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ABSTRACT

This study examined the quality characteristics and antioxidant effects of madeleines prepared by adding 0%, 5%, 10%,
20%, and 40% of Periplla frutescens (L.) Britton (Pf) powder. As the amount of Pf powder increased, the color became darker
and the volume became smaller. The baking loss rate decreased as the amount of Pf added increased (p<0.05). The lightness
(L value) and yellowness (b value) of madeleines decreased as the amount of Pf added was increased, and the redness (a
value) increased (p<0.05). As the amount of Pf added to madeleines increased, the calcium, copper, magnesium, manganese,
zinc, iron, and selenium contents increased significantly (p<0.05). The total phenol, total flavonoid, DPPH, and ABTS radical
scavenging activities significantly increased as the amount of Pf powder increased. In overall preference, the group with 10%
Pf powder was most preferred (p<0.05), and taste and texture were high in the control, 5%, and 10% groups. Therefore, adding
10% of Pf powder when making madeleines with Pf powder is effective in terms of nutritional and sensory aspects. In
addition, various ways to utilize functional products containing Pf powder should be explored through continued research in

the food field.
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T (Galimfood Co., Incheon, Korea)©= A5 nlEOA 1135}
o] ARSI

FobAloh kiR

Z2E AgAT7< Jang JO(2007)9] ATFE
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Table 1. Formula for the madeleines made with Periplla frutescens (L.) Britton powder

Periplla frutescens (L.) Britton powder content (%)

Ingredients (g)

0" 5 10 20 40
Wheat flour 200 190 180 160 120

Periplla frutescens (L.) Britton powder 0 10 20 40 80
Sugar 200 200 200 200 200
Butter 100 100 100 100 100
Egg 100 100 100 100 100

Baking powder 4 4 4 4 4

Salt 1 1 1 1 1

D 0%, flour without Periplla fiutescens (L.) Britton powder; 5%, flour with 5% Periplla fiutescens (L.) Britton powder; 10%, flour with
10% Periplla frutescens (L.) Britton powder; 20%, flour with 20% Periplla frutescens (L.) Britton powder; 40%, flour with 40% Periplla
frutescens (L.) Britton powder.
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5 42 10 pLek 90 pL, 2 M Folin-Ciocalteu’s phenol
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DPPH(1.1-diphenyl-2-picrylhydrazyl) radical &~7 /8-
Blois MS(1958)2] *H-& WHEste] Stk 96 Well
plate®l] sample 45 mL, 0.2 mM DPPH £ 45 puL, ethanol
45 lLE S & AF2elA 30F Tk 4 vHEAIZ o wE
So] ¢ AlEE 3 517 nmell A Multifunction microplate
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ABTS(2,2 -azino-bis-3-ethylbenzo-thiszoline-6-dulfonic
acid) radical 22752 Re R 5(1999)2] WS W8 slo]
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732 nmollA SHE FHE7F 0.70£0.03 H=F 23 T
ABTS working solution® 2 AM&-3}9it}. ABTS working
solution 0.95 mL¥} & 0.5 mLE &35t 204 10
8 Fob ok vkeA|7l & 94 732 nmeol| 4] Multifunction
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Table 2. Baking properities of madeleines with Periplla fiutescens (L.) Britton powder

Periplla frutescens (L.) Britton powder content (%)

Property
0 5 10 20 40
Weight (g) 22.48+1.10°? 22.45+0.89° 22.79+1.04% 23.100.83° 23.3240.76"
Height (mm) 27.00£0.75° 27.00£0.75° 25.000.80° 24.00£0.75° 24.00+0.63°
Volume (mL) 54.78+2.48° 53.67+2.36" 49.2242 48° 48.89+2.18° 41.44+2.17°
pH 7.56+0.03" 7.35+0.02° 7.16+0.03¢ 7.01+0.01¢ 6.88+0.01°

Y Each value in meantS.D.

? Value with different letters were significantly different at p<0.05 by Ducan’s multiple range test.



34(3): 143 ~153 (2024)

VERERE

=4

147

A

73

Table 3. Loss rate, dough yield and moisture of madeleines prepared with different level with Periplla firutescens (L.)

Britton powder

Periplla frutescens (L.) Britton powder content (%)

Property
0 5 10 20 40
Loss rate (%) 10.10+4.39*D2) 10.10+3.65° 8.00+3.80" 7.79+3.41° 6.86+3.12°
Dough yield (%) 89.64+4.39° 89.8243.65" 91.82+3.80% 92.4043.41* 93.27+3.12°
Moisture (%) 9.36+0.31° 10.62+0.34% 11.910.96" 12.46+0.38% 14.8140.60°

Y Each value in meantS.D.

? Value with different letters were significantly different at p<0.05 by Ducan’s multiple range test.

10%, 20% 9! 40% Z7krelA ZH 10.1044.39%, 10.10+
3.65%, 8.00+3.80%, 7.79+3.41%, 6.86+3.12%% YEN} 20%
S} 40% F7holl A oA o m Skt (p<0.05). T-HAI= 2
oA wisle] Riso] do| ofste] WASHA FEl=
ks Feu), AL BEE 0%, 5%, 10%, 20% L 40% 3
oA el ZH 89.64+4.39%, 89.82+3.65%, 91.82+
3.80%, 92.40+3.41%, 93.27+3.12% = YER} A2 B2 37}
Fgo] F7IEFE foHoR oAy AdE EAtp<

0.05). 7] £HEI} W= FE& FAE SHsto] ALkl
oJaiA FolAle whom H7] L& WS FE2 it

o] A& Ye =, oleigt Azt HUlek AlRe] 540
mret el Al59] it Fee] WM RET AW wol &
HAES YolAH, #&2 F7FsHA IthKim SJ & Kim H
2019). nFEEle] SRS tlEo] 9.36+031%% 7HE B
L, 5% 7ol 10.62+0.34%, 10% H7HE 11.91+0.96%,
20% 7k 12.46% 0.38%, 40% 7k 14.81+0.60% A =
FolA = Fol Al Aol & B tHp<0.05). T 7t
g A E7F & ERke & Aele B A%eE S, a8 W3
Ao ol&] Dbt th(Jeong EJ 5 2013). =, 2=

gk Al mO] i FsHd ol whet gepr] 7] wie] A
T FEPdo] il bl S E R

RN
ol Ao ek

=

=

o o

HE

A== Table 49} 2
Q1 Lzk(lightness)= o3
oA 82.50+£1.56% 7HF =3kal, 40% H7boll Al 37.26+
1502 71 ol A Hriske]l S71EdsE At
(p<0.05). F=Q] bak(yellowness)® LT B8 73k
Kol tZToA] 32.2240.660.2 71 =9ka1, 40% H7HE

o ¥lE

oAl 1779412502 7P FJTHP<0.05). TS agk
(redness)S th&ro] —3.69+0.21 0.2 71 Wkar, 40% #

7bte] —0.5540.162.2 71 =o} L3t bzkd} Futdlel 4
o] Mrtape] S7MEE

G HATP<005). 3, A%

HEE olF9An, HF24e SrleH, 3L dade
o, ol ZAde] MY B WiE oz AlsHh o] v]5gh
73eke AR B2 H7EeE #3(Yoon JA 2021)9A = &
A F U em, X197 7t vEl(Kang JH & Chung

CH 2020)l|A &= A I 77 Hrleo] S71e5 Lk e

, a@td bk FIee AES B ol A

AFloZ #ol ER A THFig.
PRERIe] Ae o} e

w2 5 vk

). A o] 7o

[°] [S)
A vkEdle] =717} fHaske T

T

Table 4. Color values of madeleines prepared with different level with Periplla fiutescens (L.) Britton powder

Periplla frutescens (L.) Britton powder content (%)

Property
0 5 10 20 40
L (lightness) 82.50+1.56"" 60.93+0.70° 44.24+3 41° 41.94+1.72¢ 37.26+1.50°
Inside a (redness) —3.69+0.21° —3.23+0.06° —1.59+0.38° —1.16+0.08° —0.55+0.16°
b (yellowness) 32.22+0.66" 25.54+0.23" 21.57+1.33¢ 21.01+1.13¢ 17.79+1.25¢

Y Each value in meantS.D.

? Value with different letters were significantly different at p<0.05 by Ducan’s multiple range test.
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Fig. 1. Madeleines with various levels of supplemental Periplla fiutescens (L.) Britton powder.

0%: Control (flour without Periplla frutescens (L.) Britton powder).

5%: Flour with 5% Periplla frutescens (L.) Britton powder.

10%: Flour with 10% Periplla frutescens (L.) Britton powder.
20%: Flour with 20% Periplla frutescens (L.) Britton powder.
40%: Flour with 40% Periplla frutescens (L.) Britton powder.

ottt whElol] A% o] Hrleke] Ut E 4
w, 7, nkdle, d1E ofd, A R Adlwe] e fo
Al S718FA TH(p<0.05). ZHe] T2 100 g ol
2] 107.75£2.21 mg, 5% M7 167.65£8.97 mg, 10% H7H
361.00+18.18 mg, 20% 7} 388.75+16.86 mg, 40% 7}
T 600.20+17.58 mg=E ZFAFE ATHp<0.05). T2l Freke
100 g2 5%} 10% H7Foll A 242} 2.19+0.24 2 2.44+0.27
mg= xfo]l= GIIAINE 20% H7FrellA] 3.05+0.13 mg= -
oAl S7FlA th(p<0.05). Wite] S =T 136.90+

5.58<5% 7k 180.70£7.70<10% 7k 259.55+13.89<
20% 7k 287.9349.02<40% A7 477.83+1.83 mgE L}
B THp<0.05). Pl S 100 g B Tl 0.43+0.04
mg®l WA, 40% 7k 7.01£0.21 mgH o, deo| gaF
S 40% FH7bolA 17384133 mgl® g =tk
(p<0.05). o}<] ke 100 g T 5% 7kl A
= 247} 52140.229F 5.98+0.21 mgE F2l g 2fol= YA
2 10% F7kEol A e 7.3340.17 mg= FA7) o5 =
oK tHp<0.05). A#w<] e T 352.30+9.04<5%
71 448.94+49.28<10% H7H 593.69+23.21<20% 37t
T 819.42428.25<40% 7k 904.08+18.73 mgl & EFSE

Table S. Mineral composition of extracts of with Periplla frutescens (L.) Britton powder

Periplla frutescens (L.) Britton powder content (%)

Composition (mg/100 g)

0 5 10 20 40

Calcium 107.75+2.21492 167.65+8.97° 361.00+£18.18° 388.75£16.86" 600.20+17.58"
Copper 1.88+0.59¢ 2.19+0.24° 2.44+0.27° 3.05+0.13° 4.44+0.41
Magnesium 136.90+5.58" 180.70+7.70° 259.55+13.89° 287.93+9.02° 477.83+1.83°
Manganese 0.43+0.04° 1.04+0.19° 2.72+0.07° 3.4420.25° 7.01+0.21°
Zinc 5.21+0.22° 5.98+0.21° 7.330.17° 7.93+0.24° 12.12+0.41°
Iron - 1.51+0.60° 3.38+0.32° 6.50+0.74° 17.38+1.33°

Selenium 352.30+9.04° 448.94+49.28° 593.69423.21° 819.42+28.25 904.08+18.73

Y Each value in meantS.D.

? Value with different letters were significantly different at p<0.05 by Ducan’s multiple range test.



34(3): 143 ~153 (2024) Ml nl=

o A9 100 g B Z 9 H 2 AE e 44 211,
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Table 6. Total phenolic, total flavonoid contents of extracts with Periplla frutescens (L.) Britton powder

Periplla frutescens (L.) Britton powder content (%)

Property
0 5 10 20 40
Total phenolic (mg GAE/g) 0.48+0.16°? 0.58+0.07° 0.760.06° 1.070.08" 1.52+0.03"
Total flavonoid (mg QE/g) 1.15£0.21° 1.66+0.16° 226025 2.7520.05° 5.12+0.46°

Y Each value in meantS.D.

? Value with different letters were significantly different at p<0.05 by Ducan’s multiple range test.
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Fig. 2. DPPH radical scavenging activities in extract with Periplla fiutescens (L.) Britton powder.
Each value in meantS.D. Value with different letters were significantly different at p<0.05 by Ducan’s multiple range test. ASE: ascorbic
acid.
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Fig. 3. ABTS radical scavenging activities in extract with Periplla fiutescens (L.) Britton powder.
Each value in meantS.D. Value with different letters were significantly different at p<0.05 by Ducan’s multiple range test. ASE: ascorbic
acid.

JY 5 2018). Table 73 2T} 0%, 5%, 10%, 20%9} 40% A S 3
718k mpEdle] 9| FHappearance)> 5% WHHol 4.23+1.05,
7. 712 QA 4.00+0.78, 4.23+1.05, 3.69+1.32, 3.23+1.42% G217} Q1%L

2272 A 31, 3Kflavor) %= &3} o] f-ozx7} glITh Bhtaste)S Th
L FT 3774148, 5% H7KE 4.00+0.68, 10% 74 4.23£0.89
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Table 7. Sensory evaluation of preference test of madeleines prepared with Periplla fiutescens (L.) Britton powder

Periplla frutescens (L.) Britton powder content (%)

Sensory
0 5 10 20 40
Appearance 4.23+1.05*? 4.00+0.78" 4.23+1.05° 3.69+1.32° 3.23+1.42°
Flavor 3.3121.49° 3.54+1.01° 3.54+0.84° 3.23+1.12° 3.08+1.38°
Taste 3.7741.48° 4.00+0.68° 4.23+0.89° 2.85+0.95° 2.08+1.21°
Texture 3.85+1.03° 3.69+1.07° 4.00£1.11° 3.15£0.95% 2.62+1.15°
Overall acceptance 3.46x1.45% 3.6940.72% 3.92+1.27° 2.77+1.05% 1.92+1.14°

Y Each value in meantS.D.

? Value with different letters were significantly different at p<0.05 by Ducan’s multiple range test.
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