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Quality Characteristics of Staple Breads Based on Baking Methods
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ABSTRACT

As hectic lifestyles are being influenced by Westernized dietary habits and there is increasing prevalence of single-person
and small nuclear families, the demand for bread, as a healthy and convenient food, is rising due to its convenience, nutritional
value, and diversity. In this study, we tested the impact of convenient baking methods without the use of an oven, namely
the air-fryer baking method (AB) and pan baking method (PB), on the quality and sensory characteristics of bread compared
to the traditional oven baking method (OB). The weight, baking loss rate, height, volume, moisture content, color, texture,
and acceptance were measured in staple breads, ciabatta, French rolls, dinner rolls, and sesame tapioca bread prepared by OB,
AB, and PB. The baking loss rate for all samples in OB and AB was higher than that in PB, even though PB had a higher
moisture content than OB and AB. Additionally, hardness, gumminess, and chewiness decreased in all PB samples, which
exhibited higher values for cohesiveness and springiness compared to the OB and AB samples due to PB’s moisture retention
ability. These changes in ciabatta and French rolls prepared by PB contributed to improved taste, texture, and overall
acceptability in sensory evaluations. On the other hand, OB enhanced the flavor, taste, texture, and overall acceptability of
dinner rolls with added fat in the dough. Our results suggest that PB, a convenient and low-cost baking method without
constraints of time and space, contributes to improving the accessibility of a variety of baked goods.
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Table 1. Raw materials in frozen dough used in this study
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Sample

Ingredients

Ciabatta .
oil, water, salt, yeast

Wheat flour, wheat malt flour, sour dough (rye powder, Lactobacillus fermentum), wheat gluten, olive

French roll

Wheat flour, wheat malt flour, fermented wheat flour (wheat flour, Lactobacillus acidophilus), water,

salt, yeast, inactivated yeast, vitamin C

Dinner roll
a-amylase, xylanase, yeast

Wheat flour, salt, sugar, glucose, calcium carbonate (CaCOs), margarine, egg, milk, water, vitamin C,

Sesame tapioca bread

Wheat flour, hydroxypropyl distarch phosphate modified food starch, black sesame, butter, margarine,
egg, salt, sugar, powder sugar, salt, starch syrup, skim milk, water




to

34(1): 77~87 (2024) =

(oven baking method; OB), ol|o] Zglo]o]E o] &3t wo]|Z]
U (air-fryer baking method; AB), Zelo]#-S o] &3 Ho]
7 "} (pan baking method; PB)C.2 A|ZALA] A2 =
e vigo 79 Fulsgth Acklel, A, oy
E YEHAE dlF glo] Abgsislen, A EdAE
A2oA 3083 3ls & Tth OBE #I8liA] X|otulel, =

&,

AA =, U= Bsy=] o A2 BsyA] = 22 200C <
180C 2 oA|E® 2E(0OV750, Livingwell, Seoul, South Korea)
ANA 1883 FHTh ABE 984 WEAA = 180CE
gy oo Zilo]o(KSEAF-700, Kochstar, Drensteinfurt,
Germany)ol|l X 215 9%3F 7FE ek & HR oA 327 ik
PBoA AFEHE &% 24 9 d g9 oz Qg
ZE At STt T Aok alAst] sl 11 AlIRE xE
stol = vieto] B REE BreTRR o] Foixl Zatol
(A& 200 mm, Z°] 60 mm, &% 1.8 L, Queen Ti Medium
Frypan, Amway, Seoul, South Korea)S A#|3to] AL2-31%]
E‘r. *‘aiol e ﬁﬂ}ohﬂf_’_ Ao 57 Alelo] HH S

% " ‘Z“k’ﬂ Tgol HEE A 1QM"/} PB
£ 98l 2oz 97zt e WEAAE HAFolA 9F1t
Y :} ‘ﬂﬂi ?:@1‘3]'. T 2] M71E HEeA 24
W AA ] o] ATS dBHA FAB
7] HOH ?ltj/ﬂ Eﬂ ©12](Queen New Induction Range 320109K,
Amway, Seoul, South Korea)E AF&-3}31t}.

3. wel 23| U B7| AUE B

o] FAl(g)e Mol M3t ol HAA-E(CUX-4200HX,
CAS, Seoul, South Korea)< ©]-&3ste] ZA3lich #7] &
HAE%)S 2 A5 1571 A WaA FA o welx &
o] FAE o83t the 4o & FtHKim DS &
2016). BE APolM = 335 W S gke] Fodd 22U
& Akksin

w7l A YA A —
¥ % %)
w7l 2 JEA FA)

100

P-rtﬂ oA 7H
Hol| whet B]A Oﬂ

= ‘%—1 g3 Fael o

S Madan s 23319 HKim YS 5 2002; Kim DS 5

2016; Hwang MH & Kim MR 2020). =& 23l ojx| = 33]

W S gke] He e RFHAE ALtk

el

o wg wel F4 79

5. wWo| =7 54
o] RS AdrrEd el weh S48 tHKim
DS & 2016). "Wo]7 3} Fof who] 3t HE 3 go 7

o .

| A ggel] ol FAE ST F105TE Szl =
2ol R E(JEIO TECH FO-600M, Koreascience, Siheung,
Korea)& ©|-&3tc] 343t &1t H=xsiitt. 1dxd Alsrt
© A S 307 skl A sl e, gl 2 w7t
A A AR S EEfol o8 Wa 1AIRE A=, iy gl

BT AR 38 W 250 3

6. o] M=z =X

o]l M= wjo]7] M3} Fof M)A 2}A| (Chroma Meter
CR-400, Konica Minolta, New Jersey, USA)Z ©]-&-3}o] L3t
(%), ag(A %), bRHEBAE)S 2 olu) A8
EF W] Lake 92.54, gk 048, baka —1.800|312H,
e ARNE 338 W2 2gge] BEv BRAAE A
st

piAsg

3
wro] 2278 Wol7] & 1AIZF Hhg whe] YRE
cm x 3.0 cm x 3.0 cm®] F7|2 A2 U3 texture analyzer
(TA-XT2i Express, Stable Micro Systems, Godalming, UK)&
A}F8-3ke] TPA(texture profile analysis)S A3+ tHJin YS
& Yoon HH 2022). Probe 36.0 mm cylinder, test speed 1.7
mm/s, distance 6.25 mm, trigger type 5 g&| S7% 71| A W
9] 7d Z(hardness), -3-71/d(cohesiveness), B2 *d(springiness),
74 (gumminess), %1 (chewiness)S 33] WHE =% 3lo]

RS T

(”X} 54, o2} 15
g CED R i X
gk AR wE B FY 15 F AsHALE eI
do] A#EE 30t 68(30%), 50t 5% (25%), 60th 49
(20%), 40tH 37(15%), 20T 2%H(10%) o2, 2732 129
(60%)2F 45 88 (40%) o= =Tt X|ofute}, el
£ YyE, 72 OB9 PBE 2+ 1883 ABE 1283t
79 FH|EeH, 3.0 cm x 3.0 cm x 3.0 cm®] Z7]|E A}
2 3 3x1e] U4ne] sy} Bakw dA Za)oedl A3
& HAlel ol AlFATh 2 A5 AHFH A REA] AlFE

e 22 Y T

j

Is _lZit\)

o8 At Wl EEE 74
REE Ik FsHA IFE T W] 9] FHappearance), &F
(flavor), B(taste), ARFE Q1 7] & Z(overall acceptability)= 7

°-E



80 Feg sokAl o} frkisa s

H AzHoz 1L u§ vm =
3kl om, AZk(texture)S 18-S HH% s, 74

_\1
né.i
rlo
2
o
ll-N
v
Mo fiu
of,
R
3
=i
o
=
@
[¢]
g
o
1
>,
_OL
2
St
rO
o
e
v

&l
FEdoE FEskich Za} gl pE
9. E7|x2| 1. 2= Ho|Z, oo =2lo|of H[o|Z,  Ho[Zof|
Ho]Z HhHS dElate] 79X AlRe] BE A 33 ofst wo| 2 A ZY| &=HE =Y
o] WHEE o, A AF= SPSS software package 21.0 HEZQ oH ujo]7] HWH(oven baking method; OB),
173 (air-fryer baking method; AB), W H]|o]Z]

(Statistics Package for Social Science, Ver. 21.0 for Window, ojxzglolo] Hjo
HH(pan baking method; PB)ol| 2|8l & X|olu}le}, ZA=

IBM Inc., Armonk, NY, USA)= AF&3le] BAZ 02 A g

ek AR e foj g2 AR (one-way ANOVA)E &, TUE, 712089 77} 7] 488 ST 2ae
o] gsto] ZA7E F, p<0.05 FEolA HHEH A (Duncan’s  Table 29+ 2t} OB, AB, PBol| oal] & X|opulel, 4]

Table 2. Weight, baking loss rate, height, volume, moisture contents of breads by different baking conditions

Sample Response Before baking oB" AB? pB? F-value
Weight (g) 140.60:+1.284% 132.22+0.91° 129.40+1.01¢ 135.85+1.40° 5157
Baking loss rate (%) NM® 5.96+0.49° 7.9740.17* 3.38+0.11¢ 167.01°

Ciabatta Height (cm) 2.75+0.05¢ 3.27+0.03° 3.1320.06° 3.57+0.08" 110.117
Volume (mL) 230.3+2.5° 263.0£4.4° 260.7+2.5° 284.0+4.0° 122.90"
Moisture content (%) 46.48+0.33" 34.14+0.39° 33.7440.33° 38.88+0.61° 569.41""
Weight (g) 56.74+1.03" 48.81+0.90° 47.99+0.49° 54.00+1.06° 65.11"
Baking loss rate (%) NM 13.98+0.08° 15.42+0.68" 4.8340.15° 599.06™
F"r‘:)‘;fh Height (cm) 3.07+0.08° 3.720.06" 3.68+0.03" 3.830.03" 131.80™
Volume (mL) 95.0£2.0° 132.3+4.6" 127.742.5° 135.0+5.0° 73.12"
Moisture content (%) 48.70+0.36" 33.96+0.34° 32.03+0.47¢ 38.11+0.31° 1,202.81°
Weight (g) 40.26+0.13° 37.92+0.22° 37.39+0.24° 38.60+0.09° 141.56™

Baking loss rate (%) NM 5.80+0.24° 7.12+0.89° 4.11+0.10° 23.68"
Di‘;ﬁer Height (cm) 2.670.03 4.38+0.10° 4.22+0.08" 4.00£0.10° 267.23™
Volume (mL) 55.743.2° 127.742.5° 112.342.5 109.7+4.5 274.09™
Moisture content (%) 48.67+0.51° 37.58+1.12° 32.41+0.61¢ 39.40+1.02° 188.23™
Weight (g) 35.60+0.22° 33.65+0.21% 33.17+0.26° 34.03+0.52° 31647

Sesame | Baking loss rate (%) NM 5.49+0.22" 6.83+0.65 4.42+1.08° 8.02°
tapioca Height (cm) 4.03+0.06° 5.43+0.15° 5.22+0.08" 5.13+0.06° 131.56™
bread Volume (mL) 36.0+2.0° 83.3+1.5° 76.041.7° 72.342.5° 34141
Moisture content (%) 45.67+0.74 32.75+0.69° 32.35+0.74° 36.66+0.52° 24826

D OB: Oven baking method for 18 mins.

2 AB: Air-fryer baking method for 12 mins.

3 PB: Pan baking method for 18 mins.

9 Mean£S.D. " p<0.05, ™" p<0.001.

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

® NM: Not measured.
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o] 54 FHA agtd WA agh to] ~ZAX| 2] 4

4. 22 Hlo|Z, oflof Z2to|of H[o|Z, # #[o[Zoll  Hr agtzt WEAA agt o) 11.87~20.55(X] ofrle}
ol wo| ME XX o] ZH 2 bt YEAAY bk Aol ~ZAAE| S
OB, AB, PBe]l 2J3l] & X|olute}, ZaIA &, U E, 7| 72 A bt W A bEk ZFo])= OB 8.49~16.69(A]

French roll

Before baking

Before baking

OB18 AB12

Dinner roll

OoB18

AB12 PB18

Before baking

Sesame t_q_p]ioca bread

Before baking

OB18 AB12

Fig. 1. Appearance of breads by different baking conditions.
OBI18: Breads by oven baking method for 18 mins, AB12: Breads by air-fryer baking method for 12 mins, PB18: Breads by pan baking
method for 18 mins.
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Table 3. Color contents of breads by different baking conditions
Sample Color value Before baking OBY AB? PB® F-value
L 75.09+0.819) 55.93+0.45° 49.78+0.67° 61.53+0.69° 789.53™
Ciabatta a 3.31+0.19¢ 11.80+0.36 13.7240.17* 9.4240.43° 652.85""
b 28.66+1.32¢ 38.8140.75° 40.53+0.34° 34.19+0.73° 114.83""
L 84.63+1.41° 57.93+1.08° 51.70+0.47¢ 60.55+0.15° 739.57™
French roll a —0.73+0.14¢ 15.95+0.18° 16.93+0.43° 13.48+0.17° 3,052.02"™
b 20.62+1.05° 40.04+0.63" 41.17+0.60° 37.30+1.97° 191.61™
L 87.13£1.16° 50.43+0.97° 49.3141.15° 56.10+0.30° 1,031.03™
Dinner roll a —0.58+0.18° 14.43+0.88" 15.13+0.49* 8.53+0.02° 600.57"™"
b 22.29+1.22° 32.38+0.37% 33.09+0.70° 31.05+0.68" 116.37™
L 82.29+0.67° 59.28+1.25° 56.67+0.64 72.61+0.55" 985.55™""
Sesame
tapioca a —1.67+0.07 9.74+0.45 12.37+0.87° 7.70+0.56° 352.88"
bread b 19.53+0.87° 35.14+0.76° 37.45+0.76" 34.5040.67° 341.35™
D OB: Oven baking method for 18 mins.
2 AB: Air-fryer baking method for 12 mins.
® PB: Pan baking method for 18 mins.
Y MeantS.D. ™ p<0.001.
% 2~d Means in row by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.
olutele] =7 4 agkd WEAA 9 agh Aol ~ZAXE 5. 22 Ho|A, olof =2}o|o{ H[o|& Hlo|Z ol
o &7 Hu azgt= YEAAQ agk 2o} 10.08~19.41(H o|sl wito| =XIZF =X
Uz S48 A bkt WedA9] bat Aol ~ZAA & wlo]Z] WhHo| o] & w

o &% Adl batd BEAAY bk Ze]), PB 6.11~
14.22(X|obutete] 24 A4 aftdt WA agh Apo]~2
A2 =] 54 Ho agkd WEYA agt 2o])et 553~
16.68(X|ohalete] 28 E 4 bak WEAA 2 bk 2Fo] ~
ZAX =] 37 A bakI BEAA S bk zkel)el| Bls|
=gkt ek wkEe] 80%~90%7F A I wWold &
A% WAs7 ™ Hopntet s A o] A9 A E, ¢
UE, 712w vlg] OB} AB 5 A= W3y} 2-& A gko]
UATh E AFZEIHR= WE ol Est] gFERE e Ay
&g ZAF sle ¥4 wolF] Wie] OB ABYF 74
o2 Wy E o] Zgjoldll uigoA] Ho] FFEE A wo]F]
of Bls] M= Wigle] JEkS A F= A AT F AN
t}. o] whe] A7) WhEo] ALgH %17}—&(— L b *é‘%},
A {25, pHF S wlo]7] W, 29} AIZH 4=

S Be ZS 9v]3tcKIbrahim UK 5 2020; Hwang
2022). M= o 9 e} 3 whe] A

l

Fo] 74 T (hardness), -5 7d(cohesive-
ness), EF2/J(springiness), 373 (gumminess), % 3/d(chewi-
ness)ll tigh 227t Wste] A= Table 40 JERNATH
3= AB g WollA OB} PBel| BIS| A UEbse
E3] AB 3} ZaUIXZoA 1,525.97 g & 7 =431, OB
<} PB &t ZAl A =& 717} 121339 g7} 880.11 gO & =3 5]
At W o] RG] Sl Aot fadhe Ao
2 g4 et ole FEEel 7P w2 3o et
PB & UL &9 AE7}253.08 g & 71 v A7 X5
ATHLee JA 2022). o] 347 &84 PB & 714 =
Al Yo, OB, AB2] o2 S YERdth o]} v
2 A3 43742 PB $ OBS} ABO] Hl&l Srolx|= 73k
o] I o, ABS] 4% OBol| H|3] =3utt. A4 4

-

O

I Az} #o] Qtks Hue) o] A=) =2 AB
ok Wl A AT FEAY] #hol w2 e EAE F U
omn, OB, PB9] o & SropA= o] UUTHLee YT &
Park YS 2009). OBe} ABZ} H|wale] X|olule}, x| &,
quE, 7jze] pPB & 3489 &Ede S7tsta A
e sl whe] A7t QM) FHA JEFE A E A

< 218 4= A tH(Yoon S 5 2015).
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Table 4. Texture properties of breads by different baking conditions

Hardness (g) Cohesiveness Springiness Gumminess Chewiness
Sensory
acceptance Mean F-value Mean F-value Mean F-value Mean F-value Mean F-value
oph  $38.53% 0.80+ 1.10+ 911.03% 1,020.24+
24.449%) 0.03° 0.05° 4433° 53.43°
930.77+ 0.72+ . 0.94+ e 983.98+ . 1,065.72+ .
: 2) 5
Ciabatta AB 1016 21.64 0.03° 25.54 0.03° 43.97 10,08" 26.72 5570° 15.30
ppy 17804 0.86+ 1.38+ 718.40+ 830.63+
34.49° 0.02° 0.09° 65.37° 56.49°
OB 1,213.39+ 0.74+ 0.90+ 564.72+ 930.34+
112.56° 0.02° 0.04° 63.05° 44.42°
French 1,525.97+ 0.64+ 0.89+ . 756.08+ . 1,180.89+
roll AB 192.19* 17.94 0.04° 36.37 0.04° 1227 85.56° 1269 88720 O 149
PR 880.11+ 0.83+ 1.12+ 462.58+ 658.63+
52.13¢ 0.02° 0.09° 66.68° 45.62°
op 7194 0.82+ 091+ 370.00+ 409.36+
6.34° 0.04° 0.02° 337 25.72°
Dinner 382.61+ v 0.73% . 0.85+ . 439.99+ o 49834+ .
oll AB sqn 19505 0.04° 18.29 0.03° 14.65 re3e 3055 0.45° 24.18
PR 253.80+ 0.97+ 0.98+ 306.72+ 388.76+
12.77° 0.07° 0.04° 9.22° 22.61°
op 02183 0.89+ 1.33+ 1,019.12+ 1,338.59+
11.84° 0.04° 0.04° 33.31° 60.77°
Sesame
: 74136+ wee 0.84% 1.18+ e 1,295.66+ we  1,481.30+
tz;r):;za AB 14,78 152.56 0.04° 43.73 0,03 66.18 73.08° 4391 31.83° 68.35
PR 563.26+ 1.09+ 1.54+ 951.26+ 1,039.43+
11.30° 0.03* 0.05" 19.27° 44.60°

D OB: Oven baking method for 18 mins.

2 AB: Air-fryer baking method for 12 mins.
? PB: Pan baking method for 18 mins.

9 Mean£S.D. " p<0.05, ™" p<0.001.

% 2~ Means in column by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.

6. 22 sio|z, oflo] =ajo|o] tilo|zl, B tijo|Zlo]
ofst who| BHSZA}

OB, AB, PBe]| oJ3l] & X|olnte}, ZaA &, HUE, 7|
2ol 9] FHappearance), FHflavor), Sh(taste), & 7H(texture),
Z¥EA 9] 7] 5 %(overall acceptability)ol] th3t THHA 23}
£ Table 59} 2t} OB, AB, PBH 4% A8 W] 92 7}
7} 4.03~6.57(obrtEte] WA oF H gk~ 2] &
4 9F AR, 3.99~6.00(Z AN 2] AeH 27 HA
A~ el ded o g, 4.04~6.43(ZHA| =2
WA QH Hag~Xomtere] BeA o Hulgho=

gRl=R e, wolZ Wi wE X|oputete} ZalA]E9
Qo] o] ARl Apol7t ER1EA] e A¥ &l PBE T
UE3 7 ze] 9|32 OB9F AB & W} WA 7= Qlch
ol "] 794 FEET Xoptere ZdllX| & WA
vl ghse] g & Ye el duEe 2] i
7k~ Ak 2 Hfo] OB9 ABES B8 24 2 fAHE &
w9 ggko] A &3 Ao HFHKBellido GG 5
2009).

& OB, AB, PB F 717} 434~6.28(2] ofrlele] #54]
& Hrg~duEe #54 I b, 3.27~547(AUE
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Table 5. Acceptance test results of breads by different baking conditions

85

Sensory Appearance Flavor Taste Texture Overall acceptability
acceptance Mean F-value Mean F-value Mean F-value Mean F-value Mean F-value
OB"  5.00+0.97% 5.25+0.91° 5.00£0.65° 2.15+0.81° 4.65+0.99°
Ciabatta AB? 4.85+0.67° 118 475£0.72° 12757 470£0.73° 9357 1.50+0.51° 9039 4.10£0.79° 18.10"
PB®  530+1.13" 6.05+0.83" 5.6520.75° 4.75+1.02° 5.65+0.67°
OB 4.80+0.70° 5.15+0.67° 5.050.69° 2.30+0.86° 4.90+0.72°
FrreOIIICh AB  450:051° 153 4.50£0.61° 12.59™  4.65:0.49° 1033 1.90£0.64° 5176 4250.64° 19.72°
PB  4.85+0.81° 5.65+0.88" 5.550.69° 4.55+1.10° 5.60+0.68°
OB  5.65+0.67" 5.45+0.83° 5.1040.72° 4.30£0.47° 5.40+0.68"
Di;‘ﬁer AB  530:057°  13.89™ 4.0040.73° 20397  4.60:0.68° 349"  3.80£0.62° 78.16° 4.50:051° 9.79™
PB  4.70£0.47° 4.65£0.59 5.20+0.89" 6.00£0.65° 4.700.80°
Sesame OB 5.80+0.77* 5.3540.75° 5.30£0.66" 3.25+0.97° 5.25+0.85
tapioca AB  540£0.60"  4.99° 480+0.52° 539"  520£0.70° 3.61°  2.60£0.94° 69.86" 5.30+0.86"  0.18
bread g 5 1520.59° 5.5040.83° 5.80+0.89" 5.95+0.94° 5.15£0.67°

D OB: Oven baking method for 18 mins.

2 AB: Air-fryer baking method for 12 mins.
® PB: Pan baking method for 18 mins.

9 Mean£S.D. " p<0.05, ™" p<0.001.

% 2¢ Means in column by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.

o] W54 3 Higk~Hoputete] WeA F HHh), 4.06~
6.83(CI1 =] T4 3 Hagh~X|oplete] #5A I F
iah)=, 53] PB © X|oputete] dFo] 522~6.88% FUTH
(p<0.05). ABO| Hlsﬂ OB} PB &F Wl x| &ol] ot 3744
QA H7P7h E1E A Wel FnlE wkEo] ALSH Uk
o] TR, EWY, AR/, AT 2 I8 AT I
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