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Abstract Recently, there has been a growing trend to replace animal ingredients
used in food with plant-based alternatives for health, environment, and animal
welfare. In this study, chickpea aquafaba was used as emulsifier for mayonnaise,
and the effect of ultrasound on aquafaba and plant-based mayonnaise was
investigated. Aquafaba with chickpea [1:2 (w/w)] was treated by ultrasound in 40
kHz and 200 W for 0, 30, 60, and 90 min. The emulsion property and quality of
aquafaba with ultrasonic treatment time (UTT) and plant-based mayonnaise
(UTTO, UTT30, UTTG60, and UTT90) were analyzed, and compared with mayonnaise
using egg yolk (CONT). As the UTT of aquafaba, the protein solubility increased,
but emulsion activity index was highest in sample treated for 30 min (p<0.05).
These results affected plant-based mayonnaise. The microstructure was confirmed
that oil droplet of plant-based mayonnaises were larger than CONT, and size of
oil droplet decreased by UTT. The emulsion stability of plant-based mayonnaises
were about 7-11% lower than CONT, and among plant-based mayonnaises, UTT30
was the highest at 81.30%, and UTT60 and UTT90 were the lowest. Plant-based
mayonnaise had higher viscosity and overall acceptability than CONT, and
viscosity decreased by UTT. Optimal UTT had a beneficial effect on the emulsion
property of aquafaba and mayonnaise, and a positive role can be expected as
plant-based alternative emulsifier.

Keywords aquafaba, ultrasonic treatment time, plant-based mayonnaise, emulsion property,
quality characteristics
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Ql MY 2= AEA Ve B4 AR 9 AR v T
I 22 FARY SgEolH, gty oE o] 70-80%
o] JkYildirim &, 2016). 2 7|8 &0 &
T, mrRY| R Al 7HA] $8 FAHRAR] AEA 7IS(E
ARY), Azet E(ASY), 92 IR E " W
pHY] =3H0/W) #8=°|tkLi &, 2014; Mirzanajafi-
Zanjani &, 2019). 92 d59] AR {3t QHYA, A
o} oA H HH AY T4 53 22 7154 §4= 7HA
AAA AG E AW 24 ZFo}7| wiZo] dwHE o
AZ0] 3R AMEHETHPalacios?t Wang, 2005).
37 92 vy 29 {3 Ao 7MY S5
(Nikzade 5, 2012), 989 &2 3 54 low-
density lipoprotein(LDL), high-density lipoprotein
(HDL), Q1AX]& 9 phosvitin®} livetin 22 H| 23} o
A3t #F=o| Ak Moros &, 2002). €42 Hold 13t
54 7L QA 22 dE27] SA9Y AR
HHE Su 39 =2 Y 2HE FF 59 Aol
ltiMeurer 5, 2020; Smittle, 2000). WaHA, 2
A& st 271 3710 R 533 AT FAZE dFH
I glow, ntay| 29| @ US tiAstr]| fisto] thef
gt AEY YRE AHgSlE A-HArmaforte 5, 2021;
Kown¥} Lee, 2021)7} 3= et HZ A A|AZ o
2 4 9 By Q47 S5t e (Meurer T,
2020), A /I47F F7bok= olfole A4, $HES, 5
E&9 50| AUtklee 5, 2021). AAFgA= Lubgo
2 297 S5 B4 5 22 524 URE AFoH &
U AFHsE ofH, Bl 524 Y=t dRE B 4
E& vjAISIHRosenfeld?} Burrow, 2017; Ruby, 2012).
T3 Y AlE 4| EFE H5kE AuEY A7) EdE
7} 7V =2 H|E2 A5 Clarke} Lee, 2016). ©]
2ok 8952 R YR IR FE AMREE B8 ¢
T2 AT A=A 71N f3A1Y] 284S SHAIXI
Wold|Z(Cicer arietinum)S T34 d¥A & A&
ojxl, Ty erdlE(RE, Ad) 2 A9 Fa3t F
FYolH, A AAHCE F HARE @o| AH|E= Fo|tt
(Grasso =, 2021; He 5, 2021). o3 Exd 4 %
25 Wolelgo] FARER] offtotuEaquafaba)= A4
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4 AtHSong, 2013). A& ofFfolutts &g
YR F AAEE AH&ste 30NN D= Ha
£ EY & U AN, AEA AFE Aol S g
5 U AoltkHe &, 2021). o]2Igt ofFtotujtl= AE9]
- x|, g, S 224 9 fAES AT

73 A 7R 851 §loH(He 5, 2021), X
A=A 7]9ke] W (Starmer &, 2018), AHA|A 0]
(Mustafa &, 2018), ot24|Z(Raikos 5, 2020)° AR
1 U

IEA AFo] et AR|Rke] g7} SRl we, A
9 9 U2 542 24511, 7154 E4Z A1
et sty aFtEl =L WHo] JRIEI ot
(Ahmed 5, 2009; Arzeni 5, 2012). 22ut= gutd o
= QHAst F=Adoln Mg Ao s 71Eo] ThE 7|&ek
t} & ojdo g AGsHHKentish®}t Ashokkumar, 2011).
1T 2SWE 20-100 kHz9) Fmket 10-1,000
W/em? =] #ejolH, thakst 3-8 Holof] ZAg S 7}
23 JHO’donnell &, 2010). Z221H= A&9] &84,
FL Foto] EAS HIAE 4 3lem, o)y
2530 A= 3% @i cavitation) 22 TAYoh=

F9F #elo] JtiAwad 5, 2012; Knorr

2004). 229 A didY] Ay 9 oo F
2l H 3 58, AF 84
= Yo 92 £tHArzeni 5, 2012; Feng 5.
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O1fE WIS ABY FIAZ AL FA 3715
T k. EF, A=Y 439 7158 SHS FYA)]
9% 7149 2go] Baste. ool AHgalel A%

& vtadz 9 2SuE AW ofolmle 54
(Meurer 5, 2020)°] et G477 +BSAA, ofol
spiel] 28348 Hejshi, o|F BT vhavze F
E42 R4S A7t ARG Aol £ Aol
shau|z Aol glo] YubHoR ASEE UT YRS
o2l oftoptatz tAlste] B4 vtau|2E Azt
Ak TR 295 A2 AL GAP kTl 3

oF Agstel Az ABH vhavzel 43 54 2L E
4 E4e BASI, sﬂ% 8 ohads) Wi

2 oltolufulel 4184
selsta st

= oq:rloﬂl\i ARE3SE Holelg X H(Fratelli Longobardi
S.R.L, SA, ltaly) olgg|otollA Eet 7H3= 1, Y=
7} ok 60%, BAS, BAAE 9 HERI] CE 744
o} o, AlFolA Ftufste] 1P ERl HolHFE M=
£ & gE3 ofFtoluHlE ARSI AlEA whaY

Z Az ARESH =R (Ottogi Co., Ltd., Seoul,
Korea), MAEt=(Heinz Co., Ltd., Pittsburgh, PA,
USA), i (Malgeundeul Co., Ltd., Hongcheon,
Korea), ##%(Polenghi Las Co., Ltd., LO, Italy), &

F(Chungjungone Co., Ltd., Seoul, Korea), 2HJH|o}
(Viomix Co., Ltd., Seoul, Korea)= t7A] &A419] ¥
HFEOA YStITt R uf QU2 AR ARSSE @
< AARE AE FYgsto] 2t d&E ARSI

2.2 OfFoMpEl FAE Y OIQUX FE
opstotutrl HA P 9 npau|= A= o] HigH]= Table
1o YetAch 230t A7) AlZHultrasonic treatment
time, UTT)Z 223t ofstolutl= E23t ¥ole]F} of
FolHE 2:1(w/w) HIEE AP &, 2323 7]7](DH,
WUC, D22H, Daihan Scientific Co., Ltd., Wonju,
Korea)& AMg-oto] F1i5= 40 kHzolA o 227 &2
o] 50%<1 200 W& 0%, 30%, 60, 90% &% 22T
AYE APslpRon, 2= 20+3CE [FA5HAH
Q| Z9] A 2= Armaforte 5(2021)9] HHES 2
stalom, on] A Fsto] A= wig dat Al U
< A5ttt 223 A Agkg geste] AXet ofF
otupHlE ARE-Ste] UTTO, UTT30, UTT60, UTT902] &

L

=

Table 1. Ingredients of plant-based mayonnaise with different ultrasonic treatment time (UTT)

Ingredients (g) Samples

CONT" uTT0? UTT30 uTT60 uTT90
Canola oil 120 120 120 120 120
Aquafaba 0 45 45 45 45
Egg yolk 20 0 0 0 0
Water 30 0 0 0 0
Mustard sauce 5 5 5 5 5
Garlic powder 15 15 15 15 15
Lemon juice 10 10 10 10 10
Salt 15 15 15 15 15
Stevia 1 1 1 1 1
Ultrasonic treatment time (min) 0 0 30 60 90

UCONT stands for mayonnaise using egg yolk.

AUTTO, UTT30, UTTBO, and UTT90 stand for plant-based mayonnaise using aquafaba with O min, 30 min, 60 min, and 90 min of different

ultrasonic treatment time.
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47FA] AEA mtR Y2 E AZSIoH, R UX
ARESE mtav2g F4E B4 vkl EE, Hig

of F7IRt 7149] P2 opFtolutete] 53K (Table 2)3}
ArESE H3O] EAER(47.414£0.44%)S 115t 7}
Skoit. 7]'5“3}0% Aefet 2E A5E A% 78 mmSl A
Fo] &2 $ W=TA(HR2535/00, Philips Co., Ltd.,
Amsterdam, Netherlands)& AF&5t0] 14,900 rpmo.&
1027t E5ta 7hseh R g 254 A7IstdA & 5&1t
st} ut |2 E AR5kt AR3 vi_H| 2= 4T
oA 2447t & AR =2 ARESHRITH

0
) mlo

mol'

2.3. ofFotaterel FE £4 =
FEYTFS ABTA QuAFES Az

0y

ofolutte] 4 =
APHS SN 2 ool 5 gw)H Hstel

7_]
105TONA 5AIZF &%t A=
sto] oh2t 22 A(1)e2

2 =gatch

A= SFw)E 374
AietAet. g% 339] 1t

23 3,

Water content (%) = (w1 — w2) / wi x 100 (1)

gl Bt o g =Xsla] BAS)

O] water bath(JSIB-22T, JS Research Inc.,
Korea)ollAl 3027t §H3-AI%1
201 UV-Visible Spectrophotometer, Thermo Fisher
Scicentific, Brooklyn, NY, USA)E ©]&3}o] 562 nmol
A ST E =AY A % dHU(Thermo Fisher
Scientific, Waltham, MA, USA)Z ©|-83t ﬂi—f‘ THE
7108 A4tollon, T & ohd2 mg/mLE
HAISIIT S92 33 ®HE é’gﬁ}y\‘ﬂr.
opstorte] £3t EAJQ1 3t B4 At F A Al
o= Lafarga 5(2019)2] ¥R WSkl S7gsioich /3t
24 Aee 4 0}‘7“0}143}9} 7REeE 2:3(w/w) HIER
At &, A=HAE ARSI 14,900 rpm & ofFtofut
vlo| 7h=ek-8 H7kotHA 287 Aot R3EE AR
sttt Azst ZF 93 10 g(wo)2 15 mL conical tube
of ol WAEE7|(1580MGR, Gyrozen, Deajeon,
Korea)& AREst 4TCoflA 17,000 x g2 & 587F HAl&
25ttt 918 /d(water phase) F|Zo2 AAT
T F2 feEw)s S gl 22 fiE
n-Haptane(Duksan Chemical Co., Ansan, Korea)2&
Aol Hol A Y ==7|(RV 10D, IKA, Staufen,
Germany)=Z 55310 fola(w)e 4% & ot 22

Gongju,

3 spectrometer (Evolution

At 527271(PVTFD20R, Ilshinbio, Dongducheon, 2207 AAikslgct 247 33] W =459t}
Korea)& ol 83te] @& 2t offofup} Hito] 5748

7kt AR R S 84S ARSI 34" 27 Emulsion property (%) = (w1 + w2) / wo x 100 (2)
oftolutu} 8M 125 pLo] BCA A|2KThermo Fisher

Scientific, Waltham, MA, USA) 1 mLE &%sto] 37C d A A 73 B4 A5t FUsHA ARt 7
Table 2. Physicochemical properties of aquafaba with different ultrasonic treatment time (UTT)

Ultrasonic Moisture Protein solubility Emulsion Heat stability Viscosity pH Color value

treatment contents (%) (mg/mL) activity index index (%) (cP) " " "

time (min) (%) . @ 2

oY 94.0740.017% 1,706.97430.26° 74.80£0.71°  74.07+1.28 16.70£0.17¢  6.28+0.00° 36.86+0.06° 0.49:0.04° 9.14+0.17°
30 93.92:0.02°  1,809.79+47.02° 75.40£0.35° 7534:0.68  14.70:0.00° 6.33:0.01° 36.41:0.10° 0.26:0.05° 7.98:0.06°
60 93.86+0.01*  1,972.31£18.84° 74.31:0.41°  74.02£1.13 13.80t0.30°  6.35+0.01° 36.370.06° 0.22+0.07° 8.03+0.14°
0 94.04£0.02°  2,035.32414.93% 73.780.23°  73.80+1.15 12.10:0.35°  6.360.01° 36.77:0.10° 0.36+0.05° 8.72:0.40°
F-value 173.733™" 72.899™ 4.248 2,514 183.458™" 88.533""  44.0777"  24.479™"  29.709""

10, 30, 60, and 90 stand for aquafaba with O min, 30 min, 60 min, and 90 min of different ultrasonic treatment time.
2Color values are meantSD (n=5); The others are mean=SD (n=3).

IDifferent superscript letters indicate significant difference (p¢0.05) between values in the same column.
significant at p¢0.0001, "

P

“significant at p¢0.05,
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3= 10 g2 15 mL conical tubed] #5ka, water
bathg o]-&sto] 85T oA 10827t 7HEet & A4 5
1 YA F. 9AER71E ARESte] 4TellA 10,000
rpmO = 287 AR & {3 4 A5 5YsH
32 A= Aot 4(2)¢ 2ol Akttt S3%
< 33] ¥Hg A5kt

HAE+= F=A(DVIM, Brookfield Engineering, MA,
USA)E ol-&sto] &4stglon, 25T 7t ofFoluhs
I AHEE 5 rpmOlA] spindle No. 625 AR&sto] 187t
A5A1Z T #2339 BHE S451]lt. pHe 2t oftot
ol YN-ES pH meter(Orion 3 Star, Thermo Fisher
Scientific, Waltham, MA, USA)Z 33] HHE 435130
o, Mzl 32 WATHL'=97.79, a=-0.38, b= 2.05)2&
BA= colorimeter(CR-400, Konica Minolta, Tokyo,
Japan)Z ARE3IILE M 53] W2 =43510] (lightness),
a (redness), b (yellowness) & YeERAITH

2.4, OiRUX9 ZXE 20X FA} &0/Z & o2 &F

QU 29| B2 E F75H7] fIste] 24 HolA
FAF Au)Z(LSM800, Carl Zeiss, Jena, Germany)& A
251t} 561 nm T9] #lo]A W 40x water immersion
HEAZE ARGl BIAAER o]w|R]= 800H] Hi&=E &
45kt &gt DIC(differential interference contrast)
oJu]Z]& ZEN 2.1 software(Carl Zeiss, Jena, Germany)
Z Z4sn.
2.5, OIRLX9 23 oHEY & & AZY FEH

nta =9l 3ok P 9 d /AL He 5(2021)9
WS Hgote] S5k /3 P8 4 vtay=
10 g(wo)2 15 mL conical tubeol| F5t1, YAEH7 S
A3t 4Tl 17,000 x g & 3087 YAE5IY
o gulo® EoE 42 AAT F F2 {Ew)S
St o™, n-Haptane2 2 33| 22 Fo&Z 4
o] ol 7Y sFsto] UHA f3E(w)E S35
Ot 22 A(3)2 & {3} MAS ALbsteleH, &4

2 33 e =4okol
Emulsion stability (%) = (w1 + w2) / wo x 100 (3)

https://www.ekosfop.or.kr

g obgAdL ZF mteY = 10 g(wo)& 15 mL conical
tubeo] 3t ¥ 80T water batholA] 3027t 71&st
T AR0A 5EF AR dHEE7E AR
4TolA 17,000 xgo& 3087t AR &, |3} <t
47 5Lt WO 2 conical tubedl B2 F8HE(w))
3} Fgo] 22 f3E(w)e SHHAUL, oh 22 4

(o= AL, 2L 33 W e

Heat stability (%) = (w1 + w2) / wo x 100 (4)

~

2.6. OfUxel XXzt &

oty 2o 223 £4& 7 utu|=2E 100 mL HA
of ol &7Fo] 20 mm¢$l cylinder probe® A2lsH
rheometer(Compac-1I, Sunscientific Co., Tokyo,
Japan)& ARESIloH, 23] WHE A2 (two-bite
compression test)O.2 A3t &4 AL pre-
test speed: 2 mm/sec, test speed ¥ post-test speed:
1 mm/sec, load cell: 2 Kgf, distance: 10 mm,
clearance: 15 mmzZ ZA3I3tt. &% & oA
force-distance curve® -2 A)(cohesiveness), H2HA]
(gumminess) 2 RDS40 software(Sunscientific Co.,
Tokyo, Japan)Z £A45t5ich. 4%k 33 ¥ S7gs}

AT,

2.7. OfRUYX9 HE, pH ¥ ME X

oo u|29] HEe HJEAE oldste ZHsHgon,
spindle No. 645 AMEdlY] FALEE 20 rpmCE 10%
7 AEAR 29 2 33 BHE SAskqi ZF npe v =
9] pHE= pH meterg AHESHY] 33] BHE 45130,
Arl 32 WATHL'=97.79, a=-0.38, b=2.05)2& ¥
¥ colorimeter® AFE3I] L, a', b g UEMQITH
AT SRR 53] v SA5IH

2.8 OfRLZXS| Et5ZIf

BeY7t= HE ZEHSY iy 9 gk 159
(&1 79, of: 8B)= W= AHAlstler, 7 mpay=
9} Fut Algg Fu|9 IAIVY, Haitai Co., Ltd.,
Seoul, Korea)& ¥4 AAISIOH. B7RIES <
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(appearance), &(smell), Sttaste), &7 texture), A
HH24Q] 7] = (overall acceptability)@ W0l 748 H=H
< 7Ieo® g7} okes sieinh. & e/ AEet
o AR Y]NA Al SRl(approval number:
KNU-2021-0193)& "L QFHSHA] ZI3Yst3irt.

2.9. EH#E

= AR 33] o4 WHE SA4ste] At Bt
FHAE YERY T SPSS software package(version
26, IBM Corp., Armonkm, NY, USA) T2 138 o]83}
o] BARLA(ANOVA)T}F Duncan® tEH A4 (Duncan’s
AABFATHp<0.05).

multiple range test)&

3. 21t A 1H

3.1. OfF0/mEIS EX 54

250 A2 A 6& ofFtolule] &
= Table 29} 2t} SRS 220k A251A] 2
opFtotutHl7} 94.07%= 7} & =, 25T A Alﬂg
g3t ofFtotutale] L EERFES 93.86-94.04%% %
S Aol g2 Alg Rt Woptt ols 259 xmi 5
I opFotubute] Tl Bojwrt F7o R SR ehEgo]
Aste AFS UJebd Ao A2Hth Shim 5(2018)

AFoA 10714] F5 Hollg B2YY ofFoliE
A% 43}, ofFtohre] £E9tE2 93.60%14 95.10%
HeE Bkt

o goies oA S MY Fa% 84 F
OME F3tel T2 Tl 754 E449 Axo|tHDong

5, 2019). 9 8oiEE 220 AYE HA] g2 AR

7} 1,706.97 mg/mL& 7P¢ 2ok, z%mr 2] A|7to]
Z715to] we ehld 28w gho] §-oF 07 Z715Hict.
Meurer 5(2020)9] A+ ZIoM = 25 qu A2 Az 4
A7) ofFtotupute] Tl Bofio] G949l JFS F
A otk shA|YE B Ao A= ofFtotulEiel HolE]F
A 251 A E o] "ol HotelgY dud
o] & &&50] 23T A A7to| whe} ofFofuute]
Wy &7t 3715 ACR AlmH
YL 7155 AW A WE1

11 Exé 7:1

0 n}i ol ml

o

5} =0

452 34

&
oflt

11]011

386

sto] 71889 S AE 4 oy, oj#gt 58
Folgtth(Hou &, 2017). #3F 84 Ae=
255 APSHA] 22 Al=7} 74.80%°1912L, 30 A2
S A=t 75.40%2 7V % oH, A2 Alzto] St
& faoke A% U AH(p0.05). 22T 60+,
90 A3t A5 78t 4 A 2 AYsHA] E2
AlZET gho] Rokth 251 A Algto] 7t whet
opstotujuo] Tl d B = F7ISIAAINE 2STE 60
& ol ARt Algo] 73t Eoll= 9T A AT
B Aol ARE 232 Huang 5(2020)9] AFolA =
=1 22| A7to] F7IRte] whet EetiFah o]
S FIAE 5= UAAAT, |3 @0l= &
ZX] 519 tH(p»0.05). 251 A YE dHA2 A
| /lé oz 1:]-131411 J1L 7\]70 /\]-o]_,] *J 13}%0 60%}/(]
4 Qlo(Bandyopadhyay &, 2008), T3t 223} A
2] A7k Eoto] fiE oftoluhHte] 7HeA
J= X237} il Afo]9] okst A}GARE-0 2 93] 214 9]
"_EP% of 7]ofstA] X3t Ao E waEh d MY A E
Z20E 308 AT AETF 75.34%= =2 HO|QMA
‘:’rE A =25 192491 Apol= YEhA| %EOPOU% e
%”%% AefotA] gk AlgmETh A2 AJ7to] 60 o]4el
AEEY glo] Wolkl= A= UEAU
ofstoluiHle] M= 231 X2 Al7to] F7teto] wht
FolH o & gro] fact= A% el 2510 A
goA] 22 Almo = Fho] 16.70 cPoIflA, 2T
90& APt A= Ax= AR gk Al59] FrET
oF 27.50% A5t ol#gt At 230 AHE
ot =89 Arrt A A3 A3 Branch, 2011)¢ &
Astict. 223 Aol 22 3F 35 P/acoustic
cavitation) &<¢tolli= AA| Hjdo] % ‘ih% URE 2t
& A =HH, ol Hekd 25(Brownian motion)o]l
o3t o}¥l9} Thil g Tl chilA ) 2] & Afo|o] okst At
< }_ﬂ] o]—]:]—(shao 2011) oc]: I ﬂ/\l— Eo]-oﬂ }\ﬂ/ﬁﬂ
=24 ol 9Jste] H&7t At (Ashokkumar 5,
2009), mEhA 231k A A7ko] F71etof whet ofstofut
H]—Q,] AL7} A% Aoz moiE
20k A g AlZte] whet fol ]l 2polE HERY
AefolA] GF2 AlE+= 6.28% 7HF Woko

SR

).IA

El rolt

T

a’it}. 2872
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o
o
S9d gojert Z7H] wet pHvt B/ RoE B
ek £84 BNAL H7KE okzuol HEA(Park 5,
202009 A7, SuA H7hgo] S7ktel whet oy
of HFalo) pH7t SV AT AT E AT SA
232 ek gict.

Mol P ek I 283 4elg goz

E3to] ofolstite] W17} wolA A2 ouidih
3, 285 H2) Azko] Z7Rte] wt Lgko] A2sieh
(p€0.05), 22745 908 A2 A gol F7Hsle] 28342
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o RS Jehi aghe 2878 Agtow fold
o= go] 4tk Likah fARE A2 283 X2
Azkel whet a'glo] Zastebh Ael Ak 90EelA ol
Z7hstdch LS Ui bge 28518 Aest
Oke N7 Mg B9, 28348 Hd AR gol &
oJHoz gasigict 2878 308 At AR byt
o] 7.98% 7V WSk, 283} AlZbo] 7Kl uteh glo]
27kt AL et 281 A2 Az ofFol}
uho] A Wslo] QJgre F3ith

CLSM

Photographs

CONT

UTTO

UTT30

32 OfRUX9 OM7X % o/ ZE

G979 UES AR tiRF nra R}l 23 A
AJ7to] w2 ofFlotmubs ARESE AEA ukgy[ 29 H|A|
Tz A9} 9 FY AL Fig. 13 2t} npay =9
TAERE f3HES A5 O AR EE e 73
4 5%, AR U 5 oARt 9909 9fsto] AAHT
(Mun 5, 2009). Pt8H 29| nlA|lGR BA-S Foto] iz
T o2 9 484 utgy = B5% 4 afdo] mlAst
A A 13 od HEE FAE 9SS T S+ A
Aot 2 opav|2E A0 22 oY HEE FAGH
o] WAloHA BAlE Y, 124 ExH ulATRE YERRSL
t}. ofFotutalE ARSSH AEA QY| 2E 2T utg Y]
2E v 2 oY IS Hehfglod, od W9
#340] 9 @2 Aoz HAH. o] A 52
Az 9 5 Ax3 ofFoluut £4S AMgoto Axg
opo |z} g7 Ugo g A Xt upau|=o] nAtRE
H| W3 He 5(2021)9] Aot §ARRE A7E Bt o
ofmhile] 251 A Alzto] 1%l whet AlE4 nhay]
29] 99 "F&9] 270 AP HnA FLiA= 4
FS golgt 4= 9lglt}. Xiong 5(2018)9] AT Zz}olA
Z20 A7 & R SFEdo] A A% 2718 TAA

A1 gL FAsE 1ZE Yo, Martinez-Velasco

UTT60 UTT90

Fig. 1. Confocal laser scanning micrographs (CLSM, magnification x800) and photographs of mayonnaise and plant-based
mayonnaise using aquafaba with different ultrasonic treatment time (UTT). In the codes listed for formula; CONT stands for
mayonnaise using egg yolk; UTTO, UTT30, UTTE0, and UTT90 stand for plant-based mayonnaise using aquafaba with 0 min, 30

min, 60 min, and 90 min of different ultrasonic treatment time.

https://www.ekosfop.or.kr
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£(2018)9] AT AFJAE THE 20t A= 3}
o] Z%(faba bean) @A AZo] B Ao 364 um

oA 190 pm 4ste] B A9 fARE A% LER)
9tk 285} Aelo] e ofFolrlolo] 72 WHoE o

15} A1 el Bl A ol ©

—_—

o} A3t LSS Wi AL 3HI3t 2= 9] gil;} o}5tola}u}
9] 283} A7 A7) 2 A EA] ufQuREQ] MAfo E=
et 2folg YehhA] grom, =4 S Hxs A
oIt ST A2 FARL Aol7t fl3ieK(Table 3).

3.3 OIRUIX9| 23 HFY ¥ & AT

97 4E AMSSE ti 2 mRR 2ot 22wk A
AlZtol| W ofFlolutubE ARG AT wha Y29 R3}
Aol AI= Fig. 2(A)9k ”E} D}ﬂﬂlzsﬂr 22 735t
A1&9 F4E A YellAe 73 Hg4do] a5k,
3} P82 Rkl 7HiAl= ?Jf‘él s, £ Wgl g
FAY Fret FF Tl ¥FE Te=rhParky} Kim,
2011; Yang® Han, 2002). ti&F utQy|29] 63} oH4
42 87.57%°19, A& wau=2Y {3 g
77.88-81.30% WHollom, i+ wtgu|2E A&
d mt_Y| =7} oF 7-11% © 22 {3} A Eih

AEA Y2 F 223 AYE SHA 92 UTT0Y]
g} 9PgAL 79.80%010, UTT309 43t HgAL
81.30%=% A o= F7FsHith. 223 227} 60+ °l
A}9] o}FoluulE ARESt UTT60% UTT909 w3} oy
A2 25T AHYE olA] P2 UTT0Q #Eoh Hast=
A YeEFATHp<0.05). 251} %20 whE ofstofut
HH(Meurer 5, 2020)2 AtolA 10214 302714 =
=3 A AlZto] F71etol| whet ofstoturl {olEo] 73t
QFgAol S7tet o, ol Zaut A2 YFOE ofF
ofupuie] K& W/ 9 FAAR 127} 7|55 AHlA
o U2 S AlEste] 73} HAE S7HIE & 9L
ol BYsHQieh 250 A2jE A dubEo s =2

A4S Uetdo] HA AdoA F2F 582 A
3} 588 Z7M7]A9HYanjun 5, 2014), YE3F 22T
Ao w ofFolutHlE ARgSto] A|2g A&/ nkaY|

2= Tl 2] Ato]9] ot Ao Ao 2 {3} A

o AT Ao WerE
2T vhau=el 283 2 A7) uE ofoluht
2 83 A12A Thavzel @ SPgAo) ATk Fig 2(B)

S gt mhRUl Aok 2 $EH0/W) R A2He £
29 4502 sso] /|59 Aol WA, wet]
whau|20] 93 QPgAe 120 olste] Asheitk(Huang
%, 2016). BE thav=e] 9 YA A3} g ETH

Table 3. Texture profile analysis, viscosity, pH, and Hunter’s color value of mayonnaise, and plant-based mayonnaise using aquafaba

with different ultrasonic treatment time (UTT)

Samples Cohesiveness Gumminess Viscosity pH Color value

(%) (@ (cP) : c c

L a b

CONT" 90.53t8.80% 8.35+1.36*Y 9,260.00£17.32° 3.53:0.02° 85.83£0.22° -4.400.05° 21.89£0.13°
uTTo? 98.37+4.52 16.35£0.79° 26,340.00+182.48° 3.44+0.01° 85.2310.17° -4.61£0.04° 17.23t0.17°
UTT30 96.03£3.78 16.26£2.02° 24,450.00£2,363.73°  3.46+0.02° 84.67+0.42° -4.49+0.04° 17.3240.10°
UTT60 91.07£1.72 13.67£1.10° 21,640.00£1,271.85°  3.46£0.02° 84.44+0.23° -4.44+0,01% 16.79£0.09°
UTTo0 86.57+1.17 15.17+1.76" 20,010.001,841.77°  3.45¢0.01° 84.71+0.13° -4.42+0.01° 16.93£0.21°
F-value 2.837" 16.246™ 62.600"" 14.225™ 14.258™ 17.534™ 648.292""

UCONT stands for mayonnaise using egg yolk.

AUTTO, UTT30, UTT60, and UTT90 stand for plant-based mayonnaise using aquafaba with O min, 30 min, 60 min, and 90 min of different

ultrasonic treatment time.
9Color values are meantSD (n=5); The others are meanSD (n=3).

“Different superscript letters indicate significant difference (p¢0.05) between values in the same column.

P

significant at p¢0.0001, "Snot significant.
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Fig. 2. Emulsion stability (A) and heat stability (B) of mayonnaise, and plant-based mayonnaise using aquafaba with different
ultrasonic treatment time (UTT). In the codes listed for formula; CONT stands for mayonnaise using egg yolk; UTTO, UTT30, UTT60,
and UTT90 stand for plant-based mayonnaise using aquafaba with O min, 30 min, 60 min, and 90 min of different ultrasonic
treatment time. Values are meantSD (n=3). Different superscript letters indicate significant difference (p{0.05) between samples.

oI & oo, faT shavi=ol g oy
o 87.53%% 7V B9k, ABA vpRU|2ET} §o)
2l Aol g LEhiIthp(0.05). 484 thau|=e] & oby
ge 77.10-79.31% WYIom, 4BY shavz 3
UTT309] gto] & BolQiAe Z23t A2 Alze] 2
FolHQl Aol e gk,

Al

3.4. Op_Ux9 XXzt

970 IS AR iR mhe v 2ot 253 Ae
Al7tol| W ofFotulutE ARESH AlEA a2 23]
A= Table 300 Yetfleh. 882 WH +x&
B35k gl Qo] olgee g &3 Aol (Wolf 5,
1989), utgy=9] Wi A3t Fweot wta=7] Ao ¥
32 & e F=E Uehdth(Raikos &, 2020). S
2 g2 Y| =7F 90.53%01 AL AEA rteYRE
2 86.57-98.37%= AH&3E ofoluue] g3t A2 A
7ol 37VEE ghol AAasiltt. BE w2 A= 7F
of §94l zol7t GIAAN, ZZTWE 90 ATt
UTT909] -7 tiR+ npau|RE o} dopg}, =)

g2 HHALA AEe 717 A AEVE 2 d7tA] Z3fst
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= 9] Q3} slo|H(Chend} Opara, 2013), &2 #t8
Y29} v|walo] AEA] ntQ U259 HEAHL 1.68] ]
A #hol &UTH(p<0.05). 251} A7 Al7to] F7gtof w
AlE4 nka |20 M2 32 Aok AFE UEY

g
A el ol ol

3@

3.5, OfRUZS &HE, pH & 4¢

ERORL RN ES AU ELIEYEAE R
AZH] mHE offiolutulg g ABY thavl2d
pH, A8 2748 FES Table 301 Uehigih. Hxis of
27 9FRU|Z7} 9.260.00 PR 71 WokT, 4184 tha
SEC A ES R BN X K he
424 ntad)z F 29748 Hs %S UTTOY H=
7} 26,340.00 cPR 71 3k, 283t X2 Alzto] 5
7Kl mtet 424 vhRu|zo) HEsh gashs AP vt
ERHIEh. 223t A2 Alke] w2 ofpolutile] HE}
folH o astgiy, oleje ArHe ABA Tlay =)
Ao 9%S £ Ao W ol Exp i $540]
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u] ﬂﬂx% =3 Er*% AX o

=

= 29 29 % shfold,

AE7t Z7kste] what upa Y| =9 {35t FgAdo] Ftoh=
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|

¢

k&" 40 mlm

¢ A7 b & A9 223 Aol wE ool

AR AEA nha | 29] Hre} 835} g4 Alelofl=
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T e ATE UEride

pHe di27 vty =7} 3.5308 7P #3431, 4124
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27 7 4949
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Table 4. Sensory scores of mayonnaise, and plant-based mayonnaise using aquafaba with different ultrasonic treatment time (UTT)

Samples Appearance Smell Taste Texture Overall acceptability
CONT? 4.73:1.71% 4.6041.18 4.67+1.05 4674145 42741 102

uTTo? 5.67+1.18 5.4011.24 5.67+1.40 5.73+0.96 6.27+0.70°

UTT30 5.53£1.30 5.00£1.07 5.00£1.31 5.20£0.86 5.40£0.83°

UTT6e0 5.87+0.99 4.93+1.22 5.07+1.53 5.40+1.06 5.40¢0.91°

UTT90 5.67+1.11 4.87+1.13 5.00+1.20 5.40£1.12 5.40¢0.91°

F-value 1.776" 0.915 1.169" 1.886" 9.364™

UCONT stands for mayonnaise using egg yolk.

2UTTO, UTT30, UTT60, and UTT90 stand for plant-based mayonnaise using aquafaba with O min, 30 min, 60 min, and 90 min of different ultrasonic

treatment time.

Values are mean+SD (n=15).
Yeoylues with different superscript letters in the same column indicate significant difference at p¢0.05.

"significant at p¢0.0001, "*not significant.

Rating scale: 1 (bad) « 7 (good).
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H, 1 Ao FA=EHYH.
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