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Quality Characteristics of Plant-Based Patties Formulated with Textured Vegetable Protein (TVP)
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Abstract

Plant-based patties were manufactured by varying the amount of textured vegetable protein (TVP) added, and their physicochemical
quality and acceptability were measured. As the TVP content in the patties increased, the pH also showed a significantly increased.
Lightness tended to decrease with higher TVP contents, while redness was highest at 50% TVP. With increasing TVP, the intensity
of redness diminished, and browning became more pronounced. Texture and shear force increased alongside the TVP content,
enhancing the mechanical stability of the tissue; however, excessive hardness negatively impacted palatability. Antioxidant activity
was highest at 60% and 65% TVP, likely attributed to the antioxidant components of soy protein as its concentration increased.
In sensory evaluations, the control group (beef patty) received the highest overall acceptance. Among the plant-based patties, the
one with 50% TVP received the best ratings for taste, aroma, texture, and overall acceptance. In contrast, flavor and texture scores
gradually declined at TVP levels of 55% or higher. Additionally, the inclusion of red beet powder significantly improved the meat
color, even at TVP concentrations of 60—65%.

Key words: textured vegetable protein, plant-based, patty, antioxidant activity

M E NBY GRS 22 g, 9%, 9 5 2y 4B
g gmgs AR, FEY 9RS g QI 7]

| &
AAAAR] A7 S71 &7 &8 S7hs AT et oF fARE Y, o e AlSste A FRE Aek(Cho
7 AIE HsArle F2 890e= AHFI QUrh(Lee & Ryu 2022; Sung 5 2025). 15 HiF D2 I8N T

=]
& Jo 2019; Rubio 5 2020). AL T2 AL T2 4v],  FT AAA, 95 B 5 & ofulweat 240= Q)
BAA L SR FET G, AL WSS 2] o AP 9 olgE, ¥ FHES B ABzT

Al @73l Azt FEg 7Istal 9lew, o= Is) A& (textured vegetable protein, TVP)O.2 7h5-=|o] TiA| 5] 8
7t AR At AA 9ol F8% AT Hal At A2 Z-EHth(Kim CJ 2005; Samard 5 2021).

(Hoek 5 2011; Hong D 2024, o]0] w2} 7]20] 852 T4 T TVP 7] SASL ojds] @ 71K fAEE AR
& 2 Qe AE, 58] 84 A plantbased meane] W] I ek, XA, Erlet 85700l GlojA AA S5 Hls) %
G ABAQOlH WA sjAmon FEun 9ok Eshrhs Fols(Kim € 2005), EARE %2 A 9w &
(Fiorentini 5 2020; Bakhsh 5 2021a). 317 LS o] ARl ol ARE F % Tk A
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2 sl - o133 = AEITIEIA

o]tHKim & 2025). AA| APAo] = AH|AEL o
A5 A8 Al gbat Qi MAPS 7P 83 4R B,
ol s WEE7F Hold A Al ofgFo] RA U
Efdthyl H 1 EQIck(Shin 5 2023). mhebA] iA]S A&
qE3He oAl 2} ghEgt opu et AR S5t &
Argh A4 Jt@o] BEEA] F g sitt

AFY] AL B[R} AlE FEE wchs 7124
[0 (Ahn 5 2004), E3] & J «Q
(meat color)”o]] gt 7|7} Sli= AlFolA = B Fasith
(Ham 5 2021). Z18jv 4154 T do)= 7ol E4ct=
nto] @ F =, s|rFERlo] glo] FH24 A do| ojPrt. o]
£ Hsty] Qs WA A Aol 8ol ARtE Q=
o], #E4 o= F=H] E(red beet)7} It} HEH|Eol= &
< H|EFR] (betacyanin) A 47} F- o}‘# e *l %‘@L‘?—__l 5
o} upolof= WG YO
Z= 9lch(Ismail 5 2020). _E._oP EﬂEH]EL ZJOE "?}*F %
QI Edul= Hetd S gpoto] AEY 71548 A3
22 91 9™ (Boo 5 2011; Kaym S 2019), o}t x4 £2
24 AF HHAd FSHAAE 77 EiEI o
(Zarringhalami -5 2009).

SHH, TVPY] A7} Bl&2 tiA§] F4 E4o] A<
P A=, I 27 27 Al 7194514
T TF A7 A 9k AR Aol gt A A,
Aot 7|3=7F 9ojd £ Qlgo] EEQtk(Bakhsh 5
2021b; Park 5 2023). wehA] A AE Aol A TVPL)
A FE Este Aol EFHo|h

ojo & A= thAlS AFe st 2 X Hj
7l ARE AT 7IZARE AASA HEHE £
0.5%Z A7Fstal TVP TEE(50%, 55%, 60%, 65%)S 2e
of A4 HEE AxsHAH. 183 e A 5
EAHSE E4ot7] ot A xgt A ffo2 ZAsto]
4C Y1 Aot A% 1, 3, 592ke] Ao} 7tz
skl o] 59 o]&etd £ EAAT AH|A 7S E FHH
oz ZHsct

ol

WE o
1. MBI
£ Aol AR ABRATTVRLS 2049 55 7]
A 24 QA B AES TYstch A4

B9 71=A 7451= 9)5te] YIS HEB]E(red beet) £
T2 AlE

2ol £BH Pfslglon, 1 9 Jue,
N 3EE, AW Y B3 2ERlo g FYst
A} thZF(control) O 2 AREEH AlFE 4117] THISS A
§51910 ‘Il B A% ggerEel A FYsHLt. o] 974,
&), Stelr) %, AT, F2, 43, &
52 2s 5 FEAGRFOE)IA TYste] AHg BT

2. D{E|9| M=
E 3Lo] 2kA TVP H|E-E 50%, 60%, 70%, 80%= )
St o AE-S Sttt I A3k, TVP 70% oo+

w5 Z24o] WolA 22 A] Aedo] 2 H14] eoldata o
shown) 2 AF o)A TVP TS 50, 55, 60, 65% 510
AEASLR GEBORE S| S 0% YRS
sfof AZSATE. e AZA] HTHE-E Table 17} 2] 2
Aze] g oR elsloict. Asio] AHET TVPE A8
HROCT 2500 1087 AABH] 534171 5, of20] 28
AASL F 1 emx1 em 37|12 AWsto] Agstgct B E
L= AF AFF T Hood Mixer(SHMC-401, Hanilelec Co.
Korea)&2 15 3027t &3t519ict &3ks vk 50 g& B3t
stol 27 7 em, $A0 1 ome] UF el 2 ABeAT A%

o 24 Ee] A & B M 25a] fstol
Aze 4% Aoz Tl 4T BT ARSEA 4%
1,3, 520%0] 7ol Zelsleich, £k 10T oA 3
W ROl T W 28 Wl 3 8B e AT,

F2olA 17 F2F & 4] ARSI

= T T

3. pH &3

TVPe] Fepe Bstel ZelE g 20 62 Aol SR
18 mLE #7}slo] 108 3]4 & homogenizer(T 50 Ultra-turrax,
Ika Co., Germany)2 2037t F&8}A7| 1L o] 3}sto] of 7hal o]
pHE pH meter(Orion520A, Thermo Electron Co., MA, USA)Z
243tk

4. Mz =3

TVPO] ddZ Eesto] xejd e Mz M
(CR-400, Minolta, Tokyo, Japan)E AFE-5}%1°™, Hunter
system®] L*(H ), a*(F ML), b*(FAx) ghS 33 vHE &
A T BFe AEHh ASE EE WATLL (9502,
a=0.04, b=0.260]%iT}.
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Table 1. Formulation of plant-based patties using textured vegetable protein (TVP)

Ingredients (%) Treatment
Control TVP 50% TVP 55% TVP 60% TVP 65%
Ground beef 60.00 - - - -
TVP - 50.00 55.00 60.00 65.00
Red beet powder 0.50 0.50 0.50 0.50 0.50
Water 18.00 24.00 21.00 18.00 15.00
Starch powder 7.00 7.50 7.30 7.00 6.60
Onion powder 2.80 3.20 3.00 2.80 2.50
Garlic powder 2.80 3.20 3.00 2.80 2.50
Coconut oil 2.80 3.20 3.00 2.80 2.50
Soy sauce 2.00 2.50 2.20 2.00 1.80
Sugar 1.70 2.30 2.00 1.70 1.50
Yeast extract 1.30 1.70 1.50 1.30 1.20
Cooking wine 0.60 0.90 0.70 0.60 0.50
Salt 0.30 0.70 0.50 0.30 0.20
Black pepper 0.15 0.20 0.20 0.15 0.15
Parsley 0.05 0.10 0.10 0.05 0.05
Total 100.00 100.00 100.00 100.00 100.00
5. ZxZ &3 255}, 0| 5143 ABTS 89 1.00 mLo] 1008 3]4]

TVPe] PS Gefstol 2elat MEle] RHZES Texture
analyzer(TA-XT2/25, Stable Micro System Co. Ltd., Surrey,
UK)E A23slo] =453t} Stainless cylinder probe(¢2.5
cm)E 0]85}9] two bite compression test B4} ©.F distance
5.0 mm, test speed 1.0 mm/sec Z70f|A] EA15}0] hardness,
springiness, cohesiveness, gumminess, chewinessE =7 5}31t}.
A =42 Wamner-Bratzler shear bladeZ ©]-85}0] pre-test
speed 1.0 mmy/sec, test speed 1.0 mm/sec, post-test speed 2.0
mmy/sec, distance 21 mm% =74}

o
EE
z
Lol

} &M DPPH radical 2715

TVPo) gare eistel zelet el o) st BAS =
A35l7] 5}o] DPPH radical AAS S ZF A& £&& 2.00
mLo] 0.2 mM DPPH &9 2.00 mLE H7}slo] &35t H,
204 A AElE 3027 BHSAIF T o] % 517 nmoj|A]
LS SA3HATHBlois MS 1958). ABTS 2tz &A%
2 7.40 mM ABTS®} 2.60 mM potassium persulfateS 315}
of 24A17t Rt Aol A HHSAIX] &, A4 E ABTS 2zt
Bohg FRe2 SAslel FHE Ftol 150 olehr HES

3 A& 0.05 mLE FH7Fste] Aol A 907 RESAIXI F,
734 nmof| A FFEE ST Re 5 1999).
7. 2r=EI}t
TVPO St gefsto] Axstal 223t HE 9 7ok
£ S517] flste] 7= AS 4490 3078 (19644, & 15
B, o 15%)= dAeE Ao m FOgt A& o=
A+ H4Z Aot 598 53 & ZPsHITh B
A, A, S54, A 7120 diste] did
5] Alth(dislike extremely) 173, X -EO0]TH(neither like nor
dislike)E 474, tiets] Zth(like extremely)ES 78HC 2 3=
Likert 78 250l u}2} 27451 9CHIRE 5145 KNUT-
2025-HR-07-23).

[e)
AN> O>

8. SHANzZ

2 Ao 4] HolA ATF= IBM SPSS Statistics 26.0(IBM
Corporation, Armonk, NY, USA) & 121-& o] g5lo] B4 &
Ag ool AT 110 F4 4 Zol& &l ¢

5] U Aulj R EAHELA (one-way analysis of variance, ANOVA)S
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ANSIT, 18 7§22 Zo]7} Lieht AL, Duncane]

o5 2174 % (Duncan’s multiple range test)2 ©]-&5}0] -2

Be AAsa
A o o

1. pH &3

Highe]E gefote] Azt A&
I= Table 22} 2t}

QR 193 A= pHYF 6012 7F Wokal, TVP
65% H7hEo] 67302 714 Eakth. 0|9 B AL 39
219} A A = FLEHA YEFGFOH, TVP 65% H7HE2
A7 W 78 =2 pH ghS Ho] TVvPe] H7} vl&3
AR 5710 wet ROl o S A Bat

Bekhsh S(20212)2 TVP7} o}oiztelde o] oleka 02 pH

4 g WERATL Harsti o, of= TVPIl g 97143
OPU A sl2ER)e] EAE] Y F =g = A pH g5l

d TEle pHE STt 2

- 01733 = AEITIEIA

gesto] A2 AE
Table 33} Zt}.

B0l B, 22 1954 Feghe 50712 7 =%
o, TVP 65% A= 36272 7P W2 kS yetdiqlch
o= TVPY| ZA Ad A4 2o Frert Fashs Ao=
TEEAS. A7) g P2 Hole 27|Hue o
AHer AFLds 3712 AR daste dTeldh

HMEL TVP 50% Al 27} 16282 7H =2 ZHS Ly
O}, TVP 65% AlR+= 730082 7H4 @A Uehytt ol
TVP H]&o| F7gto] wpet Y= E E2o] 24 a7t 4
iAo BA Yetstal A47Ite] S7kte] weEh BE Al
FOA AMEZL HAAOoR TASH= AYS HFoH

ol A T M4 ARSt A AkAs eZof] Ofs) Pk W AAE
#ol A yehs ZAoE woEIth

24 Weo) 4w

Table 2. pH of plant-based patties prepared by adding textured vegetable protein (TVP) content

Day Treatment F-value
Control TVP 50% TVP 55% TVP 60% TVP 65%
1 6.01£0.01°Y 6.32+0.01° 6.48+0.00° 6.67+0.01°8 6.73+0.01* 9,388.750™"
3 6.04:0.02°" 6.53+0.00°° 6.59+0.01°¢ 6.700.00" 6.810.01** 2,796.536""
5 6.15£0.01%" 6.72+0.01%° 6.75+0.01°C 6.8£0.01*° 6.91£0.01 5,600.857""
Y Values with different superscripts within a column (a - ¢) and a row (A - E) were significantly different (p<0.001).
Table 3. Color value of plant-based patties prepared by adding textured vegetable protein (TVP) content
Color Treatment
ay F-value
value Control TVP 50% TVP 55% TVP 60% TVP 65%
1 50.7120.53* 40.08+0.25" 40.95+0.445 37.48+0.22°C 36.27+1.07™ 281.945™
L 3 48.70:£0.22° 37.2240.02°° 39.36+0.04™ 34.53+0.02"" 41.48+0.02°8 8,414.973"™
5 45.52+0.05%A 33.67+0.09°° 36.51+0.13® 34.48+0.01C 30.65+0.00° 18,956.723™
1 12.79+0.54°® 16.28+0.69** 9.54+0.13* 9.94+0.88* 7.30+0.36°° 105.873"
a 3 8.88+0.22"8 7.90:£0.12°¢ 6.65+0.00 9.67+0.30°* 6.87+0.10° 526217
5 8.75£0.12° 7.70£0.35°° 7.70£0.35*° 9.30+0.01® 9.83+0.03* 4,088.275™"
1 7.9320.34C 11.46+2.138 14.30£0.21* 14.60+0.20** 14.48+0.57* 24757
b 3 17.28+0.25* 13.60+0.12¢ 13.11£0.25® 14.13+0.17°® 13.94+0.01%8 638.702""
5 16.21£0.01°* 13.99+0.02°¢ 13.99+0.02%¢ 14.19+0.15%8 13.34+0.01° 15,234.029™

D Values with different superscripts within a column (a - ¢) and a row (A - E) were significantly different (p<0.001).
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ol Fsoralor,

A (gumminess), %314 (chewiness) 52] 7|4 & EAlo] &
Al 7Vt AdS E A p<0.001). 53], #737]7to]
o Wt HE AlRofA
TE AR QIR 229 53} AL Ao A Ut
71918 Ao 2 o=}l
59} 71& 02 HAEE= TVP 65% A|ZO)A] 10,259.03 g0 &
, o= txt Hol= <F 3uj] o]Ar
ARt ol A AFH(Samard 5 2021)°1 4 HILE HE
TVPY| +22 Jro}

o]

FEFT S40] e 23

3 g0

ZATtet A5} ET
6(2022)4 AT M E TVPY] A3t L83} 227 7]
A =9
o] 14—0]-1]

olo] %

AEFS Bk TVPE 71gt
RLET oA
, AR 192 g %79] springiness=

Table 4. Textural properties and shear force of plant-based patties prepared by adding textured vegetable protein (TVP) content

Texture Day Treatment Fovalue
property Control TVP 50% TVP 55% TVP 60% TVP 65%

1 1,291.65t148.80Y  2,500.95+51.89%  3,265.68+79.16  3,651.79+263.44°® 4,553.65+251.18°* 231.626™"

Hardness (g) 3 1,518.20£104.52°°  5,066.83£120.81°®  5,177.13£191.15"8  6,751.04£362.67* 6,526.61£237.22°* 439210
5 3379.30+£337.10°0  6,472.36£254.24C  6,266.45+372.48°  9,591.24+363.51"® 10,259.03£587.43** 244.531""

1 0.92+0.06™ 0.58+0.04C 0.58+0.04 0.67+0.07°® 0.57+0.04°¢ 40.898"™

Springiness 3 0.89+0.02° 0.84+0.04° 0.8440.03" 0.85+0.03° 0.89+0.02° 4.439
5 0.850.04° 0.86:0.02° 0.8440.02° 0.90+0.03" 0.89+0.03" 3.780

1 0.83+0.04* 0.22+0.048 0.25+0.06® 0.23+0.05® 0.21+0.05® 159.132™

Cohesiveness 3 0.73+0.01°* 0.62:£0.05"® 0.560.02¢ 0.62:£0.05°® 0.69+0.04°* 16.429™
5 0.55+0.03¢ 0.67+0.03*8 0.64+0.04" 0.64+0.02°® 0.7120.05™ 15.145™

1 855.39+29.75® 7523244770 774.12+187.18®  1,057.57£80.97°*  1,000.61+72.82%*  9.224""

Gumminess 3 1,363.20+84.53  2,873.14+418.46™ 3,109.99+375.45°"C  3,678.78+663.04*® 4,49591+417.85™ 35677
5 1,928.81+71.33°%  4,585.93+361.81°C  4,294.83+513.61°C  6,027.25+669.06" 7,177.03+635.75*  78.405""

1 708.53+36.12° 466.68+18.28° 346.77£37.46°  499.54+22.02°¢  536.11£36.75%  88.055

Chewiness 3 1,21879£164.65  2,349.23+380.98"  2,596.97+320.83°C  3,134.27+588.24°®  4,003.82+412.93**  33.222""
5 1,702.80£74.09°F  4,102.22+472.50°C  3,582.27+434.16™  5,561.58+399.54"% 6,432.72+331.54** 121.813"

1 1,231.65+243.34%  2,280.95+213.83*  3,105.68+289.16"  4,153.20£273.70°*  4,652.24+745.50**  58.584""

Shear force (g) 3 705.22455.06C  2,021.20+320.45"  1,719.75+183.74%®  1,677.174222.75°C 2,049.03+202.42°  32.436™"
5 1,117.42+73.41F  1,858.76+223.25°C  1,307.00+176.84°C  1,977.68+120.52%  2,221.22497.65®®  49.054""

D Values with different superscripts within a column (a - ¢) and a row (A - E) were significantly different (p<0.001).
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092949 HHAE, TVP 50% A]|Z= 0.58, TVP 65% Al2E= 0.57S
Heloh T8y A% 393; o] FHE = tRE A5A 0.84
oo BBEl g e

3% A (cohesiveness) FA] TVP 65% A|FEOA A%} 54X}
712 0712 7HE =L X2 HYon, o]l 23 | &8

489 AAe oy 7k é%aol A A= HEY
Sk AT WBA ES TVP T W A L 2710
ute} golshal] A5 alsic.

A= 9] 32, TVPE 50% ol A7t HE Al5olA tix
FETE FOH 0 R =2 M (p<0.001)yS YR o, o] F
TVP 65% A8+ 4,652.24 g0 & 7} =2 1 7=
ol TVP Heo] F/1EAE B 71 A% T2} 5ol
Z2lo] H& AgsH =] Hmo 2 At of2gt
AFE AP (Samard 5 2021)) A7 Zkel ALl
A7\t Fohole HikHoR Aol gasts A%

HAou, TVP7L H7He Alge diE2aiHt o3| =
AL fAlse] TVP Qo] F7HeHE AT Bl
- ‘8‘4\_% 71—/\9]. d—uﬂﬁ 7k 7:193- tog ATSH x;g
Pl 71osk= Ao wE wHE ]l

ol2|gt Axt= TVP T X H=E 2|79 Hshs &

K1 rlo ﬂllo
_{

—

fei3

=

(i)

o4 pEREL R
2 glom, H249 Pe BTN &7 7he Azt
& 78 4 UL Ao® ArHYt

Azt 54 mijE|2] DPPH 2]zt
A 4 ABTS Sz 4752 73t Z 3= Table 52+ 7‘4
59 A%, TVP ggo| F7ste] wet
ARrA o &2 gzt a750] F-osHA S7Fst= Aol
(p<0.001). E3] TVP 65% A EE 89.92%= 714 =& A4S
= Ho] TVPo] 3-8 Hl= 3ehEoly ikt gete| =7t

gz &As0] FFE FUS AR wHE

ABTS 2ttjZ &A504 % DPPH 2tz AA53 FA
3t o] ﬂﬂﬂcﬂt}(pm 05). TVP 65% AlFEE 37.05%=
=2 ABTS &7 55 HWERHSI oM, TVP o] 2%
£ g2 ot 1% A0 & UEyith

Table 5. Antioxidant activities of plant-based patties prepared by adding textured vegetable protein (TVP) content

(unit: %)
Treatment
Antioxidant activity F-value
Control TVP 50% TVP 55% TVP 60% TVP 65%
DPPH radical scavenging activity — 86.65+0.78") 82.61+1.71° 82.94+0.67° 88.49:0.32° 89.92+0.32* 384607
ABTS radical scavenging activity — 35.75£0.53% 34.78+0.65° 35.98+0.35% 36.79£1.10° 37.05+0.67° 4.901"

Y Value with different superscripts within a row (a - c) was significantly different (p<0.05, p<0.001).

Table 6. Sensory properties of plant-based patties prepared by adding textured vegetable protein (TVP) content

Treatment
Sensory property F-value
Control TVP 50% TVP 55% TVP 60% TVP 65%

Taste 5.23+1.31%) 4.50+1.78" 3.53+1.41° 3.87+1.57™ 3.27+1.20° 8.767"

Flavor 4.80+1.38" 4.03+1.61° 3.83+1.29° 3.60+0.97° 3.70+1.26° 3.973"

Color 430+1.58 4.73+1.70 4.33+1.63 4.60+1.50 4.57+1.50 0.408
Texture 4.67+1.67 423+1.31% 3.83+1.58® 4.00+1.49° 3.5741.55° 2257
Juiciness 4.53+1.76° 3.83+1.68% 3.504+1.25° 3.53+1.61° 3.30+1.62° 2.747"
Overall acceptability 5.37+1.25% 4.30+1.49 3.37+1.38° 3.93+1.55% 3.30+1.39° 10.632™

D Value with different superscripts within a row (a - ¢) was significantly different (p<0.05, p<0.001).
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FoH, gt g, A%, TFH 7|54 RoloHA S5 B
7He HATHp<0.001). TVP 50% A&+ R0} B w5}k
i RE9] FEo|A FAREAY tE A& HiE AlmEl
H|S) H WA =2 39| 7|35 5 fA5t 7]E S5 1E
E dAT 5= 3= 7FsAdo] A AoE wHETh
HHH, TVP o] 55% o]0 & F7igto] whef 2o
5 FEOIA A7t AR H o= stEbet= HFE ot
TVP 65% A&+ 9, A7, S84 7|8k oA 7
B7HE Wokon, BAHCELE {OFt AolE HAUG
(p<0.05 = p<0.001). °]= TVP Ffo] B EdHA =& AL
AE4 HEY 713447 Is FEo] AstE = S Ho
<ot olE3t A= 7] Aol TVP B H7PF gxE
< 31, AUAA gast 227 S5 £S5 59 AR
ojojd & Uth= H119} UX|FIth(Park 5 2023).

SHH, B E AdToA M2 ANtd o s JHAQl ot
£ uigko | E3] TVP 60%2} 65% Al 8= 2+ 4.60, 4572
=2 A5E 7S5

STEA o=, TVP o] 78 A U™ TVP 50% A&7} o
2 4] 7|2 EoA & Apo]E HolA] gof, tiAlS 7=
Lo} 4 #F SHolA FF o2 18d 4 Stk

fo I i
ol

Q0% ¥ #=

glste] A&/ HEE ARSIl olofehy £ % V2=

=3

= b

2 2st9ick. 2124 ¥A el A TVPe] Faol F7He
4% pHE f94oE Aadtdch Aol 49, PEL
TVP fgo] F/1A4E sk AFololn HAE:

TVPE 50% oA 7P &34l TVP7E 345 7k 3¢
o] ofstelo] ZWd o] FelsiAch 2AAH HHE
& TVP &=F S7tol whet Adgste] 71414 22 A4S
ISt o, H=dt Aes 7|55 ASkRE o]ojHet. A
LS TVP 60%2} 65%014 7HE &9koH, ol TVPY]
= tFeio] Zhe Akt Ao ot 4l Aer
AT Bl FEA VSee Hxde] 7P
o} o

oY

i‘o_p‘

Hir L o

p
ko, A& HE FolA= TVP 50% H7Htel o, &,
T USEAA 7P St B7HE W9l N,
55% olgollM= SHI9 A vt HAH 2R shsa
ok Aol M e HEHIE B 7L TVP 60-65% S5
ME 54 A ZITE F3o] e o] Axte

,d
N

Pl

i

RS
£
o,
To
DEI
2
nd
2

Ho} TVP 50% 87k 0] AB4 Wele] /A2 S5
A 84S 79 QA BT 4 e HAHow olw
oAtk ol T ABA AL Aol ele] st B
ke 1% A W /1% AN Betd AR B8

% 9 Aol
ZAIe| =

2 JiE2 20259 BSR4 FHEE] YUoR F
ERISEAIE 9] AU Hho} =8 A FAFA hehA]| LA
A(RISE) 222 t5}309] Z37H2025-RISE-11-004) ¥ 3+
TAEO A ot PH 7|2 AFAFG YU T No. RS-
2021-NR060137).
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Antidiabetic Effects of Cocoa Bean (Theobroma cocoa L.) Husk according to Ethanol Extraction
Conditions and Sequential Fractions
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Abstract

This study explored the potential of cocoa bean husk, a by-product of cocoa processing, as a functional food ingredient. It evaluated
how extraction conditions and solvent fractionation affect the content of phenolic compounds and their antidiabetic activity. Cocoa
bean husk was extracted using varying concentrations of ethanol (0%, 50%, 70%, and 99%), and the total polyphenol and flavonoid
contents were measured alongside the inhibitory activities against a-glucosidase and a-amylase. The extract using 70% ethanol yielded
the highest levels of total polyphenols and flavonoids, as well as the strongest inhibitory effects on both enzymes. These findings
suggest that aqueous ethanol is more effective than absolute ethanol in extracting bioactive compounds from cocoa bean husk. Following
this, the 70% ethanol extract was further fractionated; among the fractions, the ethyl acetate and butanol fractions had the highest
total polyphenol and flavonoid contents. Notably, the butanol fraction demonstrated the most significant antidiabetic activity, showing
the lowest ICso values for inhibiting a-glucosidase and a-amylase. This indicates that antidiabetic activity is influenced not only by
the total phenolic content but also by the qualitative composition and structural characteristics of the phenolic compounds. Overall,
cocoa bean husk shows considerable promise as a value-added functional food ingredient with antidiabetic properties.

Key words: cocoa bean husk, fractions, antidiabetic effects, cacao, by-product

M E 5o cherat B 715l Ackn LeiA Sirkdeong 5
2010). o HATL 2AYH HelH Fhey
TFop Hadl 23O AR At A% (ipe Aol AF YRE AT g AUS Wikt

ARAR, 7} (Theobroma cocoa L)'= o}2&E Ho 5 UF Ao 2, BAE(by-product)Z H 7] A 2] = th(Choi 5 2021).
s 312 250 Pk, Balolek AALE a0 AAROE ZBS! AN Aobel At
o] =z} malelT 9t o]AL WaAA ARs A 2 2.5x10°E0]H, ujd 4x10°E2] T Hopyl S| AT 7} BF
FFoHl(cocoa bean)o|2t HEw, FFoHS ZAEH O]- A= AOR FAETH(Choi 5 2021). 184 I FHofH] d|A
o QA WAt TI0h AES] URE ASHKChoi 5 2k tee] HESREE BR9 9lov], ofe Aol
2021). I 3otz HETAES 9D AMRHE AAAI7] AL, :’Z’O]' AE FARE9] H=aetEd dig gy 2=
&Y AYA T, FIEY, FHA, FLY 2], IS 15} tH(Martinez S 2012). o] &3t A& 72 BAMEQ]
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Fopl SiAT AT 7|54 AFLAEN &8 714
gt otye}, FEPAo|E-H T SFHEA Y E& & &
ot 3ol SIATE 83t YA =+ FFoM §
230) 744% 9 Sehibs FeF AFRotiers 5 2018),
EECEE FCE IR 2y A3
(Hernandez-Hernandez 5 2021), ZFoHd d|AT H7|
7] A7H(Kim 5 2021) 5°] HE o thFi Fiteket
/Jolut Al Endof At A2 opfst AJjE/dof st A
T= FE53 AAolo

Folet AA & FF ZLgT A Zo| HIFAGH R
S7Foto] Ao R o] HEE= Agto|t} QA A Xk
G| Z7leh Pl AhAEA LS S, ARAZ, A,
AET BT, A4 W SR A 53 2L PUEL B
SHchPark & Kim 2022). S piAfe] OB ALg sl W7
SHAIR] acarbose= Aol A ©HpShE w3841 a-glucosidase
£ Asfetty. 1y A9tEA] 23t gpdhEo] YA ko] &
&, BERERE AAL 5§20l BAlE A Qlek(Kim & Kang
2021). whepA o et EAIHZ S flsto] A& F= &40l
Al QFHstal ARl a-glucosidase A SAIE 2H7] #I5F A
TE5o] &5 AP Urh(Kim & Kang 2021). F 370}
Y &4 T AR FFok9 mepHkzo| Qled 4l
SAY AAEI AL (Martin 5 2016), THOF 2EET} o
FE Ao 9] a-glucosidase E a-amylase A3f &4 A(Gu
T 2011), IFoF FEEY] nfeA FERES Pk A
(Racine 5 2022) 5°] 1%l o, FAHEQl FFoRl 3
239 Yegy AFE vlulsi

S0P B2 YRuegol £e &
wolE, ZRAORIY 5 TeFet 7154 ARG BRI 9
ou}, o] HRe Suky 73, 34, BA U AFY
Aolsto] & 8Hf E= B FE AR G839

7

49 %

Zo] ofYrhCasazza 5 2011). E AE B riaket e
3

.

0 Mg KU

4

o]

e

2YEY F4 Aolol tet BAHOR RegoRA
g AYHOE Fofsit RHSS AUty 1
4 B4e dugon Fysted 8% ouE 44
(Choi S 2021; Lee YR 2025). A B QIjLojA 3o}
¥l 5239 75 4EAAEA F5HL S Sist
of, ztohl A5 §ulE 240 wet 220 A
2L AT AeoTE FF L I BHL 27
st} BAVES] IR GHL A% N 2ARE AT
174 g,

0

N

5]

=1 =k

Mz = 2y

1. AEX=

2 Aol AMEE ZFOoMIZ ASSS TH o= 20259 1Y
of TreeToBar Co.(Gyeonggi-do, Korea)ol| A -3} Htt. A<
TE 120Cof|A] 1587 EAE]7](CNR-101A, Genesis, Gyeonggj-do,
Korea)& 2AHT F, FFomloA F 3okl siATE &
stRlon, ER FIoW Jias RUANEH7]
(JP5063-1, MHK, Osaka, Japan)Z E-4]|5}1. mesh(test sieve
No. 35, Chunggye Co. Namyang-ju, Korea)S ©]|-&5}o] I Fo}
9l S AT BEE Axok

2. MEAI¥

Folin-Ciocalteu reagent, potassium persulfate, gallic acids, tannic
acids, quercetin 5~ Sigma Chemical Co.(Mo, USA)of| 4] T-5}F3
O, ferric chloride, potassium ferricyanide, monosodium, disodium
phosphate 5~2 Doctor Bio Co.(Deajeon, Korea)ol| 2J3] 33=
o 7 Sl AASRE Aok I BURES 155 Mgt

3. ZA0H 5|A3 OBk F=E MX

F oMl siAF BIof S5 10819] ofghE rfj(ofl e
B 0%, 50%, 70%, 99%)S 7Fotal, AL wrHt 3& Hhgo
2 24X &9 FENE U EFH(N-1200A, EyELA
Co. Shanghai, China)s}o] dry extracts& A|Z3}% T}

4. [AF0HI 3|A3 HE B&EE M=

NS 2FEEL 25Co|A] wytoh= 42 wit & 3
g ol8sIsiT). 4ZHEe A0 R0k AT Bu
H2F 53F9] 108E 70% ethanol 7}5}0] shaking incubator
(DSI-121, DEHEUNG, Incheon, Korea)o| 4] 25C, 150 rpm, 24
Azt &5k, A5da JAES Yot 33 ¥hE =&
Stk 322 4 Bestol ofH(Whatman No. 2)3)
o oL 40T olalol A A FEaf0] BAAR
U= AZxsto] Ao AREsHT
ABEYL oS 2FEEZ SF5l &5hst
7¥ste] BRI 1 o|F oz I gAY 52
2ojol BUES Az 0|2} 2 WHoT F4o
2 ] F4°] 2 &M= A== A
chloroform 2]-&, ethylacetate -2]-&, butanol =<
EYEZ A X hFig. 1).
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soh A9 P T 1

Cocoa bean husk
(1,000 g)

70% ethanol extracts
(85.78 g)

Mixing with distilled water |

Hexane fraction
5.53 g (6.44%)"

‘ Aqueous phase

Chloromethane fraction
3.47 g (4.04%)

Aqueous phase

Ethyl acetate fraction
5.26 g (6.12%)

Aqueous phase

Butanol fraction
8.81 g (10.27%)

Water fraction
41.39g (48.25%)

Fig. 1. Flow diagram for fractionation of ethanol extracted of cocoa bean husk. "The yields (%) of solvent fractions
obtained from the ethanol crude extract were calculated and compared.

L]
e

Zajms &

=

(&)}
g O

=
o)

gHE $=FS Folin-Ciocalteu method(Slinkard &
Singleton 1977y H@sto] HAASIA of[ehE 55 4 &
S-S Z5740] 0.001, 0.01, 0.1, 1% L2 343 sample
0.15 mLo]| 54> 2.4 mL%} 0.25 N Folin-Ciocalteu A]2F 0.15
mLS F7FE & 3@7F WA 18l o] o IN
Na,CO; 0.3 mL< 7Fsto] 2417 59F Aol 4] JFX[_E & 725
nmo|| 4] S4 % (Libra S22, Biochro, LD, England)S =745}%
t}. Gallic acid(91215, Sigma Co. USAYE EFEZE AME3}
of HFAZ ATt & T ETHE TF2 mg gallic acids

equivalents/g(mg GAE/g)Z H A5 T

I rlo 0

[e]

2t o= SRS Davis method(Davis WB 1947y

wgstol APk oS £52 U HIBL 4T 5

=200 0.001, 0.01, 0.1, 1% =2 543t sample 1 mLof| 90%
diethylenglycol 10 mL2} 1 N NaOH €9 1 mLE 7}5lo] S5
5] vortex3t ¥ 37C water bath(10.10ESI/SK; Alto Shaam,
Menomonee Falls, WI, USA)O| A 1A]7F 59t ¥ESA|7] &, 420
mmof| A SHEE =45} Quercetin(Q4951, Sigma Co.,
USAyS BEFEAR APAES A5, 5 flavonoid o
ZF2 mg quercetin acids/g(mg QAE/g)Z HEA|51T}.

7. a-Glucosidase A3l &AM

FFoll AT ek FEE D £ZE9 a-glucosidase
Aol &4 5782 Chu & Choi(2021)E Farste] A5t
ARERE AL o-glucosidaseS BAZ ARES91L, p-nitrophenyl-
a-diglucopyranosideS 7| A= AR8-5}10] p-nitrophenol AJATHS =
AslAt. 0.01 mL a-glucosidase®]] A|&E<Y 0.2 mLE 7}s}o]
37 Co| Al 587} incubation(LTI-700, EYELA, Shanghai, China)



12 e

it} o]0} A 0.2 mL p-nitrophenyl-a-diglucopyranoside S 7}5}
o AH5HA vortex Tt Th A2 A 2087 ¥-SAIFA T 0.5
mL IN NaOHZ Wh3-& FXAJA|7]|2L 50 mM phosphate
buffer(pH 6.8)2 FZH 7} 1.5 mLo] HEE A-83t F 405
nmof| A FFEE A

Inhibition activity(%)
=[1 - (Sample absorbance / control absorbance)] x 100

8. a-Amylase A3sl &M

FFoH AT e FE2E U BEIE9 g-amylase
inhibitory:= Chu & Choi(2021)2] < Zilsto] AHsHY
t}. Pancreatin S-2]2] a-amylaseo] thst AFEAL 7|AE
starchE 0]-8-3}%it}. Starch azureZ 0.01 M calcium chlorideS
SF95H= 0.5 M tris HCI buffero]] EEMR]Z] & 55 =90t q]
A A zE 71 -A-LHE ThA] 37Co| A 5E7F incubationL.TI-700
(EYELA, Shanghai, China) 3}ttt SH50f &85t A2
0.2 mL%} a-amylase 0.2 mLE 7}t &, 0.3 mL starch azure
891 02 mLE 7hste] WHgE FANAT SEL 4TI
3,000 pmO & YA1E2](Legand RT, SORVALL, NY, USA)3}
of AL 595 molH FHEE 2. a-Amylase
A5} e thet ol Akt

Inhibition activity (%)

= [1 - (sample absorbance / control absorbance)] % 100

9. SHEN

E7 5492 [BM SPSS Statistics ver. 255 0]-85}o] B} I
FuxE Gephglon, 2 48 119 fo W5 Yistel

A YBR[ AL (one-way ANOVA)YS AAJSITL ARS- H50

Tukey HSD(honestly significant difference) tests A5} 5% 4=
TollA 7 AR feldeS S AARAE

Pearson A}THEA (Pearson correlation analysisyS 4>3510] A7
FE Ut AE BE A 33] vHE Asigich

1. OIEtE F&X0| ME & EC|H= E%*
g sk WE I3oH A4
& &2 Fig 20 UEHHEE 70% olete 3259 & H=

(A)

Total phenol contents (mg GAIg )

DW 30%EtOH TO%ELOH 99%EtOH

Treatment

(B)

Total fwaonaid contents (img QAR/g)
-

10 i
o

DW 30%EtOH T0%EOH 99%ELOH

Treatment

Fig. 2. Total phenols(A) and flavonoids contents(B) of
cocoa bean husk extracts by different levels of ethanol.
Treatments: DW, cocoa bean husk extracted with distilled
water; 50% EtOH, cocoa bean husk extracted with 50%
ethanol; 70% EtOH, cocoa bean husk extracted with 70%
ethanol; 99% EtOH, cocoa bean husk extracted with 99%
ethanol. *”“Mean within the total phenol contents with
different letters are significantly different (p<0.05).
SHeES 17770 mg GAF/gC 2 71 =9t1, = HAE 50%
&S 559 & E@HlsdTol 16931 mgl = =34t
0 0g0R B 2227} 99v ok 25Eo] Zk7 4389
mg GAF/g, 34.43 mg GAE/gC 2 =X}t

AE 2ARRE HeEdkte % F29 a84L ARY
AA e, 20| v g, BAY 55, L 9 A2t 5 2524

of ufet 2}t (Casazza 5 201 1) Herndndez-Hernandez 5
(2018y2 T FoHl 3|ATE & WS S oy A+
9 & ZaH: kS vy B9y, FHold dAT
2220 ZiL S 4302475 mg/gC® HIFTH
Martinez 5-(2012)% FFoM SATE oeFZ= A-L2)A
shaking incubator $=&3%l extracts®] F EZE|HE O]

[
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80.17~82.37 mg GAF/g, ot E3} vehe &3 Grj= &3t
extracts®] ZH|=31F0] 144.83~154.43 mg GAE/gO. &2 H1il
StR=Hl, & A9 ethanol FEET FARE EHE TF
= UEH
SHLE URAA BE URE 10D A
12~18%2] =382 a-okal ATt olF 2F 37%+= 71|
Zl, ZEAloYdo] 58%, QtEAJobdo] 4%z HTHch
(Hernandez-Hernéndez 5 2018). Choi 5(2019)2 FFHo}y
70% oetE FE2E T EYHlE T2 48 mg/glE B
11391, Bubonja-Sonje 52011} FFoH] 70% OFA|E 3=
=59 H=oRtE 2 3248 myge|Etal H ARt o]
© AR Ak FUA 2 o, 0k 547 o) 2
Fopglo] FAst= 9 HedtEs et Z A

S
oF Wi

2. OEZ2 FEZAUO ME & S2E0|E &

F oMl JAT ofEE FEEY F ETEo|E

< Fig. 20] AAE & —%E'Jr o|& T 70% of e}
50% ofehe FEEo] ZZF 81.19 mg QAE/gy}t 77.30 mg
QAE/go 2 74 =toH, tfgog & &5 3325 mg
QAE/g, 9% c&E & 835 mg QAE/gCE UE T
(p<0.05).

Lee 5(2016)°] W=H, A5 EAj5k= A4 &9
QRES S48 HER oferE 557t EoHdFE 259
e A Bk 18 99% o)) sk oeE 5
<o 4 A P oflth ol HEdRtEd STtE
Lolt HigA|e] 7R8Ado] &9l =4 W 840l w2
A7) dZolct. g 1dy} 22 dF HsdtES AE Al
z29 i dAEHE A FHE EActe] dFEZ0] &8
gl &lo] A stAIRE, Wig A= o AH oz 7}
|45 Uehdith. E3 EetE ol V[ EACRE S4S
U‘M GFZo] ES=ARE FA FEH O St ot

&4 ol o & &= S48 7}X1E}(Ch01 2021).
E}EW A& *“El—‘l“*% A4S 5840 =5t7] 9
A= & RS H = 4 oeE 29 ﬁﬂﬂﬂ ARHA
O F AREEHTHDai & Mumper 2010).

FFot FEEY i AR FE &0 TS dFEE
AP AT A E 50~80% HLI2 S4 Sriet EotH 4 &
W7} 7Y 9t A 25 2 UEd Z0E HIE
AtHKim 5 2004). £ AFoJHE FZHoH JAIE 70%

ol

| —“.i

O

s0h 5470 P B 13

3. OBt FEZAH| [}2 o-Glucosidase X! a-Amylase
Moz
oetE wxo] wWE FIoMWl FAI FEEY o

glucosidase 2} a-amylase A 3f &/JS Fig. 30 UERATE o]
AYE Bl s=EE HuE 23 FE2E 5% 1,000 p
gmld 1 2EE =% 1,000 pgmlY o e BT 0%,
50%, 70%, 99%9] a-glucosidase AL Z+ZF 35.12%,
67.02%, 69.05%, 11.02%%.0.1, a-amylase A 3|24 of e+
BFE 0%, 50%, 70%, 99%2] a-glucosidase Aof&d2> z+z¢
20.98%, 15.97%, 27.25%, 15.22%C] ]t} B AFLo|A FFo}
Hl §lA3 FEE9] a-glucosidase & a-amylase A3l /g2
oletg o] W2t S99l Aol eron, 531 0%
oete 2Z2EA T 54 BE MY =2 A AL B

ATHp<0.05). o|=3t A= AlE F Hed e &
o] BTt ghpdkE 29 A4 Aol F8% TS ¢
o= 712 A7 239} YAk (Chu & Choi 2021). £3] a-
& AEAE 2HoA AESte A4, ¥

A
" A
SO%ELCH TO%ELOH

Treatment

glucosidaser= 4~

e

Inhibitory activity (%)

Fig. 3. a-Glucosidase and a-amylase inhibitory activity
(%) of cocoa bean husk extracts by different levels of
ethanol. Treatments: DW, cocoa bean husk extracted with
distilled water; 50% EtOH, cocoa bean husk extracted with
50% ethanol; 70% EtOH, cocoa bean husk extracted with
70% ethanol; 99% EtOH, cocoa bean husk extracted with
99% ethanol. *~“Mean within the a-glucosidase inhibitory
activity with different letters are significantly different
(»<0.05). *~ “Mean within the a-amylase inhibitory activity
with different letters are significantly different (p<0.05).
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WA AEAL HEd =] os) Ao A H
go] o] & AtolA =2 Aol &/do] TEH Ao
SE
Hwang ARQ2019)S T Fold ZHtea)S 70C B 387+ =
St B FE59 a-glucosidase A3l Aol 13.59%e+3L B
=, ol= 2+2] flavonoid?} Z-2> A& EZH 0] g
kS YEbdth 2AFH wheba] & A9] Ao
SAAE 2 YT Uity A7

HHH, a-amylase A3 EA-L a-glucosidaseo]] B]3] AuHA]
o7 W32 $EE B, ol aamylase7} Bl A Z &
Ago] 7141} Aok 4R, AR ¥Ry &
2} w2 Ajopdol} $3& ehdo] o] a1t o R A9 g

7] wj&o|thMcDougall 5 2005). & Ao A 70% ofer-S
FE20| 7HE &2 a-amylase A3 B2 HQl AL, ST
|l 270l ARA 94 12A4 Hs4 sRtES +%

Fastol Ba As) BHo) FeL ulHcky Azdrt

=
2

S

4. HE B2E=E2 & Edliflz ¥ S2E0|= st
FFotHl FAIE 70% oSS E FETF & hexane,
chloroform, ethyl acetate, butanol & water <02 A% E3|gH

7t 2829 F Evle FF2 Table 1] UEHRHTH & &

Table 1. Total polyphenols and flavonoids contents from
fractions of cocoa bean husk

Total phenol content Total flavonoid content

Solvent (mg of gallic acid (mg of quercetin
equivalent/g) equivalent/g)
Ethanol 165.48+1.48"" 84.517.11°
extraction
Hexane fraction 23.69+1.77° 16.23+3.33"
Chloroform 39.63+3.29° 28.89+1.44°
fraction
Ethylacetate 295.39+0.89° 164.25+0.50°
fraction
Butanol fraction 285.11+8.44% 130.49+3.20°
Water fraction 99.51£1.71° 39.80 +1.33¢
F-value” 2840.774™ 829.19™
Mean£SD.

D 2"Mean within a column with different letters are significantly
different by Tukey HSD (p<0.05).
2 ™p<0.001

& TFE ethyl acetate F-2E3} butanol &
295.39 mg GAE/g¥} 285.11 mg GAE/gC 2 714 =4 YEet
ow, & £EF 7tol= Fou|gt Zol= AT E<0.05). 1
T}S 0 & = ethanol 2FEE 165.48 mg GAE/g, water £-3]&
99.51 mg GAE/g, chloroform £2]& 39.63 mg GAFE/g, hexane
EIE 23.69 mg GAEg <07 F E8H& gaFo] 4o}
= A%Z 23t Kim %(2012)2 FFoE oMlECR
Aol ALt FE% T AT Bt ethyl
acetate 2839 F Hw §Fo] 38.8 mg TAE/gC.E 71 =
91, butanol 28%0] 233 mg TAE/gC.& 1 thg0 & 1=0f
T} 21tk E3F Yahya S(2021)S 0N} SJATS
E3% 5 hexane, ethyl acetate, methanol2 =2}% 02 3
st & E2¥lE &0l ethyl acetate =0l A 7HE
=9ttty B sttt B Ao AL ethyl acetate ¥ butanol
EFYENA w2 F ETHs dTo] AT

FFoH AT BIF & ZtH 1o|E &R Table 1
off AAISHATE & ETtEolE TS ethyl acetate V&
0] 164.25 mg QAF/gO & 714 =qtom, t}S.0 & butanol £
3]50] 13049 mg QAE/gC 2 =2 31k LET). Ethanol
X’*%%—‘l 84.51 mg QAE/g, water E-3E2 39.80 mg
QAE/g, chloroform £-2]5-2 28.89 mg QAFE/g, hexane ©3|&
2 1623 mg QAEgY] & EetHo|EE TRt AR
Uehget.

RFEEZ EYotd IFoW siAaF0 Q= |7

EAEE F40] & dAES 7H E4o] A

F=50o] U2t Hexaneoll= =2 A, A1, 4],
F2HH, CHLCLO= gurnl"’—]r 2 A
1, ethyl acetateoﬂ,_ etherof] 184121 ¢ Zo|=, vigA],
d, AEMA, 4] 5, 183 waters ©d, o, HIEA],
i g 9% So] & FHH(Choi 5 2021). 13
54 £40] ok &ujof] &HstA FEEH=
T 719 d&of| AX £27

EO] zyz+

[y

l‘llN

>

fo ot 12 ¢
mlo
ek
;‘a

i

S o £ Ll L S

A7z oq;L 9] 7] 57} %E}(Lee YR 2025) 2 Aol =
5 Ha

ethylacetateﬂ butanol B8 &0] 7}& wo] o5 AL 9l

At
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29| ¢-Glucosidase XMaEtA
E 70% oetSE FE3 T AE
E:%P,] a- glucos1dase A S 5 skolA ?ﬂ &%)
2 A% 7H HlE7} oflg), 1C02 A& S}9Irk(Table 2). o-
Glucosidase #]3f] &439] ICsp> butanol £-2]E0] 451.40 pg/mL
2 1 RS PPuBHS Uehita00s. fhgos
ethylacetate”} 556.51 pg/mL, ethanol-2 637.20 ng/mLZ LEFGE:
O}, butanol, ethylacetate “12] 17 ethanol2] a-glucosidase ]3]
ggo 9ojh9l Aol girh TS OE  hexane?] o-
glucosidase A3l 41 9] 1Csy2 4,127.05 ng/mL, water £-8 &2
6,253.40 pg/mL, chloroform £-31&0] 6,827.32 pug/mL&E LERG
o} EFE29] acabose: 122.66 ng/mLE =% = QL.

a-Glucosidase #] 6H gL LA Y Eg5slE HE By o

kel 5]— 71-

AolA E% AOP S AFH o7 A= 7| AT} BT,
e 9 F2 BAG) By sEo o8 avgow

AR == —QE 424 ATHMcDougall 5 2005). & A-0]
] butanol & ethyl acetate £&=2] a-glucosidase A3l &4
o] &5t UEhd AL, g & v IRE &
iz 9 EgE ot dRo] B4 &/ F9jet At 4
AH EL HAAE NS SR gEoR e,

ol

6. ASE&E2 a-AmyIase Kol

FFoHl ATF 0% E2E 5T & Al 22T
Table 2. a-Glucosidase inhibition by fractions of cocoa

bean husk

s0h 5470 P B 15

Z+ B3159] g-amylase A3} &A] 1C5y& Table 30] A A5}
o} a-Amylase A3 A1 9] ICs butanol EE]E0] 44551 pg/mL
2 7 =2 984S UETHp<0.05). 11 ot
ethylacetate £€]E0] 784.53 yug/mL, ethanol FEE2
1,109.571 ug/mL, hexane B82S 4,137.17 ug/mLE LFEFY
11, water S8 =3} chloroform £-&5-9] ICsy 22} 6,971.89 pg/mL
o} 707922 gl 7MY O FFRBYS Bach 9
a-glucosidase A3} &4 A3 AT} SAFSH AFFS HAch

o & EdE 9 E8tE o= FF2 ethyl acetate £
YEA 71 =%k oL, a-glucosidase 2! a-amylase 3] &
/3 butanol £EEN 4 7 95514 UEHTE Tadera 5
@092 FA3E 3 AL AE e Fad 54

& AY AREE WS 2R Mo, ver

butanol $-8]%0] T A3) PR fAT 1Y B
. ge|n, Bejv] mEAlod 59 YRo] YKoz

S 7F5HE AAITHMDougall 5
o Tl H239 FPu B F Beju-Hokn
wolSo] o ohjel B8 | 4R 2 FFE 5 2%
E40] o) oL Ao BerE

2005). 227

7. AR 24
Table 40]] F o S|AF
ol g Y B

ol
=

o] & Sel
g AAH &

SHBAE AR

S i
i
o)lr AC

Er{m

Table 3. a-Amylase inhibition by fractions of cocoa bean
husk

a-Glucosidase inhibition

a-Amylase inhibition

Solvent Solvent
1Cs value (ug/mL) ICso value (ug/mL)
Ethanol extraction 637.20+5.81°Y Ethanol extraction 784.53+8.84°)
Hexane fraction 4127.05+5.05° Hexane fraction 4137.1749.61°
Chloroform fraction 6827.32+0.38" Chloroform fraction 7079.22+7.55
Ethylacetate fraction 556.51+£5.16° Ethylacetate fraction 784.53+5.81¢
Butanol fraction 451.40+1.22° Butanol fraction 445.51+8.83°
Water fraction 6253.40+8.67° Water fraction 6971.89+12.46"
Acarbose 122.66+4.87 Acarbose 164.55+9.73
F-value” 458.887" F-value” 3963.039™"
Mean+SD. Mean+SD.

D 2"“Mean within a column with different letters are significantly
different by Tukey HSD (p<0.05).
2 ™h<0.001.

D 2 ¢Mean within a column with different letters are signi-
ficantly different by Tukey HSD (p<0.05).
2 ™p<0.001.
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Table 4. Correlation between the total phenolic contents,
antioxidant activities and anti-hyperglycemic activities of
cocoa bean husk fractions

Total phenolic Anti-hyperglycemic

contents activities
Values
®" Total Total
phenolic flavonoid Glucosidase =~ Amylase
contents contents
Total phenolic
contents
Total phenolic 1,000
contents
Total flavonoid 0.978" 1,000
contents
Anti-hyperglycem
ic activities
Glucosidase ~ 0.812"  0.775™ 1.000
Amylase 0.905"  0.842" 0.880™ 1.000

DThe values represent the correlation coefficient (r) between total
phenolic contents, antioxidant activities and anti-hyperglycemic
activities.

“p<0.01.

Z99E TFY a-glucosidase A3 A r=0.812) L a-
amylase A OH 4 (r=0.905)2 FH FLHAE YEHAT
(p<0.01). ¥ ETtHRLo|= HA] a-glucosidase A3 A
(1=0.775) ¥ a-amylase A3} 4 (=0.843)C F(+H)] AT
AE HEFATHEp<0.01).
< EvE Y a-amylase A5 B4 7Ho] A
A7 09052 T EA e, ol 1A Ex
T} 54718 A W4 SeHEo] camylased] B4 3]
= 718 2% 997 oA A THs e oulet
o} A Ao EH ZEAltYHY} 22 35 ©d AY
E¥HEE aamylaseo]] i3l BIFAA E= EFF ANE
ek, 1 48} BYL B FRE] et ke
AT Holx= HAozw HIEHJTHMcDougall 5 2005;
Hernandez-Hernandez 5 2021).
gt g IFot AlE AHlE AR A 9¥E &
A2, e Se] HE A A, B 24, s
oe 7 1A, 2% BA9) Akst AEd A 2 Sof
A7 kil EElA Utk(Ramirez-Sanchez 5 2013). E
Z0016)2 FF0] UE H=3}5HEo| PTPIB

=3

Zyzelewicz

_,—T'L_
S=oIA oFe ZHEZ, o FHERl, d8al Z2AohY Y
B2E rthal HAFch

230} 7134 Be) 2AHEY Lol 323
ELAEA 4 &8 7HsdE B7kstz] s, ol
A 9 AE oo e HesiekE g &
|5TA %43}‘”‘@ fErE HE(0%, 50%, 70%,
9% e FEE] F EdHs FF2 10% TS =
§0] 17170 mg GAEgO.2 71 7 LFERE O Pl (p=0.05).
% ZetRolE 3F B3 70% D 50% ofEhS FEE o)A
Z+7F 80.19 mg QAFE/g¥} 77.20 mg QAE/gC. & R-9|Z 0 & =
QFt}H(p<0.05). a-Glucosidase 2! a-amylase A3l &4 HA] 70%

e

S

=
3

ol I 1o
ot rfz
o N 0

ox, M

to by i

jud)

oNere FE A 7P 53k ek, ol wsst
e R Fehaicol= wgRe) /g gol o] Y % 4
4 Sl wieh 2ep] o S, ot As
£ A% 99 ARy 209 G869 252 9 4

ofergnct 24 o £ St AU AZA

WS}eHE T Ak B41] AP 2 70% of
B Z2FEFE-E 0]85}9] hexane, chloroform, ethyl acetate,
butanol Y water <02 A5 B3 £t 23} & 25|
= TS ethyl acetate@} butanol E&]E0f| A Z+Z}F 29539 mg
GAE/gi} 28511 mg GAEgOZ 714 w7 Ueton
(p<0.05), = ETR o|= $F ES ethyl acetate F-2-E0|
164.25 mg QAE/g, butanol 8E0] 130.49 mg QAE/gC.& =

A =g 18y g &4 H71 23}, a-amylase A
3] /-2 butanol EZENA 7P =UTHp<0.05). o= F
HE % STHEro|E9] dgo] 7MY w2 83 Y &
go] 71 95k E8o] RIEA] YX|5HA| ?38 2 oJH|shH,
g AL sl 8 TR 2 Y &4 39
£9 724 E4, 84 2% otx 4 SPEef E2 AH
8210 o5l F-e-HZ AARITE 53] butanol 2l E0= &
2 Adol © m3Ee 134 Eeluls, £2ne 9 o)
vl o] L2 Aohdlo] Ao FHHAE 7RsAol
Ue AoE wWoETh

A2 07 FFoM FAIE HAHS =&
IS &9l P SHZ Ad B4 A=
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2 selstgict. & AT Ak Faohyl 25
TR RS AT FAG, FF 4R R
B R invivo $29) 7154 FL % 7% AR B
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Evaluation of the Nutritional Contribution of Snacks in Korean Adults
- Data from Korea National Health and Nutrition Examination Survey 2023 -

+
Gyusang Han
Formerly at: Professor, Dept. of Food & Nutrition, Honam University, Gwangju 62399, Korea

Abstract

This study investigated the role of snack consumption in daily nutrient intake among Korean adults. Data from The Korea National
Health and Nutrition Examination Survey (KNHANES) 2023 were analyzed, involving 4,918 adults, consuming 2,118 men (43.1%)
and 2,800 women (56.9%). The analysis assessed daily energy intake from snacks and its percentage of total energy, categorized
by sex, age, income, and BMI, using multiple regression to explore associations. On average, 18.8% of daily energy intake, with
men at 17.3% and women at 20.7%. Women had higher energy contributions for major nutrients. Snack energy contributions were
significantly influenced by sex and age, but not by income or BMIL. Young adults (ages 19—29) had the highest contribution at
21.1%, while adults aged 50 —64 had the lowest at 17.5%. Time-of-day analysis revealed that 22.7% of snack energy was consumed
in the evening (18:00—20:59) and 22.6% at night (21:00 onward). The most commonly consumed snacks were coffee (23.8%) and
fruit (20.3%). These findings emphasize that snacks are a significant source of energy and nutrients, highlighting the need for sex-
and age-specific nutritional interventions that consider snack type, timing, and quality.

Key words: adults, snacks, nutrient contribution, KNHANES

N E W2 4 glow], ol Awzo] ukeh chA ek 4 9ick
£5] 10919] 714] A AR 4] BEHE AFL 9o

AT 448 Bl WakstEA 94 U /ABAE Avle] U Ao R REsl] 4 Ui AN JYs RS
Z7h AL AZES] BHAN, PRA L SHNF 01§ B HYSIE gL Shul, ANHEQl 9% HHS) HUNS Ty
o 5o Q) 4 HA A WL FoAo] we) ZA A7l o] Jlofsie 02 BuET YEkCho 5 2017). T

WStSEIL QIek(Han GS 2017 Jung 5 2024). ol 3t Wajel  ehA 419 7h4] HHE wolsl A ANEE el A4
wol 1% Al 7] A4 glo] HHGH: H4emacke] A olUA B FYh HA FHE olgfek o] Aol FaT
Bl 4H Y 7k Qlom, 7S Bad BuE 240t 8 4 Uk

2 shasks HAH qFe] IHA R, F oNIA HA W, 4] A WSk B oA HAHY, Anel 4
o 39 JPh Bl 94 R Gl A4 74 a8 AT 2 At e el 9 A0 Husly e 3

2 Q1A It Myhre 5 2015; Song 5 2022; Heitman 5 T3 27FEAE 24082 7S HFT 4L &
2023). 4419 7HA] A Fl= olvA| 2 94 AFol FF= I AFH 2 ol 2 A S0 dEdE 5
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(Nicklas -5 2014; Shim 5- 2022; Shim JS 2022; Kim 5 2023a;
Shim G- 2023). ¥H=F A3R19] A A4 sfed oA 7HA]o] Z}A]
Sh o x| 417 80| Ztela glow, 27hgAlEe) H]
% E3 Z7loks 2AE Ho|% QThKim 5 2023b; Jung
T 2024). A 02 AHEE AES A - AR, 3R 7t
BAE, S2F 5 oUA WEsh 3 9 WAt e 4
Fol 2FE= B97E Boh, T I AF S7Het vt 91"
S719] gRlo g AHHI It (Sung 5 2021; Yu & Chung
2024). oo} o] 7+ HFf= oUA EEolgts 384
A3t G AAke] A Aslek AuA B HHE SLT
A5 BE B AT ol 7h4l0] Qorstal Faol A3
SaRe) B4, Al ol et e ek & U8e
ARE

Zrale v o ofl, A4l A AT A4 oo 43
P 243 gRE guigich Tt Aol ket 2]
Aok e 149 4 qlof 7o) Alge] HAE e
griela sfAsk= o Askdo] AtiJohnson & Anderson
2010). $-ejuket gQlo] HHsha G 7H4S BA Fa
A A L(Shim JS 2022; Shim 5 2022; Kim 5 2023a; Kim
S 2023b; Shim 5 2023)= 7HS 7H5 A Zof w2t &575t
27134% B9 A7t 75 ol=3 9ol, et
lo] HFSH: RE 247 SRS o2 BRsl] B
ot A= Ao AgHH ot o]d] E AFtofA=
203 FUALFYEA A2E BE3}ol, Hlow Be
d RE 243 SRS FH08 SR 49lo] sk
AL F YA F 1HAo] ApA|sh= vl&d HF IS &
Hopaa) shlt. 2 7 AT @2 49lo] 4t 3]
= 24499] Q9 71olm et 3] AEE olsfshe o VxAw
£ AT #9t oy}, AR A A3 2 I B4
A
T

Ue g oA Aaw 889 5 S Ao st

)

X oox 8o
o

i

0|

SITLHE W

It

1. 2MRIE Y A

B g3 297 dFFAKKorea National Health and
Nutrition Examination Survey 2023, KNHANES) A|97] 22}
T AAIREE o]&5te] £4E s A+ A=
A7AZZAR) YFRA B Zholet 7 194]] o] 4 A<l
5,78170]3it}. o] F stF F AF AHAI7F 500 keal m]RF

L 5,000 keal ZT}8H(Shim S 2021, Jung S 2024) 847}

BMI(body mass index) ¥ A% g7} A22Eo] A5 & &8
o 5 Qle 11072 AQsHoinh E3F JAHRS} S RR= A
24 Aeof w2 AAF 2 ARkl 744 HH FAdol Lnt
4919] 744 HHLH Jolgt 2 glonw, Adt Hol9] 7H
4 43 AR FAIA T 2 Q7] B0l gzt
329} 2932 2682 ALt HEHOR B4 W 4
HohA e 49l 6B A 4918 2118,
o 2,800 4 thFo R AESILt. FNABAAE
Ay 7h4)snack) 2 o}, 84, A olale] Ajzke] 43
BE 243 922 oujg) ® AT 24 gaae] 4
Al ZHA AR P ZEH o= wkgstaal, A IF
FAF 24A7F S4gERA AR 7Y FE W4 (N_Meal) 5
o w ERE He AT FRE B4 Zsiith
AnA oz A At 4918780] HF T F 14,689719] =
Al Am B4 &8sttt 2 Aol 8 2023d %
FUAFFERAL Ames APAEE AF&4d9d
3]9] 491(IRB approval number 2022-11-16-R-A)S o} =34
soict

A oA dutd 42 o] et HEske] A,
T, ISeE, BML 9 H[TE o 1S F4o82 &

2 2025 2=l JLAF 7= Ministry of
Health and Welfare & The Korean Nutrition Society 20252 &+
21510 19~294], 30~49A)|, 50~644, 65~74A], 754] o]Aro 2
HESRle 7t As a2 AT ITRANA A
2t 7120 et AFRSISE BERohleH, 4, 54, S5t ot
o vl Jdo g FESIU WSS ‘15t £ o]
5o}t ‘& o]y F WER FESHEH H|TE ofF= AE
FAFBMI, kgm)S 71E02 Folahitt. 20239 =71
BRFZANAE BMIZ AAF(<185 kg/m’), FAH(18.5~
<23 kg/m?), HITE A ©A(23~<25 kg/m?), 19A4] HTH25~<30
kg/m?), 26+A] H]9H(30~<35 kg/m?), 3TA] H]TH(>35 kg/m?) S
ZF AR 2L ot 2 dATolAE BAEY 284
I A3t fA Y goldE st EFAAE A8k
t}. olof| wet AAF, A4, HlvE A ©A, 123l BMI 25
kg/m® o4} gk Yo g Etoto] F a7fo] HEZ A&

Fote] BaL +Pstoct
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2) & 5 X = ZH| oLXIS] VI0i=

2 ol date] 1% % 447 olu Aol daiy
energy intake) & 7HAO &2 HF3E offR|(snack energy
intake)®] H|&-Z 7HA]9] oA 7]ojE&(daily energy from
snacke) eIHck. 8% & A AUALE AT SR
ARE &3l AR old A (keal)?] 02 A4tSATHES:
NE_EN). 744] oUA|E B 24 AR0IA] A4} Fio]
ZHA(HASTE: N Mealy 0 &2 BFH 4 9 F89 ofjyA]
AR TSI AT 4 oA 7)ot g e
s 704 o7 HHFE 5% F oA Ao U
T 1002 Folo] HRL (02 AHEeIGOH, ol Jelo] o)
2 ouA 43 % o] At vlgS Sjulsie

3) elTsty E40| ZH OIHX| 710i=0] O|xl= HEt

A, A9, 71745, 8%, ALAGT 14 43
&) H|A= FFEE 245 sl 1HA ol|A] 7o&S
Zosw, 7ok 549 4, 4, 1TAS 48, 1
|E, BMIE 53HSE A5t 53] AHE4] (multiple
linear regression analysis)& Y5}t 7|& S (reference)
= A B4 FolA AEE FA, AR (19-294,
NBAE FEE B, BRSEE TE olsh, Hlg H=e
A AASE R AAstlen, ol 7€l E tE J
eate] Ajd Ajolg Bt

4) ZHA|9| glal Heka J|0iE

felol Sh A Jora HHFNA 24 27t AR5
L gy vEe W] A9 6% & 9%e 4AY 2
o ziE AT Ggacl 7]oee AEsteT £
A B oflvI R (energy), T (protein), A| 7 (fat), 4]
Hi(saturated fat), S| AE]|E(cholesterol), T3+ carbohydrate),
Aol b, FiHsugn), HEBMNOISIT 51 F o
QRS A0 NEAE Be) BE 7 G 4
F= dabote] AEsh: H g4 AHFe st =
A ARolA] A4} a0l 7H 02 BRE 24 U 3R]
w3 Qs 4R TS0l At ol % 714)
bz 710182 7H] Foth NHFL 1% & YL 43
o2 Yg 7 1008 F5to] HE&(%)= AESIAH. 2
PP 7104 L W] 7 714 AR RE ] et Tl
A Aolg W - BASTA Aol el TR0 A
QAL F AA Hat 7| A AASHAT

N,

Ot ot of

5) AIZHHE ZHA OlIL4X] V]0i=

S & AUA] AFF S 1H40] AR5k Hle= AR
HE EASIRIT 7HA] A= 24A17F SdFRANA] Hal
H AF A 71202 o} (breakfast):S 06:00~08:59, 2
(morning)2  09:00~11:59, A A](lunchy2 12:00~14:59, 2%
(afternoon)= 15:00~17:59, *]4(dinner)S 18:00~20:59, OFA]
2 A (night)Z 21:00~05:590 & &SI o] &3l &
Y 2t At gl st 5 14 AF7F B ARl of=
e JASHE=A A4 vEs B7FstaAt sl

[¢)

6) CHIE M3 2Hlo| BF
ARRWAATL AT & 14689719 7H4] EFE A7) W

£ Bt 7149 94 9 g7

1o
A
i
rr
Al
g,
Y
oyl
of

AEES U &, A7 AR AEFCE RS
=21 7ot BlE(%)E AASHIH AF9] 5= AR
(coffee), TLF(fruits), =F-F(non-alcoholic beverages), T}A;
2 (snack foods), -F-A|%-F(dairy products), B"F(bread products),
A3} (nuts), 7HHA](ready-to-eat foods), I1F0} - TR} - <
Z>(sweet potato, potato, and corns), 5=F(alcoholic beverages), &
H(rice cakes), o}o]AA Y - }I}F(ice cream and frozen
desserts), F2AlTH - T-2AlT(eggs and egg dishes), 7]E}(other
food)9] AERO R ERIAT. ol R FNALY
Y Z Al (Korea Disease Control and Prevention Agency 2023)0]| 4]
AFSHL Qe AlE 57 71T AP A-H(Cho 5 2017; Shim
S 2021; Jung 5 20245 LSkl oW, ERE U AlF 4H
FHE wtgste] AFA7E At 54T ARA a8 E v
o8 AEFote] Ao -85kt

2 my

3. SHEA

Az B49] 712 2G-S Microsoft Excel 2016 T2 13H-&
olgstgioH, EAERAHLS R EAZZ 1R version 452, R
Foundation for Statistical Computing, Vienna, Austria)& ©]-8-5}
of =35I}t B4 340 2 += RStudio(version 2025.09.2
+418 Posit Software, USAYS &-85t3th ALY YRA
= B3R EA A (complex sampling design)S Z|-&5}0] 43
AR, 7 A5 237 U A4S tiEste] gyt
T =S SOPH(KSTRATA) e H(PSUYE 1L
ShAh 7Fs A (wh)s GRIARY 9 FdA A AE £4
A AR HAL YF AT AL TS A (vt to)E

o pin

2 W



A g3}9.
YukA}R}; BAL W AHEA (Chi-square testyS S-8f 715
B (weighed %02 AT §O192 BoISIGIT
of w2 ZH LS, 7HY A T ok 3, 1
Il AIZFE 7HA] o U A] 7]ol&-2 7]&-5 A4 (descriptive
analysisyS ©]-8-510] HaH(mean)¥} HEFQ X(standard error)S
ARESHTE 594 AL rtestRA], YPEAHEA (one-way
ANOVA)Z 35t} 714 o x| 7]ojgof 4E, A4,
NTLE, BESE, BT JFE B 9190 5l
HEA] (multiple linear regression analysis)2 A A5}t =
A%ot 714] olulA] Jlele k9] BRAS SAANE
95% A1Z|7H095% confidence interval, C)O. & A A5} Tt
HE SAA 94 AA2 p<0.05 oA 53

20 o s

1. UL

ARt AgEo] w2 UREARES Table 10 oFa}
At F 49189 thAAF 5 HA3L 2,118 (43.1%), o432
2,800 (56.9%)0] AT AF EXL 19294 14.7%, 30~494]
34.5%, 50~64A] 29.0%, 65~74A] 14.2%, 754] ©1AF 7.6%= 1}
BTt WA, oA TE 192947} 242 36.5%, 32.6%E 7}
2 we Bxs "ol

THEAE $EfAE FAo] B 11.7%, ‘53 20.1%, %
AP 32.0%, ‘AP 36.1%%1L, 0L 8P 16.9%, “E3) 24.3%,
FAP 28.7%, A 302%=, 0jAJo] ATH O o AT I
2 BATE<0.001). AA RFAlA SF 14.3%, FoF
22.2%, ‘AP 304%, AP 33.1%=& UFERGTE

DG4F0] U2 AT s o wet o129l 3}
ol EHTHp<0.0001). ‘153t & olspE HA ] 52.9%
9om, Aol 492%, oJAdo] 56.5%= oJAoA] =L HlES
Hch HrA st oAl o] B9 HA| Bt 47.1%3.0H, FHA
o] 50.8%, o4 43.5%= HAolA =2 HlE&S HYrh

ADFAFBMDO] T2 HiE ERE= $4S HAF
2.4%, A4} 28.1%, B]9F A A 26.2%, BTt 43.3%T, o4
2 AAF 64%, A 44.5%, vHTE A DA 19.5%, BT
29.6%= UERL, o442 AAF 2 A4 IFe] AdEHoR
=7 H|4l H]-8-L2 WokH(p<0.0001). B HA Q] W H|vh
T= AAF 44%, B4 36.4%, BT A oA 22.8%, H|9E
36.4%2 YeRGTh A4 AR B BMIE= 24.1 kg/m’o]

Table 1. General characteristics of subjects”

Characteristics 7Total %) }/Iale Fj:male p-value
(n=4,918? (1=2,118) (n=2,800)
Age
19~29 14.7(0.8)Y  14.7(1.0) 14.8(0.9)
30~49 345(1.2)  36.5(1.5) 32.6(1.3)
<0.05
50~64 29.0(0.9) 28.1(1.1) 29.8(1.0)
65~74 142(0.6)  13.10.7)  15.3(0.8)
=75 7.6(0.5)  7.6(0.6)  7.5(0.6)
Household income
Low 143(0.8)  11.7(1.0) 16.9(1.0)
Middle low 222(0.9)  20.1(1.1) 243(1.0) <0.001
Middle high 304(1.2)  32.0(1.5) 28.7(1.1)
High 33.1(1.5)  36.1(1.7)  30.2(1.6)
Education
<High school ~ 52.9(1.5) 49.2(1.7) 56.5(1.5) <0.0001
>College 47.1(1.5)  50.8(1.7) 43.5(1.5)
Obesity”
Under weight 44(03)  24(04)  6.4(0.6)
Normal 36.4(0.8) 28.1(1.2) 44.5(12) <0.0001
Pre-obesity 22.8(0.7)  262(1.2) 19.5(0.8)
Obesity 36.4(0.8)  43.3(1.3)  29.6(1.1)
BMi(kg/m?)” 24.1+0.19  24.8+0.1 23.3x0.1 <0.001

D All data were analyzed using the complex samples module.

? Unweighted sample number.

) Weighted % (S.E.).

9 Under weight: <18.5 kg/m?’, Normal: 18.5~<23 kg/m?’, Pre-obesity:
23~<25 kg/m’, Obesity: >25 kg/m’.

% Body mass index.

9 MeantSE.

7V gon, o4 dAET &5 $Fo] WAL B|v HlE
o
=

Upebgiet.
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2. 29| OfL4x| 7|0i
B, A, FPAS $7, LESE, HHEd] G2 5%

S A7 ouA, 2H4 A3 |, 1149 ofl|A] 7lodEe
Table 20 A|ABHTH o] TE 5HF & WA HHF2

Table 2. Percentage of daily energy intake from snacks”

YG 71o1= F7h 23

34 2,146.6 keal/day, o34 1,605.7 keal/day@o.m, 7HA] 0 &
A3t oY A= G4 371.5 keal/day, 94 331.6 kcal/day=
7HA o|A] 7]ofe2 |, of 247 17.3%, 20.7% H et A
A thAFRS] 7HA] o[ A] 7] o]E(total % of daily energy from

Male Female
(n=2,118)" (n=2,800) Total
.. % of daily p-
Characteristics  Total daily Snack % of daily Total daily Snack % of daily energy  value?
energy intake energy intake energy from value?  Snerey intake energy intake energy from value? from snacks
(kcal/day) (kcal/day) snacks (kcal/day) (kcal/day) snacks
Total 2,146.6£19.3Y  371.5£10.1  17.3x0.4 1,605.7£14.0  331.6+7.0 20.7+0.3 18.8+0.4
Age
19~29 2,262.1+63.8  426.0+32.6  18.5%1.1 1,782.9+473  429.4+30.1  23.6%1.3 21.1x0.9
30~49 2,239.8+35.5  389.6+17.5  17.0+0.7 1,644.9+22.1 329.4+11.1  19.640.5 18.3+0.4
50~64 2,130.9+433.5 34744158 157406  0.145  1,589.6£21.7  315.449.7 19.040.5 <0.05 17.540.4 <0.05
65~74 1,997.7431.2  340.1+143  16.8+0.6 1,510.2424.0  309.0+11.9  19.7£0.6 18.4+0.4
=75 1,792.2+45.4 32244227  17.9+1.1 1,346.6£31.0  260.0+13.1  19.1£0.9 18.5+0.8
Household income
Low 1,907.7444.0  355.9+26.1  17.8+1.0 1,494.5£30.9 301.0+142  19.7+£0.8 18.9+0.6
Middle low 2,047.8+41.9 367.718.9  17.7£0.8 1,560.5£26.1  328.9+12.2  20.140.5 19.0+£0.5
0.222 0.910 0.411
Middle high 2,205.0£32.1  360.3+17.5  15.9+0.6 1,620.3£25.9  337.7+13.4  20.3£0.6 18.0+0.5
High 2,227.6+£33.8  388.6+17.8  17.0+0.7 1,690.3£22.9  3452+13.6  19.8£0.7 18.3+0.4
Education
<High school 2,110.7427.6  379.0+13.9  17.6£0.5 1,542.8+18.0  324.9+9.2 20.2+0.4 19.0+0.4
0.521 0.211 0.617
>College 2,186.1x26.4  366.7+13.9  16.340.5 1,693.3+18.8 343.9+11.6  19.840.5 18.0+£0.4
Obesity?
Under weight 1,955.3+122.1 397.5+97.9  18.5£3.2 1,606.8+50.8  331.6+29.6  19.6+1.4 19.3£1.3
Normal 2,107.8+38.7 377.7+21.6  17.540.8 1,631.0421.8  352.1+11.0  21.0£0.5 19.7+0.4
0.772 0.068 <0.01
Pre-obesity  2,079.9+37.4  355.7x17.5  16.6+0.6 1,574.3+26.1  306.1+12.7  19.0+0.7 17.6+0.4
Obesity 2,222.7£30.6  375.6+15.5  16.6+0.6 1,588.1+24.0 317.7+12.3  19.3+0.6 17.7+0.4

D All data were analyzed using the complex samples module.
? Unweighted sample number.
) MeantS.E.

9 Analysis of variance (ANOVA) for % of daily energy from snacks.
> Analysis of variance (ANOVA) for total % of daily energy from snacks.
% Under weight: <18.5 kg/m’®, Normal: 18.5~<23 kg/m’, Pre-obesity: 23~<25 kg/m* Obesity: >25 kg/n’.
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snacksy2 18.8%%A Tt

g Rl iAo R 1998 K E 2018A71A| 9 7H4] A
3 HES AT A, AA oflvA] AFoA 7H4lo] ZHA|
she B1go) oF 140%olA] 190%2 F7ohs 4TS Bo
(ung 5 2024), & A7) Ao} JuE AL vhech
ol | T A1 A LA 7H49] AT H|Fo] A
A S E AL USS AlAFSHH, THA A F7F AA] AAR]
FA A3 ofiA] #Fol 9T v 5 A2 riRith

s 2 FE GRS e R oF AT A9 7H4 o] HA|
U R] Aol A F 13.0-23.0%2 Aok AR KBl 5}

31 Ak (Myhre 5 2015; Hassen 5 2018; Heitman 5 2023). o}
Alo} ¢ (Murakami 5 2020; Huang 5 2022; Song 5 2022)
Ao A 74 AFF] AolE Holile o, 7HAo]
A A" QUolA HA oA E dFAE FE5tH A
o 749 583 84= 283 $ 92 AASkL k.

APH BAoA, FA 19-2949| A4 2,262.1 kcal/day =
426.0 keal/dayS 7210 & A Z|5}a] 18.5%2] 7|08 Hol
I, AA| Bt 18.8%2} FARRE 71oj&2 E S0, 30~494
17.0%, 50~64A] 15.7%, 65~744] 16.8%, 754 ©AF 17.9%= L}
ERdt) o A9 AL 19~29A4] 23.6%, 30~49A] 19.6%, 50~64
Al 19.0%, 65~744] 19.7%, 754 ©]AF 19.1%= UER} oAl
HE AgdiolA AA| B(188%)ETH &2 7|oeS H
ok 53] o449 #2 AFSoNA 714 oy 7]ofEo] 4
Ao s EA YeERTHp<0.05).

AR1E R 3t AF AFoA T 42 AJQlofA
otA] Bl&o] S7FetRoH, 53] oS EAdH ‘:’r 2k
F =} 7 0 2 HE 9| ofjyfR] 7|7t £ AFE
FH(Myhre 5 2015; Heitman 5 2023, Jung 5 20
£492 ool 5% ouix] 43 FROIA 7H4
2 203 9L T P AN

NFLE SEEE, HA9) ] oA 7loige o
17.8%, &3} 17.7%, “FA 15.9%, ‘A 17.0%% 5-2J5t X}o]
= TEEHA LAtk G2 Sl 19.7%, ‘T3P 20.1%, ‘T4
20.3%, ‘4 19.8%% YEFF oY 52149l xfol= QAT &
Y AA diFAe] 7H4 AU A] 7]oEE &5 ) Fist
Al 18.0~19.0% 9o EZsH3ATH

WY U 71 7]ol8S BHT 23}, P49 7
T80 T2 G21F9l Hol7k GERA] GSkAR, TS
olstolA ZH4 oA M3 UL 176% ot
OVl AL 163%3T} AHINE T80l ThE BAH

S~
o & Hr o

Mo 1

_IN_‘E

24), ©]
1o] i

O]—_ﬁf_ ‘—,—;5"

FoJRt AolE HolA] etARt, uEetw &Y olshe
20.2%, ek o] 19.8%2] 74 oflvA] AH Hles HA
O AZ

oh AA A Aol wSsgEo] wE 7H] oA
A3 Hl&olA fF2FQ1 Aol HolA| gttt

H|THEH B4 oA, F/d9] 7H] oY A] 7]o&2 AAlF
18.5%, A} 17.5%, v A T4 16.6%, BTt 16.6%2 LHEr
gon, 82 AAF 19.6%, A 21.0%, HT A oA
19.0%, H|9F 19.3%2 YetEHth H 25 vz o 7k
Al oqA] 7]oj&o] {3t Afo]E Ho|A] dgkont, Hid
A AFe] 744 o A] 7ol g e AAF 193%, A
19.7%, B9t A A 17.6%, H]5E 17.7%2 5-9]2Q] x}o]&
H Ah(p<0.01).

W82 QoFstH, 5tF & AF AYAl F 7+2]0] AR5t
= olvA Hl&o] HA}F F7letaL gloH, Efﬂ FETG=
o oAl 7HA] A3 Hl&o] A YEreH, F2 A™
HITE7E 22 oo A Ao &2 7ol &S Bt
g2 Ao g A, 7HHAS, vtz ©E 7]og
Aol 7t A yrERsH

2+ OfILX] 7]0420]| DIXl= HEk 29l

3. 24
A, A ATES FF, BESE AES 5

4 ¥
2, 7H] | 79E&S SEHTE ot JIFEATE &
/go] 7H4] oA 71odgof v|X= TS I ARAS
Zoto] H7FotFth(Table 3). EAA= “FAd(male), AT

22 19204, TFEAE TEOA L SHLow), 2230
Me A5 £ olsh HRtE=oAE A ASw(under
weight)& 7|5 1&(reference) 0.2 2513t

Ao mhE B4 23, o4 FAEY 714 olvA] 719
&0] °F 2.84% A YERY, o149 5§ F ou A AF A
ZHAo] AAshe Hlgo] BT AR o2 &
QU}. Aol w2 BAjo] Aol 19-208] 7|27} v @}
o] 30494 —2.615%, 50~64A4] —3.573%, 65~74A] —2.911%,
75A4] o] T1F —2.804%= 7HA] o|A] 7]ojgo] W A
= quz 3)\9\1;} olg thq}xq og ;G_g /Ho]oﬂ/q 7}/5]0]
ARSI vFo] Ak AL RoIET. B, PAS 4
Fo 7122 B 157 HESEL W, B 254E 1
Soll 4 4] otix] 7]oi&o] fofat Aol Kol sk,
R84 EF et ol4be] TgolA THAlozRE ] oy
A AELo] 115% % 29E BAXE, S9F9l Fo]
£ HolAl= ottt HIT=BMD) HA] AHSES 7IE2R
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Table 3. Multiple regression analysis of snack energy intake ratio"
Variable Estimate(3)? SE 95% CI p-value
(Intercept) 19.655 1.883 15.936, 23.374 <0.001
Sex
Male Reference
Female 2.837 0.480 1.879, 3.785 <0.001
Age
19~29 Reference
30~49 —2.615 0.975 —4.454, —0.688 <0.05
50~64 —3.573 1.003 —5.554, —1.592 <0.001
65~74 —20911 1.007 —-4.901, —0.921 <0.05
>75 —2.804 1.324 —5.421, —0.188 <0.05
Household income
Low Reference
Middle low 0.128 0.757 —1.367, 1.623 0.866
Middle high —0.828 0.873 —2.552, 0.896 0.344
High —0.430 0.833 —2.075, 1.215 0.606
Education
<High school Reference
>College —1.147 0.069 —2.469, 0.176 0.089
Obesity”
Under weight Reference
Normal 1.051 1.296 —1.510, 3.611 0.419
Pre-obesity —0.198 1.330 —2.826, 2.430 0.882
Obesity —0.082 1.323 —2.697, 2.532 0.950
D All data were analyzed using the complex samples module.
2 B: regression coefficient, SE: standard error, CI: 95% confidence interval.
3 Under weight: <18.5 kg/m’, Normal: 18.5~<23 kg/m’, Pre-obesity: 23~<25 kg/m’, Obesity: >25 kg/m’.
A, vt A ©A, vt A B {-oJRt Aol S HE] 27FAFE A os AR 3 A AFH(Shim 5 2021)
A Skatch. Tl 1% ol AFOA B0 AR5 9| A9 ASAA ATk ZAEAE 4] Afolo] Aol

_‘EH]O,Q_Z /K—]%jq_ ﬂ%} 01‘63;9_ l:ﬂ—otq O:]/\‘]_Tq‘ ZJ_Q_oq
FEolq Ao Lo Zow ekt v, 25 %
Z3 18 53, HgHEE 1M oA 7]olgw} Aol

Qithy B s, E3] YA, EAARA d ASSET} 18

AN = oA 7
IO HESFE 2T

STk

FAE 02 HE 9| o|A] 7]oj&0] &
= A=z L.o}ﬂ Qlt}h. Kim 5(20232)9] ALoAE A

O Az

5 5 ol Ate) ok WAk 271
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E g7 Ago] 9L v 5 Yee Busky Uk
83k Aol Agh 24 43 7108l %
= A=

_]
o
ol ES’&I’_, 7P—TL£\_:.~’F T i’_%fr\-ir, H]”PEoﬂ/ﬂli <

4& wojzm gtk ol
o) Aolol . Askekn
] oo A% dga el

o]g
At AR A et AT ASHOE ol
|3 Q= wh 7kl ZAJF A Al BB 7173}t 27)4

Ql A7 % FOo= AlmHch
4. HAA Jl0j2
St ZHA AF7F G4 Aol 71ofste A=E 45t
3L, 71 AFE Table 400 A48k

Table 20141 A A Bhoh o), d9) 5 & oA 4

2 2,146.6 keal 2 0143(1,605.7 kea) .t} 01514 =9F
O H(p<0.001), 7H41& B35t oA AHZF A 43715
keal)o] o1/J(331.6 keah) Xt} =3 TH(p<0.001). 12} 5FF &
oo Al 7ol A5k HIE, & ZHA] 7]o1&(% of
daily energy from snacks) 05]“(20.7%)0] F4(17.3%)E Tk
oI5l &I (p<0.001), FF(age)S THFOZ HATH
Fox= FYI HF= E‘i‘i‘:‘r(adjusted p<0.001). 5% F ]
YA 43 & HFHO = 18.8%71 7HAloA 71918t

il AT FA B(81.9 g)ol 9144605 9Tt 2
SHA| =% (p<0.001), THA O ZRE LI dHAE
3(9.0 g)°o] o14(7.9 gE T =3k ThH(p<0.001). 121} 7F2]o]
AR s Tl B8 o4(13.1%)0] E(11.0%)E ) &
«loﬁﬂ =R (p<0.001), FHFHAH, N9A HHPHEH
SO FA3H AFHE E A H(adjusted p<0.001).

Ak 9 w3 A HF A o] ol JETt Fof5HA
HROUHE T p<0.001), THA]& B3t At AR A3
F2 g Zol7t fo5kA] it ®HH 2RAo] AR oh=
9 ZSRR Y H]E-2 o oA 2 20.2%, 26.9%, /3
ol A1 16.7%, 22.4%% Holm ofdo] F/Jurt FolotA =5k

2

Table 4. Contribution of snack foods to daily nutrient intake"

Total daily intake Snack intake % of dally intake from Y Z?tzgﬂ

Nutrient p-value p-value snacks p-value iniake fror}rll
Male? Female Male Female Male Female snacks
Energy (kcal) 2,146.6+19.37 1,605.7+14.0 <0.001 371.5+10.1 331.6+7.0 <0.001 17.34#0.5Y 20.7+0.3 <0.001  18.8+0.4
Protein (g) 81.9+1.0 60.5+0.6  <0.001  9.0+0.3 7.940.3 <0.001 11.0£04 13.140.4 <0.001 11.9+0.3
Fat (g) 58.4+0.9 448+0.7  <0.001 9.7+0.3 9.1403  0.127 16.740.6 20.240.5 <0.001 18.3+0.4
Saturated fat (g)  18.4+0.3 14.440.3 <0.001 4.140.1 3940.1 0201 224407 26.9+0.7 <0.001 24.440.5
Cholesterol (mg)  299.5+6.1 2343+4.0  <0.001 29.4+1.7 272414 0302 9.8+0.5 11.6£0.5 <0.001 10.6+£0.4
Carbohydrate (g) 294.1£2.9 231.442.0  <0.001 56.3+1.5 53.5¢1.0 0.124 19.1+04 23.1+04 <0.001 20.9+0.3
Fiber (g) 27.0£0.3 22.840.3 <0.001  4.4+0.1 49+40.1 <0.01 162405 21.740.5 <0.001 18.740.4
Sugar (g) 61.9+1.0 57240.8  <0.001 28.7+0.8 28.0+0.6 0451 46.4+0.9 49.0£0.7 <0.001 47.6£0.6
Na (mg) 3,852.3+47.3  2,706.3+31.1 <0.001 258.4+13.8 197.548.3 <0.001 6.7404 73403  0.057 7.0£0.2

D All data were analyzed using the complex samples module.
? Unweighted sample number, Male n=2,118, Female n=2,800.
3 g, MeantS.E.
9 9, MeantS.E.
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O H(EF p<0.001), B4 Fo= FoJFQl Zfol& %‘;E}
ZY2HEY B9 F AHF2 G0 FYsHA =%
L(p<0.001), 7HA] 0 2 RE| Q] HH 2 AJE Zfo|7} u&it}
(p=0.302). 2t 7H2] 70382 oA (11.6%)0] 'E4(9.8%)

Hrty =910, ol BA oz FAFCR [ttt
(adjusted p<0.05).

SeokE HFHFS dAo] R T fostA w3teH
(p<0.001), ZF2] AdFFol A= Aol7t Yo, 7+ 71o&
< 91/3(23.1%)°] /3 (19.1%)E T} -F-2J5HA] = UTH(p<0.001).

Alo] 7ol B¢ F AAFHHL FAdo] T Bk p<0.001),
A0 2RE 9 HFFT 7]ode&E oAdo] B EUtHAZ
p<0 01, p<0.001).

79 A9 AFFZ Aol 8 g3kou(p<0.001), 7t
4] ﬁH%OML o] W2 Aol7t Y191, THAlo] B A
3 FRONA AABHE HE2 14(49.0%)°0] H/3(46.4%) K
o Y5t E=UTHp<0.001).

UEE AT ST 1M A3F BFolA dido] o
ARTE 8954 =9k U (p<0.001), 7H] 7]ol&-S Ao

£ o]zl glglon, Hdog YEF 439 oF 7.0%7}
ZHAo A 7]1R18H AT

2 Aol = Tt 01“ H5 olF F oA 2 @

& AFolA 7H2lo] YA K& 7]ofekE gelstlon, 5
OFA
1A 0

O
and

di

oqxéoﬂ/\—] d—uﬂ;ﬂ Z]l:ﬂ— I‘J—E A]o]k]o = 2_9_
7H4] 7]0]go] AtiH o A thehgeh. Tet 7
REo] okt 7|0l F A% o] Tt S5 o
Qom, dFstdon a7 BA} He sxo2 BER
= oot

S, A9 AL B IS Ao 7H]

é
lm_>~_

7

tlo

o

o
=}

18.4 139

n
S

1=}

6.3 6.0

Mean % of Snack Energy

Breakfast Morning Lunch
(06:00-08:59)  (09:00-11: 59) (12:00-14:59)

Fig. 1. Timewise snack energy intake by sex.

5.4 142
130 Male

o 79 o} 27

q EE35to] z7}g-A]& (ultra-processed foods, UPF) &
oz BA 6& A, UPF A7 S71d= 5 v 44
9 B, A A Ak, vigk 2 Ak 9F g
i =o] B ckShim JS 2022; Shim 5 2022; Kim 5
2023a; Kim - 2023b; Shim 5 2023). °o|&|¢t A+ES TF
R, U5 A0 2 A4 Blsk A 278450 4
A Z7eka lov] 1= QI3 & oA 43 Z7), %
e, 15 8 A, IR 99 A3 olo]d 4 e 2
N3t 2743480 A W HAY BVt F28S A Aot
Q71 SiTh. wetA B QI ATk} v v, 2 AT
FHE 714 7018 2ABAE 54 AT AHH A
7 98 szl s Aujom ergAoln, g 42l
uhEel 74 el vhdst et 7|24t 9 4 9

o]

» T

o o

5. AIZHHE ZH Of|L4X] 7|0i=

ZH] o |A] 71 gS AITER RS & Y, AT Y
AAH o2 EAste] Aakg AASHTHFig 1, Fig 2, Fig 3). 4
H BAo] 4] o} (06:00~08:59), QA (09:00~11:59), HA A7t
(12:00~14:59yc | A 7F4] 7]0o]&9] Zpoli=  Zpol7h fiSiTt.
8 A (dinner, 18:00~20:59) A|7+2] -9 o] 4(25.3%)°]
HA4204%) T} =2 744 HAHES B ow, ozt Y A
(night, 21:00~05:59) A|7Foll= W4(27.5%)°] o] 4(17.3%)H ch
E2 HEE 7H4S HdFst gith

AT BT AVoIAE obdT AolE B o
FZoA] 4] ouiA] AF Lol we AR HAom, A
3} oF Azfol AL BE dgTol Ha 550 14
A2eS Btk AY A7olE Aol B84 71

1 Sex

. Female

Afternoon Dinner Night
(15:00-17:59)

Time of Day

(18:00-20:59)  (21:00-05:59)
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431 18] FSLOU, o % A Akl 10-29/]
(40.4%) AFBONA 7 e 7hA] AF vleg Holul,
A 744 43 oA B Ak u kol 1+l o] 4
L A2HoR A7 74 oy
A 7)ol gL At deo] whet Hol7t gdglom, Fe A
Q1%, ol 9lofA] ok T A AzkeRel ZhA] A7 A
Ao £2e & 4 ATt ol At A, Ao
whe} A7k 714 o] Holt 9le-e AASHE A,
23 A7 704 GFo] W 7rAle] A WA WAR
of B4 A7o] it Waye AL At

AT AA] e AokE 1w & 7H4] 43 ofud
% obHol 6.1% QAOIAE 141%9] ATHE BT} 4]
ARl 187%= E7HeHe AR HAoH, oo
157% Tha a3t AY Tt ozt 9 AjEol AL 72t
2.7%9} 22.6%0) 7V B 710180] A Ho|m 7halo

2 AHEE A7 F2 AU, ok L A 45.3%)0]
oA I 98-S At

A

oj|3t A= Skt 19 7H] AdF7E A oftt
Ao FEE UASE F 5 Aok AP Aol M E of
7t d AY AlZhdoll 7H419] AFH7E A o2 =4 YR
T lom, o]gt i AAHE 571 BMI A5, TF 2
AEA oA 43 S71 12 MekEQl Ad A A5t}
HHE 5 J2S Hsk QIthHibi 5 2013; Thomas 5
2021; Hou 5 2025). wreba] A%t A58 34 L AF &
& oA 7HS HIESt Al 3 ATt gig 8
A< QAAlstar, 7hA] A" 3 AES #Esior & B8
gol A= Aojt

6. CiEl= &5 ZH4

2 AFolA AA A9 4 AH HE=E 24 23
(Table 5), 7H Eo] AF = 714 7H L2l #15(23.8%)
oF }A203%)= HeEbdH I thFor HIIESY S5

(10.6%), MAT(9.8%), FAIE(5.5%), WF(4.9%), I
(4.2%) +=0.2 BT 7} =9kt 7FHA(2.7%), ta} - A -
SEFRQRI%), GILEE FR21.T%), GF(1.7%), oFol&~=
4" dE E11115(1 6%), A2AT D 2 ARL2(1.1%)

> AHEo s g2 ez AHEAS 7 A2 A
Xﬂ«] 9.4%5 AA|SFAT.

44 A3 sidolA Ax et 3Hdo] 7HE &2 HIEE AHA
Ste Aoz U, 4 74 A=A ﬂﬂhr@r o]
F8 A4S ok Uss € A ol AT A
T duEchE Ao R, 4Rl 2= AF oA vig=E
=4 58 F A7 M w2 AFFE EAAHan G
2021), kRISOIAE 7HAo 7 ANE 7P wol HFshk=
7ol B v} 9ch(Han & Yang 2018). TS F) A%
N7t 58 Bdz AR, &, vy o8 HAuHT Qi
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Table S. Snack consumption frequency and proportion
by category”

Snacks category Frequency” %
Coffee 3,497 23.8

Fruits 2,983 203
Non-alcoholic beverages 1,555 10.6
Snack foods 1,434 9.8
Dairy products 815 5.5
Bread products 715 49
Nuts 619 42
Ready-to-eat foods 398 2.7
Sweet potato/potato/corn 396 2.7
Alcoholic beverages 255 1.7
Rice cakes (tteok) 251 1.7
Ice cream and frozen deserts 236 1.6
Eggs and egg dishes 156 1.1
Other foods 1,379 9.4

" Unweighted sample number.
D Total n=14,689 snacks, 4,918 subjects consumed snack foods.

(Bae = 2020).

ghEl, 2 AT AXHE ANt UFARE WA
ARFE BRI A2HE A A YR F4F
o ol F7 MBS F7H1Z 4 Uk 89002 8T
% olek. AN TAT LY HPATONAE AAHE A
7 vigk 8 it ZEZ] JFL 1AL 5 890 B

513l QTHKim 5 2014; Henn % 2023; Zhou 5 2025). T=th
U & Aolx= AT oz 38 TH 0 & HIISA &
5O H7t w2 Ao 8 UrEP*E]' Ag A+ 23E 2
FELE 0] AT 0 R AR Ut 3

Ak B9 SRS HAYol AHoE Be 2
B8 HolFT os(tan G 2021), ol FF HHE 2
A|Z & 9= goloz =8st & 9k

27}2AE 2407 AT BAE Shim JS(2022)9] AT
o w2 BRI F BRI 2ABAEY S0l
7} wj$- E=keH, E5] MR, JIAHE Ay gA, I}
4 OAERVL F8 7 TFYCE B} ojgt &

gellA ZH29) Y 71oi= F7h 29

T 2134% Yo SRt 7 7 43g 2

W BaE agles 444 P %10; AR,

H oAILo| 4 o ay}a} Aolo 2]

I Z5E -Hr@‘ o g 5tl7] wiell, A 9
Zo| 1t

rb‘

H
B i ot
u[o

A]
S 710& 4 AFoA] AF3t vRel go] 7Hxjoz
AFHEE A¥LaE ETHoEE Eolfo] TR ot
o} ol Mg 27HEAE FAHCE Aot Ay A+t
o] vkt AgRlo] 71y Qo] Aty e BE A
S5E o2 BRFsto] B4% Ao 71t AL 54
H 4 Utk B3 2 Ao A RS Vel E o
HE 3 S Ao, FF Aol AY, |
3 5 AEAA A a9lof w2 £4& strbd f-FvEr A9l
o] AH|StL Q& 7HAl9 A3t AH] HEHE A HrHe
S Ao HeteEch
ReF gl AHE
£ A7 20239 FUAZYERAL ARE o] &oto] g
= 19 7HA] HH A} 7H4]o] oFF oy A ¢ 8 o

Fa Al 715k AEE A stA} okt At
A= 194] o]4re] A9l % FAE AFRE & 4918 0= 5
At} o] F G2 2,118 2 43.1%, oJAL 2,8001 0.2
56.9%%3ct.

e ARlY skF F oA AHF F 1HAo] 7]ost=
YAl = Bt 18.8%3itt. o= 7H4o] -2tz Ag2l1e] 4]
Aol dojA 23 oA g0l & & S= Eojeth
£79] 0%*3(20 7% B73(17.3%)Et} 7HA]o] o JA] 7]of&

o] £ Z o= Uyt t53 A4 27| Feoe o
go] @AET 7HA 0= QIFE o] 7]of&0] OF 2.8% =
et

Aol e R4 A= 19~294(21.1%)001 A 7+ <] o
A 7]0&0] 7H EA Yerden, Aol S71ekEE 714
9] o v A] 7]of&o] FASHRUTE 7HAS FF, AFTEY

HT = 71H2]9] | R] 7]ojg&o] {94 Ql Aol gl
ot gebA 7H] HH = 7HRAS 8, ISsSTolu BRt
LHE JEy A9 92 e As & 5 Stk

YLaE 24 Ao AA HolA DA 11.9%,
Z|8}F9] 18.3%, EFE3HE9] 20.9%, A]0]41-8-9] 18.7%, Z3}A|
1ol 24.4%, SHAHZO 10.6%, G729 47.6%, YEFY
7%7F ZHAo A HH == AR UEryth o449 3%, 7t
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48 Research Ethics Rules of the Korean Society of Food and Nutrition

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

53
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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 Society's website

(http:/ksfikr).

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.

Amended on 05/07/1988 Amended on 10/12/1990
Amended on 16/08/1996 Amended on 18/12/1998
Amended on 08/08/2002 Amended on 08/03/2003
Amended on 26/03/2004 Amended on 25/03/2006
Amended on 25/03/2009 Amended on 14/08/2010
Amended on 22/06/2012 Amended on 20/06/2013
Amended on 28/09/2013 Amended on 20/06/2014
Amended on 17/12/2015 Amended on 16/06/2016
Amended on 10/11/2023 Amended on 14/02/2025

Amended on 16/10/2025

Online submission is the primary method. Authors
should complete the Submission Form and submit
the paper along with the Research Ethics Pledge and
the Authors' Agreement of Ethics Policy &
Copyright Transfer. For research involving human
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.
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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 Ad-size paper setting, typed using a

spacing should be set at 200%.

The author should provide the title in Korean and
English, the author’s (or authors’) name(s), affiliation
and job position on the first page of the manuscript.
The running title should be provided at the upper
part of the title page. If the number of authors is
two or more, Tmark should be indicated in front of
corresponding author. If affiliations of authors are

sk

different, superscriptions of ~ should be put

at the end of authors name in order. The same
should be
affiliation. It is possible to designate co—first authors.
The

superscript "$" before their names, and the English

marks put in front of respective

first and co-first authors are indicated by a
phrase "These authors contributed equally to this work"
is displayed below. The corresponding authors should
English,
affiliation address, telephone, fax, and e-mail. The

provide author’s name in affiliation,

[T3RE)

authors’ names in Korean should have in between

the name and the author’s names in English should

have “” 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
This
documentation for identity verification if needed in
the future.

identifier. information can be utilized as

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
and results. At the

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

research objectives, methods,

lowercase).

The paper should follow the standard format with
order: Introduction,

Study Subjects

the following sections in

Materials and Methods (or and

12.

13.

14.

15.

16.

1))

Methods), Results and Discussion,

Conclusions, Conflict of Interest, Acknowledgments,

Summary and
and References. The text should be continuously

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 manner so they 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.

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 ® P & & ad e ghould 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,



Guidelines for Submitting Manuscripts 59

his/ her initial(s) and surname should be provided.
For the citation of two authors, only surnames
should be provided. For one work by meore 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 (3 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
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