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ABSTRACT

Antioxidant Activity of Lemon Balm and Its Application
to Ground Hamburger Patty

by. Choi, You Jung
Advisor : Prof. Lee, Jae—Joon, Ph. D.
Department of Food and Nutrition,

Graduate School of Chosun University

This study was carried out to investigate the antioxidative effect of lemon
balm(Melissa officinalis) ethanol extracts in vitro, and to evaluate the functional
effects of lemon balm powder addition on the quality properties and storage
characteristics of hamburger patties. Total polyphenol contents of lemon balm
ethanol extrct were found to be 621 mg/g in 500 ppm and 801 mg/g in 1,000
ppm. Total flavonoid contents of lemon balm ethanol extrct were found to be
4515 mg/g in 500 ppm and 65.05 mg/g in 1,000 ppm. The DPPH radical
scavenging activity of lemon balm ethanol extrct were found to be 88.86% in
500 ppm and 89.61% in 1,000 ppm. It was similar to the commercial antioxidant
BHA, BHT and ascorbic acid in 500 ppm. Antioxidative index of lemon balm
ethanol extrct measured by Rancimat in 500 and 1,000 ppm were highly and it
was similar to those of BHA, BHT and ascorbic acid in 500 ppm.

The hamburger patties consisted of five types: no lemon balm powder added
(normal, N), 0.05% ascorbic acid added (control, C), 0.1% lemon balm powder
added (L1), 05% lemon balm powder added (L2), 1.0% lemon balm powder
added (L3). Each hamburger patty types were tested in triplicate and assigned

- Vil -



to one of four storage periods: 0, 5, 10 or 15 days. The moisture, crude lipid,
crude ash, crude protein and calorie conents were not significantly different
between control and all treatments. The total amino acid contents of nomal,
control, L1, L2 and L3 were 16.56%5, 16.68%, 16.26%, 16.30%, and 16.43%,
respectively. Palmitic acid was the most abundant among saturated fatty acids,
while oleic acid was the most abundant unsaturated fatty acids of the
hamburger patties in the five groups. Amino acid composition, fatty acid
composition, water holding capacity (WHC) values and cooking loss were not
significantly different among the hampurger patties. For the textural
characteristics, the addition of lemon balm powder increased the chewiness
value, but it did not affect the hardness, cohesiveness and springiness values of
the hamburger patties. In the sensory evaluation, an addition of 1.096 lemon
balm powder had the best score in color. Hamburger patties with addition of
0.5% lemon balm power had the higher score in flavor and total acceptability.
However, there were no differences on the springiness and juiciness values of
the hamburger patties among the groups. The pH decreased with longer storage
period, but the Acid value (AV), 2-thiobarbituric acid (TBA), Volatile basic
nitrogen (VBN) contents and the total microbial counts significantly increased
with longer storage period. AV, TBA, VBN contents and the total microbial
counts of hamburger patties contaning 1.0% lemon balm powder (L3) were
lower compared to those for nomal. In particular, L3 was significantly more
effective for delaying lipid peroxidation than the other treatment groups. There
were no significant differences in the L (lightness) and a (redness) values, but
the b (yellowness) value was not consistently during storage period. a (redness)
value of hamburger patties contaning lemon balm powder showed significantly
decreased than those of nomal and control groups. In conclusion, lemon balm
powder might be used as a natural antioxidant and antimicrobial effects in meat
products, however, levels lower than 1.0% will be required to prevent quality

defects in hamburger patties.
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2. A% £ A7 WA AEHY A=

dE5r H7F EA dE e AU Ohet Lee (299 <, Ohet Lim(52),
Lee¢t Cho(42)8] AAAFE Fasto] Auddd S 714 AAsden, g2 &2
A7 @AW A e e A5 wigk v &2 Table 16 YEWAT d559 5
&o Ay AAxAS AAZ T AE 8 mm hole plate’t Z=E WS- 7] (Meat
chopper, M-12S, Hankook Fujee Industries Co., Hwaseong, Korea)® 3}3]3s}o] A}

gaor. dae $87 £gol 2L I} vls, WAR 484, AW, 47, F

F5 Yau T3 A5 gxrMN)eR 9, dEtMN)dd BlEy CE #H7ke A
S FAUNETO), dEyg BES 7H7E 0.1%(L1), 05%(L2), 1%(1L3)E #H7Ie o
2 st "o kst s Setl A A Ed dAsAE w
o] o]gx i g+ HIEFY C(Sigma Co. )& FAUEF(C)oZ AMEER o, dA
fxzae v AL A= (B3)S Fasted 0.05%=2 AAstd. 7o &3
2S5 gy AY7)E o]&de] F 100 g, A4 100 cm, T4 1.2 cm9 =7 & A
Fotda vzt Aejel @A ¥ S Nylon/PE ZE50l Yol Jax43 5 J&
Jefoll A 1597 masbdA 0, 5, 10 2 1569 ZF Hglte] 73S Este] A
d& AA AT
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Table 1. Formula of patties added with lemon balm powder.

(%)
Treatment”
Ingredients

N C L1 L2 L3
Beef 70.0 70.0 70.0 70.0 70.0
Pork 10.0 10.0 10.0 10.0 10.0
Soybean oil 3.0 3.0 3.0 3.0 3.0
Onion 5.0 5.0 5.0 5.0 5.0
Garlic 2.0 2.0 2.0 2.0 2.0
Bread powder 5.3 5.3 5.3 5.3 5.3
Egg 3.0 3.0 3.0 3.0 3.0
Salt 1.5 1.5 1.5 1.5 1.5
Black pepper 0.2 0.2 0.2 0.2 0.2
Total 100.0 100.0 100.0 100.0 100.0

Vitamin C - 0.05 -
Lamon balm powder - - 0.1 0.5 1.0

PN(Nomal: No lemon balm), C(Control: Vitamin C 0.5%), L1(Lemon balm powder
0.1%), L2(Lemon balm powder 0.5%), L3(Lemon balm powder 1.0%)

_']1_



g 2 H7E @A diE dvhdE® 2412 Association of Official
Analytical Chemists(A.O.A.C) "H(54)ol F3to] AAstg o, 28 1056T Ay
7t A=Y, 2am AL micro-kjeldahld, A W& soxhlet F&9 2 X3|ES 3
oz BEAegt. d#S d %A (PARR 1351 Bomb Caloriemeter, USA)E ©]

gotol BASIAR, 2 AP 3 el W AA s

>

w}, obmlm g 4

opu = Ake] BAMEe A HAxd B Alg 2 go ethanol 20 mLS 7F3F F

p

homogenizer(AM-Series, Nihonseiki Kaisha Ltd., Japan)® 10% %<t wyls}o]
1,900 xgoll Al 2047t A& o ar, kAbel thAl 75% ethanol 10 mLE # 7}e}
o] homogenizer(AM-Series)Z 104 &<QF WS & 1900 xgollA 203 LAl

g Ak AEAS Fgate] 7T - w3 T FFTFE 834 A sulfosalicylic acid

& THAl 1,900 xgell A 203t €

A8 g % membrane filter 0.2 pm (Daihan, Seoul, Korea) = o] Z}A| A o}wn] =4k
=]

2171(S433-H, Sykam GmbH, Germany)® A% X33

20 mgS H7bslel 4TE 147 B¢ XA 7]
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2

o A A

Alg ol AlEE ¥i Folch HGHoz F LS FF39h. Morrison#
Smith(56)2] B wegl 100TC 2] water bathol Al 1A]7F metylationA] 7] 2 W82} 3
o] 7]oll hexanes FH7tste] ZFo] #gd F AF& A 19 v capillary
column (100 m x 025 mm Ld x 020 pm film thickness)2 23t Gas
chromatograph (HP 589011, Hewlett Packard, Palo Alto, CA, USA)E o] &3}
B3t =, olwl carrier gas® AAES o] &3t o1 columne 7] &%+ 18
0C=E g HAF &5 240C 3T/min)= 393 th. Injectore} detectord] &%+
225CeF 285 C = At ol A3 FA 9k £ 2 Table 23 2t}

Table 2. Conditions for fatty acid analysis by GC-FID

Items Conditions

Instrumemt Aglient 7890

Supelco SP™ 2560

Column
(100 m x 0.25 mm x 0.2 m)
Detecter FID(Flame Ionization Detector)
Split ratio 50:1
Injector temperature 225C
Detector temperature 285T
100C for 4 min
Oven temperature 3C/min to 240C
240C for 17 min
Injection volume 1 ul
Carrier gas, Flow rate He, 1 mL
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B8 A Laakkonen 5(57)2] Wol uel vjAgk f+Ho] = 2 mL FE
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Incheon, Korea
ol A, 10 &<k AR & F& ASE 7HE A AEFA ¥& (%)= EAS

At

e o] =4 SA4S S48 98 7HE zdE AHE YEAIT vs 7hEx
1x1 cm7F ¥ =2 2ws9 vt Rheometer (Compac-100, Sun Scientific

Co., Japan)Z A}-83}o] mastication test @ shear force, cutting testE 2 A&
A, AHg ZEa9S RD.S (Rheology Data System) Ver 2.01& o] &3t} 3+
AT & 3Me] AsE "ste] 747 33 whE SAste] FdEA 2 YEYSY &
A Al table speed= 110 mm/min, graph interval2 20 m/sec, load cell (max)< 10

kgl Ao ® a9t
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Ab. BT A AL

ofr
N

Arbs olm] s Al tE Aol e AFvd de sty g
A 10 o m e Abdel IRl Eol dietel AHE § AAskATh A%
(Color), &=# A (Springiness), &7 (Flavor), t5&A (Juiciness) 2 A4 7|3 %
(Overall acceptability)ell W3dle] 54 7|Z2 =W ow Hrtsldar, z+zte] H7F &
o thate] ‘wj-$- Eth(extremely good)'S 5%, ‘H%(moderately like)'S 3%

L Yl (extremely unkike)E 184 o7 AA st A5 pan—frying HH o=
AW A e FALE 72C7 2 wA stdsle] zgd T zhzte] AR
72 2 em, AIZ 2 cm, 7 15 cm® A3k & slAH Ao ol HALS e

", 7 AR Alold &858 AZeArt

ry
rr

e

4 HE2Y E22S AU dAWA dE g AFIAA

7}. pH &A

pHT‘:— Khalil(58)¢] wel wet gt &% 7 d8 Als 10 g& AT &
100 mLe} &7 Stomacher (400 Lab blender, seward, London, England)=
A3 pH-meter (WTW pH 720, Weilheim, Germany)® =743} ¢t}
WS & gt ghs Ak

01}4
ri %%

w

0%

Ay
o
rlo
w
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Y. Acid value (AV) &% =3

A7bE WA A RERSE AFEe FEE 915t Kim 5(59)¢] WRel Fsto] A
Atk A& 100 g& 3 10 m
100 mLe] 22X F ETF8&dAS Yo 9000 rpmolA 27+ & (Nihon Seiki,
ACE, Japan)d}$ith. o] &3t 100 mLe F22XEFS H7bslo] 30x3F ¢ o
2% 5 vAl 100 mLe FFFE Hrbska 30x3F dEEiT o] dANS
Qualitative filter paper No.2 (Advantec)E A}-83+4 Buchner Zth7]2 &<l o 33t
T, S F Aol FAAA =5 Ao FqFH FEEEF FTUE
ARG, FFEIMUYEEFS UHste] ©<38tal rotary vacuum evaporator (SB-651,
EYELA, Tokyo, Japan)® F 22 X5 94A3| A A Fo A2 HAES
ANRZHEE FE3 AF9 A7k= AOCS W60 #3+ FAAI= 2 g& ethyl
ether : ethanol(1:1) & 40 mL< 7}ste] ¢kds] =9 § 1% dH=ze
o

S 3~5%E "ol (0.1 N potassium hydroxide—ethanol & <Y

12

02 ALHE AL FHHOE ZHRAT. ke vest 2 AN o3
REsgom AF717 B0, 5 10, 1590 FA sk

AV (acid value) = (V - v) x 5611 x F /s

Vi EAE e 01 N KOH &9¢] H74 4H] % (mL)
vi FAE 01 N KOH &9 A% 2n| ZFH(mL)
F: 7ol A& 0.1 N KOH &9 <7}

g A He)

&
>
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o

t}. 2-Thiobarbituric acid (TBA) & =

A4 = (TBA) = Witte 5 (61)0] & WS o Wdste] TBA X2 4
Bl on, A& 10 goll cold 10% prechloric acid 15 mL¥} 32t &/ 2
Homogenizer(AM-Series)ol A 10,000 rpme. 2 10% <t #4245 3o}, 72
Qualitative filter paper No.2 (Advantec)E A}-&-3slo] o33l o, o3}
002 M TBA &% 5 mLs Yol ¢x3d] 3 ths, WdielA 16417 Wx £
Spectrophotometer (DU-650, Beckman, Brea, CA, USA)E o] &3} 529 nme| 3}
FelX FHEE FA8AY Blanke 32 SFFE ol &8sttt TBA A& A&
1 kg @ mg malonaldehyde (mg malonaldehyde/kg)® ZEA]&ATE oju) AFEH
standard curve: y=0.1975x-0.0011 (r=0.999)¢0]%l o y=&d %= x=TBA7}I& A4t
skt

Z}. Volatile basic nitrogen (VBN) &3 &3

g2 22 H7F A gige 3Ed A7 EA(VBN) %2 Conway unit
€3 v FaH62)0l oste] FAs AT AR 10 gl SFF 90 mLE
7}&Fe] Homogenizer(AM-Series)ol 4 10,000 rpm&. 2 ¢F 30% w23 & F2d
S Qualitative filter paper No.2 (Advantec)S /\}J‘l‘é}oi oftsti o, ofztel 1 mL
= Conway unit 9o €1 WA= 001 N A8 1 mLeF A A 2F0.066%
methyl red + 0.066% bromocresol green)S 3% 7}t th. =432 H= H 94

glycerines ®F=3 5745 22 $F 50% KoCO3 1 mL& 4ol F4& ki, A
UAAZ g €718 FHo R wikst § 37TCoA 12087 wiFstgh. it &

Ir

0.02 N H,SO42 Ao FAakgas Fygeidrt. 3dAdA7 A A(VBN) X =
100 g Al& 9 mg (mg%)o. 2 FHaksto] F AT

VBN = {(a - b) x F x 28014 x 100} / Al&9] <F

a TYE kel F(ml)

b: blankell FY¥ 4ke] F(mL)

F: 0.02 N HSO4 %53 A5

28.014: 0.02 N S04 1 mL 4~ Est=d Qs No| &
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ZUAE F= AL HE o] &3] A2 10 goll 0.1% peptone & 90 mL

to o

7}3le] Stomacher (400 Lab blender, seward, London, England)® 30%7F 2
kit o] A£3A A7l AJEE PCA (plate count agar)®]#o HE3ste] 37T

of| A 48417 WA AHTHB3). vl =5 3 colony counter® countdt$th. ZFn|AY

2 o] @49 E log CFU/g 22 %A3F3 T}

A S H7F @A e A5 S22 WAL, 94.04; a, 0.13; b, -0.51)
o2 EF3MAF Spectro colorimeter (Model JX-777, Color Techno. System Co.,
Japan)® =439tk olw FIE WA LS (DE5)S AFE3sFe] Hunter Lab A
Aol 4% (lightness)E YeEWE Lk, A M= (redness)E YEWE= agk 28

A% (yellowness)E YEIU = bate = Uetulth 42 5 dbEs & A4 43S #
skt

5. A4 A3d

BoAg e BAAEE SAS program (2002)9] GLM (general linear model)
procedureE ©o]-&3to] A7 FAMEA S HAEem, 7 A2l F He] Aol
of og fo]4d HA2 Duncan®] HsAZYH R 5% FolA A8
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Z

sus dzZFY Agaddr 2T WHAE flfa Bty FHE ST

AEhE WA Sk AEe] B

STH(15). 2 Al A 3§

O

g FAEE Wol o]&Ho] $al64d), BHF A& H 4
e Eole 5 714 *é—ft‘ﬂ tannin, saponin, flavonoid, %-F(essential oil), H]
WIS, #714h alkaloids, F714 & st A=

5} =4

d 24 e ATE flsto] slHe] dEe

AHE AASEA T Table 32 3B #3 AT EE Hlw A Aoe = =nby

stdom, o HR e, AHvE, srntd otk Lee

<} A2 9 B H7bE 9% Hsx
ZAfoll A ZzutE] o HeEwts 7HE dEske Ao E vEhd 2 AF Aol vl
s AFAE B Eeh B FRE FEste] Az HHH| o Mow AL A
M= 2=ulg] e} HEWNS HUS AL M Ao Ao 2 Ve Jung

67) A JFawed ¥2 3B /79 Ask xAbdA 2z=rtgE Mg A
Frtal Rt FH F AT 2 o dEd RxuldlE o) gd AE
Ak Ats gdsiA FPEIdey 2o EE3d deEds AYan glon A
T me HEYS o83 AF Y AFE AFFESoh mEhA B Ao A
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[=)]

Overallacce ptance (score)
Fa =]

Rosemary Thyme Lermon |.'IE||I'|" Chamarmile F‘E|:||:|er|'r*||'|t
Fig. 1. The preference of herbs

1: dislike extremely, 4: neither like nor dislike, 7: like extremily.

“P\Means with different letters are significantly different (p<0.05).

_20_



A2d EF Jdeas FE2E9 F4is 557
1. ¥ polyphenol &=

&0l 2z thAEE Sl phenolic compoundy A E Ao dg EEHo] gon
AEol FAA HAAAe 2EHE B A AL A} 2ATEEZTH S
Eig}% HA oA P Eh68). polyphenol sh3t&E-S g 2F ol 271 o] 9]
phenolic hydroxyl7] & 7HA & W& == Gz
& g doAA FiksE W Rote] s &, Fads]
g AYA F kA g5 7HA L AvH69).
A ST daEw s FEE9 s&3¥ F polyphenol ¥
Table 3% vt #H&9 de&E F5+ 500 ppm¥ 1,000 ppmelA  zH7}
621.00£13.86 mg/g¥ 801.00£9.24 mg/g TH3st2 Y= Aoz el Jang 5
(70)2] Aol A #E¥re] % polyphenol & &2 Mol o] 80% vEre F&
o A Z+7} 569.49+0.20 mg GAE/g DW<} 629.48+090 mg GAE/g DW= £
Aol HSzskAl F polyphenol $iFe] w2 oz vetwth 2@y Kim 5(20)
o ®Ware] ofstyl AA e FAbe] wE #=Hre] F polyphenol $HEFS A9
AL x5 3 o] 17324122 mg/g, €% AxF o] 861+1.05 mg/gl =

HEH & A vl Al AR EE, Axzxd, FEUN, 4943 59 Ao

N}

PEnka 2o HEy FHB AR ]0% WEFE F=E9 E polyphenol &
(700 s rd, Z=vke](whole)dl A 542.14+0.33 mg GAE/g DW, €}l (whole)l
A 481.13£0.46 mg GAE/g DW, 3]<s(leaves)ol A 418.72+0.50 mg GAE/g DW, 1
g2l a1 Alo] #(whole)oll A 343.80+0.55 mg GAE/g DW= 1o} & oo A] 7 &ut
of gt-& FEE9] polyphenol o] €53 =2 A& &

!_":
AN SR AEGE P Fgo] B Ao ARH

o

ofp
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Fig. 2. Contents of total polyphenol in lemon balm ethanol extracts
LBL : Lemon balm powder 80% ethanol extract 500 ppm(0.5 mg/mL).

LBH : Lemon balm powder 80% ethanol extract 1000 ppm(1.0 mg/mL).
Significantly different between 500 and 1000 ppm by Student’s t-test at “p<0.05.
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2. & flavonoid =

Flavonoid+= diphenlypropane (Cs-Cs-Ce)9] =4S 7FXl phenoldl 33&E9] F3
© % F= anthocyanidins, flavonols, flavones, cathechins % flavanones 52 %
dEo] ATHTLI-73). A& & Aol v FrHol A= flavonoids =37 A
o, &4, FLeA, Fdutolelx) FAkst 2R, WATH 9 RAdH 3 A
d A g a3E BATHTA).
Ao A FAS HaEdt des FEES 5 F flavonoid ¥ Table
49} 2o}, Y29 e FEE 500 ppm¥ 1,000 ppmell A 22 45.15+1.25 mg/g
I 65.05+2.43 mg/go & FX7F SOl Wt FoletA =4 UEtwth Jang &
(70)09] Aol A d&Ede] % flavonoid S B9 80% HWEHE FEE A
21.60£0.96 mg GAE/g DW, %9 80% wWg <= FE=EolA 21.05+0.05 mg GAE/g
DW= yety 2 Aol o =2 flavonoid o33 WEFHATH
w3l HEY 3B A EQ = Zvhgl(whole), Bl (whole), 3] (leaves), A o] A
(whole)9] 80% wWl¥te F&E 9| flavonoid 3% =4 A3} zHzF 22.45+0.81 mg
GAE/g DW, 12.27+0.46 mg GAE/g DW, 14.78+1.43 mg GAE/g DW, 14.81+0.46
mg GAE/g DWe = Yeryth Chai 5(75)¢ 3B/ wEs FEE EAste
% flavonoid & %2 AR ZZwlg] 35.16+4.80 pg/mg, 2pWlE 13.25+3.75 ug
/mgl = YEh 2 A7 A HEw dEE FEE9 F flavonoid el © =
&S5 o 4 QA Fig. 2, 33 #o] 1 g9 AxdE #HEWS 7122 flavonoid 2
SHEFH T polyphenol d&e] =2 A4S gl 3k al, o]+ flavonoid <o t&
phenol’d 3t§=< t=F st 7] wWEosE AZdEv. weps 2 AdA
polyphenol ¥ flavonoid7} @o] 3= & #dEW A ikt SQd=29 o

& bsHe 323 5 Ak
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Fig. 3. Contents of total flavonoid in lemon balm ethanol extracts
LBL : Lemon balm powder 80% ethanol extract 500 ppm(0.5 mg/mL).

LBH : Lemon balm powder 80% ethanol extract 1000 ppm(1.0 mg/mL).
Significantly different between 500 and 1000 ppm by Student’s t-test at “p<0.05.
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3. DPPH radical £A%

DPPHe 93t HAxF o5 sty o=z QbAslE free radicals 743l &=

424 E4d 24| ascorbic acid, tocopherol, polyhydroxy W& 3}3tE SOl 23|
dEol FE& AAo] gl x= A& o] &3t} HluwF FE AZE el atst
T FAT F Ao g A 2AEZRY Fakst EAS AAast=d de o
|53 JATHT6,77). Free radical> 1A Woll A A2 = duldy Agtsle] w3
2 AS gt AAEo 28-S A ol A A H = free radicalS A
ZIAY BHAAA w3ket Al JAsts A8 HER o] &H i JITHTS).

A2 o ete FE5E9 DPPH radical 274 48 543 A3 Table 591 U
EF T &Y A2 F&55 500 ppmol A 88.86%, 1,000 ppmeoll A 89.61% % =
< A7 A4S Ben, vx7F SISt H|s2dk dAbst dA =S UERTh

gzt FA SikskAl BHA % BHT 500 ppm#F A< &AkstA] vlebwl C 500
7k 7} 88.98%, 85.85%, 91.25%¢%1 A H]ulstod® Hl =% FES
= FEEC] ¥ radical &7 4S RIS & F UG oY
g A= A7 phenold 3= ol &5 DPPH radical &715°] =o}f
AtkeE & Baet A X vH79).

Tsai 5(80)9] B o] olstd = =wlg]e] DPPH scavenging 7AAolA 70.1%<]
A YHetdnal sk, Lee @19 dA7dlA+= ==utg], BSl, #HFHRES
70% WEE FEE9 DPPH radical &~A%S Hlx 43 A3 717 854%,
745%, 63.71%°] #=<& F4tst &S WEtdtal B askqith Suh 5(82)2 Bk 8
#% % Dark-opal ¥%°] 51%9] radical A%< Hol 7} vt &} o]
ol A3 Y&y %52 DPPH radical 27 %50 =4 YeEbd olf & d&9 U
9] % polyphenol®} % flavonoid eF&o] =7] ujEo]z} Al E T

|
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[
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Fig. 4. DPPH radical scavenging activity of 80% ethanol extracts of
lemon balm

LBL : Lemon balm powder 80% ethanol extract 500 ppm(0.5 mg/mL).

LBH : Lemon balm powder 80% ethanol extract 1000 ppm(1.0 mg/mL).

BHA : Butylated hydroxyanisole 500 ppm(0.5 mg/mL).

BHT : Butylated hydroxytoluene 500 ppm(0.5 mg/mL)

Vitamin C : Vitamin C 500 ppm(0.5 mg/mL).

NS : Not significant.
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Table 63 #t}.
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st waot ol
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Table 3. Antioxidative index of 80% ethanol extracts of lemon balm

on soybean oil

Samples IP” ATY
Control” 6.83+0.50”"” 1.00
LBL? 13.22+0.41% 1.94
LBH” 13.26+0.65° 1.94
BHA? 13.77+0.51° 2.00
BHT” 13.47+0.51° 1.97
Vitamin C? 15.32+0.25" 2.24

YControl : soybean oil without lemon balm ethanol extract.

LBL : Lemon balm powder 80% ethanol extract 500 ppm(0.5 mg/mlL).

YLBH : Lemon balm powder 80% ethanol extract 1000 ppm(1.0 mg/mL).

YBHA : Butylated hydroxyanisole 500 ppm(0.5 mg/mL).

YBHT : Butylated hydroxytoluene 500 ppm(0.5 mg/mL).

OVitamin C : Vitamin C 500 ppm(0.5 mg/mL).

"Induction period(IP) of oil was determined by test of Rancimat at 110C.

® Antioxidant index(Al) was expressed as IP of oil containing sample/IP of soybean
oil.

YAll values are expressed as mean+SE of triplicate determinations.

9 Abbreviations: Different superscript letters indicate significant differences at
p<0.05 by Tukey's test.
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Table 4. Proximate compositions of patties prepared with different

levels of lemon balm powder.

Treatments®
Items

N C L1 L2 L3

Moisture(%)  65.32£0.41°™%  65.710.15 66.11+0.29 65.96+0.29 65.00£0.19
Crude lipid(%)  7.02+0.14™° 7.32+0.07 7.40+0.13 7.39£0.23 7.26+0.15
Crude ash(%) 2.74+0.08"° 2.76+0.02 2.75+0.05 2.72+0.01 2.77+0.05
Crude protein(%)  23.91+0.21™° 23.94+0.12 23.91+0.12 23.930.22 23.97+0.22

Calorie(kcal/g) 2248.00+53.12™  2249.00+74.78 2237.00+21.94 2199.00+31.18 2171.00+25.98

UTreatment : See the legend of Table 1.
YAll values are expressed as mean+SE of triplicate determinations.

NS : Not significant.
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Table 5. Amino acids of patties prepared with different levels of

lemon balm powder.

(%)
1)
Treatments
Amino acid
N C L1 L2 L3

Cysteine 0.18+0.03"N5 0.20+0.02 0.18+0.02 0.17+0.02 0.17+0.03
Methionine 0.38+0.03"° 0.40+0.02 0.37+0.02 0.38+0.02 0.39+0.03
Aspartic acid ~ 1.58+0.03"° 1.62+0.02 1.55+0.02 1.57+0.03 1.57+0.01
Threonine 0.78+0.01"° 0.81+0.02 0.77+0.02 0.78+0.01 0.78+0.03
Serine 0.75+0.02%° 0.76+0.02 0.74+0.02 0.74+0.03 0.73+0.01
Glutamic acid ~ 2.70+0.02™° 2.89+0.02 2.68+0.02 2.76+0.01 2.67+0.03
Glycine 1.11+0.02* 0.96+0.01° 1.05+0.03° 0.97+0.02" 1.04+0.01%
Alanine 1.09+0.01 1.09+0.02 1.06+0.03 1.04+0.02 1.07+0.02
Valine 0.74+0.02 0.77+0.03 0.75+0.01 0.75+0.02 0.76+0.02
Isoleucine 0.68+0.02%° 0.71+0.02 0.68+0.01 0.69+0.03 0.69+0.02
Leucine 1.36+0.03™° 1.42+0.01 1.34+0.02 1.36+0.02 1.37+0.03
Tyrosine 0.53+0.02% 0.56+0.03 0.52+0.02 0.54+0.02 0.54+0.01
Phenylalanine  0.70+0.03"® 0.73+0.02 0.69+0.01 0.70+0.02 0.71+0.01
Lysine 1.39+0.02%° 1.48+0.02 1.35+0.03 1.37+0.01 1.41+0.02
Histidine 0.57+0.01™ 0.57+0.03 0.56+0.02 0.57+0.02 0.57+0.01
Arginine 1.11+0.02%° 1.12+0.01 1.08+0.02 1.08+0.02 1.09+0.01
Proline 0.91+0.02%° 0.85+0.01 0.89+0.02 0.83+0.02 0.87+0.01
Total 16.56+0.36™ 16.68+0.27 16.26+0.36 16.30+0.36 16.43+0.27

YTreatment : See the legend of Table 1.

YAl values are expressed as mean+SE of triplicate determinations.

NS : Not significant.

"Means in the same row not sharing a common letter are significantly different

(p<0.05) by Tukey's test.
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Table 6. Fatty acids of patties prepared with different levels of lemon

balm powder.

(%)
reatments
Fatty acid
N C L1 L2 L3
My(rgﬁf,oi‘“d 1.70£0.01°N%9  1.72+0.03 1.79+0.05 1.83+0.03 1.7620.02
Pal?g{go’;‘md 2139+006™  2147:006 21724018  21.64+0.15  21.44+0.11
Pal?gi(g,efrcﬂf“d 1.9040.01"° 1.96+0.06 1.9740.03 1.9740.05 2.04+0.06
Ste(érllg,g)md 1438+0.18%  1415:026  14.48+0.16 14.24+0.36 14.26+0.28
?éefg.f:é? 35694009 3575036 3613017  36.15+0.25 35824035
Ll(ncoi‘;;n%?d 2148+0.19%°  2068+0.72  20.46+0.22 20.61+0.66 21.24+0.65
YiL(lcnfé,eéi(;;‘md 0.13+0.01N 0.13+0.01 0.13+0.01 0.12+0.01 0.13+0.01
Llr(‘glfglgcn;‘)md 2.49+0.01™ 2.46+0.02 2.45+0.03 252+0.06 2.56+0.06
Elc?égg?fﬁ;;‘md 0.44+0.01N 0.47+0.01 0.46+0.01 0.46+0.01 0.47+0.01
Arachidonic acid NS
(CoAE) 0.42+0.01 0.41+0.01 0.43+0.01 0.39+0.01 0.37+0.04
Total 100 100 100 100 100
SFA 3746+014Y 3741022  37.98+0.31 37.71£049  37.46+0.41
UFA 6254+014%  6235:046  62.02+031 62.29+049 62544041
MUFA 38.03+0.11"  37.85+0.14 38.56+0.16 38.65+0.32 38.25+0.41
PUFA 2451021 2405:024  2346+024 23644072  24.29+0.72
n-3 FA 2.49+0.01% 2.49+0.02 2.45+0.03 2.52+0.06 2.56+0.06
n-6 FA 2203+019"  21.19:073 21014022 21124067  21.74+0.67

UTreatment : See the legend of Table 1.

YAll values are expressed as mean+SE of triplicate determinations.

NS : Not significant.
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Fig. 5. Water holding capacity (WHC) of patties prepared with
different levels of lemon balm powder.

Treatments : See the legend of Table 1.

All values are expressed as mean*SE of triplicate determinations.

NS : Not significant.
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Fig. 6. Cooking loss of patties prepared with different levels of lemon

balm powder.
Treatments : See the legend of Table 1.
All values are expressed as mean*SE of triplicate determinations.

NS : Not significant.
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Table 7. Textural properties of patties prepared with different levels

of lemon balm powder.

Treatmentsl)
Items
N C L1 L2 L3
Har(cgess 2054.00£97.867~59 9794.004265.62 2134.00+206.61 2276.00+57.84 2404.00+116.99
COhe(Sg/V)e“eSS 35.14+1 41 39.00+3.14 34.03+1.04 35.27+1.49 37.21+1.50
(o]
Spngﬁl)“ess 53.84+3.98%° 56.05+3.02 54.51+0.49 55.83+2.21 54.10+2.01
(o]
Chewiness

@ 279.60+37.27""  281.31+35.64° 370.01+68.25" 397.21+49.49"  486.40+4557°

YTreatment : See the legend of Table 1.

YAl values are expressed as mean+SE of triplicate determinations.

NS : Not significant.

"Means in the same row not sharing a common letter are significantly different

(p<0.05) by Tukey's test.

_39_



=% 7}

H, #%

Ho

el

2 7

tol Az AHA s

H7ts

S
=

ZzF(N)E L &=

3|

%

A 71

-

L

el ghotA
7hE 9l e

3

AR
A

L=

o5

713

o

w7 aE 9

3l
3T

j=

=

7F- (L1, 12, L3)°]

3|
A}o]

=

ol

Table 129} 2t} 7}E xgld

9l

e S

A

9/]

T

2
i
=R

oA

=]

o

}-
7]

9

Jo
e

7hell A

[e]

]

971, @

o
a

=R

hi4

ol

A
A

o] 91 5 o1}

2 felA Aol 7k pERA

i

=y

]
hmi

Aglol 350~4.07 ¥ 2]

=

=

o ]

i

k)
pul

7}3

3|

=

7F- (L1, 12, L3)°]

KoN
=

3|

=

o] L1+ L3

o

=

g 2
L}E}

Jeden o o

=

2l

v
Fol 7}
Aol

S

SE

o

-

R
yol

ar
=
=

BnAon
P
T

=

=

ol 7h

s
ok AA AR 7S eb =A LE

g L2

o

R

3T
o

7}

3|

i =

(L1, L2, L3)°] ®<& #
#

E] ]

=

=

3}7]

A A

el
;oo

13

k)

H

&)
ol

il

gbol sjEle] A Cow

o %7 (N)

-

T

AAA 75 = el A
A7k, L2, L3)E9] 7]

=il
=

1]
- 40 -

s
5
o}
=

’

23
)=
o B

’

oFgkar
ol

I

A

T

-

Aol

I G ZA(C)o H]
= Uyt

o %



Table 8. Sensory evaluation of patties prepared with different levels

of lemon balm powder.

Sensory Treatments®
s D)

Characteristics N C L1 L2 L3
color 2.43+0.207Y  254+0.31° 3.00+0.28"  3.93+0.23" 4.54+0.24
Springiness 3.50+0.19 3.59+0.20 3.66+0.18 4.07+0.17 3.84+0.28
Flavor 3.57+0.20 359+0.17° 4.03+0.25 4.61+0.29% 3.91+0.31™"
Juiciness 3.61+0.26™° 3.63+0.27 3.87+0.15 4.11+0.28 3.93+0.25
Total acceptability — 3.31+0.20° 3.41+0.48° 4.11+0.17* 472+0.27 3.71+0.38™

UTreatment : See the legend of Table 1.

?1: dislike extremely, 3! neither like nor dislike, 5: like extremely.

YAll values are expressed as mean+SE of triplicate determinations.

"Means in the same row not sharing a common letter are significantly different

(p<0.05) by Tukey's test.
NS : Not significant.
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Table 9. pH changes of total aerobic counts for patties prepared with

different levels of lemon balm powder during 15 d of storage at 5TC.

storage Treatments®
time
(day) N C L1 L2 L3

0 6.03+0.017*4  5098+0.01"  591+0.01**  592+0.01**  595+0.01°*

5 5.60+0.04°" 531+0.03"®  527+0.03®  523+0.02"®  5.13+0.03"
pH

10 4.74+0.01% 464+0.01°°  4.62+0.01"°  4.63+0.01"°  4.60+0.01°

15 4.67+0.01° 456+0.01"¢  455+0.01°  458+0.01"  452+0.01%°

UTreatment : See the legend of Table 1.

YAll values are expressed as mean+SE of triplicate determinations.

Y d\eans with different superscripts within a row differ significantly (p<0.05).

YA D\ eans with different superscripts within a column differ significantly (p<0.05).
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Table 10. Changes of AV values for patties prepared with different

levels of lemon balm powder during 15 d of storage at 5C.

storage Treatments®
time
(day) N C L1 L2 L3

0 1.98+0.127%Y  074+0.07°  1.65+0.14™  1.32+0.12°C  0.83+0.16°

AV 5 2.87+0.29°" 1.62+0.18"™  2.76+025"  223+0.13"®  1.97+0.18™"
(mg KOH
/g) 10 359+0.12%%  227+021"B  325+0.38"AF  281+0.18"*  2.34+0.20"*B

15 4.88+0.23** 2.838+0.21°4  397+0.12"*  3.30+0.13"*  2.92+0.23°4

UTreatment : See the legend of Table 1.

YAll values are expressed as mean+SE of triplicate determinations.

Y d\eans with different superscripts within a row differ significantly (p<0.05).

YA D\ eans with different superscripts within a column differ significantly (p<0.05).
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Table 11. Changes of TBA values for patties prepared with different

levels of lemon balm powder during 15 d of storage at 5C.

storage Treatments®
time
(day) N C L1 L2 L3

0 0.29+0.017*™  0.18+0.01®  0.24+0.01°  0.26+0.01°°  0.21+0.01°

TBA 5 040+0.01C  0.26+0.01°C  034x001"  027+0.01°C  0.26+0.02°
(mg MA
/kg) 10 0.46+0.01"®  0.32+0.01°*®  0.33+0.01®  0.39£0.01"®  0.30+0.01°®

15 0.60+0.01*4 0.35£0.01°*  056+0.01"*  0.47+0.01°*  0.45+0.01%

UTreatment : See the legend of Table 1.

YAll values are expressed as mean+SE of triplicate determinations.

Y d\eans with different superscripts within a row differ significantly (p<0.05).

YA D\ eans with different superscripts within a column differ significantly (p<0.05).
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Table 12. Changes of VBN values for patties prepared with different

levels of lemon balm powder during 15 d of storage at 5C.

storage Treatments®
time
(day) N C L1 L2 L3

0 595+0.097™PY  531+0.09°  659+0.27°  6.68+0.37°°  6.59+0.16™

5 1057+0.32¢  947+0.16™  1359+1.35"  10.84+1.35™®  9.38+0.51"
VBN

(mg%)
10 15.33+0.64®  11.67+0.27"®  14.87+0.66™"  13.59+0.42"®  11.39+0.16"®

15 17.80+0.24** 15054048  17.62+0.09*  17.25+0.33**  15.76+0.27"*

UTreatment : See the legend of Table 1.

YAll values are expressed as mean+SE of triplicate determinations.

Y d\eans with different superscripts within a row differ significantly (p<0.05).

YA D\ eans with different superscripts within a column differ significantly (p<0.05).
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Table 13. Changes of total aerobic counts patties prepared with

different levels of lemon balm powder during 15 d of storage at 5TC.

storage Treatments®
time
(day) N C L1 L2 L3

0 3.93+0.09”™  4.01+0.01° 3.94+0.08° 3.92+0.01° 4.03+0.02°

5 539+0.01%¢  4.95+0.02°  534+0.01°°  502+0.02°°  5.05+0.02°°
log CFU

/g
10 6.53+0.06™" 590+0.01®  629+0.11""  6.16+0.07""  5.93+0.05"

15 7.60+0.21%4 6.40£0.12"%  7.40+0.01**  7.18+0.01**  6.48+0.01"*

UTreatment : See the legend of Table 1.
YAll values are expressed as mean+SE of triplicate determinations.
Y d\eans with different superscripts within a row differ significantly (p<0.05).

YA D\ eans with different superscripts within a column differ significantly (p<0.05).
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Table 14. Color properties (L, a, b) of patties prepared with different

levels of lemon balm powder during 15 d of storage at 5C.

storage Treatments®
time
(day) N C L1 L2 L3
0 46.30+1.057N5Y 46794143 43.13+0.80"™°  41.60+0.77"™  38.23+1.07
5 43.86+1.07™ 44.37+0.55 43.65+0.95 40.94+1.74 38.94+1.24
L
10 41.99+0.60™° 42.37+0.74 41.87+1.36 40.24+0.21 39.23+0.36
15 41.72+1.05™° 41.84+1.56 40.84+0.41 40.20£0.96 38.02+0.64
0 10.45+0.58™  10.42+041™°  741+081"°  357+0.76°  2.12+0.357°
5 10.57+0.94° 11.49+0.17° 7.80+0.41" 3.78+0.56° 2.87+0.31°
a
10 10.53+0.06" 11.67+0.88" 8.17+0.35" 4.22+0.06° 3.05+0.26°
15 11.65+0.14° 11.95+0.56" 8.29+0.49" 4.60+0.79° 3.20+0.38°
0 17.1940.21%% 1728064  14.1420.28™°  14.76+0.41"™  1569+0.17"
5 15.61+0.80™48  15.84+0.42% 13.33+0.44 13.54+0.98 13.91+0.33¢
b
10 14.24+0.87™5C  14.64+0.96*8 13.57+0.58 14.45+0.42 14.50+0.17%¢
15 12.87+0.43%¢ 12.62+0.11° 13.62+1.26 14.52+1.02 15.03+0.37%8

Y Treatment

. See the legend of Table 1.

YAl values are expressed as mean+SE of triplicate determinations.

Yad\leans with different superscripts within a row differ significantly (p<0.05).

NS : Not significant.
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