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Quality Characteristics and Sensory Evaluation of Unsalted Butter with Basil and Garlic

Abstract

The amounts of 500 g of unsalted butter (Con), basil, and garlic were classified as 1% and 0.3% (T1),
2% and 0.6% (T2), and 3% and 0.9% (T3). The pH of basil and garlic added samples was determined
decreased with increasing amounts of basil and garlic (p<0.05). The lightness and redness of T3 sample
was significantly lower than the other samples (p<0.05). However, yellowness of T3 samples with basil
and garlic was significantly higher than the Con (p<0.05). The viscosity of samples shown significantly
increased with increasing amounts of basil and garlic (p<0.05). As the electronic nose and tongue
analyzed data shown that the unique flavor of basil and garlic can added to processed butter. The most
sensory evaluation traits score of the butter with 2% and 0.6% of basil and garlic sample (T2) received
higher score than the other samples. The results of this study suggest that the basil and garlic can utilized

unique flavor material to processed butter.

Keyword: basil, garlic, butter, electronic tongue, electronic nose
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vl4o] angiotensin converting (ACE) ¥ xanthine oxidase A3l5olA 53 A XS Hof,
dude W T3 Aol #al axrt vk T webd vidE AV sAE Ad A A4
ANZA L] &8 7HA7F =oha Hrbe o

vhs (Allium sativum) & S5 ] E4& AU Qo] 2% £49 FAR U AYFE o]

AT E o] g5 (Kim et al., 2005), 2% HEAS F7HA7|1 BHE FAAI7]= Zo7 oy

Z 22 83537 QY (Ruffin and Huter, 1983). X3+ vl=9] diallyl thiosulfinate: H|E}Y
Bl w4 A&y 7S stH, Al 571 &olsta Aul tiaminase®] 3l &l IS
k2] okol AU thiamined o] €4S F/HA7]1= Aoz &deA Atk (Fujiwara et al., 1995). o

B PhEe AR5 FARARA G 4FES edel P BEHL A= D5

Avka delx Qlom (WHO, 2004), olo AuAE gk AFel hfe dEF g Ax s}
g7 GEF #dAF ) ds) 245k 9tk (Kang et al., 2017). ©1¢} 84 H: HE AF =3
7t AHgs s e FAWEZE AHAES Fevt FebAa 9l FAlolth(Mudgil and
Barak, 2020). wehr, £ Ao AAHEQ vbd 7459 viEs MRS A3 0 Al

A 8 GEF AAR o] &3 FAMEE MTeta, o3t EA Ul ded SAHS BAFgoR

o

A OAJAMTES AR FAE Y v, FE Fdel 718kt g

uis

Ag 9 LY
wha 429 vhs bR B2 TEWE Az
up 7bRe) whis bR Toluele] st P7hu &S Table 1o] etk FEWEE 38%

o] A9 (Mail milk, Korea)S wHF7] (N50, Hobart, Korea) & ©| €3} 80rpmCl. & ¢F 5#-7t
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38—-45C= F7 7hdste] wow, vpd 7hRel v VRS F 4
0.3%(T1), 2%+ 0.6%(T2), 3%} 0.9%(T3) HE=Z H7Ist ¥, TH3] &350

]
o} vhE HRE A7VeA 92 AIES dlX27(Con) 2 ol &3ttt E3te] $hsd HEHE 47T

u

WA A oF 16417 o)A} Wzhelglom o] 23} ZES 38—45CZANA ok 387F A A

1o,

bol w

5

g olgetel SalHA e v AT @ ks AR A4S AR Azt gEd

ol

HEE 4T Yguelx wasis] Ado] o] g8t

pH &%
pHE MZ 4 o8& AFst Z=FF 16 mLeY EEe] Ultra—Turrax (SHG—15D,
SciLabKorea, Korea) 2,000 rpmolA] 1%3F w23 & pH meter (BP3001, Trans, Singapore)

= olgsto] =4,

Az =420 AMIA (TES—135A, TES, Taiwan) & o] €3] =439ttt MxpA e 2242 9l
A g FJ(L93.93,a:12.37, b:—17.92) % ol &3t SHE Wr, AL FA-= 7hz)

Lightness (L"), Redness (a"), Yellowness (b") & YEH T}

A 23
A BES FUZ FH oF 2/3% A9 22T=E 7Hdst ¥, =S A(WVS-2M,
DaiHan Science, Korea) & ©] &3] 30 rpmollA 30%7F 53] A3 H##S Pas® YeERS

.

AR B

x2

ZAE AWZ9 du] EAL Heracles II A3 (Alpha MOS, France) & o] g£3sto] 4343}
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AAF7 42 Con, T1. T2, T3E 7+ 4 g¥ 20—mL vialell %3] &l o, Axa +4 %
AL g5 2 flow rate of 250 mL/min, acquisition time of 110 s, Incubation temperature
of 60° C, Vial of 20 mL, Incubation time of 20 min and Injection volume of 5 mL. A3 AlA]
= % 4 A A FAEY 54 @ 54 Fv FEE UEbd Peaks Alpha
software program (for an electronic nose; Alpha MOS, France) & A}£3}9] chromatogram.©.

= EASET. ER 53 4B AWy PRI P TR F4E ¥4 (Pincipal
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=
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MZ o] u|z}a EA]LS Astree electronic tongue (Alpha MOS, France) & ©]&-3fo] =389 t),
AMES] Al (sourness), AUt(saltiness), #&BH(umami)> 722t Axs MM 7l& E2Q
0.1 M HCI, 0.1 M NaCl, 0.1 M MSGE AHg-3te] S48kl Con, T1, T2, T39 2+ AZlA 4
g= ANFHTY FFHF 16 mLo £t & Ultra—Turraxs ©]&3sle] 2,000 rpml = 18#3F 4
33 A4 ES o 34 (Quantitative Filter paper Medium—Hardened, Filtratech, France) S o]
gao] etk oBale FHFEG 1:100 HlER Akl AAew BAsdrh A4 A
9] &4 7Z+=+= Alpha soft program (for an electronic tongue; Alpha MOS, France) 2 %3l

A8 o, AHS (A1), PKS, CTS (&3, NMS (3331, CPS, ANS, SCSZ %@si3itt. 2 Al
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oA SHE AMZ nzt 7 EAS Alpha software program= ©]&3te] FA
(Pincipal components analysis; PCA)& AAIsHSla, AMZ b "zt 549 Aol plot
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(Authority No: KNU_IRB 2025-13), A& #5437+ $d9 1099 S tdoz 33
oo dzTE 28 Ul 7] AES BUeEES slen, §hEES 9l (appearance), &
v] (flavor), ©]u]/o]# (off—flavor), Sk(taste), A& 7]&% (Overall—acceptance) % 57}4

o] atel 104 A% H7AE AASAT 09 F4E Ad FAL Yehde, 108 AHE

o
it

5 #4245 YER = Ao® Frtekdth

AN

AY A= Ha 33 oA WrEAHQl AFS Aldste] HUrHAY. FAAME TR
SAS (version 9.4 for window, SAS Institue, USA)E o|&3lo] AHES H7zky T=HAE

ER 13, ANOVA, Duncan's multiple range testES ©]&3lo] z} 42

S
i
oX,
1o
Jo
1o
o
)
5
Jo
-

= A58 HH(p<0.05).

23

=
o

pH

i 72 g ks 722 A@sbe ke ) pH B4 43S Fig 1o ek v ohs
S #A7bet g T1, T2, T3 25 Cond Blwsdte] §oA4 oz o 2k YR 9t (p<0.05).
T1e T29 M@ e o fo40% & e Yo (p<0.05), T2 T3 vlwadle

o GFoFor =S 72kS YERATH(p<0.05). AyA o AT HIME dheko)

o\

7}

et

T,
pHzkol frejd o= Zrastdth(p<0.05). olel st Axtis A MEo] AA|2 <l pHF g ol 9
= v Aew Azdn. vpd W owks 7bFe pH 54 Ads 742 5.74, 5.78% tix+-¢] pH
6.185.tt v pHEtS 7HAa 7] wiel, A7He kel S7tel wel 7h3wE 9] pHgto] 7

2 A" olgd Avs nhEe 4% 98 pHel e X485 EiAY 9=
Z57F wobsls W, pHYEF AAadths A7 e dud Ao w AZEn(Choi et al., 2022). ©]
T B AE 9AE 27t FelAAY dAE Azbe] HojRE W, caramelazing? &> Z

Wl Jk-g- o7 Qd pH7F #Fadtth= A% AddY(Lee and Ahn, 2001). & A9} FAFSH
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Al 2, Patriani 5 (2021)2 #F&S Ha7] vEEC H7betals W pH7F o4 o r st
ATt AR EAARE Baud vf vk EE FAEQ AR =] vpd S Hobesle W,

WA Emh SbRl wek A=e) pHrl AASYtn sl B AT R4 A%E o

(Jessyca et al.,, 2019), Avtss H7lste we FHoA F=3 FA NS pHE FH5 A3
AulFHo] vlwdle] pH7}F A4Sttty ¥ vf Qlth(Park et al.,, 2003). WHEE2] A+

A2 4% x7lo] pHE-7 F29 AL LSS o, olejd AW

it
i
oft
1o
ofN
s
=2
=
o

T

=

vbg bR 9 vk ARE A7k HEMES 4K 54 FnE Table 200 ekt 7hEn

B9 Mz ZH A3 (Table 2), B35 YehlE= L'g2 Conol F9& o2 74 =211 (p<0.05),

rr

A5 el T13 T2 fFo 2Rl Afol& HolA| kARt T3+ FoAe= e gs u
Bt (p<0.05). AMEE Y= a'gh2 WEe FAFSHAl Condl M8l Be A0l

o o® e e YEhl o (p<0.05), T13 T2+ F24Ql Apol& BolA] AR, T3+

bt

T13 T2 vl Fodo=z v AATS YelAtH(p<0.05). FAEE YEU= b'ah2 ¥

9 AAEsE Wk Conol W8 BE AelTEol #0802 HUTHp0.05). HTE

o
1o

ZpolE= T13 T2E 940 Zpol5 el A gkoy ol Hld] T3= fFHoz H2 32

1z

55 YEH(p<0.05). H7t= o] FUMETE JheHE Y SR Fho] foix = AaE
et ol 2 25 vhsS AVFeE w ofbv]=Abe] peptide?t @A O] ¢ —amino
group® @# wr$stel AW A} (Maillard reaction) & € 07]7] wjFo|t}t, o] oA z#A
T g AT AGEE, o]2 <l ZtdA e | mhso SAETE FobA = Zow AlRd
t(Jeon et al, 2009). T3t vh=& A2l A9 Auksel v& B HasHARE, AW A4

o7 gAMLl ATy Frtsl= o7 ®Baw vl It (Chung and Choi, 1990). AT 7



181 wWe 9545 FHstr e 54AE Frbeold, & AgelA Bk 7bRe bl vhe b
182 Fof Hl&) oF 3.3u) A% wWeoky] WEOoR woly ol ZAWstH viES HIIPSE 78k

183 kA 4 grow ols) whAe] WrhFel uheh A4

i

A7l el 938 vA= A
184  © 2 ¥OItH(Choiet al., 2006). 3+ 719 A oA A=Zr= Ax}l Alslo] o&) ubx e AL HE

185  Ho] #H 23 ¥ (pheophytin) @ #S ZA=Z2M Mirz Ay 7] v (Porrarud and Pranee,

o

186 2010), B7HE H7h Fol wHE vl A wste] GBS AL Ao malth webd vE Y
187 AEE WE 9 7R JbE AR okl pH, @ 59 FFOE Mol WHE + vk v
188 A 7t% 8 vhs ARE WE Azl AST A9, 2N @RS 24 Gt FEAAY

189 A WAL 913 AhF Aol M9 WaE KT Best Yk

190
191 A=
192w b 8lovks UbRE AVEE heEE e Y AR 54 Ay Figure 2¢ WERYdH.

193 wpd 7hFst vhs 7hRE AU AE] A, T1E Conkth fo4o £& ARE Uehlls
194  (p<0.05). X3 T2& Tlef Hl&] A%rt foldox ¢ =4 (p<0.05). 53] vpd 7}% 3%}

195 1wls 71 0.9%= H7 sk T3+ oz oz b =8 Avs el ok (p<0.05). Az oz

2

196 A7kE Fol F/AFel wek AelTEY Pt S FAF B oUW An @

o

197 oA AREE H7besol dEoAY S AVE S8 AxE AAS 7HE e AaAjolr] o

ki

198 o dAdkdEv dxd 249 A Aol =3 Aol FFoY] witel AW AEel A

199 7IEAS A &A1 3 Aol ZAsth(Park et al., 2020). o]Z Q&) FAAlo] 453 Zo

il
et

200 = AMRHEU fARSE AT AMEE A4 AF] vhs b ZFeks W, A= STtk
201 AFEI7F A9leH (Kim et al., 2010), B3 A% A2 Al 7 FEZ AALAE H7bes o
202 A FEgrEe] fAast HAETt Fokthe Bavk ATH(Choi et al., 2014). fructan<
203 k= bRl & FElE FrEe] ow FiE S5k gelation FH S AT OE, o]

=0 Ar9l o9 AdANE AT Ytk (Krupa—Kozak et

[‘0

204 79 o] (Inulin) ¥ #4F(evan) &
205 al, 2020). o]d W& vhES 2 2504 719 Al Maillard Y83} Caramelization WH5-©

206 = AAE glucose® fructose’} fructans At F=E F7HAT Raud wk o
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(Hwang et al., 2010). WA 715 e AAH7MES] &8-S HE 719 Al FAAo] &2

B[
o,

= Ad AFE

o

Az 4 S Aolgta dekE)

Kbl A

Az wAe Wee] g v bR vhs AbRe A Fulel WAL 9FE BN

(Principal components analysis; PCA)E AA|&Ath Az &ul gstE B4 Ao st
peakE Figure 4] YeRTE F2u gk peaki= 9717F #2=Hlom, Con® Z-$ peak 11, 16¥
(11: 2,3—pentanedione; 16: (Z)—4—heptenal) oA =A #AEHJY. o5 A|Hzlo] ZH3
aEZ Ay 01 cheese, creamy, milky #2 Fu]E 712t (Im and Choi, 2023).
peak 1, 2, 3, 4, 6, 8, 122> 717} (1: 1—1) methanethiol; 2: methanethio; 3: methanethiol; 4:
propan—2—one; 6: ethanethiol; 8: butane—2,3—dione 12: pent—1—en—3—ol) &1 & YER]S]
t} o]E peaks FEZAHOF sweet, garlic, caramelized® #& sduto] FR3 ulso] 71dy
e v WHE = 243 (caramelization) ol 28] PWdE = &Fv]E Yeh) Y (Yasutaka Mori,
2022), ol vhE 7HF9 A7Me] soldss Hvbe Sl ol TS Aow Ak

53] 8% peak® A caramelized &1 54& YERll=d], ol vhsel i3 ddo] 7hy

o

HE Az Al 7tdgel wet 2WsE Fal 2dd Fvjgty Ao, dF SR caramel F
TEA el olol S8 A Fnle]7] wiel (Kilic—Buyukkurt et al., 2023), »k&2] 7}
7} MY e FrE oS FHeH dlE 7 s Ao Azdn vhed Ay dad 8 &
3t E 2 EA8= diallyl disulfide, diallyl sulfide, diallyl trisulfide, allyl methyl risulfide®l] 2]
3 AFAo) 1 Wl FE Fostr] wiEof (Bae and Chun, 2002), Methanethio, Butanethiole] 7}

& Wol yehd Zow dddnh I AFe] wt

i

S AH7MES u, allyl disulfideg} Z&

alliaceousdt Tl & FoAstth= FAFSE A7 AR 7F Y (Kim et al., 2024). Methyl chavicol ¥}

i
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k7] 2 YEFATH(Shin and Cho, 2022). vld-& Az &4 o
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(Suh and Park, 2010). webA 7] A2 3ot A3 AF5S vlFolE o, WE] g vis

A5 A ATE AASAE W vhE bl 549 FUIE IR £ 998 BAT + U

i, ol A el AEe Admske anAE aqtel A AlEe Axd 5 s JoR

Axz ZHA9E PCA plot®® YeEbd Ay Figure 39 ok MZ 7+ &n] ol &
Elli= discrimination indexi 958 ° 2 =7 YErstow, o] &wn| Zo|r} SdstA FEErt

= AL wEith PCL(xF) 9 71918 87.623%, PC2(yE) 9 7191&L 11.508% = YHEFSETE.

>

ool el v AT vhs FFE A7k BB B9 Aol Condt TIA FHAsH P
94 ko), T2sh T3: Holvh Arldow old 77t Fule) Sdd Aolrl Aee B
F ek ol b AbRe vhe AFRe A7bh el Fuiel 9% WAL Ao ehty,
AR Fgol ATl met AEW vk F3eA FRAL YSL FAT 5 Atk 2
Pt T3E T2 WME FRT Fo] ol E wolm AL A, o AulAEo] Frl

ol gloiA olAgg HolahA

o

JE A7F o Aok & v= e 97

AR

v 7HEel vk bR dRkE thEA ko] AR WE O AR BAS AAlskelor, At

;"

ol

1

N
&S

AlA el AN HAFAE WAME TP =E Figure 50 Webth A8 (sourness) 2] 7
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Table 1. Formulation of processed butter with various amounts of basil and garlic

Treatments
Ingredient Con
Tl T2 T3
Natural
butter (g) 500 500 500 500
Basil (%) - 1 2 3
Garlic (%) - 0.3 0.6 0.9
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Table 2. Color of processed butter with various amounts of basil and garlic

Traits Con T1 T2 T3
Lightness (L") 58.53+0.15? 55.61+1.0.15° 55.47+0.44° 53.14+0.16°
Redness (a") 1.85+0.202 -0.46+0.10P -0.40+0.14° -1.41+0.12¢
Yellowness (b”) 24.69+1.46° 27.16+0.68° 27.58+0.37° 29.25+0.112

All values are meanSD.

&¢ Mean in the same row with different letters are significantly different (p<0.05).

Con: natural butter; T1: butter with 1% Basil and 0.3% Galic; T2: butter with 2% Basil and 0.6% Galic; T3: butter
with 3% Basil and 0.9% Garlic.
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Table 3. Sensory evaluation of unsalted butter with various amounts of basil and garlic

Traits Con T1 T2 T3
Color 7.5041.05 7.83+1.17 9.000.00 7.831.17
Flavor 6.600.55¢ 7.60+0.55 8.67+0.82° 7.670.82
Off-flavor 6.750.50° 6.60£0.55° 9.000.00% 7.500.55"
Taste 6.800.45¢ 8.000.71 9.43+0.53" 7.570.53"
Overall 6.830.41¢ 7.600.55 9.29+0.49° 7.71£0.49°

acceptability

All values are mean+SD.

&¢ Mean in the same row with different letters are significantly different (p<0.05).

Con: natural butter; T1: butter with 1% Basil and 0.3% Galic; T2: butter with 2% Basil and 0.6% Galic; T3: butter

with 3% Basil and 0.9% Garlic.
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446 Fig. 1. pH of processed butter with various amounts of basil and garlic. All values are mean+SD. Different
447 letters (a-d) on the bar indicate significantly different between treatments (p<0.05). Con: natural butter;
448 T1: butter with 1% Basil and 0.3% Galic; T2: butter with 2% Basil and 0.6% Galic; T3: butter with 3%
449 Basil and 0.9% Garlic.
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465 Fig. 2. Viscosity of liquid processed butter with various amounts of basil and garlic. Different letters (a-d) on
466 the bar indicate significantly different between treatments (p<0.05). Con: natural butter; T1: butter with
467 0.3% garlic and Basil 1%; T2: butter with 0.6% garlic and Basil 2%; T3: butter with 0.9% garlic and Basil
468 3%.
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486 Fig. 3. Principal component analysis (PCA) plot for E-nose aroma profile of processed butter with various
487 amounts of basil and garlic. Con: natural butter; T1: butter with 1% Basil and 0.3% Galic; T2: butter with
488 2% Basil and 0.6% Galic; T3: butter with 3% Basil and 0.9% Garlic.
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Fig. 4. Aroma profile park chromatograph of processed butter with various amounts of basil and garlic.

Peaks are reported in order of elution: 1: 1-1) methanethiol; 2: methanethio; 3: methanethiol; 4: propan-2-
one; 5: carbon disulfide; 6: ethanethiol; 7: butane-2,3-dione; 8: butane-2,3-dione; 9: ethyl acetate; 10: ethyl
acetate; 11: 2,3-pentanedione; 12: pent-1-en-3-ol; 13: butanethiol; 14: methyl 2-methylbutanoate; 15:
butanoic acid; 16: (Z)-4-heptenal; 17: e-3-octen-2-one; 18: cis-rose oxide; 19: methyl eugenol. Con: natural
butter; T1: butter with 0.3% garlic and Basil 1%; T2: butter with 0.6% garlic and Basil 2%; T3: butter with
0.9% garlic and Basil 3%.
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Fig. 5. Radial graph for taste attributes of processed butter with various amounts of basil and garlic. Con:
natural butter; T1: butter with 0.3% garlic and Basil 1%; T2: butter with 0.6% garlic and Basil 2%; T3:
butter with 0.9% garlic and Basil. 7-sensor array (Ref 803-0175; Astree electronic tongue) was expressed

as AHS (sourness), PKS, CTS (saltiness), NMS (umami), CPS, ANS, and SCS.
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532 Fig. 6. Principal component analysis (PCA) plot for E-tongue taste attributes of processed butter with
533 various amounts of basil and garlic. Con: natural butter; T1: butter with 0.3% garlic and Basil 1%; T2:
534 butter with 0.6% garlic and Basil 2%; T3: butter with 0.9% garlic and Basil 3%.
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