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Abstract

This study created hamburger patties by substituting a portion of the meat with sea tangle (Laminaria japonica) powder
and/or cooked rice to reduce fat and calories and to add the functional components of the sea tangle. Four types of experi-
mental patties were prepared: Control, L, LI, and LII. L was the patty with sea tangle powder substituted for 2.5% of the
meat and LI and LII were patties with cooked rice containing sea tangle powder substituted for 25 or 50% of the meat. In
all experimental patties, moisture content increased and crude fat and cholesterol content decreased, pH increased, and mal-
ondialdehyde concentration decreased compared to those in the control. The substitutions made the color of the patties
darker with dimmed redness and amplified yellowness. The substitutions also made the cooking loss weight and diameter
of the patties lessen but that of thickness increased. In the sensory evaluation, symmetry and color of the patties improved
significantly by substituting sea tangle powder and/or cooked rice for meat, and no adverse effect on preference for the
experimental patties and hamburgers was observed. Therefore, substituting sea tangle and/or cooked rice for a portion of the
meat could be used to develop healthier patties without any adverse influence on preference or sensory evaluation.
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thAJutoll = 2]y (laminarine), &2.] S (fucoidan), &
Z14Halginic acid) & 2]o14R7}F 30% o =]
THCho and Bang, 2004). 2o A& o)A §-3] vy
9 T4 Ak kA vigx BHEgolhd it 5
o] mAEe] 28 Flsleg ) S /st
(Hidaka er al., 1986). THAnl7} WHIS o) = X838}
= &3 Kuda et al., 1992; Roe et al., 1990; Oh and Lim,
20075 YERd ek ofet &7 FH|2HE w5 Alst
(Kim et al, 2000), $3%< ALu]=(Penman and
Sanderson, 1972), @445 Al (Haroun er al., 2000), &

F7&sH(Lee et al., 1996) S 22 A 28-S
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sk A& T2 o5 2ol AEY ZHeoltal olsfE
ot trfeke] oleisk A7 sS E-8317] sl thAl
v} E(Jung et al., 1994)°]y} ThAJu} 115%H(Bae and Choi,
2001) &= tpAju} A71He] A Z(Cho and Hong, 2006)
of gt A7V FE vl Tk o]¢jo® tAmEE 7t
St Wkl in vitro 28183 T A §-8-(computed protein
efficiency ratio)o] Wu|HIHT} Wolthk= AFZATH7} 3o
o, o]gg AoE2 thrlvfel| FhrE sl HAEH]
g Falaae] 4 Aslsty] witelztar siAEct
(Shin er al., 2004). ]} o] Aoldf{7} FHg thAlqt
7F el A4 7152 BTk o]eh A4 Jle o
A%, & gud, 1X8F, a8t 5ol 3HAN a9E
T ezzt AzEn
FEuvete] g AEskY] ATsl dide] wEAl 218
HHA HAEFEO] o]fo] g3kl Utk AW AE o]
23 S A=3kaL 21o)(Lyu and Kwak, 1989), 388 #
& JElFe AvlEo] S S718IaL ATHChoi, 1993).
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T §7E FARE L =5 ¥4 T =4 Ae A
7ksted ALHETE ol2gt o2 dEe AH Sk
UAle B8 A 53] Ay Fe2HEe Aot A
HE sl dot fEvete] A 3T aAE8S
2 AEFA d3e] FEEC] IA FoAA oM (Kim
and Choi, 2008), T}, et == dgAdgo = st
APSE B3 oA=L vink Qo] Sl A-EEHT
3 E 4= Jtk(Schoen et al., 1999).

A 2&597 AYAG 283 H2 7|50 FA
o)Ak, oA At u}, Ao npRElA] e Ho] &
Ho=z RZE it} oyt olfZ HTde ®Hoh 1
BAEFHQ] HE S ANLstA}l, SAF] A (Park et
al., 20054 Z2=vlg] % EL(Oh et al, 2004), SHi
(Han et al., 2006), Z(Lee et al., 1992) == ZZT] &
ZZEo]} ¥HOh and Lim, 2010)S H7}8 A=71 9
o} ShE O o] =2 RS &8st o Al
=% AAKKloareg and Quatrano, 1998). o] A= &
Vol Flep s FEAY BAlste SAlE] A7t
she Aolded F=3 BAHAANA sizFoll 3o
UE FPIE0] 433 £AEE FAIFC] AT Hwang
et al., 1998).

Qle]l & AT 1980 o]F &Aooz 7hA
3}aL ATHMinistry of Health, 2008). o]+ 2]48&ke] X+
slo} Aol e tidslE 3l 7Polu <) ikglelA
2 o] o] ZQ17] Wi-o|t}. old] FRE A AH|S =X
317] Yall 2] FAS 78k J O (Yang er al., 2010)
A )] A FAIE HEA7A] Eehal Qo vkl &
H|zLe] 7|5 5rt T2 Aol &S E8tH & A
FXks A9 71 = g Folth

ol & AFXE WAL e S/ T
CAleE E2olu}l gialvl 228 sk who g tix|ste]
ANz} A, A 9 F~EHE S W o
Alutel AE)dds AurE dElY F2 548 74
shke 147164 e E Jidstaat sk

e 2 LY
HEN=
2 A9 AR dPAgE B A7AEe] AYdT

(Oh and Lim, 2011)9} 2t} & TRAlw} 22 A]FollA] 2t
== A tRARHEEEANE 78 BEE TEEo] ARSS)
Ao, B vEs| AS 7 EA, =5
|G, PEEEAY), 2FBAD, A-HSAD, 35204,
W7EFBAD, B FFBAhE 7 Aol F-dskaint.

oHE[ M=
B 990 S AR P £ B AAEe A

N

ATH(Oh and Lim, 2011)9F 2t & tiAe} 22 A
TAlEEE 328 & o] Ais AASIAAL, T3
™, A (Kitchen Aid Co., USA)E o83 7172 W &
100 mesh A& B3 A|A Ax3IAT). TA0E 32 2 100
goll THAlEE B2 2 g9} & 150 g5 Ho] 7F2=#IA(GOR
7200 GV Magic Co., Korea)ys €02 3l =< (pspe
20C, Pungnyun Pressure Cooker Co., Korea)o.Z F W5}
At tAeF wre] ohAja) B SRR BE A9 5%(w/
w)e AT

el tAuE B e OAvE RS o83 EFTlE]
o A3y 3ES U715 HEE AdFeaar A
H718HA] &+ HH(Oh and Lim, 2011)©2.Z Table 13} 2
< AF S ARSI diE L2 i59E SF ¢
Fo] 2.5%% oAl BEE oiAskda, JE] LI Lis
Z¥zt FHE K79 25%9F 50%5 thAvE ke tiA)
3tk JElE 21X47)(Kitchen Aid Co., USA)l A5S
20] 5 mm plateS 0143 300 pmOZ 387 BaE &
UmA A8E 25 ol 120 rppmo = 587F E3e}a,
3 AEE 60 ¢ Edslo] AE 7.5 cm$t FA 1.3
cm=Z AFsIH o™, 100°CE <] EH & 7](Chefline 3 step-
steam cooker, Chefline Co., China)ol|A] 128&-3F A4 A%
SFAh(Fig. 1). #E] LIz} Lo Az Alell W} ohrjat
ko] E3Fs golatAl ] e AL uf tAvl &
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Table 1. Formula of the control and three experimental pat-

ties
Control L LI LI
Chicken 45.00 43.88 33.75 22.50
Pork 45.00 43.88 33.75 22.50
Salt 1.00 1.00 1.00 1.00
Pepper 0.20 0.20 0.20 0.20
Sugar 1.30 1.30 1.30 1.30
Garlic 0.50 0.50 0.50 0.50
Bread crumb 5.00 5.00 5.00 5.00
Soybean oil 2.00 2.00 2.00 2.00
Sea tangle powder - 2.25 (1.125)  (2.25)
Cooked rice with sea - - 22.50 45.00

tangle powder

L, 2.5% of meat was substituted with sea tangle powder; LI, 25%
of meat was substituted with cooked rice with sea tangle powder;
LII, 50% of meat was substituted with cooked rice with sea tangle
powder.
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C L LI L
Fig. 1. Shape of the patties. Samples are the same as in Table 1.

2)3Z-F 7 (Korea Food Industry Association, 2006)°] 2|3}
o] gas chromatography(GC/MS 5907, Agilent Co., USA)YS
o] &3l AT YEF 2 Al5E HNO; matrix
MNE 5g+ 322 6mL+ 3L I mL)E B &
ICP-AES(IRIS-AP, Thermo Jarrell Ash Co., USA)S o]-&
&} power 1.15kw, auxillary flow 0.50 L/min, nebulizer
flow 25.0 PSI, wave length 590 nm Z71o|A] 43} t}.

Me =H

g go] AMxE= AT A (Minolta CR-300, Minolta Co.,
Japany& ]88t SHSATE Lgke RS, +agtS A
Ao aghe =AN] ke G| 7T bk HA
o] Ax= st ME =4 A WAIKL = 97.13, a
=028, b = 1.84)S ETHO = ARSI

pH, 3= & XEMHE =3

HEl2] pHE AR 10 g0l /77 90 mLE 78t o
AsA w59 pH meter(Model 1671, Jenco Electronics
Ltd., China)Z =73} c}.

g AEs, A5 HEE VIR, AE 2 =0 747
2x2x1.2 emZ A& %, theometer(Sun Rheometer Compac-
100, Sun Sci. Co., Japan)2 ©]-8-3}4] table speed 60.0
mm/min, chart speed 30.0 mm/s, adapter diameter 20.0
mm®| ZZo 4 3@3}%15}.

HEle] A EE o2 22 WH O 2 malondi-
aldehyde(MDA) Zﬂ%% S48t Feiith S A8 55
A B3 3 A8 A 3Hle 2SI H, 94
2] 7](HA12 general centrifuge, Hanil Co., Korea)S ©]
83k 3,000 rpm_i QARSI A=dS HalgTh
A2l 0.5 mLol| 255 0.5 mLe} 7.2% BHT €8 50 uL
2 TBA/TCA €9 2mLE H7lste] e B4 1587
7FESE g WZskal 4°CollA] 3,000 rppmO.Z 1087
AR5t AR s 4=H-S spectrophotometer(U-
2800A, Hitachi Co., Japan)E ©]-&3}] 530 nmol A &%
=& =%3ld MDA g (mgkg)S 739 tHBuege and
Aust, 1978).

I.Od7 I-A% ég
Z

djele] 7tz ge 2t AT o} 100°CE I EH

AACEEPIA 1282 A3 Aeo] 5Bk 48 Fo ¥

Ask 47 B TS SHske] 1 Aole) Faasw
4AULe D TABAES AT T A4S
(Meter-Toled GrmbH, CH/AT200, Devender Co., USA)=

S48, 2177} F7= Venier calipers(530 analogtype,
Mitutoyo Co., Japan)E ©]-&3}o] A3}

I{E[2} 71| Bt 7|5 HIt

jE| Q| :i}iA‘I E17|.

37t g Aot gisl) & da e 4
AFIFrS ek AT 158 AT 3
7V AAlsl7] Aol ol sidolAl g s Bt
W&ol sl Argsidnt. 4719 ARE H2e FAlo 7
of v B9l M e A FAG] £AE
g2)5t A FsIATh Hrhs JEHAREAH (Quantitative
Descriptive AnalysiS' QDAY 0]%“3}04 15 cm A2gel A
S8 FABES Stk 7 82 17 502 o
E] 9] EH%]/‘[}(symmetry), *-‘,Vz}(color), a7|(gloss), 73
(hardness), TFE4d (juiciness), 30 (flavor), ©]3] (off-flavor),
A H(savory), =7 (greasy), B(taste) & o] (off-taste)

At

L i

mHE|Q| 7|S &= HIL

715 b hde, deel daglel, FHEA &2
U viekd 0gom TS WAE Axlsl) e
olE sdelAl FHElS] 7]E= H7t -8l il A3
o @A 03 A BASES Tk B uge
sjeje] el shape), 2, £71, A=, A, B0, o1F,
143}, =73}, v, on] @ ") 2]2] 7] % (overall taste)

o] 12714 o).

7o 7|5 = HIt

SfE] Y] A|Zol|A] Aedt WHUE 1237 B gjEle} AL
FHEdNE AnE HEA FAHAE AZSIAT). F
HA 7|sx Hrickd HEe 7ax Hridy} s
A & Py digA 30019101, F7 HE T
A3l 98 H=E L83t H7F 82 FEe] &
T 7t 3 F WACNE JUHE 4 gl A &

712 A9k 107 3202 e, X (hardness), TFEA,
|, o)F, A% =%, gt ojv] B HAZR] V|sw

oJAtt.

SAHXE

BEA|1*2]= SPSS program(12 version)g ©|-&3}3t &
< 33 g5 g8 Hoy 2FHAE Tk vl AN
AR 7] Hte] zpol= YEALHEA] (one-way ANOVA)
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©2 Fo42 T F Duncand] HEHFHOZ A5
HAES ANYSATHKIm e al, 2004). LE FIFEE
p<0.052 83Tt

[
|
k]

a3

YUt E, LIEE ¥ SaAHE &
HE U] F79] IREE, YEF 2 Zd2HE I
Table 29} 29T} XFHE AE 5 7 IFE O
A} £ = 5 B29S Fh8 voz giAe 44, o
TR UEF 2 ZeE2HE g fo4 = Hs)
7F YR TH(p<0.05). ARAIE Al F7F EF 5T Tl
FEAEel Hg] E=kow, LI LIVl LR o =T
SrslE e EFOE Q) Hlas) L e R LI
3} LIk E9kon 53] LIIE 18.7%2 dA3] Ut} =
ol Sheke L2 FHE Q) 2R ko LiF Liie
worom, Lk LIET t] St 22 3 159
Elo]] vlsf A A@aE 25 kel L1 L] =AY
st Zae 247 203%9} 34.2%=2 AATH Y 2E)
& 9%, AN IR E, EEEe) Bls) Al A
AYE] BT wgton, L7 LIS 92818 3 A}
= 47 52.7%9}F 572%2 43Tt 2 e BT
gEglo] Hls] LI kot Ly} LIIE £k9 1, Lo] LI
Hoh o] =3tk YEF R BF g vls) Al A3
e 25 =9rom, LI} LIRT © =9k3, Lo| LIK
o o =it
olygt A= oS3t ulel 29T Lol Bl URkAg
o JEF ¢ Fd2HE ] Wk dE A8 T
79 25%5 T o] w1 YEFS HIES) 3
sheo] gt Aoy FH2EHES FHIA &
CAlm) Bk oiAgly] wiEel ik A LIz Lo
Bl Wzl §79 25% EE 50%E ThA|u) Buks
St ko g giAstRenZ, oA AFe thAlnF &
Gt A, Sl Hlsl AtiHoRE 7R g

FFe Eu s A 9 SHzEE gl

flo

==
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e

=)
g 1o o
of,
=l
%

rlo

B R FEkelATh

H7HEEY T TS AoV B4 9SS ¢
A7E Qo] olF AFe] FAS AFse T8 8l
(The Korean Society of Food Science and Nutrition, 2000).
ChAlet Edolu & £ S o s S/ d58E
AsE A5 HElS] 4 Bfgo] molzitke HE W
gl 2 A7dd= ol tiA wte] HEe] 2
o 3840 dFE = T Atk HE AR

AF7HA #Ele] A oyt EAMY IS e F
d2EE TS Aspr7IaA s AgAr 2 A
AR e Azl H7behk= A 70%E p-glucan®
2 A3 1= 3L (Pinero et al, 2008), SFATHAS- 0.5-
1.5% #7171 = O™ (Kim et al, 2007), conjugated
linoleic acid(CLAYE 2-3% H7IS|R 7= 33l(Joo et al.,
2000), FAE FFY A=248 FE dAS A== AAT
(Park et al., 2005). L&} o5 AdqPATY] AHYEL =
A HEHA goitt. & SFIE Ak 7HE $ o)
Elo] A HlES 23] 3o, CLA 7= diF
o A ks ] S7HNAAL, A AEE o
A= A st ik ok & Aol =
T FEES AT e E SE A
Agt 735 sele] =23t Fe2E
o}HTHOR and Lim, 2010). & dAFol|A th
T LS AT WoE §R7Y dNE
txehs 749 sEle] A FH2HE FEFo] gl

|[]_?{_l,
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e A R e old oAl wsto] dEle] Jork
240] TR AFE FHE AL AT,
du 2

ATollA AFolEe] YEF Fdo] EToE
o B3] 100 g 15.1-38.5 mg =713+ & A 37}

A ol YEFS] A Al 714 e ot
dotEch B dElY YEF g% SIS AAsor
oA SE]o] AE wFelA F AFe] e =UOEN
o] ZAIE 1stAl AT = Aok Ly thAwl
e A YEFS vIES IS dEol Hrtske
2 HAFHoz AFe REY S I T4 TS

do vy i

Table 2. Composition of moisture, carbohydrate, crude protein, crude fat, crude ash, cholesterol, and sodium of the patties

Control L LI LII
Moisture (g/100 g) 61.9+£0.4° 63.6+0.5" 64.5+0.0° 64.3+0.2°
Carbohydrate (g/100 g) 10.1£0.0° 8.8+0.0¢ 13.3+0.0° 18.7+0.0°
Crude protein (g/100 g) 18.2+0.0° 18.0+0.0° 14.1£0.1° 9.8+0.0¢
Crude fat (g/100 g) 7.9%0.0° 7.4+0.0° 6.3+0.0° 5.2+0.0¢
Crude ash (/100 g) 1.9+0.0° 2.3+0.0° 1.8+0.0¢ 2.0£0.0°
Cholesterol (mg/100 g) 53.3+0.1% 51.5+0.1° 252+0.1¢ 22.8+0.1¢
Na (mg/100 g) 318.8+0.0¢ 357.3+0.0° 339.14+0.0° 351.3+0.0°

Values are mean+SD.

Values with different lowercase superscripts in the same row are significantly different by ANOVA with Duncan's multiple range test at

p<0.05.
Samples are the same as in Table 1.
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3 7hEAFel AwS AFES FH(Food Ingredients
Dictionary Compilation Committee, 2000)2 AJZ}&t wj] of
Elo] Fd 34AA axE vepd Aolzt A4Et
(Brewer et al., 1991; Cheng et al., 2007).

I{E|Q| M=

EEHE 9} Al T/ APAES] ME= Table 37 2k
. 9E AE F SFHY dFE et B e T B
S S oz giAldt Ay Ao fojg de W
37t 2P AHp<0.05). = FFFE] Bl&), HE(L)E
Al ARsiY 25 wkem, Lol g} L Lile o @
Ah AT (2= WS} o] Al AP 25 uito
o, <A] Lo v} LT LIE O @it} % (b, 3
T Aol wiE, Al A9 25 =94oH, L
o] LIe|y} Liel vlsl o =Sk

olyg Av= gAn} Eoly F EES I-f3 v
2| o] Mol diE]S] Mol S 717 AFEial 3
th gAlmp o] ofFg Aoz Qg thAv} EHe]
o] #2 L} LY 7 Bxet JAEr) 71 wiek
, A EE Lo] 7P Egkow, wre] 3o = QlE) LI
7} LIS A= LEG Wkt o] g

F7Hs AFY Bfele o] fdE 7= 74 7t
g A] A= A Fo] Y2 v Osburn and
Keeton, 1994). W&o 2 SA1F9] HEe} AT o
£ AlFe B4 5490l 3840 43S vXItk(Benedini

RN 0

Table 3. Color of the patties

Control L LI LII
L 67.8+1.9°  604+£1.9° 65.6+£12" 61.4+£1.2¢
a 34+04° -12+04° 0.3+0.1° -1.0£0.1¢
b 11.1£0.6°  132£0.7° 122+0.6° 12.2+0.3°

Values are mean+SD.

Values with different lowercase superscripts in the same row are
significantly different by ANOVA with Duncan's multiple range
test at p<0.05.

L: degree of lightness (white +100 < 0 black)

a: degree of redness (red +70 < -80 green)

b: degree of yellowness (yellow +70 < -80 blue)
Samples are the same as in Table 1.

Table 4. pH, hardness, and TBARS of the patties

et al., 2007). ¥ AFoA ThAe} Edolu} 5 F2S g
F3F wke] H71E sjEle] WEel HAAEE HE A3HE %)
o} YL F7tE o] o]2 Bt aEE B o
TAT= o]l tiA] Wijlo] sfE]e] Mo FA] FAH
A IS XA Eeths He AR

o Ax g AALEE Table 49} 2tttk & dH=
RIS YER oY Al AddEls BT ETEe] v
3] pH ko] =UTHp<0.05). o= H71E ThAlnle] &}
gl FE) HE 2 Ao ARSSE ThAlveke] pHE
SABHA] ko, wol| ThAlrlE H7IsE U ATollA] W
o] pH7} &R 0 7 =0l thKim and Kang, 1998).

A RFHE vlE)] LS =930 LI Lis 9%
oh SAIEe] A Aoy i 3, 45§59 A
g, A7 E5F, 71E 250 wE thild Wiy 5 o
x|, o]FellA 53] AW FheFe]
FaFol T A o] H&FE AE7F Rrh(Young er
al., 1991). £ AFllA Le] Axr), 8 ol 2.7% 5
7Hlsd® Bslar, Eolkl M A o] 6.3% 7
23 W&oz olsieEnt. a8yt LIz LIe) 73S thAr}
o] HZFEAAL A o] AT 242 20%9)F 34%
2 LET 34 BedE Bskal Aert Wolzl He
FE Freko] Z4z7b 42%$} 3.9%=2 Z7)E Huto s A
H3l7] e B ApelEe Ae HUBHA Ee 9
Y Mg 2A4S d3lon, LI LI YRR e
sHe ghaFo] ol UubARl SEY SAIFL] 247 37

2t} 2B A o] =85-F 57} Yrh(Young
et al., 191)= SAIFAA 9] UulEs A8 4 gt
AT o FrE dho] e ArE AR os U
T+ Aol A4ET. A TS oA @3 FFE
Yht(Joo and Chung, 2007)°]u} H]& o] ~E (Hwang et
al., 1998Y5 F71et 7ol sjEle] A=r} dolxvhe A
AT A} ek o= B AFellA, Lol YeRd &
g o], sjE]e] A Fhefo] 7hAw o] Jehd Adet
3l Helt,

o
g
o
N
N
<
)
O a
o
N
N

Control LI LII
pH 6.34+0.01¢ 6.44+0.00 6.43+0.00¢ 6.46+0.00°
Hardness 4704 +591° 7305 +£236° 3198 +179¢ 2126+ 116°
MDA (mg /kg) 0.23+0.00* 0.22+0.01° 0.21+£0.00¢ 0.09+0.00¢

Values are mean£SD.

Values with different uppercase superscripts in the same column are significantly different by repeated measures of ANOVA with Dun-

can's multiple range test at p < 0.05.
Samples are the same as in Table 1.
MDA: malondialdehyde
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MDA 32 EFdEle] Hls)] Al A3slE] 25 W9k
T} 4.3%, 8.7% 2 LIo] LRt O Wgtal, Lo A4+
60.9%4 FASHA Hol LiEt ZA 23Ut ol= e 9
A7 alet Bdolu § s e el S+
A5 A2 13l At AFLox A E2pr} L3 =
A< or|stt. 2F WY EXSALEe AkstEH
hydroperoxide & A &d#3slE-S gttt AdAiskE
Tl F o]y} DNAY &3 doA EdniolE s
Rom FHAshG wsls £ 4 Qo] 4ol Bt
312 LTHKim ef al,, 2004). S7FEES] QA2 A
AFE W AAHov Bt S HIES) 7
FAg] 2ol pH B ofdAid FeF 5o JEFs W
+=T}(Jeong and Kim, 1986). ¥ Ao Al A

KeX
T
PN
T
2
=4
-
.

fr o

T

%
JfE] =
oA, 53] A FHeko] 7P vk LilelA MDA 3t
o] G U He ol e A §igo] wol
Hol =9 dRlolgtar A7tent. 1y LI £F3E
off A ko] ztolzt AR td S Azshd, siE
o] A & il e E3ol Hs)| thAnp o)
AN E JAsHE EHE B3 Fo] ofYAES7t F
SHTE S718 AlFOlA ohaletel] ofgh 2| dsle) oA &
HE bgE ddAT= A9 gloy, 7HEIZ(Tang er al,
2001)°]y} CLA(Hur et al., 2004) 3717} S E]Q] thiobar-
bituric acid reactive substances(TBARS) $I#-S w5=3itt
= Bt Qloh B A3Ad, ohAut Egolu 5 BES
SHSE whe] S5 AN tiAl= diE W Ao AEE A
AAZIER 715/d8nt ofve}t AT FHAIZ Aol
Ay 2+

o2

N

o{E|e| 7tHEZA S

FFHE S} Al TFY AFHEY] 7FEAES Table
5o} 2tk FHE AE F 79 dFE A &
e T BT e HeE giAg A9 rpEta
&oll o4 A M7 YERTHp<0.05). THAES
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Table 5. Cooking loss rate in weight, diameter, and thickness of the patties

Control L LI LI
Reduction rate in weight (%) 12.9£0.5° 6.6+ 0.0° 6.7+0.3° 54+0.8°
Reduction rate in diameter (%) 12.7+0.8* 8.0+ 0.0° 8.7+0.8" 7.0 +2.0°
Reduction rate in thickness (%) 7.7+0.0° 13.5+3.8® 9.6+ 3.8 173+3.9°

Values are mean£SD.

Values with different lowercase superscripts in the same row are significantly different by ANOVA with Duncan's multiple range test at p

<0.05.
Samples are the same as in Table 1.
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Fig. 2. Sensory test of the patties. Values with asterisk are sig-
nificantly different between the four patties by ANOVA
with Duncan's multiple range test at p<0.05. Samples are
the same as in Table 1.
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Fig. 3. Preference test of the patties. Values with asterisk are
significantly different between the four patties by ANOVA
with Duncan's multiple range test at p<0.05. Samples are
the same as in Table 1.
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Fig. 4. Preference test of the hamburgers with the patties.
Values with asterisk are significantly different between
the four patties by ANOVA with Duncan's multiple range
test at p<0.05. Samples are the same as in Table 1.
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