT > A
RALE 22£17T, 40~50%)S x]ﬂlgui
Y 19 AR fASHGT A8
2 1397 A3 717k A & A¥of o] &F U

6. HIZMIZOAMS| O0|EH X AOIEFIR! dMdsS
1FY7ko] FL 7|7He 7-]73_ C3H/HeN U225 CO, gasZ
BANA RREoR e HET § a3 NG I40
(100 mesh)o]l ofZtsf A5 FEAIF Tt o]F 0.2% NaClkZ A
gloto] HP1E AAT F 35T AEE 2.5410° cells/mLE
96 well plateo] 160 LA EF3 F FA 27 4 mitogen A 2]
1FOR o] BAT T E74E AT mitogen A
2]of|+= concanavalin A(Con A) T+ lipopolysaccharide(LPS)S
20 uLA A5kt o] 3]A4%E Al S ZF wellof] 20 uLA] A
Slstel A 5t HeFsteln. ol Wik A5 AL st
Ez-cytox(DoGenBio, Seoul, Republic of Korea)S 30 uLA &5}
of A& A2 tfy] upo]EA %*é(rrﬁtogenic activity; %)
BAWC T35t BN E w9k 19] IL-6= BD Bioscienceo]|
Al FQJSF ELISA kit® 24319 21, recombinant proteing =
o T EERAE 59 pyml2 WS EASA

7. Peyer's patch 45t AIO|E7IQ1 MM 2 DM|E SA

Peyer’s patchs 7473t AT HA &/d2 Yang 5(2004)9] v
Hol| wet SHskleh 1597 48 717k A%l C3H/HeN v
$AE CO, gasE o]&ste] ARl & Ao EAsk=
Peyer’s patchs &0} 24 G550 ojste] AxE
25HAT}. A2 ALE 2.0x10° cells/mLE 96 well plateo] 180
ULA 7} wello] B261T 3143 A2 2 xqao}oq 5917} HioFat

5 i 45 AL B5stech AW, BHAAE B BA

AME-CP
20000 1
15000 -
0.2 kDa
= 10000 -
= 0.4 kDa\‘
=
5000 - 106.6 kDa N
N
0 T : T \
10 20 30 ’ fm
-5000 -

Time (min)

Fs-rafzo] we B4 285

EEESLE PEINCEEEREESVEREE)
serum free-RPMIE F5l0] ZTAZE AF & oIst ZA
Eoﬂ 0.2% NaClx A E|sto] D5 A Ao 4 AlZH

2 2.0x10° cells/mLE 96 well plateo] £33+ 5] Peyer’s patch H]
ot HEstel 62Ut WA H EreyionS Aelstel Az 2
A2 H] F5AM2E 545 (bone marrow cell proliferation; %)
o Baslglth B5e W 4SO 116 F granulocyte
macrophage colony-stimulating factor(GM-CSF)+= BD Bioscience©]|
A 43S ELISA kitE ©]-&5}0o] A|3-5= recombinant protein©]
et BEZHS BT § pgmle BFL hepych

8. SHAzZ

BE A 39 HHESIR Y AT At RS HAL
(standard deviation; SD)Z UERHCE B4 A= SPSS V26
(SPSS Inc., Chicago, IL, USA)S ©0]-8-5}0] Student’s t-test= AHJAt
3 2} p<0.05, p<0.01 & p<0.001 o)A F-2l/d= HASHAT
E3 A8 7 Y8 HUksr] A B4R (analysis of
variance; ANOVA)S AA8) ZF =47k 7+ 82142 Duncan’s
multiple range testZ p<0.05 &0 &2 AHZdITt

Zat o oF

1. 87| 84 JI-EslEe 2AE B
AME-SHO| #4135 2ls}7] 9ls] HPSECE ]850
B4 3= Fig 20 Yl o] Kim 5(2024)9] &A7]
A 7] 2ohd FE(AME-CP)Q] BAeS 420 106.6 kDaol
E43} o1l 0.4 kDao] BAo| EAE 0] O th(Fig. 2), A
2 o9 847 SLCE 7HEdE AME-SHO| B2 B
3.9-84.4 kDa®] E3o] EA1H ] AUt ol k= 7] &
o 2l2o] e SLC7F A AP E T3 23E L Al
& #t ohz}, SLC ZEAS] F2A Q1 54 wie] virof
Y AF ARAF Edo] SLC Eafiet TA R v
Ho] Aol WEo] fid Aes AT & Al oI,

AME-SH
£0000° 9 84.4 kDa
15000 4 3.9 kDa
=}
= /
=
10000
5000 T T T [.
0 10 20 30 40

Time (min)

Fig. 2. Average molecular weight distribution of AME-CP and AME-SH.
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£ oA AMESHO| Stebe 48 Slsly] gis) AR
2 PG EHE S,

2. 87| 54 JSEsEe] THE U TANY £

AMESHO] 742 9 FAT AT Table 20] Lersych
AME-SHE 32 Z49(554%) 2 AGA28%).0.2 T4 o]
QAL T (04%), ET|(1.0%) D KDO-FAHZH(0.4%)
2 4% P9l AT Y AT e T4 A
o RN AMESHE thds7l E3e A2 Yehing, o
T4 BAL AAsterh. T4 BE A3, elucose(Gle; 1.00)
o} vl Y-S uf galactose(Gal; 1.76)7} 7 W2 H|SS *}A|5}
31, 0] Qo= galacturonic acid(GalA; 1.10), arabinose(Ara; 0.78),
rhamnose(Rha; 0.65), mannose(Man; 0.62) 2 glucuronic acid(GlcA;
0.34)= =] US= AT 4= ASUH o] Kim 5(2024)
o] AFolA 7] Zrhg FEL Glevt 83.1%2} Gal € GalA:
77} 32 9 7.1%S RHH Ao] W] AMESHE %8 TG
E Gal 9 GalAE F& FFste= 2S5 o glucan-typeo] AH
%8 thgRt 2a Ao o8 A TP BE 62
o] WstEglee & 4 etk Eak Li 5009)0] 2w, 7]
e oo A 94} SR ol dgucand] ALHQ] 7
Z5 7T BAsHgl=T, & Aol ma Ao o8 =

2 Glc o] A H HLS Ko}, g-amylase 2 amyloglucosidase

Table 2. Chemical properties and component sugar of
AME-SH

Chemical properties AME-SH
Neutral sugar (%) 55.4+3.5%)
Uronic acid (%) 42.8+1.8°

Protein (%) 0.440.1°
Polyphenol (%) 1.0+£0.0°
KDO-like materials (%) 0.4+0.1°
Monosaccharide Molar ratio
Mannose 0.62
Rhamnose 0.65
Glucuronic acid 0.34
Galacturonic acid 1.10
Glucose 1.00
Galactose 1.76
Xylose 0.12
Arabinose 0.78
Fucose 0.17

The results are presented as the meantstandard deviation (S.D.)

from three independent tests.

Y A superscript of the content value means a significant difference
at p<0.05.

rlo
2]
N
of,
2]

o)
)

o B3 {28 B9 SLCS] Hohrt AREOE WY Ao
Holth E3h GalA, Ara, Rha 2 GlcAQ] Z71= dHE A g9
rhamnogalacturonan(RG)-I, RG-II -2 homogalacturonan®] ZX]]
£ 4T 5 o H(Sheng 5 2021; Shin 5 2024), o}&-2] Gle}
Man+= hemicelluloseS] A& 24T 4= YA thH(Wang 5 2024).
5 Ao A= ion-exchange I size-exclusion chromatography
S0 AVESHZ 8 B4 BAE 225k o 24714
59 724 54 FHLA B,

o mfu

3. &Y 8 Jl-EdiEel EXlE AME X= &4

AME-SHO| ¥ 7|54 £ 2A 9] 7Hs/dS gelstart o]
Aol et 7] Zohg €& AME-CPS} AME-SHO| T A4 32
AT BE BluFo 2 B9 S o RE Felsiqich A
HA R, &5 AIAR 24E Froto] WY ¥He-S 28T
o AL & NO /52 B7Fet Z2HFig. 3A)(Tripathi &
2007), FANZFOE o8 LPSE | ug/mLo] oA NC
2108 uM) HH] 90.0 uM(eF 8.38 F7hHe] NO A4 5<
UERH o1, AME-CP7} 0.5~5 ng/mL9] %% W QloA 57.3~77.6
uM(eF 53~72d F7He ABAES EeQl ¥HH, AME-SH=
74.2~95.5 uM(F 6.9~8.88] Z7}9] AME-CPELH S-o]Hog =
ZE NO AB5S Uehilet E3L B Al 32o] 24-g-sto] |2
£ AEE frche 202 49l 169 -(Fig. 3B)
(Hirano T 2021), AME-SH: 0.5~5 ng/mL9] =% #9]o] 4 NC
R ] 24.9~28.4 ng/mL(%F 8.1~9.2H] Z7H9] IL-6 BA5
< Yeton, o3t Axt= AME-CPo|| ]3] =3t IL-6 A
e Hol= Ao F Yyerytth thA| 2O 2 natural killer A E
o] 715 T AlIZ Egd 9FS VA= IL-12 BP9 4+
(Fig. 3C)(Watford 5 2003), NC th£(7.0 pg/mL) ThH] 0.5~5 pg/
mLo] E% H Qo)A 262.9~1,184.3 pg/mL(F 20.1~90.78) Z7H
& AME-CPo|| H|3}| 55t IL-12 Fd5& Hol= 2= Us
Wt ol2|gt AatE FEotH, AME-CPo| §f-0] &2 SLC

AE B 848 AW AME-SHO| tiAAZ 2= &4 £71
M2 /dstol| 2A 7]ofstal QA b= SLCE A& &
A AR LA O BN AMECP 45 aftdos &
A52 FASFAT Lee & Jeon(2005)0f W= 237]
Z APS7} NF-kB/Rel2 &/d3}sto] A A| oA NO B45
FEST Y B E =, ol o] At 7] 2ud &
AME-CP 4} ofy2}, o] 5 a4 X2|§t AME-SH %3 G714
A Y A= 754 AAE B8 7 Aor wdEnh

g
> F

o o 4 @ lo
)
4
0,
‘o

)

4. 87| B4 JE5H20) Dj0|EH U ALIS7I0! MMs
o, B ATAE FRENE HeE AL olgdt
of AME-CPOIA §aEl T 14 RohEo] 27hA9l el 2
o ol 2.2 WHSIIA Soick UGS WO RN FUL
Ao T 9 B AIXS] 447 £ Jeln Bolt o] RolA]
%9 71O v AEL T B AR 5L AL} 2

fo rir 4>
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G)

2000

- [ 005pg/mL  ©1pg/mL  ®=5pg/mL 00.5 pgimL
= —_
=L -
= o £ 40 |
e - B
B 100 | s = = £
g ] = 30
- P o
g = 3
- ) 320
o Wl °
T 50 °
X -
° @ 10 [
Q 4
£ - []
= 0 ’—‘ e || 0
NC { LPS |AME-CP|AME-SH NC ‘ LPS
Control AME subfraction Control

|5 pg/mL o05pg/mL  ©1ug/mL =5 pgiml
= E
A o 1500 e
e 8 I
| e e b
ke ok o
‘,3 1000 -
3
o s
=
wx :- 500 "'"'
1 o I
il - mﬂ
0
AME-CP | AME-SH NC | LPS |AME- CP‘AME SH
AME subfraction | Control AME subfraction

Fig. 3. Effects of AME-CP and AME-SH on macrophage-stimulating factors production. RAW 264.7 cells were treated
with AME-SH for 24 h, and then the production of nitric oxide (A), IL-6 (B), and IL-12 (C) was assessed. The results
are presented as the meantstandard deviation (S.D.) from three independent tests. Asterisks on the bars indicate significant

differences between the negative controls (NC) and each group, as determined by the Student’s #-test. Crosshatch patterns

indicate significant differences between samples at the same concentration.

“p<0.05, " Mp<0.01, " p<0.001. NC, negative

control; LPS, lipopolysaccharide (1 pg/mL); AME-CP, crude polysaccharide; AME-SH, enzymatic hydrolysate derived from

AME-CP; IL-6, interleukin-6; IL-12, interleukin-12.

ot AN E7E EA5) | 44 TS| At AER
Z8 AFRErthKang 5 2014). 12|28 AME-SHO| HY E4<S
ghelstr] sf vl Alz2o] mlo|EAl U IL-6 /352 245t
Atk Al ek Al T A ZEE A=5H= Con A2} B Al X5 A=
Sh= LPSE 217+ Agsto] M2 RIS S7HIA Alx &
g o 5E EgotA wastarat skl WA, mitogens A 25t
A %2 7--(Fig. 4A), NC 272} H| W 5ko] 5~10 pg/mLo] =
T HYo A 236.4-253.2%% 5-2]Z Q] mitogen TS E T
Mitogen© 2 Con AS A 2|3t 7J-2(Fig. 4B), NC 2 thH] 3
9]& 9] mitogen &/Jo] HOo|Z| LFA|TE, mitogen® 2 LPSE A
IS W(Fig. 40) 10 ng/mLe] FE=oA 155.7%= {93l
mitogen E4& HUTH 02 IL-69] B2 ERAFS 1
mitogenS AF=E35}A] FL AL (Fig. 4D), NC R F(27.5 pg/mL)
gH] 0.5~10 pgmle] % WA 501.5~1,287.6 pg/mL(F
18.2~46.84) Z7H9] L Z-9]EZQ] PSS HYT Con AR
A=23F A9-(Fig. 4E), NC tHR(541.4 pg/mL) thH] 1,904.9~
2,594.5 pg/mL(°F 3.5~4.8¥] S7H2] IL-6 B/d5= AL 5 3
Atk g, LPSE A3 W IL-69] B/452 NC 2
(1,135.2 pg/mL) tH] 5~10 pg/mLo] %% oAl 1,121.8~
2,025.4 pg/mL(2F 1~1.88) Z7hH9] FAHFS EHJrH(Fig 4F).
Shao S(2004)°]] 215} APS7} B A Z9} AN =S SA5lst
11”& T A= 2/43letA] gethal BaEgl=tl, AME-SH &

2t thAAE e} v W) B M 29] &43kE fEote 2o &
ouqmq E3F, AME-SHE T B Al £3H8 §Eok: B Al
23} QIA} IL-6(Maeda 5 2010)9] 2291 e Ho,
AME-SH7} B Al 229] mitogen® 24 Z-§-5h= 20 = Q1= Tt

5. &7| 24 JI-Eall22] Peyer's patch A5 AIO|E7}
ol MM U BHHE SA

A WolA 7P 2 "JIZXZQ GALT(gut-associated
lymphoid tissues)®] 24 5 5} Peyer's patch(PP)= S~
< B Az} g A4 A2 9 T AZE X3ete IER

ESotE By MEZZA  immunoglobulin A AJARE 9ISt
1nduct1ve site® 4 A cH(Yoon 5 2010; Suh 5 2013). $HH,
4L o] A3 Fhe LASHE 2Z o7 Al 9Fo] |
AN =7 Eolqlo]l HAolA A TS S5t X
71Folgtal B 1% H¥f Qltk(Zhao 5 2012). webA, AME-SHY]
B B43LE SRIs7] fl3f PP A ZEREH Z5A|E F
A QIAE S45HL PP A2 E ARt ITAIE FA5S &4
Skt PP A ZH|FH O 2 RE] ZAE FA QAL LA
9l IL-69 GM-CSFZ 243t A7} 1L-69] ATo] A =(Fig.
5A) FATEZQ] LPS7} 10 pg/mLo) lnlzoﬂxi 719 pg/mLE
NC tJ23603 pg/mL) thy] oF 1.28) 27151911, AME-SH=
100~100 pg/mLe] FX FHPolA] NC 2+ EHH] 74.9~259.5
pg/mL(%F 2.9~20.68 Z7hH2] IL-6 B35S HAT EI, =
Al a2 o] Iy} Ad<sof] ¥oiSh= ARR]E7FQIQ] GM-CSF 45
EF AR A UERTH(Fig. 5B)(Egea 5 2010). RHH, 4
Al S459 A9(Fig. 50, NC Hizz Blafls o
AME-SHE= 100~1,000 pg/mLe] 5= HY oA 108.4~295.6%2]
SEOEHY BRAE S5 FAT 5 AU Zho 5
(2011)°]l 9J5tH 7] F APSE A FAA Aol EFHRI
of 4E FERTH BUSIGT], AMESHE A2ig PP A
Evjorolol 4l BHAE SR04 L6 U GMCSFe] A4
oYz}, o] F F3fl TTAIE SAZHA] B/dSHAIA, AU | 7]
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Fig. 4. Immunostimulatory effects of AME-SH on splenocytes isolated from C3H/HeN mice. Splenocytes were treated with

AME-SH for 3 days, and mitogenic activity (A-C) and IL-6 production (D-F) were assessed. The results are presented as
the mean+standard deviation (S.D.) from three independent tests. Asterisks on the bars indicate significant differences between
the negative controls (NC) and each group, as determined by the Student’s t-test. ‘p<0.05, “p<0.01, *"p<0.001. NC, negative
control; LPS, lipopolysaccharide (1 pg/mL); Con A, concanavalin A (1 pg/mL); AME-SH, enzymatic hydrolysate derived

from AME-CP; IL-6, interleukin-6.
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Fig. 5. Effects of AME-SH on intestinal immune system-stimulation via Peyer’s patch. Peyer's patch (PP) cells were treated
with AME-SH for 6 days. IL-6 (A) and GM-CSF (B) production from PP cells, as well as bone marrow cell proliferation
via PP (C), were assessed. The results are presented as the meantstandard deviation (S.D.) from three independent tests.
Asterisks on the bars indicate significant differences between the negative controls (NC) and each group, as determined by
the Student’s r-test. "p<0.05, “p<0.01, ""p<0.001. NC, negative control; LPS, lipopolysaccharide (10 pg/mL); AME-SH,
enzymatic hydrolysate derived from AME-CP; IL-6, interleukin-6; GM-CSF, granulocyte-macrophage colony-stimulating
factor.
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o] ALoNA &7\ (Astragalus membranaceus; AM)S] B
SE(AME)ERE dAARZ A= B4S 7= 2 (AME-
CPyZ EE5H3itt. AME-CPO| 8 T4 T2 glucose (Glo)E 9t
otat Qlo], A& f-AF SkglhE(starch-like compounds; SLC)°| &
3t Ao gl webA, FEstH o= HZgEH
SLCE A7 5to] AME-CPO] WY = &5 FA1717] {Ish
a-amylase 2! amyloglucosidaseS Z g3 A& e G455 A&
ato] G4 MR E(AME-SHYS 245191t AME- SHY| &
A5 BEX = 39-84.4 kDa@ O 5= galactose, galacturonic acid,
Glc, arabinose, rhamnose 2 mannose2 A =0 919t AME-
SH= AME-CPof| H]3]] RAW 264.7 A|Zo]|A] NO, IL-6 ¥ IL-12&
Ege AR AT Qxe] AAS 2 BN E,
CIHVHEN B19- 22 2e] 223t v g4 o] AMESHE A2t
%e 1] 1L62] Hu]7} S Bk opfz, vo|=al BAE ¢
L5134t} AME-SH= Peyer’s patch(PP) A|ZojA IL-6 2 GM-
CSFE Eget 28 4% QA0 RIS Sa3 PP AES B
B BHAE 54 AFelsic 2EHOR, B B Haw
AME-CPE 715B5f5 B4 71525182 AME-SHE 2414
?l ¥ A=AE A= QAT

ZHAle| 2

BT 204dE B350 fUo AFATAG] Y
2 wo} 53 A3} I A4 AL Q] Ay
U h2021RIS-001; T2 E ).
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A Study on Dietary Self-efficacy and Nutrition Quotient according to Usage of
Food-related Content among University Students in Chungbuk Region
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Abstract

The purpose of this study was to compare and analyze dietary self-efficacy and Nutrition Quotient (NQ) according to the degree
of food-related content use in university students. From October to November 2022, a total of 332 college students (140 males and
192 females) attending universities in Chungcheongbuk-do were surveyed to collect data on general information, food-related content
use level, dietary self-efficacy, and NQ for adults. The average dietary self-efficacy score of the group that did not use food content
was 3.08 points, which was significantly higher than the group that watched it sometimes (2.89 points) and the group that watched
it often (2.83 points) (p=0.0191). The total NQ score of 48.85 points was the highest among the three groups (p=0.0270). For subjects
who responded that they had no experience of eating food at all after using food content, their dietary self-efficacy was 3.03, which
was significantly higher than the group with occasional or frequent food consumption experience (p=0.0194). Results of this study
can be used as basic data for clarifying the relationship between the use of food-related content and eating habits in university students

and for proper eating habits education for university students.

Key words: dietary self-efficacy, nutrition quotient, food-related content, university students
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Table 1. General characteristics among groups according to the usage of food-related content
Level of food-related content usage )
Variable Total No Sometimes Often xoor p-value”
(n=332) F-value
(n=34) (n=182) (n=116)
Male 140(42.17)Y 22(64.71) 81(44.51) 37(31.90)
Sex 12.51 0.0019
Female 192(57.83) 12(35.29) 101(55.49) 79(68.10)
Age (yrs) 20.76x1.74% 21.21+1.95 20.70+1.64 20.72+1.81 1.26 0.2851
Body mass index (kg/m®) 22.5743.76 22.03+3.01 22.74+3.85 22.48+3.83 0.56 0.5697
Home 49(14.76) 6(17.65) 26(14.29) 17(14.66)
Residence type Dormitory 166(50.00) 16(47.06) 92(50.55) 58(50.00) 0.29 0.9904
Self-boarding 117(35.24) 12(35.29) 64(35.16) 41(35.34)
Often smoking 35(10.54) 4(11.76) 18(9.89) 13(11.21)
Smoking status Sometimes sn.10king 19(5.72) 1(2.94) 11(6.04) 7(6.03) 705 03608"
Past smoking 27(8.13) 1(2.94) 21(11.54) 5(4.31)
Non-smoking 251(75.60) 28(82.35) 132(72.53) 91(78.45)
Drinki Yes 325(97.89) 32(94.12) 179(98.35) 114(98.28) ”
ing 2.62 0.2396
No 7(2.11) 2(5.88) 3(1.65) 2(1.72)
>4 time/w 2(0.62) 0(0.00) 1(0.56) 1(0.88)
2~3 times/w 58(17.85) 6(18.75) 34(18.99) 18(15.79)
Frequency of 2~4 times/m 139(42.77) 10(31.25) 73(40.78) 56(49.12) . 06760
drinking 1 time/m 60(18.46) 8(25.00) 33(18.44) 19(16.67)
<1 time/m 54(16.62) 5(15.63) 32(17.88) 17(14.91)
No 12(3.69) 3(9.38) 6(3.35) 3(2.63)
>1 time/d 9(2.71) 2(5.88) 5(2.75) 2(1.72)
5~6 times/w 21(6.33) 4(11.76) 10(5.49) 7(6.03)
F reeq):‘e?:i:sye of 34 times/w 44(13.25) 4(11.76) 27(14.84) 13(11.21) 508 0.7488Y
1~2 times/w 115(34.64) 10(29.41) 65(35.71) 40(34.48)
No 143(43.07) 14(41.18) 75(41.21) 54(46.55)
>2 times/d 51(15.36) 1(2.94) 30(16.48) 20(17.24)
1 time/d 18(5.42) 2(5.88) 11(6.04) 5(4.31)
5~6 times/w 32(9.64) 3(8.82) 16(8.79) 13(11.21)
Fr:;‘i‘gg_coyut"f 34 times/w 80(24.10) 6(17.65) 38(20.88) 36(31.03) 1727 0.1398"
1~2 times/w 114(34.34) 16(47.06) 63(34.62) 35(30.17)
1~3 times/m 29(8.73) 4(11.76) 18(9.89) 7(6.03)
No 8(2.41) 2(5.88) 6(3.30) 0(0.00)
D'n (%).
2 Meantstandard deviation.
3 Calculated from chi-square test or ANOVA test.
9 Calculated from Fisher's exact test.
2. 2A| BEIX 0|2 M0 IS 24 26X 0|2 88 2dx o]§ ¥lEi 3 3637} 20.53%2 714 Wotow, o
B ATolA] 24] FHAS o §ITIT ST 08 T o]§ AIRFO.RL 308 ululo] 2420 M B Hl&S
oz o4 2dz olg AE U 4Ed hE 24 2 AASh 32 ol g3k 24 BHze] FREE g
2 0] AZL Table 20] AAISIALE. AA cAolA S  u( B Wb)o] 53.69% 71 gekor, 1 theoz
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Table 2. The status of food content usage by gender and level of food-related content usage among food content users

Total Level of food-related content usage Sex
Variable (n=298) Sometimes  Often X or p—value” Male Female X or p—Value”
(©=182) (n=116) t-value (n=118) (n=180) t-value
>1 time/d 58(19.46)"  6(3.30) 52(44.83) 20(16.95) 38(21.11)
Frequency of 3~6 times/w 88(29.53) 35(19.23) 53(45.69) 40(33.90) 48(26.67)
food content ) 145.14  <0.0001 4.78 0.1887
usage 1~2 times/w 76(25.50) 67(36.81)  9(7.76) 34(28.81) 42(23.33)
<1 time/w 76(25.50) 74(40.66)  2(1.72) 24(20.34) 52(28.89)
. <30 min/d 186(62.42) 133(73.08) 53(45.69) 78(66.10)108(60.00)
fT;(r;ect:)’m‘;ft 30 min—<1 hour/d  90(30.20) 43(23.63) 47(40.52) 2578 <0.0001 28(23.73) 62(34.44) 519  0.0746
>1 hour/d 22(7.38)  6(3.30) 16(13.79) 12(10.17)  10(5.56)
Internet Mukbang 160(53.69) 88(48.35) 72(62.07) 54(45.76)106(58.89)
(BJ broadcast)
Types of NS food photos, videos  42(14.09) 28(15.38) 14(12.07) 13(11.02) 29(16.11)
food content ) 6.04 0.1096 10.95 0.0120
mainly used TV eating show 21(7.05)  16(8.79)  5(4.31) 11(9.32)  10(5.56)
(cooking show) program
Recipe video 75(25.17)  50(27.47) 25(21.55) 40(33.90) 35(19.44)
Information on how to  45(15.10) 23(12.64) 22(18.97) 221  0.1369 20(16.95) 25(13.89)  0.52  0.4706
cat deliciously
Information about 47(15.77) 29(15.93) 18(15.52)  0.01 09233 22(18.64) 25(13.89) 121 02707
Reason for delicious restaurants
Cg’l‘t’:m Information about the recipe 97(32.55) 89(32.42) 38(32.76)  0.00 09512 49(41.53) 48(26.67) 7.7  0.0074
usage” Because it's fun 170(57.05)  97(53.30) 73(62.93) 228  0.1014 64(54.24)106(58.89)  0.63  0.4276
Because 1 feel like 46(15.44) 20(10.99) 26(22.41)  7.08  0.0078  6(5.08) 40(22.22) 16.04  <0.0001
eating instead
Because it relieves stress  23(7.72)  10(5.49) 13(11.21) 3.25 0.0716 6(5.08) 17(9.44) 1.90 0.1678
Overall satisfaction 3.89+0.707 3.78+0.62 4.07+0.78 -338  0.0009 3.86:0.77 3.92+0.65 -0.71 04784
Experience Often 45(15.10)  20(10.99) 25(21.55) 19(16.10) 26(14.44)
ff:)f;)(;:a;l;tlegr Sometimes 203(68.12) 123(67.58) 80(68.97) 1128  0.0036 80(67.80)123(68.33)  0.19 09112
usage No 50(16.78) 39(21.43) 11(9.48) 19(16.10) 31(17.22)
Y'n (%).
2 Meantstandard deviation.
3 Calculated from chi-square test or Student's #-test.
9 Multiple responses.
Al FAFANE(25.17%), SNS 4] AR F 5-/3(14.09%) =4 ZHl% o]& Fro] I 4] EHl% o] & dAF &
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Astom, 1 oo g ey AE(3255%), W HE Hl= 25 o] &9 A§- 4] ZR= 7HE o8] H|F
(15.77%), th4l H= 7]80] E01A4(15.44%)2] <olAtt & S 13] o]4 o]-&sh= tdArY] BIE(p<0.0001), S} 14]
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gy 68.12%7} 718 ek Sgstect

oA ALe] B8 (p-0.0036)0] OO BT UHE AL
A3 g4 T2 4F 0§29 WETIL 57 W] 407
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Table 3. Dietary self-efficacy” among groups according to the usage of food-related content

| Level of food-related content usage Sex

. Total

Variable (1=332) No Sometimes  Often F- p- Male Female t- p-
=34)  (=182) (n=116) value value’? (n=118) (n=180) value value”

Can you eat three meals a day at scheduled times? 2.5240.78”  3.00+£0.78™ 2.55+0.74° 2.32+0.78"° 11.14 <0.0001 2.64+0.77 2.43£0.78 2.37 0.0186

Can you lower the pace of your eating to match that of the

B 3.07+0.71  3.06+0.55 3.08+0.73 3.07+0.72  0.01 0.9888 2.96+0.71 3.16+0.70  2.55 0.0113
people around?

Can you refrain from overeating and always eat a moderate
amount of food?

Can you eat foods without salting them? 2454093  2.65+1.10 249+091 234090 180 0.1669 2.46+0.92 2.45+0.94 0.09 0.9290
Can you refrain from eating snacks after supper? 2.78+0.88  2.94+0.78 2.74+0.86 2.79+0.93 0.81 0.4467 2.96+0.90 2.65+0.84 3.23 0.0013
Can you choose baked or steamed foods over fried or roasted foods? 3.02+0.72  3.12+0.64 3.02+0.72 2.97+0.74  0.54 0.5824 2.97+0.79 3.05+0.67 -0.92 0.3582
Can you eat fresh fruits instead of candies or cookies as snacks? 3.33+0.72  3.29+0.72 3.31£0.73 3.36+0.73 020 0.8163 3.3440.71 3.3240.74 031 0.7549

2.94£0.66  3.09+0.57 2.97+0.63 2.85+0.71 2.04 0.1317 2.88+0.69 2.98+0.63 -1.45 0.1475

Can you eat milk or yogurt instead of ice cream as snacks? 3.3240.73  3.21+0.81 3.3240.70 3.34+0.76 0.48 0.6201 3.2940.74 3.33+0.72 -0.50 0.6180
Can you drink water instead of soda when you are thirsty? 3.43+0.69  3.50+0.56 3.41+0.69 3.45+0.73 032 0.7269 3.43+0.61 3.43+0.74 -0.05 0.9602
Can you watch TV or read a book without eating something? 2.84+0.94  3.06+0.95 2.86+0.91 2.75+0.99 148 02298 2.90+0.92 2.80+0.96 0.98 0.3260
Can you refuse delicious food when offered? 2.6240.86  3.03+0.80° 2.58+0.86" 2.55+0.84° 453 0.0115 2.69+0.91 2.57+0.82 124 02152
Can you resist delicious food placed in front of you? 2.64+0.89  3.06+0.78" 2.61+0.88° 2.57+0.91° 432 00141 2.79+0.93 2.54+0.85 2.54 0.0115

Can you resist your caving for food on coming back home after school? 2.88+0.85 3.18+0.72 2.86+0.83 2.83+0.92 235 0.0966 3.06+0.82 2.74+0.86  3.42 0.0007
Can you control your appetite at a birthday party or festival banquet? 2.46+0.92  2.76+0.89 2.47+0.92 2.36+0.92 256 0.0791 2.4940.99 2.44+0.87 0.49 0.6248
Can you control your craving for food when you are bored? 2.92+0.82  3.06+0.78 2.95+0.79 2.82+0.88 149 02276 3.05+0.81 2.82+0.82 2.56 0.0108
Can you control your craving for food when you are stressed? 2.68£0.95 2914093 2.72£0.89 2.56+1.02  2.11 0.1229 2914093 2.5240.93  3.74 0.0002
Can you control your craving for food when you are anxious or nervous? 3.14+0.82  3.29+0.84 3.10+0.82 3.16+0.81 0.81 0.4444 3.1940.80 3.11+0.83 0.91 0.3610
Can you control your craving for food when you feel sad or moody? 2.98+0.92  3.18£0.90 2.99+0.88 2.91+0.98 1.09 03390 3.1140.88 2.89+0.94 225 0.0249
Mean score of dictary self-efficacy 2.8940.44  3.08£0.42° 2.89+0.45° 2.83+0.44° 400 00191 295+047 2.85:042 2.15 0.0324

D The scores of the items regarding dietary self-efficacy are assessed on a 4-point Likert scale, whereby the higher the score, the higher the dietary self-efficacy (I=very unlike,
2=unlike, 3=like, 4=very like).

? Meanzstandard deviation.

% Calculated from ANOVA test or Student's r-test.

9 Values with different superscripts within a row are significantly different by Duncan’s multiple range test (p<0.05).

(2019)9] A7@tet FABHAE, L 94 Zex vlolglo] 4385W O L4 A XF
o} §-9] 43.82780] ¥} £ H 0% BLOH(-00270), 5
4. A BHZ 02 FEO| 012 AR Fol 4l A9 g AN 4 FAz Bl ol
£ ATolH 4] BUE o § Amo| ME P JPAS  4TI%E Al 2 F KM 7P EUATHp=0.000D)
£ BT A3 Table 40] AABATE. AA PIANA A HA GFAG AY AT 19-644] AL o
A NQ 4L dos8dolglon, F9, A4 L AW golo] 201 AHE NQ A4S XA AT, 8 B A4t
Al 747F 25874, 56.83%, 5377780190tk &8 Aol FFolA 43.6%, FAIA 7507, AH)A 63.080F B
24 U= ol §F, 7HE o2, A% ol8FlN W SHET Yook 5 2022), 0|5 2 A7TARte] Aol vl
Aot 27} 31667, 27458, 2170002 4 Fe= wlo]  shw B ATTIAIY) NQ A4k WUHOR e Holg)
823 71 ol 829] W7t A o8] Wg) ROHe o g &4 THlz o83} AugTe] AT e
2 9O (00004, S0l 4l 2] H& G4 &4 W, LEIYS fAOR T AT 4] EHz ol82
A= vlo] oA SO A1 BUTHE-0001D). B4 Hol BLE AST H47h B4 okrhs IHOh 5 2019)
UM g4 ZHx vlo|§e] BF WAL NIGHOE A & U, 24 ZH=E wpu Fgow FEske] 2R
% ol §R(2967)° HIo GAHOR EhOR(00222), 5 L v 24 FAx AH FFo] B2 P2 FUAGo] £
Fol 49l A9 g A 4 Az volgIold  oF o7t AT ATATE EAAHKIm & Kim
8RR SAHOE Y BUTHE-0.0075). A FAGIH  2023). EFF HHBS hAOR B Yun 502009 Aol
LNQ B4 B 539 HlRlA] g4 Bdx olg Fxel 2wl Hue A% AHsH: 29 A AN et AA

W2 27k ROIR Aol HolA] ghateh. WA NQ A4l Uhom, W A%S Be 914, 2 WEe ] 79 5 vt
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Table 4. Nutrition Quotient (NQ) among groups according to the usage of food-related content

Total Level of food-related content usage Sex
Variable (n=332) No Sometimes Often XYor  p- . Male Female t- p-
(n=34) (n=182) (=116)  Fwvalue value”  (n=140) (=192)  value value”
Balance
Mean score 25.87+15.26" 31.66+21.85227.45£15.36" 21.70£11.43°  8.08 0.0004 26.04+17.46 2575+13.48  0.16 0.8729
High 133.92)”  4(11.76) 9(4.95) 0(0.00) 9(6.43) 4(2.08)
EE?:;OH Medium  98(26.51) 8(23.53)  58(31.87)  22(18.97) 183330 0.0011  35(25.00)  53(27.60)  4.15 0.1258
Low  231(69.58)  22(64.71) 115(63.19)  94(81.03) 96(68.57)  135(70.31)
Moderation
Mean score 56.83£17.89 59.36+21.08" 58.46+17.50% 52.96+17.05°  3.85 0.0222 53.18+19.83 59.14+£15.93 -2.93 0.0050
High 9(2.71) 3(8.82) 4(2.20) 2(1.72) 3(2.14) 6(3.13)
ng:;on Medium 88(26.51)  11(32.35)  57(31.32)  20(17.24) 13.9496 0.0075  32(22.86)  56(29.17)  2.11 0.3478
Low  235(70.78)  20(58.82) 121(66.48)  94(81.03) 105(75.00)  130(67.71)
Practice
Mean score 53.7749.59  54.09+23.20 54.93+18.97 51.86+19.43 0.87 04183 50.43+22.48 56.20+£16.82 -2.56 0.0110
High 47(14.16) 7(20.59)  25(13.74)  15(12.93) 19(13.57)  28(14.58)
fgf::i’on Medium 146(43.98)  13(38.24)  85(46.70)  48(41.38) 25198 0.6411  54(38.57)  92(47.92)  3.74 0.1541
Low  139(41.87)  14(41.18)  72(39.56)  53(45.69) 67(47.86)  72(37.50)
Total NQ
Mean score 46.58+3.87  48.85t18.26" 47.92+13.70° 43.82£12.25°  3.65 0.0270 44.02+16.51 48451125 -2.75 0.0065
High 13(3.92) 5(14.71) 6(3.30) 2(1.72) 6(4.29) 7(3.65)
gg?:;on Medium  93(28.01) 8(23.53)  64(35.16)  21(18.10) 23.1793 0.0001  34(2429)  59(30.73) 1.69  0.4306
Low  226(68.07)  21(61.76)  112(61.54)  93(80.17) 100(71.43)  126(65.63)

D Meantstandard deviation.

? Values with different superscripts within a row are significantly different by Duncan’s multiple range test (p<0.05).

) n (%)

9 Calculated from ANOVA test, Student's #-test or Fisher's exact test.
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A wrdel 303802, $4 43 Aol E Ak 228
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(p=0.0018), A1 22(p=0.0058) = A NQ A
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Table 5. Dietary self-efficacy and Nutrition Quotient(NQ) according to the experience of eating food after food content
usage

Variable Often(n=45) Sometimes(n=203) No(n=50) X or Fvalue  p-value”
Score of dietary self-efficacy 2.85+0.56"Y° 2.83+0.40° 3.03+0.45" 4.00 0.0194
Balance
Mean score 24.244+15.30 24.42+13.43 29.30+15.84 2.51 0.0832
High 1(2.22)? 5(2.46) 3(6.00)
Grade criterion  Medium 15(33.33) 51(25.12) 14(28.00) 3.21 0.5236
Low 29(64.44) 147(72.41) 33(66.00)
Moderation
Mean score 50.70+18.89° 55.87+16.07° 63.17+£19.90* 6.43 0.0018
High 1(2.22) 1(0.49) 4(8.00)
Grade criterion  Medium 6(13.33) 51(25.12) 20(40.00) 21.78 0.0002
Low 38(84.44) 151(74.38) 26(52.00)
Practice
Mean score 46.48+24.84° 54.05+16.64 58.96+21.39° 5.25 0.0058
High 7(15.56) 19(9.36) 14(28.00)
Grade criterion  Medium 11(24.44) 103(50.74) 19(38.00) 21.32 0.0003
Low 27(60.00) 81(39.90) 17(34.00)
Total NQ
Mean score 42.03+16.71° 46.00+11.31° 51.48+15.73* 6.41 0.0019
High 1(2.22) 2(0.99) 5(10.00)
Grade criterion  Medium 13(28.89) 51(25.12) 21(42.00) 20.11 0.0005
Low 31(68.89) 150(73.89) 24(48.00)
Y Meanztstandard deviation.
2 n (%).

3 Values with different superscripts within a row are significantly different by Duncan’s multiple range test (p<0.05).
9 Calculated from ANOVA test or Fisher's exact test.

aAuHo] W& Aolgoiet &2 wdol Aoy, A4 A4 w2 A4 AU tazreo) w2 3ot 9y
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4 2z AL %ﬂm g #HAS 7HE & Q= o] fjshe th o & Aol A7|asdE S7HZ 4 e
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24 2Hl= o8 T 34 HH Aol ke AL A4S o IE Ao AR 2 YIS HAlsto] s
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Al 2 Bebd 4lS o g o AgATolA A a A, 2022 10258 11E7H4] S5 AY 249] digto] A
#=> dietary guidelines index& AR&-3F 4JAR2] A3} 7-of et °P ¥ g5 Y sty F 332 (A 1407, IR} 1927)S o
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Immuno-activating and Anti-metastatic Effects of Polysaccharides Isolated from Hallabong Peels
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"Assistant Professor, Dept. of Hotel Foodservice & Culinary Arts, Suwon Women’s University, Hwaseong 18333, Korea

Abstract

This study investigated immunomodulatory and antimetastatic properties of polysaccharides extracted from hallabong (Citrus hybrid)
peel, focusing on their effects on macrophage activation. Crude polysaccharides (HPWP) were obtained through hot water extraction
and ethanol precipitation from dried hallabong peel powder. Macrophages isolated from mouse peritoneum were used to evaluate
cytotoxicity of HPWP against normal cells and Colon 26-M3.1 carcinoma cells. Our findings revealed no cytotoxic effects of HPWP
on either normal cells or Colon 26-M3.1 carcinoma cells. Immunoactivity was assessed by measuring cytokine production, specifically
IL-6 and IL-12, using ELISA. Results indicated a significant, concentration-dependent increases of cytokine levels. Tumoricidal
activity of NK cells was also evaluated, demonstrating enhanced tumor cell killing induced by HPWP, in a concentration-dependent
manner. This increased activity was due to HPWP’s potent antimetastatic effects, as observed in a mouse model of Colon 26-M3.1
carcinoma. In comparison with a the negative control (NC, 100%), HPWP at concentrations of 10, 100, and 1000 ug/mouse showed
antimetastatic effects of 49.4%, 61.3%, and 74.3%, respectively. These effects were attributed to only NK cell activation. These
findings suggest that HPWP has potential as a functional ingredient in food products aimed at enhancing immune response and
inhibiting cancer metastasis.

Key words: hallabong peel, polysaccharide, macrophage, NK cell, anti-metastasis

ME L o 2T QTS Ve Aol UZHATHLeyon &

Kuttan 2004). 2144 WA o] A5l £k 13}l o

e Q7] AL AR EA Ao, o B ol e olo] FRT AT sl taksbisiak - 2003)
o] 90% ol4fo] k4 Fopo] o Molo] e At o] WMol Aol 28 wAYSL 4K E(macrophages) X
(Sporn MB 1996). 0] o}A] Zoky} ok Z£oFS :,L_E_—a}l;__ 25|14} A% (dendritic cell)@F -0 EF4] A% (phagocytes)2] B+
F9 B4 % SPhE(Weiss L 1990), o] ZAolA F5F A 8tel THelo] I}, w3t AN Ee} B4 AEs} Hust
= WA, AR &5, AL EXA D A Eﬁs Far L thoksl AJo|EFFIZ(A]: interleukin (IL)-6, IL-12, tumor
24 So|A AEsA thopAe UehyA "ckFidler I necrosis factor (TNF)-a, IL-18)2 X}&F] A E(natural killer
1987). wabA], Mol & A= AL 9t X 7oA 7 28 cell, NK cel)®] £9F A Zof| gt QEEAS SursichT o
g A F SPHE HiFEA ok o] A Aot 9 HA AthAzuma & Seya 2001). )27 W ¥R NK A
AgolAe Ada HAA 7 gty 4] Aol& Adsl  2oF A9 754 AT T4 AT} HolE o
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StetE-2 F(Citrus reticulata)T} QAR (Citrus sinensisyS
Wofstol AR sjolHIE EEOR, £ AFES Tt
Ao A 1 o]Eo] G & Qdtk(Shin 5 2021). ZEHF AR
(M) AF ofeolA] BE, 712, Wi 4%, 28F, WAl
ad Ag 9 Eo At 59 Aol ATkl Hilko] gtk
(Li 5 2009). & #A=27} vR7HA| £, tebs Adoe
pectin, flavonoids, carotenoids, limonoids, coumarins¥} Z+-2 Q1
7 A7po]| 895t 7|54 AHo] TH3L Aoz Ad#A 9t
(Tatum & Berry 1979; Hasegawa 5 1986; Horie 5 1986). L&
]4— o]—E]— _Z,_i _%_/\ ;(ﬂ}_oﬂﬂ]— E] 7@70_]4. 71—_9_ 1:1
AHES HiFE 7] E= Aol o] et 7k HAMANE
2 3 BAE op|T & oz, SARANEY MEE
B7piE %

St Ao WA U B
% AU BEY EENE

T = o=
ol © 79T #
(Jimenez-Lopez 5 2020). o]& AFo A= QX
o] I A%E 7Y, o T S EY 5 A
A¥7F Balg vp Qlov(Pal 5 2012), 53] H=EF A
Wo| T35 polymethoxyflavones7} 217t H| Y A3 o] A%k
A5} oncogenic proteing downregulationo}™, A3 A}

S DA T o)
{o 2 e e

mRm

(apoptosis)S FEdt= a7} Y=H v th(Xiao S 2009).
T e 9] Z1 Al et A7 A vl 4
“Joltt.

A HAE U35 AF 1 QoRE ARloflA] &

Ful2e 1L Fuva 900, ok Yo A2 5
B e 54, 5 2219, SEU gak, sek,
94 54 dwol v 24, FdS5 L FSF a4
skat 9 9Jst HofofA & TAS w1l Jrh(Schepetkin &
Quinn 2006; Wang 5 2010).
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2. il 2M

Ngel FAT we
phenol-sulfuric acid(Dubois & 1956)°C.2, AMJH TF
HEEZAE dlo]  m-hydroxybiphenyl
(Blumenkarntz & Asboe-Hansen 1973)0. %, Thald] sk =

Z=E bovine serum albumin (BSA)S AFE-5}0] BradfordH
(Bradford MM 1976) @A of o] 9HA W Fsto] AR&-stSich

galactoseS: HEFEZZ  5fof

galacturonic  acid&

3. TAE 2

TFAG BAL O A|EE 2 M trifluoroacetic acid (TFA)
2 121Co| 1.5A17F 714E5) 5} 7—],'7]' alditol acetate 5T
(Jones & Albersheim 1972)2 Z3FA|Z] &, gas chromatography
(GOZ EAs1¥tt. GCY HE4-2 SP-2380 capillary column
(0.2 um film, 0.25 mmx30 m, Supelco, Bellefonte, PA, USA)O|
A2 GC ACME-6100(Young-Lin Co. Ltd., Anyang, Korea)2
olgslgon, E2LE27 60°C(1 min), 60C—220C(30T
/min), 220°C(12 min), 220°C—250°C(8°C/min), 250°C(15 min)

oA BHE AAstItt. 43 mole% peakS] HZH],
flame ionization detector(FID)of| Tt vH-S-A 4 @ ZF LA
9] alditol acetate S-=H|9] BXlFo 2 HE| AAFSHSITH

JE 5~653 9] BALB/cE A &H}0] 2 (Gyeonggi, Korea)o]|
A FAste] 397 28-S AR T Ao ARSI
Mouser= ARZO| 5~10ut]®] do] 2 2313C, §k
55~70%°] AbSstlon, B3 AlRe A% §4 FHE &
Aesict MBS A7k SR A6 A 5I2022:00)
of gl wet AlAlsHek

5. CHAIMIZ 2 Colon26-M3.1 2AM|Z=0f| CHEH SM S
hAA 3o it =4S EIsty] fIste] 65+F BALBc
"t AE thioglycollate (TG) A 2|5t 3Q F-of E-7} oA tj&l
M| 3 (peritoneal macrophages)E A F oAt FFH A=
2.5 ><105/Well)]-:- DMEM H X of] FEFA]A 96-well plate]] 100
LA BZ5131, o8] 5E9 HPWPE ZF wellof 100 uLA &
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kstel 37C, 5% CO, AFHloIEIOIA] 327t Herstick

o] H% S48 711 54 Coon 26081 A1
Z(1x10°wel)Z ZF wello]] FEAZ] 3, 5% CO, QAFH| o]
oA 2417k &<t HiFeE & ?_]4}9]’ Ay 2] 4] F<4>(phosphate-
buffered saline, PBS)% Aﬂ?‘q gla] H|B2F AEE A ASH H,
g L2 2FH HPWP AE 200 LY 7fste] 37T,
5% CO, QIFFH[olE oA 347t viFstaitt

AN Z D Colon 26-M3.1 ZLFANZLO] MEEA FIH=
cell counting kit(CCK)-8(Ez-cytox, Dogen, Seoul, Korea)E 54l
54510} A-gs10] 0-6087F G A7, 7F welle] FHE
= 450 nmo]| A microplate reader(Molecular Devices, Sunnyvale,
CA, USA)YE o] 83 245k

6. Cytokine Mits =X

o]Ao| B 1g - (Shin 5 2016)0] wat TGE A9 nf
92 Bl ANES UL, FHH AE0
cells/well)= DMEM Bl X of] @EFAIZ] & 96-well plateo]] E-F
Tk &, 24t FRL vl FSIAT. PBSE A ASto] H|RAF Al
AAst o™, B2 A Ao thggt F=2] HPWP
BB 37C, 5% Oy AFFHoTEIOl A 24412 E3E ¥
QFwIgict. v} APEOY U theret AP0l E7HRI(IL-6 H IL-12)
232 A|ZAFY] A o] wle}l enzyme linked immunosorbent
assay(ELISA) kit(BD Biosciences)E Alg-5l0] =73}t

mlru mlm

7. NK cell &3

7t 155 501e]o] BALBle oh9A0] HPWPS Uiz
(iv)ot AL, FAF T 3UA o] ¥]ZFA| E(splenocytes)S A F 5k
A th(Shin 5 2012). A% H|ZA| E(effector cell, E)2} NK
cell Z5AC0R LEA ZFA EYac-1(target cell, T)(1x10°
cells/mL)yS UAE 96-well plateo]] 100:1, 50:1, 25:19] A|E H]
€8 ' 2 A5G0, 6&|7F =9t vjoFS Aot
HF & YR 5t A5 HE lactate dehydrogenase(LDH)
83} EFF . 2 wello] S 490 nmelA] CytoTox
96 kit(Promega, Madison, WI, USA)Z Z43}9t}. NK A E9]
AESY W8L oS B A8e] ANIAL.

AN Z=(%) =
[(H3< OD gt -ti&<- OD Fhy/
(FA 2 OD gt -t OD #h)]x100
8. &d0| &1t 54
A&} FFzo] A mitEs ZIsty] 9I5) BALB/c HF
2 A0]| Colon 26-M3.1 carcinoma QHA|Z(3x10* cells/mouse) S
A 2Ajstel Fdo] 2ER SEshelthson 5

sterg 7 chgo] wof

24 % Yol 305

2021). HPWP A& G AlE HE 2 Ao v 10,
100, 1,000 pg/mouse 5 =2 13] A FALSII T F S
T 1447 0| ofAE A7 AL, T A7 ES] HE
Z73}o] Bouin’s solution(Sigma)o]l 1 FA|Zl & £49] #F
5 ArAZ ol&sto] A4St 2HE, Al 93t &
& Ao] A I SUT FE5T R
AFESHAT. ESE AH77E B3 vk
T F5 AS2 skl

5He] %R

o]
20] A9k S48 A

. NK cell?] 7|S0| HIE OFAMIML| &X0| 1}

I
od 0 ©

Zo] A3H= F2 NK cello] 9J5f Yeh=
A 9]
26-M3.1 carcinoma M| XS5 0]
of NK cell¥h-2 E0]& 02 A 3[|5}= rabbit anti-asialo GM1
antibody(Wako Pure Chemicals industries, Ltd., Osaka, Japan)Z
ol g3l H Fof & UFL AP3tArkSon 5 2021),

Aoz 4
mlof i3t =2 o] 7FH FFAEF2I Colon
3 AYESE TPl =g

oo AL Zof A% HZ 12 2 32 o] HPWP A& 100
pg/mouse ‘FE = AWEASI, FF AE FF 29 Ho=
A ZALS] A Zof uwhet 508 S]4 % rabbit anti-asialo GMI

antibody(500 pL/MF-2, B4 U FAL Wako)S FHES}
9tk o]F Colon 26-M3.1 carcinoma SFA|Z(2x10* cells/
mouse)E FH FAHLY)SIALL, TF FE T 14GA 0] k%

= XA T, 2N g.g,] HA7]E2 HE Bouin’s
solutlon(Slgma)Oﬂ TAAZ] T F0Fo] 7] 22 Hu|AHL o]
8sto] Astaiet.

10. SHIAE|
= A Ads FARFHARE YUElon, SPSS
BAZEIHE o]-85t0o] P Hu A EAHEA] (one way ANOVA
test) & Duncan’s multiple range test® )23} ZF AJS 7H
9] Fo4dE p<0.05 oA AU

E
Kl
M

21

1. &2tS 2o waf CHEel LHIME

Sekg FmerE Qezas] 4 20 HPWPY
QUHEA W 7Y B4 AT AoHTable 1), 45.6%C)
F49T} 544%0) Ao TAHo] Qglon, gL
HEHA] LAt 11 5 galacturonic acid (53.7%), arabinose
(26.0%), X galactose (10.4%) % F2 FAH0] = AoF H
o} YutA 9l A EgARo] ok 3h3-Eo] 9kl &7 pectin
2 TARL Qe U ARo| A2E Ao HHe.
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Table 1. Chemical properties and sugar components of
hot water extract crude polysaccharide (HPWP) isolated
from hallabong peel

HPWP
Chemical properties (%)
Neutral sugar 45.6+0.1
Uronic acid 54.4+0.1
Protein -
Sugar component (Mole %)
Rhamnose 2.1+0.0
Fucose 0.4+0.0
Arabinose 26.0+0.1
Xylose 1.4+0.1
Mannose 1.8+0.2
Galactose 10.4+0.2
Glucose 3.540.1
Galacturonic acid 53.7+0.3
Glucuronic acid 0.7+0.0
2. 8h2tE M| wef CHEel FAME & 2ME S4

Mouse E7} 0 2B E Bt Ayl A|3EQ] macrophage?} <
9FA|ZZZ Colon 26-M3.1 carcinomaS ©]-8-5}o] gtatE x|
Q) T HPWPO] Tt A HAS B4 o]RE 2ot
1x10* cells/mL2 FA ¥ 2 A Lo HPWP 1.6~1,000 ng/
mL7HA] TSt F 2 7heto] vkt & Al O] P& ofF
£ gRlstien, 1 A¥k= Fig 10 Uehd Bief g 23
oA AAIRE vk} o] A H- T3 FA42 et

(A) 140
L
3 120 2 = —
E; d
2
S 100 - €T
X
o
o 80r
]
>
o
g 60r
L
Qo
S 40r
1
o
©
s 20
0
NC 16 8 40 200 1000

Concentration of HPWP (ug/mL)

1z
2
ot
ﬁ‘
)
o]
o8
o0
_IOI
8
A,

A ghgkon, 31ef B8 A O] 458 o

it gtH, 2+ A9 %% ofA] Colon 26-M3.1 carcinoma Al
3.501] et Al 542 TEEA] FAAIRE 200 pg/mL o4
9] oA A7} tha Hashs Ae YEHI W, o]

L A A0l AEEA0] o3t A W] 7]ol=
01310 ol o] Az detE A ff d4F
=3 gﬂr o HPWP= A 9 Az tigh 23542 Al
gelsaltt.

ot ZEL

T ===

i
JPﬂ
13
Q,
[o
Io

3. 8212 Il F2f CHEROl cytokine AAMs

A M| 2= FoA P Altoly ol&dS 'AISH
I A AT Yol A TSt cytokines B[S FAAIA &
Sold welztgo] Tojalel WAAAS 2oL, 5
o] st AA-AAZQI A5 Ve Q= AoR o
F ofy 2} toll like receptor(TLR)O] ¥H8-5}= LPS
macrophages SO 2R T cell 2 B
Sl g 2k Bt

, IL-6, IL-10, IL-12 ¥ TNF-09} 72 t}ofst
cytokine5-2 HH ]O}— A0 R HIE I QIti(Wang 5 2003).
E-3] IL-6+= macrophage”} £-H]5}= ) # 2] Q] multifunctional
cytokine® & HFHHEo| F2% 4T & #t oy T
celld} B cell® E3}slo] 2R ZE APEA7|E o Telo]
ol & A tH(Tanigawa 5 2000; Cheng 5 2008). FESH
IL-125 NK cell®] 243} 2 THI type®] B ¥HS-S 955

= cytokineQ 2 FFA| £} -2 AN ZO gt vrSAdS
ol IS $£Yst= Ao HAET Qth(Munder 5
1998; Shida 5 2006).
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Fig. 1. Cytotoxic effects of crude polysaccharide (HPWP) isolated from hallabong peel on peritoneal macrophages of

BALB/c mice (A) and Colon 26-M3.1carcinoma cells (B). Means with different superscript letters (*) indicate significant

differences at p<(0.05 by Duncan's multiple range test.
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wed] Qe 3 fd) @%%E 2k HPWPe] A
Ao 9%t mouse E7; F# macrophage”t EH|oh=
multifunctional cytokine 1L-6 W HIZ7 2 NK cell &4J35}
of 593 9T sl cytokine IL-125 &3t AT}(Fig. 2),
I cytokine B wEO|EX 0 FTlole A UEHURL
o, 1,000 ug/mLE] BEolA= NC tiH] oF 38 =2 IL-6
2 IL-12 PAHe2 HolF=QlthFig. 2). & A¥E &3 HPWP
Aol AAQ Aog ARt

— 13 o

4. staF2 i S CHE| NK cell M=
NK cell2 AW P10 oF 5~10%F AHA|oh= A02 &

A dow vio|g s, o F Feldt Z2 H|AH7] (non-self) Al
Z} oje FUAE, A L e TARE B o
1o 25t 202 el QJrhFunk S 2003). 3 NK cell
AHZdtof| Z5H= MHC 18 AR (major histocompatibility
complex class I molecule)®] o] H|HAL AEZE H|Z}|
(non-self) A|ZZ Q1&]5}l0] A3} W&o MHC 1§ £}

Io mcm

7HAHE EHEA] 2 JHE EA6e FIAEY 4
HIZE AAD 4 AA "t ERE NK cell H]FGA 2L

EH|sl B GAZ Y] Alzmutol] LS Fol
(Farag 5 2002) granzyme©|2h= Thid Bl a4 5 FUd|
Az YWiEE AFEA7= Zex: odEA Q. ES
interferon(IFN)-y 59 cytokine& <H|3]| macrophage 2
cytotoxic T lymphocyte(CTL)T} 22 -3 H A E5H HAlsH
A71E Ao g ¥R QUthKigi 5 1994; Smyth 5 2005).

mebA S T 9 @53E 0T HPWPS) NK
celle] /45 545171 918 HPWPE 10, 100 & 1,000 pg/
mouse?] HEZ A% 39 A 194 A F Holl ZA

o T
BALB/c(6 weeks, %) mouse©] FW FEojst & FHZ O H|

739 perforin

)

1000

800

600

400 -

200 -

Production of IL-6 (pg/mL)

il

cd d d
HE PO
NC PC 1.6 8

o

200 1000
Concentration of HPWP (ug/mL)

Cl

Production of IL-12 (pg/mL)
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S 7@"6}01 NK cell& 2231900 o|Z effector cell2
StEct 1 & gAYt M EZFQl YAC-1S target cell2 d}o]
target cellof] TSt effector cell®] B]E(E/T ratioyS 100:1, 50:1,
25:12 ZASE & 6A]7F &2t co-cultured}o] effector cell?] &
FAIE Aol ) target cell2FE F2EH Y=
lactate dehydrogenase(LDH)YE &5ttt Ad Ay 5% 9
EARI FTF A2 dolls2 SAT = U 2m NC tfH] 10,
100 2 1,000 pg/mouse?] H= Lo 5Eo&H o= =
2 %0} B oS UERL O 2 HPWP A7} 953t
FLRIE 7Hth= AS Flskith(Fig. 3). 53] 100:1
ratio®f| 4] HPWP 1,000 pg/mouse®] ‘5= <F 2.58 0] &5}=

M w2 SYAE AoleS B

5. gt2ts 1ol 2 CiEel &xo| a0t

WA AFONA NK celkE Z/JSIAA FF atol| 24 7]
ofd Zolzt Atmd gete By fH d9FE 2Ud
HPWPE: o] &5te] in vivo AJolA] Blo] Lt Wrstus
3}9iTh. HPWPE 10, 100 2 1,000 pg/mouse®] 5 E & ZOFA]
I A= 29 Hof BALB/c(6 weeks, %) mouseo] A Faigt

Colon26-M3.1 carcinoma A| Z& 7§U—Hl§r 5l 14Y T ®
74712 Hl(lungye AEste] %S ASSto] o] an

g5ttt o] Aol ?l?iﬂli AR 77t
& EFoto] BE AR FolFoA AMEES

]APZAO}E _LJ—X]—E] ;q 01-21-];]. T3} U]_ _/_\__04 xﬂ%
ofE7] P15 FVAE HF 193 1490 AS=
JJF(Flg 4), 2L A5 Foiit B & B3Pt

2 HEE]IH

PBS% 151—04@ 291 NCO| FF740] AABIE 0%=

sto] HWPS] o] &S 343t 23 10, 100 & 1,000

54

Hasq~°

mhLm

1000

800
600
400 -

200
de

oL ]

NC

fﬁﬁﬂﬂ

PC 16 200 1000

Concentration of HPWP (ug/mL)

Fig. 2. Effect of HPWP isolated from hallabong peel on cytokine production by murine peritoneal macrophages. Peritoneal

macrophage (2.5 x 10° cells/well) were treated with various concentrations of HPWP in 96-well plate for 24 hr. The

concentrations of cytokine in the medium were determined by ELISA kits. NC (medium) and PC (LPS, 1 pg/mL) were used

as negative and positve control.
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Fig. 3. Effects of iv. administration of HPWP on
cytolytic activity of NK cells. NK cell were cultured with
Yac-1 target in presence or absence of HPWP for 6 hr at
37T CO, incubator. Means with different superscript letters
(APaevy indicate significant differences at p<0.05 by
Duncan's multiple range test.

ng/mouse®] B0l A 22 49.4%, 61.3% L 74.3%2] &2 3
o] ass YehithFig. 5).

ol2jgt HPWPS] ghdo] E3H= 9FA NK cell 243t X2
W A= 5kt AA|(Fig 3)5t= AI=A HPWPS] 73

o Eojo] o3t FF A 3= NK cell9] EAJSIZEEH

710% AdS ] 1ot &= QIQltth T3 B7 -2 macrophage
cytokine £H| 52 ERITH oA IR 43 IL-12
52 =l vl 9lo(Fig. 2B) IL-129] 9J3F NK cell®] &
ge7t 4ol amE ojojzl Zlojg}t ALRE U

6. NK cell0] IN|=l OIRANA Sl
o| 30| &1}

%4 ) Folo] G gl ATIE U NK celid] 7]
Folet siels 9o, of Fo] BT NK cell THE
2490l gk BHA), macrophage = AEEAH T YT
(CTLSH 2 o2 WAz A B0l o Bl
£ &QI5}17A} rabbit anti-asialo GM1 antibody(Kasai 5 1981)

2 L3 NK cello] 7152 A5l 2 gdo] aite solst
A} 5FE T HPWPS: 100 pg/mouse?] =2 AY 3Q A,

19 A & 5 Hol| 24 AW Eaoistal 29 A rabbit anti-
asialo GM1 antibodyS 9 Fof }Oﬂi} 1 & Colon26-M3.1
carcinoma A|ZE JHFo|5tT 14Y & HE3 H o] Y
Alg=sto] ol aME S5t 1 A¥k(Fig. 6), PBSHE
S 4 ZA NCRAAE AT o 677) A Hold
W HPWPE AR ABZANAL o 2579] AE

ool waf CHe

r°"

)

>,
ol
e
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Fig. 4. Effect of HPWP on body weight of BALB/c
mouse on lung metastasis produced by iv. inoculation. N.S.
means not significantly.
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Fig. 5. Inhibitory effect of i.v. administration of HPWP

on lung metastasis produced by iv. inoculation of
Colon26-M3.1 carcinoma cells in vivo. BALB/c mice were
i.v. administrated with the indicated doses of HPWP and
then inoculated i.v. with 3 x 10* Colon26-M3.1 carcinoma
cells. Mice were killed at 14 days after tumor inoculation
for evaluation of tumors. Means with different superscript
letters (*°) indicate significant differences at p<0.05 by

Duncan's multiple range test.

ol Zo] &Rlx o] HPWPS] o] aiE &Rlst3]
ES}H PBSE} rabbit anti-asialo GM1 antibodyS &7 Fo{gt {‘E
FF AL NK cell9] 7]50] A= o] A7} Zxkx o
S7Fs 30070 ool FAIZZF FolH UL,  rabbit
anti-asialo GMI1 antibody?} RWPE &7 Eoist Ao
3007} o/e] LA=7F ol Z o g Hol HPWPe| o] &
Th= QA NK cell /0] o3t A vtz 2F Rl= e
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Fig. 6. Effect of NK cell depletion on the anti-metastatic
activities of HPWP isolated from hallabong peel at dose of
100 pg/mouse. To deplete NK cells in vivo, rabbit
anti-asialo GM1 serum was injected into mice at 2 day
before inoculation of Colon26-M3.1 carcinoma cells. Mice
were administered iv. with sample (100 pg/mouse) 3 day
and 1 day before tumor inoculation. Mice were sacrificed
14 days after tumor inoculation for evaluation. Means with
different superscript letters (*°) indicate significant differences
at p<0.05 by Duncan's multiple range test.
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20 s R ERY de3E 9 9
WS o) Zr HPWPE 29It v}9n B0z
2% macrophage 0} 83}o] el @ Fo] w3
SIS A}, HAFA|E L QA 3E Colon26-M3.1 carcinoma©]|
12 S48 247 2% A% L PR BE X
o SAS UEhA] ottt ey 9 e o
= cytokine IL-6 L IL-12 AJAHs-S ELISAS E3) =435t
23 B SJEHOE F48 cytokine WAHS-S RIS
E3h NK celld] G A2 AdlsSZ S8 27 5 &
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2 Colon 26-M3.1 carcinoma®]| tjgt HPWP A|2.9] 37Ho] &
= Felstglct. 2 A3} 10, 100 2 1,000 pg/mouse?] B&
ofl A ZZ} 49.4%, 61.3% H 743%9] &2 o] atE &
Qlstgion ol Q7 NK cell /4o o3t S0l oA
AR RIS o] AAREREE 2 A1 7|54 AE
24 NS A%t 712ARE AFotaA} spylet
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Research Ethics Rules of the
Korean Society of Food and Nutrition

Amended on 23/06/2008  Amended on 21/04/2016
Amended on 03/12/2016 Amended on 10/11/2023

Chapter 1 General Provisions

Article 1: Definition of Research Ethics
The term “research ethics” means honestly conveying information in the research conduct, using resources efficiently,

and performing responsible study by objectively and accurately reporting study results.

Article 2: Purpose of Ethics Regulations
This regulation aims to enhance research ethics to members of the Korean Society of Food Science and Nutrition
(hereinafter referred to as “the Society”) and prevent research misconducts by proposing standards to secure ethics and

truth in academic research and fairly verify misconducts.

Article 3: Application Objects of Ethics Regulations
These regulations shall apply to all of the registered members as well as any members related to contents presented in

all publications (the journal of the Society and symposium publications) regularly issued in the Society

Chapter 2 Ethics Regulations on Research Conduction

Article 4: Truth in Research
An author who conducts a research and presents its results and a dissertation review committee member who evaluates
the research results shall carry out research activity transparent and sincere without doing any act against conscience as

scholars

Article 5: Data Management

5.1. A researcher shall confirm the ownership of data and authorization to use the data prior to collecting necessary
data. In addition, the researcher must carry out the study with clear understanding on the obligation and right imposed
upon the collection or disclosure of data.

5.2. Data shall be collected and recorded through appropriated measures in reliable and valid manner and must be
retained for a certain period of time for other researchers to verify results and assessable to be used as other purposes

by publicly presenting the findings.

Article 6: Presentation of Research Results
All of the research results shall be accurately reported with a thorough and reasonable explanation. An honest and
transparent evaluation must be conducted to examine if research methods and researcher’s opinions are adequately

presented in the findings or results of the study.
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Article 7: Retention of Copyright
In principle, the copyright is given to the authors who made significant contributions in the research. However, the
Society, the publisher of the journal and publications of symposiums, has the right of using the copyright in case the

findings are used for the purpose of public interest such as education, and others.

Article 8: Order of Authors and Affiliation

8.1. For the space stating the authors, the order of authors shall be determined pursuant to the contribution made on
the research upon the mutual consent among corresponding authors. In addition, the authors shall be able to explain the
principles of such orders.

8.2. In principle, the affiliation of the author is stated by the name of the institution at the time of the research
conduct. However, when other customary practices are applied in other field, the author may state the affiliation in

accordance with custom.

Article 9: Responsibility of the Cormresponding Author or Senior Author

The author, as one who makes intellectual contributions to the research published in the paper, must satisfy all of the
following qualifications.

9.1. Someone who has made a significant contribution to the conception, design, data collection, analysis, or
interpretation of the research

9.2. The individual who has drafted the manuscript or made substantial revisions to its main content

9.3. The person who has given final approval to the version of the manuscript to be published

9.4. Someone who agrees to be accountable for investigating and resolving any issues related to the accuracy or

integrity of the research

Article 10: Citation Principles of References

10.1 The author may cite the part of other researchers’ study in his/her research paper as the original text or the
translated version.

10.2 The author shall take all possible measures to ensure the accuracy in stating sources and making the list of

references.

Chapter 3 Ethics Regulations on Misconduct

Article 11: Definition of Research Misconduct

11.1. The research misconduct is defined as the fabrication, falsification, plagiarism, and other unfair activities generated
in the process of designing, carrying out, reporting, and evaluating and assessing the research.

11.2. “Fabrication” means reporting the research data or results, etc. that do not actually exist but have been fabricated.
11.3. “Falsification” means manipulating research data or equipment and process or exhibiting research record
inaccurately by deliberately changing or deleting research results.

11.4. “Plagiarism” means using the entire of partial research ideas, processes, results, and etc. protected under copyright
law of any other person without citing the appropriate sources and acknowledging the contribution of the founder of
such findings.

11.5 “ Repeated publication” means publishing an identical or almost similar research in other journals two (2) or more

times without stating the initial research contents that have been already presented to publishers or readers.
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Article 12: Types of Plagiarism

Types of plagiarism is classified as “idea plagiarism”, “text plagiarism”, copying a part from other persons’ text
without citing the source for the ideas of other authors, “mosaic plagiarism”, combining a part of a text with a few
words added, inserted, or replaced with synonyms, and others.

Article 13: Prohibition of Distortion in References

13.1. Cited references shall only includes directly related references to the contents of research paper. The author shall
not deliberately include irrelevant references for the purpose of intentionally increasing citation index of articles or
journals and the probability of publication of the manuscript.

13.2. The author shall not biasedly include only references favorable to data or theories of his/her articles. The author

has ethical responsibility to cite references contradicting against his/her point of view.

Article 14: Practices to Avoid

The following practices should be avoided including a practice of “honoring” author by listing unqualified authors who
have made no contributions in publishing research papers as one the authors, practice of dividing a research into many
studies only to increase the number of published articles, and practice of hastily publishing articles without review

process.

Article 14-2 : Bioethics

When submitting a paper that involves research on human subjects, it is necessary to specify in the paper that approval
has been obtained from the Institutional Review Board (IRB) for bioethics and consent has been obtained from the
research subjects. In the case of animal experiments, compliance with institutional or national guidelines for animal
research and approval from the Animal Research Ethics Committee must be stated in the paper. Copies of approval
documents from the Bioethics Review Board and the Animal Research Ethics Committee should be submitted to the

conference via email. The required approval for research and the date of implementation are as follows.

Date of enforce
Research type (After date of enforce, make Note
indication of submission)
human subject Jul, 1, 2017
Animal experiment Jul, 1, 2017 Suspend periods(6 month ~ 1
Question investigation year) for minimize of researchr's
(survey and sensory Jan, 1, 2018 confusion
evaluation)

Chapter 4 Ethics Regulations for Dissertation Review

Article 15: Responsibilities and Obligations of Dissertation Examiner

15.1. The dissertation examiner shall report the review results to the Publishing Committee within the period stipulated
in the review regulations by sincerely examining the submitted dissertations.

15.2. The examiner shall immediately turn in the research paper to the Publishing Committee once the submitted
dissertation is determined to be inadequate for the examiner to review.

15.3. The examiner shall objectively evaluate the dissertation by applying strict scientific and research standards



330 Research Ethics Rules of the Korean Society of Food and Nutrition

regarding the quality of dissertation, the experimentability of research, and conceptuality and interpretation, and must be
able to adequately explain or support the assessment made upon his/her judgement.

15.4. The examiner shall respect the author’s intellectual independence, prevent the author from wrongfully citing other
scientists’ research, and well coordinate contradictions that arise out of the relationship between interested parties.

15.5. The examiner shall abide by the confidentiality of research paper that is still in the process of reviewing and
shall not publicize any information, assertion, interpretation or any other matters of the unpublished manuscript without

the consent of the author.

Article 16: Unethical Acts of Examiner

For fair evaluation and confidentiality, examiners shall refrain from performing any of the following unethical acts.

16.1. an act of assigning research paper view that is requested to the examiner to post-graduate students or any third
party

16.2. an act of discussing the contents of research paper while the viewing of the dissertation is still in progress.

16.3. an act of turning in the copy of research paper or retaining the paper without shredding it despite the review
process is completed

16.4. an act of using abusive words categorized as a form of defamation of character and personal attack in the
process of dissertation review

16.5. an act of evaluating the dissertation without reading the paper

Article 17: Responsibilities and Obligations of the Publishing Committee : Delete(21 April 2016)

Chapter 5 Implementation of the Research Ethics Regulations and the Ethics Committee

Article 18 Duty of Obedience
The members of the Society shall take responsibilities on their research activities upon the signing up as the member,
accept research misconduct seriously and they are obligated to comply with the research ethics regulations of the

Society.

Article 19 Report and Investigation of Violations of the Ethics Regulations
In case where a member of the Society recognizes the ethics violation of another member, the member must remind
the ethics regulations to the another member and shall immediately notify the Ethics Committee when the violations are

not corrected.

Article 20 Purpose and Composition of the Ethics Committee

20.1. The Committee aims to verify the allegation and truth of research ethics violations in accordance with the ethics
regulations stipulated in the Society.

20.2. The Committee shall consist of about seven (7) commissioners. The president of the Society shall serve as the
chairman of the Committee and the vice chairman shall serve as the chief of editor. The other members of publishing
commissioners shall be appointed by the president of the Society upon the recommendation of the head of the

Publishing Committee.



Research Ethics Rules of the Korean Society of Food and Nutrition 331

Article 21: Rights of the Ethics Committee

21.1. The Ethics Committee is authorized to receive reports on alligation of the research misconduct and investigate for
the verification of truth.

21.2. The Committee may impose sanctions as stipulated in the Society regulations, if violations are verified to be true
upon the conduction of extensive investigation with informants, examinees, witnesses, other persons to attend, and

submit materials relevant to the case.

Article 22: Judgment and Sanctions of the Ethics Committee

22.1. The verification process of violation shall be conducted in accordance with the phases of preliminary examination,
main examination, and judgement and the process must be terminated within six (6) months. Provided, That the
investigation period may be extended upon the approval of the chairman of the Committee in case the investigation is
deemed difficult to be completed within the stipulated period

22.2. In case an informant or an examinee is dissatisfied with the judgement, those persons may raise an objection in
writing within thirty (30) days after they are informed of the notification. In such event, the Ethics Committee may

reinvestigate, if necessary, upon the reviewing objection.

Article 23: Protection of Informant and Examinee

23.1. The Committee is responsible for the protection of informant and investigated subject in the event that the
informant receives disadvantages or unjust pressure due reporting alleged misconduct and its investigation, the
Committee shall take all necessary measures to protect the informant.

23.2. The informant has right to request necessary information on investigation process or schedules after reporting
alleged misconduct and the Committee shall faithfully comply with it.

23.3. For members reported for violations of research ethics regulations, a written notification outlining the overview of
the case should be provided, ensuring the opportunity to submit a written statement within a specified period.
Additionally, the member should be given sufficient opportunity to attend at least one meeting of the ethics committee
during the investigation process to provide oral explanations if desired.

23.4. Until the final decision of the society regarding the violation of ethical regulations is reached, the ethics
committee should refrain from disclosing the identity of the member to the public to ensure that the member's honor

and rights are not infringed upon.

Article 24: Procedures and Contents of Disciplinary Sanctions

24.1. In case where any disciplinary sanctions need to be taken, the chairman of the Committee shall convene the
meeting and conclusively determine if disciplinary sanctions will be imposed or not and the forms of sanctions.

24.2. Once the sanction is finalized, the member may be suspended or deprived from research paper submission and
member’s qualification for the next five (5) years and such measures may be informed or publicized to the subject or

his/her affiliated institution and journals.

Article 25: Revision of the Ethics Regulations

25.1. In case where revision of the ethics regulations is required, the amendment shall be prepared by the Board of
Directors, deliberated to the Board of Executives, and decided by the resolution of the Advisory Council.

25.2. Members who pledged to comply with the previous regulations shall be deemed to agree to comply with the

amended regulations without additional pledge.
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Addendum

Article 1: Date of Enforcement

These regulations shall enter into force on June 23rd, 2008.
Article 2: Date of Enforcement

These regulations shall enter into force on april 21rd, 2016.
Article 3: Date of Enforcement

These regulations shall enter into force on december 3rd, 2016.
Article 4: Date of Enforcement

These regulations shall enter into force on November 10rd, 2023
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Guidelines for Submitting Manuscripts

Guidelines for Submitting Manuscripts

The Journal of the Korean Society of Food and
Nutrition publishes research papers, research notes,
research updates, and review articles related to food
and nutrition. However, the publication of review
articles is limited to those appointed by the society
or those approved by the editorial board.

In principle, the first author and corresponding
author among paper contributors shall be limited to
only members of the Society excluding invited

research papers.

. Submitted manuscripts should not have been published

before in any other journals.

The author should submit the manuscript electronically
via online submission at the

(http:/ksfikr).

Society's website

For information of Manuscript submission please
contact the editor.
E-mail: foodnutrl@naver.com

Research paper review, selection, publishing order,
printing order shall comply with review and publishing
regulations. The receipt date of manuscript shall be
the arrival date of manuscript by online submission

to the Society.

. The corresponding author must be a member of the

Korean Society of Food and Nutrition, and the
publication of papers by non-members is subject to
the resolution of the editorial board.

Online submission is the primary method. Authors

Amended on 05/07/1988
Amended on 16/08/1996
Amended on 08/08/2002
Amended on 26/03/2004
Amended on 25/03/2009
Amended on 22/06/2012
Amended on 28/09/2013
Amended on 17/12/2015

Amended on 10/12/1990
Amended on 18/12/1998
Amended on 08/03/2003
Amended on 25/03/2006
Amended on 14/08/2010
Amended on 20/06/2013
Amended on 20/06/2014
Amended on 16/06/2016
Amended on 10/11/2023

should complete the Submission Form and submit
the paper along with the Research Ethics Pledge and
the Authors' of Ethics Policy &
Copyright Transfer. For research involving human

Agreement

subjects and animal experiments, a copy of the
approval from the Institutional Review Board (IRB)
and the Animal Research Ethics Committee (only the
first page with the approval number) should be
attached to the back of the Authors' Agreement of
Ethics Policy & Copyright Transfer.

The review articles and invited papers, excluding
systematic review and meta-analysis, will be
published only when commissioned by the editorial
board. Manuscripts submitted through commission
undergo the same review process as regular
submissions.

The evaluation, acceptance, and order of publication
of papers follow the editorial regulations and review
rules. The paper undergoes a three-stage review
process to determine its publication status, as
outlined below.

Stage 1: The editorial director reviews the paper
briefly and determines the preliminary assessment.
Stage 2: Two reviewers designated by the editorial
director conduct a detailed examination.

Stage 3: If the final decision is not reached in the
second stage, one additional reviewer is appointed to
conduct further evaluation.

- The principle is to keep the reviewers' identities
confidential, and the detailed review procedures
follow the regulations outlined in the journal's

review guidelines.



8.

10.

11.

Guidelines for Submitting Manuscripts

The language in the manuscript should be Korean or
English

computer with font size of 10~12 points and the line

in Ad4-size paper setting, typed using a

spacing should be set at 200%.

The author should provide the title in Korean and
English, the

affiliation on the first page of the manuscript.

and
The
part

author’s (or authors’) name(s),
running title should be provided at the upper
of the title page. If the number of authors is two or
should be

corresponding author. If affiliations of authors are

more, ' mark indicated in front of

sk

different, superscriptions of ~ ™ should be put

at the end of authors name in order. The same
should be

affiliation. The corresponding authors should provide

marks put in front of respective

affiliation, affiliation
and e-mail. The authors’
“” in between the

author’s name in English,

address, telephone, fax,

names in Korean should have
name and the author’s names in English should have

9
b

in between the name.

If an author is affiliated with two or more
institutions, it is permissible to specify multiple
affiliations.

All  authors must register their affiliations and
positions when registering with ORCID or a similar
identifier. This information can be utilized as

documentation for identity verification if needed in
the future.

The English abstract should be provided in case of
Korean manuscript on the second page of the
manuscript. The abstract must not exceed more than
200 words in one paragraph and it should provide a
general view of the manuscript by including the
At the

bottom, include up to 5 keywords in English (all in

research objectives, methods, and results.
lowercase).

The paper should follow the standard format with

the following sections in order: Introduction,
Materials and Methods (or Study Subjects and
Methods), Results and Discussion, Summary and

Conclusions, Conflict of Interest, Acknowledgments,

and References. The text should be continuously

12.

13.

14.

15.

16.
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connected without page breaks.

Research Notes are brief reports of limited scope
that contribute new knowledge. The formatting is
the same as the Research Articles. Research Notes
are suggested not exeeding 2500 words. The tables

and figures are limited up to 3 in any combination.

Titles and descriptions of tables and figures should
be all provided in English. Titles should be provided
in order of Table 1, Fig. 1, and etc. and in clear and
precise could be understandable
without referring to the text. The title of table should
be given at the top of the table and the title of
figure should be given at the bottom of the figure.
Tables and figures should be stated as Table 1, Fig.
1 and etc. when they are quoted from the text

body.

manner so they

Footnotes should be expressed as Arabic numerals of
D23 at the bottom of tables, and no sign should
be used. Moreover, " marks must be used to
present significance probability of p<0.05 or p<0.01 in
statistical analysis. In multiple range test, alphabets
of » b & & ad e ohould be used and the

explanations should be stated at the bottom.

All of the tables and figures may be presented in
the middle of the text body or on separate sheets of
paper to be attached at the end of the manuscript in
order. The exact locations of tables and figures should
be properly stated in the text. Pictures must be
neatly produced by photography or a computer to be

directly used as original images.

All sources cited in the text must provide author’s
name alphabetically and the year, and, in principle, all
English. The

examples of cited references are as follows:

references must be provided in

Cited references should be presented as surname in
English and the year in parentheses at the corres-
ponding part. For the citation of a single author,
his/ her initial(s) and surname should be provided.

For the citation of two authors, only surnames
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should be provided. For one work by more than
three authors, citation should include only the
surname of the first author followed by “et al.”
For two or more works by the same author by
year of publication, the signs such as a, b and ¢
should be provided followed by the year.
e.g. Citation in the beginning of a sentence

Kim HJ (2005) is -

Kim & Lee (2007) is -

Kim et al. (2008) is -

Park (2007a) is -

Citation in the end of a sentence

(Kim HJ 2005), (Kim & Lee 2007), (Kim et al
2008).

2) For several citations in the text, the cited sources
should be presented in chronological order or in
alphabetical order of authors, in case of the same
year.

e.g. (Lee et al. 2007; Kim HJ 2008; Park & Kim
2008)

17. KSFAN actively recommends to cite articles (2 or

more) published in the journal of the Society.

18. The author must disclose any conflicts of interest.
[Added to the regulation on November 10, 2023.]
Example: There are no financial or other issues that
might lead to conflict of interest. OOO(Author’s
name) has been an editor since 2023. However, he
was not involved in the review process of this
manuscript. Otherwise, there was no conflict of

interest.

19. The arrangement of references shall be put in alpha-
betical order of author’s last name. Abbreviation of
journal in cited references shall comply with inter-
national standards for abbreviation. The examples of

cited references are as follows:

1) Academic Journal
Kim KW, Ko CJ, Park HIJ. 2002.

properties,  water permeabilities  and

Mechanical
vapor
solubilities of highly carboxymethylated
starch-based edible films. J Food Sci 67:218-222

2) Edited Books

Brock TD, Smith DW, Madigan MT. 1984. Biology

of Microorganisms. pp.100-105. Prentice-Hall. Inc.

AOAC. 1980. The Association Official Methods of
Analysis. 13" ed. pp.3508-3515.

3) Bulletin, Dissertations

Hur YH, Lee SG, Suh JS. 1987. Studies on the change
in components of y-irradiated soybean during fer-
mentation. Ann Bull Seoul Health Junior College
7:7-14.

Ciacco CF. 1983. A study on mineral contents in pro-
cessed foods. Ph.D. Thesis, North Dakota State
Univ. Fargo. North Dakota

4) Patents

Bernard S. 1988. Preproofed, frozen and refrigeration
and crusty bread and method of making same. US
Patent 4,788,067

5) Oral Presentation of Manuscript at Symposia

Huhtanen CN. 1988.
dispersable cocoa powder. Abstract 21, 42™ Ann
Meeting Inst Food Technol Atlanta

Preparation of cold water

6) Internet Source
Korean National Statistical Office. 2007. The statistics
of mortality and the Available from

http://www. kostat.go.kr [cited 20 January 2014]

cause.

20. Article abbreviations should be presented in
accordance with Chemical Abstracts. Academic terms,

if possible, should be provided in Korean.

21. The quantity always should be express in Arabic
numerals and units should be express, if possible, in
accordance to the International System of Units (SI).
Units and abbreviations of predicate terms shall abide by
recommendation provided by the Society. However, in
case where there is any unavoidable reason, such
exceptions must be clearly explained in the beginning
of the text.

22. In accepted during the

principle, revision is
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proofreading made by only the authors of the
manuscript. No changes or insertions shall be made in
Provided, That

matters, in case of deemed necessary, may be revised

the contents during the revision.
by an editor. The copyright of all published articles

in the journal of KFN shall devolve on the Society.

23. The submitter must pay the specified publication

fees. Additionally, if color photographs are to be
printed or if separate attachments are requested, the

24.

25.

submitter bears the associated expenses.
The number of papers published in one issue is
limited to 2 per lead author, and up to 30 papers
that have been editorially completed by the 20th of
published in the

the month are corresponding

month.

Any matters not explicitly stated in these regulations
shall be determined by the Publishing Committee.

¥ The submission regulations for the journal have been partially revised as of November 10, 2023. Please refer to the
updated guidelines when submitting papers for Volume 36, Issue 6, and subsequent issues.
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