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Abstract

In this study, we evaluated the quality-related properties of processed butter
supplemented with 3%, 6%, and 9% freeze-dried kimchi powder (FK3, FK6, and FKO,
respectively). The pH of the samples decreased significantly with increasing FK amounts
(p < 0.05). FK-supplemented sample lightness was significantly lower than that of the
control (p < 0.05). Moreover, FK3 sample yellowness was significantly lower than that
of the control (p < 0.05), while that of the FK6 and FK9 samples was significantly higher
than that of the FK3 sample (p < 0.05). FK sample redness increased significantly with
increasing FK amounts (p < 0.05). The electronic nose results indicated that increasing
FK levels enhanced kimchi flavor aroma profiles. Although the electronic tongue test
revealed that the umami score of the FK3 sample was higher than that of the other
samples, the FK6 and FK9 samples scored higher in saltiness and sourness than the
control and FK3 samples. Finally, the sensory evaluation yielded excellent scores for
most FK3 sample traits. These results position FK as a suitable ingredient for processed
butter at an optimal supplementation amount of 3%.
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Table 1. Formulation of processed butter added with freeze-dried kimchi powder
. Freeze-dried kimchi powder (FK)
0,
Ingredient (%) Con FK3 FK6 FK9
Natural butter 100
Additives - 3 6 9

Con, natural butter; FK3, FK6, and FK9, butter added with 3%, 6%, and 9% of freeze-dried kimchi powder.

82 | J Dairy Sci Biotechnol Vol. 44, No. 2 https://www.ejmsb.org



https://www.ejmsb.org

2. pH

pHe AZE 4 g2 33 F S5 16 mLE FYs19] Ultra-Turrax homogenizer (SHG-15D,
Sc1LabKorea Korea)E &3l 2,000 rpmellA 187 #2135} IS 483t & pH meter(BP3001,
Trans, Singapore)= A83lo] pHE 274519t}

3. M
A 240 MIIA(TES-135A, TES, Taiwan)s ARRsto] 2345191 0 MAA o] 20 ul
A EZE LA 93.93, a* 12.37, b* -17.92)& o]_3}9Tt.

4, Mt

AE 242 A2 A(WVS-2M, Daihan Science, Korea)s ARgsto] 2F 30T = 713t A4
£ 35 mLE No.4 spmdle 30 rpmOllA 30%3F 53] ¥HE St S8 Axo] Fda
mPa.S2 VERICE

5. MXIZ

20| gfn] EAL Heracles I AAE(Alpha MOS, France)& ©|-&3sto] 241519t A&
4 g& AFIste] 20 mL vialoll Fdoto] FHlsHloH, AT BAZZAL thgat Zo] AAsilth
flow rate of 250 mL/min, acquisition time of 110 s, incubation temperature of 60T,
vial of 20 mL, incubation time of 20 min and injection volume of 5mL. ZAZ AAE
Bl S8E 24 MEQ LA IWRY S8EE oleY ] BEE YERH peak:s Alpha
software program (for an electronic nose; Alpha MOS, France)< ©]-859] chromatogram
o= yeeltt 4 AE9 A e 9 mEEg EAs| ARt R 4
(principal components analysis, PCA)}2 49 34 FU|SRIE peak HIo|EHE Alpha
software program= AR5t EFSITE ME 71 | Z2H2 224 plot coordinates®
FASIG o, BRd v sfg 12k A& FHPCHT 23 A& FHPC2)o2 7|51t

6. Tt

A0l nZt EAJLS Astree electronic tongue(Alpha MOS, France)S o|-&5to] EA5191 0,
ol AREEH AHAE AA+E AHS(sourness), PKS(sour-salt balance), CTS(saltiness),
NMS(umami), CPS(perceived sourness), ANS(perceived saltiness), SCS(perceived umami)
£ AMESte] EESFIGth AR #AZ fsl ME 4g 16omle] SRS £t &
Ultra-Turrax homogenizerE ©J-8-51% 2,000 rpm_E 187 #4(sourness), ‘}I(saltmess)
3 umami)} 27 745 AAQ] B 842l 0.1 M HCL 0.1 M NaCl, 0.1 M MSGE A5}
of ®F9F IS 4995 -.4 o}3}2)(Quantitative Filter Paper Medium-Hardened, Filtratech,
France)5 &9l #&&Z o7siGitt oftd #4E2 S7<0l 1:100 HlE&E 3]45t0] HAS =2
EA4L 9519t ?ﬂZ]—cﬂ,] Zr AT 249 =+ Alpha soft program(for an electronic
tongue; Alpha MOS, France)2 ARgsto] EA5190H, 7 AlAoA 245 29| )zt 4%
E4J2 Alpha software program< ARg510] PCAEAS Aot L, AE 7 njzk E49] jol=

274 plot coordinates2 YERHITE. E75 v|Zb Bfd PC1y} PC2o2 YUERHIL

# Aol 489 el BRI R LANEII 528 SR ook
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ATHKNU_IRB_2025-021). 7 AZ0] it ¥sB7h= HE 1289 1id 842 st
of AABIgoH, 7t FES e appearance), FH(flavor), ©1F(off-flavor), A7 texture),
715 (greasy), Btaste), 7UlE€{purchasing need), AA|4 7|3 % (overall-acceptance)= 2%
Sioitt. Z47be] 92 107 AERoE BrsloH, 0312 doltt #4842 YL, 1082 =
o 42 Yehdth

8. SAH2M

AY Zil= AT 33] o9 HEEARZ Fot] BFrEEQlen, o] FAAD R
SAS(version 9.4 for window, SAS Institute, USA)E o|-85lo] ATE 3T FEHAE LE}
Wttt 2 B4 719] 59/4<1 Aoli= ANOVA ¥ Duncan's multiple range testg &9l -F25%
95%0lA oS ASHATHp<0.05).

$87% 7 B2 WK 7F3HIE] pH A2 Table 200 veRigieh. pH 573 23}
=2 Zﬂfﬁ 71%] Bt "7} AZo] Conof H]ajA Hrjefo] Zrfekeg o)z og 7hasks kS HY
THp<0.05). £3] FKO= 2E HEf v fojdo= we g2 E‘Iu:tﬂ(zﬂO 05), £ A7o]A

o183t TAAZ 7| Huto] pHE 43402 HAME 9] pH 58755} We pHE 7M1 9]
upmol, A7lego] 27Kl wet 7kglEle] pHt 74H A2 ARE. Qekaoz 7xe] AS
WaaPolA] ko] S4go] we 24he Xl haet §714lo] 245 uet pH A5t

o]20jA=g|[10], & A7} QAR AR FTEY [11] 5L AAE 24 AZo|| A71519L
o) AS B/ vlgo] %oFISE pH dATTHs A0S Liehje] & 10} fARE Ante
Hlok

2. M
27z 47 2L AR 7IeHE ] A E483= Table 30 ettt =2 3¢

Table 2. pH of processed butter added with freeze-dried kimchi powder

Freeze-dried kimchi powder (FK)
FK3 FK6 FK9

Traits Con

pH 587 + 0.11° 557 + 0.03° 533 + 0.03° 490 + 0.05°

All values are means = SD.
Con, natural butter; FK3, FK6, and FK9, butter added with 3%, 6%, and 9% of freeze-dried kimchi powder.
¥9 Means in the same row with different letters are significantly different (p < 0.05).

Table 3. Color of processed butter added with freeze-dried kimchi powder

Freeze-dried kimchi powder (FK)

Traits Con FK3 FK6 FK9
L* 7218 + 045° 61.15 + 0.25° 60.22 + 1.81° 5752 + 1.76°
a* 564 + 0.21° 742 + 0.90° 9.72 + 0.46° 14.35 + 1.10°
b* 39.12 + 1132 32.01 + 0.61° 34.00 + 0.93° 35.13 + 1.18°

All values are means = SD.
Con, natural butter; FK3, FK6, and FK9, butter added with 3%, 6%, and 9% of freeze-dried kimchi powder.
#Y Means in the same row with different letters are significantly different (p < 0.05).
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Conol| Hl8 & 527X AX B 37 BES0] F9H o= W2 S el o™ (p<0.05),
FK32t FK6= A= 7H9] 5228l Afol= et oo ¥l FK9+= thE MEZ=0] Hls fojdo=
W2 3 BATHp<0.05). JHE9] 49 7R BT o] oldeE FOjH o= FTbolE g
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Fig. 1. Viscosity of liquid processed butter added with natural spices. Con, natural butter; FK3,
FK6, and FK9, butter added with 3%, 6%, and 9% of freeze-dried kimchi powder. *® Means with
different letters above the bars are significantly different (p < 0.05).
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4. X2
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AE oot om, AT u] EA4ZT0] gt peaks VR A2 Fig. 2A00 UERAT 5-9]H
St peaks= 19717} AW, 1% Peak 1(methanethiol), 4(propanal), 11(2-methyl-
1-butanol), 12(1-pexen-3-one), 13(hexanal), 19(methyl eugenol)= A £ glfo] S7ak
TE =/ S o]&L garlic, acetaldehyde, onion, vegetable, aldehydic, spicy2] 3]
T2 Uehfi= Aol olof wef, & At HE 7k5 Al 347% A £ A7l
o 579 FrE FoiT & U= AAEN S8 5 USZ RIS 4= SlleH, AA] B o]

(A)
150007+ SRR
—— Con
: : : : —— FK3:
7] » —— FK9:
a : : : :
o : :
g soo0p- 15—]2 1?' : 1f—1—7 e s 1“}97 .
+ / Yy oy :
A -“‘-’L Sl %mm-w?--u;\v-wﬂ-—»—w-A
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Fig. 2. Aroma profile peak chromatograph of processed butter added with freeze-dried kimchi
powder (A) and principal component analysis (PCA) plot of processed butter added with freeze-dried
kimchi powder aroma profile (B). (A) Peaks are reported in order of elution: 1: methanethiol; 2:
ethanol; 3: propan-2-one; 4: propanal; 5: butane-2,3-dione; 6: butan-2-one; 7: ethyl acetate; 8:
1-propanol, 2-methyl-; 9: pent-1-en-3-ol; 10: acetoin; 11: - 2-methyl-1-butanol; 12: 1-hexen-3-one; 13:
hexanal; 14: (Z)-4-heptenal; 15: 1,2-dimethylbenzene; 16: acetophenone; 17: 2-nonanol; 18:
5-ethyl-3-hydroxy-4-methyl-2(5H)-furanone; 19: methyl eugenol. PC1 and PC2, principal component
1 and 2; Con, natural butter; FK3, FK6, and FK9, butter added with 3%, 6%, and 9% of
freeze-dried kimchi powder.
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S7Fel Wt b4 AEtt sRMEES 7R 7t SISkl AE 7F 3] Alerh sl Ao E
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o] = A AT 4= B =, o[ FZQl Fu|EA Wolgod & S A& AlEHTh HHH
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RIS 4= AUtk A5 FEA]] thet =219] 7|5k 40 wEd =53 7t s §442
2 U9E & ok gEA 9lem(20], ofof wht ghAl] AlAIRKR SRYE|L Sl A A 4289
F3RE 7RsHE O] it e AE WRARE AXQ] u|E Folshy| St AEA A £
E82 7FRAIEC digt FHE Foid = e 7HEA7E vkl wdEh

5. M5

SAAZ A BT 171k e MAle] 248 Al Ak 747 Ak 9] Hk gk
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A2 o] ggo] Z71drE AT Zloks A& BRIE = Uitk ol AR B Ao
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£ YERHOH, FK6, Con, FK9 <0& 7H5to] Itasks A& SRIT 4= At g% 54
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Y masking B3 -FrEste] YRS A9id 4= okl shoinh
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Fig. 3. Radial graph for taste profile of processed butter added with freeze dried kimchi (A) and
principal component analysis (PCA) plot of processed butter added with freeze-dried kimchi (B).
PC1 and PC2, principal component 1 and 2; Con, natural butter; FK3, FK6, and FK9, butter added
with 3%, 6%, and 9% of freeze-dried kimchi powder.

AR B2 Wrlet 7FgIE) BB Ahe Table 40] vehic. o B7h 2, FK37)
$oldoE £ WIS WeLonl(p<0.05), ConTh FK6: $91419] o] Holx] gigkit, FKO:
RO TV v W7 WSktk(p<0.05). oleit Ak WA Bue] Aast Aujo] et
o 3479 e W3] W Ao BaEch JA AT ANE FTEd 4% 39X 22

3 L @7} Hol §7h3%o] o W] £ A4S W Zow Busg et

A Conh PGS Y] A1 013 G50, 244 R il 37145
Ao e B71E Wtthpe0.05). ol 1A B A7Risto] 27145 71X 58] ol 759
A ol ol2] Bplo] 2700 GE v 202 AR B4 24 AN ofoh %
%] TSI, WA B H7io] S7Rte] ket Yefslol = o] o] Sobd 4
o] Ukt oji AR S99 FRAL Wrlne For Wolseld 4 glon, ArHow
w7} Aol $4219) o w2 4 Slek. B3] ol ofefet o] shl $4 49,
AAAQ Fu] FHo] FUAT ol ANEY] 49, ABHOR ST Ask olojAle Aoz
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Table 4. Sensory evaluation scores of processed butter added with freeze-dried kimchi powder

Freeze-dried kimchi powder (FK)

FK3 FK6 FK9

0.62° 8.16 + 1.05° 745 + 1.07°
0.68° 756 £ 0.73° 6.73 = 0.71°
0.04% 7.23 + 0.65° 6.38 + 0.52°
0.99% 7.35 + 0.89° 6.71 + 0.46°
0.62° 8.00 + 1.00° 9.67 + 0.50°
1.00°? 7.66 + 0.86° 6.73 + 0.51°
0.97° 6.83 + 1.27° 6.33 + 0.50°
0.47° 7.36 + 0.45° 6.56 + 0.46°

Traits Con

0.55° 9.12
0.64° 8.51
0.04° 9.17
0.72° 7.86
0.71° 7.25
0.71 8.25
0.39° 7.72
0.83° 8.00

Appearance 8.65
Flavor 8.26
Off-flavor 9.02
Texture 7.98
Greasy 7.25

Taste 8.61
Purchase need 7.94
Overall acceptability 8.38

+ + + + + H+ H+ H
+ + + + + H+ H+ H

H H+ + o+
H H H H O+ H

All values are means + SD.
Con, natural butter; FK3, FK6, and FK9, butter added with 3%, 6%, and 9% of freeze-dried kimchi powder.
¢ Means in the same row with different letters are significantly different (p < 0.05).

ArErH25). 27 87t 23 FKO92 Alefet b8 A4 2% A7F ME2 Cond} Hlus] #o

Aolg Holx] AT, FKOL FJH 0% e ghe Uehiolti(p<0.05). ol B ¥
7R AR 7R 73S, 2A0] Aoz AR QAT LARE Ae 34T
TEolH(26), 53] & dollre A BT 7130l & AEIA o=t o2l Azto
A HE SR Fedal Ebﬂlﬂ‘é: A Yo Ao® AaErt 71EH2 HE AR
9 A 93 Beo] Sle 8 W £4 F SR, £ AFolMe Condt FK3w £94
ZolE Holz] Qigront, FK6 FK9 %07 Wrl ¥4t Sojyor Fasks A3S Uehict
(p<0.05). ol A 289 71 71l WE 7184 4 A2 sjAE & ok A 220
= APl TRPVI 484 A2 &3 v A& FEstH(27], o2t vl A=) Ao
gt 7 RS Eole EAE M & Sltke A 2h EuEdn28). &, uihesit A%
__4 A}=o| ]%_;g% 1= 1_7]71] 1:1]—501 rdxopaleR=am, 7] A olxE o].‘:_ 74_0_; 5HHQ1;]- o]
A L7ke E01 20A19] 715k 32 0R 2Ee 4 Jlon, 7IEHe] A Su] A
of ¥ Fi& 7]ofehe 24dE vAHT o), 2 £29] 7I1EHS fAlske Aol viEAsi ot
87} A%} ConT} FK3%E RJ4Q1 ZlolE Holx] dgtout, FK6, FKOoAE fojdom e 3hs
LERIEH(p<0.05). o213t Zak= ShAf ks Aafolq 24e 2™ 1A 22 6% oV 7t
= T AL, Algto] B2 1L 05| ATk Aasto] ZRbERl ‘1«1 T30l oAl 2=
wetEn et JA1E 715 7 2ol Condt FK30M = foj4 s P°l7} §laL, FKo,
FK9 0= folHos W2 ghe YT (p(0.05). mehA FK37} x%xﬂa 7Sz 8t ofje}
ohE 37 RN St B7kE e, il 718 NEsie ) WeR %*é ZHolA
HEfo] didh A 22 A 7} vlee 3%t sk

_'_|>HE
o{n-lﬂ;QmEJZi
M N O po

=k

Fll‘

W

B AT AHE Az A BaAE 9K BB 242 3%, 6%, %S WHte] Az HE)
BUSE BT FUS TR0 ol 49U S pil B B S WA
52 A% 74 B2 549 2 A2 ol

xm%ko] ~7} TE HiEH pHn Sofop) sk, 0] A9 18 b ) ¥ WIS
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HEf 201 4 S FRIT & AL, WAT ¢ AA] 2L At w20l wEh A
ko] frofulRt Fm|ef AjolS UeRd v, A8 0] B9 AR 2 6%t 9% 7R fov]
gk Zjolg Kol ottt WeB oA FK37F Hutd o 945t Brls whe 2g SRletict.
mEhA] BEl] digh SEE AR RO Hrke Al 2, HE A A Rof, o) 4 ot R
7h BT 7R3 94 715E 7 AR B8] 7RsT A= Holu, 6% olde] 7t oA

L BASHoIN $HHY JFL v)A 4 onz, el get $AAE A BT Y At
02 AW o$3ARG 1, IYIY Yk XS FAY 4 e 42 BT + 28
oz g
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