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SLomLEE 4ESYSY

Abstract Aquafaba has attracted attention as a promising substitute for egg whites due to its
excellent foaming properties; however, it still has limitations in fully replicating the texture and
functional characteristics of egg whites, particularly in products such as meringue cookies. In this
study, the effect of xanthan gum addition on improving the quality of meringue cookies made with
aquafaba as an egg white substitute was investigated. Xanthan gum demonstrated superior enhancement
of aquafaba’s foaming stability and firmness compared to guar gum and gum arabic. When added
at concentrations ranging from 0.1 to 1.5% (w/w), xanthan gum reduced bubble size and increased
both the viscosity and firmness of the aquafaba meringue batter, thereby improving foam stability.
Analysis of the final meringue cookies showed that the sample containing 0.5% xanthan gum most
closely resembled egg white-based cookies in terms of appearance and crust texture. Additionally,
it exhibited a denser internal pore structure and greater volume, indicating an overall enhancement
in product quality. These results suggest that the addition of 0.5% xanthan gum is optimal for
producing aquafaba-based meringue cookies with structural and textural properties comparable to

those made with egg whites.
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1. M2

[ —

U7 AE A9 Seeh I fAE L AVS AL S Ak A8 240 B Bl 7

ShL ik 53] ARKe AE 94, 431 W 28 59 715 B4 FA0) 278k At - A
% AR A AR AHBERa 5, 2023), o5 AT S Y A AL 0]

AE 2190] 29 T & shua BZhE T 9loH, E3] Bole)E (chickpea, Cicer arietinum L. A]
2ol ololstkaquatiba)’t FEHT ek He 5, 2021a). okl Hotel3, AL ELens
culinaris), &F(Pisum sativum) 52| F575 AAY SXHS ALok= M B4E= A4
o] AH FAER, 9, 3R, AR, ofo]aEeHES PRkl /low, £3] Hotl oftof
shl= v gtolu o] 37F A1 93t 712 A B R3F EAHS AU AF A8 7ol wHhL
B w0l Qlti(He 5, 2021a; Mustafa 5, 2018).
A A= F 11%2] AL $-751H, o] % Q¥ Y (ovalbumin)o] 2F 54%E 717

H] &2 AAeHtH(Mine, 1995). QRN 133 IOA 37]-& Aol w24 &2 31*35101
ARZ/AZ Agsh, thE T Joakgsto] ey gl 1452 %"‘é?igi”ﬂ A% 34
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F/doll 71993t (Godefroidt &, 2019). ¥F ofFtofufu}
el glego] of 19 e Wol, Akeyle] ARYAT 4
T3E0 AE S 8] =33 ot #Eo] FAH
0 eI QIck. ST olEiet ofolsiutel A%L B
A BF 715k At SAF AZof vl bgAdo] 2 HAE
HOltKAtes 5, 2025; Mustafa 5, 2018; Stasiak 5, 2023).

olo whet ofFtotufule] AF S /A {15t thfet
Hizo] ARSI 25 279 HH3HChoden 5., 2023; de
Barros Miranda 5, 2024; Lafarga 5, 2019), 233} A&
(Meurer 5, 2020), Aq|7}¥ 5=(Koriyama 5, 2025), T2
55 9 e & dxE9 &&(Buhl 5, 2019; He 5,
2024) 58 59 B 9 7] ARe) Fe ol AT}
o)%01 A1 3ieh Yoon 5(2023)2 5% ololuhlE 43
WY F7|7F A DAF 7|9 AlF AR FE A4S UE
Witk Belsich e ole 2 B SR BHS 3719
Ql A A|e} Hl-go] AQEH, ofFoluElE AE
| ot

SELY
Y8k Bl BA% 438 4 e o]

o
or

& oo rr &
X,

FA

2} 2714l
#2] §lo] HlwS ofgtohule] 7|5dS /AT 4= Qe Hit
o7, 84 IR, 3, A 59 A7l digt a7t =
E9t7 Qlt(Arozarena 5, 2001; Nguyen 5, 2021a; Nguyen
5, 2021b; Tufaro?} Cappa, 2023). E35] £84 Od&H
(hydrocolloids)i= 84| =& F7HA7IAY A Y EHA
BHe ol AFLERE S FE &4 2 7129 S A
AZIAY i dato] Ao e-Z B ERAE FATCEHN
A S 24t AR IS =L = U= AE Y
A Qoh(Kruk 5, 2021; Li 5 2023). 715 ZFEbf(xanthan
gum)2 Xanthomonas campestris©| 2J3] A== M2 o}
GRE, Yoie & o= M 571 a7t gdsto] of
Fopupul AFO A FXlo] & 7Hs/dol #HGu 5,
2023; Xie2} Hettiarachchy, 1998). Crawford 5(2023)2 et
A A7 4 pH 282 53 obFotutate] HE F71et v
A4 8IS Bo AR /0] FIHUSE sk,
Nguyen 5(2021by Alo]3 AR A pH 24, o A7} X
717} optolutte] B4 7|32 £ ZfAlo] aupA ol
skaict.

Wi A2t Sxto] AL Wol FYste] PolRE ARL
oz ¢ AEOT 71d W A 1Y 5 AR 72 o
% B A e S8 (McGee, 2004; Vega®t
Sanghvi, 2012). obstolupElE ARERF M 7] I A1E
A E T, Stantiall 5(2018)2 ¥ole]|F ofFtofutl B 7]
b A 9 7540 ARt 84 o) 7719} SAelgeM A
E 34 58 P Urtal 51911, Laursen 5(2025)2
Y WhE0] e W@y} 9 gl A o] FaFglo] ARt SRk 25%
£ ofForHtE tiAE 4= Qlthal HAlsiyin) HhH, 22T
S5 ofFolHIE ARSI B F7]9] A9} Mifo]
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[

2 % 9100 (Meurer 5, 2020), 55 ofFolsfut AgOE 3
729 AR BA D A%k ohAA) ALS WY T ol S
F40] 7718 AZF 4 Arky BEIodehSebii 5, 2025).
7He Aot BRI ol (guar gum)t} AKpH 4)9]
8o] ofoltate] A% 54 P4l ZlofstAoM, WY 7]
T2 §AAE Tobd ks Beld vk 24 WAL 69
SEFaL B s Siek Tufaro 5, 2023). 267 37} fajot wel
S} oftotubul A0 A QA oIt o Foluut
Aol2o] EA AH AF Fol BIHYOKCrawford 5,
2023; Nguyen 5, 2021b), otolstt vy 7719] F23 2
A8 AT RET wHolth

webd 2 ATAE HsE Holelg ofFoluuls 7]ut
o= 3 vg 7719 B4 AMe BHoz, e Wbt
oboltet W%, 11 HF 719 Gat exAo] wHE
e B olF B9 HAo My A7 HEE £
24 Set.

ir

2. Mg % diH

2.1. 4grE

B 8o ARE Bolg|E-E FHAE(Doobo, Seoul, Korea)
oA, M F7] AxE I3t At} ALHCI Cheiljedang, Seoul,
Korea):> QI<t BFEO|A SLHStGict. ZHek, Ftob4, offr|of
Z(gum arabic)2 ESAEZYUR(ES Ingredients Co., Ltd.,
Gyeonggi, Korea), AP HFEQ] soyasaponinl-2 Sigma-
Aldrich AKSt. Louis, MO, USA) A|Zo]glom 7|} AJoke.
48 552 AHESHT

2.2, OfF0fmHfel A=

1got2]F oftoluiHbE He 5(2021b)2] WS A& W
sto] Azttt Holgl ol SRTE 14(w/iw) HlEE
SF & 4°CoflA 16417 B2 ARSI L o JASE Al
L %Y FE FRAT 13 ANl ofF BAE
1:3(wiw) B128 F71eE 3, 7191278 47](BF-60AC, BioFree,
Seoul, Korea)E ©0]&3}] 121°Cof|A] 3087t T ¢71E A 2519
ok A E AR A=olA 24417 B AR &, AFH QL
A A& A&sto] Holg|F o g Y XeSE 51| ot
FotupdtaE AMg-SHRIT. ofstotHbE -18°CoA ¥5 H¥ts)
om, ALg A Hof| A2of|A sEste] Aol ZEet * A

o AHgstAH
2.3 OfFOpIHfS K2 24

ofolaute] TR Y ofFolL 5 ¢ 15 mL TS
of §91 52 ZAZX(Alpha 1-4, Martin Christ, Osterode am

https://doi.org/10.11002/fsp.2025.32.5.915



Food Sci. Preserv., 32(5) (2025)

Harz, Germany)3t ., fol2e] B2 245150, Grt
Brix GEA|(PAL-1, Atago Co., Ltd., Tokyo, Japan)E A}-8-3}
o ZAsis.
oftoutute] Aul JE £A2 AOAC(2005) 7]&0] et
ST, S FL 105°CoN Y 712 A2, 23]
-2 550°Co|A] 74 3)eh S, 2HHA FHFS KjeldahlHZ,
=

ZA S Soxhlet FEHE ARSI SISl ol
S Bl Fe 2 AR UHA e geskEE ALt
MY 244 g2 ¥ H Henneberg-StohmannH& o]

olFolure] AEd HHS He 5(2024)9) WS vio
2 BA59t} ool 100 pLloll 50%(viv) HERS 400 pL,
8%(w/v) BFE® 500 uL, 72%(v/v) BHAE 5,000 tLE 7}t
T 1027+ nytste] Egetl, 65°C £80)A 1087k 7Hds)
k. O]F 21°C -EofA] 58It A1 H, 544 nmoJA FE=
(Optizen, Mecasys Co., Ltd., Daejeon, Korea)S &4 5}9tt.
Aty gF BE4S 935t B2 soyasaponinl 0, 0.25,
05, 1,2, 3 mg/mL SE&8 ZH|5ke] A}gaact

2.4. OfFopIEfe A% £E4& F&

ofstotmute] AF P45 I AF S Mustafa 5
(018)9] Wpaie] et Ztict. ol Fobult 5 mLo] Z5
10 mLE F7151] B 15 (V) A2E 215 2, o]
£ 250 mL 38| H|A] Fot 7<&7F27](T10 basic ULTRA-
TURRAX®, IKA, Osaka, Japan)Z ©]23] 11,000 rpmo]A] 5
2t FAslsto] AES skt 84" AEE 50 mL o
2B ZAATA §1 F, 0¥ (Vi) D 308(Veso) T
g 24jo] ohg Ao] wek A% BHS() 2 AR HY
Q2yE AAFsEIH

. . Vro
Foaming capacity(%) = x 100 0]
Sample
. Vr3o
Foam stability(%) = x 100 2)

FO

ofstolulu} A&9] A1 A(firmness)S Nguyen 5(2021a)
9] "hHo|| &3] ElAR ZA7|(EZ Test Shimadzu, Kyoto,
Japan)E AR&-St] SA5ISITE WA, ZF Al& 100 mLoj| o5
HEZ=7](HM 3827, Sundem, Germany)S ARE5}o] 3¢kO 2 5
1t Fgsto] AES G F AHE ASE 983 ol 3E
Aol A(A7 60 mm, 0] 30 mm)o] 7+5 YL F RHZ %
oA glot ARY A1 F AEE SHISHIH A

AN ot

https://www.ekosfop.or.kr

A2 217 38.1 mm, =°] 30 mm2] cylinder probeE ARE-5}0d,
test speed 2.0 mm/sec, distance 50%, trigger force 5 g 279
A ssglon F2 Foe B ATHoE st
W02 ARSE A 3%} A FUS 202 AE §
A 9 oM, Tel ARG A Wokeelnh Eek, of
Folupu} 7% B4 dfat AR FFS BHN| Atol
e, FFobd, ofetHlobd & obtolutl tH] 0.1-1.5%(w/w)2

g IR &, sd e s AF T H ¢4 A

25 MY B5 2 77/9 A=

™l 7]+ Fuentes Choya 5(2023)2] ¥l $£oto] A2
stem zt 7] AxE AT 89 /4L Table 19 Let
W HEe} okt WA ARt &}, ofgtolaul, T12]4l 0.1-1.5%
(wiw) et 7} oFtohuul Zk21g 50 g #{ske] 500 mL
28 Ao 91 A=A (OFM-309, Offel, Gyeongju,
Korea)g ARt 1hollA] 187 33st &, A% 50 g& 3
7Folgiet. ol %, At SA= 3hollA] 43, ofFrotuul W Zhet
A 37} ofFotuprb= 88 Bt wEkelth. 1§, & 7%
AATHIL Zro] AR =o]7] sl 1504 18&1tF wEket
W2 mHEE sl

HEE RS BFHYo| gol fAMA] o AF 25-27
mm HY] oA A AL, FEF} ofHEo] ZH7F 95°CE
dgg QE(RIDO-103, Rajin Flobe Co., Ltd., Gyeonggi,
Korea)oll Al 1A17F &9t & &, A0 A 1A7F 53 YZHA|
7 W F71E 2sIoiTh olF B4 A7HA] DEst] HAIA
oo HEysiitt.

=
=

el

e

2.6 Y HIE9l EM A
ZF g uk==o] EAJOo 2 A vk U] 7|29 gA) Hk=o] A
87| F%(apparent viscosity), H]% I ATAL EA51A}

7H 200 um FA19] ETAE BES SEfo|EFTA o 29
Z, o gl HEES o W YL AH SEfol=E Walth
0|3, Image-Pro Plus AT E[o](version 5.1, MediaCybemnetics,
Silver Spring, MD, USA)7} A%l 48}8n]74(2008], BX512TF,
Olympus, Tokyo, Japan)& ARE3lo] 7|2 9] o|u|z|& &5}
et 123 EFH om|RoA 7} 7|29 AES SHT &
5 um 7HACE FRs] AR 7|2 S o8] 7+ 27] 71
7132 BExE wB g7 Uehfith(Poonnakasem &, 2015).
& Hk£0] AR7| FIE plate type(RPT-50) spindle©]
A= g Q0] E(RSX-CPS, Ametek Brookfield, Middleboro,
MA, USA)E AF85ta] 2A5190tHAlavi S, 2020). =, 20°C
Z0) A vg L spindle Atolof] A|&E ¥ H4S 3 mm
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Table 1. Composition of ingredients for meringue cookie preparation

Ingredients (g) Meringue cookie

EW" AQ? XG-AQ”
0.1% 0.5% 1.0% 1.5%
Egg white 50 0 0 0 0 0
Aquafaba 0 50 49.95 49.75 49.5 49.25
Sugar 50 50 50 50 50 50
Xanthan gum 0 0 0.05 0.25 0.5 0.75
Total 100 100 100 100 100 100

YEW, egg white.
YAQ, aquafaba.
IXG-AQ, aquafaba with 0.1-1.5% (w/w) xanthan gum.

2 A% 7, A & (shear rate)S 0.001-100 s'9] HYZE
HIA7|H ZE7] Jro] #skE EA5kT

2
100 mL AH|QIZ]A H|FAo] W52 715 93l WS Yyt

A Zok BAE ST F, 03] G20 E 100 o] Gt o]
9wl L Aot
w9 wEe] ATAL HaH 2471E AH8ste] 29

o o2 91d), 95 o2 ACIAEE 60 mm, 0| 30

mm)o] MY WES 7HE , 3 BHE BSHA Ztor

=74 A2S 25K 7 0 27 38.1 mm, %0] 30 mm

9] cylinder probeE ARE5}9], test speed 2.0 mmy/sec, distance

50%, trigger force 5 g9 ZZoA AojA&= (g ST
o MBS 99 g Angew s

i)

o
o

2.7. MY 77/9 F& 24

o WS 7 ¥ dold A% B9 B4 SHomr
s 7719 29 W W 72, 947, 9184 9 A5 A
skaict.

w2 F7]9] QPL Yt AEE 7huek(Galaxy S21 5G,
Samsung Electronics Co., Ltd., Gyeonggi, Korea)& AR&-5}0]
Zgotgich WR 125 ] lsiAe WA 7159 FH
7t EHA GEE FOsto], GrtEE AEE AR SR
g 7|02 dHlog A2 & LS HK Basic AZEY 9
(version x64, 3.7.6522, KOPTIC, Yongin, Korea)7} AA|¥
sk n| (104, Nikon SMZ800N, Nikon, Tokyo, Japan)9.
2 Zsiach

v 7719) A ga7 274712 Agelel Adat Y
FLo] A (hardness)E =454 H Yuceer?} Caner, 2021). 2
do] B=e A4 3 mmo] gFil 7 probeE ARSI, test
speed 1.0 mm/sec, distance 50%, trigger force 5 g XA A

918

ZAs19.0m, 7H =2 Y e B FYotgitt. HP
7] W59 A=E 4o fJal WAl F7] FHRE &S
& 15x15x15 mm F7|2 A2 A 8BS 2H|5 3 o] AR o
3 A2 399 BUS 2ANM YR ArES =451k

e 719] vl A2 7+ AR FAE st FAt A3
H 10-05(AACC, 201002 F1§ S43T o3 4] 3y A9
Akt

Specific volume (mL/g) =

Volume of meringue cookie (mL)

3
Weight of meringue cookie (g) 3

w9 2719 AE 2719 WEe g Ees 2%
Sttt A= AMX}A|(CR-400, Konica Minolta Inc., Tokyo,
Japan)E A8-5}0], Hunter color system& 7|02 HIE(L*),
HOE ) 3 FAEGHE 2HelT RS 20 A8
H #E Ao ZF2 L*=94.77, a*=-0.60, b*=3.52%}.

2.8. &4 A2l

A9l 34 39 o] WhEste] Y59l 1 A= ¥t
+HEEARE YERQlth B4 242 PASW Statistics 18
(SPSS Inc., Chicago, IL, USA)& AR&ato] EAHELA(ANOVA)
< AABIAAL, AR 7] 7o HE2 p<0.0594] Tukey?]
AF AAE ol8ste] +RsHA

3. Zu U i
3.1. OfZ0fmfHLel M=

QAo olFolshite] JRit WS Holel Tl BE,

https://doi.org/10.11002/fsp.2025.32.5.915
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Al ¥4, 9 ofFtofmbrto] Al 27| whet gt 4= Qo
2 QI70]4 Holl 100 goiE ojzl ook
226.8+75.6 g(data not shown)Q. 24| o]9] 1P g=F 9 of
E(84 TR BHE BHT 47, DR TFE 531%,
= 5.02 °Brix2 YUEGTEH o]= He 5(2021a)0] E115H

T1FE FF HAS-8%) ol sFstH, o5 13 &= B

SFE(THF Y +879/E84d Aol ), AwAL G, AR,

23 4% ufojof2 Hhg AAgEo] EHETHL Sholrh
Aut B K Table 2)E 7129] T2 AT AT} SIS}

9 th(Fuentes Choya %5, 2023; Grossi Bovi Karatay 5, 2022;
He &, 2021a; Raikos 5, 2020; Shim 5, 2018). =, £~ s}gF
2 94.79%=, Shim 5(2018)°] 107}X] AQFE 5z Holg
T AlFOIA B2 $1(92.98-95.12%) A He 5(2019)0] A= th
£ HoldF &5 57MolA ¥ 41(92.4-94.2%) 7 FAFSHI T
o8& S 0.42%Z, Raikos 5(2020)°] HolEg B3xYo|
el ofofupule] sl Gt GARLO ™ A e
01% m|qto|qitt. Thuld Jhek2 oftofHe] 7|54 &
T} BEo] =8 A HE, 1.09%E e O™, He 5(2021a)
24 kDa ©|5}9] A &A} Tl Fo] 0.5-1.72% EA el st
. O Aol T2 0.04%=, 0.69% J&= F2H 7]
o 7L(Raikos 5, 2020)Ht} AL ZHS HQch
Stantiall 5(2018) Hol2]F o= A %3} ofFtolutHlo] 4.5
mg/g®] AREYo] EATIT BIFGOH, ot £ AToA]
B2 ofFtohuHiel FARE =X E YR Guclu-Ustundag
5(2007)0] WEH, AAEUL FF 4 A2 B T FHY
4 594 24, 344 7149, 8 F Ao &2 T= 2%
AR R, EYHEdH0|Y A REo|E B ARSS AUl
AHSGAE &S 4= glom, ookt BYgdS verdt
I dEA QU

o] AMERE 2 AolA AR ofFolubrl= Ayt

H o

T

N %@ rlo ox rlo x

Table 2. Composition of aquafaba

Aquafaba Content”
Solid content (%) 5.31£0.06
Brix (°Brix) 5.02+0.15
Proximate composition (%) Moisture 94.79+0.00
Crude protein 1.09+0.05
Crude lipid 0.00:£0.00
Crude ash 0.42+0.00
Crude fiber 0.04+0.01
Carbohydrate 3.69+0.04
Saponin (mg/mL) 4.35+0.46

DValues are meanstSD (n=3).

https://www.ekosfop.or.kr

3.2. OfFotafbel A% 54

Ak IR ofFtolulE $]sto] PHE AR A A
Aol Z717F 712 FHE B4R AA] AEFL] dFoltt. o= gt
BA| AL Gt o g EQPgolH, thE EAHA ol Hsl 4=
o] B AoE UTA Ut} AFY B FE 7| Afo]
O] R Huf(thin film)2] ], A9 H4x(drainage), 71329
E4+53Kdisproportionation), 1] 1 7] E 7t - (coalescence)
59 =24 @0l 7]Aeth(Wilson, 1989). wetA o2t
BOHE Aol A HHE A T2k ATHE v
3} 2 A% 7 4EE AzokE o 0h ZR3 R4l

ofolmpule] 7E BAS AE QAT A, 1217 A
T4 ol BAT A3, BE AEOIA A BRpEL e
2 YebdlohFig. 1). Al 3A}= 9F 10.5%2] TidS 23t
s 9o, 1% 20 BuIel QRIS 33 BN B
718 AWol #EA FZeto] Auid E WS FEett
(Razi 5, 2023). o] gollA] WA ek Thaly gL 7]
E5 sl o £03 2L oo, ozt 402 o
o Al BAE w2, Aol 71, BA 5 Tkt AE 7))
A& g AFE-EHcH(Duan 5, 2017; Mine, 1995).

W, opstoinple] AL AR 34 5 & o149 A
= QIsf $]8of| ofn] hido] G, o] 2 Qs A
TF27F =2 Y. 232 204 Foe 371-= Al F3H
w(Kargar®} Sourki, 2025), o}Ftotuiulof E3He AFEL T2 A
HE /A & A-g-ote] A A 7]% Aol 7]ofstH
|4 B2 A& s S7HA 7129 HiS 1
A& AR =N AZF9 M FIAXIHH(Ates T,
2025). Z12ut Table 19 YR Qo] Ak Slxto] Hs| TA
5] - hild JheR oftolule] W AFE EAJT} o]
ZtHHe 5, 2021a).

ofof opstotuute] AF S JMAAI7= Rt R Zhet
A, Tobd, ofghHlobd S s R 7ok, ofotuiie] A
F 345, 4 9 Aol vA= anE 4K th(Fig.
1). 11 A3}, 7ebat o2 0.1% S04l ofFtotful=
2 AT dAEY 22 AR 452 UEHeH, o]F 5k
7l w2t J3 Aaste AdFe EAtHFig. 1A). ol &
3 AR F7PF A9 g S7HIA 7129 FAlol= 7]
ofsht, et He A5 338 AolA 371 74 Ashst
7] W2 o2 WhEITh(Saha®l Bhattacharya, 2010). AA|2 ZF
ST opd2 A2 SHE 7= 1 A RE E &9
A %3jEl0] e AR 24 B7E Hol, goled 4Ug
2= o) wlo|egel Toldurt o e HE F4 An

w4

ol
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Fig. 1. Foaming capacity (A), foam stability (B), and foam firmness (C) of whipped egg white (EW), aquafaba (AQ), and aquafaba
with 0.1-1.5% (w/w) gum (G-AQ). In the aquafaba with gum, XG, xanthan gum; GG, guar gum; AG, gum arabic. Values are means+SD
(n=3). Different lowercase (*%), uppercase (*F), or Greek (*") letters on the bars indicate significant differences (p<0.05) among EW,
AQ, and XG-AQ, GG-AQ, or AG-AQ groups, respectively, based on Tukey’s multiple comparison test.

€ Hole ALo® &A th(Gong 5, 2022). + HAF 2+
0.1%2] %2 FEollA= 7AF 34 254 371 0%10] =i
A ARIEA GoHAE, A A5 S 712 fAlol et
2 AIFBHAITE 0.5% o139 FrolMes A A5l 571
< Yoot AF F4dsol Aok ez Helrh. d2|1
skollA e 7o) axpth ok A7t aviEe W
AL AA9 o A3t A& 54 83H(Gong 5, 2022)2+
BAE T Hoje). ghH, A7Fo] Tl o] EAsto] AHE
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Fig. 3. Proportion of bubble counts by pore size in meringue
batters made with egg white (EW), aquafaba (AQ) and aquafaba
with 0.1-1.5% (w/w) xanthan gum (XG-AQ). Bubble counts (%)
was analyzed by measuring bubble diameters under optical
microscope (200%), classifying them in 5 pum intervals, and
expressing each size group as a percentage of the total bubble
count.
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Fig. 2. Air bubble morphology in meringue batters made with egg white (EW), aquafaba (AQ) and aquafaba with 0.1-1.5% (w/w)
xanthan gum (XG-AQ). Images of bubbles were captured using an optical microscope (200x).
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Fig. 4. Viscosity (A), specific gravity (B) and firmness (C) of meringue batters made with egg white (EW), aquafaba (AQ) and aquafaba
with 0.1-1.5% (w/w) xanthan gum (XG-AQ). Values are means+SD (n=3) and different superscript letters (*°) on the bars indicate
significant differences (p<0.05) by Tukey’s multiple comparison test.
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(A)
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0.5% 1.0% 1.5%
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Fig. 5. Appearance (A) and internal structure (B) of meringue cookies made with egg white (EW), aquafaba (AQ) and aquafaba with
0.1-1.5% (w/w) xanthan gum (XG-AQ). Images of appearance and internal structure of meringue cookies were captured using

smartphone camera and optical microscope (10x), respectively.
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Fig. 6. Hardness of crust (A) and core (B) of meringue cookies made with egg white (EW), aquafaba (AQ) and aquafaba with 0.1-1.5%
(W/w) xanthan gum (XG-AQ). Values are meanstSD (n=6) and different superscript letters (*) on the bars indicate significant

differences by Tukey’s multiple comparison test.
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Fig. 7. Specific volume of meringue cookies made with egg
white (EW), aquafaba (AQ) and aquafaba with 0.1-1.5% (w/w)
xanthan gum (XG-AQ). Values are means=SD (n=6) and
different superscript letters (*") on the bars indicate significant
differences (p<0.05) by Tukey’s multiple comparison test.

Table 3. Color value of meringue cookies

(Tufaro 5, 2023).
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2004). Table 30 LFEFeE Bls} o), oftofatu} meg T7]i
A A} o= F710] Bl FolotA 2 =¥ gk UE
lon, M5 (a*) W FAE(b*) S Fo5HA Rol FT
2 M-S HSir} o]2|gt A= oftofufuto] W oA gt
Fog Qg wiojof= ¥hZo] AjHAH o E dojyty] WEo =
TEth(Tufaro 5 2023). $HH, ofFtoluplol] Zeby-& 7t
2 49, Wreh AUEIlE el WMot HAOLHp>005)
U} the Gastel AAHOE Ato] dAE AFS
UEHAH ol Zetd A7 d w3 MA Ao 4R 9
F= UHE 7FeAol FAEY F7HAQl A7 asii
At

£ ATE AT DA 4 ofFolmule AF G 242
ARgte] Azt 0 7719 FAL A 9190, e
7 IS st HH) Ht SEE AR AS BE
stoiek. Holelgome A ofoluule] Fa 4
435 mg/mL, @A 1.09%, B3E 3.69%A°
AE BH5. 9 L AS AT A Ao vl
2o kg ugitk. oftolstule] WEHE, Fold, ofetuloba g
A7} 0.1-15%(wiw) SEE F7Hsto] vEF Ak, WEol
ofolmite] A% o3y L AnA FYol 7V AnE A
ABE Sl gt offolstue] 492 F7tste] doldl v
Y WES BT A 29 A2 WS R /% 2]
7t a3kT F=rt Z71R08, 0.5% o149 BEelA 371
23 9 AnYo] FYHU. £ 7] F doldl 0 77]
o BAE BT Ak, 0.5% JHAL W 2L A U

Color Meringue cookie
EWY AQ? XG-AQ”
0.1% 0.5% 1.0% 1.5%
L* 89.18+0.72%° 91.01+0.70® 90.69+0.03" 92.18+0.09° 91.87+0.17% 92.27+0.52"
a* 0.57+0.23" -0.94+0.03 -0.87+0.02° -0.78+0.01° -0.79+0.02° -0.75+0.01°
b* 14.78+0.32° 6.12+0.10° 5.80+0.20° 4.42+0.07° 4.46+0.15° 4.55+0.01°
YEW, egg white.

YAQ, aquafaba.
XG-AQ, aquafaba with 0.1-1.5% (w/w) xanthan gum.

“Values are means+SD (n=6), which sharing different superscript letters (a-c) in the same row are significantly different (p>0.05) by Tukey’s multiple

comparison test.

924

https://doi.org/10.11002/fsp.2025.32.5.915



Food Sci. Preserv., 32(5) (2025)

W 7719 fARE 29T A A4S Dotk WY TRE
AR A3} 2] w]3) 715o] AFekT Awrt ok, WA
Hogt Be M8, % Fuze ol 370 o Be 3]
7 ZYE AL HAT 5 ik o] AnE F HollF
9 ofstolatulo] 0.5% WEHEAS WA, AT WA oY 7
719} ARt 2197 A BEES e, Buigio] P4 o}
ofnful ol 712 AZT 4 USS TAsolch

Funding
This research was supported by the Dongduk Women’s
University grant in 2023, for which the authors are grateful.

Acknowledgements
None.

Conflict of interests
The authors declare no potential conflicts of interest.

Author contributions

Conceptualization: Moon S, Kim SJ. Methodology: Moon S,
Kim Y, Kim SJ. Formal analysis: Moon S, Kim Y. Validation:
Kim SJ. Writing - original draft: Moon S. Writing - review &
editing: Kim SJ.

Ethics approval
This article does not require IRB/IACUC approval because

there are no human and animal participants.

ORCID

Sunmi Moon (First author)
https://orcid.org/0009-0005-5998-9460
Yangji Kim
https://orcid.org/0009-0003-9814-487X
Seok Joong Kim (Corresponding author)
https://orcid.org/0000-0002-2162-6323

References

AACC. Approved Methods of the AACC. 10th ed, Method
10-15. American Association of Cereal Chemists,
Minnesota, USA, p 2 (2000)

AACC. Approved Method of the AACC. 11th ed, Method
10-05, American Association of Cereal Chemists,
Minnesota, USA, p 1-4 (2010)

Alavi F, Emam-Djomeh Z, Mohammadian M, Salami M,
Moosavi-Movahedi AA. Physico-chemical and foaming

https://www.ekosfop.or.kr

properties of nanofibrillated egg white protein and its
functionality in meringue batter. Food Hydrocoll, 101,
105554 (2020)

AOAC. Official Methods of Analysis. 18th ed, Association
of Official Analytical Chemists, Maryland, USA, p
112-691 (2005)

Arozarena [, Bertholo H, Empis J, Bunger A, Sousa I. Study
of the total replacement of egg by white lupine protein,
emulsifiers and xanthan gum in yellow cakes. Eur Food
Res Technol, 213, 312-316 (2001)

Ates EG, Karsli GT, Ozcan OD, Ozvural EB, Oztop MH.
Foaming and emulsifying properties of aquafaba powders
as affected by saponin and amino acid content. LWT,
226, 117975 (2025)

Buhl TF, Christensen CH, Hammershej M, Aquafaba as an
egg white substitute in food foams and emulsions:
Protein composition and functional behavior. Food
Hydrocoll, 96, 354-364 (2019)

Choden N, Odell D, Casanova F, Petersen HO, Ajalloueian
F, Feyissa AH. Effect of the extraction process
parameters on aquafaba composition and foaming
properties. App Food Res, 3, 100354 (2023)

Crawford K, Tyl C, Kerr W. Evaluation of processing
conditions and hydrocolloid addition on functional
properties of aquafaba. Foods, 12, 775 (2023)

de Barros Miranda B, Holanda GS, Raposo A, da Costa
Maynard D, Botelho RBA, Romao B, de Oliveira VR,
Zandonadi RP. Chickpea aquafaba: A systematic review
of the different processes for obtaining and their
nutritional and technological characteristics. J Food Sci
Technol, 61, 1439-1456 (2024)

Duan X, Li J, Zhang Q, Zhao T, Li M, Xu X, Liu X. Effect
of a multiple freeze-thaw process on structural and
foaming properties of individual egg white proteins.
Food Chem, 228, 243-248 (2017)

Fuentes Choya P, Combarros-Fuertes P, Abarquero Camino,
D, Renes Bafiuelos E, Prieto Gutierrez B, Tornadijo
Rodriguez ME, Fresno Baro JM. Study of the
technological properties of Pedrosillano chickpea aquafaba
and its application in the production of egg-free baked
meringues. Foods, 12, 902 (2023)

Godefroidt T, Ooms N, Pareyt B, Brijs K, Delcour JA.
Ingredient functionality during foam-type cake making:
A review. Compr Rev Food Sci Food Saf, 18,
1550-1562 (2019)

Gong S, Shi X, Zheng J, Dai R, Li J, Xu G, Li X. Effect
of xanthan gum, kappa-carrageenan, and guar gum on
the functional characteristics of egg white liquid and
intermolecular interaction mechanism. Foods, 11, 2119
(2022)

Grossi Bovi Karatay G, Medeiros Theophilo Galvao AM,
Dupas Hubinger M. Storage stability of conventional

925



Xanthan gum-added aquafaba meringue cookies

and high internal phase emulsions stabilized solely by
chickpea aquafaba. Foods, 11, 1588 (2022)

Gu H, Ma L, Zhao T, Pan T, Zhang P, Liu B, Chen X.
Enhancing protein-based foam stability by xanthan gum
and alkyl glycosides for the reduction of odor emissions
from polluted soils. J Cleaner Product, 398, 136615
(2023)

Guclu-Ustundag O, Mazza G. Saponins: Properties, applications
and processing. Crit Rev Food Sci Nutr, 47, 231-258
(2007)

He Y, Meda V, Reaney MJ, Mustafa R. Aquafaba, a new
plant-based rheological additive for food applications.
Trends Food Sci Technol, 111, 27-42 (2021a)

He Y, Purdy SK, Tse TJ, Tar’an B, Meda V, Reaney MIT,
Mustafa R. Standardization of aquafaba production and
application in vegan mayonnaise analogs. Foods, 10,
1978 (2021b)

He Y, Shen J, Meda V, Reaney MIT. Composition and
properties of ethanol-precipitated chickpea aquafaba.
Food Hydrocoll, 150, 109723 (2024)

He Y, Shim YY, Mustafa R, Meda V, Reaney MJ. Chickpea
cultivar selection to produce aquafaba with superior
emulsion properties. Foods, 8, 685 (2019)

Hu X, Meng Z. An overview of edible foams in food and
modern cuisine: Destabilization and stabilization
mechanisms and applications. Compr Rev Food Sci
Food Saf, 23, 13284 (2024)

Kargar Z, Sourki AH. Microwave-assisted extraction enhances
aquafaba functionality: A high value-added egg white
replacer in vegan meringue production. Food Chem X,
25, 102176 (2025)

Kersten F, Martin D, van der Schaaf US, Wefers D. Gum
arabic - Same but different: Comparative analysis of
structural characteristics and emulsifying properties of
20 Acacia senegal samples of various qualities. Food
Hydrocoll, 165, 111231 (2025)

Koriyama T, lijima K, Hosoya T. Optimizing chickpea
cooking water (aquafaba): Enhancing superior foaming
and emulsifying properties through concentration protocols.
Gastronomy, 3, 3 (2025)

Kruk J, Ptaszek P, Kaczmarczyk K. Technological aspects of
xanthan gum and gum arabic presence in chicken egg
albumin wet foams: Application of nonlinear rheology
and nonparametric statistics. Food Hydrocoll, 117,
106683 (2021)

Lafarga T, Villar'o S, Bobo G, Aguil’'o-Aguayo 1.
Optimisation of the pH and boiling conditions needed to
obtain improved foaming and emulsifying properties of
chickpea aquafaba using a response surface methodology.
Int J Gastron Food Sci, 18, 100177 (2019)

Laursen NF, Nielsen GM, Christiansen MBJ, Li R, Corredig
M, Christensen CH. Plant proteins as substitutes for egg

926

white protein in food foams: Meringues as a model
system. Food Struct, 44, 100417 (2025)

Li J, Sun J, Chang C, Gu L, Su Y, Zhai J, Yang Y. Influence
of selected gums on the foaming properties of egg white
powders: Kinetics of foam formation and baking
performance. Food Hydrocoll, 139, 108529 (2023)

McGee H. Meringues: Sweet foams on their own. In: On
Food and Cooking: The Science and Lore of the
Kitchen, McGee H (Editor), Scribner, New York, USA,
p 420-431 (2004)

Meurer M, de Souza D, Ferreira Marczak L. Effects of
ultrasound on technological properties of chickpea
cooking water (aquafaba). J Food Eng, 265, 109688
(2020)

Mine Y. Recent advances in the understanding of egg white
protein functionality. Trends Food Sci Technol, 6, 225-
232 (1995)

Mustafa R, He Y, Shim YY, Reaney MJT. Aquafaba,
wastewater from chickpea canning, functions as an egg
replacer in sponge cake. Int J Food Sci Technol, 53,
2247-2255 (2018)

Nguyen TMN, Ngoc NP, Quoc LPT, Tran GB. Application
of chickpeas aquafaba with pre-treatment as egg replacer
in cake production. Chem Eng Trans, 89, 7-12 (2021b)

Nguyen TMN, Quoc LPT, Tran GB. Evaluation of textural
and microstructural properties of vegan aquafaba whipped
cream from chickpeas. Chem Eng Trans, 83, 421-426
(2021a)

Poonnakasem N, Laohasongkram K, Chaiwanichsiri S. Influence
of hydrocolloid on sponge cake. J Food Quality, 38,
441-449 (2015)

Raikos V, Hayes H, Ni H. Aquafaba from commercially
canned chickpeas as potential egg replacer for the
development of vegan mayonnaise: Recipe optimisation
and storage stability. Int J Food Sci Technol, 55,
1935-1942 (2020)

Razi SM, Fahim H, Amirabadi S, Rashidinejad A. An
overview of the functional properties of egg white
proteins and their application in the food industry. Food
Hydrocoll, 135, 108183 (2023)

Saha D, Bhattacharya S. Hydrocolloids as thickening and
gelling agents in food: A critical review. J Food Sci
Technol, 47, 587-597 (2010)

Sebii H, Ghribi AM, Chebbi W, Attia H, Besbes S. Total
replacement of egg white by aquafaba and commercial
substitute in meringue formulation: Effect on physico-
chemical properties and hedonic appreciation. Int J
Gastron Food Sci, 39, 101103 (2025)

Song YK. Quality characteristics of sponge cake with added
lotus leaf powder. J Korean Soc Food Cult, 28, 651-656
(2013)

Stantiall SE, Dale KJ, Calizo FS, Serventi L. Application of

https://doi.org/10.11002/fsp.2025.32.5.915



Food Sci. Preserv., 32(5) (2025)

pulses cooking water as functional ingredients: The
foaming and gelling abilities. Eur Food Res Technol,
244, 97-104 (2018)

Stasiak J, Stasiak DM, Libera J. The potential of aquafaba
as a structure-shaping additive in plant-derived food
technology. Appl Sci, 13, 4122 (2023)

Tufaro D, Cappa C. Chickpea cooking water (aquafaba):
Technological properties and application in a model
confectionery product. Food Hydrocoll, 136, 108231
(2023)

Vega C, Sanghvi A. Cooking literacy: Meringues as culinary
scaffoldings. Food Biophys, 7, 103-113 (2012)

Wilson AJ. Cryo-microscopical methods for the investigation
of foam structure. In: Foams: Physics, Chemistry and

https://www.ekosfop.or.kr

Structure, Wilson A (Editor), Springer, London, UK, p
69-88 (1989)

Xie YR, Hettiarachchy NS. Effect of xanthan gum on
enhancing the foaming properties of soy protein isolate.
J Amer Oil Chem Soc, 75, 729-732 (1998)

Yoon KH, Kim WM, Lee GH. Properties of meringue
cookies by adding various chickpea aqueous solution
amount instead of egg white. J Korean Soc Food Sci
Nutr, 52, 539-546 (2023)

Yuceer M, Caner C. Effects of protease-hydrolyzed egg white
on the meringue batter properties and meringue textural
and sensory properties during storage. Int J Gastron
Food Sci, 25, 100409 (2021)

927



