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Abstract

This study investigated the physicochemical properties, microstructure, and sensory characteristics of pan bread prepared with 0,
2, 4, 6, 8, and 10% of ladybell (Adenophora triphylla var. japonica) leaf powder (LLP). With increasing LLP content, the pH of the
dough and bread increased significantly (p<0.05), whereas the fermentation expansion rate, height, volume, specific volume, and
baking loss rate decreased significantly. Bread weight did not differ significantly. Colorimetric analysis revealed that the lightness
(L*) and redness (a*) decreased, whereas the yellowness (b*) increased at higher LLP concentrations. Scanning electron microscopy
showed that bread with a higher LLP content exhibited thicker pore walls, smaller pores, and a less developed gluten network
than the control. Hardness, gumminess, and chewiness significantly increased in the texture profile analysis, whereas springiness
and cohesiveness decreased with increasing LLP addition. In the sensory evaluation, the control had the highest overall acceptance,
whereas among LLP-added breads, the 4% LLP treatment received the highest scores. Therefore, 4% LLP is considered a suitable
candidate level for the formulation and processing conditions used in this study.
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Table 1. Preparation of pan bread with ladybell leaf powder (LLP)

Ingredients LLP (%)
@ Control LLP 22 LLP4 LLP6 LLP8 LLP 10
Strong flour 400 392 384 376 368 360
LLPY 0 8 16 24 32 40
Water %2 252 252 /2 252 282
Sugar 20 20 20 20 20 20
Salt 8 8 8 8 8 8

Compressed yeast 16 16 16 16 16 16
Non—fat dry milk 12 12 12 12 12 12

Dough conditioner 8 8 8 8 8 8
Shortening 16 16 16 16 16 16
Total (g) 732

ULLP: ladybell leaf powder.
2LLP n%: pan bread with n% LLP.
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Dough mixing
(2 min at speed 1— adding shortening — 4 min at speed 2)

|

1" fermentation
Putting into fermentation cabinet (27°C, 80% R.H. (45 min))

|

| Dividing & rounding (210 g per piece) |
|

| Bench time (20°C, 15 min) |
|

| Molding & panning |
|

| 29 fermentation (35, 85% R.H. 40 min) |
|

| Baking (180/190°C, 20 min) |
|

| Cooling (1 h) |

Fig. 1. Diagram of making pan bread with LLP.
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Fermentation expansion rate (%) =

V, = volume of dough after # min (mL)
V, = volume of dough at 0 min (mL)
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Abe) 9l B Alet Al Bol(heigh= A% S| B
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Shanghal China)E o]-85t0] Z451% o, 48] EA|(weight)=
QuolA] FoW T ALOA 147 B BN oS, AY
ZA2(MW II-3000N, CAS, Yangju, Koreay= A8t S5t
Alwko] Hl(volume) AACC method 10-05.01 (2010)°] W2 &
ARPHO T 2T, AL L 5 A /1% BEE ©
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AFetict.

HEH A =7|IEHE

. W, — W,
Baking loss rate (%) = ———— x 100
W,
Wy Weight of dough (g)
W,: Weight of bread (g)
M
Az A 1 om FAR Selolgt T HRACMS, Konica

Minolta Sensing, Inc., Osaka, Japan)S ©]-&5}0] AJ8o] &0 HE
9] CIE L*¥( X, Lightness), CIE a*(ZJMZ, redness), CIE b*(ZHA
I, yellowness)S S5}, #5 WA Tk standard white plate)2]
ZFS L'=97.49, a’=0.02, b’=1.810|t}.

Texture profile analysis

] o B Avfet Awko] 227 24

2 9fsto] 4] &
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Express, Stable Micro Systems Co., Ltd., Godalming, UK)E AR
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274 =L 7Y (hardness), T AJ(springiness), -5-%143(cohesive-
ness), %J3)A)(chewiness)°]3itt.
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o B AR kS A Ao pH £ 3= Table
20} it} ®ES A|¥ pHe tiEH0] 4.37+0.03% 7P WokoH,
LLP (Adenophora triphylla var. japonica Hara Leaf Powder) 100]
4.80+0.020 8 7Fg &2 3= UEo] LLP 3710l 5713t
w2} pH7E Fo]A 0 g SV A= BRI ItHp<0.05). ol=
Al A|zof ARRE LLPE] pH7F 6.39+0.01% thEatE T 0T ©]
23t 235 vEhd 20 ' ek B H7to) wE ¥ pH
9] AF& LA B (Kim & Ju, 2016), AL-AHKim et al., 2014),
o] EH(Hwang et al., 2023)S 71 Ao A B 1% ]].
o 35 e A7F 24 A9 pHel weh EeiAlet], & A
TollA ARERE LLPO] pH= 6.39% Tt ¥H5 4375 ok 3
7kl mt Ago] Uehd Ao yekErt. vhd Akl pHi= o
F- 5399014 LLP 109] pH 548% “J530] &4 ¥3k=tl. o=
7] TAollA F714ke] o d Bt B AEiolA S5o=
dojut AT 7t Ale)7F FoE87] HiEl® Helrt AHe] pH
oA = TRo| 5.39+0.052 7} e 2k Yl on LLP 10
0] 5.48+0.0102 7} &2 gk UERth HH=52] pHe} 55k
LLP 7}5o] 5715 AMe] pHE 5715h= AFS & 4 A
Rom, gy AT 7Y FHA Aot vERou
(p<0.05), LLP F7}ol| & pHO| F7h= ¥k5o] H|sf) A2 A o=
UHER. we] F20] loiA pHe #o] Fuleh 2230 g2
i BEE9] 7HA BRES A7%oks 821 5 sholth(Lee et al,
2003). = A9dolA= LLP H7}of| wie} ¥ 9 A1ko] pH7E A5
Skl olo whe} Ty} o] ghgo] GolsiAHA XE AlE9
At ZPAsH 4go] 7koke 20 ASHTHLim et al, 2021).

Table 2. pH, height, weight, and volume of pan bread with different
amounts of ladybell leaf powder (LLP) addition

pH Height Weight Volume
Dough Bread (em) @ (mL)

Control 4.37+0.03" 5.39+0.05" 10.76+049™ 18497+142" 860.00+7.21"
LLP 2 4.50+0.02° 5.44+0.01° 9.40+0.13° 186.00+0.53 720672977
LLP 4 4.58+0.00° 5.46+0.00 8.59+0.32° 185.93+2.57 670.00+26.0
LLP 6 4.62+0.00° 5.46+0.01% 8.03+0.55° 189.17+0.64 635.00+8.1%°
LLP 8 4.76+0.06% 5.47+0.01% 7.40%0.17° 189.93+0.40 5%6.25+11.15°

LLP 10 4.80+0.02% 5.48+0.01° 7.12+0.10° 186.57+4.50 546251315

YMean £SD.
“*Means are significantly different within the same column at ©0.05 by Duncan’s
multiple range test.
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—

)

)

roll

[
)

o

USWHE
Al 9 Bake W7k Aol BaREe] A9k Fig 200 1t

11

ERJCE IR SRAIES 45800 thR(118.33+2.89)7F LLP
2(113.33+2.89), LLP 4(103.33+2.89)= =240 & jo|7} AL A
< HIAou 2 warvt Sus AREQ 90E0lAE HiFRdo]
235.005.00, LLP 27} 213.33+2.89, LLP 4= 206.67+2.890 & th=
T AT 7] FoAQl A= AU R A B 75
i ol9er A&l Fols A Hlon i o 2Eo 7t
20| Z7}84=% LLP 2>LLP 4>LLP 6>LLP 8>LLP 10 &0
LLP 7] S7Itol| whet foj2los fashe S EAd
(p<0.05). YEFFES YEARE 5% 2} LLP 109] I a
ZEo| 3 ol Aol e & 4 AlHE FAE 7t whE
e B Al ZEA EE(Woo, 2019) B Aol E(Lee
et al,, 2024)2 7Rt Ao A HEQIeh & AoflAl= M7t
ol sYsteete A Frof 2ot e, o 8

B2 584 Aoldfe] Hlgo] o1 RS W 82 AAH s
Sk E40] o] A oAl At 34 Ui Z2los

e

[e]

%

fermentation expansion rate (%)

time (miny

Fig. 2. Fermentation expansion during fermentation of dough with different
amounts of ladybell leaf powder (LLP) addition (@: Control, l: LLP 2, O:
LLP 4, [0 LLP 6, A: LLP 8, A: LLP 10). Values are mean+SD (n=3).
Differences among treatments were analyzed by one way ANOVA followed
by Duncan’s multiple range test (£{0.05) and are described in the text.
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Gt Zhou et al., 2021). T HAEL ¥==0] 71A HH{-2a} dt
9] S5 A4 5l i 29=of TR Ho] =2 AlF
2 A AAoA = vitRe @dUS & S UtH(Yang et al,
2010). A¥F9] pH7} 5.55 F2o Qlo] TamAES] FA=A 4
IE 7IHiglon LLP H7REe) MR gAEoe] it oy W2 A

X 9]

FE AolHR7t SR BPHOR FT] ITY PYFE]
WS ATNRL TR OR BT S ALK Zhou et al, 2021),
2 60 min YEAIFT} LLP 49] 75 min HEAG-E AT HEH

M $EUS BRIT 4 Qi) LLP W7t A w5 Ak
74 2R R vt 520 BERYES Uehd A
oF opygt webd 715 BrlelH fa theos 75wt
B9PE LLP 49) MEAZRS 2Ale] 23 HAAS 1587}
AGFITHA L B NEY Rk hxst vjgstel HEA
FollA] vl Brjol A4S AL 4 e Ao W

=0], 34, 70|

2] 9 B Wlet 4] o), S, o] Hhe Table
29} Zt) =ol= TR 10.76£0.49 cmOf|A] LLP 10 7.12+0.10 cm
2 33.6% Fa3tel Wilol 271842 gl ol ¥
Az 7ol T o] s AHH[oF 9 EZ(Choi et al,, 2014)
2 A7he Ao A, Z590] FKim et al., 2016/ A7
Apgo] ATolAE BIHO, & A7) Zao] B2 o5 A
s} 2 Holgick o 9 27 §7 o] At Ak 3ol
wje B84 Aloldg vl8o] 3 BALE T HAR Yt b
B4 722 714 S8 84 5e0l 2] dRoR o &,
FUT B Wlet sk Rolo} AnEa 270] et A
Aol vl ol ekl 4 e AL ¢ % AokZhou et al,
2021; Cha et al., 2025).

FAE 184.97~189.93 ¢O & LLP2] H715o| 715 4]
GO = F7Fke 2108 Heou M 1F K4 o]z} et
U] Qisltt. of= K et B 210 g0 =2 FYsHA =
oto] AT B7] 27 E3F FUSH AE5197] WEe s,
o] Edi(Lee et al., 2024) ¥ S 21} 2 (Yeom et al., 2020)
7Rt AoM T Z2 olf & FAlO) RAZF UEREA] i
< AR d7he Aol FARY Fyjo] o B2 = vIAl
v, 1 23} 8 ga Uit 0w wekEd,

By )27 860.0047.21 mLoJA] LLP 10 546.25+13.15 mLE
LLP F7ledo] Z71enS R} Mol 4ok Rk 4ol
21 WP} e AR feg ol ol Rulg Pl

L AL oy dioA E1ET QokKim & Ju, 2016; Zhou et
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Fig. 3. Shape and scanning electron microscope (SEM) image of pan bread with different amounts of ladybell leaf powder (LLP) addition.
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Table 3. Specific volume, baking loss and color value of pan bread with
different amounts of ladybell leaf powder (LLP) addition

Specific volume baking loss Color
(m L/g) (%) L* a* b*

Control 4.89+0.02" 11.92+0.68° 76.39+0.39" -1.33+0.02" 10.35+0.38°
LLP 2 4.08+0.01% 11.43+0.25° 66.78+0.19° -2.38+0.04° 18.57+1.45°
LLP 4 3.60+0.05° 11.46+1.22° 57.41+020° -2.99+0.19° 29.12+0.44°
LLP 6 3.31+0.00° 9.92+0.31° 49.30+0.19° -3.32+0.11° 33.31+0.07°
LLP 8 3.28+0.01° 9.55+0.19" 48.84+0.19° -4.30+0.068° 34.24+0.4%°

P10 3.13+0.01" 9.41+0.27° 45.56+0.13° -4.73+0.107 33.98+0.91°

YMean=+SD.
“Means are significantly different within the same column at £0.05 by Duncan’s
multiple range test.
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7} A8leon, 2020)9] A7} AT SARE S ko]
H7HBo £At 229 G40 Wt Bl 73] W] % of
2ojA)7] Q= @AS Mol Ao FelErh

o FEE ArIste] ARt APe] 2270 HiRt S 2x
+= Table 4°] YEFA}. 7= (hardness)= TZt0] 41.55+0.08 g©.
2 71 W 3 Uehilonl, LLP 7klo] 57K gol
2 Z71810] LLP 100] 106.60+4.70 gC & 71 =& ZkS ERNS]
Clp<0.05). o Ao} 2] @ vlg Azje} W Belo] Uk
Aol4147} gk LLPe) 7lelo] 71lo] wel Wrise)] 248
Q1 =54l WA & (gluten network)2] F/do] ofalE]o] 7kA I
o] WOl T(zhou e al, 2021), FAI0] LLP 2] 284 Aol
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40 W crumb B S7FR= 7steH Q910 9 7|ofsi%te
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A3510] LLP 100] 0.91+0.06°0 2 7} @2 32 Eth(p<0.05). A|
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7k= QIsf Ao o] Aol wet e glof oJs) A AJE=
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TV aton), O R LLP H/lo] S71s 4} 2k4e)
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Table 4. Texture properties of pan bread with different amounts of ladybell
leaf powder (LLP)

Hardness (g) Springiness Cohesiveness Gumminess (g) Chewiness (@)
Control 41.55+0.08" 1.23+0.05° 0.77+0.01° 31.95+0.34° 31.27+0.82°
LLP 2 42.48%2.25% 1.20+0.15° 0.77+0.07° 32.24+1.42° 27.83+1.33°
LLP 4 55.39+0.82° 0.96+0.03° 0.71+0.06° 43.26+0.50° 42.22+0.55°
LLP 6 66.34+1.96° 0.96+0.36" 0.73+0.24* 50.67+1.33° 49.04+2.88°
LLP 8 86.3+9.58° 0.92+0.11° 0.65+0.03° 53.94+4.47° 52.80+2.86
LLP 10 106.60+4.70° 0.91+0.06° 0.66+0.56° 64.44+4.20% 63.04+2.11°

"Mean £SD.
“*Means are significantly different within the same column at ©{0.05 by Duncan’s
multiple range test.
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Fig. 4. Selected sensory acceptance attribute of pan bread with different
amounts of ladybell leaf powder addition (LLP) (®: Control, l: LLP 2, O:
LLP 4, (I: LLP 6, A: LLP 8, #: LLP 10). Values are means of 32 panelists.
Statistical significance among treatments is presented in Table 5.
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Table 5. Sensory evaluation of pan bread with different amounts of ladybell leaf powder (LLP) addition

Powdered LLP (%)

Control LLP 2 LLP 4 LLP 6 LLP 8 LLP 10
Color (crust) 6.61+1.14™ 6.58+1.28° 6.48+1.33° 6.09+1.04° 4.4241.09° 3.24£1.17°
Flavor (grassy) 6.21+1.75° 6.06+1.00° 4.97+1.19° 4.79+1.11° 3.85+1.05° 2.48+1.01°
Hardness 6.15+1.46° 6.21+1.08 5.52+1.30° 4.09+1.01° 3.30+0.92° 2.82+0.85°
Chewiness 6.73+1.10° 552+1.18° 5.45+0.97° 4.09+1.04° 348+0.91° 3.03+0.98°
Springiness 6.30+1.24¢ 5.21+1.02° 5.42+1.23° 4.18+0.81° 3.58+1.06° 3.39+1.03°
Moisture 6.97+1.49° 5.33+1.22° 5.18+1.04° 5.03+1.02° 4.30+1.07° 4.36+0.90°
Residual feeling 7.00+1.17e 5.88+1.14¢ 5.39+1.32¢ 4.67+0.92° 3.39+1.12° 2.70+0.98°
Taste 6.18+1.61° 5.42+1.25° 5.76+1.73% 4.21+1.14° 3.03+0.85° 2.88+0.99°
Bitter taste 6.85+1.48" 6.33+1.98" 5.73+1.18" 4.00+1.12° 3.73+1.23° 258+1.12°
After taste 7.27+1.40° 5.06+1.32° 4.79+1.02° 4.55+1.15° 3.39+1.06° 2.76+0.75°
Overall acceptance 7.52+1.28e 5.91+2.11c 6.76+1.12¢ 4.94+1.09° 367+1.16° 3.30+1.16°

"Mean+SD.

“*Means are significantly different within the same row at £0.05 by Duncan’s multiple range test.

https://doi.org/10.13050/foodengprog.260028
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Table 6. Intensity sensory evaluation of pan bread with different amounts of ladybell leaf powder (LLP) addition

Powdered LLP (%)

Control LLP 2 LLP 4 LLP 6 LLP 8 LLP 10
Color (crust) 1.67+0.78° 3.70+1.02° 4.64+0.96° 6.27+0.80" 6.15+0.71¢ 7.70+0.92°
Flavor (grassy) 1.18%0.39° 3.12+0.78° 5.05+1.03° 5.94+0.70° 6.15+0.67° 7.48+0.76°
Hardness 352+0.91° 3.12+0.89° 4.64+0.82° 5.88+0.82° 5.73+0.88° 7.18+0.73°
Chewiness 2.88+0.96° 3.64+0.93° 4.73+1.10° 5.45+0.97 5.58+1.03 7.42+1.03°
Springiness 2.85+1.12° 4.00+1.39° 5.09+0.91¢ 4.36+1.14° 4.52+1.00% 4.94+1.06°
Moisture 3.27+1.01° 3.94+1.09° 4.36+0.99° 5.21+1.02° 5.52+1.18° 5.48+1.39°
Residual feeling 1.52+0.62° 4.36+1.39° 5.79+0.96° 5.88+0.96° 5.88+0.93° 7.09+0.88°
Bitter taste 1.27+0.45° 3.27+0.91° 5.61+0.79° 5.76+0.94° 5.58+1.00° 7.09+0.95°
After taste 2.15+1.35° 3.18+1.01° 4.76+0.90° 5.97+0.68" 6.15+0.71¢ 7.82+0.77¢
"Mean+SD.

“*Means are significantly different within the same row at £0.05 by Duncan’s multiple range test.
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Al Heto] AvbEe] A¥dE Bkl W LLPY] Ao
Ofgt JoztoE 715w} ol A og A7kt Ytaste) 2t £5¢
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