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ABSTRACT

This study investigated the feasibility of replacing dairy butter completely with nut butters in pound cakes and compared
the resultant physicochemical, textural, and sensory properties. Cakes were prepared with pecan (PC), pine nut (PN), walnut
(WN), macadamia (MC), and hazelnut (HZ) butters. The control (CON) used milk butter. Batter specific gravity differed
among the butters used, with the CON cake having lowest and WN highest specific gravity (p<0.001). Cake volume and
specific volume were greatest in the MC and lowest in the CON cake (p<0.001), and baking loss was highest in the CON
cake and lowest in the HZ (p<0.001). Color also differed (p<0.001). Crust L* was highest in the HZ cake and lowest in
the CON, crumb L* was highest in the MC cake and lowest in the WN and PC cakes, crumb a* was positive in the WN
and PC cakes but negative in the CON and MC cakes, and crumb b* was highest in the CON and lowest in the PC cake.
Texture profile analysis showed the highest hardness, gumminess, and chewiness in the HZ cake and the lowest in the MC.
Adhesiveness was greatest in the PN cake and lowest in the PC cake. Springiness was higher in the PN, HZ, and WN cakes,
and cohesiveness was highest in the CON cake (p<0.001). Sensory differences were significant (p<0.001, brittleness p<0.01).
The perceived volume was higher in the MC, HZ, PN, and PC cakes. The crust and crumb darkness were more in the PC
and WN cakes. Butter odor, butter flavor, and sweetness were strongest in the CON cake. A nutty flavor was detected in
all the nut butter cakes, with PN having a lower nutty flavor than the others (p<0.001). Stickiness was notable in the HZ
and PN cakes. Brittleness was significant (p<0.01), and roughness, tub-tub and rancid odor were more frequent in the PC
and WN cakes (p<0.001). Overall, the MC cake had the largest volume and softest texture; the HZ and WN cakes were the
firmest; the PN cake was high in adhesiveness and springiness; and the MC and PN cakes most closely resembled the CON
cake across several attributes. Overall, these findings support the feasibility of macadamia and pine nut butters as 100% butter
replacers for pound cakes and provide baseline data for future product development.
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A3k, R AANE Fele AYHn Adrbed AT 3
7 2 H(planetary health diet)S AAISFSITH(Willett W 5
2019). ©] Agolx ARFe TEA @‘%% A A
A Zo|} A&7l A= /\u] Q3 HE o g 7}lET
T 9tk A wE AL 202349 3559 ”EMW 2024
W 3700 22 A7 gy\orq 2()32»2‘17}%] AT 4.5% A
gatel 5049 Dejel olE o AYErHMarket
Research Future(MRFR) 2023; MRFR 2024]. USDA(2023)<}
International Nut and Dried Fruit Conucil (INC)(2024)2] X311
Aol w2 A AA A A P A6E 2 1097 3
23 27} Ao, 0 F3 fAS FH 0 284 dAS

Al Aol FiEw #H AlF o] &sHA o] Folx| 1L

A |} gFeko] =THUSDA 2023). A3F AHke] 75% o]
e Al A7l Fg MUFAZ PUFAR FAIH o]
THVenkatachalam M & Sathe SK 2006). ¥ 1A /\]—%%
np7hhulol, dlo| &Y, #7h 3, S5 553 AWA 24
o2 Q& WY dAAZA =2 FAHES At Maguire
LS 5 2004). wl7lchujole} &o] &2 MUFAS thd &
sto] WEe} fARRE FE A FuE Ay, Jzt
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e 233 PUFAY) F881t) rixjeto g 35 E o8l
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ek o Yt Maguire LS 5 2004; Kwak JS 5 2014; Choi
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B E](Anchor, ABKCI
Cheiljedang, Incheon, Korea), 2~=(Les Salines de Guérande,
Guérande, France), Wl©]7)3--Tl(Bread Garden, Seongnam,
Korea), 712] =H(isola BIO, Badia Polesine, Italy)= =] oll4]
ElE S8l & Fulsisith AaE HE Az ALE-SH
Ak vlF o Woogo Rabbit, Paju, Korea), E17]4 3l|o]&
0] =2k 17 (Woogo Rabbit, Paju,
Korea), #t(Nature collect, Gapyeong, Korea), W|=At &5
(Woogo Rabbit, Paju, Korea)+= 2024'd4:FS 20251 79 2
Zhol s FZollA FUEN M, Lee SW & Rhee C(2000)2]
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Ip-E Alo] 2| Azl AHEE mhrltim] o}, Fo]EYl, Il
L AL 55 7 500 g 8w EA i
(SMEG S.p.A., SMEG, Guastalla, Italy) 150 CollA] 5 mi
7o ANFE 41015 F 15 min T ZAREATHBai
SH 5 2017). A20x 283 a2 1 hr Y2} & F& Z8
A X (Robot-Coupe R3D1500, Robot-Coupe S.N.C., Vincennes,
France) 2 10 min &<+ 2obA paste Je] = REEo] ALES

At

2) me=Ao|2e| M=

A2 HE 2 A 23 gh=A0) =2 wigh H]&-L Table 1
I Aty A3F HEER AZR3 g=Alo]l3E MeGee
H(2004), Figoni PI2011)S #asle] dv] 28-S S8 b
Aol 317} 7158 Bl e (blending method) 22 A% 8}
At Aol AH8-gh AT HE = Alx TY paste FEHE
RhEo] ARt on, AAF HE = 100%= thAste] A
o AMgStAth Ad, LE WA, A
o] FME HolFE | FHor Hgg =

AFe 2L 2o 3

E=E 23T B ARSIt RES7(Kenwood, KMX750,
Havant, UK)ell ®Ejel Al 3w &, wolZdakeHE ¥
HIEI 2 mini XE2 1 min 94 ¥ 15 FHo2 By} b

2 S mini BEE | min FF 2SI 1 F A

Table 1. Formulas for nuts butter poundcake

HoA oF BAETREAERS

FAOR A o] Fa1 NS TeE W21 x 8 x 6 cm)d]
500 g= AlFFsta, SIHS AFsHA Helst] 170CE ¥

H]Z(specific  gravity) AACC(2000) Method
10-1591 whe} Sl esict. b= Al x27F 45 25 da A
S(WK-4CII, CAS, Yangju, Korea)= ©]-8-3l%] 100 mL Y5
Holl =3 Wr=e] 7z e ST F, = g ks
A9 vl & ALtste] v]SS Pl om, 2 Alge 33] whe
3t g 7ok

W 1l gml) =

4. op2eA0|32 E7|

Aol A9 w7] =4 E(baking loss rate)= w7 A
Aol Rise] SR & F AR 1 hr o] WS
A5 Aolas FHFS AAAE(WK-4ACI, CAS, Yangju,
Korea)®2 S35ttt w7 S4ES 39 ALk & A&

AAlZ2 Hy| O
=4 g, 7y A H|E2H

=

Ingredient (g) CONY PC PN WN MC HZ
Butter 150 0 0 0 0 0
Nut butter 0 150 150 150 150 150
Sugar 150 150 150 150 150 150

Salt 1.5 1.5 1.5 1.5 1.5 1.5

Egg 150 150 150 150 150 150
Oatmeal milk 20 20 20 20 20 20
Cake flour 150 150 150 150 150 150
Baking powder 2 2 2 2 2 2

Y CON: poundcake with milk butter.
PC: poundcake with pecan butter.
PN: poundcake with pine nut butter.
WN: poundcake with walnut butter.
MC: poundcake with macadamia butter.
HZ: poundcake with hazelnut butter.
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Aol Z2] F3(volume)= AACC(1995) method 72-102]
Hel| what F24E ARG T2 X$hi o g SAsidlon, &
AE H3 3k FA] g& EtE H]-8-F(specific volume)
< 7oAk ol o} B2 2& o] &35t v 8A S FIH e
o, Ae]2e] F3)9t FA(mLgE ENZ T3
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shee Aol =gl F3lmL)
R CECIEZI®

5. o2=Fo|=Ze| =&&t2k pH, °Brix

TS shEeAola9] 4S5 BT (HC-BL5100BK,
Happycall Ltd., Gimhae, Korea)oll 3023t 37 £43 H, 3
F Al 1 g& ARt A SR SA7I(MB-95,
OHAUS, parsippany, USA)E AF&-3Fo] 1054 AG0EE=
£ AHgsle] 33] WHE Sdte] HatgkS etttk pHO &
T 23S 98 B9 AR 10 g2 100 mL /757 22
H]Ao Yo wHEZ|(Stirrer, SP131320-33, Cimarec, New
Hampshire, USA)Z speed 594 5 min $9F 723} &+ 3
7% 2 gdnt felaqith 1 43 pH "|E|(ST3100,
Ohaus Corp., Parsippany, NJ, USA)Z 33] HIE =73 dle]
THE TR d=E 0~53°Brix Yol =% 713k
OAY F=Al(Atago digital refractometer PAL-1, Japan)Z
AHg-Sto] 33] whE Sk Fa kS Fetth

6. I2EF0|32| ME

gtgrAel o] ZA(crust)Z A (crumb) S ZHzt iy
(HC-BL5100BK, Happycall Ltd., Gimhae, Korea)® Zo} 35
x 10 mm 27]9] petri dishell H1Egle] Hol A24A|(JC-801,
Color Techno System Co., Ltd, Kyoto, Japan)Z A}-&-3}o]
L(lightness), a(redness), b(yellowness)ZtS -3}t Al&-
H ZF A F(calibration plate)?] #h2 Lk 93.95, adk
—1.65, bk 1.8801%0 01, AJ2& 33| vha 574510
B Fokach

¢

dd rlo

7. ZR=Fo|39| ==zt
gecolae] AL EA ZH7|(TA-XT Express,
Stable Micro Systems, Godalming, UK.)& A}&-3le] =733}
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Atk A 24 APATE Faste] AlE= 2.0 x 2.0
x 2.0 cmZ AFsle] AFEE9 2, 36 mme] probed AlE-
&l pre-test speed= 3.0 mmy/s, test speed= 1.0 mmy/s,
post-test speed= 1.0 mmy/s, test distancex= 5.0 mm/s, return
speed= 5.0 mm/s, trigger type<> auto, trigger force= 5.0 g&
2 2339t} Al 85 7 E(hardness), F-2Hd(adhesiveness),
&k (springiness), -3 4d(cohesiveness), 73/d(gumminess),

18] 4 (chewiness)= 33] W& =34 3lo] Htat 2 XA}

4
g 759

T AlEe] ks gleliz] flal o
= 3= F de EH A ATtk Hrt I o
(appearance)?] H-J(volume), A2l JFE HE(crust
darkness), &22] ZA % %(crumb brownness), 7]&2] oY
’d(cell uniformity)®] 47F4] @55 7833tk WAl (odor)2]
FE-2 Ak HAll(egg odor), 11423+ WA(savory odor), HE]
HAll(butter odor)2] 3714 =S =351 o, dk|(flavor)
= Wil(sweet taste), W E{Z(buttery), AI}F T|(nutty
flavor), &->"Hacerbity)e] 47} =S =35kt At
(texture)> &H(hardness), UAMd(roughness), =g
(moistness), ¥-2} % (stickiness), F-*171/d (brittleness)2] 57}4],
TujE= ek B S (tub-tub), AF9F (rancid odor)e] 2714
oz F 187H o R Frtsiith Hrke 91 A&
A=nlj-§- <ksirt, A=K, 95=nl]-¢- Ztrh= z1&s}ct.

9. EHEAN

Aol BE X A= SPSS Statistics 28.0(IBM,
Chicago, IL, USA) Z 2138 ALg-3lo] 2|l a, 7+
o] 3l MeantS.D.2 UJERNRITE A8 7F 2Jo]& 2
-2 (one-way ANOVA)C. 2 3l 2|3t 7% Duncan
9] o}z 9147 (Duncan’s multiple range test) &2 A}
= AT ol p<0.05E At on, 19
FE p<0.05, p<0.01, p<0.001 % E7]5}Ath

re
o N

Ml
S
A

>

a1

Me

Jo

dn o oy

gkl H|S

1.
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Table 2. Specific gravity of nuts butter pound cake
CON"Y PC PN WN MC HZ F-vlaue
Specific gravity (g/mL)  0.89+0.00°%  0.97£0.00°  0.99+0.00 1.00+£0.00°  0.97£0.00°  0.96+0.00 18220

D Refer to the legends in Table 1.
D MeantS.D. ™ p<0.001.

» 3¢ Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.

o} 2ok =] v %
3 I ZTH(CON)°] 0.892 71 e
THWN)ZF 10022 71 o} A8 3H
UATHpP<0.001). BE=2] Bl AMEEHE A T7
3, Az Bl Qs EeAos Aun, A 7k,
e W=e] 713 QP stel] Sqleln, ol= HF AlF
94 qu /K]7]—oﬂ oﬂ S‘k.Q u]j] Qo] o]q_
(Brooker BE 1993; Wilderjans E 5 2013). 124 “Jei2] HH
= oAl XM A% L= A S agFew E
Fsta g sia7H, tlZ2TH(CON)S SalldH oz A=
= Ao|=Z9] HF 0.90+0.05 B E =% = th(Figoni
PI2011). 21717 WEIS AJE3 BE wEe) wj3e A% 1)
§912 2R, ol AT wHel B Bxa
o s el F2olA &2 paste FEHE frAlot
o]t Wood FW & 1975). o]&g &2]4 542 7]
SPgAoR EHY 5 I ARG AY AY Tx
HA YHE3(Devi A & Khatkar BS 2016), ©] 2 213
71328] PgAdo] wobA wks W 7] o] Zobx| i 3}
 HE Y] Ale] 2 W= H]Fo] o AHE vEhd Ao
= AlgdEth 53] 3579 H$o] 7P #A dekskeT, ol
T T7°] PUFA o] o} 21 o] Z7] wjZel
FYAD A 2 2= e vs el TE
oA %k Ay Ackd

2 0.89~1.02 UeEltom, HEZ A%
U v S8 BHylon,
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=
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A= Table 337+ 2t}

&2

R

=4

sy ) . . 0. o 31w
EHZ—TL(CON)O] 9.26+0.30%% 71 =&

2 Uehllon, do]E&ul(HZ)o] 8.06+0.30%= 71 @ &
AES JeR) A187F §9]2Q1 2to] 7} AATHp<0.001). o]
3l A= AT S| shE -84 2o] 89} X454 oju]
Ake] 1 A3t ‘—S‘Ej.(water holding capacity)°ll 2J3F Ho|g=
A AT Axhel dx]etHLeal JA 5 2010; Voiniciuc C 5
2019) 3] 84 Aol d-79 &8 27 heteromannans), =
Bl T} (pectic polysaccharides) & 4272 84 2lo]d
B 249 S0 AT SEE FoNT Al T
ZE PAst vk W 77 olFH S8 AIFFTHTosh
SM & Yada S 2010; Grossi Bovi Karatay G & 2022). X3k
37 Ao :LEE]"‘]'(glutannc acid), 0}/\«4'E*]'(aspamc
acid), oF=27|(arginine)?} 22 57 opw|=dto] & £
Fa A4S FAsk] S ETOrE—:]. = FIAA EE F7
=2l 5o 7]oJgtlGbadamosi SO & 2012; Park GS & An
SH 2012). o|# gk 54E0] v ellA] & 23S 5o &
= B T Tl e AE A wiZel(Park GS
& An SH 2012; Grossi Bovi Karatay G & 2022) 2 7]
SAES Ve Zoz ke
55k v 84 24 Az, sbchlolMC)e) 339,54+
2.03 mL)¢} H]E-#(1.16£0.06 mL/g)°] 71 =41 JEg e
), flZ7(CON)°] 7HE W §3](22.66+1.33 mL)%} H]-&
A(0.66+0.03 mL/g)S 7Hd R o2 =3 ETHp<0.001). ©|
T W HlFo] WS gE Aol HF Fuvt At
whAQl 73k} dats] = 2 o] th(Wilderjans E & 2013). ©]
23t 2ul= vk oA 9] Fr| R SEHHET S5 J,lrﬁ
ol A9l 7} Hf-2(gas retention capacity)©| | &2 #HF
ol i & < n3 Ao g Atgdth A3F HE zé}

oL Il

g

“O
38

Table 3. Baking loss, volume and specific volume of nuts butter pound cake

CON" PC PN WN MC HZ F-vlaue

Baking loss (%) 9.26£0.307™  826+0.23™  8.66+0.23°  8.46+023™  833+0.30*  8.06+0.30° 724"
Volume (mL) 22.66£1.33¢  27.10£0.76°  24.88+1.53°0  30.21+£1.53°  39.5442.03°  31.54+2.03° 41.90™
Specific volume (mL/g)  0.66+0.03 0.79+0.02°  0.73+0.04*  0.88+0.04° 1.160.06° 0.9240.06°  40.00™"

D Refer to the legends in Table 1.
D MeantS.D. ™" p<0.001.

» 24 Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.
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o Azt 23 Rol

N =Sl =
= oA Bt 3719 oklalgAas ayH oz
FHgto g Fylo 7]o3t (Leahu A 5

Aoz et
2022; Gul O & 2023). 53] wirlru]ote] ]} H]-g-2 o]
71 #=A vehd AL nltemotell B e MUFA7F
A FE] f3kE FAAA A viE F2E s
31(Shahidi-Noghabi M & 2019), & oA whids} o
Fitol ol o3 MAAHWUA Axgh P25 FAJ5tod(Shuai
X %5 2023) AAEE 7taE arg o s 38t 481
7V 2 595 Jehd Ao 2 Alsdth HAAZ Miller AE
54(2013), Shahidi-Noghabi M 5(2019)2] ¢ oA & Whk==9]
37 TFFEG 5= B A 73 b 3 A A

el HF AlFel F9E 2 6k= o sa3 aclolga

Huslgon ols B A9 Aubelx Ax|3lc)

3. =2&2t, pH, °Brix

235 HEZ AR goAelae] I pH,
°Brix 2% Z3}+= Table 49 2t} 23S o) Z7H(CON)

o] 24.1440.05%= 7} =kon, A{F =7 wzt 9
210l 2] 7} YA THp<0.001). HEZTH(CON)S 714 =&

7] S5 Ul o, HF AlE
Uehdth duks oz wE e RS

2022), A7}7F2] 3~8%XTHUSDA 2023)

SR 1

16~18%=(Codex

O AH O
=

SO
ww T 2‘Y:]'—-|-|—

33 9] Mol o B FEGSL Ui o Aud
o g HEle] e A Gl Fi FPIA BF W
S EHlo] S A 4L slo] Dol o S £US B
9402 AANZY] dRoR duEth e, Asks wE
FAA ol FAHZ)S FEeFe] ThE AsFuTt Fo)H

o2 =4 veiyEd, ole AR dilda) Aol {rt
W oA i EYA o R Hidhe 33kl 18 72
(three-dimensional network)E @-g3l7] WZolgts Hd
T Aol X 3cH(Cikrikei S 5 2017; Zhang H 5 2022).

A BE A deEAelae #

i)
[

<] 411

M
20
H

t}. pH 273 A3, ZFHCON)©| 7.22+0.022 71 %
A3 HEZ B g Ao|3E pH 6.65~6.83
ofHAl w3k YERIATHp<0.001). ©]2igt pH 7
Aol e 714 Felvls S9tE 59 A ¢
Ao g HuE At Stevens-Barron JC 5 2019; Wang
2022). °Brixt WZT(CON)°] 2.70+0.002.2 713 Bk
w, ZHPN)°] 3.7040.10, &l|°]ZH(HZ) 3.33+0.05= =7
Bt THp<0.001). A 7ol F 72 100 g & 2.6~4.6 g©
2 A7 F5 wel 2 zke]7| §ItUSDA 2023). B%
°Brixe= AHd T 2HES 7T o R A, A FelA
= 9 olgle] 71k A", 7714 5o 84 1F Y]
g W) wjZel, olgl g s T E A Ao|7} Al
87t ZolE yehd Aoz ddEtJaywant SA 5 2022;
USDA 2023). ©]= AZFol drd ohdst +84 135

= Ry
S0l AF ol dEFe A F UES AR

[o
fru

7 o b
oo o e i o

il

%—:]‘.

M
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AF HE R A 23 3= Aol=e HA(crust)T &
A(crumb)e] M= =% AF}= Table 59 2] SHFHIUTh
Aol Wx Lk thZT(CON)°| 47.45+0.000.% 7} ut
gtomn go]EY(HZ)o] 52.59+0.012 7P =A Yehsitt
(»<0.001). AN =S VeI & aghS 25 K9 S ZA
o, Fo]ZH(HZ)°] 7.39+0.05% 7FF =3 th(p<0.001). 3
A0 bFES thZTH(CON)©| 24.45+0.102.2 7 Weko
), o] ZV(HZ)o] 32.19£0.02% 7P 723 418 vehy
H(p<0.001). &89 W, A%, FAEE 97 vE
upel §oJn) g 2fo] S K THp<0.001). °o]2]gk xfo]l= Az}
F HEY 1 Aa, A 4, dd, g dg d &
Az 55 5 vlolof2 vhg- 3l 7ieiasle]
© 2 ket Shakerardekani A 5 2013; Toyosaki T 2018).
213Ee] ] oA B A Wk Tt dAlse]
A zto] & dof, mjolok2 wkg-¥} Flepd gl wkgof <& &

=~
H3txAo

hal ]:}——11__ oé]z‘%k

53] go]EE olgt OF & A TYo| Tt w FH oz Y, 2 whg-& AFe] v 3 agla A
= ZPgollA Fell ot 7 4S8 FH A Ho g AlRH Hslol] P nA FHF AFe] 54 2FAE A
Table 4. Moisture content, pH and °Brix of nuts butter pound cake
CON" PC PN WN MC HZ F-vlaue
Moisture contents (%) — 24.14+0.057%)  22.07+0.27°  22.69+0.16°  22.71+0.04°  22.51+0.13°  23.17+0.25°  48.92""
pH 7.2240.02° 6.75+0.01¢ 6.78+0.00° 6.700.00° 6.83+0.01° 6.65£0.01° 70275
°Brix 2.70+0.00¢ 2.86+0.05° 3.70£0.10° 2.96+0.05° 2.86+0.05° 3.33£0.05°  107.45™

D Refer to the legends in Table 1.
D MeantS.D. ™" p<0.001.

» 21 Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.
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Table 5. Color values of nuts butter pound cake
CON" PC PN WN MC HZ F-value

L 47.45£0.007%  48.16£0.05°  48.64+0.03°  49.79+0.03 °©  48.49+0.04¢ 52.59:+0.01° 7,870.17""

Crust a 5.95+0.00° 4.600.06° 6.35+0.11° 4.93+0.11¢ 6.26+0.11° 7.39+0.05° 416.47"

b 24.45+0.10° 26.7240.09  29.38+0.05° 28.69+0.06° 28.65+0.07° 32.1940.02° 3,751.83"

L 82.51+0.07" 58.9840.02° 68.48+0.19¢ 58.33+0.11F 83.4140.05° 80.44+0.00°  40,518.62"""

Crumb a —4.39+0.01° 1.02+0.08° 0.52+0.04° 1.3440.00° —2.98+0.31°  —1.29+0.02¢ 8,485.27"

b 45.63+0.14° 21.67+0.08"  36.48+0.14°  25.49+0.06°  33.03+0.04° 33.55+0.08°  20,289.99""

D Refer to the legends in Table 1.
Y MeantS.D. ™ p<0.001.

9 2T Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.

Q9lo|tiMartins SIFS 5 2001; Nursten HE 2005).
ANA & Fo]Eyl WE 7ﬂ olZ Aol Wi, AN,
7} 71 A vdebstET ol dlolEule] 2l4l(lysine) 2 2
< ] opita Sd|o] wiolok2 RE-g-¥ slehilstE
XA 717] vl Zolehe A A A3kel YA gtK Cerbulis
J 1955; Tas NG & Gokmen V 2017).
A7 ALk Abste] os) A Fr] SetEs A
/gstal mlolof2 Wg-5 FxIshH, Thild 3} ofm] e ike- n}
O]O]:E’ H]—Q—ﬁ 3_3_]}\]74 A~ U] —’-U] 31].6’1—‘:' /Kg}-]oﬂ 7]0:]6}-
THHan Z 5 2024; Shahidi F & Hossain A 2022). =3} Zg]
=7} ?’é}’u‘l’ﬁ} Qe A WS st dAlst] AF
o] =g W fAsketl 9&S VIt Han Z 5 2024).
ShARE dukA o 2 B s iike dAkst 3 ]/‘1 el
23} AR el vlolob wgo] ZARE Ao FeiA
A THWhitfield FB 1992; Zamora R & Hidalgo FJ 2005), &
FWN)= dekxeld(ellagitannins) 2} 22 Hiks) A Fo]
EXAAEE] AFsLE oAlstal vlolof2 REg- 3] F3E

=
501-/\1]

?.
AN A
7

Hv

Table 6. Texture characteristics of nuts butter pound cake

I3 A17 (Stevens-Barrén JC 5 2019) H=7F =74 YERE A
o & wAekdrh 23 AakE WY Alola Ao vk dix
THU B% 22 7oz YeEphded, ole AaFel gdad
Aol B BxvE 2 EeluEy 22 s 4ol
2oz 49 AABFRA 7] Wl A= HaE gl

THAlasalvar C & Bolling BW 2015; Shakerardekani A 2015).

[e]
kS-S

5. =&zt

AR HE R Az apeAlo|lae] 243 S A=
Table 63} 2t} vl7lctulofMC)2] 74 =(hardness)= 357.59+
7.15 gﬁi 7}1} u—oLou:] ﬁ:oﬂ o:l%‘t_o— k= 74%4(gmmﬂ_
ness)3 %84 (chewiness) = 259.34+8.17, 249.64+10.08% 7}
7 G JEPETHp<0.001). Lutd o g Alol3e] Axe 713

o-I-T

o) G4 9 fAol whE Polo WG Belo] glow, ¥
57k 345 ARk HelAE &(-)9 FBUAE tehitt
(Gujral HS 5 2003; Agrahar-Murugkar D 5 2016). ¢+ £

o o] B 73.\4-9} A x5k Hu7} 718 2 Mce] A=r

CON" PC PN WN MC HZ F-vlaue

Hardness (g) 372.21415.78%14%)  406.62+35.66 448.48+25.72% 482.27+36.83° 357.59+7.15°  542.85+10.72°  24.08"
Adhesiveness (g.s) —1.3340.05° —0.21£0.04*  —421£040° —0.69£0.09®° —0.76x0.05°  —1.76+0.16° 175.81""
Springiness 0.98+0.03° 0.93+0.05° 2.27+0.06 2.20+0.00° 0.96+0.02° 22240.03*  801.31"™
Cohesiveness 0.75+0.05" 0.73£0.01* 0.64£0.01°  0.69+0.00*  0.72+0.01® 0.67+0.02° 6.96™"
Gumminess 281.02+26.65°  297.41£30.25° 290.58+9.63° 336.04+25.53" 259.34+8.17°  364.48+6.25°  10.79""
Chewiness 261.38+43.05¢  276.38+27.94% 661.09+41.09° 741.83+£58.21° 249.64x10.08°  810.22+4.95°  160.89"

D Refer to the legends in Table 1.
D MeantS.D. ™" p<0.001.

) 3¢ Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.
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P& A ettt o2 g A3k wiyltrlote] we A
2 AR 240 ofg Ao R AdHEnh =2 AA 3
{:EY(shortening) H3}2 ZFFE] A3E A5t
< 9 3Ktenderizing)A]7] ™ (Niihara R 1994; Cauvain SP
ung LS 2009; Manley D 2011), ©}7Fohi] o= MUFAS)
H]E‘ﬂ ol we A Oﬂ/‘i A%(oil phase)®] &< T
7kste] 7189 48 B RS FwaL, AR oR §3 St
o} AxE 7FAaAZ] Aoz AFE T Cauvain SP & Young
LS 2009; Manley D 2011). =3+ Niihara R(1994)°] w2
olglgh A de] HEAg-e 7 Bie F7be die =3}
o= #oste] e 2SSt shict wet
A B AT T mptthrlole] A, A, A3l 7
A gehd Aoz s §o] 2R (HZ)S % 542.85+
1072 go2 7P Ekom, A 364.48+
810.22+4.952 714 =/l HERSTE dlolEle w2 AN
T S ohke] dralA S hfote] Tl
A el 2 5l e 1§;<_} &= &3l
g 725 FAsk Aela =
(Linlaud N % 2011; Bulgaru V & 2025) o] gt o]
At ‘&““7“-4 BEAEE W ] 7] EE <t
Alell RESe] D g S7HAA Alo|29] #2258 U5 A1
Al THETHBrooker BE 1993). ©]#]3F 5A41-& Alo|=39] A&,
A4, A3 =7t FHA JgS wxw(Sahi SS &
Alava JM 2003; Psimouli V & Oreopoulou V 2012), °]= £
ATelA sllolEule A, A, el 7P =A vE
W Ayele dx)3)
= iL/“(.adhesiveness)ﬁ’- ZHPN)©| —4.21+£0.40 gs= 7P

< 293, JZKHPC)o] —0.21+0.04 gsZ 7 o
< YERATHp<0.001). & F2AL AntF vE
cha ghek A 24, 42 271 59 54l
Alo]Ae] F3ol JgE mX]7] wjFo]tHMuego
S 1990; Shakerardekani A 2015; De Jonge N -5 2023).
& whild S nAGE iRk EHA S S7HAA
AukARe] 45A8S =l o] Ha
1Qlo]thMuego KF & 1990). RhH 17t
29 4HKoleic a01d)-4 H]go] o}
] Art. o] gk A4k BESof] s}
oFstAl7) 3, FAE S Eole ©
THWagener EA & Kerr WL 2018). ©]2]3gF x|ike] &
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o2 AlgHt}
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ZHPN), &°]EH(HZ), TFHWN)7F
2.27+0.06, 2.22+0.03, 2.20+0.002.2 =9ko ™, -8-F X(cohesi-
veness)< tHZTH(CON)©| 0.75+0.052 71 =4 Yelutt)

AT e oA eeselae] F 54 413

o]z} :} HA ST AdaRe A dildo] Alola

2Hd B-A H(elastic restoring force)@ 713 g3
= =o|7] wiFolghs MPd+ Aot U] SHH(Brooker
BE 1993; Cauvain SP & Young LS 2009; Wilderjans E &

Jb

i ti2Tte] B2 AL HEY e AWAF T
thil o] &Aool XU 25 FA3| ez At
HthArmero E & Collar C 1997). ¥ AFolxe= ALF HE
TR wet Ax, B, 34, A4, A0 B g2
A UrE} H, o= 7} AFe] At E47 HaRe &

A

!
G 5ol 74 A Aol7h wE 2
o

Aolze) 7ol HEAY e WA Ao AR

6. =& Xlo| HAt
AT H HE R A 23 - Ao|Ae] AT Table 77
o} 54 ate] HArls gsAlol Ao o, WA, &), &=
74, Fule] s7HA] Eo tiE 18714] gEoz S35
th o 5ol FI(volume) 7 23 mhlri|oMC)
6.65+1.69, 3°|ZY(HZ) 6.40+1.84, ZH(PN)°| 6.30+1.08, I
ZHPC) 6.25+1.60°] ANZ 0 & =9k31, THWN)4.75+2.22
o} JZTHCON) 3.10£1.86> frofd oz W HuE Hel
Aoz FEAtHp<0.001). o] & 7IAZ =33 Fu] & B
§2 Aaoke tha ztol & HoleH, 71413 S w2
A Fegke Aela iR 71Fe] A7), X, d44%
e :,Lzzq JqLo]oﬂ\: E%]—ZJ o7 oﬂz‘sh—o_ \l7) “:HE‘O]‘;}
(Cauvain SP & Young LS 2009; Wilderjans E & 2013)
ARl o]F8 ZE(crust darkness)= JJ?}(PC)J/]-
(WN)7} =71 YeRE e H(p<0.001), Z82] 241 2 % (crumb
brownness)'= I ZHPC)Z} THWN)OIA Feldo=z 713
= YR THp<0.001). o= AxF ] M7} A z)Fel
E3HE G opnicdbo] e |4 mlolof2 REg-S
to] Alo] 2 &2e] Mol Wslet Aoz o]t A= <
gk S0 AL, a, b) Aot X G 7]F
“J(cell uniformity)S thZTH(CON)o| 71 TL kA Yt
tﬂ, S5HWN), HZHPC), v7tr]ofMC)7 gt
Uelsitt o2 g Aate WY A gl Ak
12 72 PPoR A3 71FS vEhiH, ole
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Table 7. Sensory attribute differences of nuts butter pound cake

CON" PC PN WN MC HZ F-vlaue
Volume 3.10+1.86°  6.255+1.60°  6.30+1.08°  4.75+2.22°  6.651.69°  6.40+1.84* 13.16™
Crust darkness  2.40+1.31¢  8.50+0.82° 520+£1.32° 7.30+1.03°  5.3041.92°  5.154£2.00° 40.75"
Appearance -
Crumb brownness 1.65£0.87¢  7.50+2.01% 540+£1.27°  7.50£1.05  4.05+1.46°  3.65+1.63° 51.64
Cell uniformity ~ 7.70£1.92*  2.10+1.41° 425+1.44°  2.05+1.19° 2.80+2.11°  4.10+1.86° 31.42"
Egg odor 6.80+2.09°  1.75+1.25¢ 6.50£1.67°  2.45+1.31%  5.40+1.63°  4.30+£2.15° 29.55"
Odor Savory odor  5.90+£2.42°  555+2.85™  6.60£1.56™ = 4.50+2.48°  7.60+1.53"  7.70+2.17° 6217
Butter odor 7.9842.25%  2.00+1.41¢ 5.142.44° 2.90+2.35%  4.80+2.39°  4.20+2.74™  16.07°
Sweet taste 820+1.10°  6.05+2.48%  7.00+1.02®°  535+2.23°  6.20+2.21%*  6.65+£2.13% 497
Buttery 8.15+1.56°  2.25+1.80° 53542.68°  2.8542.00°  4.90+2.77°  4.60£2.56° 16.79""
Flavor
Nutty flavor 1.70£1.49¢  7.25+1.88° 5.05+2.48°  7.20+1.76"  7.10+1.61°  7.65£1.63° 31.06™
Acerbity 1.40£0.68°  5.60+2.81° 3.5542.66°  5.90+229"  3.15£1.78°  4.05+2.43° 11.1177
Hardness 1.55+0.94%  7.20+1.28° 435£230°  6.90+1.91*  5.45+1.57°  5.30+£0.97* 33.71""
Roughness 1.40£0.59°  6.75£1.88°  4.15+2.23"  6.70£2.10°  4.45£1.79°  475+2.12° 22.18™
Texture Moistness 8.05+£1.05  3.05+1.82¢ 6.00£1.80°  4.20+1.82°  5.80+1.43°  5.40+1.46° 2287
Stickiness 445+2.81°  3.60+2.06° 5.95+1.95°  4.20+2.33°  4.40+1.84°  6.35+£0.93" 5.40™
Brittleness 3.0542.54°  5.2042.64° 3.15+1.56° 5.05£2.66"  3.95+1.95®  3.50+1.87° 3.48"
Tub-tub 2.40+1.78°  7.30+1.86° 4.65+2.08°  7.10£1.94*°  4.90+2.04°  5.45+1.73° 17.72"
After taste .
Rancid odor 1.40+0.94°  5.40+2.94° 3.404225°  4.6042.92®°  335+1.95°  3.90+2.12®  7.02
D Refer to the legends in Table 1.
Y MeantS.D. ™ p<0.01, ™ p<0.001.

9 2 Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.

(PO)Z TFHWN)ellA 2katAl YERGTHp<0.001). ZA3-7<]
1143+ dKsavory odor)2 3] EH(HZ)Z wiFlchu]oHMO)
oA skl YRR THp<0.001). o1& Aol 228 2

A FEF, dulstols, AEe] FHE XA
(Alamprese C 5 2009; Pelvan E 5 2012), 7AZ}-7F HE 5
o] ] dio] 71E HE S AR Fn Aes 7”\"]71
o, A 10 F0E o TR e W

=% Az}oll A Thal(sweet taste), HE] F1|

(buttery ZRCONIA 713 ke, ol Tf2 A=
o g glo] WEISH Aol %e A 5 9] R B

gl 53 ZFHWN)Y ©@ate] 7 sk =R om,
FZHPC)H T HWN)= HE Fnx 7P oFelA AR =
Ao Z YeEPtH(p<0.001). o= AZF HEL] EXaA|W
Atah gl o] Rol ga 9 Batol] JEks vl w2l
215 A 717] wiolghs Aol UK Guichard

E 2002). 37 @ (nutty flavor)s RE 73}
KeX E:'—_

oA o= A YERAIRE, SHPN)E AT FEC} %
Al vebdth. o8 dake 3R o] AL ofr|dt,

_4\31—/\4 g}zﬂ—g __o] Hﬁ]—zq Hog z]»_Q_g].oq 1‘1_]—%5 ﬂ]o] f/_oﬂ l_El_
fro] Az st B33 gn al7] wjolct. et b
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& A7 9 AlFsiARE thE Aol H]g
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ol sl AR 2 ghdel] o3t Zlon HzpRe Fejsls X
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e grE
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7P et A2hE Helom, t2(CON)ol 7HE WA =
A ATHp<0.001). o] TFHWN)Q] A 2 chilg 2

Hkso] 712 kgAY 2R 72 P4 IS vA
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o] gk P22 FAskr] wiel 2les AztEh abd
T tZF(CON)o] 71 wgtom, JZHPC)Z EF(WN)
7} 71 =L A do] e Aoz ZHE oM (p<0.001),
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Yebt = (p<0.001), ©]& &%0 chal
goakgo] T AEHS g 4 vk Aol AASY
THDamodaran S & 2007; Shakerardekani A 5 2013).

Zu](after taste)«] At "wye J]?l—(PC)JJr SEHWN)|
A ZFSHAl =AK 2 (p<0.001), ole PAHII H5To] B
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