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ABSTRACT

This study was conducted to analyze the effect of adding perilla seed meal powder to pan bread and to explore its potential
as an upcycled food product. Pan bread was made with varying amounts of perilla seed meal powder at 0% (CON), 5% (P5),
10% (P10), 15% (P15), 20% (P20), and 25% (P25). The specific volume of the pan bread decreased, while the pH increased,
as the amount of perilla seed meal powder increased. Hunter’s L (lightness) value decreased, while a (redness) and b
(yellowness) values increased with increasing amounts of perilla seed meal powder. Texture profile analysis showed that
hardness, gumminess, and chewiness significantly increased with increasing amounts of perilla seed meal powder addition. The
sensory attribute difference test revealed that increasing the amount of perilla seed meal powder resulted in a decrease in pan
bread volume, and an enhanced savory aroma along with a stronger roasted nut flavor. Consumer acceptance showed that
overall acceptance remained high up to 10% addition of perilla seed meal powder. This experiment demonstrated the feasibility
of food upcycling of pan bread using perilla seed meal powder.

Key words: perilla seed meal powder, pan bread, quality characteristics, food upcycling, sensory evaluation
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+ AE Y52 &85 F=dAkelZY (food upeycling)<

A& 7Fse dxete Al AF Ae] Feg EdeER
o]

A2l a9 tH(Moshtaghian H 5 2021). Global Market
Insights(2021)°]] W2, FEHA|EZR AL AP
5.5%°] 47dE= HolH, 2026712 7009 2ol o] & A
o8 AEch A2 A A8 27 A el gk
Bilo] FolAWA, AE 71F BabEe] AjTgo] FEwn
e (Osorio L & 2021), T}t 2% FAHES g-8-alo]
Aol 87} = a} 222 ksl A7 @ds] RsE 3
o, Al A& (Valkova V 5 2022), ZAF 742 (Soltan OIA

5 2023), AFRFE- erq(Khattab AE 5 2021), A Fat

E{(Morales-Tapia AA 2023) 5& &-83F A7} Aok ]H 3k
B gge 87 Ba a2un oe Gt ¥
2lo) 4 AF el = 7]9d & UtHLau KQ & 2021)

E7)(Perilla, Perila fiutescens)= =S TAOZ T
ofrlo} Aol A Fe] AujE = 28 AEolrh Bxs} AT
2F, B3] 2713 A4kl 2l Ak(linolenic acid)©] F5
, F3h, A 59 "gﬂ%}ﬂ BHE TR =
T2 57|50 2 AW
ZTHFIS 2022).
‘EHF: H"L%ﬂ ENE2 BrslE

(F2 2olid )zt o] 30~40% FHiEo] lElE &
&=

obz o5& *4 7t FAER AV|EHAY Hl8, AFR
o2 AsA AMeE3 e A oltYou IS 2010;
Kim IM & 2019).

S7he B ETt d
Pl A8 ARE FHE

A el= 571, EelHs, &
SAhPark JH & Yang CB 1990;

oAl o} AEIREETS
o] 1tHPark MJ 2023).
60 ]—9;]_ g—/ﬂ %;ﬂ
o] % (Jeong GH % 2020), E714t %‘%%Q ksl gl g
=3} E39Kang H 5 2018) B Efol ofgk S 8
g Aol fe] Beld B4 2 7% (Hwang YJ 2017) S0
21 F T B AT
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1. A=

B Aol AMgE SR AE oAl HellA] A= AYak
F BB ART BN 2ERI(ETELS B A4
Tt e, EES E4)7](Blender, HMF-3250S, Hanil,

Korea)Z Zo}, 40 mesh(Chung Gye Industrial Mfg., Co., Seoul,
Korea)2 W# £ A|l52 ARGSIGIth & A3 AH8H A8
= 72 E(Dachan Flour Mills, Seoul, Korea), AF(CJ
Cheiljedang Co., Seoul, Korea), AEB{(CJ Cheiljedang, Seoul,
Korea), HE(Fonterra Ltd, New Zealand), B4|%-F(Seoulmilk,
Seoul, Korea), ©]Z~E(Ottogi, Anyang-si, Gyeonggi-do, Korea)

Kim HK & 1995). o]zq ER=/ L Lo 1:}01:?5]— Aﬁﬂ%—] ‘?r%/‘éi
AU AZo g 28 Fot Zavs S ks A Ro] A= 2. Alwto| x|=
sl WV 715 FA, B Holu g gt o Ao} A2 Kim EJ & Suh SUQ023) 712 4 7)%
S veldo] diRle] ndE - A f4 AFHs B 2 3] Azl o, o] 9] du] A8E B3 6714
Table 1. Formulas for pan bread added with perilla seed meal powder
Ingredient (g) CON P5 P10 P15 P20 P25
Strong flour 260 247 234 221 208 195
Perilla seed meal powder 0 13 26 39 52 65
Yeast 8 8 8 8 8 8
Water 156 156 156 156 156 156
Salt 4 4 4 4 4 4
Sugar 21 21 21 21 21 21
Butter 8 8 8 8 8 8
Non-fat dry milk 5 5 5 5 5 5
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13 E:% Table 13} Z+o] MA 3T}

2ol 5%, 10%, 15%, 20%, 25%= tiAlsl] H718ks)
% AMFE HAAA 2(Scale, SW-1S, CAS, China)S- ©]
slo] 3835 Algksle] AL(23+3T)0lA] B3 A8 A8
S FAE A9 A AZE W=7(Kitchen Aid SKSSS,
Lﬂcﬂ x{.’:\_(z
A% Sy A
7t

=7 b Et

noto,_wm

==
Whirlpool Corp., Benton Harbour, MI, USA)°]
28 B S F SHOEDHAA 623t
AAl FRIMHENE M7t & FHeDHlA 687 2T
U ¢had v 25712709 ER1 F wkEE Bl Hol
FUEE 85+5%, =% 28+1°C AA3F 7 7|(RIDC-36-2-2,
Rajin, Seoul, Korea)oﬂ/ﬂ 12 HEE 607 Bt HASIAT 1
A} HET) HRE WSS 450 go 7 BEsl] S=FEU]E &)

o] A2(23+30)olA] 153 Bt $3F LEE STt o]+ 4
& one-loaf PENZ 3}o] 21.5 x 9.7 x 9.5 cm Z7]9] 24
Eoll go] A & FUFE 90+5%, 2= 38+1 C=2 A e
ulg Ao e g 03 g s 45571 Akt 27]4] 35
H =22 E(PICCOLO I, WACHTEL, Germany)= 185/180 C &
g ¥ 22 AV} ghaE NS QB ¥of 3083t 7Y
A F717} QEQ 212 ol A 771144 1A &)t 223+
3C)elA W= = v 7‘]«4“”01] A2 BH T AES

o
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xy
ol g FA A%
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ToIc B3

AHg-3lA 3

H
o A Lof|A 14]

o
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T"JT’E

%4 ¥ HARS

ﬂ]i ‘/‘rﬂ‘ = H
$AmLIg R 3ol 38 W Faee.
4. pH 53
pHE AACC method 02-52(11)(AACC 2000)l W} %
AT e F 147 B PAD A 54 15 gL SR
100 mLo} 7 HIA ] Px 3083t xlesle] 10823t Wx|e
T, AR FH3te], pH meter(ST3100, Ohaus Corp.,

Parsippany, NJ, USA)E ©]-&3dt] St BE A RS
33] WHg Sste] ks Tokath

5. T2 5™

Alzol &4 10 g& & (Blender, BR300KR, Ninja,
China)ell 10z FA| Zole T A= HAll 1 g& A st
gz #E =37](Moisture Analyser, MB-95, OHAUS

Corp, USA)E AHE3le] =502 105Te ué AxZT=2a

W, A 60 Ao FERS TaT 2 AR 35
o
=

of HEzke Fed

=2
w2733

ek Awe] F4 54 251
6. ME =%
Ae 23 AF M= ARA|(Colorimeter, JC01,

Color Techno System Co. Ltd, Japan)E ©]-&3le] =73}
o} Awe] &4 BES petri dish(35.0 mm x 10.0 mm)el] &
SHAl e ARSIl oH, L(B %), a(AA %), b(FAE)ak

& Algrlt} 33 W Zgstel BRgks PaAh ofm At
£%¢ 9 A F(calibration plate)> L&k 93.94, agk —1.72, bak
1.88°]3]t}.

7. 1A =2 &£

A8 texture analyser(TA-XT Express, Stable Micro

Systems, UK.)E A}-8-5l0] TPAE A8t Awe] £2-&
3.0 cm x 3.0 cm x 2.5 cmZ A&
Zod| Fa =23t 2% 1L Sin S(2018)9] HPH
w2} 36 mm cylinder probeE ©]-83}] pre-test speed 1.0
mm/s, test speed 1.7 mm/s, post-test speed 10 mm/s, distance

6.3 mm, force 40 g, time 2.5s 271 3ol =331}k TPAS

T A|&E cylinder probe
o

Z3l 2ol X(hardness), ¥ Ad(springiness), 5773
(cohesiveness), 71/d(gumminess), %3]/ (chewiness)= =% 5}
Rom, 7t Algae 33] whE S4ste] Hdgks okt
8. 54 #to| ZAL
EA4 Aol HArblEE 54 Aol Al Fodgt Aol
dom #FHAL FHE ol As|eta A 157

= e 23] vHE Attt Alse 7 F 1ARE 5
WS 5 Aulo] HRe ARE ALgalgon], A0S
229830 cm x 3.0 cm x 1.0 cmE 37
70] i B4 Fehae 9387

AWMl A ST 9% 54 3
HAho] Ho| B2 slo] A|2E ML

=21
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_1

o gt 671 A EE
72 s el

2 AFsnh ARt R FAIg A] 25 QiekE A=
B3 3 AlFdte] AlRE HUketE Ateluitt B2 Yk
ATFE=E ATk HAF Al AR AA] A= D] Mg
o= @o}M# , AXE Alg digte] BE #ed §AS
TANE et s SFgith

EMErE AUk Ae] B4 ato] HAME 9t %ot 3
52 du] AL Azkel AP AT Sin S(2018)E HIRICE &
of, 9ol A Awe] Hy), ZA o] o] T H&, £ 9| of
T A, 71F 794, drldAe a2 & A, &
o, sk, ek Bt - AR st B0 5t A 24
HolAe A%, &84, 53, 228 A=, 434, Tl
A 2t "EE A & 3], gl de 3 EE ot
sk, B7hs 9F H=(1d=vlg- Fsich, 9xd=nl-% Zst
tha AAIEI3IT
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AARE 213 sid A ell= A Al
50%(: 187, o: 32 tidow 4
Aletolth. 2= 79 1A Bt W | gAdS AAst
AHHof| FolF A|BE, 3.0 cm x 3.0 cm x 1.0 cm= A
o] g4 g7l 32744 3xee] depE lste] qiet
= 2 F de A P ATsisioh AEe] <

(appearance), ‘BAf(odor), S(taste), 27 (texture), FRFHQI

=
FAlo] 9= olule]
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r

r

_l
P

7] 3 %(overall acceptance)] 571A] &l tiste] 78 A=
(1= "% &=, 7, W% FHE Friskidth
10. EAEN

BE kel B4 33] o] whEste] 2188kl 1 A
7}Z SPSS Statistics(ver 28.0, IBM Corp., Armonk, NY,
USA)Z o] &3l UL (one-way ANOVA)S A5}
gt Al3AFH o ®2E Duncan® T 9177 (Duncan’s
multiple range test)s A8t ol FF p<0.059] R 9ol A]

7t g kel feold Hols AR
Zu o nE

1. Awel 23|, 27, |8

Bk A A RS ¥3)9 7 vlgAe) 2

HolA| o} Akt

mLE 7P 713, Aol s 24 A7k soldsrs

FI7F ARH R FolEe A HAlTh B3 AU

Bl A = 2] 4.6 mLigo 2 7MY wkow], S/ A

7hgel S7hetel] whep fef sl Sobth(p<0.001). "<
A

Foe 258 ¥ 4, 283 FARY Tl wet
o et Aol fre 2FE WEE Adste] wvkE o
ZTEe 27 72 A4S WelsteR, Ao w Ao
F37} 2olx] Al EthDjordjevié M & 2022). & Aol A
]9} H|-g-A o] 7tAagt o]f= /U] Afrde] vk W
=F A= FE Wells

i
-
|m
_(
r o

9] & Aol

W Yerh oA HFAH R e =

© 7k A2 At o] # g 732 Hong GJ & Kim

MH(2024)«] VHEA T A7 2 A i JL 5(2022)9
Az B BEE e AW Aol E FARH

Q"J% vl AthFig. 1).
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o] By folelA 7hastanh dixTe = 1,650 of 71de & YA, F7bFo] A H wE=o] AU A|
Table 2. Volume, weight, specific volume of pan bread added with perilla seed meal powder
Variables CON" P5 P15 P20 P25 F-value
Volume (mL) 1,650.404+23.35%99 1,519.80421.32° 1,465.40+£8.26° 1,421.40£16.07° 1,202.60+15.75° 952.20+4.65" 1,185.17"
Weight (g) 405.80+£0.83° 400.60+1.14"  407.20£0.83°  409.60£0.89°  412.20+0.83° 414.80+1.30* 128.01"
Specific volume (mL/g) 4.6+0.05" 3.7940.04° 3.59+0.01° 3.4740.03* 291£0.04°  2.29+0.01° 1,394.70™

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

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

Table 3. Moisture contents and pH of pan bread added with perilla seed meal powder

Variables CON" P5 P10 P15 P20 P25 F-value
Moisture contents (%) 39.95+0.097%  40.18+0.11°  41.36£0.18"  40.5240.20°  39.36+0.14°  37.83+0.20" 271.89™
pH 5.26+0.13" 5.56+0.01° 5.70£0.01¢ 5.75+0.01° 5.80+0.01° 5.79+0.00° 1,279.13™

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

» 2~ Means in a row with different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.
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Fig. 1. Images of pan bread added with perilla seed
meal powder.

5(2015)9] AFAAE 2

ZU A T B sHo] AdtEs AR ajAdr) 2o]
e FES Fota fAlske 5ol Slo] A el A
FAL o] FESHS ST/ME 7 do ARde]
s whseo] Ee)F Fxrt AUR| A s o] i
2/ B¥9x g3, AzHo g R ko] 7has drt
ok Auk A 2 Al AFE3E EURe] REEES 5.09%°] AL

AR WrkREe] R e 12.5%2, E704 A9 =7
o] WrHRe] FEFFET W] WiEo R AlRETh o
23k @& Verbeke C 5(2024)3} Kurek M & Wyrwisz J

1= et

Al Hlﬂ—/] pH‘:‘ q]z;—o] 5260 2 7].1]— %g}\—otq’ Fé—yHtj]—g]

HA7VeFo] S71eE pH7F frefvlstAl S713
ATHp<0.001). ©]& 2w 2|2 A] A}-&-3F
7} 5.652 tlE2THT ol M7t pHell 3 nx

=A% 5
S04 7H2] pH
7]

Rog A

3. Auto] Mg
/WS 371 Ao A= Table 49} o], 7}l
S/t LML relvlshl Aastkal, ag(F A=)
I b E) BT felFor Ikske AEde HI
(p<0.001). ol S7juto] A W) e, H7lako]
Soldas WEsL ae Ao walth odd Bge
Lee SY(2007)2] EZ7}FS #7138k gesAol= & F7)
A9} Oh HL 5(2022)¢] EAuMS H71eh 2124 237

AT E

gl

f1gon, AslEe] A met Alge] A

=4 54 253

AT EE, Al A
o177k WSk ML
$& 58 nedd FE HY F

2024). Ramirez-Jimenez A
Hdet= vEg-} sl et
Fohn stk mep 5
7iute] bkl STt E PE7F volx| 1
3 FAETE Zoll= AL S/ fo AHE ofde,
e R do] 58T%elw, dx T /1EeR o
40%2] =T AT 0.85%<] 2le]4l(National Institute of
Animal Science 2023)°] §& I olA otn| At AE
7He] vd e uke-S ZXIA|AH At kS n|H Aoz
A E Th(Fig. 1).

22

A% 5% AIE Table 59 2
S (hardness)= 3Tl A]

7eh M7kgel S7tEs

[Ulﬂ oh‘,

57291 go2 714

BE7F FeulaAl S7kehe AEE EATHp<0.001). °ol=
E7M9te] Afrdol whs: il S5 M EY A 42 Asfst
of Whho] o el A A wo] detsi il At e H.
531, P25 AlgollM A= gtol 7P A vEhd AL w8
Ad ko]l 278 P45 JAlshHA W] B &
ax7] wEoltt. ook B2 B2 FAAE S Ui
JL 5 2022), 94 E(Kim EJ & Suh SU 2023), Y24
7]~,—(Hong GJ & Kim MH 2024) 7} 2% oA = fA}

Al ERl= AT

Bk A (springiness)< 710l uhel folF o g TAs=
HATHp<0.001). o= dHZHe] A=A H71E 4
=79 P2 Walste] W] Aol AstE e
w|gitt. o2 g A3b= Lee MH(2018)9] mHe| 82 37F
2 A9} Lee SM(2018)9] AHA 17} 21 Aol A]

Ho oX

R
=

i)

o

Table 4. Hunter color values of pan bread added with perilla seed meal powder

Color Sample
F-value
values CON" P5 P10 P15 P20 P25
L 86.50+0.027%  75.00+0.03° 68.40+0.02° 64.94+0.02¢ 59.70+0.01° 57.24+0.02" 991,114.38"™"
a —5.79+0.01° —3.81+0.14° —2.34+0.07° —1.80+0.10¢ —1.1120.06° —0.85+0.08" 2,150.35™
b 18.76+0.02° 19.01=0.04¢ 20.02+0.08° 20.77+0.04 20.76+0.08" 20.56+0.09° 847.50""

D Refer to the legends in Table 1.

9 MeantS.D.

» 2 Means in a row with different superscripts are significantly different at the p<0.05 by Duncan’s multiple

EEEY

p<0.001.

range test.
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Table 5. Texture profile analysis of pan bread added with perilla seed meal powder

Sample
Variables F-value
CONY P5 P10 P15 P20 P25
Hardness (g) 572.91£10.927%  629.65+7.29%  661.84+22.64°  736.80+27.80° 1,158.44+88.02° 1,818.23£19.00° 439.51""
Springiness 1.00+0.00° 0.99+0.00° 0.96+0.02° 0.95+0.00° 0.94+0.00° 0.914+0.01° 20.65™
Cohesiveness 0.77+0.14 0.65+0.13 0.76+0.12 0.60+0.01 0.62+0.13 0.79+0.03 1.70%
Gumminess (g) 447.30£91.66°  410.15+81.63°  503.62+85.69°  442.94+21.64° 725.52+126.97° 1,437.15+63.82° 65.80"
Chewiness (g) 528.48+20.16°  485.33+4.37%  532.72+10.08°  523.92£9.39°  857.75+14.03° 1,349.21+13.62° 2,090.61"

D Refer to the legends in Table 1.
Y MeantS.D. ™ p<0.001, M=not signification.

» 27 Means in a row with different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.
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Table 6. Attribute difference test results of pan bread added with perilla seed meal powder
Samples
Attribute Item F-value
CON" P5 P10 P15 P20 P25
Volume' 7.95+1.507%  6.92+1.55°  5.75+1.48  535+1.51° 2.07+1.16° 1772091 135407
Crust darkness’ 2.12+£126°  427+1.519  525+1.17°  6.50+0.75°  7.82+1.03*  7.97+1.36° 13843
Appearance + . . . . . . e
Crumb darkness 1.45£0.71°  3.950£1.39°  530£120°  6.35£0.97°  7.85£0.92°  827+0.87° 243.18
Air cell uniformity’  4.254226  4.57+1.75  4.27+1.81 4074212 5658279 5254223 331
Makgeolli’ 4324298 4424182 4824178 5254236  49742.67 4724275  0.79"
Perilla seed meal’  1.85+1.61°  4.25£1.51¢  535+1.81°  6.67+1.20°  7.60+1.23*  7.82+1.81°  86.49™"
Sweet' 4.60+2.12  4.60+1.89  4.8242.15  3.62+1.61 450+2.19  3.45+1.98 331
Salty’ 3.1742.08  3.65+2.16  3.75+2.12  435+2.24 4324237 4424238 2.01™
Flavor Savory’ 3.27+2.18%  4.651.99°  537+2.04*  6.10£1.73° 7254139  7.50+1.83*  29.09™"
Roasted nutty' 2.12+1.68°  4.07+1.52¢  4.8741.75°  5.87+1.97°  6.92+1.62°  7.1242.01°  45.73""
Perilla’ 1.9241.55° 4.12+£1.52°  542+41.61°  637+1.77° 7.67+1.24*  7.87+1.69°  82.73"
Umami' 3.5542.24° 4374200  425+1.82%  5.1542.04®  575£2.50°  5.47+2.64°  5.65"
Hardness' 3.47£2.60°  4.32+£1.87™  4.17£1.73%  4.75+1.80° 727175 7.65+2.16  30.117
Springiness’ 6.65+2.33"  5.6242.04°  57242.02°  5.97+1.79°  3.95+2.12°  3.25+2.59° 1449
Texture Moisture' 5.82+2.51*  575+2.02°  5.52+1.78"  5.57x1.51° 4.17x2.13°  3.90+2.69° 6317
Stickiness' 5.6042.38"  5.87+1.89°  547+£1.60°  437£1.93°  3.40+1.79°  3.4242.62° 11.627"
Chewiness’ 4.0042.05¢  3.80+1.77°  4.97+1.49°  547+1.64"  6.00+2.17°  5.77+2.78" 826"
Bitterness' 1.72£1.26°  322+1.71% 4204153 520£1.71°  6.22+1.98*  6.70+2.24° 45227
Taste after Dry taste’ 235£1.79°  3.57+1.99°  4.87+1.95°  542+1.58°  7.15+£1.71°  7.55+1.85°  48.80"
swallowing After taste’ 3.00£2.06°  4.10£1.73°  4.70+£1.34°  5.87+1.38°  7.42+1.67°  7.85t1.35° 5597
Residue’ 230+1.74° 3.67£1.89°  4.82+41.50°  5.8041.30°  7.55+1.63"  7.87+1.50°  73.56""
D Refer to the legends in Table 1.
D MeantS.D. © p<0.01, ™" p<0.001, N=not significant.
» Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.
' 9-point scale (1: very weak, 9: very strong).
Table 7. Consumer acceptance results of pan bread added with perilla seed meal powder
Samples
Sensory attibutes F-value
CON" P5 P10 P15 P20 P25
Appearance 6.28£1.077%  5.90+1.18% 5.80+1.19% 5.60+1.16° 4.80+1.78° 4.46+1.96° 14,12
Odor 5.90+1.31° 5.81+1.20° 5.5041.25° 4.95+1.73% 4.73+1.64° 4.53+1.65° 9.16™
Taste 5.95+1.17° 5.45+1.41® 5.85+1.16° 5.28+1.62 4.98+1.53" 4.5141.42° 8.89"™"
Texture 5.91+1.33° 5.66+1.42 5.95+1.32° 5.28+1.62% 4.81+1.77° 4.08£1.85¢ 12,93
Overall acceptance  6.01+1.18° 5.61+1.24° 5.95+1.32° 5.53+1.46" 4.90+1.60° 42141.65° 14107

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